NOTICE:~This-standard-has-either-been-superseded-and-replaced-by-a-new-version-or
discontinued.-~Contact-ASTM=-lInternational-(www.astm.org)-for-the-latest-information.-

QH].p DESignation: E 1369 — 98 An American National Standard

AMERICAN SOCIETY FOR TESTING AND MATERIALS
100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Guide for

Selecting Techniques for Treating Uncertainty and Risk in
the Economic Evaluation of Buildings and Building
Systems *

This standard is issued under the fixed designation E 1369; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope Discount Factor TablgsAdjunct to Practice E 957

1.1 This guide recommends techniques for treating uncer- Computer Program and User's Guide to Building Mainte-
tainty in input values to an economic analysis of a building ~ hance, Repair, and Replacement Database for Life-Cycle
investment project. It also recommends techniques for evalu-  COost AnalysisAdjunct to Practices E 917, E 964, E 1057,
ating the risk that a project will have a less favorable economic ~ E 1074, and E 1123.
outcome than what is desired or expected. -

1.2 The techniques include breakeven analysis, sensitivit?' Termm_ol_o_gy L o _
analysis, risk-adjusted discounting, the mean-variance criterion 3-1 Definitions—For definitions of terms used in this guide,
and coefficient of variation, decision analysis, and simulation/€fer to Terminology E 833.

1.3 The technigues can be used with economic methods thgg Summary of Guide

measure economic performance, such as life-cycle cost analy- . L .
sis, net benefits, the benefit-to-cost ratio, internal rate of return, 4-1 This guide identifies related ASTM standards and ad-

and payback. juncts. It describes circumstances when measuring uncertainty
and risk may be helpful in economic evaluations of building

2. Referenced Documents investments. This guide defines uncertainty, risk exposure, and
2.1 ASTM Standards: risk attitude. It presents nonprobabilistic and probabilistic

E 833 Terminology of Building Economigs techniques for measuring uncertainty and risk exposure. This

E 917 Practice for Measuring Life-Cycle Costs of Buildings 9uide describes briefly each technique, gives the formula for

and Building Systends calculating a measure where appropriate, illustrates the tech-

E 964 Practice for Measuring Benefit-to-Cost and SavingsDiques with a case example, and summarizes its advantages
to-Investment Ratios for Buildings and Building Systéms and disadvantages. . _

E 1057 Practice for Measuring Internal Rate of Return and 4-2 Since there is no best technique for measuring uncer-
Adjusted Internal Rate of Return for Investments in Build-t@inty and risk in every economic evaluation, this guide
ings and Building Systerfis concludes with a discussion of how to select the appropriate

E 1074 Practice for Measuring Net Benefits for Investmentd€chnique for a particular problem. .
in Buildings and Building Systerfis 4.3 This guide describes in detail how risk exposure can be

E 1121 Practice for Measuring Payback for Investments ifmeasured by probability functions and distribution functions
Buildings and Building Systerfis (see Annex Al). It also describes how risk attitude can be

E 1185 Guide for Selecting Economic Methods for Evaly-incorporated using utility theory and other approaches (see
ating Investments in Buildings and Building Systéms ~ Annex A2).

2.2 ASTM Adjuncts: 5. Significance and Use

5.1 Investments in long-lived projects such as buildings are

[ characterized by uncertainties regarding project life, operation
1 This guide is under the jurisdiction of ASTM Committee E-6 on Performance 8Nd maintenance costs, revenues, and other factors that affect

of Buildings and is the direct responsibility of Subcommittee E06.81 on Building project economics. Since future values of these variable factors

Economics. [ R R
Current edition approved Sept. 10, 1998. Published April 1999. Originallyare generally noF known, it is difiicult to make reliable
published as E 1369 — 90. Last previous edition E 1369 — 93. economic evaluations.

2 For an extensive overview of techniques for treating risk and uncertainty, see 5.2 The traditional approach to project investment analysis
Marshall, Harold E.—Fechniques for Treating Uncertainty and Risk in the Eco-
nomic Evaluation of Building Investmentdlational Institute of Standards and

Technology, Special Publication 757, 1988. s .
3 Annual Book of ASTM Standagdéol 04.07. Available from ASTM Headquarters. Order PCN 12-509179-10.

4 Annual Book of ASTM Standardéol 04.11. ® Available from ASTM Headquarters. Order PCN 12-509171-10 for the 3.5 in.
disk. Order PCN 12-509172-10 for the 5.25 in. disk.
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has been to apply economic methods of project evaluation t8ection 7 and Annex A2).

best-guess estimates of project input variables as if they were 6.1.6 Compute measures of woléind associated risk (see
certain estimates and then to present results in single-valu§ections 7 and 8).

deterministic terms. When projects are evaluated without 6.1.7 Analyze results and make a decision (see Section 9).
regard to uncertainty of inputs to the analysis, decision makers 6.1.8 Document the evaluation (see Section 11).

may have insufficient information to measure and evaluate the

risk of investing in a project having a different outcome from 7. Techniques: Advantages and Disadvantages

what is expected. 7.1 This guide considers in detail three nonprobabilistic
5.3 Risk analysis is the body of theory and practice that hagechniques (breakeven analysis, sensitivity analysis, and risk-
evolved to help decision makers assess their risk exposures aggljusted discounting) and three probabilistic techniques (mean-
risk attitudes so that the investment that is the best bet for the%riance criterion and coefficient of Variation, decision ana|y_
can be selected. sis, and simulation) for treating uncertainty and risk. This guide
Note 1—The decision maker is the individual or group of individuals 8lSO summarizes several additional techniques that are used

responsible for the investment decision. For example, the decision maké@ss frequently.
may be the chief executive officer or the board of directors. 7.2 Breakeven Analysis

5.4 Uncertainty and risk are defined as follows. Uncertainty 7-2-1 When an uncertain variable is critical to the economic
(or certainty) refers to a state of knowledge about the variabl§UCcess of a project, decision makers frequently want to know
inputs to an economic analysis. If the decision maker is unsur® Minimum or maximum value that variable can reach and
of input values, there is uncertainty. If the decision maker isStill have a breakeven project; that is, a project where benefits

sure, there is certainty. Risk refers either to risk exposure ofSavings) equal costs. For example, the breakeven value of an
risk attitude. input costvariable is the maximum amount one can afford to

5.4.1 Risk exposure is the probability of investing in aPay for the input and still break even compared to benefits

project that will have a less favorable economic outcome thafarmned. A breakeven value of an inthénefitvariable is the
what is desired (the target) or is expected. minimum amount the project can produce in that benefit

5.4.2 Risk attitude, also called risk preference, is the will-category and still cover the projected costs of the project.
ingness of a decision maker to take a chance or gamble on annore 3—Benefits and costs are treated throughout this guide on a
investment of uncertain outcome. The implications of decisiortiscounted cash-flow basis, taking into account taxes where appropriate.
makers having different risk attitudes is that a given investmen{See Practice E 917 for an explanation of discounted cash flows consid-
of known risk exposure might be economically acceptable t¢ring taxes.)
an investor who is not particularly risk averse, but totally 7.2.2 To perform a breakeven analysis, an equation is
unacceptable to another investor who is very risk averse.  constructed wherein the benefits are set equal to the costs for a

Note 2—For completeness, this guide covers both risk averse and risgven mveStm_ent project, th_e_ values of all inputs except the.
taking attitudes. Most investors, however, are likely to be risk averse. Th reakeven variable are specified, and the breakeven variable is
principles described herein apply both to the typical case where investogolved algebraically.
have different degrees of risk aversion and to the atypical case where some7.2.3 Suppose a decision maker is deciding whether or not
investors are risk taking while others are risk averse. to invest in a piece of energy conserving equipment for a

5.5 No single technique can be labeled the best technique @overnment-owned building. The deviation of the formula for
every situation for treating uncertainty, risk, or both. What iscomputing breakeven investment costs for the equipment is as
best depends on the following: availability of data, availability follows:
of resources (time, money, expertise), computational aids (for s=cC (1)
example, computer services), user understanding, ability to C=1+08&M +R
measure risk exposure and risk attitude, risk attitude of

e . X . =1+ +
decision makers, level of risk exposure of the project, and size S=1+0&M+R

of the investment relative to the institution’s portfolio. I =S—-0&M - R
where:
6. Procedures ) ) = savings (benefits) in reduced energy costs from
6.1 The recommended steps for carrying out an evaluation using the equipment,
of uncertainty or risk are as f_ollows: . C = all costs associated with the equipment,
6.1.1 Determine appropriate economic measure(s) forl = initial investment costs of the equipment,
evaluating the investment (see Guide E 1185). O&M = operation and maintenance costs of the equip-
6.1.2 Identify objectives, alternatives, and constraints (see ment,

Practices E 917, E 964, E 1057, E 1074, and E 1121).
6.1.3 Decide whether an uncertainty and risk evaluation is
needed, and, if so, choose the appropriate technique (see———
Sections 5, 7, 8, and ]_0)_ ” A computer program that produces economic measures consistent with ASTM

; ; iJiactices is Petersen, S. R., “The NIST Building Life-Cycle Cost (BLCC) Computer
6.1.4 .Complle data (See .AdJunCt Data.'base) and eStab“s&{rogram” and documentationFhe NIST Building Life-Cycle (BLCC) Program:
assumptions for the evaluation (See Section 7)- User’s Guide and Reference ManulISTR 4481, National Institute of Standards

6.1.5 Determine risk attitude of the decision maker (seend Technology, 1991.
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R = rep|acement costs required to keep the equipmenﬂ"lOUl’S saved. Assume that the initial price of energy and the
functional over the study period, and where all number of kilowatt-hours saved are relatively certain, and that

cost and benefit cash flows are discounted tothe sensitivity of the BCR is being tested with respect to the
present values. following three values of energy price change: a low rate of

7.2.4 By rearranging terms, the breakeven investment urEnergy price escalation (slowly increasing benefits from energy
known is isolated on the left side of the equation. Substitutiorf@vings); a moderate rate of escalation (moderately increasing
of known values for the terms on the right side allows thePenefits); and a high rate of escalation (rapidly increasing
analyst to solve for the breakeven value. For examples if benefits). These three assumed values of energy price change

= $20 000, O&M= $2 500, ancdR = $1 000, might correspond to our projections of pessimistic, expected,
then and optimistic values. Three BCR estimates result from repeat-
_ . 3 ing the BCR computation for each of the three energy price
| =$20000- $2 500~ $1 000 @ escalation rates. For example, BCRs of 0.8, 2.0, and 4.0 might
or result. Whereas a deterministic approach might have generated
| =$16 500 (3) aBCR estimate of 2.0, now it is apparent that the B&RId

7.2.5 This means that $16 500, the breakeven value, is tht%e significantly_ less than 2.0, and even I_ess than 1.0. Thus
. ; ' ccepting the time clock could lead to an inefficient outcome.

maximum amount that can be paid for the energy-conse_rvma 7.3.4 There are several advantages of sensitivity analysis.
equipment and still recover all costs through energy SAVINGSEirst it shows how significant a single input variable is in

(126 A adantageofbreakeven analys 1 Mt 1 can b g projot uiomes. Second  cognzes e u
b q y y : certainty associated with the input. Third, it gives information

simpl?fies project evaluation in that it gives just one value t.oal?out the range of output variability. And fourth, it does all of
decision ”.‘akers to use as a benchmark for comparison agaifgl,qq \when there is little information, resources, or time to use
the predicted performance of that uncertain variable

) - .-~ mpre sophisticated techniques.
Breakeven analysis helps decision makers assess thehkehhooac;'&5 Disadvantages of sensitivity analysis in evaluating

of achieving the breakeven value and thereby COntrIbUteﬁsk are that it gives no explicit probabilistic measure of risk

|m$I|20|;IyA'\todt_hedanaltyS|s qf ptfjfc.i risk. i babilisti exposure and it includes no explicit treatment of risk attitude.
e A diSadvantage 1S that It provides no probabliistiCryg findings of sensitivity analysis are ambiguous. How likely
picture ofmpu.t \{anable uncertamty or of project ”S.k EXposure.g 5 pessimistic or expected or optimistic value, for example,
Furthermorg_, |_t mcIudes. no explicit treatment of risk atutude.and how likely is the corresponding outcome value? Sensitivity
7.3 Sensitivity Analysis _ ~analysis can in fact be misleading if all pessimistic assumptions
7.3.1 Sensitivity analysis measures the impact on projec§, a|| optimistic assumptions are combined in calculating
outcomes of changing a key input value about which there igconomic measures. Such combinations of inputs are unlikely
uncertainty. For example, choose a pessimistic, expected, ang the real world.
optimistic value for an uncertain variable. Then do an eco- 736 Sensitivity results can be presented in text, tables, or
nomic analysis for each of the three values to see how th@raphs. One type of graph that is useful in showing the
outcome changes as they change, with other things held th&nsitivity of project worth to a critical variable is illustrated in
same. o _ _ _ ~ Fig. 1. Net benefits (NB) for Projects A and B decrease as the
~ 7.3.2 Sensitivity analysis also applies to different combinagiscount rate increases. The slopes of the functions show that
tions of input values. That is, alter several variables at once angjB is more sensitive to discount rate changes for Project A
then compute a measure of worth. For example, one scenarifian for Project B, assuming other variables remain unchanged.
might include a combination of all pessimistic values, anotherrhese functions also help in making comparisons as to which
all expected values, and a third all optimistic values; or aproject is more cost effective. At a discount rate below 7 %, for

combination might include optimistic values for some vari- example, Project A has the greater NB. At a rate above 7 %,
ables in conjunction with pessimistic or expected values for

others. Examining different combinations is required if the Project A
uncertain variables are interrelated.

7.3.3 The following illustration of sensitivity analysis treats
an accept/reject decision. Consider a decision on whether or
not to install a programmable time clock to control heating,
ventilating, and air conditioning (HVAC) equipment in a
building. The time clock reduces electricity consumption by
turning off that part of the HVAC equipment that is not needed
during hours when the building is unoccupied. Using the
benefit-to-cost ratio (BCR) as the economic method, the time
clock is acceptable on economic grounds if its BCR is greater
than 1.0. The energy reduction benefits from the time clock, o s s & 7 s v 15 u 12
however, are uncertain. They are a function of three factors: the Discovat Rate (%)

initia_l price of energy, .the rate of change in energy pric_es OVEIF|G. 1 Sensitivity of Net Benefits of Projects A and B to Discount
the life cycle of the time clock, and the number of kilowatt Rate

Net Benefits ($)
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Project B yields the greater NB. And at 7 %, the two projects 7.3.10 Spider diagrams can be helpful when comparing
provide identical NB. competing projects as long as the decision maker keeps in mind

7.3.7 Note that the functions indicate the potential values ofhat extreme values of the measure of worth reflect variations
NB if different values of the discount rate occur. If decisionin one variable only. For example, look at the spider diagram
makers have some idea as to the likelihood of specific discourbr Projects A and B in Fig. 3. The NB of Project Ais a function
rates, the graph will help them evaluate the NB implications forof variables A1 and A2, and the NB of Project B is a function
these two projects. The sensitivity graph in this sense contribef variables B1 and B2. The horizontal axis suggests that
utes to an implicit description of risk exposure. Yet the graphProject B has a higher present value net benefits ($90 000) than
fails to provide a quantitative measure of the probability of anyProject A ($50 000). That is, if only best-guess values were
given NB occurring. used in a single-value, deterministic approach, Project B would

7.3.8 Another special graph for sensitivity analysis thatbe the preferred project. However, if we assign, say a 50 %
presents a snapshot of potential impacts of uncertain inpuwtonfidence interval about the uncertain variables A1, A2, B1,
variables on project outcomes is the spider diagram. The onend B2, as shown by X's on the functions, there appears the
illustrated in Fig. 2 shows for a prospective commercialpossibility that Project A could yield a higher NB than Project
building investment the sensitivity of the adjusted internal rateB. That is, within that confidence interval, if the extreme B1
of return (AIRR) to three variables: operation, maintenanceyalue to the left were to occur, Project B would yield a lesser
and replacement costs (OM&R); project life (PL); and theNB than would Project A for A1 or A2 extreme values to the
reinvestment rate (RR). Each variable is represented by kft. Furthermore, if A1 and B1 were the same input variable,
labeled function that shows what AIRR values would resultwe would know that Project A would be preferred at values of
from different values of the uncertain variable. For example Al and B1 above 10 % over the best-guess value, and Project
the downward-sloping OM&R function indicates that the B would be preferred at values of A1 and B1 below 10 %.
AIRR is inversely proportional to OM&R costs. By design, the 7.3.11 Once again, however, sensitivity analysis gives no
OM&R function (as well as the other two functions) passesindication of the probability of any given value of NB.
through the horizontal axis at the best-guess estimate of theurthermore, because only one variable is allowed to change at
AIRR (15 % in this case), based on the best-guess estimates aftime, and NB is a function of more than one variable,
the three uncertain variables. Since each of the variables Eensitivity analysis gives an incomplete description of the
measured by different units (money, years, and percent), thgossible outcomes.
vertical axis is denominated in positive and negative percent 7.4 Risk-Adjusted Discounting
changes from the best-guess values fixed at the horizontal axis.7.4.1 One technique used by the business community to
The AIRR value corresponding to any given percent variatioraccount for risk is the risk-adjusted discount rate (RADR). The
indicated by a point on the function is found by extending aobjective of using the RADR technique is to raise the likeli-
line perpendicular to the horizontal axis and reading directlyhood that the investor will earn a return over time sufficient to
the AIRR value. Thus a 30 % increase in the best-guessompensate for extra risk associated with specific projects.
reinvestment rate would yield a 25 % AIRR, assuming other 7.4.2 Projects with anticipated high variability in distribu-
values remain unchanged. tions of project worth have their net benefits or returns

7.3.9 The contribution of the spider diagram is its picture ofdiscounted at higher rates than projects with low variability.
the relative importance of the different uncertain variables. IfThus in computing net benefits or the benefit-to-cost ratio, the
shows immediately that the lesser the slope of a function, thdiscount rate is higher for benefit streams of risky projects than
more sensitive is the AIRR to that variable. For example, anyor those with certain outcomes. Or when applying rate-of-
given percent change in OM&R will have a greater impact onreturn methods, the minimum acceptable rate of return
the AIRR than will an equal percent change in RR or PL.  (MARR) is raised above the risk-free rate to compensate for

+ the higher variability of returns in risky projects.
7.4.3 Calculate the RADR as follows:
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Variation From "Best-Guess” Valves (%)

S\S

Adjusted Internal Rate of Retum (%)

Note 1—PL = project life,
RR = reinvestment rate, and
OM&R = operation, maintenance, and replacement costs
FIG. 2 Spider Diagram Showing Sensitivity of the Adjusted - Net Benefits ($1,000)
Internal Rate of Return to Variations in Uncertain Variables FIG. 3 Spider Diagrams for Competing Projects

Variation From "Best-Guess” Values (%)
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RADR = RF + AR1 + AR2 (4)  sure, and risk attitude.

where: 7.4.10 A major limitation in using the RADR s the lack of
RF = risk-free rate, any accepted procedure for establishing the RADR value. It is
AR1 = adjustment for normal risk encountered in the typically estimated based on the dec_ision maker’s pest jl_Jdg-

firm’s operations, and ment. One common approach is to simply lump projects into
AR2 = adjustment for extra risk above or below normal fisk categories, each of which has an assigned RADR. There is

risk. little fine tuning. Furthermore, there is no distinction between

All terms are expressed as percents. adjustments for handling risk exposure and risk attitude.

7.4.4 The risk-free rate (RF) component accounts for the 7-4.11 Acommon mistake in application is to use a constant
time value of money. It is what might be earned, for example AR2 over the entire study period. This distorts risk adjustment
on government treasury bills, the closest thing to a risklesyvhen there are periods for which no special adjustment is
investment available to most investors. The adjustment fopecessary above or below what is considered normal risk. A
normal risk (AR1) is the risk premium that a firm might impose constant AR2 also distorts risk adjustment because it implies in
to cover the average riskiness of its normal operations. Thgffect that returns become exponentially more uncertain over
sum of RF and AR1 should equal the MARR the firm requirestime, which is often not the case. Thus a discount rate that
on typical investments. The AR2 component adjusts foincludes a constant AR2 severely reduces the weight of net
projects with more or less risk than what is normally associate@€nefits accrued in later years, regardless of the certainty of
with the firm. The adjustment can be positive or negative. their occurrence. This biases selection towards projects with

7.4.5 For discountingenefitstreams, AR2 is an increasing &'y payoffs. To avoid this common mistake in application and
function of (1) the perceived variability in project outcomes ItS resulting bias, use a variable AR2.

(risk exposure) and?j the degree to which the decision maker 7.5 Mean-Variance Criterion and Coefficient of Variation
is risk averse (risk attitude). Focost streams, AR2 is a 7.5.1 Comparing mean values and standard deviations of
decreasing function of those same risk factors. measures of project worth can help decision makers evaluate

7.4.6 For computing the RADR, each benefit and costeturns and risk exposure of one project versus another and
stream should be discounted with a unique RADR that includegetermine stochastic dominance. If two projects competing for
AR1 and AR2 values that describe that stream’s uncertaintyimiting funds are compared on the basis of BCRs, for
For benefit or savings streams, AR1 and AR2 are adjuste@ixample, the mean-variance criterion dictates that the one with
upwards as perceived risk increases; that is, as future beneftize higher mean (that is, expected value) and lower standard
become more uncertain, the RADR technique requires raisingéeviation be chosen. This presumes that decision makers prefer
the discount rate to make the project look less desirable. Fdtigher BCRs to lower BCRs and less risk to more risk.
cost streams, AR1 and AR2 are adjusted downwards as 7.5.2 If one project has a higher mean and higher standard
perceived risk increases; that is, as future costs become modeviation of the measure of project worth, then the choice is
uncertain, the correct application of the RADR techniquenot clear with the mean-variance criterion. In this case, the
requires lowering the discount rate to make the project loolcoefficient of variation can be computed to determine the
less cost effective. It follows then that the appropriate adjustrelative risk of the two projects. The coefficient of variation is
ment for risk when using life cycle cost (LCC) analysis is afound by dividing the standard deviation by the mean as
decrease in the discount rate for each cost stream to maltellows:

project costs appear higher. Otherwise LCC analysis will be CV = oly, )
biased in favor of projects with a greater risk of higher-than-
anticipated costs. where: _ o
7.4.7 Let us look once again at the BCR of the time clock CV = coefficient of variation,
for an illustration of the RADR when making an accept/reject © ~ — Standard deviation, and
decision. If no unusual risk is associated with the time clock,# = Mean or expected value.

the discount rate is equal to the sum of RF and AR1 as shown 7-5-3 The project with the lower coefficient of variation has
under Eq 4. Let us suppose that the BCR for the time clock i$h€ Iesser risk per unit of return or project worth. It will be
1.1 in this case. Thus it appears economically sound. preferred by risk-averse decision makers. Risk-taking decision
7.4.8 Now let us assume instead that the economic perfofl@kers, on the other hand, will prefer the project with the
mance of the time clock is more risky than average. This mighfligher coefficient.
arise, for example, from the impact of uncertain kilowatt-hour 7.5.4 An advantage of the coefficient of variation is that it
reductions or uncertain future energy prices_ Furthermore, |d@rOVideS an explicit measure of relative risk exposure. Another
us assume that the decision maker is risk averse. Using tHé that risk attitude is considered when the decision maker
RADR technique, we raise the discount rate for evaluatingtvaluates the coefficients of variation to choose among alter-
energy cost savings by some positive value of AR2. If thenative projects. The major limitation is in acquiring theand
resulting BCR falls below 1.0, the project no longer appeargt values for the measure of project worth.
economically acceptable. 7.6 Decision Analysis
7.4.9 Advantages of the RADR technique are that it is 7.6.1 Decision analysis is one of the few techniques for
relatively simple to understand; it is easy to compute; and itmaking economic decisions in an uncertain environment that
accounts to some extent for uncertainty of inputs, risk expotreats formally both risk exposure and risk attitude. It provides
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a methodology that allows a decision maker to include alter- TABLE 2 Possible Benefit Outcomes and Their Estimated
native outcomes, risk attitudes, and subjective impressions__Probabilities of Occurrence for the Six Retrofit Packages

about uncertain events in an evaluation of investments. Retrofit Possible Benefit Estimated
7.6.2 Decision analysis typically uses decision trees to Packages L outcomes. Probabilities
represent all possible outcomes, costs, and probabilities asse-= - 30 05
ciated with a given decision problem. A decision tree is a 20 01
decision-flow diagram that serves as a road map to clarify
possible alternatives and outcomes of sequential decisions. A R2 ‘3‘-3 8-2
decision tree is used in this section to illustrate how it helps _10 01
bring order to complex decisions about risky investments.
7.6.3 In general, the decision analysis approach has three R3 o o

steps. The first is to structure the problem. This includes 20 01
defining variables, describing with models their relationships,

assigning values to possible outcomes, and measuring the R4 . o8
importance of variables through sensitivity analysis. The sec- o5 01
ond step is to assign subjective probabilities to important

variables and possible outcomes, and to find the best bet
alternative. This includes describing uncertainty with subjec- 40 01
tive probability distributions, describing risk attitude with a
utility function (see Annex A2), and finding the alternative that
is expected to yield the greatest economic return (or utility if 1.0 02
the decision maker is not risk neutral). The third step, which is
not always taken, is to determine whether obtaining additional

information is worth the cost. If it is, then the information is rence. Since the state is assumed to be risk neutral and act so
collected, and steps 1 and 2 are repeated. as to maximize the expected monetary value of its investments,

there is no need to consider risk attitude and the corresponding

Note 4—Subjective probability distributions are developed by the ility measures of outcomes. Furthermore, since the state pays

decision analyst asking the decision maker or an expert(s) designated % . . .
the decision maker a series of probing questions designed to reveal tht? taxes, they are not included in the analysis.

best judgments available on the likelihood of uncertain events. 7.6.4.4 The decision tree in Fig. 4 clarifies the possible

7.6.4 Decision Analysis of Energy Conservation Investmentalterr‘mi\/es and outcomes Ii_sted in Table 1 _and Table 2. The

7.6.4.1 This illustration examines an energy investmen{onqwmg eprana’Flon describes th‘? potential paths of the
problem facing a state energy office. The office has beer‘fJeCISIOn tree starting from the left side.
directed to make a choice regarding an energy conservationNore 5—The procedure for finding the package that yields maximum
project from among six possibilities for retrofitting two public net benefits requires starting from the right side of the tree, as will be
buildings. The purpose of the conservation project is toshown later. Itis easier to explain the tree structure, however by starting
demonstrate to private companies that energy conservation fom the left
profitable. The objective of the decision analysis exercise is to 7.6.4.5 The basic alternative of not investing is indicated by
choose the retrofit package that yields the maximum expecteitie top line segment coming out of the box on the left side of
net benefits (NB), that is, shows the greatest profit potential. IFig. 4. The fixed investment of $500 000 in Building | is shown
none of the packages yields a positive NB, the choice will be
not to invest at all.

7.6.4.2 Two types of retrofit costs are considered. The firstis
a fixed retrofit investment cost that is incurred for energy
conservation work in each building regardless of which retrofit
package is chosen. The second is the cost of implementing the
individual retrofits in each package. The present value fixed
investment (F1 and F2) costs and retrofit package (R1 through
R6) costs are shown in Table 1. All costs are assumed to be
certain

7.6.4.3 The predicted benefit outcomes (dollar energy sav-
ings in present value terms) arecertain for the different
retrofit packages. Table 2 shows estimates of these possible
benefit outcomes with their respective probabilities of occur-

R5 7.0 0.5

R6 7.0 0.5

TABLE 1 Fixed Investment and Retrofit Package Cost for Note 1—{1 = Decision Node
Buildings | and Il (Cost in Millions of Dollars) O = Chance Node
Building | Building 1l R = Retrofit Package
F1 R1 R2 R3 F2 R4 RS R6 FIG. 4 Decision Tree for Conservation Investment (Dollar Values
0.5 2.0 3.0 4.0 0.8 3.0 4.0 45

are in Millions)
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by the next line, and the investment of $800 000 in Building Il their respective probabilities. The expected value of the prob-
is shown by the bottom line. Each box in a decision treeability fan of R1, for example, is computed as follows:
represents a decision juncture or node, and the line segments 0.9($3 000 000 + 0.1($2 000 000 = $2 900 000 (6)
represent alternative branches on the decision tree. The state . .
energy office will select that branch sequence that they expect "Vrite the expected value atop each chance node, as shown in

will maximize the present value of net benefits from conser- g. . )
vation. 7.6.4.13 Next, fold back to the next preceding stage. That is,

7.6.4.6 Associated with each building is another decisior?ﬁt%afgssgz?g ?ﬁg;f'gg;gii’ dcce)r)?pe"’gg éhiggzz?sat'éﬁggzgiu?
node, requiring a decision regarding a specific set of retrofit” P P y

choices, R1 through R3 or R4 through R6. The known costs opne with the highest expected net benefits and write it atop the

each retrofit package are shown under each alternative brancq{?c's'on node box. For _ex_ample, if you fold back the decision
7.6.4.7 The benefit outcomes (dollar energy savings) arnode values on the Building Il path sequence, expected NB
uncertain for the different retrofit packages. Thus at the end alues (before subtracting the $800 000 Building Il fixed cost)

! ) . or retrofit packages R4 through R6 are as follows:
each retrofit package branch is a chance node or juncture b 9 9

followed by alternative outcomes. Retrofit package R1, for Réyg = $3 800 000- $3 000 000= $800 000 @
example, is followed by a chance node, indicated by a circle, R5yg = $5 700 000— $4 000 000= $1 700 000 8)
with two potential outcomes. The probability of each alterna- R6ys = $5 100 000— $4 500 000= $600 000 )

tive outcome is indicated on top of its line and the value of each 7.6.4.14 The preferred (that is, maximum expected NB)

alternative outcome at the t'p, of its line. . alternative branch is R5. Write its value, $1 700 000, atop the
7.6.4.8 One way to establish the probability and outcom&ecision node box. Truncate the other two paths by parallel
values is for the analyst to discuss with engineers, architectgyash marks to indicate that they are less economical choices.
building managers, equipment manufacturers, and other 7 ¢ 4 15 The final step is to fold back one more time.
knowledgeable people the implications of alternative retrofilz o ofit package R5 in Building Il is the most efficient choice
packages in Buildings | and Il. The outcome values at thg,q 5 se its expected value of net benefits is $900 000 (that is,
branch tips will be based on anticipated potential impacts o, 700 000 - $800 000) compared to $700000 (that is
changes in uncertain input variables, including energy prices$l 200 000 — $500 000) for retrofit package R3 in Building |’
length of system life, performance of the conservation retrofits; 4 ;ero dollars for having no project. Enter the maximum
and the quantity of energy saved. o o _ expected value at the initial decision node box at the far left of
7.6.4.9 Letus trace out one set of decisions with its possiblghe decision tree. Use parallel slash marks to truncate the no
outcomes. If the state energy office chooses the R1 package gfoject and Building | alternatives. The decision tree, once all
retrofits in Building I for a total cost of $2 500 000, there is ayg|yes are written in, shows explicitly the economically effi-
90 % probability that the outcome (payoff) will be $3 000 000 cient path sequence (Building II/R5 in this case) and the
and a 10 % chance it will be only $2 000 000. expected value of net benefits ($900 000) for that path se-
7.6.4.10 Let us also examine how some of the outcome anguence.
probability values might have been derived. The 90 % prob- 7.6.4.16 Note that risk attitude was not addressed explicitly
ability associated with R1 for a $3 000 000 payoff might be duewith utility values in this example because the state is assumed
to the R1 conservation package being a well-tested one witty pe risk neutral. If the decision maker were risk averse or a
predictable results. On the other hand, R2 might contairisk taker, however, the projected earnings and costs associated
conservation options that are new and untried, thereby explaifwith each decision branch could be converted to utility values.
ing the spread of possible outcomes and the lower probabiliz utility function (see Fig. A2.5) is used to find the utility value
ties. And since there is no record of performance, and there isorresponding to these benefits and costs. The averaging out to
some chance of the conservation options not working, a 10 %ind expected values (now expected utility values) and the
probability of a loss of $1 000 000 is included in R2, as showryolling back process are the same as described earlier. Once the
on the bottom outcome branch. alternative that maximizes utility is identified, the certain
7.6.4.11 The outcome values at the tips of the outcomequivalent dollar value corresponding to that alternative’s
branches, the probabilities on the outcome branches, and theility is found on the utility function. The certain equivalent
retrofit and fixed building costs on the alternative branches arealue shows what the risky investment is worth, taking into
estimated (see Table 1 and Table 2). The values shown at eacbnsideration the decision maker’s risk attitude.
decision node and chance node, on the other hand, must be7.7 Simulation
calculated. The following steps describe the calculation pro- 7.7.1 Simulation is a well-documented technique used to
cess for the node values and how to determine the retrofietermine risk exposure from an investment decision. To
choice that maximizes expected net benefits. Note that thgerform a simulation, probability functions of significant input
calculation process starts from the right side of the tree andariables must be estimated. The simulation process for build-
works backwards to the left side. ing a probability density function (pdf) and cumulative distri-
7.6.4.12 Starting from the right-hand side of the treebution function (cdf) of the measure of project worth is as
average out for each chance node its expected value; that i®llows: draw a value for each input variable randomly from its
calculate the weighted average for each probability fan byprobability function, substitute the set of input values for that
summing the products of the possible outcomes weighted bgsound of draws into the formula for computing the measure of
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economic worth, and repeat the process over and over until a 7.7.3.5 The process for carrying out a contingency/risk
pdf and cdf can be constructed for the measure of worth.  analysis is as follows. Generate subjective probability distri-
7.7.2 For example, in analyzing the time clock, the initial butions for every activity that is deemed particularly uncertain.
energy price, the rate of energy price escalation, and th&he distributions describe the percent of estimated costs of
kilowatt hour savings are uncertain input variables. If each othese activities, where the midpoint is 100 % of the estimated
these inputs could be described by a probability distribution, aalue. Enter these data, along with the estimated dollar costs of
simulation could be used to arrive at a probability distributionboth certain and uncertain activities into a computer simulation
of the time clock’'s BCR (or some other measure of worth).package. It generates a probability distribution of the contin-
Specifically, a random combination of each of the threegency percent of total project cost and a graph that plots
variables would be selected and combined with constant inpufsrobability of cost overrun against contingency percent and
to compute a BCR. By repeating this random sampling oveamount.
and over, typically 500 to 1000 times, and computing the BCR 7.7.3.6 Fig. 5 shows how the probability of a cost overrun
for each combination, a pdf and cdf can be generated fofthat is, risk exposure) varies with the contingency adjustment
evaluating the cost effectiveness of the time clock. for this construction project. To use the contingency/risk
7.7.3 Construction Contingency Simulation Example analysis to select a single cost estimate, the decision maker
7.7.3.1 Contingency analysis is routinely used by costonsiders risk exposure and risk attitude. Risk exposure, as
engineers in estimating the costs of construction projects. Andicated by the rising probability of cost overrun, increases as
contingency is a cost element included in project cost estimahe percent contingency markup goes down. Risk exposure
tion to cover costs that have some likelihood of occurrence, bulecreases as the percent contingency markup increases. Risk
whose amounts cannot be predicated with certainty. By addingttitude enters when the decision maker chooses a contingency
the contingency to the line-item estimate of project cost, theamount, thereby establishing a probability of overrun that will
cost engineer hopes to project the most likely final cost. Typicabe acceptable.
uses of contingencies are to cover possible increases in7.7.3.7 The risk neutral decision maker will choose the most
material or labor costs beyond normal escalation, unanticipatdikely cost estimate of $144 million, which includes the $140
developments in applying a first-time technology, changes imillion without contingency plus a contingency of $4 million
project scope due to omission or error, or unforeseen work0.05-$80 million of uncertain costs). That is, the vertical axis
disruptions from operating in a volatile foreign country. on the right side of the graph shows the most likely contin-
7.7.3.2 Contingencies are often estimated simply as a pegency percent (where the probability of overrun is 50 %) to be
cent of the base estimate of project cost. Historical data on thabout 5 %. This assumes an underlying probability distribution
differences between actual and estimated costs for similahat is symmetric.
projects can be used to determine an average percent of7.7.3.8 A more risk-averse decision maker might opt for a
underestimation (or overestimation). The percent can apply tower risk of overrun by choosing a larger contingency. For
the overall project or to specific elements of the project that arexample, if an overrun probability of only 20 % were accept-
estimated separately. This simple approach is typical in estable, the contingency would be $7.2 million (0.09-$80 million),
mating costs of small projects. There is no distinction, how-and the total cost estimate would be $147.2 million ($140
ever, between accounting for risk exposure and risk attitude imillion plus $7.2 million contingency).
the contingency estimate. 7.7.3.9 On the other hand, a risk taker might choose a
7.7.3.3 For large construction projects with many uncertairrelatively low contingency. For example, if an overrun prob-
variables, a sophisticated risk-analysis technique based ability of 70 % were acceptable, the contingency would be $1.6
simulations is sometimes employed in estimating contingenmillion (0.02-$80 million), and the total cost estimate would be
cies. It provides decision makers with the probabilities of cost

overruns (that is, risk exposure) associated with every possible 160 20
contingency markup in the relevant range. The following 140 18
example adapted from S.H. Zah&elustrates how to use poee 6
simulation to measure risk exposure when making a cost g e -
estimate for a specific construction project. Note that the intent £ o o &
here is to show how useful simulation can be in describing risk 2 4. s &
of an investment and not to describe every step the computer g 48 » 6
program takes to do the simulation. g 32 4 ©
7.7.3.4 Construction cost is being estimated for Project X. It ‘I 16 T 2
is expected to cost $140 million exclusive of contingencies. Of 0 0
the $140 million, $60 million are spent dollars or firm 3‘: j
commitments. Being relatively certain, they require no consid- e e w0 50 %0 30 20 10
eration for contingency. The other $80 million are uncertain ~——GreaterRisk  LowerRisk —e
and make up the base on which the contingency is calculated. Probability of Overrun (%)

- Note 1—Adapted from Zaheer, S. H., “Contingency and Capital Cost
8 Zaheer, S. H., “Contingency and Capital Cost Estimat@nst Engineers’ ~ Estimates,”Cost Engineers’ NotebopkAmerican Association of Cost

Notebook American Association of Cost Engineers, Morgantown, WV (USA), Engineers, Morgantown, WV (USA), March 1983, p. 13.
March 1983, p. 13. FIG. 5 Contingency/Risk Graph for Construction Project X
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$141.6 million ($140 million plus $1.6 million contingency).  8.2.4 A limitation of the CEF technique is the lack of a
Note that Fig. 5 is really a cdf, although it differs in two rigorous, theoretically defensible, mathematical expression for
respects from what is typically used in risk analysis. First, Fig.establishing a CEF that combines risk attitude and risk expo-
5 has the axes reversed. The item whose distribution is beingure.
measured (contingency percent and amount) is on the vertical 8.3 Input Estimation Using Expected Values
axis instead of the horizontal axis, and the cumulative distri- 8.3.1 Expected value analysis (also known as probability
bution measure (probability of overrun) is on the horizontalanalysis) can be applied to the estimation of uncertain input
axis. Second, the cdf in Fig. 5 measures cumulative probabilidata. An expected value of an input is found by summing the
ties of a value being greater than instead of less than. Thus, fgfroducts of possible input values and their respective prob-
example, there would be about a 35 % probability of a coshbilities of occurrence. The values of any number of inputs can
overrun with a contingency of 7 %. That is, there is a 35 %be estimated by this technique. The expected input values are
probability that the necessary contingency to avoid an overrugitimately used to compute a single-value measure of project
would be >7 %. worth.

7.7.4 There are SeVeraI advantageS Of the Simulation teCh' 8.3.2 If expected Va'ues were used over repeated app”ca_
nique applied to risk analysis. First, simulation works with anytions, the differences between actual values and predicted
distribution of input variables, so it is not limited to certain yajues would tend to be less than if point estimates were used.

classes of well-behaved distributions. _ This is the primary contribution of using expected value
7.7.5 Second, it can handle interdependencies between ignalysis to estimate input values.

puts; that is, where one input is related to another, the two can g 3 3 A major shortcoming of this technique is that a

be tied together. _ _ _ single-value measure of project worth provides no measure of
7.7.6 Third, simulation can be used in generating pdfs angigk” exposure. Also, there is no treatment of risk attitude.

cdfs for any of the economic measures described in 1.3.  gipally, applications are limited to problems where input
7.7.7 Fourth, while it is true that the cdf describes only riskistriputions can be developed.

exposure, it also facilitates incorporation of risk attitude by the 8.4 Mathematical/Analytical Technique

dec!s!on maker in the deqsmn process.'That 1S, yvhen th? 8.4.1 The mathematical/analytical (M/A) technique allows
decision maker selects projects on the basis of cdfs, inherent

T So R ! ; t nerate pr ility functions for nomic m res of
that selection is an implicit assessment of risk attitude. bhe 0 generate probability functions for economic measures o

7.7.8 The disadvantage of simulation is that it requirestworth without the repeated trials of simulation. The M/A

many calculations, and is therefore practical only when usegechnique allows one to generate pdfs and cdfs of life-cycle
any ' P y osts, net benefits, and unadjusted internal rate-of-return mea-
with a computer.

sures. The M/A technique requires that input values be nor-

8. Other Techniques mally distributed. . .
8.1 The following additional techniques can be used for 8-4.2 For example, by using the mean and variance of net
measuring uncertainty, risk, or both. benefits earned each period on an investment and the probabil-
8.2 Certainty Equiva{lent ’Technique ity tables for the normal distribution, pdfs and cdfs can be

8.2.1 With the certainty equivalent technique, the decisio,pler_ived for net be_nefi_ts of the invesFment. Also, the probability
maker determines a certainty equivalent factor (CEF) by whictp! investments yielding net benefits less than, equal to, or
estimated project net benefits are adjusted to reflect risgreater than. zero (or some other specified target value) can be
exposure and risk attitude. If the CEF is based on riskcomputed directly. o
exposure, for example, it will be exactly 1.0 if the net benefits 8-4.3 Amajor advantage of the M/Atechnique is that means
outcome is perceived as certain, and less than 1.0 if net benef@éld variances (and therefore pdfs and cdfs) of project worth
are perceived as uncertain. Multiplying estimated net benefit§an be generated directly by hand calculations without repeated
by the CEF adijusts the net benefits outcome according to tH@mulations on a computer. Thus, risk exposure can be deter-
decision maker's perceived risk exposure. A CEF adjustmerftined without the use of a computer.
yields a certainty equivalent amount a decision maker finds 8.4.4 A disadvantage of the M/A technique is that it pre-
equally acceptable to making that same investment with itSumes that the underlying probability distributions associated
uncertain outcome. with the inputs are normally distributed.

8.2.2 If the CEF is also based on risk attitude, then the CEF 8.4.5 Another disadvantage of the M/A technique is that the
becomes smaller as aversion to risk increases, thereby makimgput distributions in each period must be of the measure of
the certainty equivalent net benefits smaller. economic worth. That is, uncertainty expressed in input distri-

8.2.3 One advantage of the CEF technique is that it accounfautions pertains exclusively to the final measure of project
for risk by a factor that can include both the decision maker'svorth for that period. This means that the analyst has to
risk attitude and assessment of risk exposure. Another advadetermine how all of the uncertain factors that affect benefits
tage of the CEF technique is that it separates the discountingnd costs combine in a given period to make that period’s net
procedure that accounts for the time value of money fronbenefits distribution. Since benefits and costs may be correlated
adjustments for risk. By so doing, it allows for differential risk among periods, this means the analyst must also make assump-
weighting over time, which might be more appropriate than théions about how net benefits in other periods affect the
increasingly heavy discounting for risk over time implicit in distribution for any given period.
risk-adjusted discounting. 8.5 Portfolio Analysis
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8.5.1 Portfolio analysis is used to seek the combination of 10.1.1 Assess the level of resources and define the set of
assets with the maximum return for any given degree of riskeasible techniques given those resources. How much time is
(that is, variance of the return), or the minimum risk for anyavailable to evaluate the project? How much money is avail-
given rate of return. By diversifying its assets so that returnsble for staff and computer support? Do the technical analysts
are not perfectly positively correlated, a firm’'s overall invest-have the capability to apply all of the techniques? For example,
ment risk can be reduced. The risk reduction from thiscan they develop probability distributions for uncertain vari-
diversification of assets is called the portfolio effect. ables? And finally, are computer software and hardware avail-

8.5.2 The evaluation of building investments seems a logiable for applying all of the techniques?
cal application of portfolio theory. Yet few applied efforts have  10.1.2 Identify the audience that will use the analysis, and
been made. One reason is that it is difficult to get data taonsider their reactions to the techniques. Has executive
measure the correlation of building investments. judgment and intuition been successful in the past? Will

8.5.3 Another reason portfolio analysis is applied infre-management understand information generated from applying
quently to building investments is that they involve largethe techniques? Will they accept the different types of infor-
chunks of capital, large and lumpy chunks of real estatemation produced by the techniques?
cumbersome markets, lengthy transaction times, and large 10.1.3 Consider the approximate size of the investment
transaction costs. relative to the institution’s budget or portfolio of other invest-
ments. For example, if the investment to be analyzed is small
} , relative to the total portfolio, and affects total profitability only

9.1 For techniques that generate single-value measures gfighly if it yields a poor return, then a sophisticated approach
worth, consult ASTM standard guides and practices on the, “igk analysis is not needed. On the other hand, if the
various economic methods to determine how to analyze resulf§esiment is relatively large, and a poor return could bankrupt
and make a decision. o _ the institution, then a sophisticated technique might be needed.

9.2 When using breakeven or sensitivity analysis, the deci- 10.1.4 Consider whether to use risk attitude in choosing a

sion maker implicitly incorporates risk exposure and rISktechnique. If the decision maker is risk neutral, for example,

attitude when considering hO\.N I|kely itis that t_he breakeven %lecisions can be made on the basis of maximizing net benefits
assumed value(s) for a project will be achieved and whe

D L . . "hstead of utility, and the procedure to account for risk attitude
deciding whether the likelihood of failing to achieve that valueis unnecessarg//’ If the deF():ision maker is very risk averse or a
IS gg a\;:vcheptablg ”Sk'. k-adiusted di i d decisi risk taker, on the other hand, it becomes appropriate to use
-> YVhen using risk-adjusted discounting an eCISIor{echniques that can adjust for risk attitude, such as decision
_analy3|s, no speplal att_entlon to rls_k att_ltuc_ie and risk e)q.)osurgnalysis, and the risk-adjusted discount rate. This assumes such
Is necessary, since risk evaluation Is incorporated in th‘?echniques are acceptable to the decision maker, and, where the

calculations of project worth. o . ... decision maker is a group, that a consensus can be reached on
9.4 The mean-variance criterion, coefficient of variation, . i \se

and simulation analysis treat measures of worth as distributions 1015 Table 3 is a quick-reference auide to data and
rather than as single values. This provides extra informationm _— f-worth ch qt i f i hg' q ibed |
but it also requires user skill in interpreting the distributions. easure-o-worth characteristics ot techniques described n
9.5 Using the mean-variance criterion, risk averse decisimtlhIS guide for treating P”‘?e”a'”ty and ”sk' L
10.1.5.1 Column 1 indicates the form in which input data

makers will favor the project with the higher mean and lower ' L
variance, other things equal. are accepted for each tgchnlque. The possibilities mglyde
9.6 The coefficient of variation is helpful when one project Singlé values (S1), multiple values (M1), and probability

has a higher mean and variance than its alternative. Risk averdistributions (D1). For example, the technique breakeven
decision makers will prefer the project with the lower coeffi- 21@lysis is shown to require single-value data inputs, whereas
cient of variation. the simulation technique requires probability distributions. On

9.7 Simulation analysis provides a cumulative distributionth€ other hand, the risk-adjusted discount rate can be used with

function that gives the probability of a measure of worth beingEither single values or probability distribution.

less than or equal to specific values. The function is in effect a 10.1.5.2 Column 2 indicates the form in which the measure
graph of risk exposure. Decision makers implicitly considerof project worth is expressed. It can be expressed as a single
their risk attitude when deciding if that risk exposure, andvalue (S2), multiple value (M2), or distribution of values (D2).

9. Analyze Results and Make a Decision

therefore the project, is acceptable. Input estimation using expected values displays the measure of
_ _ _ worth as a single value, for example, whereas the
10. Choosing the Appropriate Technique mathematical/analytical approach yields a cumulative distribu-

10.1 If it can be agreed that better decisions come froniion of worth values.
more complete information, then accounting for uncertainty 10.1.5.3 Column 3 treats risk exposure. Explicit (Ex) con-
and risk enhances decision making. Yet there is no bestideration means that a numerical adjustment for or graphical
technique for handling uncertainty and risk in evaluating everyneasure of risk exposure is provided by the technique. The
investment. What is best depends on circumstances of theumulative distribution of project worth given by the simula-
organization. The analyst and decision maker should consid¢ion and mathematical/analytical techniques are explicit mea-
the following items of information before selecting a techniquesures of risk exposure. An implicit (Im) treatment considers
for a given investment problem. risk exposure, but does not treat it quantitatively or graphically.

10
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TABLE 3 Characteristics of Techniques for Treating Uncertainty and Risk
@) ) ) 4
Form of Input Data” Form of Measure of Worth” Cansider Rfk Con3|lder FE\'Sk
Technique Exposure Attitude
(S1) (M1) (D1) (S2) (M2) D2) (Ex) (Im) (Ex) (Im)
Breakeven analysis® * * * *
Sensitivity analysis * * * *
Risk-adjusted discount rate© * * * * * * * *
Certainty equivalent® * * * * * * * *
Input estimation using expected values® * *
Mean-variance/coefficient of variation * * * *
Decision analysis * * * * *
Simulation * * * *
Mathematical/analytical * * * *
A(S1) = single value for each data (S2) = single-value measure of worth
(M1) = multiple values for each data input (M2) = multiple-value measure of worth
(D1) = distribution of values for each data input (D2) = distribution of measure of worth

(Ex) = explicit, numerical measure of risk

(Im) = implicit consideration of risk

B Breakeven analysis solves for the value of the uncertain input value that will just make the investment break even (for example, NB = 0, BCR = 1.0, or AIRR = MARR).
Thus the economic measure of worth would be a single value.

€ Risk-adjusted discount rate and certainty equivalent techniques have both single values and distributions of values indicated for the form of data input and for the form
of measure of worth. Distributions are cited because both techniques can be used with the mathematical/analytical technique.

D Input estimation using expected values does not treat risk exposure or risk attitude. Expected values are computed only for inputs, yielding no information in the
single-value measure of worth to help the decision maker consider even implicitly risk attitude.

Sensitivity analysis, for example, suggests a possible range afformation for the implicit consideration of risk exposure and
output values, and thereby implies something about riskisk attitude. Furthermore, assume that the decision maker is
exposure, but does not quantify that risk exposure. uncomfortable with the process of generating probability

10.1.5.4 Column 4 treats risk attitude. Explicit consider-functions of uncertain events and prefers deterministic over
ation occurs when a numerical adjustment is made for riskhondeterministic answers. Looking at Table 3, the single
attitude in project evaluation. Using utility functions with technique that satisfies these considerations is sensitivity analy-
decision analysis is one example. Implicit treatment considersis. Multiple (but deterministic) AIRR values are obtained, and
risk attitude, but provides no measure of it in project evaluainformation in the form of an array of possible AIRR values is
tion. For example, if a cumulative distribution function of given that helps the decision maker consider risk exposure and
project worth is constructed through simulation, implicit in the attitude implicitly in making a decision. Any other technique
decision based on that function is the decision maker’s attitudéhat would meet the criteria for this decision maker would
towards risk. That is, a risk-averse decision maker might veryiolate the constraint that probability functions not be used.
well make a different decision than a risk taker, given the same
profile of risk exposure. 11. Report

10.1.5.5 Note that the risk-adjusted discount rate and cer- 11.1 A report of a project economic evaluation should state
tainty equivalent techniques can be applied to treat riskhe objective, the constraints, the alternatives considered, key
exposure and attitude either explicitly or implicitly. assumptions and data, and benefits and costs. Section 11 of

10.1.6 Once the question asked earlier about resourceBractice E 917 describes in detail what should be in a report.
management acceptance, and risk attitude have been answeredl1.2 The rationale for adjusting the discount rate for risk in
Table 3 can help decision makers or analysts select thesk-adjusted discounting, constructing distribution functions,
appropriate technique. Suppose, for example, a decision makdetermining risk attitude, or for arriving at any other informa-
wants to know the range of possible adjusted internal rates dfon pertaining to measuring uncertainty or risk should also be
return (AIRRs) an investment might take and at least enougdocumented.

11
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ANNEXES

(Mandatory Information)

Al. RISK EXPOSURE MEASURED BY PROBABILITY AND DISTRIBUTION FUNCTIONS

Al.1 A probability distribution quantifies risk exposure by
showing probabilities of achieving different economic worth
values. Fig. Al1.1 is a discrete probability distribution that
shows graphically for a building investment a profile of Where:
probabilities for the benefit-to-cost ratio (BCR). The discrete ¢
probability distribution is also called probability function and
probability mass function. Each bar of the histogram shows on

CR;

N
o= (3 (BCR,— w*Py™? (AL1)

standard deviation,
possible state,

number of possible states,
BCR in sth state,

the vertical axis the probability of the investment achieving the
corresponding BCR on the horizontal axis. The mean (ex-p probability of sth state.

. . S
pected value) of the BCR is 2.0. This suggests that the most Th,s we know, for example, there is a 68.26 % probability

likely measure of worth will well exceed the 1.0 BCR that is that the BCR will lie in the range from 1.28 (2.0 - 0.72) t0 2.72
normally regarded as the minimum hurdle necessary for projecztz_o +0.72).

acceptance.

mean or expected value of the distribution, and

_ N _ _ Al.4 Although the probability distribution in Fig. Al1.1
Note Al.1—Measuring the probability of the project's economic worth does not reveal directly the probability of choosing a project
being less than the target value reveals the risk of accepting an unecH-aVing a BCR less than some target value (that is, less than the

nomic project. Another type of risk exposure that some decision maker: . . . .
are concerned about is the probability of passing up a good investmen%.XpeCted value of 2.0 in this case), it easily transforms to the

For example, measuring the probability of the project's economic worticUmulative distribution function (cdf) in Fig. A1.2 which does.
being greater than the target value reveals the risk of rejecting af\ny percent on the vertical axis in Fig. A1.2 is read “less than.”
economic project. This example focuses on the risk of accepting afhe function relating BCRs to cumulative probabilities is
uneconomic project. upward sloping, indicating that the probability of the BCR
. being less than any given BCR value on the horizontal axis
. Al'? Other values for the BCR. are possible, howevgr’increases as the given BCR value increases.
including a value less than 1.0. Having the standard deviation
and mean for the distribution helps the decision maker deter- AL.5 The probability (or risk of exposure) of the BCR
mine the likelihood that the actual BCR is within acceptablebeing less than 1.0is 5 % in Fig. A1.2. Or, stated another way,
bounds around the mean. The smaller the spread of thi&e probability of the project earning positive net benefits or at
distribution, as measured by the standard deviation, the tightdgast breaking even is 95 %. The probability that the BCR is

the distribution is around the mean value and the smaller is thigss than the target value (expected value) of 2.0 is 35 %.

risk exposure associated with the project. A1.6 Probability and distribution functions provide consid-
o o erably more information about risk exposure than deterministic
Al.3 In a normal distribution the probability is 68.26 %, approaches that assume certainty and provide single-value
95.46 %, and 99.73 %, respectively, that the actual value Willyeasures of project worth. But the functions in themselves do
be within one, two, and three standard deviations of the meamo treat risk attitude, that is, they show only risk exposure.
Assuming the discrete probability distribution in Fig. Al.1 pifferent decision makers, individuals or institutions, may
approximates a normal distribution, one can estimate thgaspond differently to any given profile of risk exposure. Thus,
probability of the BCR being within any one of the standardy; make efficient choices when investment outcomes are

deviation ranges. The standard deviation for Fig. A1.1 is founq,ncertain, decision makers also need to consider their unique
to be 0.72 by the following equation: risk attitudes.
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Note Al.2—An entity such as a corporation has a risk attitude just likecorporation. Another is to develop a corporate risk policy by getting
an individual. To determine it, however, may be difficult. One approach isagreement among the board of directors as might be done for any
to use the risk attitude of the chief executive officer as a proxy for theconsensus decision.

A2. RISK ATTITUDE AND UTILITY THEORY

A2.1 There are two general approaches decision makers
might follow to incorporate risk attitudes in their project
evaluations. First, they can examine the distribution profile,
mean, and standard deviation of the measure of project worth
to assess their risk exposure, and then make a decision on the
basis of their subjective or intuitive perception of whether they
are prepared to accept the degree of risk exposure indicated.
This informal approach allows for the consideration of risk
attitude, but lacks any standard procedure for measuring
personal or institutional risk attitude when making a choice.
For example, if the investment decision is to accept or reject a
single project, this approach is often adequate. Thus the project .
described by Fig. A1.2 is likely to be deemed cost effective by 0
all but the most riskaverse decision makers since there is little ) . ' ]
probability of a BCR less than 1.0. FIG. A2.2 CumuIatl\ll:;ea{?(;s;g?l;t:gjr:;tl;rft;ndsé)f Benefit-to-Cost

075 -

050 |

025

Probability That Benefit-to-Cost Ratio is Less Than or Equal to

Benefit-to-Cost Ratio

A2.2 Even where several projects are being compared, the
informal approach for considering risk attitude may be ad- A2.3 The second approach for considering risk attitude is
equate. Although the preferred choice may not be obvious frorgonsidered formal because it employs a standard procedure for
an examination of probability density functions (pdfs) for measuring the decision maker’s attitude towards risk and then
individual projects, it may become obvious when functions foryses that measure in evaluating the economic worth of a risky
alternative projects are superimposed as shown in Fig. A2.project. The need for a formal technique is illustrated by the
and Fig. A2.2. Here the probability profiles are a good index tdntermingled distributions shown in Fig. A2.3 and Fig. A2.4.
project choice because Project A clearly has stochastic domjlthough Project D has the larger mean, it also has the larger
nance over Project B. That is, for every BCR value in Fig. A2.1lvariance. That is, the project with the greater expected return
and Fig. A2.2, there is as high or higher probability that Projectalso has the greater variance or risk of exposure. There is no
A will exceed that BCR than will Project B. In other words, for clear indication of stochastic dominance or project preference.
every BCR, there is as high or higher probability that Project BSome procedure for including risk attitude in project evaluation
will provide a lower or equal BCR than Project A. Thus the is required to establish project preference in this case.
project alternative whose function is farthest to the right is the

preferred alternative. A2.4 Risk Attitude Measurement and InterpretatioRisk

Note A2.1—If life-cycle costs of alternatives were measured on theattItUde can be measured and interpreted through the applica-

horizontal axis instead of BCRs, the alternative farthest to the left Woulotlon of utility theory, as follows:
be preferred because the objective function would be to minimize A2.4.1 Risk attitude is measured by the tradeoffs decision

life-cycle costs rather than to maximize the BCR. makers will make between uncertain money payoffs of known
1.00 [ 100 F
075 | 075
-y B z
> 0s0 i 0.50
B 3
g £
025 |- 025
0 1 L ] 0 Il T
0 1 2 3 4 s 6 5 6
Benefit-to-Cost Ratio Benefit-to-Cost Ratio
FIG. A2.1 Probability Density Functions of Benefit-to-Cost Ratio FIG. A2.3 Intermingled Probability Density Functions of Benefit-
for Projects A and B to-Cost Ratio for Projects C and D
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Each shape represents one of three different risk attitudes—risk
neutral, risk averse, and risk taking. Utility values, displayed
on the vertical axis, are arbitrary units used to measure the
degree of utility or satisfaction associated with a given amount
of money shown on the horizontal axis. The utility function
reflects a particular relationship between satisfaction, a subjec-
tive value, and monetary amounts. Thus the utility function is
unigue to one individual, firm, or institution. Each decision
maker is likely to have a different utility function.

A2.4.4 In using the utility function in an economic analysis,
it is assumed that a decision maker will be indifferent among
investments with the same expected utility, and prefer Invest-

Probability That Benefit-to-Cost Ratio Is Less Than or Equal to

1 J . e .
6 ment A to Investment B if the expected utility is greater for A
Benefit-to-Cost Ratio than B. The procedure for using the utility function to choose
FIG. A2.4 Cumulative Distribution Functions of Benefit-to-Cost among alternative investments is as fOIlOV\@: f@nd from the
Ratio for Projects C and D function, for each investment alternative, utility values that

correspond to each dollar-valued outcome in the probability

probability and sure money payoffs. These tradeoffs are deteglistribution of potential outcomes2) find the expected utility
mined by asking decision makers to specify how much sur&alue (the sum of outcome utilities weighed by outcome
money (the certainty equivalent) must be received to mak@robabilities) for each investment; ang) (select the invest-
them indifferent between the certainty equivalent and theénent with the maximum expected utility.
expected value of a given amount that is not certain. For A2.4.5 Given this general background on the construction
example, if a person were given a choice between a lottery, segnd use of utility functions, the three utility functions in Fig.
with a 50 % probability of winning $1000 and a 50 % A2.5 can now be interpreted in some detail. For the straight-
probability of winning nothing, and a sure or certain amount ofline utility function (RN), each additional, fixed increment of
money, there would be some amount of that certain payment #come yields a constant increase in utility; that is, the marginal
which the decision maker would be indifferent between theutility of income is constant. The decision maker is considered
lottery and the sure payment. The revealed tradeoffs betwedisk neutral because the gain or loss of a large amount of
the expected value of the lottery and the sure paymentoney would yield the same increase or decrease respectively
determine whether a decision maker is risk neutral, risk aversé) utility per dollar as would the gain or loss of a small amount
or arisk taker. Once several such tradeoffs have been specifie@f, money.
a relationship between money and utility can be determined. AZ2.4.6 Since the shape of the utility function is dependent

A2.4.2 A graph of this money-utility relationship, called a on tradeoffs between uncertain money payoffs of known
utility function, can be used to show the decision maker’s riskprobability and sure money payoffs, it is also helpful to
attitude. Formal techniques exist for using utility functions in consider risk attitude directly in terms of how a decision maker
conjunction with economic methods of project evaluation.reacts to such gambles. Decision makers who are risk neutral
These techniques help decision makers choose among compate called EMV’ers because they act on the basis of expected
ing projects that do not exhibit stochastic dominance like C andnonetary value (EMV). For example, the worth or EMV of the
D in Fig. A2.3 and Fig. A2.4. lottery described earlier is calculated as follows:

A2.4.3 Fig. A2.5 shows three shapes of utility functions. EMV = 0.5%$1,000 + 0.5$0.00 = $500 (A2.1)

A2.4.7 An EMV’er would be indifferent to the lottery or a

T 100 RN sure cash payment of $500. Hence, the decision maker is risk
7 neutral in the sense of being willing to accept a fair gamble.
1 7 RA The utility function for a risk-neutral decision maker is a
straight line, because there is a constant tradeoff between
150 7~ -7 satisfaction in utility and dollar amounts. An implicit assump-

/./ L7 tion in many economic analyses is that decision makers are

. -7 EMV’ers. Thus there is no explicit consideration of risk
- . '/'_’,/” o f";\ttitude because maxi_mizing the exp_ec_te_d value of net b_e_nefits
' — === 1 ==t t +— is assumed to be equivalent to maximizing expected utility.
T /-/ Income A2.4.8 If the utility function bends over to the right (RA in
‘ 1 Fig. A2.5), the decision maker is risk-adverse. Interestingly
large dollar amounts are required to achieve constant incre-
L0 ments of utility; that is, the marginal utility of income is
diminishing. This means that a decision maker would prefer a
RA = risk averse, and sure payment that iessthan the expected value of the lottery
RT = risk taking. to the chance of participating in the lottery. In other words, the

FIG. A2.5 Three Types of Risk Attitude amount the decision maker is willing to pay for the lottery

Utility
\

Note 1—RN = risk neutral,
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ticket will be less than its expected value because of aversioexpected utilities and as if they considered the odds for the
to the risk of the lottery’s outcome. This implies that decisioneconomic choices being evaluated. Furthermore, decision mak-
makers regard marginal payoffs to be worth less (that is, to bers must be willing to go through the process to establish a
of less utility), per dollar, as total payoffs increase. Thus, toytility function and then commit to using it. Under these
determine the true value of investments for risk-averse decisiogonditions, a firm or institution can use utility theory in a
makers, economic analyses must account for decreasing satigormative or prescriptive role to establish risk policy that will
faction of higher payoffs with corresponding decreases ironsistently direct management to investments that support the

m«’XgiZa; lfftlt“r:y i function bend dtothe left (RT i firm’s or institutions’s risk attitude.
4. e utility function bends upward to the le in . I . .
Fig. A2.5), the decision maker is a risk taker. Successively A2.4.12 Several factors limit application of risk attitude

smaller dollar amounts are required to achieve constant incréa-dJUStmer1t5 n practlt_:e. First, o!e(_:|5|(_)n _makers_ may consider
ments in utility; that is, the marginal utility of income is Fhe technique impractical for th_e|r institution. This may be due
increasing. This implies that the decision maker would actually? Part to & lack of understanding and to an unwillingness to
pay a premium for a lottery ticket, that is, a value greater tha/¢iVé Up some opportunities for personal judgment in project
the expected value of the lottery. The reason is that the decisidfvaluation. Second, there is often considerable difficulty in
maker regards project payoffs to be worth more (that is, to havéetermining an organization’s risk attitude. This arises for a
more utility), per dollar, as the total payoffs increase. Thus, tgcouple of reasons. Because individual decision makers may not
determine the true value of investments for risk takers, ecowant to be bound by an organization’s risk policy, they may be
nomic analyses must account for increasing marginal satisfa¢nwilling to cooperate in defining that policy. Also, because
tion of higher payoffs with corresponding increases in marginalndividuals are often risk averters in their personal frame of
utility. reference, they may have difficulty in identifying an institu-
A2.4.10 Expected utility analysis based on subjective utilitytional risk attitude where a more risk-taking attitude might be
functions will not always predict the way decision makers will appropriate.
actually choose among alternative investments. Furthermore, o2 4 13 Risk attitude adjustments in project evaluation,

individual decision makers are not expected to act ratio”a"%owever, do have merit. Competent professional assistance in

and consistently in every investment situation with respect tchelping decision makers develop and implement a risk policy

Lhnelillierlevfhaefi Ut:gtg'moofn:zeimf\}g)snfé Ar\tra]gelr: tilr? e;ef?”;m\j\:ﬁ would overcome many of the limiting factors described earlier.
y group P 9 There is a sound theoretical basis for including risk attitude

always agree upon and act consistently according to a corpo-,. . S ) .
rate utility function. These are some of the reasons why utilityadjus:tments. And a firm or institution that can establish a risk

analysis of investment decisions is not widely practiced. policy that consistently directs management to investments that
A2.4.11 Utility analysis may still be useful, however, as support the firm’s or institution’s risk attitude has an opportu-

long as decision makers generally act as if they had comparety 10 Select better projects over the long run.
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