5 R
. rl L3 L]
centro de educacion continua
. Wk divisien de estudioes de posgradao
el facultad de ingenieria umam
i ‘i:/g 9
J 1
CONTINUING EQUCATION SEMINAR
on
VENTURE AND RISK ANALYSIS .
‘.‘_‘-_h- )
” \:;i‘; . L
SR P
- . i, 1 ¥ . . _-- B [
118 l-NTEHNHTJDHAL‘: COMNGRESS OF . COST ENGINEERING
T [t AR T
N ‘5 o ke !
oty h ,"' i H oo
e “+Qctpber, 1980
B I Y LR i
) "‘i , _II;;‘.. "
- ‘:;;’.. ‘,‘I_.'- _'.-'a_'.".
. 1{:‘_ : “‘;::l::l_, ] ,
- - f .‘1;_":‘1 :..\.‘1. 1 -
A .1 I-"..
-k L "'":'? *;Ig, ]
_ SEHp L
the I3 2 :
E b |
:: v ILH:-.._ v T A " H'*'-,ﬁl-: f;-:“l .
S - e m !
Julian A. Piekarshki
Henry C. « Thorne
Polacle de Minerio Colle de Tacuba & primer pito Mirics 1, D. F. . Tal: 521-40-20



CONTINUING EDUCATION SEMINAR

on

VENTURE AND RISK ANALYSIS

Presented by

Julian A, Plekarskil Henry €. Thorme
President Manager, Intermational Venture
Pace Assoclates, Incorporated Development

Amoco Chemicals Corporation



[l N

+ L]

VENTURE AND RISK ANALYSIS

This is an intensivs two-day program to provide a broad introduclion to
project evaluation, with emphasis on discounted cash flow approaches,

risk analysis and mapagerial ccasiderations. Through a case problem worked

in clags, the student is exposed to some of the complexities and uncertainties
common in real-life problems and learns why some farm af risk spalysis is so
important., Tha seminar is & practical presentation and can be of wvalue to
both those workinog in the field and to those who wish a better understanding
of thig vital cool to aid sound management decision-making.

Upon completion of this course, the student should:

1. Be fsmiliar with the important concepts and procedures ie project
evaluation, and have basic competency in discounted cash flow
techniques.

2. Understand the true variability in performance results because of
competitive and general environmental factors outside a firm's control,
and why planning guidalines and some form of risk analysis are sa
necessary to give management a better measure of project profitability
under conditions of uncertainty.

3. Know how to effectively report results of economic studies to
panagement.

4. Know how to apply these principles in normal business situations,
through experience gained in the class workshop, with & "real life"
case,

5. Understand the procedure for preparing post-installation appraisals, the

best available technique for analyzing experiesnce results in past:
investmenks.

&. Have a better understanding of the special types of problems encountered
in high-risk areas, such 28 research project ranking, acquisitions,
and projects ip developing countries.



1I.

IIT.

Iv.

VI.

VII.

VENTLRE AND RISK ANALYSIS

Introduction

A, When to Evaluyate

B. Evalustion Types and Approaches
c. Evaluation Cogtributors

h Econoaics in Action

Practical Profitabilicy

Cash Flow Table

Tax Effects

Cost of Capital

Savings Account

Incramental Returns

Special Topics-graphical shortcuts, varying pruject lives,
multiple soluticas, etc.

Moo >

Post=Tnstallation Appraisals
A. Lessons Learned

BE. Typical Procedures

c. Three Examples

Workshop No, 1
A Five Short Problems sad Solutions
B.  Begin Hajor Casc

Risk Apalysis, Part 1

A. Sensitivity Analysis

B. The Key Harketing Variables
C. Experietice Results .

Workshop No. 2

A. Complete Basic Calculations

B Class and Cage writer Sclutions for Most-likely Alternates
L. Contigue Senaitivity and Post-audic Calculations

Business Eavirconment

Al Eaergy Problems

K. Inflaticon

C. Other Major Uncertanties
D. Plagning Guidelinas

YIII.Risk Analysis, Part 2

Decision Trees

Monte Carlo Analyses
Hanagement Rizk Attitodes
Discounting for Risk
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XI.

XII.

¥XIII.
XIV.

High-Risk Examples

A, Acquisitions

B. Developing Country Projects
C. Research Projects

Current Interest Topics
A, Energy Economics
B. Class Inquiries

Managerial and Financial Topies
A, Capital Budgeting

B. Raporting Resulcs

C. Evaluation Qrganilzations

Worksheop No. 3

A, Review Sensitivicy and Post-audit Calculations

B. Monte Carlo and.Research Ranking Applications to Case

c. Recommended Action
D. Appropriation Request

Wrap-up
Refarences

Case Solucion
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. WNAT ARE THE ALTERNATIVER/

1. CONSIDER MUTUALLY EXCLUSIVE
ALTEANATIVES, TWO AT A TiME,

3. BEWARE OF SUNK COSTS.

4, THE COMPNYS PROFIT 90AL— MAXINIZE
INCOME ABOVE TME COST OF CAPITAL
INVESTED TC GENERATE TNAT INOQDME.

ALTERNATE  _INVESTMENT PROFITASILITY
A $ 1,000,000 "%
[} 4 2,000,000 15 %
=i $ 1,000,000 4%
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Coomon Evaluacion System Weaknasses

1,

NEpmpLN

Failure to racognize competitive prassures- mote static than

dynamic
Basic competitivenass (over invescment)

"Ipherent optimiam i{n forecasting

Intarnal comparabilicy

Relative Risk i

Allocation and Plamning Difficultfes (timiog)
Lack of understanding by managemant
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SAMPLE PY CALCULATION
Basis: Investment - 3122 M
Annual Savings - $200 W/yr,
10 - Year Project Life
43% Inceme Tax: 7% Invactment Credif
20 - Year 5YD Depreciation
Investment 3pent from Time - 1/2 to O, A1l Capitalized
Cash Flow (M5}
Time Bafore Aftar &0% Rate 70% Rate 30% Rate
Perigd Taxes Taxes D.F. P.¥v. D.F. n.F. p.Y.
Investment -1/2 to 0 (122) 1.17 (143} 1.20 {(146) 1.23 (150)
Investment Credit 0 Y9 1.00 +9 1.00 43  1.00 +9
~-preciation 0- 20 #60  .153  +9 133 +@8 117 +7
aavings 0 - ]D +2.000 1,020 66 +168  ,143  +148 Jd2s 127
Het Present Yalue, M$ +44 +17 (7}
P.I. 77%
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CONTINUOUS DISCOUNT FACTOR EQUATIOQNS

Tahje A - At a Point in Time after the Refersnce Point
fﬁ - E~RT!100
Table B - Uniformly over One.Ysar Periods after the Reference Point
-R/100
~RT -
Table C - Unilformly over a Period of Years, Starting with the Reference Point
« 100 . _-RT/100, _ 100 (1-f,)
fo = g (1-e ) A
Table D - Declining to Zero at a Constant Rate over a Peripd QFf Years
-RT/100
. 200 _100{1-e Y|, 200
fy ii'r‘[_1 RT } Tt 1-fe)
WHERE R = Ratas of return, %,
T =Time, years,
e = 2.71828
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RATE OF RETURN PRISAZILITY DISTRHIUTICH
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SESSION %0. 2 - FRACTICAL PRIFITABILITY

This session further reviews the fwndnmestals of praject evalwatiae. IV
deals with severs] importamt coooepes imclwding:

Project cash flow,
Cost of capital,
Depreciation methods,
. Income taxes,

The project earning rate (internal rate of return} snd the incremental
rate of return.

A B b e

Special topics include graphical shortcuts such as the capital charge
chart, which can be used in revenus requirement studies. Other subjacta
covered are the pros and cons of DCF rates of return versus preseat value
for messuring project attractiveness, comparing projects with different
lives, wultiple solutions, end minisus scceptable return guidelines.

2-1
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Cash Flow Table

It is oecessary t9 count Your cash before you diacount ik. A2 »
result, when wsing DCF techniques, a cash flow table is the necessary
atartiog point. It summarizes the forecast igvestment, coperatiog
costs, revenues, and tax effects ampociated with a given alternate.
The final result is the oopey streza, or cash flow, in apd out of the
praject.

The cash flow table is relativkly simple to construct, adaptabls to
2ll types of probieas, self-checking, and copsistsnt with accounting
concepts.

Thig seasion ceviaws the basic concepts. Practice in preparing and
using the casb Elow table are given in the workshop problems in
Segsion 3.
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Table 8

2 Plastic A - Post Installation Appraisal

Condensed Profit & Losa Statement, $H

Taxable Net __Invosiment Meme :

Net Cash Net Tax Frofit Cash Fixed Worhing Cash Procecds Capacity

Sales Costa(l} Deprec. Income Rate, T~ A/T Eetuen Cap. Cap. Annunl Cumulative Costs(3}
1949 ' 3,068 (3,068) {3,068) -
1950 500(2) (500} 8L {311} {310} 1,537 {1,847) (4,915) -
$951 &,120 2,692 307 3.321 nL 2,059 2,366 1,315 1,051 {3,684) HA
152 9,300 3,708 . 307 5,885 n 3,649 3,956 3,956 92 3,708 -
1953 9,000 3,813 07 4, R0 38y 3,026 3,333 3,313 3,425 3,813
1954 9,000 3,918 307 4,775 54% * 2,197 2,504 2,504 5,929 3,918
1955 9,600 4,023 107 4,670 54% 2,148 2,455 T2,455 8,384 4,023
1956 7,560 3,900 307 3,353 54% 1,562 1,849 {150) 1,999 10,383 4,128
1957 6,750 3,886 307 . 2,557 54% 1,176 1,483 1,482 11,866 4,233
19586 5,520 3,627 307 1,586 54% 729 1,036 1,036 12,902 4,338
1959 & 240 3,465 307 1,068 541 491 798 (150) 948 13,850 4,443
1960 3,800 3,184 307 309 54% 142 449 469 14,299 4,548
1961 3,400 3,022 an? il 54% 33 340 (a0} 420 14,719 4,650
End 1,228 {1,228} {568) 660 (935) 1,595 16,314

14,850 39,538 4,605 30,747 16,314 20,919 4,605 [¥] 15,314
(1) TIncluedes mapufacturing, n-rketin;; and general office expense. L
{2} Startup expense.
{3) Actual and estimated cash coste, if plant had operated at capacity esch year.
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Coat of Capital

The minisnum return standard used in judgiog & project's attrectivepess,

is based on a firm's cost of capital. A fimm finances its cperations

+ through various sources of funds. The cost of capital is the weighted
average after-tax cost of these funds. Sioce most investments are
long-term, only long-term funda are normally included in this calculation.
These include long-term debt, common and preferred stock, and retaioed
earnings.

The cost of capital varies somewhat from industry te industry, and
company to company, depending on the average riskness of the eaterprise.
In the U.S8., » typical value has been in raoge of 10 per ceat, at
historiec inflation rates. With recent iacreased inflation, & more
typical current value iz 12 per ceat.

Firms generally select aigimum return standards for new investmenta
that are somewhat above their theoretical cost of capital. This
allows a margin for adversity, recognizing the uncertainties in all
estimates, and the inherent optimism in many.

2-5



- _ JmIrICWCE OF VIPRotN?

*ALTHOUGH LEASES STILL ARE JUST FOOTMOTED ON THE
BALANCE SHEET THEY ARE REGARDED AS A FURM OF A
LONG TERM DEBT, ' .

32
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MEIGHIED COST OF CAFLTAL
{TYPICAL NON-UTILITY)
DEA] EMUTY IOIAL

CAPITAL STRUCTURE. I . X0 - A m

CosT. 3 ! 1
MEIGHTED COST B.T..2 1.8 3.4 10.3

NEIGHTED COST 4.7..Y 1.2 8.8 9.6
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Minimum Acceptable Return Guidelines

Long term investment should be judged against your general
corporate standard of "x" per cent. Disinvestment decisions
involving poctential disposal of existing asseis should also be
judged using the general standard.

Note: "X" typleally ranges from 10 per cent to 15 per cent.

Investment opportunities which arise having a return below "x"

« per cent, but sbove the return from money narket securities,

should not be foregone if they are also short term, highly lquid,
and reveraible.

Note: Close coordination between operating and fnancisl
personnsl is required for effective decislon-making in these
matters.

Projects with implcit fund-raiging decisions are a second
exception to the general corporate guidelines of "x™ per cent.
For such decisions, the interest rate implicit in the proposal
should,be determined and compared agninst the best source
of raising such funds. '

Note: Examples include leasing, loan guerantees, facioring
receivables, and stretching payables.

2-8
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Depreciation Methods ; . '

Deprecistion for tax purposes is parmitted only for assets that have

a limited useful life. This cost allocaticn, over the asset's life,

can be sade by any ressomable aethed, ss long as the method is consistently
applied. The three methods most cosmonly used-in the U 5. are, 1)

the straight-line method (5L}, 2) the declining-balance sathod (DB),

and 3) sum-of-the-yesra-digits method (5YD).

Iep foreign countries che SYD method is seldom used. When acecelarated
depreciation is sllowed, it is generally done either by allowing a
shorter life for s straight-line write-cff, a one-time shove average
write-off in the first year, or some form of declining balsnce write-off,

2-9



SIRAIGHT LINF DFFRECIALIG
YEAR AMDUKT*
1 1710
5 1/10
10 1710

*N=-10YEARS 5.l = V10

10755
3755
8/55

&/55

1/55

E!WI\HMI—'E

* N = 10 YEARS SYI=HNMW~1 /2
-~ (l0x1) /2
= 53
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DOUBLE DECLINING BALANCE

YEAR AMOUNT REMATNING
1 20% 80%.
2 167 64%
3 12.8% - 51.2%
4 10.2%, 41.0%
"
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Income Taxes

The various local, state, national, and foreign taxes paid by a fire
represent An important Cost area determined by law. Emphasis here iz
on iacome taxes, because of ctheir importance and complexity. The law
usually gives the corporate taxpayer gome flexibility in determining
the amount and timing of the taxes he guat pay. Alse, the lavs
change frequently., For example, there have been sigoificant chaoges
in U.5, federsl income tax regulaticns in 1969, 1971, 1975, and 1976.
As a result, proper trestmsat of corpeorate tax effects is a broad,
ever changing problem. A decisica made today based on today's tax
laws may be invalid tomorrew. Like most probleas., a complete and
lasting solutico to proper tax management canpot be found, However,
tax effects based on current tax laws, can be pinned dovn with more
certainty than with sany other facets of investment economics.

Major attention in this geminsr will be paid to the incremental tax
effects from acquiring, cost allocating, and disposing of assets

within a large corporation. The tax treatment selected for varioua
businegp situstions should maximize the corporation's present value.

2-12



Pripcipal U.8. Incoms Taxad on Corporstions (1976 Bssis) .

Per Ceor
Normal Tax Rate (oa firat 525,000 of income) 20
Surtax (on pexr $25.000 of income) 22
Rate on ipcoms above 550,000 48
Capital Gaiom Tax 30
Tax on Dividends Received--iLd% of 15% 7.2
Tax Credit on Tangible Investments 14
Changes in U.S. Tax on Ordinary Income

Tnlrgil Tax Rate, z

1950 \ &2

1951 50.7%

1952-53 52

1964 50

196547 48

1968-59 £2.8

1970 49 .2

1971-7h LB .



1954
1966=7
1969
1571
1975

Country

Switzerland
Hong FKong
Egypt
Columbia
Taiwan
Indonesia

Changes in Iovestment Credit

Introduced
Suspended

Cancelled

Restored

"Tegporary” locrease

Illustrative Foreign Tax Rates

Effective

1976 Tax Country
9.8% Australia
17.0% Brarzil
40.1% Great Britain
43.7% Germany
43.7% Iran
45.0% Higeria

2-14

Effective
19716 Tax

46_8%
30.1%
52,0%
53.7%
53.1%
70.0%

40



Argquirinag A Fi

- 1. _ Feor sy methiodn

=  'stock for stock

- stock for aszecs
- caph for atock’
- cash for assets

2. Tax aspects--very coEplex

3, Example--immediately taxable or tax-fras exchange
==copflict in buver and selling interests

Dilnaiin‘ of Assets

1. Various sethods, differing tax effects
2. Examples

Exchanges
Condemnations

Seles

Norual HKetirementr
Abporsal Retiresents

-2~ - - -
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Internal Rate of Returs

The concept of s project bank iz a umeful way to vizsalize the DUF
procedure, with cash cutlayy as deposity, apd positive cash flows as
wvithdrawals. Tbe only difference from the ncrmsl savings back is
that the preject bank doesc't publish its interest rate, snd a trinl
and error procedure is necessary to determioe it.

Simple examples illugtrate the project bank concept, the cart;:pandin;
cash flow table, and the discounting procedure. Practica in these
calculations is given in the workshop problems in Session 3.

A st of discount factor tables, based oo sonusl compounding, supple-
mants the cootinuous factors in Seasion 1.
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. 4.231 FRIL 1908 3.0 3. TES 1.408 3.5 3.498 2,410 3.3 &
T £.7M2 'R &, 479 4.288 4. 180 4,000 1922 3.812 2. 708 3.8508 7
I 5 Lan P T 4,839 4. 487 a.344 4,207 &.078 3084 1.4037 .
» 4.187 5320 5 132 4.8l 4,972 400t &, a51 4307 4,183 4,091 '
i1 3.080 5.550 5.428 5204 5.019 4.833 4. 458 ‘™ 4.9 a.m "w
19 1.108 5. 88 5. 587 .43 3. 134 5.0 e 4.5% .. -7 4,327 n
12 .4%2 d.194 1.814 1. 880 5. 421 .17 4,408 4.793 4811 4.4%8 12
13 .78 - 444 8121 3047 s %83 5. 342 T 4,80 4. 715 4511 T
. 5.9 .z $.302 4.002 5. T2% s 459 1.1ry 5. 000 &. 001 PETL 14
11 ERTT 5410, K.ag? 'RIT) 5. 447 5. 578 5124 5.002 a4.078 .87 T
T 7.379 .97,  K_s0d 9.185 3. 9%4 . 5l 3. 20% » 15E 4.9 4 TH "
7 7. 548 7. 120 8728 4.373 6047 574 5, 47% 5. 222 4. 990 4,771 't
A 7_702 y.2%0 (XTI .. a7 6128 nLae - B3M 5.27% 8.033 a0k "
1% 7.6 7.3 & 50 1.9% 4.1 3.877 5, Ha .18 .00 4. i
5,380 5. 101 4.870 20

w T.M 7.5 7.013 4.413 d. 20 .11 1.2
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Iocremental Rate of Return

An snalyeis is made of twvo sutuslly-sxclusive alternates, one with
increasing income snd one with falling incoms, to further illustrate
procedures and show that the incremental rate of retum sust be
cslculated {p order to choose the preferred altezrnative. The preferred
choice also varies with the minimum scceptable return standard being

uaed. .
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COMSTDER MUTUALLY EXCLUSIVE

ALTERRATIVES TWO AT A TIME ~---

2-24
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RUSCOONTED TASM FLOM
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What is the Capital Charge Chart for Your Business?

Let lpo- = fixed capital, §, spent uniformly over investment pariod,

by = working capital, $, invested st start of salas, and recoversd

without guin or loss on termineting the project.

tec = fixad investment period, years

tmax ® project life, yoars

Tr = tax rate, Y of taxable profits

R = discount rate, %,

P = uniform annual profit, before taxes and depreciation

[}5,;; .D; = lpﬁrnprilu discount factor from Table A, C, D, over
“t

' period t.

Then, capital charge = P/I x 100, &.

Assuma:

1.

Negligible stertup time ., 1.s., sales begin at end of construction,
10% investment credit at start of sales, .

Deprecistion life squals project life,

SYD dapref._:iaﬁun of fixed investment, no salvage,

Uniform sales and profits aver project life,

No inflstion affects.
2-26
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53

Page 2

A. Capital Charge Caleculation for Fixed Capital

At the solution rats R of the DCF equation calculste the snnual
profit, bafore taxes and depreclation, which will just cover the

net investment, after investment credit, and tex deprecistion
tllowances. Tha squation of discounted after-tax cash flows has the

form:

{1) Required Project Profit = Original Investment - [nvestment Credit -

Depreciation Tax Credit

Taking the reference point at the start of sales, this bacomes

(2) EII'TI‘) P ‘mu] [fgt = lpe [H -4.1 IFC - I 1pa [rﬂjt
max

a. max

%e

Rearranging,

{3) Fixed Capital Charge= P (100)= [fc] -0.1-Tr [fn] x (100)
. Ipe ! tnax
'Fc

{1-Tr) [r .
tI:I:I.I»I 4:]!1.!1

Sample Calculation, at 46% tax rate. 2-year investment period, and 15 year profit life:
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cege 3 [rc/r;J [tD] [t¢ ] |
R tgc, Yr. tmax, Y7 tpe ' max ‘max Capital Chrg.\
0 g 18 1.0 1.0 1.0 5.39
5 2 18 9516/.9048 = 1,0517 . 1906 L1018 10,43

10 2 . 15 .9003/.9187 = 1.1070 0428 . 8179 17.20

15 % 15 LH839/.7408 = 1,1862 .5333 0976 18,12

20 2 15 . L8242/.6703 = 1.2296 L4555 3167 38.88

30 3 15 L1520/ .5448 = 1.3703 . M68 2198 64.38

B. C;Eita.l Charge Calculation for Working Capital

Since working capital is not depreclable and is not subject to the investmant

cradit, the corresponding working capital equation is:

o _

(1 [{l-Tr} P lm“J [rcjt = Iye - lye [’a]‘

mAx

Howevar, f, is related to fﬁ.

@ =100 Q-f,)
RT

Rearranging and substituting,

(3) Working Capital Chargw= P _
we

= lwe (- [r,;jt ).

max max
x 100 = [1—:," x 100
f ] a-Todt, .+
%%
max
= R
I-Tax Rate.
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Page 4
The working capital equation is a straight line through the origin, with
~ slope of 1/1-Tax Rate, -

The corresponding chart of fland and working capital chargea is shown on page 1-24.
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DCF Rate of Return vs. Pretent YValue
{Both useful)

-

Present ¥alue {at Minimum Acceprable Return}

1. Less chance of evrovr by analysc in aslecting preferrel alcetnate
{simpler, safer, easzler and more direct)

2. Lesas meaningful to managenent (need separace calculation to

ralate to size of investment and relative riskiness and
uncercalnty Iin esatimatces)

DCT Rate of Hetugn

l. Handled correctly, gives same answer as present value method.

2., More meaningful to mapagement since results are reported as a
ratin ta investment {(divectly compavable ro cosc of capical;
margin for adversity and risk analyses easier to iInterpret).

3., Therefore preferred, despite need for greatear care in caleulations,

4. Multlple solucion problems cccur Infrequently (only when tie

curmilative cash proceads change 3ign more than onca), and
suitable techniques for eliminarcing the problem exist.

2-31



3.

4.

Comparison of Projects with Pifferent Lives

Valild compariscn musc compare tarmingl values at same paint
{Preferred option hus maxicum terminal valus, and cherafora
the maximum present wvalue)

Simple approdach - tocdl years tabulated 13 the leasc ¢ommon
multiple of the estimated lives of the ssveral altarnatces.

Example: Project &4 - 20 year life
Project B - 30 year life
Lasst Common multiple + 60 years.

Schemacic

Aw #--—-

Es »
Capitalized Coscn ~ presenc worth of perpetual service.

Will replacement assets repeat the costs and revenuss of the initial
asset’?

Appatrent Exception - Centinue Operations va. Shutdown

2-32
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Multiple Sclution Problem

The DCP scquation is 4 power Series

The DCF cakulstion consists of finding e selution to an equation of
the form:

0=a+BC b ece PToene *Ty---
whare:

A, R, C, ste., are the amounta of cash which are received or
paid out st various times.

¢ is the base of the natural logarithms,

Ty Tyr T, 0tC, refer to the Hmes at which the payments
are made ot the income received.

R is the DCF rate.

To solve this for R generally requires trial and error

More than ! solution to this type of power series iz possible.

We are interssted only in pDositve vaiues of R

It cun be shown that the number of positive DCF _earnings rates

gcannot axceed the number of changes in sign of the eumulative

caszh positdon (CCP).

In almost all cases thers Is only 1 sign change in cumulative
eash position. In this case there is one and only one DCF earnings
rate.

For more than 1 sign change the situation t= complicated:

I. For an odd number of sign changes, there is always at Jeast
gne positive earnings rate, but there can alsc be more than one
solution.

2.  For an even number of sign changes, the standard DCF procedure

may not lead to any value of earnings rate, or it may lead o several

values of earnings rate, or it may lead to 1 meaningleas rate.

There Iz a way around this problem,
Use an suxillary interest rate as a "crutch™, for the temporary
surpluses in CCP. This was originally proposed by R. [. Reul,

2-13
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USING AN AUXILIARY INTEREST RATE AS A "CRUTCH*
(per R. I. Reud)

Using a stipulated interest rate of 10% results in the folJowing sSucceasful trial.

Preasnt Worths

. Agtual Cash Factor Factor Amournts
Timing L Flow 0 10% € 19%

-1 $+ 50 1.10 , + 55

0 ~100 1.00 -100

+2 + 235 .70 + 18
+3 + 23 .58 + 15
+4 + 23 . .48 + 12

‘ 0

Anawer » lﬂ.%
Using a stpulated interest rute of 8% results In the following successful trial.

Present Worths

Actual Cash Factor Factor Amounts
T{ming Flow Q 8% Q1T

-1 + 50 1.08 + 53
0 -100 1.00 =100
+2 + 25 LT + 18
+3 + 15 .52 + 18
+4 + 2% .53 + 12

1]

Answar = 17%

CONCLUSION: Earning rate equivalent to other profects earning between 17% and 19%.

NOTE: For this example, the crutch rate assumption was not criticel and had little
affect on the final answer,
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SESSION NO. 3 - POST-INSTALLATICN APPRAISALS

Post-installation appraisals are a usefunl managmment toci for improving
decision-making reliability. They offer three asocught-after results:

(1) providing management with information pa the success of new invest-
ments, (2) uncovering areas where improvements cao be smade to individusl
projecta, {3) determining the soundness of original sssumptions, policies,
and analyses. Several sxamples sre discugsed hare.

The yae of the techaique is {llustrated Ffurther in Sesspion 5 with che yae
of experience results to f{ndicate the likely uncertaaty in project analyses.
Practice in these techniques is given in the Loco Chemicals Company case
begun in Session 4. A umeful reference article is appended.
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Finzaeigl Pericrmnnes Measu~e

1. Total Company

2. Individual Projccts

The Pest - Instaliztian Annraiszl (PIA)

1. What heppened?
2. Why did it happen?
3. What ¢tn be done?

Pmi:lm Ohjactives

Relative Difficulty
1. Measurs Physica) F;&}f ormance Easy
2 Review Originzl Decision Basis Hard
3. How Improve Existing Operations? Variey

4, Any Evaluation Precedure Inatieguacies?  Varies
B, Provide Futura Oecision Guides Varies

3-2



Mathod of Opcration

1. Project Sclicduling

2. Study Scope

3. Prablem Arens
=Data
~Timing T .
—Who Doos Worlc?

4, Reporting Resuls

Summary Econdmics Statement

Originnl Evaluation  Post-Installation Apnroisal

Resuits Current
To Cate Forecost Total

Time Period X X X X
Physical Cutput X X X X
fvastment X X X X
Profit & Loss X X X X
Cumulative Task Flow X X X X
Raw of Return X X
Retuin Sensitivities X X



Rate of Batien Heransstistion

Charmge in Return Rite of Return

QOrigingl Evsluation X
Revision to bise case
Procedurzl changes

oM

Revised Drig.inal Evaluaticn 1 . X
Investment cffects
Startup effects

Annual prefit effects
Expensas
Voluma
Prica

Current Forooast X

MMM XX

Threa Case Hixtories

Example 1 Effect of Foreign Compaetitian
Exampte 2 Need to Push Cevelopments Quickly
Example 3 Many Companies in a Smatl Market

64



Example 1 — Sunimmy Ectromies

Original Evaluation  Postinstrilation Anproisal

Phyxice! Ountrat
© Copecity, MM (b, 1.2 1.2
% of Capacity, Year § 67% 44%
Investment, £M
Fixed Capital 550 6584
Working Capitsl 100 g8
850 872
First Your Rosults ™ ¢fb. ™ ¢fb.
Reavenues 1040 130 6nhB 126
Expotizss 950 119 g48 124
After - Tax Profit 80 11 12 2
Return on Investmant 13.9% 1.8%
Lnesaple 1 = Rata of Roturn Pezoneilintion
Chungiin Rrrn Rata of Return
Qriginal Evalustion ) 13.9
investiment Eifocts 0.5
$eles Volume 8.0
Selling Price -2.5
Elpﬂﬂm "'1-1 i
Actual Besult . 1 1.8

3-5
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‘Example 2 — Symmary Economics

Driginal Evaluation  fpst-lntellation Appraisal

Physical Qutnut

Capacity, M b, 10 10

% of Capaeity, Year 1 48% ' 78%
Iwestment, SM 1200 823
Eirst Year Resuls, M enb. ™ el
Revenuna 921 20.0 1500  19.2
Expentas 766 16.6 1140 14.6
After-Tax Profit 155 3.4 360 4.5

Raturn on Investmont 13% - . Ril%

3-6
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Exmmpia 3 — Sumim-ry Ecenomics

Orininal Evaluntion  Pest-lnstalintinn Anorsizal

. rE_lpun'.iuu v sinannty -[Hp';:;:lun wnvesbeit)

Physical Qutnut

Capecity, tons 9030 - 9000

% of Capeeity, Year 1 18% %
Investment, SM

Fixed Copital 800 630

Working Capital 20 45

620 675

First Yeor Amunits, S04 .

Revenucs 220 {5)

Expenses 225 &5

After-Tax Profit 5] {70}
Estimatad Return ot Cepacity 24% 16%
Yean to Roach Croacity 5 10

PMA Bencfits

1. Maasure individual investment tuccess
2 Uncover areas whars improvements ¢an ba maode

3. Fecgback for increasing relickility of futsre decisions

3-7
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TYPICAL LESSONS FROM PIA'S

Importaat alternates are somebimes forgottes.

The original ecooomics are geperally Righ-~thiz is ghwerally ower
optimise cather than cost omissioos.

There is often icadequate atteaticn to tining (should it be done
now, or later, or has it been put off too leng?).

Inadequate atteatien to learning.

[nadequate attention to external factors, leading to gross errors
in volume and price.

Evaluatiocn procedures have been improving.

3-8
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SESEION NO. 4 - WORKSHOP NO, |

Severzl short problems, with solutions, are prasented io order to illustrate
sone of the importanot points covered in the first two lectures,

Problem 1

Shows that the pon-discounted sclution methods gan wrongly rapk project
alternatives,

Problem 2

Relates the accountant's book rate of return te the dizcounted cash flow
rate of returo,

Prablem 3
Illustrates the usze of continucos discount factors, the development of

prasent values for unususl patterns aod the begioning use of the cash
flow table,

Problesm 4 ,
Requices the development of a more detailed cash flow table,

Probiem §
Illustrates some of the problems in apslyzing a shorr~-life project. It

requires another cash flow table and provides a brief introduction to
project senaitivitien. .

Case Problem

In addition to these short problems, a wmore invelved case, Loco Chemicals
Company, has been developed to simulate a real-life situation with a
nunter af alternatives. This case has proven itself extremely useful as a
comann thread for tying the lagtures togethar. Tha claze is dividad inte
sasller groups who work on separate parts of the problem and integrate
the results in s feshioo that simulates their doing this under the real
cenditions in industry. A completed post-audit, analysis of » pumber of
alternatives, and sppropriate sensitivities permit the group to reach 3
conclusion as to the preferred course of agction, and to complete sn
apprepriatica requeat for neceassary fundsa., Work oo the case is Countinued
in Sassion 6 and completed in Zessiocn 12, .

Although the guabers have been developed to be reasomably typical of the
chemical induscry, the type of problem illustrated, and the procedures used
are completely general, and can be applied equally in any business.



PROELEM KO, 1

Egzact of Economic Yardsticks on Prolect Renking

Three mutually sxclucive projects, all with an 1nvest=gnt uf 1000, five
yoar l1ife and $200/yr. depreziation.

n F
0-1
1-2
2:3
2

is

Total Profit
Avg. Frofit

A

Peelinin
Profit After
Paxes

Intone

2
200

130
20
0

675
135

Steady Income

Profit After
Taxes

155
155
155

~155
12

775
155

£

Inereasing Inco=~

Profit After
5

£

B ¥ R3%E,

Question: How do theae projects rank, using return on originsl

- 4iavestoent, paycut, PI, preaent value at 10%1



pRosLry, 2 ’ 1

El
.

A profect requires an inftfal f{nvestment of $100,00C and yields cash incooe
$20,000/yr. for a 10-ycar period. Calculate:

of

b,

2.

4,

b.

Avertge Dook Rate af Return, by year, and for the over-all pro~ - )
Ject, assuming straight line depreciation (Notc: average invest-

ment 13 the average of the opening and closing Lfivestment, for

each time pericd}.

Discounted cazh flov rate of return.

Using trial and error, modify the book depreciation scheduls to
yield & constant book rate of raturn over the life of the project
(Hote: total depreciation is s£ill §100,000}, :

How do yocu Interpret the results obtained?

pROBIIY #3

An {nvestoent of $20,000 nade two years from now with an 8-year
drprociation 1ife, wiil permit bafure-tax savings of $10,000/yr.
for b ycars, What ls the present velue of this investment today,
at 124 PI? Use SYD depreciation snd a 50% tax rate. Assme sal-

. vage valuc after b years operation is the undepreciated balance,

A nov facility cost $100,000 (land $40,000; construction, $50,000)

and hax a 20-year ecopnomic life, Sales volume {3 eatimated at
$450,000/yr. in the thinl and subscquent years, with an annual cash
retwrn (including depreciation) of $9,000/yr., and aszociated working
capitul of $15,000 in these years. In the first and secord years,
voluse {s cstimated at 173 and 2/3 of capacity, respectively. Assurc
working capital and annmual cash return arc proportional to valume and
assung the depreciable facilitiez have no solvage value after 20 years.
What {s the present value at Cn, 96, 1027 SWhat is the PI?

PRODIEM M4

Fconomie Swmmary

Plant Capacity ., 10 MN 1b. fyr,
Fixed Capital, 44 3,000
Working Capital, &M 696G
Startup Expenze, $M L8O
U, 176
Variaule Coztz $i/yr at capacity . 1,300 .
Fixed Costs, $M/yr _ 500
7,200



c2. v re-
Probice 4 Cont,
Bales Pulldup (armrusl sales level) 20,40, 60, B0, 100f in Sth year or

Bales Prica 304/15., constant
Cormtruction Time 1-1/2 ycars
Startup Time . . -} sontha
Beonom! s Life . 15 yearsa
Depreriable Lifa (STD} 15 yexrsa

Yax Rate

a, Prepare a yearly P & L statement,
b, What {s che discounted cash flow rate of return?

PRORBLEM #5

You are Financial ¥ice President of Xrock Manufacturing Company, & fira vhich makes
a varicty of vaxos and poliches. +*lagt wack a fire coopletely desiroyced the weeble
vax dlender and management faces tho dacicion uhathnr to replace this unit or
discontinue monufocturing thu produce.,

Weeble vox was once & high-volume nipgh-profit product but is uov on the vay out.

Tha nev plaatic wecdble (vhich does not require waxing) is greduslly replacing the
old-wvooden type, with the raosult that sales are shrinking each year and will soon
disappear eatirely. Krock's marketing rescorch pecple praQuct waeble wvax sales ar

follova:
.

Tons
1964 1100
1965 800
1966 550
1967 50
1968 200
1969 nil

Tha fire insursance coopany has already pni& Krock £125,000, ths bock valua of the
blender that vas dastroved.

A nev blender will cost $500,00C installed. Although this machine normally has a
10 year li{fs, this one will have no further use at the end of 1968, vhes (&t vill
be scrapped. Salvage value vill be about the same as the cost of dissentling.
Iaventory on hand hes a book velue (at cost) of $100,000. If Krock decides to
discontinue panufacturc of weeble vax, thie material can be sold at cest. Other-
wise, the inventory will be liguidated in the normal course of operations at the
end of 1568,

&



. vy 3
llum:d wariing capital requireseats {iscluding M-‘-ﬂ} e td&fml
- %o seles.

Sals of tha profuct nets $2/ton at the plant. ¥ertabic costs, smowunt to $1.%/ter
and fixed costs, other than depreciation, to $200,000/ycar. The coopany Peys a
gombined foderal-state tax rate of 55%. Duriag the past five years, Krock's return
on total invested copital has ranged from 8 te 12%. The cost of eapital is 10%,

In one hour, Krock's executive cocmittee will moet to decide whether to Teplace

the blender or 4discontinue the canufacture of saeble wax. The deciefon w{ll depend
largely on your opinioa,

1) What is the yearly and avernge book rate of return that this cperation will
earn? .

2) What is thy dipcounted rate of returnt
3) what is the effect of 10¢/ton price reduction?

A) How 13 the diacounted return lrrected if sales have becn overystimatrs
by 20,000 ton/ycar?

%) What is your recozaonde iant



FISELINS

BulcTlohd TC
Problem No. 1 U 74

Effect of Feonomic Yardaticka on Projsct Ranking

1

Three mutually exclusive projects, all with an {avestment of $1.000, five—
yaar life, and 200/year depreciation.

A B c

Diclining Incooe Steady Income In&rt:ain;_lﬁzunn
Yardeticks Rank Rank . Lank
Raturn ou Crig.

Inv. 13.5% ] 15.52 2 16.8% 1
Fayout 2.4 yr. | 2.8 yr. 12 3.2 yr. 3
PI 28.1 1 - 25.7 2 22.8 3
PV 8 10X 371 ] 394 1 385 2

In this example, the two undiscountad methods each gave different rankings, smd
valther selectad project B. The undiscounted oethoda do have thair place, {f
uged with caution. Payout, io particular, iz often Teported slong with a
discounted cash f{low resule to halp measurs project riskicess; and whers very
high returns {(short payouts) ara desired, can often be used satisfactorily am
the only critarion,

Notice particularly that ths different yerdeticks give different ranking when

the thrae projects are compared sgainst a base case of "a0 business.” Bowaver,
remember the rule given earlier, and compare gutuslly exclusive altemstes two
at & time; {.e., B=A and B. Tha cesh flows and discounted cash flows follows:

B-i -8
Caah Flow Canh Flow

a 4} ]
=1 =120 . ~155%
1-2 ) -45 =55
2=3 +25 +45
34 +45 +95
4=5 +155 +135
+104 +55

PY @ 10X +25 -7
PI i5 9

On this baais, bdoth PI and PY give the same tanking snd show B as the prefarred
project. For those difference caleulations return on original iovestment and
payout cannot be calculated in the ususl way as there is oo investment, jusc
increased and decremsed expenses.

rmy

4=6



Froblem 1 Calculations

Return on original invescment, % = (Average Profit/Origical Investment)
Project A ROI » (135/1000) x 160 = 13.5%

Profect B ROI = (155/1000) x 100 =~ 15.5X

Project C ROT = (168/1000) x 100 -.16..31

Payout Tipe = years for cash flow to toral tha original investmant.

dsgumg caxh return is uniform ovar any year.

PL

Yaar | Ysar 2 Yaar 3} Year 4 Total Tears
Projact A: 1000 = 475 + 400 + 125 + 0 w2 + 1257330 = 2.4
Project B: 1000 = 355 + 355 4+ 290 + [+] 2+ 290/355 = 2.8
Froject C: 1000 = 200 + 300 4+ 400 + 100 3+ 1007450 = 3.2
PI and Prasent Talus
Protact A Proiect B Profact C
Canh Discomted Canh Dincinmtad cash . Discounced
Flow Cash Flow (%) ‘Plow Cash Plow (5] Plow Cash F1
~5 o s § 1% 25 3% I Io% sy |
=100 =100 ~1000 -=1004 =1000 1000 -1040 -=1000 =1000 ~1000 -1000 =1000
475 452 420 &10 355 338 315 307 200 1nua5 182 174
. et ™
400 345 275 256 3ss 306 244 227 300 259 223 206
310 257 117 156 355 276 19[ 168 . H00 a2z 242 214
270 130 113 855 ass 250 148 124 450 316 223 1848
200 127 &5 52 155 224 116 _92 (Y] 312 199 159
675 n LT+] (}1) «¥775 394 13 {82) B40 ass &9 (?5]
28.1%

25.7%

22.82




SOLUTION TO PROELEMT 3O, 2

Parr 23

g!gé of Return Usise ﬂenvnni{nﬁal Denrecinttion Accounting

Cazh | Closing ﬁvtrngul Rate nfe
Year Income  Demrecigtion Profit Investnent Investment Peturn -
1 ' - 100,000
1 20,000 10,000 10,000 90, 000 95,000 10.%
2 20,000 10,000 10,000 80,000 85,000 1.7
3 20,000 10,000 10,000 70,000 75,000  13.3
o .1 20,000 10,000 10,000 60, 000 65,000 15.4
B 20,000 10,000 10,000 50,000 _' 55,000 18,2
& 2:;,mn 10,5:;0 10,000 hq.pou L5 ,000 2.2
T 20,000 1 10,000 10,000 ' 30,000 35,000 28.3
8 20,000 10,000 10,000 20,000 25,000 ko.a
9 20,000 10,000 10,000 10,000 15,000 66.7
0 20,000 10,000 10,000 0 5,000 200,0
Total 200,000 100,000 100,000

Average 19,000 50,000 20,08
. ' Memo: PT = 1A (Sce next pace)

1 Avcrage of cpening and closing investment for cach year.

2 Ratio of annual proTit to averags invectment.



Problem Ro. 2

Paret 2%

First Method: By yexr ~ Using Iable B

Tics Cash Plow, $
o =104, 000
C-1 20,000
1-2! 20,000
2-3 20,000
3-4 20,000
4-5 20,000
56 . 20,000
67 ‘ 20,000
7-8 20,000
8-9 20,000
%=1 20, 000
130, 000

Tima Cash Flow, §
0 -100,000
~-10 +200, 000

In either mathod:

Digcenmted Cash Plow at 16T

Tabla B Factor

1.0000
.9241
.7875
6710
5718
L4873
.4152
3538
3015
.2%69
.2189

Second Mechod:

Prassent Vel

-1, 000, 000
18, 482
15,750
13,420
11,436

9, 746
8,304
7,076
5,030
5,138
4,378

(240)

Using Table C

hiscounted Cash Flow at 15T

" Tatle € Factor

‘Present Value

1.0000
0. 4984

PI = 16 -

-100, 000
+ 99,760

(240)

280 _ 15.942
3820 .

= 162 (rounded)

77

DMisconted Cash Flow at 15T

* Table B Factor Pressnt Talus

1. 0000 ~100,000
. 3286 18,572
. 7992 ' 15,986
6879 13,758
L5921 11,842
. 3096 10,192
. 4386 8,772
3778 7,550
3150 6,300
. 2797 3. 594
2407 4. 814

—3.360

Digcounted Cash Flow at 1351
"Tebhle € Factor FPresent Yalus

1. 0000 =100,000
0.35179 +103, 580
1,580



Part 2c

‘ Paerle | : b 78

To get a conatant book rate of return (vhich equals PI), it is necessary to write off
most of the investoent in later years, causing steadily decTeasing profita—a trend
@ots Tessonable than the uniferm accounting convention shown {n the table of part Ia.

Depraclation Adjustad to Constant Rate of Raturn ggz}

Canh Closing Averags Bare of
Year Incoma Depreciation Profit Iovestment Tovestoent Raturn (F1)
0 _ - 100, 000
1 2,000 |, 4,400 15, 600 95,600 97,800 16.0%
2 20,000 5,160 14,840 30, 440 93,020 16.0
3 20,000 6,040 13,960 B4, 400 87,420 16.0
4 20,000 - 7100 12,900 77, 300 . 80,850 16.0
5 20,000 8, 320 11,680 68,980 - 73,140 16.0
5 20, 000 9,770 10,230 59,210 64,095 16.0
7 20,000 11,460 8, 340 ‘ar.?sn 53,480 16.0
8 20,000 13,450 6,550 34, 300 41,025 16.0
9 20, 000 15,780 4,220 18,520 - 26,410 16.0
10 20,000 18,520 1,480 0 9,260 16.0
Total 200,000 100, 000 100,000 .
Average 10,000 &2, 650 156.0X

Hocas:

(1) PI is return on outstanding investment, after "deprecilation." A zero
PI project juat recovers the ocriginal investment, earns no profic.

(2) This "depraciation” however, on a yearly basis, does not represent the
accountants typicel allocation. ”

Part 2d
When the depreciation schedule is adjusted o yleld a constant book rate of retura
this return {8 alao equal to the discounted cash flow rate of return, or PI. This

illustrates another definition of PI, which is the rate of compound interes:z at
which the outstanding investment in a project is repald by proceeds from the project.

4-10



Solucion to frobiem S0, 3

Part Ia by ‘?:j
dasume & 501 cax Tate.

Fractiou of B year lifs investoent depreciated in § yeary = Sribes 16

k1) 35
Spacea = Salvage = 10/36 (520,000) =
Cash Flow ' Discountad at 12X
Ttem Time Bafore Tax Afcar Tax Factor Present Valus

Investmant 2 =20, 000 . 7866 -15,732
Depreciaciom 2/6 14, 444 1,222 4ae note below 4,593
Savings 2-6 40, 000 20, 000 L7866 x .7942 12,494
Se lvage . & 3,556 4868, 2,704
. 4,159

Note: Method of caleulating SYD deprecilation (using Table D; Appendix I)

Allowed ]
© Last Depraciation PY = Mgximm Poasible
Less Tax Credit Lows
10,000 x 7866 x .Th4l - 2778 x
4] 2 (] 10 48684 x .B573 = 5833 - 1160 = 4693
Maxionm Credit f

R.T. = 12 x 8 = 96; fdgg = 7441
R.T.p = 12 x 4 - 48; fdsg = 8573

Parct Jb
Year - Cash Returs Pixed Capital Working Captral(?) Cash Flow
0 100, 000 5, 000 -105,000
01 3,000 3,000
1 5,000 - 5,000
1-2 §,000 &, 000
A (1} 5,000 - 5,000
2-20 $162, 000 162,000
20 (40, 000) (15,0000 5%, 000
$171,000 $56, 000 0 :T11, 000
Cash Flow(2} Discounted at 5% Discounted nt 10%
Time Period M Factor Y, M Factor Py,
) _ =-10% 1. 0060 ~105 1. 0000 =105
O=1 k| 9754 3 9516 3
1 - £ 9512 - 5 9068 - 5
1=2 6 9278 f .53611 5
2 - 5 . 9048 - 5 .23187 - &
2=20 162 CHAB x L6594 97 L3187 x 4639 62
20 55 -367%9 20 I

i
-
o
-
1

pad
¥ |

4-11



By linear ioterpolation approx. PI = 5 = 11 {3)

- [
HA ]
8 PI = 6.1 ol
(1) $9,000/yr. (after tax cash) x 18 = $162,000

{2} 0% Pregent Value
{3) Assume preoportional to sales.

4-11la



SOLUTION TO PROBLEM NO. 4

Part a

Yedqr-all Figures in N§ (Inflow #; Outflow -)

Conatr. Scartup
{18 Mos.} (3 Moa.) 1 2 3 4 5 610 11-15  Rem. Tota

Het Sales 600 1,200 1,800 2,600 3,000 15,000 15,000 »,o0n0"
Oper. Expense 2600 - 530 - MWD -1,040 =1,300 -6,300 -6,500

All Other Coste - 480 =900 - 900 -~ 900 - BO0 = 900 -4,500 -4,500 =30, 8h

Depr. (15-year SL) “200 -~ 200 - 200 - 200 - 200 -1,000 -1,000 - 3,00
Federal Income Tax (481) 230 365 202 38 -~ 125 - 288 ~1,440 -1,44) - 2,45
Het Profit - 25D =395 -~ 218 - A2 135 312 1,560 1,560 2,64
Cagh Return - 250 ~-195 - 18 158 235 512 2,560 5,66
Cap. Inv,

Fixed -3,000 )

Working . ) -l40 - 140 - LAD - 140 -~ 136 ' 694

- Part b

Cagh Proceeds '

Year -3,000 - 250 =335 + - 158 18 193 arze 2,560 2,560 694

-3,000 -3, 250 -3,585 =3,743 -3, 715 =3,530 -3,154 -~ 594 -1,966 2,662

Cxsh Praceeds by Year,

Dige. to Time Zero: .

a &Y -3,185 - 252 - 323 - 145 -1& 158 287 1,638 - 1,21% 283 -

@ 51: -3, 160 - 252 -~ 327 - 147 16 164 300 1,766 1,375 329

{a) DCF Rate of Return = 5.2%

18



{1} Book Races of Raturn

Sales, MT

Income Statementr &M

Revenue

Yariable Coats
Fixed Coste
Depreciation®
Taxable Incooe

Tax @ 55X
Invastmant Credithw

Har Profit

Neat Cash Flow from Oparstions

Invastmant, 5N

Plant

.Workiog Capital

Total Investment
Total Cash Flow

; Bogk Investment
Starc of Year

End cf Year

AveTage

Met Profic

Baok Rate of Return

SOLUTION 70 PROBLEM M0, §

Throughout Year
Stare of Fod of
1964 1964 1965 1966 1967 1968 1968
- 1100 80O 550 150 200 -
- 2200 1600 1100 . 700 400 -
- 1430 1040 715 455 260 -
- 200 200 200 200 200 -
- 91 B2 73 64 55 135%
- “&79 278 112 {19) (11%) (13%)
- {262} (1%3) (62) 11 63 74
- 12 - - - - -
- 228 125 50 (8)  (32) {61)
- 319 207 123 56 3 74"
(500) - - - - - -
178) - 5 40 32 24 32
676) - A8 T &0 37 24 3z
(676) 319 255 163 83 27 106
675 58% 455 342 246
589 455 M2 266 167
630 520 308 294 206
228 12% 50 8y (52)
36.2 26,0 12.6 (2.1 (25.D)

*10 year 5YD, written off safter 1948

*21/3 of 72 of $300M for 5 year life,

4-13
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1(2} Dilcm..mtld Rata of Raturn . 83

Cash Plow 102 183 20% .
Year !_i DF i 2 DF '3} Dr PY
0 (676) 1. 0000 (676} 1.0000 {676} 1.0000 (675)
-1 319 L9515 304 L9152 292 - L9063 289
1-2 255 . 8610 220 . 7645 195 L7420 189
2-3 163 . 7951 127 L6385 104 6075 39
-4 88 . 7049 62 .5333 47 L4974 &b
4=% "’ 17 _ 6379 17 . 4455 i2 4072 11
5 106 - 6065 bk 4066 43 . 3679 _2
. 118 17 )

DCF Rata of Return = 19.5% for 5 years

Bue 1f tha Investment is approved opervations should ba reviewed in about Z yesrs snd
aunually therssaftar, as curvent forecasts indicate tha'plant should be stut down befors
cooplete losz of salen:

|

Incentive fnr.shartnr Lifse

DCE
Plant Oparated - Present Value st 103, $M Rate of Return, %
5 yaars 118 B 19.5 ¢
4 years 145 21.6 !
3 years . 135 22.0
2 yaars 50 20.0
1 year (24) 5.4

\

(3) Lowar Price 10¢/tou; DCF Rate of Return = 10.37 (5year life)

(4} Lower sales 20,000 T/yr.; DCY Rate of Return = 17.8% (5-ysar life)

Shudown calculations shows the maximum PV, ., for operating only four more years.
Bayond this, wales dJecline sufficiently, =0 that the cash value from salvaging now
exceeds the cash vglue from operating louger and thus salvaging a lasser apount.

The base case PI im surprisingly good, but the sempitivities show how eaall reductions
in price or volume can significantly hurt results. -

4-14



" CASE PROBLEM

LOCC CHPMICALS COMPANY
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Summary of the Probles

Tt Thewizm's Tompamy 1s 4 welftumeaired Jhekinh Poodetwt WWIcH, Y &
diversification effort afrer Uorld Sar 11, boilt & plawt In 19499 ¢o
sanufacture Flastic A, their first and, wo far, only polywerh.

The procesas for Plastic A had been based upon internal research and provided
a8 very profitable producet in the early years. Partly becausa of the high
profitability, partly becauvse of the lows of a dynamic research director,
and partly from tha business dowmturn in 1954, management cut back sharply
that year on research and marketing expenditures on Plastic A and decided
not to build a rachnical aservice laboratery,

How, 1in 1961, Loco's salea of Plastic A have declioed gradually ro 50X of
the plant capacity and cperationa are only slightly above brsak-even. The
quality of Loco's product is now somewhat poorer than that produced by coo-
Petitive manufacturers. Furthermors, Plastic B has been introduced by
other companies, has & large market of its own, and aleo cocpetes for a
portion of Plastic A business.

Alternatives

The situation has become seriocus enough that Loce's msnagement has c¢alled for
a2 caraful review and for recommendations as to whar their most profitable
course of action is, They have narrowed down tha cholces to the following:

1. Continuing the manufactura and salae of Plastic A.

4. Comtinue 25 is (wvith an estimaced sales 1ife of about 5 years}).
b. Build up sales to plant capacicty by extensive markating sffert,
construction of technical aervice facilities, aad improvewent
of the quality of Loco's Plastic A. (Tha sconcaic 1life of the
present plant 1s estimsted ac 10 years.)}
¢, laprove manufzcturing process and expind Plastic A capacity
by 301 (again the estimated useful life of Plastic A is IO
years until the original plant becomas cbaclets or wmecomomical).

2. Go into the busicess of manufacturing Flastic B (eithsar comtinuing
or disconcinuing manufacture of A). .

#. Purchase commercial plant know-how based on a fixed fee plus
' running royalty vwith a maximgs,

b. Continue wvith research and developoamt by Loco ¢m a process for
Plastic B. It is asaumed that a successful proceas will be
developed, but it will be 3 years before a plant procesa will
be ready., (The estimaced ugseful life of & Plastic B plant 1im
at least 15 vearn.)

3. Get out of the plnstic business entirely.
*(Although they are mot the products involved, it may help in gaining a fael
for the problem to think of Plastic A as analogous to polyethylene and

Plageic B to polypropylene. Many aof their market characteristics are
similar to tha hypothetical Plastics A and B.}

" 4-16



avatlahle Clagmcial and statizcical data ia giwen oo Tebles 1 through Ab 56

"

Tarse 1 Samrral Iefaraet-iow
Table 2 Torwcast Research & Develapmemt Costy—Plawtic B

Table 3 Estinated Investemeut & Oparating Costa for Major Mmmufacturing
Altarnatives

Table 4 Market Informstiom

Table 5 Flastic A Proforma PLL Statements
Tabla & Plf_nr.ir: B Proforma PA&L Statensnts
Tabla 7 Original lﬂfﬂ Juatification, Plastic A

Tabla 8 7Plastic & BAigtoric PiL Statenants

Fot .F"’f

A vorkshast for the discounted cash flow calculacions is given in Appendix 1
and the suggested faresnwt. for mummariring & post inscallsaticn appraieal of
Plagtic A is given in Appendix 2. The group asalgnment sheet v also included,

T -

Noter Tira casew?ic¢¥Es solution will bhe provided st the end of tha seminar.

. 4-17



Tabhle 1

Cepatral Information

Analysils of sceounts shows a tax Book Value on the present Plastic A
planc of §1,228,000. Depreciation is scheduled to continue for & more
Years at 5307, 000/yr. Scrap value of the plant is sssuzmed o be eTo.
Waorking cepital tied up now in Plastic A, in the form of Receivables.
Inventoriss, and Cash, 18 $935,000 which is assumed to-be totally
recoverablas.

An investment of $100,000 ie required for product improvement on the
existing Plastic A plant if an saggresesive marketing plan is to be adopted.
This invastoent iz not pesded if the "Do Hothing" markating plan ia
followad.

Estimated life on the existing 30 ¥4 Ib,/yr. Plastic A plant is 5 years,
A modernization investmeat of $750,000 fs required in 1965 to sxtead the
life to 10 vears.

Smn—af-th-'jrur-di;iu depreciation method is used except for facilities
inatalied before 1954 (original Plascic A plane).

All overhesad costs charged to these projezts would be eliminated if Loco
wera not Iin the plaatica buaineas.

Company coat of capiral ims 10T,
Loco in 1962 haw & 541 income tax Tats.

The tachnical servica laboratory investoant is $9350,000. The timing
varias wvith the option undar study. See page 3.

4-18



Table _
1oy

orecast Resespch and t Co

Loco has already spent $800,000 1n research affort on Plastic 8.
A. Purchased Know-how Terms -

A 31,500,000 initial payment (1) is due 1/1/62. A 0.75¢/1b. ruming
royalty 1s also pald nn“|11 production, unt{l the tota) fee, 1ncluding
inftial payment, {3 $5,000,000. Until Loco's plant 13 on stresm, uwp to
2 M 1b./yr, of 8 plastic will be provided for resale at 101 off market
price. {Lnéu Salievzs this wargin will be suffictent to just cover the
marketing expenses incurred before the start of commercial sales.)

B. Forecast Costs 1f Loco Continues to Devei;:n tts Own Process and Product (2}

2. Development L
To prove out new catalyst system and get market acceptance of own

Y

product, which is considered equivalent in quality to other commrcial

production.
Expenses
‘Capital ) {net after
_ {Semg-uur_'ks] Semf-works sales} -

1962 $ 800 M £1ast § mo.} $ 100 M

1983 $ 00 M {first 6 m0.) 300

1964 . B0

1965 . 500

1966 - 300

T W o n S

b. Forecast Commercial Plant Benefits
1. Save 10% on plant fixed capital.

2. Save 0.5¢/1b. on catalyst and chemical costs,

(1) Initial payment can be written off over the project 1{fe, (Asaume 5YD dapreciacle

(2) Expected to delay commercialization decision 3 years to 1/1/65.

4-19
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ALE 3

Estimated Cosis for Ma)or Manufacturing Alternates

Plastic A T Plastic B
Present Purchase ~ Devel-Dwn
Plant Expansion K nvow-How Know-How
Plant Capacity 30 MM b, 10 MM 1b, 50 MM 1b. 50 MM 1b.
invecteent - N§ |
Fixed Lapital ‘
Plant 1228 (1) 3300 10000 9000
Semi-Works . - - - 1200
Royalty - - 1500 -
) 1228 3300 TIR00 TO200
Working Capital (2) 1315 365 2500 2500
Startup Expense - ’ 150 . 1000 _1000
2543 13700
fxpenses - Hi;‘\rr_. .
Level of Operation 33-173% - 1008 (3)
Raw Materials 350 1050 350 1550 1550
Utilities 300 o000 300 775 775
Catalyst & Chemfcals 150 450 150 800 550
- Labor . 865 - 1560 270 1750 1475
Maintenance 185 130 110 450 525
Overhead, etc. 185 240 20 300 300
Royalty, Running - - - 375 -
Total Mfg. Cost, ex. Dep, 2035 BR 1200 5175
Investment Period - 11 Mon - 18 Mon 18 Mon
Startup Time - 1 Menth . 6 Mot & Mon
Economic Life 5 Years 10 Years 15 Years 15 Years

2] Requirements for Capacity Operations
(3) Assuoe costs of operation between 33-1/3 and 1003 capacity to be linear.
(4) Marketing Costs given in Tsble 4.

EI} Tax Book Yalue as of 12/31/61

8
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Acrual b Ferscan Courumpilon « M In,
Capacily « M Ik,

Attual b Forcoan Selliag Price §/iv,

Lace Sales, Historical Muilh,

Furuye Marhatisg Plapa
Plin | - Do Nothupg
Quastliy, MMIb,
Fwpenan, M3

- Pl..n 1 = Aggrenalve hika,

Dunlllr. MMk « Ne PU. E
v 10 MW “.?ﬂ. Evpan,

Lapeass, M = Ne Pit. Crpan.
= 10 MM IL fyr, Eupan,
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wala bl ¥

Farecasl Growis, % af Priv. Tr, Yelume
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TABLE 7

Original 1348 Juscificaction, Plascic A

Fixed Capital
Working Capital

Total Investment

Sales 0 MM Lb./Tr. @ 35:/Lh.

Mavufscturing Costs, $/¥r.
Raw Materials

Processing Costs

Ueilities $730,000
Catalyat & Chemicals 345,000
Labor 813,000
Maintenance 189, 000
Overhead, etc. 126,000

Depreciation, Straight Line

Marketing

Total Manufacturing Cost

Gross Profic
& General QOffice Ovarhead

Het Profit Before Tax

Federal Income Tax (J5%)

E«onomics:

Net Profic Aftar Tax

Het Profit as ¥ Sales
Payoaut=~Years (Met Profit on Total Capital)

=24

$ 4,600,060
1,315,000

$ 5,915,000

14, 500,000

855,000

2,221,000
307,000

$ 3,385,000

7,115,000

&30,000

§ 6,485,000

$ 2,485,000

4 4,020,000

33



R

104
1954
195l
1452
1951
1954
1955
1956
1457
1958
1959
1960
1961
End

{1)

(1) A&4a) and estimsted cash costs, if plant had operasted at capacity each year.

Plastic A - Post Inatallation Appraisal

Table B

Condensed Profit & Loss Statement, $H

Tanable
Net Cazh Net Tax
Sales Costs{1) Deprec. Income Rate, ¥
500(2) {500) IRL
6,120 2,492 307 3,321 8%
3,900 3,708 307 5,885 38
g, 000 1,813 14azy 4, 8HO 38%
9,000 3,918 307 4,715 SEY
9,000 4,023 307 4,670 SO
7,560 3,900 307 3,153 54
£,750 3,886 307 2,557 54%
5,520 3,627 307 1,586 54%
4,840 3,465 307 1,068 54%
3,800 3,184 307 309 34%
3,400 3,022 307 71 54%
_ 1,228 . f1,228)
74,890 39,534 4,605 0,747

Net , Inveatment Hemo:
Profitc Cash Fixed Working Cazh Praceeds Capacity
AfT Return Cap. Cap . Annual  Cumulative Cobsts{J}
3,068 (31,06R) {31,068) -
{n0) (310} 1,537 (t,847) (4,915) -
2,059 2,366 1,315 1,051 (3,684) HA
3,649 3,956 3,956 92 3,708
3,026 3,333 3,313 3,425 3,813
2,197 2,504 2,504 5,929 3,918
2,148 2,455 2,455 8,384 4,023
1,542 1,849 {150) 1,999 10,381 4,128
1,176 1,483 1,483 11,866 4,213
129 1,036 1,035 12,002 ° 4,018
491 798 (150) 948 13,850 4,443
142 449 449 14,299 4,548
i3 - 340 (80) 420 14,719 4,650
{568) 660 (935) 1,595 16,314
16,314 20,919 4,605 o 16,314

Includes manufacturing, marketing, and general office expense.
{2} Startup expense.

ve



Appendix .

TRIAL $O0LTTIONS
, 95
o 5% 10% 15% t =%y -
ize } Cash Flow Discount! Presont Discouni| Present Discounﬁ Present 1==ﬁu=ti Pras2at
ira) Factor Value Factor Yalus Tactar ¥alye Factor Ya.l.w
I
-1 | 9754 93518 | 288 oy | ]
=2 | L9278 L3811 | . 7993} J7a21 | —
-3 | L 8826 7791 .BB79 8078 |
-4 | .8395 , 7050 5921 14974 ! -
-3 .THEG ,8379 L8098 L0723
-5 . 7506 L5772 4388 5334 *
= 7220 , 8223 L3775 L2730 !
=3 | 6874 . 47286 . 3250 (2233 |
-9 .6538 4275 ZT97 s4210
=10 | 5219 L3869 L2407 a9l —
0=11 | -5916 3301 2072 1227 :
1=-12] . 5629 . 3188 1783 L i ,
2-131 FETE] (2886 Y- 1) ) S J
3=14 . 5092 . L1321 :Tr o DO i
4-15 4844 ; 2347 L1137 N3] ;
=16 . 4608 .2123 L0879 L0531 )
6-17 14323 .1921 0842 10389 |
7-18 . 4168 1738 L0723 Q200 1 i,
&- L3968 L1573 . 0824 0248 | ;
3 AT113 1423 0837 03 -
0=21 .35848 L1388 .04832 188 ]
I
1
.l
.’ -
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Appendix 2
Resomoepded PIA Forpmi
Rate of Regurn Reconcilisgion
Chaoxe ig PsCyrp
Qriginal Evaluation
Tax Rare Change X

Revised Origicel Eveluation
Incressed Manufacturing Costs
Balow Capacity Salas
Dacresead Price

ﬂurnn:' Forscaat

HCT/ {m 4-27
117147577

L

A e,

Suggaatad
Calcaulation




- Lo Chamicel Com ‘ ) 97

Individusl ¥ Altsrpece
11‘ -“1. ..-' 1-‘
2.
3, Ay, aggreseive
4. macheling
5. A, 10MM Lb/Yr
b, sxpansion
1. 3, parchase
B, knowhow
-9, . By, develop
14. own ProceRnm
H % Savings Contribution
51+ Ay
11,
12. B va By
13, Post Audit
. of Plastic A
16,

Calcplation
Day 1 pay 3
Basa Fl smaitivicias>
L1 1] [ 1]
L1 ] 1] L
H 113 L
H [, ] ]

Calculate PV of savings; restate
project FL of Ay assuzing all
saving could be =0 assigneds,

Calculata yearly cash procssds for
differance and discount, 0X, 5%, 10%,
15%. 7" %lot Py's + interpret.

What was original PI? Wwhat is PIL I
get out of businass now? What factors
axplsin tha diffurence: (1) tax rate
changa, (2} incresesd manufacturing
casts, (3} below capacity sales,

(4) decressed pricae.

*+1¢/1lb. in coat or price,+10% in fixed capital, 20% in volume (eales demand 207 below
original forecast, but lining out at original plant capacicy).

**For theose asmigned this case, ask instructor for present valuas to usa for Aq-

**wTo savold probles of different lingm, assune salas of plastic B eomtinued for
3 vears after project termination, without profic or loaa,
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SESSION NQ. 5 = RISK ANALYSIS--PART 1

There are a nuaber of differeat ways of measuriog rvisk--of vacying
sophisticaticn and usefulness. This sessicn will discuss sensitiwvity
analysis, the otst commonly used technique. Session 7 will continue
the general subject with a discussion of decision trees, Monte Carlo
analyses, and macagement attitude towarda risk.

This session iaclodes a discussion of experience results, which demon-
strates conclusively the importance of the marketing variables on project
returns. Practice io calculating economic sensitbivities is covered in
Session B, as part of the loco Chemicals Companoy case study.
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1.  The Marketing Variablea

1. Hapdest to pin down
2. Most important to economics

. Risk Anﬂyui!
. Sensitdvities

. Likely Uncertainty
Monte Carlo

mi. The Ppwer of Important Faectors--at 157 ROY

(Per Twaddle)
Case A Case B Cass C
i

Turnover Rato, $ sales/$ Fixed Capital 1.2 1.0 0.3
Required Variability per 1% change in ROI

Sales Price, % 1.8 2.8 4.3
% Idle Capeacity in 2nd Year (single yveer oniy) 17.7 25.5 37.4
Fixed Capital, % 7.% 9.1 10,3
Startup Expense % of Fixed Capital 12.9 15.1 17.1
Construction Pariod, Months Extension 4.8 5.8 8.3
Startup Period, Months Extension 3. 4.5 5.1

IV. Summary Economics--Project X

Rate of Return

Expectad Value 15.3%
Effect of 10% Change In:

{1} Investment

(2) Raw Materials

(3} COperatdng Costa

(4) Marketing Volume
(depending on pattern)

(3} Market Price

5-2

C‘hmgu in Return

I+ +1+
[l
[ T K

(0.8} to (9.3)
(2.1} to (16.3)



VIII.

5 % ¥R

Indus rience ‘ 100
. 40 Projacta

$5 MM Investments

15 Year Investment Period

2 Yaars Operation

Varisbles Analyzed

1. Volume

2. Margin

3. All Gther
4. Total

Observations

1. All variables show scatter

2. Prices primary factor effecting margins

1. Margin and price forecasts optimistc

4. Other variables aversge close to original estimates
Typical Rate of Return Distributions

Effact of Volume Uncertainty on Rate of Return
Effect of Margin Uncertainty on Reite of Return
Etfact*nf All Other Uncertainty on Rete of Return

Total Effect of Uncertainty on Rate of Return



XIIi. Rate of Return Uncertsinty 101

. Standara (1’
Lo Range Deviation

Category Minimum Maximum Mean

1 Volume Effect ~10.0 + 4.1 0.1 + 4.0

2 Margin Effect ~-15.8 - + 4.0 -3.8 + 4.8

3 All Other Effects -5.8 + 9.0 «,2 T+ 30

4 Taotal Effect -30.0 +15.3 ~3.8 + 8.3
XIV. Reliability of Originel Profitability Estimate

P One Chance in Three
*  "Marketing Uncértainties Only © + 5 unite
I
Including T-elmig:l Uncertainties + T unita
14
i L -



. 102

PI_SINSITIVITIES Fou A TYPICAL PROITST

‘Banis: zﬁ-renr' project 1ile, '20-year SYD depreciation (0/20), 34% income
tax zate, Lavesrzent spent vpiformly {rom -1-b, 100% tapitalized,
tonstent aunval fnecoma from 0-20, zero salvags value,

Basis P1: g : 10 % 50 100
Yactor Changed % Changs Chanpe fn PI from Basis
whnnual Iocome =10 -1 -2 - -1
. ' =50 -4 =13 =20 -3
-+10 +1 +2 4 +6
430 +3 +11  +17 +27
Zaro incoms af'time zazo,
build-yp from time O co 3 yrs. -2 =10 320 -50
" Mo incoma in first yesr Tl 3 =12 3%
Investpent Cost =10 - +1 +3 +i +?
‘ =30 +§ +21  +31  +4A
+10 -] -2 =} -6
50 wd -4 -13 .13
Portion of Investment Expanied
107 - 4+l - 2 +3 +5
S0% . . . +3 +10 417 425
Invescment Timing .
Changed to Time (° © 41 +5% 415 40
-Ghanged to Time -2-0 . =] -h -3 -3
"Project Life o : '
10 Years , -4 - =1 @ 0
3 . -11 -8 -4 0
3 ) ) =18 =11} -3
i -26 =26 =11
Balvage Value, % of lnvestoent .
30%; 20-year projeet life ' ] 0 0 0
30L; 10-year project life . ) -2 =} [+ 1]
WI; S-year projeetr ife . =6 h -3 [+
Tax RAate
_Cl'mn:;cd to 447; 20-year projf. 1ife +1 +4 +7 411
Lhanged to 44%; 10-year proj, 1ife -3 +4 47 #12
Changed Lo 44%; S-year pruj.(llfc . =11 -3 45 41l
- - - : L) .1‘_ r.;. [£29 - ,
Depreciation Period *? oot *3 W0
16 y=aza 5VD <

8 years 3YD +1 +) + +]



SESSTON HO. & - WORKSHOP ¥0. 2

Tois sessicn continnes the apalysis of the Loco Chemicals' case bepgmn

io Session Ho. &, The basic ealculations will be completed and the
sensitivity and post-iostallation appraisal calcumlatiocns will cootibue.
There will #lsoc be & review of clams agd case writer aolutions for the
work so far. The remainder of the work will be completed and reviewed
in the third workshop, Session 12, The case writar's solutions are pre-
sented as a permanent record at the end of the seminar.

6-1
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- 104
Supplesentary Comments on loco Chemical Company

D3

1. Case Bacikground - Originally developed to show for a "real-1ife"
case hov different evauluation methods give diffarent rankings of
alternacey. Firet used by Commercial Dwvalopment Associacion.

Z. Brigf oral description of case.

N Qverall Goals -~ Develop {discover) alternates, deavelop cash flow
tables, calculate DCF rates of return {PI} snd sensitcivities, pre-
pare appropriation requesz, and a past audic of the original
invearment. s

b, Simplificatione - No data gathering required; ne Iearaing o
inflacion effects; only DCF analysis--np ROI or payout calgula=-
tione; camh flow tables devaloped for weveral casea.

5. Points to clarify in tables and text.

6. Supplementary Handouts.

7. Becomanded Approach - Read entire case (15 minutaes); study P&L forv
assigned alcernate {try to check numbers for & typical year, sxpect
problems); finish calculstions for base case today.

8. Divide into working groups.

Day 2

1. Day 1 review - Caae brings you down to earth. We recognize Jif-
ficulery in seeing whole case in perspective when It iz brokea into
sc many parts, but it is necessary with limited time.

2. PEL Dimcupaion = Typical, useful format and self-checking;
discusa sach P&L briefly { tricky peints, alternate compared
againat, what is dizcounted?).

3. Put class results on board and compare with case writer's,

&. Many posmsible alternates - Some were mutually exclusive, some were
not. They represented many different kinda of problems {(abandon-
ment, process modification, plant expansion, alternmate ways of
entering new budiness), These included sunk comts, differing
projece lives, cost-sharing projects, varying development comts and
times, and & multiple moluction problem.

5. Handouts

6. Conclusions based on "most likely” economics.

7. Continue Workshop - Sensitivities; post inatallation appraisal.

B. Judgment aspeccts of decision.

9, Appropriation Reéuest.

6-2
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, LOCO Chemical ah
Senstvity Ansiysis
Senaitivity Calculsted: . —
Discount Rete: 1] 5 18 15
» Dase Case 1,584 424 (311) (78T)
anait]
Ravised A4
OP =
B, Base Case 25,827 10,847 z.941 ({1,478)
Sensitivi
APl =
A2+Bl' Baze Cane 28,879 12,550 3.384 {1.534)
Senaitivity _ ——
tﬂ?i..dl ﬁ:""ﬂl !
oM -

1065

13.2
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SESSION RO. 7 - BUSIMESS ENVIRONMENT

Projects are subject to mary ypcertanties outside the direct coatrol of

the firm., The importance ¢f the key marketing variables vas discossed in
Session 5, mainly from the atandpoint. of a glven product or product lioe, . ..
sod the impact of compatition in this area. Egually important, sod equally
uncontraollable, are broadar buainess snvirooment factors. These can affect
investment snod operating cosxts a8 well ss revenvas and putputs.

Some of thess factors are worldwide--such ss the present and future energy
problems, which will affact the cost of aearly everything. Inflation {a
aleo a worldwide problem, although its impact varies significsatly froa
country to country. A government's attitude towards and rules for invest-
ment, and the likelyhooa of political or military changes in that country
ar area of tha world also have a very significant bearing on the sttractive-
ness and riskiness of investaents.

This session will briefly discuss several of these broader risks to show
the importance of these problems, and how quickly supposedly reliabls
forecasts can be autdatad. Plaaning guidelines based on one or more

probable futurss can be of help in saking individual preject atudies
mors realistic.

7-1
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BUSINESS ENVIRONMENT COMMENTS

Any business declsion 1a based on certain sssumptions about the future
snvironment, explicit or implicit. While most companies do some medium/ . .
long-term planning end forecasting. the time horizon varies widely smang
induatrisa, with the more capital-intensive industriss under grestsr prulur-

for longer—term planning.

A frequent pattern le an overall five-year businesa plan that is backed by
longer-term planning for capitzl investments and/or research and devalopment
programs, and in some cases by longer-tatm forecests of key trends in

the market place.

Whatever the time horizon, there is a good deal of skepticiam on the accuracy
of forecasts, based on their dizmal track record in the past lew years,

Botne companies ars experimenting with new approeches,. such as
multiple acensrios, in an sffort to cope with uncerteinty and quantify ite

impact on plans,
Some important areas of ulung-n‘ are notsd bﬂmr':

1. Economic
Growth rates in the developed countries in the 1930'e are almost
universally sxpected to be slowsr than in the 1960's and early-197('s,
slthough not ec depressed as in the past five years., From slow growth
stems a aeries of other sdverse factors--tightening competition,
reluctanoe to invest in expended capacities, higher unemployment, and
the rasulting job-preservation and work-sharing palicies pursued
by many governments and labor unions, and mounting pressure to
protect industries against import competition . .

2. Changing Demand Patterns
There will be a zlow-growing and eging population, the evalution of
consumaer demand away from basic needs toward more service intensive
newxls. ud relative future growth rates of dumand for consumer goods,
sarvices, and capital goods, .

3. Industry Perspectives
Slower growth meana an intenaified battle for market share, efforts to

achieve higher productivity will be an esaantial element in competitive
success; modarnizing existing plants will take priority over expanding
capacitiea. Many flrms may try to increase overseaa growth, as a
substitute for slower domestic growth. Slow growth may also encourage
acquisition and diversification efforts.
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Unatable Currencies

This is a very Important fsctor for orultinationals. The gyrations

of exchange markets in a world of floating rates, which are expected

to continue, are clearly affecting corporata policies in such key areas

ot finencial planning ("borrow locally™), product strategies (concemtrate
on price-inelastic lines™) and plant location ("spread your risks”),

Inflation and Price Controls

The gensral expactation is that inflation will remein an endemic problem
in the coming years, While forecaating {n this area {s particularly
uncertain, cont!nued upwurd pressure on price lavels is sxpected to
come from the rising costs of energy and other limited rescurces, the
need to resicre profitability through higher prices in basic industries,
and an intensifying struggle for income distribwion in an sra of slow
economic growth. Bome companies feel that inflation 1s & nsutral factor
in their investment planning. Others, view it as a definite daterrent.
All agres that price controls are a negative factor; the lkellhood of
controls being impossd in the future s adgnﬂ'lcmt consideration in
invastment decidons. .

Labor Problems .
There are thres interrelated problema--rising labor costs, the impact
of high unemployment, snd labor participation in management.

Energy and Rew Materials

Thera ia reasonable assurance as to tha sdequate availability of energy
and supplies, but grester worry over rising costs. The Importance of
thesa factors varigs from industry to industry.

The Regulatory Climate

The progreasive tightening of governmant regulation {n general, ané
environmental and consumer protection in particular, will continue to
have significant impact an most industriea, The main concerns are
their effect on investment costs and product innovatlon. In Europe, a
more nragmetic appreoach to environmental and consumer proteaction
may prevent thess movements going to such extremen a5 in the U 5.

Political Factors

It is often seid thet so much of the economic environment is political,
Firma may not be able to quantify political factora but they do have to
make asjumptions and congider risks {n this area. Socto-political
uncertainties are a major concern of companies in continental Europe.
By contrast, North American firma are more worried about "ant-
business attitudes™, Conflicting political and soclal pressures at the
national level will make it increasingly difficult for multinational
companiss o exerclss control over their sybsidiaries and implement
ccherent global stratagies. In many parts of the world, the weskness
of governments is axpected to hamper strong actions to remedy thelr

7-3
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L
sconomic problems, A particuler politics]l problem for many compenies
is the prospect of increasingly difficult competition from state~owned
or subsidiged producers not subject to tha same profit discipline ay
healthy private tirms.

Overaill the picture {s one of increasing difficulty in evaluating future

returns and risks, and growing complexity in the whole investment decision
process.
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Unraveling the Mysteries of Corporate Prufits
Fortune, 8/27/79, pp 90-96)

"The real shocks of regulation, inflation, aod high energy prices hawve
lovered the sverage profitabili{ty of capitzl. The izplications ars
uppleasant. If the aversge profitabilicy has fallep, capacity and real
incomes will growv more slowly becaude fewer inveatments will offer
sufficiently high returns., Ounce our industrial capacity has been
restructurad to reflect the new realities of regulation snd expensive
snergy, wa should be sble to retumn to & more oormal rate of growth and
begin recapturing lost ground."

11y



TOWARD AN ENEAGY GAP?

The most comprebensiva snd detailed siudy thus
tar of tha workd's swigy prospets 4 the WAES o
port, iped in May 1977° h reprmants two yeany'
work by 75 experty from 15 countriny, coordinated
by the Masachusgris Institute of Technology, The
unanimout eonciutions of thewy sxperty can ba
sammarized s follows:

(il production i the nan-Comemenist world will
beval oM sometore betwim 18ES and 1095—or

sooner f OPEC {i e Seudi Arsbis) reiTreTs its supdiy,
WAES' projections msuma annual mun of 10-20
Biltion barrels in proven ceerve.

Errgy demarsd will continug 19 grow notwith-
anding towsr sconomic growth sd vIQoFous #h-
Sy CormaTvation polciss. Theretors ta supply of oo
will fsil to mest incresing demand, probadly be-
twennt 198599, evan il eniry prices have rigan g
further BIM6 ins read terms,

The fead zine for cewelogang slternatives to il i
515 yenre. The pevicd 188555 will thus be & erar-
tion perod i which tha energy balancs will shil
from oil 10 the thres major siternatwe wurges:
copf, natural g ard nuciagr fission, (Nuciear fogion
is something for the 219t Century, and ather nae-
coremtionsl  sourcEs Such B sol, wavr of wind
powyr will remain mprginal uetil then,} Each of thewm
three prEnDy Major probiems that hive vt to be
resolved;

+ mal—restrvn are abundant, but thery are
Mfious srvironments problems {1thp Mining,
smoks emicons), snd & need for changey in

cormangr peaference and user squipment, =
wall & for huge iwmtmant programe for
deveiopment of mines plus  travepoet  amd
comrvir on facilitie, ’

+ naturgl guE—inCnTives Mo nesded 10 St g
- development  of costly  ntercontvwatsl gas
tramiport bysiems (pipalines or LNG tankert).

+ nuclesr powst—developement B being el
back in many Countrin by popular concem
owver pnvirgamental, wiety, westadinpos lnd
nonprodileralion gus:tiang,

Energy consetvalion remsses cwn and will be
important, But they tshe time 10 work through;
o change Cvar & Country’s stock of sutomabides tabn
10 yeury, its industrisl plant 20-30 yesars, ins housing
ok » century of mane,

The conclusion & thus that the workd & hesdng
for & i energy crisis, wath repevcumions going far
beyord Thone of the 1973 il prate increase. Sinca de-
mand cannol exceed swugply an the resl waetd, the Gap
will by clossd by what WAES suphemisticsly term
“conptrpined integratioms™ of supDly and demand-
g feduced sconmuc growth ared livieng standarc
mMOEE  FQOtOuE  CONSErY Elion mﬁ, il Mghar
prces or wrvoduntary changes o IMendy Sormp hon
PpatiRrNt,

" Workphop oa Aftenative Erprgy  Steavepies,
Erergy: Gional Prososcts 1985-2000 MG rawe
Nill, New York 19771,
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WAES, p. 43
(1977)

AU.5. Firm
(1979)

wW3.J, 8/6/79

wsJ, 8/8/79

Fartune, K Bf27/70
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"Policies snd actions antjicipated in pur forecasts
require hard and costly decizions soon if the
increases in eseryy supply and decresaes in
eneryy demand are to be replized.”

"Something has to give., The U.5. caanot expect
on ths one hand some Beasure of jodependence
from oil imports and on the other s grest deal
of eovironmentsl purity.”

"The conatraints srising from Europe's excessive
dependeace on #nergy call for a rapid rise in
indusatrial investsent, and the restriction of
consumption aud thus of the prowth of real iocomes.
Europe bas eptered a decade of .usterity in
eccnomic policy."

"Japan's Economic Planning Agency bas compiled

& oew séven-Year econoaic plapg to replace a similar
plan submitted ia January, mainly because of oil
price increases. Japan's growth wilil alow even
more, while prices will rise even faster."

"Higher energy price™ alsc have made capital less
productive relative to labor. The sdjustment

t¢ new eneargy Ccosts way go & long way toward
explaining the mesger increaass in capacity and
the sluap in productivity growth during the last
five yvears.™
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Legal Factors in Project Studies

The legal requiresents for doing business are complex and frequemtly
play an importapt part in determining how & new venture should be
structured. Froe the standpoint of s project appraisal, legal factors
influence prices, costs, alternates available, snd various intangibles
affectiog risk. Yhey often, becawe of red tape, slow & project down
aubstantially, which can alao affect ity attractiveness,

Io the 11.8., prices--both absclute level, and allowable discounts frequently
are subject to careful scrutiny. Tax coosiderations sre aiways important
and frequently determine the preferred corporate organization. KEnowledge

of antitrust, pollution coeatrol scod other government reagulations are often
vital apd can significantly affect coste and profita.

In foreign countriey, many lawe and decrees must be considered, which
frequently can make or break the economics of the proposed weature. Local
owvnership requiremsents, incentive programs for depressed areas, isportation

of equipsent and raw materiala, price cootrols, sxpart {ncentivesa, repatriation
of dividends, royalties, and capital, all must be considerad carefully,

Throughout the world, kpowledge of the lav is 4 aecessary.first step in the
development of viable projecta snd must be understood by the evaluators la
order to achieve a realistic sppraisal of a proposed investment.

The law is not cnly complex, but also chaocges frequently in some countries,
with little or oo notice, These changes can be very significsnt--changing

a favorable buwiness enviroomsent to sn unfavorable one, or vice versa. Since
these changes sre often umpredictable much in advance of their occurrence,
they will alasc contribute to the uacertainties in any project appraisal.

Perhaps the best that cap be done is to show the ecencmic impact of anoy
significant changes which can be anticipated, use placning guidelines to bhelp
develop alternate scenairos to cover the unknowables and recognize that the
business enviroccment, like everything eilse, is subject o change, for

mADY CeamoORs,

7-8
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Regional Inflation Rates, 1965-76
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Profitability of 500 Brazillan Firms
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Selected Strategic Planniog Comments

1. New products help cope with the profit-pressure of inflatiea.

2. As inovestment intensity rises, gross sargio stays relatively flat
and net margin declines.

3. High capital intensity and smsll aarket ghare equals disaster.

4. A broad product line is most useful in capital-intensive businesses.
5. RED is eost profitable in mature, slow-growth markets.

6. Sensitivity anslyses of proposed strategies are izportant, to

evaluate the effect of slternate enviroomental forecasts, and
nomioate strategies for intensive exploration.

Strategic Plenning Institute, 1977.

7-14
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SESSION 0. 8--RISK ANALYSIS, PART 2

There are two steps in project risk management: (1) measuring risk, (2)
interpreting risk. .

Measuring risk involves such techniques as sensitivity acalyses, dacisicn
trees, and Monte Carlo analyses. Sensitivity analyses were covered in
Sessions 5 and &, The practical sspects of generating, iaterpreting,

and using the other risk analysis techaiques are discussed here.

Interpreting risk requires & koowledge of management attitudes towards

risk. TUsually these actitudes have been subjective and {pcoosistent. A
consintent interpretation of risk requires a quanticative statement of
management risk attitudes. Thisf is a problem that has not been completely
10lved. Some jpteresting aspects of work inm this sres are also covered

in this session. The objective {is to develop a zeliable, geserally-accepted,
and practical sethod of discounting for riak, coaverting s Moute Carle
probability distribution to & single-valued certaiaty egquivalent.
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FIGURE TIL THE CERTAINTY EQUIVALENT (CE) METHOD

" VERY SOPHISTICATEP RISK ANALYSIS
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T STATES 0F_ XM S0

THINGS BELIEVED AND ALREAINY RESOLVED.

LI LIS THINES VE KNOW THAT ME DOM'T KNOM,

[P XTI (LINK~-UKS)
DON'T KNOW,

THINGS THAT WE DON'T IHOW SE
|

- o et

BOPHISTICATION IN THE

USE OF MODELS

¢ Don't ignore what the model says
¢ Don’t believe what the model says

RELEYANCE [N MOTFYS
OR:

=175 BETYER TO BE ROUGHLY RIGHT -—— THAN EXACTLY WRONG-
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EXPELTED VALY
THE DPECTED VALUE OF AN UNCERTATS QUANTITY IS THE
QOBAGE YALUE THAT CAN BE EXPECTED ON THE LOWS RUM,

—— - e ——

YARIANCE

VARIARCE 15 A MEASURE OF THE LISPERSION OF POSSIBLE
VALLES ABJUT THE EXPECTED VALUE., AMD THUS IT IS A

FEASURE OF LACERTAINTY'



§ IELTWOCS

v 127

PECCERS A

L]

STANDARD DEVIATION

STAMOARD DEVIATION 15 A PEASURE OF
DISPENSION OR UCERTAINTY AND 1§ ERUAL TO
TH SQUARE. POOT OF THE VARIAMCE
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Ao
1. EVERY PROEABILITY WILL BELONG Ty AN [NTERVAL BETWEEN
0 &0 1.
.« 2. S OF AL POSSIBLE OUTCOMES OF A GIVEX EXPERINENT MUST
SUAL ONE.
9
[ . r ’
PRIBARILLTY IN FIVE RANDOR CARRS
. ™ OF & KIMD (PAIR) 0.42%7
THREE OF A XIND 0.02128
FILL HOUSE 0.0mwml
RUR OF & KIID 0.0002801
STRALGHT FLUSH - 0.00001385
ROYAL FLUSH 0. 00000153

8-10



THE PATIEMATICS OF (NCFRIAINTY

= CENTERS AROUND TRE CONCEPT OF PROBABILITY
= WHERE PROBABILITY IS DEFIMED AS A LONG-TERM REGULARITY THAT
IMDERLIES RAHDON EVENTS ’

= HOWEVER BUSIRESS PROBUEMS USUMLLY DO MOT PROVIDE SUFF]CIENT DATA
THEREFORE JUDGMENT MUST BE USED ¥ FORMULATING THE PROBLEM.

= THIS LEADS (S TO SIBELTIVE PROBAMILITY WHICH 1S MOT RIRMALLY
DEX[VED BUT RATHER BASED OH "QUANT|FIED RIDEMENT-

f

INCERTAINTY

M) INFORMATION AT ALL IS AVA[LABLE MHICH WD PERMIT
HHMTIHETFEWWMWT

8-11



. 131

BRE RIZK

THIS IS THE SITUSTION WHERE ACTUAL PROBABILITIES O
GHANCES (F AN EENT TAKING PLACE CAN BE DETERMINED
DXPERIMENTALLY OR THEDRET[CALLY.

L5, A TOSSING OF A COIN

SIECHIVE RISK
THESE ARE S{TUATIONS MMERE ESTIMATES CAN B ANDE OF THE
PRIBABILITIES IIVOLVED,

%.4.., FORECASTS OF FUTURE PRICES OR VOLLMES, yrc.

8-12



[LLTY RCLATS s 7sMIme

- 1
1. * PROMMILITIES OF MUTUACLY EXCLUSIYE CYENTS ARE ADCLTIVI; A
P(EerF) = F(E) + F([F) . ,
2. MRORMILITY OF IEPENOCNT CVENTS ARE MULTIPLIED: P
PiEandF) = PIE) x PIF) ) ' .
N
+
!
'll
8-13 L.
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Steps in Monte Carlo Analysis

- Praobability Values for Signiticant Factors
2.. Randomly setect sets of these factnr* bhased
| on chance of occurance.
- & Determine profitability for each combination.
‘4. Repeat many times to get probabiliiy .
distribution of profitability resulls.

DIFFICHLTIES WITH MOWIE CARLD ANALYSES

How Reliable are lnputa?

1

2, Management Unfamiliaricy
3. Too¢o Much Information
FA

Risk Attitudes Not Conasidered.

8-19



U. $. MARKET FOR TV SETS

RANEE,
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OF CARS
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PROBABILITY OF
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CAPRLATIVE EISVRIGWTION FOMCITON
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. MANAGEMENT ATTITUVDES

RISK
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What is Fisk? T

‘1. Chance of Success
Prubability of Loss

Worst Pessible Cutcome

. Spregd in Yalues :
Giscount From Expected Value

Ll

o>

— el e S .= - -

Death of a Rich But
Eccentric Uncle

b — p—— - —

1. You are mentioneda in Will
2. Yau can have either:
a. $ 1MM tax-froe :
b. 50/50 chance of 3 10MM {determined
by single coin tlip) '
3. Which Choice would you take?
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Conceptual Utility Function

30
40

30
20
10
0
-10
=20
-30
-40
-50 .
-20 =10 O 10 20 30 40 50 60 70 80
Gsin or Loss

Utility Function Equation

U —— Al e ammmwkr o= 7w

"‘}. with r > o

Uix} =—-it-e"
r
wheoere
X
r

u(x)

monetary gain or loss
rsk aversion coefficiant
utHity of x

B=26



Probability Distribution of -

Present Yalues for

3 Hypothetical Projects
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Probability Distribution of
Present YValues for g
3 Hypothetical Projects

-30-30-8 & 10 %0 30 40 50 80 76 80 0O
Cataeby Expercted Vahm

Eyeeulani EHexi o Bialh Dosannamiiy
ax

Mot B
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"
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Effect of Risk Analysis
on Project Ranxing .

Ranking Critarion ' . Project Ranking

1. Expected Valua. - B,C,. A
2. Minimqm Chanca 0t N&gatlﬁl Py A.C, B
J.. Cartainty Equivalent Method C.A, B
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SESSION NO. 9 -~ HIGH-RISK EXAMFPLES '

Acquisicions, sad projects (o developing countries, are two high-risk

lovestment areas. They are discussed {in considerable detail in the written

papers supporting this session, in order to illustrate the kinds of risks involved,
and how they should be bandled in an evaluation. Guidelipes and checklists

are included. Coverage in the lectures is veried to fit participast

intersst and experience in thete areas.

Growth by scquisition can be profitable but is subject to cisks that are not
an likely to ccrur with internal growth projects. Evalustion difficulties
frequently include limited informstion on the company to be acquired, and
lack of time for thorough consideration of thase often cocplex proposals.
Evonomics are frequeatly overstated--partly becsuse of svaluation errors--
the acguiring firm over values the firm to be acquired; partly because of
the human problems and disruptions associated with integrating the acquired
compaoy iate the surviviang firm.

Ia developing countries, the development of & realistic sppraisal is usually
very difficult. Dats are scarce, forecasts are unreliable, envirooments are
different, inflation is the rule, and the complicated laws for deing businsss
change frequently. Also, there frequently are sigaificant preject delays
becaune of governaental red tape. HNoomally uneconcmic operations can be

very attractive aod vice-versa. Joint wventures are often required, and the |
development of wiable joint venture im usually an order of magnitude mare
difficult than for a wholly owned venture.

Research projects represeat another kind of high riak asctivity. Alss,
carporate research {3 expensive and any eizeable progras requires a
significaat outlay of funds. Effective allocation of these funds in
leportagt but difficult, as the payaff normslly comes mapy yesrs {a the
future., Economic dats at the resesrch stage are generally limited and

of uncertaio reliasbility., Qualitative hunches caa be extremely important.
Managemest attitudey towsrds risk sust alse be conzidered. This session
also describes a special type of sepsitivity snalysis to identify potential
gain and project rizkiness and raok research projects for budgeting and
forecasting purposes.

Useful reference articles are appended.

9-1
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Acquiaitions - Soms Evalustion Difficulties

-

1. Tise and Data Problems
2. Tax Effacts

3. Future Nargins ;
4.  Suppert lnvestment
) : 5. What are the alternates?

Accounting Magic

Different applications of generally lcctpteh accounting priociples can
more thsn double aarnings per share {Arthur Anderson & Company exsmple):

Mw
. . Markst Valus at

10 Times Earoiogs, $/5hare

Basis A . . $ 8.00

Adjustments:

1. Value iaventory on first-in-first-ocut basis 43,20
rather than last-in-first-sut.

2. Use straight lins instead of accelerated 33.80
deprecistion far book and tax purpaaes.

3. Amortize RGD costs over five years instead $0.60
of charging te current expenss.

4. Fund only present value of pensions vested $1.20
instead of current peaosion cosmts.

5. Grant stock aptions instesd of paying cash 51.60
bonuses to officers.

6. Ilaclude capital geins in income jnatead of $2.%0

crediting directly to esarnad surplus.

Basin B $17.90

9-2



ACRISITION CRECELIST

1. Background Information on Exiscing Company

A.
B.

History of Businass
Corporate Organization
1. Ownership

2. HManagemsnt and Hanagesent Structure
3. HManagement Philosophy

4. Management control techniques used--budgets, control
reports, long range planning, delegations of authority.

%. Fit with acquiring company; is timing right?

C. Financial

1.

1.

Audited detailed balance sheets and cperating statements for
past thres to five yesrs, with sufficient backup to restate as
necessary to acquiring company practices and adequately snalyze
corporate golvency, profitabilicy, and growth.

Details of property, plant and equipasent showing date of -
purchase, original cost, and depreciated value.

Product line operating reports, detailing fixed and variable
sanufacturiog, and Bajor ovarhead costs.

Credit policy and practice.

Coapany policy on dividends and finances in geperal.

Unbooked capital expanditures, authorized or contemplated.

Contingent liabjilities.

Projected sales, capital requirements and operating atatesents,
for next two to five years (prepared by existing sapagement cof
acquisition candidate, ss they see the future).

Legal and Tax

Articles of incorporation and bylaws.
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2. Copies of Contracta

Leasing and Reatsl Agreesents ' .
Licensing sand Royalty Agreements . !
Rav Materials . .
Hortgages T

Leans

Distributer Agreementa .
Sales Agreements B
Thion Agreements -
Management Contracts

3. Federal Tsx Returas for pertinent years, and fedsrsl revenue

ageat reportis. - :

&, Information on other taxes.

Marketing

1. Products ' .

2.  Marketa - *
3. Diastribution ) gt
4. Pricing

5. Customers .

6. Competitive Position . . o oh.
7. Sales Organization _ _ N r
8. Product and Market Research .o
9. Advertising and Promotion i o
Manufacturing” * v oa \
1. Plant Location(s) and Sizes .

2. Process Description -

3. Rawv Materiale--price, avallability, specifications s

4. Yey Variables, yields, hazards : .
5. Sources of Know-how T .
6. Organization '

7.

Development and Enginesring Support
Personnel

1. Wage and Salary Data
2, Fringe Benefits
3. Appraisal of Quality

Induatry Perforsance Data

1. Return on [nvestment, Margin on Ssles, Turnover
2. Growth Rates

3. Other Significant Busigess Characteristics



B lt et ke g [ WRE PR
. i.d.,.I"‘ o
LR
.

152

II11. Post-Acquisition Plans

IvV.

1.
2.

In-depth Coverage of Relevant Areas Under I
Develop Restated Fioancial Forecasta

Financial Forecaat

1.
2.

Acquisition Bazis pnd Tax Treatment ",
Investments o
Purchase Coat

Facilities Improvements

Growth Needs

Replacement Iovestment

AN e

Profit and Loss

Profitability (Base Case Current Cperations, Expsnsion Increment,
Total and Sensitiwities)

Grasa Rookts Alternates
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Size of World Population and Grosa Natiooal Product
3 of World Total in 1970

]

Gross
Population Nstional Product
United States & |
Western Kurope 10 23
Latin America 3 . 5
Africa and Middle Esst 12 &
Far Eant a2 12
Sino~Soviet Bloc 32 23
Total World 100 100
ical Daweloping Country Profect
Partnership Bapis Principal Incentives
local Partner Ioreip_l Partoer .
Local Marketing Fxport Sales Tax Holiday
Limited Capital Available Capital Duty Fres Imports (Lquipment
Government Contacts Techknical Egowvhow and Raw Materials not awveil-
Managemant able locslly)

Duty barriers oo imported
compatitive products

Econcmics of Typical Deweloping Country Froject

— _Return oo Investment, §
Joint Foreign Local
Veature Bartner Partoer
A. Smsll Plantc
1. Origivcal Estimate of Locsl 15 N.A. Unknawo
Partner )
2. Foreign Owner 11 13 but
B. Expand small Plant to Capacity 24 0 large
€. Large New Plant _20 _24
D. Coabined Project . 19 23

9-6



II.

III.

Iv.

The Cﬁuﬂtrj - 'I.; . =y -*‘1“'-1 -

A_'r Size, ;u;uphy. climate, princlpal cit.in, i.ndutriu, u.d
urht.l

B. BEcooomic indices, resl ;rwt.h, future c:pcct.ltiou

C. Government - type and stability’

a g ae® e e T . o
-

T - 4

Ll -

Aceitude tmurd and rules for foreign iavestment

. CEICII.IST FOR EVALUATIRG PROJECTS IN DE?ELCIFIHG mmm

154

A. Eer-Cant. Foreign Investseat (allowed, desired)

B. - Investment Inceatives

C. Project financing

D. Tax Begulations and other legal requirements

E. Imports (HRaw Materisl, Equipment, Coapetitive Products) - at
F. Government approvals required

G. PRaaliatic ipvestaent timetable

H. Government forms and detailed submission requirements

Markets * _
A. Availsble data, relisbility

B. Import Restrictions

€. Export Opportunities

b. Price Controls

E. Compatitive Informstion

F. Supply-Demand apd gross reslization foracast .
G. Harketing Ixpenses--Bales taxes, commission, fre{gzht, saod othar

Plant Lﬂ'El..t. ion

Effact oo inj&é:t-utiup-rlt:l.u coste/profice

Inveatnent {

A.

Fixed Clpil‘.-ll

1. Land - cost, ownership reatrictions

2. Buildipg--unit cost, size, materialm, codes

3. Eguipsent--+local versus imports, new veraus used
4. Support--power generation, water sources, ete,
3. Duties

6. Calh Grantas

Hnrkin; C:pitll

1. Requirement for local dimtributer?
2. Mequate {oventorien

3. Payoent terms, (bad debt losaen)
Startup

Labor qi.-ulity, efficiency, traiping expensa

-

!
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VIII.

Jd, ey e o

Dperating Costs

155

A. Raw Material o ) o
l. Local Sources--quality, relisbility, p:ice ter- -y
Import possibilitiens Vo
B. Processing . *‘, , :
1. Utilities=-cost, reliability, self-generation need .. .
- 2. Labor--cost, efficisncy, terminatioa, use of cnntrlct'lnbcr
3. Other
v - .
C. Tlx Aspects S 1
1. Tax holidays ' i
2. Depreciation B
3, Investment Credit o g T
Specisl Fees to Foreign Ownar LN (
1. Licensing, royalties, techoical assistance '?f
2. Managemsnt .o
3. Export sales . .
Dividend and Capital Repstriation . y
Project Termination i e
LI :'.‘r-
1. Le.;l requiresents ' v
2. Sale-transfer to nationals o
3. Recoverable valus - !:
Cash Flow Forscast and Economics .h?.
A. 100 Per Cent Equity '
B. Ltvurl:i') B
1. Per Cent Dabt O
2. Interest rate sod possible subsidies . L
3. Repayment terms .
4. Guarsntees S
Risks and Sepsitivities
1. Eliminate incentives , ‘}'
2. Short project life Tu s,
3. Rapid vage escalation S
4. Price and cost uncertantiss N
5. Iovestment uncertainties a
6. Lower operating sfficiencies .
7. VYolume effect
-
.
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Research Project Renking o

Regearch projects o3 a group, slthough necesssty, are risky. This iz
because of the very limited data sorwally swvailable when the work is begun,
the extensive commitment of time sod resources before the work is completed,
and the relatively small proportion of projects undertaken, which sre
ultisately commercislized. Maoy projects with little potential eccoomdc
payoff are etarted, and continue too long,

Analyeis snd ranking of ressarch projects is highly subjective aod not '
a4 cut and dried affair. Approaches used by others are discussed along
vith & combination approach suggested by the lecturars.



a® . .
Ilsportance of Research _
Trends in U.S. B&D, $ billien ' J
1983 .6
1960 14
1970 T2 ,
1980 55 E

Logs of Sales Without Resescch

1. Acalysies of fifty estadlished products on which research hed
been glimicated but marketing efforts stayed the same.

CWUE S

2. Typical result--10 per cent per year loss in sales volume.

3. BReferenoce--Roche, A. F., "Maasuring The Profits From Research,”
Research Mana t, Vol. 10, !b. 3, 1867, p. 157.

-
1

I
.
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Experience Results in R&D‘Y’
20 major firms
Poor projects continue too long.
Technical challenges vE. market pneods.
Poor interchange hetu;;n R&D and Marketing.
Inadequate use of findings.

Project selection systemm vary widely.

(1)

Hlﬁi?ield, K, and Wagner, 5., "Organizational snd Strategic
Factors Associated with Probabilicies of success oo Industrisl
R&D," The Journal of Business, April, 1975, p. 1979.

1 13 [11] I i‘ ¥i
kit Dwraiiairrap j ™.
engm [0 Coommercint
Faanabiilivy iy Commereinl
Charci Plaww T

9-11
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Proposed Rapking Method

Integrates Marketiog and Technical Factors

Combines qualitative and quantitstive methods

Simpli{fied form

Eagy to Use

Range of Ratimates .

Flaga critical uncertainties

Project Ranking Summary

Project Identification

R&D Expenses to Data

Project Goals

Project Advantages

Project Disadvaatagen .
Coomsents and References ’
Ranking Suzmary

Recomsended Action

Future R&D Expeaditures

9-12



. {aantitative Factors
1. Profitability at Capacity
2. Margin on Sales
3. Turnover
&, Breakeven Point
5. Cusulstive Cash Procesds
5. Years to Commercialize
7. Likaly Sales Buildup
a. Remaining RED Coat
9. Net Year's RAD Coat
Qualitative Factors
1. Stability . -
2. Growth
3. Marketability
b Poaition
5. R&D
&. Engineering
7. Production
Completed Plastic  } Ranking
Factors Ranking Sumasry
Peuso Best Guess Opt..
Ecpnomic =B 12 A2
Quelitative 43 63 a1
Total 50 68 a2
Ranking of Six Projects
B.G. Std. Benefit Degrae
Rating Dev. Cost of Action
Plastic B 58 8 N.A. 1
Praduct V 62 ) 14 14} 2
Product W 5B 13 15 k|
Froduct X 54 14 35 3
Product ¥ 43 15 10-48 &
Product 2 29 - 25 4

" 9-13

Hext Year
R&D, $M

900
300
200
150
30

o
1,780
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SESSTON NO. 10 - CURRENT INTEREST TOFILS

At the begioning of the semipar, each clase is.asked to provide the
lecturers any special topics of {oterest that they would like covered

in this sesinar. This session will provide both students and instructors
an opportunity to tommeat on these special topics. '

In addition, the lecturers will add new matarial froa time to time, sad

include it here. Dats on the relative scooomics of alternate snsrgy
sources, art cos such example,

10-1
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SESSION WO, 11--MANAGERIAL AND FINANCIAL TOPICS

-
This session i3 intended to cover special topics that relate ta the
evaluation process such as capital budgeting and reporting results.
Some of the topica highlighted eaclier, such as cost of capital, and tax
complications, will be discussed further, if of interest to the class.
Comments on typical evaluation organizations are also giveu.

Particular esphasis will be given to the appropriation request, as the
end-result of & successful prafect study. These repocrts provide management
a concise summary of the basis and justification used for the funds

being requested. The use of a2 typical form is illustrated in the Loco
Cheaicalas Company case.

A reference article is appended describing the sppropriatien request
form being used by ane large company.

11-1
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EFFECTIVE CAPITAL EXPENDITURE CORTIOL. STAXTS ¥ITH
A Lows TER P,

THE FIMANCIAL OFFICER [S THE KEY TO Ay CONTROL PROCESS. B

PRINCIPAL STEPS FOR CONTROL OF CAPITAL:
A, ESTABLISH A BUDGET
. PREPARE APPROPRIATION REDUESTS
C. FOLLOW UP DN PROJECTS [N PROCESS
* "D, . MST-ARIT

COVEMICATE RESULTS EFFECTIVELY.

-

CAPLIAL BUDGFTING
THE PURPOSE OF ANY EVALUATION [S TO [DENTIFY THE
LDEMTIFY THE BEST ALTESMATIVE.
IN AXY COMPATY THERE ARE MANY RECUESTS FOR CAPITAL FUKDS.

SINCE MMEY 15 A LIMITEY RESOURCE, THERE HAS TO 3E SOME
MEANS TD RATION CAPITAL.

11-2 - ,



s, 1

L
2.
3.
[
S
6.
7.

+

,._..\
2223
111 .
feggn
Usaih

WHAT ARE SOPE OF TUE DIEFIOXTIES THAT ARE

IBMFREXY (N CAPITAL FYPENDITuRF REUFSTS?
INCOMPLETE DOCUPENTATION OF WY THE CAPITAL IVEM IS REQUIRED
LACK OF FORSAL RISTIFICATION (e, DISCOUMTED CASH FLOW)
FAILURE 70 CNSIDER ALL OF THE ALTERATIVES
INADEXRIATE OF B0 ALLOKNICE FOR RISK
PODRLY WA TTEN AND COMPUNICATED DOCLPENTS
BIAS TOMARDS NIY ONE OF THE ALTERWATIVES

ERIDRS IN DATA AMD CALCULATIONS

11-3
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1
UMDERSTAND THEIR PERSPECTIVE: ‘

« CAPITAL SESOUNCES ARE LIMITED, WHICH 15 FURTMER AGGRAVATED
SEN MOTEY 15 TiGHT '

- ORECT THEREFORE 1S TO AUUALZE BOWEHLTS FRON ITS CAPITAL
uveTeNTS - |

. .= CNGERN VITH THE IMPACT THAT THE PROPOSED IWVESTRENT KAS OR TeE
OVERALL ECONORIC PERFORWOKE OF THE ENTERPRISE

*WIIHWITIEM%ENMME
‘ o EII‘III'I'EIT .

— - ——— e E o P e S —ar . —— w5

FACH EERURT CIFES UNTFR CUOSE SCRUTLIY :
WHAT BAS[S A ASSUMPTIOS MERE USED [N ESTIMATING THE ECOMOMIC DATA?

#UT (v OF COeFIDERCE DOES THE ENGIMEER HAVE REGARDING HESE
ESTIMTESY

HOW WOULD THE [NVESTMENT OUTCLRE B2 AFFECTED BY VARIATIONS 70 THESE
ESTIMITED YALLES?

1.4
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&

WAL NEIHESSTY |0X POl

CAPITAL REQUIREMATS

MOFIT (OKTRIBUTION. CASH FUN
MEETIMG MINIMN RETURN CRITERIA
SECURITY OF INVESTIENT (RISKD
ALTERMATE LSES FOR AVAILASLE CAPITAL

L

e o e —— T S —t — Ny — - S W= % —— — A el S ke e ——

BRESENTATION TIPS

KM TOUR PATERIAL THOROUGHLY

XSURE SMO0TH HWAKDLING OF VISUAL AID MATERIAL
B PREPAKED T0 BE INTERRUPTED WITH QESTIQUS
RAVE BACUP MTERIAL AVAILABLE

BE PREPARED TO REDIRECT YOUR ENPHASIS

KM WHEN TO KEEP QUITE ~

N. R BREWSTER, AMALYST
EXXON INTERGATIONAL

11-5
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Requesiing Approval ‘ i

Depz.: Aejulired: Requess for ~ppropriati .

¥ |  Beard . i APPD. NO.

s, Gen. Off. Capital Investzents {?,b,ﬂ 5 Ezx. ¥o. I
¥xig. Field Mgr. Loans (&) 3 Requestizy —Stmilin
R&D Ctrer lezse Comnitzents (62) 3

L. Project Title
and Location

Z. Descripticn

b. Ron-Depreciable Fixed Capital $

of .
Prooosal ., _ :
« Purpose of locrease Profits Ry :
Expecditure HMaintaln Prafits
QLler
%, Timing: ¥. Effect of Delay 1o Approvesi:
Conatructicn Pariod - 8 .
Istioated Stapt-up Date
Zocimated Useful Lifs JTe.
Tearm of Leaz= or Loan yri.
0. FuRds appropriaced: 5. Dedcripiicn of Dee CAse Agelaat Eich
a. Depreciable Capital | PI is Caleulated:

¢. Coata Expensed ) -
4. Loans 3
#. Total Ini{tcial Investment —
f. Lease Comitzents {Disc. # 54) & (15, Prolitapility .oaex:
s ndSotisted Investments: ’ 8. Sensltivities
“hange in Current Aseets [ Likely
. saBge ib Current Liabilities $ g Varistiicn Cmfﬂ
¢. Change {n Net Working Capital $ in Value irn 27
d. Qther Commiiments (Digc. @ 5%) § Investoant
#, Ccncingent Liabilities ) . Price
£. Posaible Future Investoents 3 Voluze
- PTesent Facilities: Savings
%, Approxizace Age yTS, * Project Life
b, Approximate Original Cast L ]
c. Salvage Valus 3
4. Dismantiling Ceoxs 5
T effect on Fﬁm._ﬂuu cf Aewuro: :
(M Dollars except a5 noted) Froject Year ] —
Pre-izar: L 2 ] " 9  pell 11-‘.5 - TENE

Frofitn After Taxes

Cuzuistive Cash Fosition

avearages Iovegtrenc

Book Rate of Retura - %

R ol Rw/Dise. Cemmit. - %

12, Helased Appropriaticns cZither
or to be Reguested:

la,

JacAarss:

necoimanias Oy Tate

APproved i ¥

11-6 -
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SESSTON NO. <12 - WORKSHOP NO. 3 ' .

Work an the Loco Chemicsls Company case {3 complated, The sensitivity
and past-sudit calculstions are discussed, and compared with the case
writer solutions. FPossible applications of Monte Carlo techniques and a
research project evaluation and ranking technique are also discussed,
Recommended actiops are agreed upon and an appropriatiocn request prepared.

The case writer scolutions are provided as a supplesentary handout.

12-1
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b Frepecr: Manphaiure plasas inlermediane i
L Ilescription: Phe dlangubizn company respld p phese
LTI TTTN T TR TTETE T PRV T AVERTT Deawbed 10 buikd

plaiet wwlien crsnpetiom threabeord foral prodecten
JIeAL prerciinen war uaipble om amow-pow.  Fan
arcwih. [OTh/yr, (e cwstoper was taking §0% of
mules, an pereiar wemde, and rupedied comtemtd gl

arnwih.

A Sumniary Fromoavies {wiginal
Prysical ftpmar g 1 b P
Caoarily 1LIMM b, L2 b
% ol raparing, ve | L4 +i%
iaveitmmi IM
Fixwed ¢apiLal LLL ] LE )
Working capial 100 g
650 F1)
First year resulis 17 | ll_.ﬂ'h M ¢/Th
Rezliration 14D 133 (L1 ] 118
Manulaciunng cont 113 92 7 103
SAR 513 _Hl_ ﬂ 18
%0 1O 632 121
Befare-tax profit 190 14 26 3
[arome 1ane LO0 13 L4 |
Aler wx profr 86 1 i2 1
T mturm on capital 139 14
4 Kate of reture veconcillnsben
Change Ry nf
_raturn rtarn
Origigal evalustion (LX)
Invencmerms  efferin -0.3
Sainr volume o B
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2. Descriprion: Thin w2 new resrirch drvelppement which
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the praguct was mwh hbeter than aay comprnr
maleHal an e markel At LR beme, the company acted
quichiy, wasted Lindr Howe b ralumaiiey e rushed tha
b 10 COMPLtIon,
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I Prefect: Expand sniscmg chumical "X plane ro wupply
sdided curtomers 150 disCOUrEEY compehiling o PANNON

1. Devcription: A low cout expamsion mads after oot yrar
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Working capiini 0 43
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Variable costs 30 0
Flusd routs [ ] {0
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Refure-tan profis Yom {133)
[wcome tanes E}) (X
Aler-tay profil ) (70
Eatirmut=d FEfurm M CApRCHEY % 13%

Years to reach capacicy 3 10

4. Comuary: The original meall {21,000 wmasyr.] plant
operared at 92% of capacity in Lhe fuar year, bat
yirlded only & 0.3% mefurn om AvestmERt
This rupassion project wwe Rwrwd throssh s as
stteEnmd to discourage s compmitar from byikding &
planc and provide incrementsl grofis.

The effornt wes unpucremful. As 3 repull, Thy sapannon
waa net properly utilized wnd eTovn o grnerats added
st s ayird the rempany o laeer privey =8 vep ol fll.'th
it would mor hawe taken withows the expanswona. Finrd
inveriment war under-mrimaied By W% becius of 1hre
short Lo available 18 prpary the project. Markcting
costs and working ¢Rpitel werr highat thas aancipaied
becamsr of 1he meed b prOovide USRS WTTIOE 1O UMb
#rv—a rovslt of AN SOMPEIIon. ]
The incremental repanson originaily projeeerd w yirid
& 24% rerurm at rapacily mow deows 2 3% mium st
capacity, and caparity i+ not reached for {0 yeam. A
& rrauit, Lhe combweed proflability om e eypanded
plant w now ertimated 3 457 or well bolow 2
mutimum sresplahie rriurn, Unferunairly, sniy & mune
mitin wlvage valur v ymesble b the Hant were dhul
down ond ne kptewn ailrfmir wees wfe wrn Jor iyl
of the equipment. The bt choer lar the cohpany tow
1 o make 1he bry of 2 poor farler CECIMOm ind fER-
linur FUCYERT SPerRiicns. -
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mon in peaieeny approved m sthe laie 1930 Howover,
thin 3s fess of 3 problen now, % big benefit of the pme
Eram i w evelop gulder for smprooimg jurure decusan.
Sur axpical wepa ome this area are;

1. Macr geeater emphasd on analvia o mert o=
et as well a3 the waal propenal.

2. Where powible, develap economics for all wunsicke
[ricticipants 0 pmnt dealbiogs, rather than just anahere
yiur FOMpPAnyY’s potition  [acquisitions, for cxamplel.

L Tu wwmr acquivitions, Jimitced access 10 vatal informa-
v ahaut the reenpany being acquired has hindered
v aluation Al praperiies.

4. Pay mare attention to capital expenditure tming
and the probiem of investmenc acceleration or deferral.

5. Managrment should accept low neturn economics
if judement and sirategic considerations diciate project
arceptancr, rather thap adjusting assumptions or in-
centives to anure that the project meets the minimum
stanilard.

6. Placr mare emphasis on the effect of alternate loce.
casts and their probabilitiey (what Aexibility do the [acii-
ities have. to gperate economically in different environ-
menes?),

These are Ulustrated in the case histories in Tahles
1. 4, and 5 (Page 2091,

TTMCAL - APPROACHES TO THI MA
Projfet scheduling. Selecting projects for post-audit is
ok vETY Impofiant gecision in an on-going PIA program.
Te dn this well, all major investmeno should be covered.
Choice of study depth employed shouid be Hexible. Not
only is there a big shortags of cconemici-onented person-
nel 1o do these audiny, but 2 detailed study i both time-

_ romuming and expensive. One can coat $20,000.

The tvpical weps are:

L. Annual or serni-annisal ceview of all 2pproved appro-
prationi ahove ome level ($500.000, for example}. De-
termine if audit should be made, when, and auggested
depth. If only a review of cricical fastors i anticipated,
Tist iterms 0 be reviewed.

2, Drvelop a separate list of speciad prewrama. Thew
¢an represent either a logical combination of invesuments
that atherwiee would be audied separmely, or 2 key
artivity romposed of many small mvestmens that would
pot otherwise call foe deiailed audit.

3. Submit in ra company management for approval.

About the outiver

Hr has boem walh (kv Amecy srpsmiza-
finm fimce [Y5T—prrvmag o Chicage,
Tulsa, Ghkln ;. Whitmg, [nd., and Ai-
lamta. M+¢ s o recegmiZed sxpert & JAC
Arld af inprrtmemi ctafugiion, with 0
*h piare diverssnagd rrpertener o the pr-
" tralrxm and petrsckemucal mdusired
and by betn pesponnchle for providing company-unds nEaR
davds and purdamce for erovamie svalusirews ta seperal
Amors ughiates, Hr. Thorar kas pubiehed sther armicies
m HE fd03 ang 4= ). He holdy a4 8.5, degres 1o chtwiend
exgineering frem Cuormell grd W JEA, frem Nerthwesiem,

. HENRY C. Tuoawe Jx. s mansger
?J planmsag amd commercoml desclopmeni,
! Fatrhague Mpmouth Ca, Atfants, Ga.,
.-J.r - . o swhndiary of Amoce (‘hemicals O,
. g

" Apnl 1973 [Ivorocaenon Proczasidg



0

Ga Mk mbri e FRaE Ga s AT wm bl oaLEE spd A Wb by addam s

perierning 1A, o Uw enteng il is ane readily awvaglable

"Iroen the mormal accounting recards.

Repart proparatien, Th Financsal Department wsually

handles andity. Bt hine depariments shiowld help. They | .

xngw the aperating problems 3ud will ligve o implement
recommendacions, This lint involvemnent includer direct
ficld participatian, as much a1 posible,

The audit study consints of five main stepaz {1) review
of ociginal decision basis and posuible alternates, {2 daw
gathering. (3} analisis. {4] report wnting, {5) manage-
ment review and approval,

- Ideaily, the line depanment participates in ail phase,

Feedbach of roults np and down the chain of com-
mand is crirical. Commendationn, of course, are as impor-
wnt a5 requests for improvement. '

Poterrtial prablem orees. There are four of thes.

1. Data. Any project appranal involves many lactors.
Oflten, data are cither not determinable from acrounting
records or would cost 100 much o obeain. Since any
approisai involves the comparison of alternares, it i1 the
change: in cash coats and revenues because of a {usually
small} change in the total business which are important.
Even il the variabiey for one of the aleernates is known,
the optisn not undertaken is waaally subject to a3 much,
of more uncertainty than when the original evalustion
was made.

L2 Timing. There i3 aiwayy 3 conflict between the
daire 1o wait as long 21 ponidle 10 gain & much exper-
ience 24 posiible, and the need for gquick information.
Omne benefit of performung & PIA early is to point out prob-
lem areas, 30 corrections can be made. The wrual compro-
mis is ta do the pas-audit two to three years after plant
startup. Repeat the sudit several yean later in caser
where initial performance is unsalisfactorv, or manage-
memi intereat and information gained is greac. It is bent
to perform PLA's of 8 product line prior to plant expan-
Hiom. 1

3. Who docs the work? Line and financial personnel
should pacticipate in thewe rudies. Day-today premures
eften keep line personnel Irom taking as active part a3
would be' desirable,

4 Ruporting formar The form and conwene of an
Appraisal report used by one lorge company b in the
Box.? Some or all ckements would be inciuded depending
ot the depth of an appraual It should descnibe the in-
viatment and performance. including a recencilislion
with oripinal estimares. Uwally, a new forecast and
aalysis of future expenditures is alvo shown.

Summary tabies and charts help w el the story
clearly, concselv, and compleely. A number of iten
frequent!y covercd are discussed in the Box, A typical
AIMmAryY £Conomicy statement and rate of return recon-
ciliation arr thown in Tablea [ and 2. |

ALK WL T QG MENT

Gy inbtrett ot Tablew 1 4 gl ] wrn svmee fromt wreersl qvas o am
Admvvean Amerinies W Ues Empnrres reweemase a1 The
wre frem rral praps mok e SRie cReadrd Im dudwess rech cnes. T he
Py mda gpvvm b B D Syrisny & Usnskew (malusrses Lag. Dag wyiy
shivwn T G ATl PR RS AT e L balegd  Slinpe-aar —
whandy oy Colisiann rolmmsesres o Lday Adpetoism wos Bt S

LITIRATUAE CITRD
. b, W K. Pl g v A snin— by tha Liagryimiy Tl L™
vttt bt Frimdriikg. Murrs Pul pear 411
"Rameny even el imrl M Sismses d Ul | L [N ‘:
A m—— )
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Industry Malyses Daparcamat
fcandard 011 Company (Indisna)
Chicaga, Illirols $0&B0

introduction

Applications of risk setalyels to Temesrch and
commarcial projects are numerous.{1,2,3} 1In 4
Eypicsl Analysin, sconoalc I1nputs SON EFPTRMSSE aN
taodom varisbles which are then combined by Monts
Carla techniques ta give & distrikucion of present
valosa for the project. Such inputs 4w plant in-
YhiTREAt znd aperating coeca, silew wloeas, pro~
duct prices and projeace ILEE can ba &xprissed 1a
taodom varlablea. Tha virisbles can be spactFied
in as such deceil as desired, bhut frequently will
om daficed by o oedisn. a high, md S8 low valua.
Such random valuss wzually cannoc ba defined ax-
plicizly, but must be secisated by the snalysc,
che project cexm, wanagrment, or & combiasTiown.

The usx af declslon trazs has bess discugped
in pavarel stticles im ths licerature.(%,5,0) D=
¢ision cress, liks Month Carlo rish ssalyeis, par-
mit the inclusicon and spacification of uncarceisn
avanca. LCanarslly this is dons by axprassing che
probabilician chat apecific avancs will or will
Aot ocour, sad what the pressnc walvax of tha
outcoma will ba in withar case. Varicus decisiom
Godds are connacced 1la gerias, with sach degision
landing to & couress of action vhizh has e wcer=
Chlg outcoma. Rrpnching occurs st deciplém polots
vhara slcemative couraws of action can he followad.

In solving a dacigion tram problsm, 4 Tall~
hach of outcomes 1o wmployed starting vith tha
final wvank., Tha possible sutcoses of Chis aveet
ars multiylind by tha probabllicies of Chalr atio
ranca, giving an expacted valus which can than ba
“rollad back™ to tha last pravious polat »f un-
eercainty. Thia précedufs is cepsazsd wntil tha
axpastad valus at tha prazenc wmowsnt (8 caleulataed
This saxpactad velus LI 3 single numbar, not a dis-
tribution of vmlues., Tha incorparscicn aof Monce
Carlo randomigucion in cha roll-back procesdurs, &
tachnigque seploved by tha suthors, provideas cha
distribuycias af preapent valuss [or the preiecc.

¥hat is Dwcigicn Trea Analywip?

Mgarea 1 is & dacigion tren far 4 Wypochrcle-
al ressarch prejast lavalvieg the conadcoliw STEM
of banch sacale, pilot planc, warkac devilepmenmt,
and commarcislizazion. Ia praceles, soma of che
wtxpd ¢unt overlap or procead mimulcansously, bur
for 1liluacration, we show osaly tha camtrolling
activity at ssch scap. Tor chis sxomplse, ier w
aanumg that all coats s returma sra axprosesd
prasenc valuoes cnlculated af s fiIaed racs of retur
ad computad ralativa o 8 polac 18 Clds=-La this

& TYPICAL DECISION TREE

RANGE 3904 -1 200 AANGE 00 -81 008

RANGE #3040 -9 500M

@

¥ |
i- FAIL FAIL FANL q:u'?v"m
.
E REMEH "'f _ =, 5 "2.000M
i Pl ITALE £4% 3 FILOT 234 " 254 e ¥ o MED
i {7 raeszancn\__Sfsuccess PLANKT MARKET
| RESEAACH  SUCCESS  GEvELOPMENRT SUCCESS COMMER. 4.000M
i CRALIEAT I ON
v LOwy
| MEDIAN 8300M MEEDIAN SSOEM M EDLAN IFOM . QROWTH
i 43,00 G
i
'

FIGURE 1



coum, tAv Brament, Llthar brfark=~CAx ofT ururr-l:lt
JERSEAE “iiure 2xA D# u--d in stacing ana nolving
the prooiema. Coriston & Larche Icc:llun tacloyg
ngnupament amw==1nould br waend woriky at che bench
. - 1evel an trln partteular renearch urujctt'
gt L# wncercaln but Ly expected to [all ba=
uamin 51000 M oana 4%I0 M vich 2 wmedian. n! SIDCI M.
Ay asciding nac o Lnvest in thls projecr, safagie
pant can spind che money on anacher project. To
congingd our hypothesils, lat us Turther supposs
engk uzfladErers  'A crAnesqricg witY The ceq=irch
FARMARTE, NS [EVIEWES LD FEBCA-ECJ L4 TEREATCN
plan and long-ranqd goele ol tha project and ba=
liavew Chag thers is an B0 percant chance cthat the
ryasarch wvill 54 succesaful and will lead fo cooe
sidaracion af the canstruction and apevation of
a piloe planc, Caglaion D. PFilob plasc cescy srw
sreincted Lo b bheowvwen 5400 H and 51,000 M.
Management and che plannacs gressnily speculats
that thare ia «n 83 pavcenr produbllity char the
diloe planc scage will be succeanfal. In asgime=
ing the poobibility ac 3% percens, cuanagasantc hag
considatad that che basle tachnolagy invalvad
largely =xisis Jdnd that the sajor uncercaincy
Lima in <hk process yimlds, If major new hard-
Vace had o be devalopwd, che probebilicy would
have bawa sdssimed lowar.

If the piloc scelse develepmest Ls succwse-
fal, thars {8 »cil]l apacher sCaga be ore COmMEI™
cializpticn, market devalopment, and chan fioal
acoromlic Wvaiuation. Estimaced oadian cong of
this scapd la 5750 4. [f the product or produscs
being wenulactured aitesdy exist In the markac-
F . than martket deavelopmsnc will ba dirgecmsd
] 4 locacion of sultable market aress aod dls—
ChRmylpbte WiCn pocential customers. [f cha pro=
duct or Produscs igw dev and have oot previcusly
bawn markected, chen merhsC doveigpment will
lergely B4 dirdcted CLoward testing and savaluatioa
by pacantlsl purchssars, snd tha ssswsssanc of
provabla matrket sizm. In addition ac chis mcige,
dutailad process designe would ba prapaved and
wiuld swtvéa a3 3 haals for (ipal Casc sscimazes
and Ffinal economices for coomarcialiracion. The
probabilicing of tuccand and faliura of this SEWp
arw extrumaly 4Lfficult to assess &t cha "idaa”
wisge, However, commercialization repreaawncs
ong of the major uncercawncias in the projace.
and an estlzace of chig uncartuinty pust ba mada,
E0 Chat BAAAT4SENT ¢an be mads prare of the ciska
of the projece. 1! ine produecc ie alvasdy widely-
fald, chan cha peobabillcy of succrew &t this
atagw =ay be high, and 1L che product Ls e,

3 may bw fults low. Howaver, axcAptions cam
occur——aof, {or sxampla, the Javelopment af cha
twnw proguct for fulfiiling a spectfic hrenm mawd
f9.2., blodegradapls Goctargencal,

o oul anudple, e will jemume chat aur
reticular rroduct Lla alevcady being markeewd,
add Sha eARLEdD i3 growing fopidly. Thersfocs,
annagement 3e¢lisves fhar the product will be
wECRSEed aibd that goCentlal wuars will an~
COurd g JOIAENST 2ourr e o! Sugply, and in sone
g will #1357 Jdvance 1aley concraccy, Cons
. icly, 0 3% percent probadsllicy af succead

18 adwighed 10 Ihia sL)ga.
L]

Jrnece che sercef JowciopmdAt ana (lnal scdvaoamle
Jusplfleacisn are aucceyafully compleird, then o
commprciol plang will be bullt, AL the Cime EHhy
ploar {3 juscified, ir will be possible fo esclnsce
prabable a3les volumes based on (he rexults of Cha
marketing stogr with reanorabkle accuricy. Froa the
Prégenc polar 1a flse, heovver, Dhere o9 conaloer-
able wncartainiy In predlcting how much produck will
b sold. Furcharmorve, the wllzcc al 2a aaditional
soyrea of supply will respulc Ln soms swroslon Lo
*¥icw. Jased on noyritle vaciacionn in wrice and
sales volumes, plancs of Chree difterent altus
hava bean projeccad. Eaclmated presant value for
the small planc is 31,000 M, and for the large
planc, $12.000 M, Tha interomedlaca slze planc ia
sacimatnd co have a prasanc valus of 34,000 A
Afcey conalderable discuaslon, mansgemant decidas
that it should weigh Chey® casss ac Z0Z, 701, and
£0%, ragpaccivaly. )

L}

Reving "hus Jafined Che deciglon cres, the
rell-back calculmtlan {g & sispla macesr. Wa start
at the woet distant poin{ 1o Clen afd wark back to
tha prusent. Wa sex cthat thace sre thTee prasant
wpluas saeociated with commerclialization, sach
having & sspmcaca probablility of cccurrance. By
sulriplying each presenc valua by ita probablilicy
md gumming, wa gec an expected valus far comsr-
cialtzation; and, in this casa, it calculates mg
55,4500 H. As wa roll bagk to the aaxt nods of um~-
cartalnly, we pasy the Daciwlon C, or zommargial-
tzatica decieion.

Sext, wr will roll back through the sarketing
sada of wacertaiaty. Thid 13 sccompllshed by

"wulciplying tha 34,500 M axpacted valce for com

marcialization times ¢he probabilicy of tomesp~
cialisation aftar sarkst daveiopmenc, or #3 par-
esnt. This glvea an axpectad valua of $5.510 M
from which »:*~ “a sgubtyactad cha gomt of cha
maramt devalopsent scap, o 37X H. Roiiing bach
inte che pilot planc scep, ws agale mulilply by
tha &1 percent probabilicy of succane, snd sub-
tract the cost for chis resasrch, 3300 4, leaviog
an espacead valus ac Jecleion D of $21,.5]0 %, The
roll-beach 1o completsd by multiplying 3= tha
probablilicy of succems of the banch=scale re=
asarch, B0 perceatc, gad spubcragcing the bepch=~ncale
renaareh ¢ast of 3200 M, This leaver a3 expecced
valua for the pyejuct aof 32,700 M,

The axpecrad velus wve caleculated from che de-
civign Lres avalysis. ix useful in judglag whethar
o proesud wvith the groieel, byt dows 2ot dleplay
wome of the Infarmaclon wislch (e ioharengle opo-
vided in the stacamenc of che prublem. ‘n o imtting
Wy the problem, che evaluation Teem hzay LA sffeck
riumarated 4 lirge numher af poasibles ocuicomes for
the projecc-—yoia vhich l23d ¢o commerciallratlon
and the genecation of present value, 33c , che whigh
laad eo profact ceeminaciyn and, therctesr, Tesul:
in nec contw, What would B¢ ewen muee _aviul ¢
an wapactad value for the project 1s o -ivcribul o
al present wvaluss of the amY¥ oulcomor 2 gctus - ¥
prajeciad by the decision frew aaalvais.



L

Crea 4ppros.n. AL fagh nods of wAceridiaty, out-
compd munt oe randomly 3&lected. Larcving out
tha rell-bace in thia fashion results 18 & dig-
triburisn suth ap that of Figura I, which L»
providad fer the particular prohlea ghowa in
Figura 1. This dfacribution showus chat in 443
at the projecied qutoglets. the project has basn
Larmingted gnd a net colt resules. In the ochar
34X of the gutcomss, comeréialization has fe=
wulied with the discgibution of present valuss
an ghown. Quita pbhvilaysly, tha diapiay of chis
informeticn talls such mors to che saynagement
raaponsibla for approvieg cthe projact chan tha
singiesvalued Bxpacted valuse couputed frem
atralght Toll-back of the graa, Tr clearly
identifisw cha mpgricuyde of the riek se *
asussged by che wvalugpting tesm, When magage—
BN Taviewy Che decigion tram disgram, it san
alsa agw how tha Calluras exlatn 9 the virious
neceamary atefs of the projece. Tinally, managa=
mnt can ba ioforywd a3 Eo thr majer uncartain
atepid Iin aach af the phassn.

FIGURE 1.
PRESENT VALUE LISTRIBUTION
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Figurw 2

For exqmcla, in the pilet plant fhame nof Cha
Problcewm yndar dlscusalen, the maln uncercalnty ia
F“'tyved ta bre Ln che process yield, or in rhe

£t &f scale-up on process yield, Management

herepy alettad to walch for the reacloa from
thia weep 10 Lo procoan. if they decide tn prp-
terd wich the development. Thaey alac can aes

Far.mE s mEmas road PovmE e L miEE mE m AR

Arw woRALL3lefLGET.,.

At wach decinion wede, swe ould considar 1 ?[1
ctht pouvlbiiity chat swmeywveent vauld =t s
a lovearahly decision, sven thoueh il (e 1n-
puts werk favorabla, For sxample, 4t The
comgvrcializacion decisios, sapzpewrnc cowld
ruject commercializacios sven though tha fe=
snatch, development and sarheting steys were
completad ang cChe commrclal prospecta wave
favorable.” Such tejecrions wdghc aztse Be—
cacsx of unaveilab(lity of funds. TA scam .
problems £t sy b well ca includs Probaslliclas
to allow for such stcurrances al savst dacieica
nodas, Howavar, far wmosc problewms, the AMswmp—
tion that wanmgesant will maba & fevorsbla de-
cisten 1f all rhe inpyts and sxpected gutpur are
favorshls, svemg ragzonable: this vas the spprosch
calkim 18 thic particular problew.

Addictenal detall (morfe unearcaincy nodes
sl duelsionn) can ba inciuded chan shewn in
HMHgurs 1. Hougvar, cautlon i sdvissd (s aver-
«labarating decalls of zha prejnct. One relson
far this 1m Shacr In most projeciy tilife are
relativaly few ragl decisicn polots. Declsions
arg oot made on & daily, wonchly, or quarterly
basiw; enerally. they ars made vhan funde mast
ha sppropriated for aaw pilor plaoc uclee, ar
when new programs are juscifisd, or rraually et
badgat Eiex. Turthartors, the sors dacision
pointa thact are saployed (with azagpciscad uva~
cattaln evants), the wora cricical ctha asllime-
tion of probebility st sath pods besomes. For
axamply, if tharw ara tan dacidsioc Bodes (R
weTion and wach hay a 90 parcant changs of sue~
cepn, the averall probsbilizy of soccess in (.9) 1
oy oaly 13 percsat. .

It Ivaquancly ie halpiul s hyve & vary do=
tallad layour of ressabch SCwps Char ixe requiced
in & parcticular projesc; for this, & FEET diapgcem
ckn da wead. This diagram Balps che pleners Lo
visuslize all of cha sfeps chat sre nesdad to
CarTy ouUt 8 ptojact, and the moaf cricical sceps
la Corsa of time and Somt cao be Ldentified.

Dwcistoan Trew Farmaty for XAD

Dacigion trad andlysin of ressarch projecty
within Ztanderd 0Ll of Indliana, slihough nart
wnifarely applied, had had § Favorable exceprlon,
Wa are now using this snalveis tool as an sid Lm
anlacting proleety Inr sxplorspary ar Banch, pcale
cenxarch ay well ap che more obvicous dpplicacion
Lo profecta {n the developeast or plio: plang
ranearch s¢age. Tha following paragraphn ares
sant Five diffeyene Jdecision tece forongs and
alazr gpeak fo fhe Ingrrplav hecvesn rFaseeting
opbertumities znd (ochnoluky inBfwat losa,

Markeginy cpporpwaitic . gnferfacs . "%
chanraa for techanlagical v menlr lm raAf1 e
ways and Lt (R usarful €0 arg e par chiking
Alnng produst lipev,  Under oulstlag Srees CEv, ..
will candldvr tRrve ACRATg[w Camca’ cxpand gun
gruduct; ba In markrLing an caisting Droduce;
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ETHE apProa.n. At tach neda ol pacertaincy, out-
omag musL g randomly aelected. Careying out
tha roll=-bace in this (sshion reaults 10 & dla=
eributtos guth ze thae of Fieure 1, which ia
provided lor the parcicular prohles shown in
Figura 1. Thig disgribucion shous thabt In 44X
of the projetied ¢utcates, the project hus bada
(ETWINALEY &NJ a AT cost remples. In che othar
6% of the gucromas, cowsarcializacion has o=

‘aulted with the discribucion of presant valoes

an ghowvn. Quice aobvigualy, the dizsplay af chis
information fAlly Buch mOoTE 10 ChE Banszemenl
redponsible for approviag the project Chan cha
aingle=valusd expected valuse cowmputed from
piraight rall-wack of tha cres, 1L cléarly
1dencifies the magnicuda of the risk as
svmamnerd by Che gvaluating ceam. When mansge—
mgnE reviews the decision cree diagram. ir caa
alae awe how the faillures ralate C0 Cha various
nlcagpdry gcdpy of the projact. Finally, masage-
ant can ba InfaTewd sz €0 th) sajor ubcertaln
atapa In agch of the phasen.

-

FIGUAE 1,

PRESENT VALUE LIITRBUTION
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Figuose 2

For sxamolu, in Lhe pilat planc phase of thae
areblem undeT Jisdusalan, ché main uncertainty ia

#ved fo be \p cthe process yield, ar in ctha

€t of yrale~up on precess ylald.,  Monagesent
tu Ihereby alerred to watch for the reanlts [rus
Ehid grep in Low procoes, if they deejde ta Pro-
trfd with the development, Thuy aleo can agw

o 1 . ) fj

FrTL.meEa mwama S4—w t iy mmkm apmies ww w s Y

srd magatizfactory, N

LY
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AL wach declylom sede, owe could cemelder {u
the popsiblliCy Eht managenraT would et Baks
& [avorabie deciston, #ven thowkh al]l tha in—
pukts were fyvorable., For sxample, 4%
commreialication daclsion, Ranagesane could
reiect commgrcial iracion aven thaugh tha e
anarch, development and ourhating staps werw
cowpleced and the cosmarcial prospacts wete
favorabls,” Such rajmctions mighc aztaw Se—
cause of unavellsbilicy of tunds. Ia sces
probluma it say hWa well to Lacluds prohabl]ities
to allow for auth OCgurrences at sSodhsr dacieiom
nodes, Howgvar, for sokt probiems, the & Fump—
cion chat mynagement will mgis a favorable de-
cisloa 1f all cthe i1nputs snd sxpeckted outpur are
favorsble, speema cwasonsbla: this ves the approsch
caken in chic pacticular provlem.

Additional detail (Eore uncerteinty nodes
and daciskiona) can be inclyded chan howm in
rigure L. Howvevar. caution is advined Lm over—
alabopgting details of cha projecr. Osa rramoa
Ear this is chat in wmost projicis Chace aTe '
ralacively fav real Jdecisiom points. [uecisiong
are Dor madae on & daily, moathly, ¢r goarteriy
banis; generally, they are mada vhen funds st
be appropriated for aew pilor plant unice, oy
when few programs are juscifisd, or roouaily &t
budget Cima. Turcharmats, tha mord dacision +
polnts thar are soploywd (vith segociscud us= [
cartain sventa), che sore gritica]l tha ssiime-
tiam of probabllicy at sach oode hecomes- For ;
axample, LI thets ars g daclielon nodew in ' !
series and sach has 4 90 parcenc chancs of suc~' h
an8s, the owarall probahilicy of succass is (-nio
or only 15 percant.

Ic CLrequancly Is Balpful to have g vary de=
tailad !wvouz of research sceps that ars requiced
im & papticular prajece; for chis, » FERT diagliem
can Bx ussd. Thiw diagrem halws che plannsry ta
viguslize all of the scaepw that ara heedad to
CAFTY Oout & project. and the AT critical steps
ia Corma of cima and cont cam ba Ldvatlfisw,

Decimiao Trese Farmats for RiD

Duciaion Eres analykls of redsareh projects
within Standsrd Q1] of Indlama, although nag
unifarmly appliad, ham had a fawardble recapeion.
We are now using chis gnalyslr [ool ad an aid 1n
salaccink groteccy for wxplorstory or banch acale
Teyuarch a3 well ag the more obvipus seplicatlon
ta projects (n the devaiopment or pllo: plant
reg®Afch stoge. The folloving parakcaphi pre=
sent five differone Jdecialen Cree lformses and
alyg ppeak ¢p fhe inerrplav hetucen washering
apportynltlens and téchnoluky inAsvatiors.

Harketing oppactmitic . walerface vif%
thanewp for techaotoplcal o v metEs 'R ATl e
woays and 1t Im umeful ee urg et fr oanr L Lolng
alang product lars,  Under eal900nK Arge: €04, .
will coasider three SCpafabe g.dnes:  Fepand ows
pruduct; bo In markwiing on exlaring aroduct;
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md thirdly, & study of new technology roukew

to an exiscing product. Tor new products, Charw
are snly che two gases o conalderr using wxisc-
img tachnology: sod developing new fschmalpgy ta
sroduce the A producc.

Tigurw 3 is che dacision Cres for the csiw
+  sxpanding onx's owa product. The first deci-

wanageeant facua L5 “can ve improve on ewist-
~ _ Emachnology to satisfy a geowing mackac?".
Perallal activicias ice prajecced for market
devalapssac dnd loar Teasearch work to lsprove Cha
exivting cachrolngy. Commercislizaticn of tha
oppaciunity, aiyuming wacket davelopmant ia
succeaslul and chat cha projech e AeC gCoppad
at that peinc, plits inco twe paths. The gath
af thae highasr poctancial +alus L8 the ona wing
improved tachnalagy. Gommervcisllzacicon of thiwe
Touce will cike fongeT bacauswe of Lha cheagea In
the technoalogy. The =lemancy ioclyded {n che
enlewiacions af the prasent valuez for cha var-
lous growtn rates include leformation an salea
wolumes, 3elling pricas and plant {avestmgmc
aformation along with edcimycas of darkating
and manufacturing coacs, Fresent values ara
ealculmbiad uding scandacd discounced Cash Ilow
tochniquuas. DifcCerznces bacwetsn che high and
low Jrowrh cilbea mignt IN tome lasCantizs ba
smraly liaczer 2l:ata for che haigh grovth cans
ar alctarmucively multlpla plenes. The sadius
Irowch rate i3 che =93 procalile cose with Che
=iih and low jrowch racss brachecing sxpacted”
MrioTmance.

A comsanry 1y [aced with the deciaton of
vheathar ar nac (o begln marwetiry 3 product ncw
ta Ltewlf. Tha product jlresdy erists and Cha

cachnology for ite punufacturs has bata devalgp=
od "ip~housa” or acquiread frowm ourslde socurces.
Tha techoalegy has developed [9 che painc vhare
pilec plaac reswarch iz cequivad ce pravide cha
aacassary information neaded for Elnsl 2isnt
daslign wod projesc Justliicatlon. Flgeze &« Ls
tha deciaion crew wvhich maps out chlis casa. Hars
afidln, markat development work will be conductad
parallel with cha piloc planc ressarcr. Succmmé=
ful complation of bach the mackat developwent snd
the pilot plant reesarch landas to comescelalize~
tion in the thraa diffarent cassw gf Righ. smdiue,
sod low growth rates- In chis caps, the company
i webarking o8 a product snd sarhatplacs haw Ca
its axperiance and sxpaycisa. Here Cha company
suast taly on the Hrac avalladle Informacion con-
cemning cha (ospaticlve cachnologlies and am 1n~
dapth sarhat rasanrch study. To aveluazs cha
dacigion o procaed with davelopmane wvark, ic La
nacesesy o [Apur bHeic KuaASEES OA RIOAUCE pricws
for tha various salas voluoes slong with inwvest-
want and ppsrating cones (n ordar ta <avaiop tha
rempacElve prasent valuas.

& praject chat has proceddad fo the Jecisien
point of whethar ¢80 condyst & ASCrRat cava lopment
program and fo do pllot planc resaarch could hawve
had the sdvancaga af earliac analysis of the [fora
shonm in Flgure 5. Hera we-arn comparlng varicus
nw routes to produce an axlacing peoduce.  For
Froauct K, Che decision has been maar o comduct
2 Barkdf ressarch sctudy, Lo feview the erhoglogles
of exiwcing routes to cha producs angd ta pruposr
pevaral now roufes or new cachnolaogles for pur-
possn of tvaluazing the tschnalowy aligrmacivues,
Wa are not Incercacwd in usink the avsilable cum-
pacitive techmoloxy because thiy dacs =, pepviwe
any tmchmalogifol advancoge wlER whlch o FAIrE
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dROWTH

the markecplace. On the other hend, it 1z highly
danirsble that the competitiw tachnology ba
thoroughly ssalyzad and wall uncerscood 1n order
ta provide cha cecassary [roma of efacxace for
avaluyecing cha proposed cachaclogies. In thin
casm, cormsrcializacion cf che cachoology dows
aot antall estimating varicus marksec provth pom-
ibiliciea. Cuy goal im o brackec chae tachrology
n carad of ylalde, loviscsent sndfor operating
cOsts. Thus, & bamt s 4 worst case along with
the méwc probeble caan are developad in ordear to
gensrata n ATeasni-viloa] svobablilicy discribe-
tion vhich spane the tachnology altarrative. Tha
hent cosw, foar example, could assuves thuorstical

Figore &

rialds 1F this wera rexsonsbles of sit=rnacively
ainimal ¢apics]l invescment. The werat casa Sould
ba passimistic with teapect ta withar vialdy, ia=
vitadt or operaciag <oecd but sEill shoold be
battar than the competitiva tachaciogy. Fressst
valuss for che chred Cases sTe calculaced waing

s flsor price ? predizted frem the cowperi-~
tiva cechnelogy and o sales voluse indicaesd by
tha markar ressarch vork. TIm sll af chs prassac
valua calculstlone, ssles vYolume and sslling prica
ars the dsww for sach cews snd sach tachnology.
In chis woy, roll=hack oa che duxclilion ciuke pre=
viden 1 cowparises of the cechnologlan without
perturbaciony of meckecplace condideriatians.

T
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In the windy of nev rouces to axisting Pro~
duackn, wsch af the ressarch scagas ave sncountaced.
#oC obly myse pllat plant cessstch be comducted s
parallsl with mathat davalopesnt work, but boch of
chass ars pracedad by banch peale rasasrch neaded
to abow feasibilicy of tha tachnoloxy. The Problem
faced in studying nev roucas K¢ exlscing praduces
iz ona af which route i3 worthy of lookisy inza, 1E

by daveloping decisiom crama lar eech af the

Mlogy sltarmacives and chen cooparing srxpacied
vaLuas and present valus diacribucions, decisions
ZRn B4 made to allocats beach sqala vesddrch to Lhe
ARk promising of che tachnology alteroacives, Mot
anly can wa coepars altamnatives for one product,
but 1t ls powsible 3 compare sltammative techooi-

i USE EXISTING TECHNOLOGY -
- ﬂ TO PRODUCE NEW PRODUCT - . 1 73
I FAIL

FAIL
Iy GH
Ly Al CROWTH
r Q‘
; < 25 COMMERCIALIZATION
| MARKET o ¢ ME3IUM
! TESTING \__/ ,
L
A
n ‘ﬁ-’:’ﬂ -
('1;?%-9_‘_ GROWTN
(-]
i
:
FAIL
iy Fignre &

oglam Ffor differyenc produces. Resanrch sanugamsnt .
facad with an artay of pogaibla products ta bw
worked on dad cachnalogy altarmatlve: T¢ scudy.
could allacace the banch-pciale vwwsasch funda o
ths project parcfalia which optimites cha cusula=
civa prassnt-valus discribycion. L[n othear werds,
within tha conptraint of g [imad budgec far ex-
ploracary or banch~acals rusenrch, a4 porcfallo af
prajeccy could ba salmetud which alnicized the
nagativa and saxiodied Che posicive sressnt weliude.

Pacision cress [Or new products Tuaf incleds

unzeartainties ssencisted both with moret davelop=

warnt prior“to commercislizecion. In Ehe cams whers
axiprciag tachnology e Co b4 ugdd (o produca & Ndw

DEVELOFE NEW TECHNOLOOY .
™ MODYCE NEW PAQDUCT
Wi,
N
ran ‘?4‘-; 4
o
i ImrmcH 3cain I | COMMEREALITATION
I, LYET YT
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aroduer (Figure &), rechnelany uncertaintles ave
minar end guite likely calating facilitles, Mloched=
put, or agmi-worky aperationn would be used to pro=
vide praduct for market davalopmerc. 1n Chiw cams,
agrhucplace unrevrailntice on srlling prica, gales
walums and growih ratis would ba cencrolling since
~omrhtlng Aunid and ipventmsAc fequlremanis on ex-
iing twchnolugy could be [alrly sccuracaly quaacl-
il -
The decielinn crae shown n Figuras 7 covers the
mare complicacad sltustion vhete neu Eechhology =must
be devsloped o produce & new Lpreducc.  Bensch scals
ranearch must 88 conducted to shew feasalbilicy af
the Cechnology prioy to any pilot plant ceamarch
and market teasting. Successful cosplatlon of
both thass steaph leads to tha Jegision of meyket
devalopeent and fnstallation of & swml=works ynic
priot ta fipal conmapelalication of Cha new product
wia tha new ceachnolggy. Heare again, maridtplace yn=
cartalncins e sxceanely lapcctant in dewveloping
tha prestnt=valus Jiscribucion. This decigion
Crae sarves Co tnphasiss the ilopoctance of sarious
merkar grudies ot the sarliast possible time to
aid 1n declding whather to procwad with 2 osw
product project. It 1s excaedingly difflcult sot
o bacams anemoured by the new praduct and pew
cechnolagy with the tendasey o svold the rigare
of 2 mackecing study yod wconomic wveluation.
application of dapision tres analysls At Che Con~
caption ar sarly stage of che projact 1if& providas
che frapswork I[oT systemetis evalustion sod vaview
of cha praojece.

A "lagl-Lifa” Deécruion Trea

Figues & 15 gn Llluscration of Che sppliceEiom
of decimlon cree analyels to an actusl Tassarch pro=
‘act, The goal of cthiz project ix to deveipp & com-

stcial process foar the wmasuiscture af & produtt

*q*, Thia projeci had Bawh undet dev. .opment far
mork thasn & yoar Ln cxplevatory Thhesscoh whend Cha
soulysls wag made, Alse, & decabiled process dawipge
banad upon (he 9xplariiory Teavlis kad juad baaw

ieomplated peruiccing eatimption of product sosca.

Reaults wars wncouraging &t Chla poinc, and &

ducislsn cres snalysls vas constfadred, 1814
Ted daciabon #f e STmdens Tlog i fa coatiner

bench~scale raswarch, bul ead Adw dimenpicn has bemn

added to che projact. Thia Ls & ngu paysical foom

of ™47, Ldemtified ww "R". The weriscion L paven

che way fo w such largic markat then Product §

Sliona ,

At the first nods of uocertainry, thrws pos=
sibiliziey are considared. IF the reysarch wvith
G is wosuccmygeful, che sntize proiece will e
dropped berauss & must be made from . IF Q can
e made successfully, bur L canncl, than the t
vppar beanch of the tres is fellowed. 1 both § )
sd K can ba produced succamnfully, tha lowsr
branch partains. Xach Branch includas a pllac
‘plant wtage, 2 final machar canting-evaluatiom
stagd, dnd & commsrcislieagion stags, 1n the '
brmeh concaining both G #nd A, X can drap out
aftar sithar the pilot plant or Cha final serkst
tasting scage, in which cass only Lha uppat kranch
of the craw applias. Alwe, in the lovar branch,
if sparation on O 14 unsdecassful, cha projsct
1n aluay® assumed 0 b4 cermipated, Commarcial-
izacion encompassss the comatructiom of plamth
aod the warkscing af the commercizl products.
it tha pressmt princ in tims, howewst, the veca
of groveh of the markec fov alther product Q ar
1 im uneaygain, Tharefors, siow, interesdists
and rapid greaviha are projscimd for sach of the
productn, and probebllicies are weslgned to kach
of tha cases. Bacause of the nictura of the pro=-
duces, it is buliavad that grewih rates for the

DECHION TRLA FOR DYVELGPFMENT OF FRODDCTE O ARD A FROITCT
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The probabilicirs snown La'Figurs § were -
obrainad by o wodlflad "Jeluyhl”™ Jppraach wnich
treluded mumbare of the readarch caaw and of
sansgurans closely nisnelatsd with tha project.
Tach svalust|rt mamhear udd Elvan 2 sccielom Crea
ahcreing FEd .. - sEludd Int omlLEiAg pradabilities.

ch made hiw own judpgmant of chke probabllicias
fishout gonsu.Tatien with any athat wember ot
*:3 grewp. Tha completad trees ware collectad,
tha conannsus probabllicdes wara computwd
and used in tha welucion of cha Crwe.

ha sxireaslon of rhe prapant valuyss of cope
marcisllzatiaon e Thytd saPpaTace casas [or sach
branch lasds to a digesariavoun, atappad prosahil~
ity Jdenaity functiom. In solving the prableo, ve
convarted this o a4 smonth probabllicy [uncriea
oy drawing & curve chrough the midpoint of sach
£ tha atepy.

181

DISTRIZUTION OF PRESENT VALUES
FORQALR PHGJECT
W
PRESENT VALUES ARE ABOVE
12 M AFTER TAX
“‘ MEDIAN VALUE = 1.5 7 MM
MEAN VALUE = 219 MM
AT
w}-

AFTEH TAX PRESENY VALUE OF w o R PEOJECT 2 MM

| r— ) —

-} [ 1 { 1
wa a0 [T 40 10 q i
: EHANCE OF EXZEEDING -'
t:i PLOTTED PRESENT VALUE, %
L
Flgurs 9

of the outcomcs . viauwillzod represcntes Jallures
or projsact Cearmimacion At 5 presdul valem couf ar
shymc 3300 M. Siunty purerar of it omccomsw vl
ualizad TprEdEnL rEefarch smtctdacn [radimpg £a
commartiallzarion with progemc waLuwrs Jepve Oy
Yasa discoumt rare Taaglag [row sbowt 341 M oap o
45 MM, wich 5 niighe posslbility of lalllng in Cha
13 o J15 MM tenge.

Tha bana digcownc rate for ues in this typs
of probles neads To ba daceTmined with cape. Lf
cha basa tata (1 sat higher chaa che raca of T
crn abtalasd by sost succeaglul projecca,. tham
wwin pood projaccs will have vary Low pressnt
valume, wwen nagative onad. [ the disgeounc
Tate Iy Loo low, Chan tha prasenc valuss for even
ralacively poor projects sppaat farge. PFrobably
che Pasf ToLd To usa Ly abour five parcenciga
poilnTe below che targec tate of caturn. Thx csl-
culation can also be done at the tacget discaune
TaE4 To mghs catrcain chac Cha avpaccad walus ot
leant ugquals or sxcends t#ro (Chat i, chag cthe
carpat ratw of Taturn hes bews =g},

Come Lich Lona

Deciaisn tree aamlywis should arpve to ba
vary wwiyl in anaiveing ressarch proteccs, al-
thaugh wach cowpany wili probahly develop thalr
ows particolar sctyla or formac. Applicacien af
dacislon cres analyeis lesds co spaculacive du-
finitiom of che snsilre caurse af a praject from
fta lpewprion aa an idea to final cosmmrelgliza=
tiem. Thinkiag=chrough Che projecc helpe oo
cryatallilze cha riclonaie for yndercaklnk che
projact, and helps co (dencify the major anti-
cipaf&d probhicma. [¢ requlreas thac prosgects
{or commerciallzation be concaptual ‘zed ang
svaluacad ang swohaslies Lhe impoccance of
oarker studies 4c the ayiasl aof che projece.

4 compleced decinion Evee analvals 3in B4 oo
pared vich similar analyaes of ather projaccs
ta ald In project sclecclon. Durinn dewelop -
want of & prajecc, fhe analysia can _erve on
4 rosd map af problcw JrEdh, EEpECCil comla
and anticeipaced profits ami provide. tr- fr=r-
work for sysctesaclic evaluafion snu Cview g
tha projace.
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Risk analysis in
capital investment

David B. Hertz | §

*

How can business =xecu-
tives make the best in-
vespment decisionsi In
there 4 method of risk
analysis to help mapagers
mike Wise acquisitions,
unch new product,
mndermu the pl.tnt,. or

at questions such &8 thess
end s “yest—by mes-
mring the multitude of
risks involved lo each
sinudon. Mathematical
formulay thae predice »
mngle rate of rerurn or
"hest eafmate” are Hoe
enough. The sothor's ap-
rroach cmphasizes the na-
eure and procesioy of the
dats used and specific
combinations of variabley
like cash Bow, recurn on
investment, and rak w©
eytimare the odds for cach
potenaal ourcome,
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Of all the decisions that business execntives must
make, none 1s more challenging—and none has re-
ceived more attention—than choosing among alter-
native - capital investrgent opportunities. Whar
makey this kind of decision so demanding, of course,
is not the problem of projectng retum an invest-
ment under any given set of sssumprions, The dif-
ficulty is in the assumptions and in their impact.
Each assomption involves its own degree—aften a
high degree—of uncerexinty, and, taken together,
these cambined uncertainties can multiply inte a
total ubcertainty of critical proportions. This is
where the element of risk enters, and it is in the
evaloation of risk thes 1he executive has been able to
gct littde belp from cutrently availshle tools and
ues,

There iy 3 way to help the executive sharpen key
capital investment decidions by providing him or
her with a realistic messurement of the risks in-
volved, Armed with this gauge, which evaloates the
risk at each poanjble level of retumn, he or she is
then in a position to measure more knowicdgeably
alternative courses of action against corporate ob-
jectives,

Need for new concept

The evaluation of a capital investment project starta
with the principle that the productivity of capital
is measured by the rate of retrn we expect to e
ceive over some farure period. A dollar received next
year is worth less to us than a dollar in hand today.
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ixpenditures three years hence are less costly than
expenditures of equal magnitude two years from
fnow, For this reason we cannot calculate the rate of
rerumn realistically unless we take into account {a)
when the sums involved in an inveatment are speat
and (b) when the rerumns are received

Companng altemative investnenis is thus com-
plicated by the face that they usually differ not only
in size but also in the length of time over which ex-
penditures will have to be made and bepefis e
rurned.

These facts of investment Life long ago made ap-
parcnt ¢he shoreomings of approaches that simply
averaged expenditures and benefits, or fumped them,
as in the number-of-yeam-ty-pay-out method. These
shotteomings stimulated studenty of declsion mak-
ing to explore more precise methods for determining
wherther one invesanent would leave a cotmpany
bettar off in the long run than would anacher course
af action.

It is not surprising, then, that much effort has been

applied to the development of ways to improve our
ability to discriminate among investment alterna-
tives. The focus of all of these investigations has
been ta sharpen the definidon of the value of capi-
il Investrnents 1o the company. The contraversy
and furor that once came out in the business press
over the most appropriate way of calcuiating thess
vilues have largely been resoived in favor of the
discounted cash flow method 2s a reasonzble means
of measuring the rate of retum that can be expected
in the future from an investment made twoday.
Thus we have methods which are more or less
slaborate mathematical formulas for comparing the
outcornes of varipus investments and the combina-
tions of the variables that will affcct the invest
ments. As these techniques have progressed, the
mathematics involved has become more and more
precise, so that we can now calculate Jiscounted ze-
turcs to 2 fracrion of 2 percent
But the sophisticated sxecutive knows that behind
thesc pregisc calcuiations are data which are not
that precise. At best, the rare-of-retum informadon
he is provided with is bascd on 2n average of differ-
ent gpinions with varying reliabilities and diffesent
ranges of probability. When the expected remurmns
on two investments are close, he is likely 1o be in-
tluenced bv intangibles—a precarious pursuit at best.
Even when the figures for two investments ire quite
far apart, and the choice seems clear, these lurk

memones of the Edsel and other 1il-fated vencures.

i In short, the decision maker realizes that there is
something more he ought to know, something in
addition to the expecied rate of return. Whar is mrss-
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ing has to do with the narure of the data on which
the expected rate of return js calculated and with
thc way those darm: are processed. It invoives uncer-
tainty, with possibilitics and probabilitics extending
across 3 wide range of rewards and risks. [For a
summary of the new appraach, see the ruled inser)

The Achilles heel

The faral weakness of past approaches thus has
nothing to do with the mathematics of rate-of-retum
calcularion. We have pushed along this path so far
that the precision of our calculation is, if anything,
somewhart illuscry. The fact is that, no matter what
mathematics is used, each of the variables entering
tneo the calculation of rate of rerurn s subject to a
high level of uncertainty.

For example, the nseful life of 2 new piece of capi-
tal equipment is rarcly known in advance with any
degrer of certzinty. It may be atfected by variations
in obsolescence or deterioration, and relativaly smail
changes in use life can lead ro large changes in re-
tum. Yet an expected value for the life of the equip-
ment—based or a great deal of data from which a
single best possible forecast has been developed—
is entered into the rate-of-rerurn caleulation. The
same is done for the other factors thar have a sig-
nificant bearing on the decision at hand.

Let us look at how this works out in a simple case
—one in which the odds appear to be 2ll in favor of
& pardenlar Jecision. The execudyves of 3 food com-
pany must decide whether to launch a new packaged
cereal, They have come to the conclusion thae Bve
factors are the determining variables: advertising
and promotion expense, total cereal macket, share of
market for this product, operating costs, and oew
capital investmant

On the basis of the “most likely” estimare for
tach of these variables, the picture looks very brght
—2 healthy 30% return. This future, however, de-
pends on whether each of these estimates acoeally
cames true. [f each of these educated pucsses has,
for example, a 60%% chance of heing correct, there is
only an 8% chance that all five will be correct .60 X
60 X 60 X .60 X .6c|. So the “expected” retum ac-
tually de pends on a racher unlikely coincidence, The
decision maker nesds o know a great deal more
about the ocher valucs used to make cach of the Ave
estunates and about what he stands to gain or lose
from various combinations of these values.

This simple example illustrates that the rate of
retern actually depemds on 3 specific combinzuon
of values of 2 great many different varables. But
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only the expected levels of ranges (worst, average,
bzst; or pessimistic, most likely, oprimistic) of these
variables are used tn formmal mathematical ways to
provide the Hgures given to management. Thus pre-
dicting 2 single mast likely rare of retum gives pre-
cise numbers that do noc tell the whale story.
The expected rate of recumn represcnts only a few
nts on a Contintous curve of passible combina-
.ns of fuiure happenings. It is 2 bit like rrying 1o
predict the pticome in a dice game by saying that the

most likely outcorse #s a 7. The description 15 in-
camplets because it does not tell us abour 41l the
other things that could happen. In Exfribic !, for
instance, we see the odds on throws of only wo
dice having € sides. Now suppose that cach qi ¢ight
dice has 100 sides. This is a situation more compar-
able to business investnent, where the company's
market share might become 2ny 1 of 100 diferent
sizes and where there are cight facwors (pricing,
promotion, and sa onl that can affece the gutcome.
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Nor is this the only trouble. Qur willingness e
bet on a rol} of the dice depends not only oo the

'ds but also on the stakes. Since the probability of

#Jling a 7 i3 1 in §, we might be quite willicg two

risk a few dollars on that outcome ac suitable odds.
But would we be equally willing to wager S10,.000
or $100,000 it thoas same odds, or even at better
odds? In short, risk is influenced both by the odds
on various events occurring and by the magnitde
of the rewards or penaitigs that are involved when
they do occar.

Ta illustrate again, suppose thar a company is
considering an investment of $1 million, The best
estimate of the probable retumn is $200,000 a year.
[t could well be that this estirnate is the average of
three possible retums—a 1-in-3 chance of gettng no
" retutn ac zll, a2 1-in-3 chance of getting $200,000
per year, a 1-in-3 chance of getting 3s00,000 per year,
Suppose that getting no rerurn at all would put the
cempany out of business. Then, by accepring this
proposal, management is taking a 1-in-3 chance of
gaing bankrupt.

If only the best-estimare analysis is used, how-
ever, management might go ahead, unaware that it
is taking 2 big chanece. If all of the available infor-
magon wers examined, management might prefer
an alternative proposal with a smaller, but more
~ertain (that i5, less vaniable) expectstion.

Such considerarions have led almose all advocares
~¢ the use of modemn capital-invesunent-index cal.
culations 1o plead for a recogniton of the clements

of uncertainty. Perhaps Ross G. Walker summed up
current thinking when he spoke of “the almost im-
penetrable mists of any forecase”

How can cxecutives penetrate the misss of uncer-
tainty surrounding the choices among altemativest

-

Limited improvements

A number of efforts to cope with uncertaincy have’
been successful up w a point, but all acem co fall
short of the mark in ane way or another:

1. More accurate forecasts—Reducing che error in
cstimates is 2 worthy objective, But no marter how
many estimates of the future go into a capital invest-
ment decision, when all is said and done, the fucure
iz still the farure. Therefors, however well we fore-
cast, we are still left with the corrain knowledge
that we cannot eliminate all uncertainty,

1. Empirical adiustments—Adjusting the faciors in-
fluencing the outcome of a decision is subject to
serious difficulties. We would like to adjust them s0
as to cut down the likelihood that we will make
a “had” investment, but how can we do thae with-
out at the same time spoiling our chances to make a
“rood” one? And in any case, what is the basis for

1. “Tha Judgtrgy Fatssr io Ioveoarat Dcun;m." HAR March-Apnd cpfi,
F- #-
1. “Mooronar Capuy) Inreopree.” Firsstrsl Cascucvs, Apnl 1wy, po
1 “Captal Bodganpy sl Cong Theary,” HAL Novmnbey Dwcrraler tmd,
[ ST

f
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~djustment! We adjust, not for uncertainty, but

1 bias.

For example, constructon estimates are often ex-
ceeded. If 2 cotnpany’s history of construction costs
is that 50% of its estimates have been exceeded by
15%, then in a capital ¢stimate there is every jus-
tification for incregsing the vilue of this factor by
I5%. This is a marter of imptoving the accuracy of
the estimate.

But supposc thar new-product szles estimates have
been excerded hy more than 75% in ene-founth of
all historical cases and have not reached 50% of the
estimate in one-sixth of ail such cases} Penalties for
such overestimating are very rezl, and so manage-
ment is apt t0 reduce the sales =stimate to “cover”
the one case in six—thereby reducing the caleulated
rate of teturn. In so doing it is passibly missing
some of its best opportzniues.

3. Revising cutoff rates—Selecting higher cutoff
rates for praotecting against uncertainey is actempt-
ing much the same thing. Management would like
to have a possibility of rccurn in proportion to the
risk it takes, Where there is much uncertainey in-
volved in the various estimates of sales, costs, prices,
and so on, a high caleulated rerurn from the invest-
meny provides some incentive for taking the risk.

"is i3, in fact, 3 perfectly sound position. The

able is that the decision tnaker still needs to
know explicitly what risks he is raking—and what
the odds are on achizving the expected retum,

4. Three-level estimates—A start ar speiling out

risks i3 sometimes made by taking the high, me- .

divim, and low wvalues of the estimated fzcters and
calculating rates of rerurn based on variows combi-
parions of the pessimistic, average, and oprimittic
esttmatds. These calculations give a picrure of the
e2nge of passible resules but do not tell the exceu-
tive whether the pessimistic result is more likely
than the optimistic one—or, in fact, whether the
average result is much more likely to occur than
either of the extremes. So, alihough this is 2 step in
the right direction, it sull does not give a clear
enough picturc for comparng alternatives.

5. Selected probabilities—Vanious methods have
been used to include the probabilitizs of specific fac-
tors in the return calculation. L. C. Crant discussed
2 program for farecasting discounted cash flow rates
of return wheére the service life is subiect to ohsoles-
cenece and dererioration, He caleulated the odds that
the investment will terminate at any time after it is
made depeading on the propability distribution of
rh: service-life facwer. After having caleulared these

s far each year through maximum service llfe
erennined 10 gverzil cxpected {ate of return.t
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Edward C. Benrnion suggestec ths use o1 3ade

‘theory to take into acccuar al:madve marker

Frowth rates 48 they would determiae sate of metum
for vanous cpons. He used the escdmared probabil-
itics chat specific growth rates would occur to de-
velop optimum sirztegies. Benrpion peinted out:

“Forecasting can result in 2 negative contribution
to capital budgee decisions unless it goes further
than merely providing a single mose probable pre-
diction. . .. [with] an estimated probability coefhi-
cient for the forecast, plus knowledge of the payoffs
for the company’s alternative lavestments and cal-
culation of indifference probabilices. . . the masgin
of error may be substantially reduced, and the busi-
nessman can tell just how far off his forecast may
be before it leads him to a wrong decision.” *

Mote thar both of these methods yield an expected
return, each based on only one uacerntain input face
tor—service life in the frst case, market growth in
the second. Both are helpful, and boch tend to im-
prove the clarity with which the execurive can view
invesunent altarnatives. But neicher sharpens up the
range of “risk taken” or “return hoped for” suffi-
ciently to help very much in the complex decisions
of capitzl planning

Sharpening the picture

Since every onc of the many factors that enter into
the evaluasgon of 2 decision is subject 1o some un
certainty, the exccutive needs a helpful portraysl of
the effects that the uneertainey surrounding =ach of
the significant factors has on the retumns be is like-
Iy to achieve. Therefore, I use 3 method combining
the watiabilirics inherone in all the relevant [actors
under consideration. The obicctive is to give a clear
picture of the relative nisk and the probabls adds of
coming out ahead or behind in light of uncertain
foreknawledge.

A simulation of the way these factors may com-
bine as the futurc unfolds is the key o extracting
the msximum information from the available fore-
casts. In facr, the approach is very simple, using a
computer to do the necessary arithmetic. To carry
out the analysis, 2 company must fallow three steps:

I. Estimate the range of values for each of the fac-
tors [for exampie, range of selling price ind sales
growth race] and within that rance the ‘1k:hhmd
at occurrence of ezch value.
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2. Select at random one value from the distribution
Af values for eaen F=r-nz, Ther - Rl
tor 3il or we tzctors and compute the rate of rerum
{or present value! from that combination. For in-
stance, the lowest in the ;range of prices might be
combined with the highest in the range of growth
rate and other factors. [The fzcr that che elements
are dependent should be taken into account, a5 we
shall see later.|

3. Do this over and over again to define and gval-
vate the odds of the occurrence of each possible
rate of retum. Since there are literally millions of
possible combinations of valoes, we need to test
the likelihood thar various retumns on the iovest-
men: will oceur. This is like finding out by record-
ing the results of a great many throws what percent
of 75 or other combinations we may expect in [oss-
ing dice. The result will be a listing of the rates of
return we might achieve, ranging from a loss [if the

LI
- m.———
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facrors go against us) to whatever maximum gain is

possible with the estimates thar have been made.

For each of these rates we can determine the
thances that it may occur, [Note thar a specifie re-
tum can usually be achieved through more than one

~mbination of events. The more combinations for

Aven rate, the higher the changes of achieving it—
as with 75 in tossing dice.] The average expectation
is the average of the values of all outcomes weighred
by the ehances of each occurming.

We can also determine the vanability of outcome
values from the average. This is important since, all
ather facrors being equal, management would pre-
sumably prefer lower varizbility for the same re-
turn if given the choice. This concept has alrcady
been applied to investment portfolios.

When the expected return and varizbility of exch
af 2 series of investroents have been determined,
the same techniques may be used to examine the
efecdvencss of various combinations of them in
mecting managernent objectives,

Pracrical test

To see how this new approach warks in practice, let
+ take the experience of a management that has
ready analvzed 2 specific investment proposal by

canventonal wechniques, Taking the same invest-

ment schedule and the same expected values ac-
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see, the new picture of risks and _rctums is different
from the gld one. Yet the diferences are actriburaiie
in no way to changes iy the basic data—only to the
increased sensitivicy of the method to management's
uncertainties about the key facwmn.

Invesumnent proposal

In this case, 3 medium-size induatrial chemical pro-
ducer is considering a $10 million extension o its
procesying planc. The estimated service life of the
facility is ten years; the engineers expect to Use
150,000 tons of processed material worth Ss10 per
ton at an average processing cost of 5415 per ton. Ia
this investment a good bet? In fact, what is the -
turn that the company may expect! What are the
risks? We need to make the best and fullest use of
all the market research and fingncial analyses that
have been developed, so 21 to Zve management a
¢lear picture of this project in an uncertain world.

The key inpue factors management has devided
to use are market size, selling prices, matkect growth
rate, share of market {which rosults in physical sales
volume}, investment required, residual value of in-
vestment, operating costs, fixed costs, and useful
life of facilitivs. These factors are typical of those in
many company projects that must be analyzed and
combined to virain a measure of the attractivencss
of a proposed capital facilities invesunent.

Obtaining estimates

How do we tnake the recommended type of analysls
of this prapasal? Cur aim is 19 Jevelop for each of
the nine factors listed 2 frequency distribution or
probability curve. The informdition we need in-
cludes the prssible range of values for cach faceor,
the average, and some idea as to the likelibood that
the various passible values will be reached.

It has been my experience that for major capital
proposals managements usually make a signifleant
investment in rime 3nd funds to pinpoint informa-
ticn abour each of the relevant facrors, An ohjective
analysis of the values o be assigned to each can,
with little additional effon, yield a subjeetive proba-
bility distribution.

Specifically, it is necessary to probe and questian
cach of the cxperts involved—to find out, for ex-
ample, whether the estimated cost of production
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Hy can be said to be exacely 1 certain valus or
whethey, as is mare likely, it should be estimated to
lie within a certzin range of values, Manggement
usuaily ignores that range in ity analysis. The range
is relativelv sasy to determiae; if 2 guess has tw be
made—as it often does—it i3 easiar to guess with some
aecuricy 4 range rather than one specific value, 1
have found from cxperence that a series of mect-
ings with management personnel w discuss such
distgbutions are most helpful in getting at realistic
answers to the a priori questions. (The term realistic
answers implies all the information manzgement
does not have as well as all that it does bave

The ranges azre directly related o the degree of
confidence that the estimator has in the esdmare.
Thus certsin cscimates may be known 1o be quite
atcurate. They would be represeneed by probability
dist mhurions seating, for inscance, thae there is only
1 chance in 10 that the actual value will be diffe:-
cot from the best estimate by more than 10%. Others
miy have as much a3 100% ranges above and below
the best estimare,

Thus we treat the factor of selling price for the
finished product by asking executives who are re-
sponsible for the original estimates chese quesnons:

Given that %510 is the expected sales price,
at is the probability thae the price will exceed
$350!

> Is there any chance that the price will exceed
LY 14

> How Likely i3 it that che price will drop below
$avst

Managemenrs must ask similar questions for all of
the other factors uneil they can construct a curve
for cach. Experience shows that this is not as dii-
ficult as it sounds, Often information an the degree
of variation in factors is easy ro obtain. For instance,
historical information on variations in the price of
2 commodity is readily avzilable, Similarly, manags-
ments can estimae the varability of sales from in-
dusery sales records. Even for factors that have no
history, such as operating costs for 2 new product,
those who make the average estimates must have
some idea of the degree of confdence they have in
their predictions, and therefore they are usually only
to0 glad to exnress their feslinss Likewvise, tha less
confidence they have in their estimates, the greater
will be the range of possibie values that the variable
will assume,
~ This last point is likely to trouble businessmen,
I it really make sense to seek estimates of varia-
. f It cannot pe cmphasized wo strongly that the
less cerainty there is in an averzge estimute, the
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mure important ic is w consider the possikle varia-
tion in that csumate.

Further, an estimrate of the variation possible in
a factor, no matter how judgmental it may be, is
always better than a simple average estimare, since
it ineludes more informarion about what is known
and what is not known. This very lack of knowledge
may distinguish one invesrment possibility from an-
other, so that for rational decision making it must
be taken into account,

This lack of knowledge is in itself important in-
formation about the proposed investment. Ta throw
any information away simply because it ix highly
uncerrain is a serious error in analysis that the new
approach is designed to correct

Computer runs

The next step in the propesed approach ia to deter-
mine the retums that will reselt from random com-
binatons of the factors involved. This requires re-
alistic restrictions, such as not allowing the total
market to vary more than some reasonable amount
from year to year. Of course, any suitable method
of rating the return may be used at this peint. In the
sctual case, management preferred discounted cash
Hlow for the rezsons cited earlier, so that method is
followed here.

A computer can he used to carry out the trials
for the simuiztion method in very little time and
at very little expense. Thus for one rrial 3,500 dis-
counted cash flow calculations, «ach based on 2 »e-
lection of the nine input factors, were run in two
minutes at a cost of S15 for compurer time. The re-
suling rate-gi-return probabilities were read ous
immedigtely and graphed. The process is shown
schematically in Exhibfe I

Data comparisons

. The nine input factors described esrlier fall into
three catepories:

L. Market anaivses—Included are marker size,
market growth rate, the company’s share of the
market, and selling prices. For 2 given combination
of these facrors sales revenue may be determined for
a partcular business.

2. Iovestment cost anelyses—Being ted o ths
kinds of service-life and operating-cost character-
istics expected, these are subject to varicus kinds of
error 2nd uncertainey; for instznce, autpmation
progress maxes servics life uncertain,
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3. Operating and fixed coss—These also are sub-

ject to uncerainty but are perhaps the easiest w
estimate,

These categories are not independent, and for re-
alistic results my approach sllows the warious fac-
tors to be oed together. Thus if price determines the
total market, we Ris: select from a probabiticy dis-
tnbution the price for the specifie: computer run
and then use for the towal market a probabilicy dis-
mbution :nat is logically related to the price se-
lecred.

We are now ready to compare the values obrained
under the new approach wich those obrained by the
old. This comparison is shown in Exhibiz [

Valuable resules

‘How do the results under the new and old ap

proaches compare? In this case, management had
been informed, on the basis of the one-best-eso-
msate approach, that the expected retum was
15.2% before taxes. When we run the new set of
data through the computer program, however, we
get an expeceed retum of only 14.6% before taxes,
This surpnsing difference resules not only from the
range of values under the pew zpproach bue also
from the weighing of =ach value in the range by
the chances of its occurrence.

QOur new analysis thus may help mznagemeat to
avoid an unwise invesunent. In face, the general re-
sule of carefully weighing the information and lack
of information in the manner { have suggested iy
indicate the true narure of seeiningly satisfactory ia-
vestment proposgals. if this practice were followed,
managements might avoid much overcapacity..

The computer program developed to carry out the
simularion allows for easy insertion of new vani-
ables. But most programa do not allow for de-
pendencr relationships among the vianous ipput
factors. Further, the program uscd here permits the
choice of a value for price frem one distribution,
which value determines a partienlar probability dis-
triburion (from among several) that will be used to
determine the values for sales volume. The following
scenaie shows how this important technique
waorks: .

Suppose we have 3 wheel, as in roulette, with the
numbers from o to 15 representing anc price far the
product or material, the numbers 16 to 30 represent-
ing a second price, the aumbers 31 to 15 2 thind
price, and s¢ on. For each of these segments we
would have 4 diffcrent range of expected market
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Imra—ior oTimple, 3150,000-5100000 far e
Erst, S1o0,000-%150000 for the sccond, $75.000
$100.000 for the third, Now suppose we spin the
wheel and the bail falls in 37. This means that we
pick a sales volume in the 375,000-3 100,000 Tange.
If the ball goes in 11, we have z diferent price, and
we tun to the S150,000-5100,000 Tange for 2 sales
yolume.

Maost significant, perhaps, is the fact that the pro-
gram 2ilows management to ascertain the sepsitivity
of the results to each or aii of the inpuc factors.
Simply by running the program with changes in
the distribution of an input factor, it is possiblc to
determine the effect of added or changed information
for lack of informaton|. [t may rurmn out that fairly
large ¢changes in some [2crors do not significantly
affect the outcomes. In this case, a3 2 matter of {3ct,
management was particularly concemned shout the
difficuity in estimating marker growth. Running the
program with variations in this factor quickly dem-
onstrated that for average annual growth rates from

350 10 55> there was no significant difference in the

expected ourcome.
In addition, let us see what the umplications are
of the dewiled knowledze the simulation method
1 us. Under the method using single expected
4¢3, management arrives oniy at a hoped-for ex-
pectation of 15.2% after taxes [which, as we have
xcen, i5 wrong unless there is no variability in the
ruany input factors—a highly unlikely event).
With the proposed method, however, the uncer
tainties are clearly portrayed, as shawn in Exhibit
IV. Note the contrase with the profile obtained uwnder
the conventionzl approach. This concept has been
used also for evaluation of product introductions,
acquitition of businesses, and plant modemizztion,

Comparing opportunities

From a decision-making paint of view ane of the
most significant advantases of the new method of
determining rate of rerurn is thae it allows manage-
ment o discriminate among measures of L} ex-
pected zetumn based on weighred probabilities of all
possible rcturns, (2) variability of return, and (3]
risles,

visualize this advantage, let us take an example
bo _d en anether actual case bur simplified for pur-
poses of vXplanation. The example involves two in-
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vestments under consideradon, A and B. With the
investment analysis, we obetain the tabulated and
plotted data in Exhibit V. We sce thar:

L} Investnent B has a higher expected retums than
Investment A,

QO Investmene B also has substantizlly more vari-
ability than Investment A, There is a good chance
that Investraent B will eam a retumn quite different
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from the expected return of § 8% —possibly as high
as 15% or as low as a losx of 5%. Investmmene A s
not likely to vary greatly frpm the anticipated %
remn.

T Investment B involves far mare risk than does
Invesiment A, There {3 wirtually no chanee of in-
curring a ioss on lavestment A. However, there is 1
charce in to of losing money on Investment B. If
such 2 loss occurs, its expeeted size is approximately
$100,000.

Clearlv, the new method of evaluating invesunents
rrovides manageizent with far motre information
on whach to base a decislon. Investment decisions
made only on the basis of maximum expected re-
tuin are not uaequivocally the besy degisions.

The question tanagement faces in selecting capiea]
investmenty is first and foremost: What information
is needed to clarify the key differences among
various aitermnauves! There is agrecment a3 w the
basic factors that should be considersd—markets,
prices, costs, and so on. And the way the furure re-
tumn on the tnvestment shouid be ealculared, if not
agrecd on, is at least {imited o 2 few methods, any
of which can be consistently used in 2 ;iven com-
pany, If the inptt variables turn out as estimgzted,
zny of the methods customarily vsed to rate invese.
ments should provide satisfactory (if not necessarily
maximnm) fehzrms. -

In actual practice, however, the conventional
methods do not work out sausfactorily. Why! The
reason, as we have seen earlier in chis srticle and
as every sxtcutive and economist knows, s that
the estimares used in making the advance calcula-
tions are just thar—-estimates, Moaore accurate e3t-
mates wonld be helpful, but at bese the residual un-
certainty can easily make a mockery of corporace
hopes, Meverthcless, there is a solution, To collect
realistic estimates for the key factors means to find
out a great deal about them. Hence the kind of un-
cartainty that is invalved in each estimate cazn he
evaluated ahead of time. Using this knowledge of
uncertainty, exerutves can maximize the value of
the information for decision making

The value of computer programs in developing
clear portravals of the vncertzinry and risk sur-
rounding alternative investmments kas been proved.
Such programs can produce vahizble information
about the sensidvity of the possible gutcomes to the
variability of input factors and to the likelihood of
achieving various possibie races of retum. This in-
formation can be extremnely importane 35 a backup
to management judgment. To have caiculations of
the odds an al] possible outcomes lends some 2ssur-
ance to the decision makers that the avsilable in-
farmation has been used with maximum cfficiency.

This simuiation approach has the inherent ad-
vanrage of simplicicy. It requires only an extension
of the input estimates {to the best of our abtlity) in
termy of probabilitics. No praiection should be pin-
pointed unicss we zre certain of it

The discipline of thinking throuch the uncartain-
ties of the problem wiil in itscif help to ensure im-
provement in making investment chotces. Tor to
understand uncertainty and rsk is to undesstand



the key business problem—and the key busincss op-
potiunity, Since the cew approach can be applied
1 a conunuing basis o ¢ach capital alternative 25
cames up for consideracon and progresses wward
truition., grade;’ i ke axaecred i ogm-
pmwng the estimation of the probabilities of vari-
ation.

Lastly, the courage ta act boldly in the fare of
apparent unceriainty can be greatly bolstered by the
clarity of portraval of the risks and possible rewards.
To achieve these lasting results requires only a
slight effort bevond whar most comparnies aIrtadY

. EXEI¢ iR studying capitil investmenes.
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Retrospective commentary

When this article was published 15 years ago, there
were two tecurrent themes in the responses of the
management community to it: (1) bow the uncer-
tainties surrounding each key element of an invest-
ment decision were to be determined, 2nd (2] what
criteria were o be used o decide to procced with
an investment once the uncerulinties were quanti-

1 and displayed.

» answered the [atter guestion in an HBPR, sequel,
“Investment Policies That Pay O describing the
relationships of risks and stzkes to jonger term in-
vestment criteria, This grticle, published in 1948,
showed how risk analyses can provide bases for de-
veloping policies to choose zmong a variery of in-
vesunent aiternatives. Similar approaches were sub-
scquently developed for investment fund portfolio
management,

The analysis of uncertainty in describitng complex
decision-making situatops is now an integral pare
ai business ané govemment The elements of an
investrnent Jdecision—private or public—are subject
to all thc uncerrainties of an unknown future. As
the 1964 artcle showed, an estimated probabilicy
distribution patnrs rhe clearest picture of all pos-
sibie outcomies. Such a description contains con-
suwlerably more infurnation than simplistic com-
binations of subjective best cstimazes of input fac-
tofs. Bear esttmates are poin: estimares [there may
be motre thatt vae=high, medium, low] of che value
af an clumene of the invesunent analvsis used for
determining an outcome decision criteron, such 2s
intemal raee of requin or present value of the in-
veSuTICnt.

*

Exruim ¥

Courstartion of twa Sreestrenl SRPOrLreterd

fmlmcted steegtary v & wrerrmn &
RTICIET EF P T, £ 1, 050, 00x] 10,000 0o
Ll o WPt {wy ) L] "
Exfrcing BTN Mt CREN e $ 1.200.000 3 1,400 000
Visrlpiditty of cash infioms

1 GhupnCy o 30 of Banig AR AN t 1.700.000 § 3430000
1 chital o 50 of baning AT 29 ° 3 900000 15 #00.600)
Cappatiae] AT O WHAIETI $.0% ¥
Yariabkity iof rrtumm o irninent

1 Ghincn I 50 0l Spurng Qi Tt ros 135

1 chanca i 50 of being feas chan ” 0 (4 0P}

iah Ol ifvewiirrapnl

Chances of 4 oes M higitin lin1a
Expepctac witw of kows Margiecploty 200 0o

™ Pk S W el R g ny i By Cumrsrstugs i M3 Tk wieieivl. A0l O0AA.

Charra¥ Tl rate of LT vell b ST OF Deliares

10

i 2 20 3 L Pyt "
'-.- = Wveraimgnt
L)

[ ] ™

»
L)
-
¥
"
[
L)
iy
-

»
L
[]

*

-
-
a
-
-
- F]
-
-
-
a
»
-

] '-illnniln--::ll|‘\-1
- 0%, -5 a 5 ] 5 a0
Purcant of s on inveabmgnt

Thus even where the coaventional approach was
used for the best estimate in a single-point determi-
nation far the statistically ¢stmated expected values
from z distibution of an element, the single-peint
approach was shown to be exceedingly misleading.
[n Exhibit 1il, a single-point best-cstimare anaivsis
gave an internil rae of returm of 25.2%. And a
risk analysis employing estimated frequency dis-
wributions of the elements showed thar an average
of possible outcomes, weighted by the relative fre-
quency of their occurrences at r4.6%, was mare re-
alistic as well as signincandy different. It presenied
a truer picture of the actual average cxpectation of
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‘he result of this investmernt jif it could be repeated
ver and wver aganj.

The case was thus masde, and the point of this
resule—that risk and uncermainty were more ac-
curately defined by 2 simulation of input varables—
was little questioned thereafier. Managsmens began
o adopt some form of this procedure to examine
some, if not all, significant investments where
doube existed about the risk levels involved. My se-
quel article arrempeed to demonstrate cthat if enough
investments were chosen consistently on the basis
of criteria related to these kinds of risk portrayals,
the nverall outcomes would stabilize around the de-
sited expected value or best estimate of the criterion.

All this now seems simple and straightforward.
Earlier it was falsely thought that risk analysis
wds atmed at Ciiminoang uncertaingy, which was not
worth Joing at all since the future is so desperarely
ungertain, Thus in 1970 the Financial Times [of

Londcn| published an article intended w0 show the |

futility of risk analysis. It concemned a baker of gen-
atric biscuits who made an invesament caoly to go
bankrupt when his nursing home market precipi-
tately disanpeared with the death of its founder.
The suthor cited as a moral, “Don’t put all your
dough in one biscuit”

It taok a while for the points to diffuse thiough
zxecutive circles that |1} exactly such an analysis
would bave been just as bad, or worse, dope via
single-point subjective estimates, and (2) no one
apalytical technique could contol furure events,
even with sensitive inputs and requirements for
follow-up conuol to improve the odds as projected
by the original sk analyses. But in the end, judg-
ment would be required in both input sstimation
arl decision.

I did not intend the article to be an argument in
methodoiogy bur rather 1 cautionary note to ex-
amine the data surrounding an investment propaosal
in light of all the pervasive uncertainties in the
world, of which business is simply one part, The
years since 1964 have made it clear 1o me that chis
message should have been amplified and more em-
phatically insistzd on in the article.

Had this point been clearer, the issue whether
to take the rsk and proceed with an investment
might have been less woubiesome. Had I been able
to look with more prescience, I might have seen that
the arca of risk gnalysis would become routing in
business and virrually universally adopted in public
cost-bezefit issues,

Cost-benefit analysis for public decisions is, of
curse, oniy a special form of investmene analvsis.
<overnment issues that require Jecisions involv-
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g significant LASEMAIRIY Are (G SRemus o
catzlog fully—energy, ooy Soth fasal and neslesr
sources; chemical, drug, and food carinegen haz-
ards; DNA manipulaoon and its progeny of gene
splicing.

The Three Mile Island nuclear accident brought
bome the fallibility of stacing a nsk analysis con-
clusion in simplistic terms, The well-known BRas-
mussen repert an nuclear reactor safety, commis-
sioned by the Nuclear Regulatary Coramiszion, on-
dertook what amounted to a risk analysis that was
intended to provide a basis for investment decisions
relating to future nuclear energy production, The
Nuclear Regulatory Commission, in January 1979,
disclaimed the risk estimates of that report, new
studies to estimais risk are now underway. But
there is also a school of thought saying we face too
many risks ¢ach day w worry about coe more.

A commonly stated esdmate of the risk of a major
nuclesr power plant accident is 1 chanee in 1,000,000
years. In the 1964 article, I porrrayed the image of
risk with 2 chart of the throws of two dice that
would be required to give various cutcomes—from
mwo Is to two &5, each of these having a 1-in-16
chance of occurmng There should be no problem
in wisualizing or testing the meaning and the
chances of any of the events pictured by these dice
And, although 1 in 1,000.000 i5 somehow prescated
as “mind boggling” compared with t in 3§, and so
unlikely t occur as o be beyond qur ken, T sug-
gest that it is just 33 simply visualized.

We simplvy need to use eight dice at once, f we
charr 2!l the possible outcomes for eighe dice, a3 we
did for the two, we find that the sum of 8 [or 48}
can occur judt one way—viz all 1a (or all éa). The
odds of this occurring are roughly t in 1 680,000,
Thus the visualizazdon of such odds, and moee
imporrant, the lesson we must leam about risk—
which incidents like Three Mile Island should teach
us—ig that whar can Sappsn will happen i we just
kzep at it long enough. Any of us can simujate &
statistical picturs af the estimared risks or even the
complexities of the Rasmussen analyms with enough
patience and encpugh dive {or a computeri,

Incidentaily, o make the eight dice ace more like
the odds of 1 in 1,000,000, simply mark any two
"non-1"* sides with a felt pen and count them as 18
if they tum up; the odds of getting all 15 become 2
little less than 1 in 1,100.000. And the chances of
human error can be included by similarly matking
other dice in the ser. The difficulty is not in con-
structing such J simuladon to ponray the odds but
in determining cvents that may lead to these odds
and esnmading the frequencies of their occurrence.



Capieal investment

Risk analysis hay become one with public policy.
Without it, anv impertant ¢haice that leads o un-
ctrtain ourcomes is uvninformed; with it, properly
applied and understood, the decision maker—busi-
ne£ss executive, government sdministrator, scientist,
legisiator—is better able to decide why one course
of action might be more desirable than apother.D

The fear of dsk-taking

To try to climinate Hak
in business coterprise is
futite. Risk is inherent
in the commitmest of
preent rcaoultes to famare
expecestionn. Imdeed,
LCONOmic progless can
be defined as the ability
o take greser risks
The attempt to eliminate
risks, even the acvtempe
to minimize them, can
Ty make them irranional
. unbearable. It can
wily resuir in thae
greacese sisk of all: fagpdiey.

The main geal of 2 man-
agement science must be
w enable bustiness w ake
the right risk. [ndecd,

it must be o enable
business to cake greater
raks—by providing
know!edpe and unde:r-
standing of alternative
riaks and alternarive
capectations: by idend-
fring the resources and
erforty needed for Jdesined
resultsy, by mobilizing
cneigies For contriburion,
and by mezsuring resyle
SEALnt expectations,
thereby providing rocamy
far early correcnion of
WIong or inadcquate
decisions.

Ali this may saend like

r=ve quibblin over tepma.
the terminulogy of

. . Mintmization doey

bl -

induce a decided apioaus
apainst risk-taking and
risk-making—that 13,
agiinst businesy epterprise
—in the literarure of

the manigement sciences.
Much of it echoes the
tone of the technocrats
of 1 gencradon ago.

Far it wsnta o zo-
ordlnate business w
techrmique, and it seems

to see cconomic activity
as # aphere of physical '
determination rither than
as an afirmstion and
excrcise of responsiole

freedom and decision.

This is worte than bring
wrong, This is lack of
retpert for one's subjece
matter~the one thing

oa scitnce can afford
and no sciendsr can
wrvive. Even the best
and most seticus work

of good and serious people
—ang there is no lack of
them in the manzgrment
sciences—is bound o be
vitiared by iv

Fram ,

Feter P, Dracker, “Thy Manaptr
and it Munuvsrnt Lodseyy.™
Mamtgrmnl: Tarhs, Roponsi-
balician. Mwchices, coprnght v
€ ryery. terd by Puear F. Druckar,

Reprinend by perniisson oF
Hirpar & Row. Pubbiiem, Ise
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]
Management Attitudes Towards Risk

Summary

Good management requires risk management. If managements are overly

conservative, many potentially acceptable projects will bBe turned down.

I[f the judgments are overly optimistic, corporate profitability will

suffer. -

There are twe steps in project risk management: (1) measuring risk, (2)
interpreting risk in terms of s consistent strategy towards risk taking. _
Measuring risk involves such techniques a3 sensitivity analyses, decisicon P!
treey, and Monte Carle snalysea. Interpreting risk requires s knowledge

of management sttitudes towards riak. Usually these attitudes have been '
subjective and incoosistent. A coosistent interpretation of risk requires '
a fuantitative statement of management risk attitudes.

Development of a corporate risk asttitude or utility function ia fairly
time copsuming and still is not widely accepted. Experimental work bas
been undertaken by a oumber of orgsnizations in the past ten years. Oqe
of the early studies is described in this paper. Further experimectaticn
with this risk analysis teol is recommended in crder to provide a sound
basis feor utilizacion by ipdustry. Once gensavally sccepted, the evaluater
will have a method of discounting for risk and the expected value of anoy
viaky project will have a3 its complement, a certainty equivalent.

Introductiaon ) -

The first priority in any capital expenditure program is to select good
ventures. A very lopertant second priority, is to manage risk.

We live in a complex and uncertain world and risk is always with us.
Prebably the most certaio thing is that the future will be different from
what we expect--and this differeace is often very sigoificant,

This has beprn clearly demcnstrated for capital investments by post-i¥gsll-
lation appraisals of performance results. A recent AACE publicstion
reparted a standard deviation of & 7 units from originally estimated
proficability, for a variety of investments. Thus, if a new investment
had an estimated return of 17 per cent when approved, there would be s 68
per cent chance (one standard deviation) that the actual return would be
hetween 10 per cent and 24 per cent--and a 32 per cent chance the profit-
ability would fall outside these limits.

|
. I

Although risk csnnot be avoided, efforts are commonly undertaken to minimize |

ita ispact. Ooe common method is for managements to be conservative in

their decision-making. The degree of conservatisas depends on many thinga--

including the magnitude and type of investment, the general size and

prosperty of the enterpcise, and the background, personalities, and authority

level of the individuals who make up the decision-making team.

As might be expected, studies to quantify management's conservatism--or
risk attitude--show considerable zcatter, and tre Bot yet widely utilized.
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They neverthless have considarable potential value in cisk analysis aod in :
satablishing an overall strategy towards risk-taking in a corporation.

The use of such risk attitude correlations is part of a groving management
science field called decision anslysis. It is being uysed in goveroment .

and scientific applications, 23 well an cor?gfate project studies. Exanples
where the technique hss been tested include space project planning,

siting and liceasing of nuclear power facilities, airport location, pollution
control, o0il and wiperal exploratjom, etc.

Measuring Project Risk

There are a number of different ways of measuring project risk--of vatying
sophistication and usefulness.

Project senpitivities are commonly used to fdentify the lmportant variables
affecting a project appraisal. In their simplest form tisy show the

change in a variable aecessary to cause a given change in profitability--a
uoe upnit or one per cent change, for example. This simplified approach is
often used in the early atages of a new project development, when the
Likely uncertainty in most variables ia upknown. When a project is suffi-
ciently defined for a capital appropriation, the sensitivities should show
the likely uncertainty in the major variables, and the impact of this
uncertainty on expected profitability. This type of approach is cosmonly
tused in presentat{ons t¢ a@anagement, and is eazily understood by management.

The hard part of such a sensitivity apalysis i= the determination of the
likely uncartainty in esach variable. The appropriate experts must be
;onsulted and a consensuz obtajned. Usually, these estimates sre based on
what are called mubjective probabilities, as they are derived from ipdividual
opiniona and past experience, anod are aot subject Lo repetitive testing

and measuring under real world conditicas. Another problem is to agsure
that "likely uncertzinty" means the game to everyone. The exact value
deesu't matter as long as everyone ussg it. For example, a typical uncer-
tainty might be dafined a» the aigh and low values s varisble has ope

chance in ten of exceeding.

More mophisticated methods of seasuring project risk include decision tree
anrd Mogte Carlo znalyses,

Briefly, decision tree analysis i3 a pethod of orderly structuring of a
problem. The schematic form of a decision tree is shown in Figure 1. The
tree has modes that are undsr the centrel of the decisioca maker {the

square mades) and aodes that are net uader his full control (the circled

or chance modes). For example, in a commercial development progrem,
successive square modes could be bench scale research, pilot plant ressarch,
earket development and commercial plant copstruction, aod the circular
modes showed possible results and their probability of occurrence.
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Schematic Decision Tree

Sturt

Nodes 1 and 3 are decision nodes
Nodes 2 and 4 are chance nodes

In preparing » decision tree, the analyst must ansver a numher of questions.
For example, what choices can he wake now? What choices can or must he
defer? How can he make choices that are based oo information learned

along the way? What information tan he gather purposetully and what can

he learn during the normal course of events without intentional interven-
tion? What experiments can he perform? What are the likely technical,
marketing, aogd economic resulta?

After drawing the decision tree, the analyst oust assign probabilities to

the braoches leaving the chance modes. This is based on subjective eatimates,
usually by a number of different people. This is the bardest part, but
except for a possible increased mumber of choices is no more difficult

than determining likely uncectainties in the more common sensitivity

analysis.

The next step is to establish the cost and benefit of sach effect. This
is often done by usiog net present values. The optimal strategy is then
calculated, i.e., the strategy that naximizes expected values. This is
fine as far as it goes, but usually it isn't far eoough, as the implicit
assuzpticn of risk neutrality by management, oftan deesn't apply. Thus if
the path with the highest expected walue alsc had the greatest risk, it
might well be turned down, and a leas risky approach taken.

Ta
| e 2t
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& more detailed di:cuns{T? of decision tree analysis was given at an
earlier AACE convention

A Honte Carlo analysistz] {(Figure 2) replaces the probability of selected
cutcomes at the chance wodes of a decision trees by a prabahility distribu-
tien of all possible outcomes. Again, the hardest part iz the development
of the subjective probabjility estimates, They can be developed at sll
chance modea, but are usually done only at the time of final decision when
inputs are better defined and a sophisticated risk analysis ia more meaning-
ful. The uncertainties in the costs and revenues of a project proposal
are usually converted into a probability distribution of net present
valuss for the total project, without any quantitative adjustments for
management risk attitude, Because of the number of calculations required,
thia technique ia almest always done on a computer.

Figure 2 - Steps in Monte Carlo Analysis

st

Obtain probability values for significant factors.

2. Randomly selact gatg of theme factors haged on chance of
AcCurrencs.

3. Determine profitability for each combination.

4. Repest many times to gel probability distribution of profitability
resulta.

Both decision tree and Moote Carlo analyses aye yseful tools in project
studies but ars less comaonly used in presentations to management. Ooe
reagson far this is that they contain too much information for sssy under-
standing. Also, their use in decisicn-making bay normally been baged on
maximizing present values withoyt regard to the relative riskiness of the
projects being compared., {nfortunately, these sophisticated and relatively
complex analyses are genevally developed ocnly in studies of major invest-
ments, and these jnvescoents, because of their magnitude, are just where
managemant {5 not risk-neutral. Thus, these tools will not be fully
usahle in terms of selecting the truly preferred alternate until they can
be corrected for managements attitude teo risk--something that generally is
still not available in quantitative form.

Is Decigicon Analysis Next?

The management science techpique known as decision asoalysis, is slowly
emerging from theory to practice, slthough much further work is required.
It is the logical next step in analyzing risk. Features of the discipline
are the treatment of uncertasinty through subjective probability asnd of
attitudes towards risk through utility theory. The ccocept of subjective
probabilities is well known and has already been briefly discusaed.
Utility theory, a methed for quantifyicg managements attitude to risk,
will ke highlighted in the remsinder of this paper.

Examples where formal decinion analyses have been tested, include arsas of
multiple conflicting objectives, suchk as in business, public policy,
engineering design, resource management, public henlth and madicine,
educational management, etc. Decision analysis iz more likely to be used
oo large projects than small projects, as the decision maker tands to be
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risk-neutral on small projects (they deal with so msny)}. In the future,
this tool should see increasing application,

Utility Theory Example-~-Death of a Rich Uncle

Utilicy theory appliea to individuals ss well as firms snd goverument
bodies, It is caly a fancy name for everyday behavior. Although a common
concept, it has only racently been used in formal risk soalyais.

.To illustrate the concept, suppose you had a rich but eccentric uacle who
died and mentionad you in his will. Instead of a simple bequest, he gave
you two choices:

1. One million dollars tax-free (his estate would cover any taxes you
incurred).

z. A 50/50 chance of 510 million, tax-free, to be detrrpinad by a single
flip of an hanest coin., If you wea, you would have 310 million. If
you lost, ¥ou would have nothing.

Which choice would you take?

This question has been asked of smeveral groups of students and almost
everyone took the 5! million. Yet with a 50/50 chance of 310 millica, the
expected value of the second choeice is $5 million or 5 times that of the
first choice. Why choose the lower expected value? Basically, it is a
question of eisk aversion. The pain of not reaceiving a sure 51 willion
(if we loose the coin flip} is usually greater than the extra pleasure of
the added $9 million (if we win the coin flip). Of course, there are
exceptions to thia attitude since it is subjective, and depends on the
individual and his present circumstances. Both the chrenic gambler (risk
lovar), and anyone who iam already wealthy (30 hiz circumstances would be
little altered by loosing cne million dollars) would be likely to accept
the second choice.

& conceptual utility function ja shown in Figure 3. The abscissa ia in
dellars. The ordinats 18 an arbitrary index of pleasure and paiz, or
"utility.” The decreasing slope is typical for ipvestment situations and
indicates a nonneutral risk attitude. Risk neutrally would be represented
by a straight line, and would be more likely to apply Lo small ipvestments,
or when cowpariog high gain alternatives for larger inveatments.
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Figure 3

Conceptual Utility Function
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The "best fit" curve must be sxperimectally determined by appropriate
questioning of the subject. The utility scale is personal and subjective,
and there {8 no reason Lo expect one man's utility function tc agree with
anothers.

A similar concept can be applied to business entities. The utility function

concept i3 important from a project stamdpoint, as it provides a method of
discountipng for risk. As might be expected from the "rich uncle" example,
utility is oot a property of individual projects but of overall wealth
level. It has also been shown that in order for the utility of a number
of indcpende?sjtg?tures to be additive, the utility fun:tigT rmust be
exponential . Many other forms of utility functions are possible,
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and are used in various studies. However, the additive property is considered
important in the one-at-a-time sanalysis of indespendent investments opportunities.

A typical form of the exponential equation is:

U(x) =1 (1-e ™), with r >0, for risk aversion,
2 monetary gain or loas,
= gxperimentally destermined risk aversion coefficient,

i
r
where x
¥
} = utility of x.

U{x

The Certainty Equivalent in Preject Evaluation

Another term for the utility of a given monetary gain or less is its
certainty eguivalent. Te¢ illustrate its potential usefulness, lets assume
that a corporate utility function has been developed for and accepted by a

company': management in order to provide a conmaistent policy towards
risk-taking.

Suppose the campany now has three large mutually exclusive investment

chocies. The expected values of these projects when discounted at the
minimum acceptable raturn are:
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Project Expected Valus, SHM
A ] 13
B 23
c 20

Ignoriag risk, Project B would be accepted as it has the highest expectad
value, Unfortunately, management alao feels it is the riskiest preject.

Because of the magnitude and impoctance of the investments, a risk analyasis
using certainty egquivalents is deaired. This method requires two steps:

1. Measuring Risk
This is done by developing of a probability distribution of project
profitability, using Monte Carlc analyais based on subjective probability
eat{mates of the uncertainty in the ssjor variable:z.

4. Ioterpreting Rigk
This iz done by the certainty equivalent method which coaverts each
probability distribution obtained in the first step to a single value
which properly recognizes magagement's actual risk attitude.

The Monte Carlo results for Project A, B, apd C are shown in attached
Figure 4, in terms of preject present values. The total ares under each
curve represents a probability of 100 per cent, indicating that there ia
no chance of project performance falling outside the range of the curves.
Present value distributions ave used since rate of returc distributicns
become meaningless in the pegative ranges,

Much information cap be drawn from these profitability distributions, but
unless management's attitude towards risk is known, it is still difficulr
to reach a decimion., For example:

Project A Least riak. There i3 ne chance of loosing more than 54
million preseat value and galy a 2 per cent change of a
negative present value. The expected value iz 513 willion
and the maximua that can be received is 529 million.

Project B Moat risk. The project has a 27 per cent chagce of a
oegative present walue, but also has the greatest possible
galn., The present values range from (332) million to 583
million with an expected value of $23 pillioa.

Froject C Intermediate risk. There is a 17 per cent chance of a
' negative present valuse. The expected values range from
(525) million to $58 millign with an expected value of 520
million.

This infermation is z great improvement over a single presant value based
on "best guess" forecasts for each project. From a decision-making view-
point, however, there still are difficultien:
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L. NoL all management is‘familisr with prebability distributiocns,
Z. Even after fully understanding the meaning of the probability dis-

tributions, ipdividuals yre generally not able to adequately weigh
all the informaticn in the distpibutions,

3. The information tabulated does not indicate a clearly praferced
alterpate,
4. Risk attitudes atill nead to be conajdered.

A formalized risk attitude aa iao the certainty equivalent {CE) method can
overcome these problems by making it possible to convert the probability
distribution af a project's profitability into & single nuaber. The CE

can be viewed as the risk-sdjusted average value of the present valuse
distribution. When the CE is greater than 2ern, the project is a2 good
investment. Where several mutuslly exclusive alterpstes are being conaidered,
the one with the highest CE should be accepted. Where several independent

projects are being snalyzed, all with CE's greater than zero should be
accepted,

Figure 5, attached, illustrates the use of the CE method for the three
projects shown in Figure &, The effect of risk discounting, i.e., the
diffarence betwaen the certainty equivalent, and the expected value is
ghown for each project. The difference bacomes ipcreaningly significant
as risk incresses. These curves also show that Failure to take advantage
of all available information could give different project raakicgs from
that obtained by the certainty equivalent method. The rankings by three
criteria are given in Figure 6.

Figure &

Effect of Risk Analysis on Preject Raoking

Ranking Criterion Project Ranking
1. Expected Value B, C, A
2. Minimum Chance of Negative FV A, C, B
3 CE Method C, a4, B

The CE mathod not only makas risk apalysis more understandable, but alsa

impraves project selecticn by giviong proper weight to all information in
the probability diatribution.

Qbtaining a Corporate Utility Function

If the CE method is as good as it sounda, why isn't everyone using it?

The znswer is simple--as far as the writer knows, no firm has established
a generally accepted corporated utility function so that certainty equiva-

lents can be calculated. However, experimental work in this field has
been undertaken by a number of firms. -

*
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I was involved in a serious effort to obtain such a function several years
ago, uhen(zsth a different cowpany, Parts of this work have aiready been
published Unfortunately it ie in a fairly obscure and out of print
acurce. [ would like to review the study again as it deserves more attenotion
in industry.

Firat, 36 corporaie¢ executives wers ipterviewed and their risk attitudes
quantified, This quantification was done by two series of 20 queations,
somewhat similar to the rich uyacle exampla, The firat series wam for

53 MM investments; the second aeries, for 550 MM investmentcs. In esach
case the project had two possible outcomes--gucceas or failure. Success
was a pesitive present value; failure, a negative present value, The
manager was told the size of the initial investment, the pet preseat
values for the two posaible cutcomes, the rate of retumn of the gain case
and the required probability of success for the project te just meet the
minimup acceptable return, when the expected gains and losses were weighted
by the likelyhood of their cccurrence (the riak-peutral situatios). The
manager was then asked what chanoce of success he would require te accept
the project.

Figure 7 shows a few typical resulta,

I Figure 7

!
Sample Questicnnaire Results

Data Given
. Rate of Average Required
et Present Value, $MM Return Breakeven Response Risk
Loss Gain of Gain Case Probability, % Probability Margin
(1) (2) (2)-(1
53 MM Iovestment
1 -1 * 2 15 35 42 9
2 -5 +14 (1.1 , 26 L2 16
3 ol +48 200 25 b 18
4 -3 + 2 18 80 16 16
5 -19 +14 ) 56 12 16
350 MM Invesgtment
1 =25 +30 15 45 62 17
2 =30 +100 33 47 72 25
3 -150 +230 68 .4l T4 k17
& -17¢ +450 120 27 62 35
5 =200 +350 185 17 52 35

For the company being studied, a $3 ¥¥ investment was common and the
managers did not allow too grest a margin for adversity, expecting the
successes and failures to more or less avarage out, At the §50 MM level,

everyone became more conservative, and the required risk margin roughly
doubled.

The mini?um chance of success that the interviewses required for e=ach
hypothetical investment has been tabulated in histogram form for both
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investment levels (Figures 8 and %9}. The presentation of the histograms
is ordered according to increasing magnitude of outcomes, with the largest
values at the top of the sheets. The actual dollar magnitudes of the
present valuecs that were associated with each iovestment are shown Lo the
left of each histogram. v .

Thape is conaiderable scatter, as the degree of conservatiam varies from
individual to iadividual. There are almo inconsistences in individual
regponses. The average of all responses is shown by the vertical line.
These averazge response probabilities are also listed in Figure 7, for the
sagples shown. Of course, there can be good reasons for not using averages.
For example, the president's utility function may dominate over those of
athers.

The next step was to convert this information to a utility functicn of the
general form shown earliesr. By trial’ and erroc, the best fit wvas found ta
be a modified logarithmic equation. The final results fcr two cof those
interviewed is plotted in Figure 10 for $50 MM investments and shows very
little difference hetween the subjects. However, as shown by the histograms,
there was significant variation among other respondents. The work was not
carried to the point of obtaining s cobsensus curve for the corporation.

Figure 11 compares the utility functions of one subject at the 53 MM and
550 MM levels. The significantly greater copaervatiss at the 550 MM level
is clearly evident, and was generally observed with all respondents.

This work was done by De. Spetzler as part of his PhD rthesis and the
participating company unfortunately has not followed up on these studies
since then. At the time this tool was develeoped, it waz used on some
trial projects that were presented to top managesment, but it was never
used to develop an official statement of corporate risk attitudes.

Thisz type of experimentation is typical of any cew development, and should
continue, Dr. Spetzler's study, if oothing else, showed that it is reasonably
easy to develop a quantitative statement of corporate risk attitudes of
individital members af top management, and with a little discussioa with
management, e3sy to understand hy management.

The certainty eguivalesnt concept is sound, and until it is in more general
use, even the most sophisticated risk analysis will be incomplete. It is
the writer's pres=nt feeling that certainty esquivalent calculations will
rot be sensitive to small chanpges in a wtility function's shape or equatiocn.
Once a particular management risk attitude is roughly defined trial calcula-
tion of certaipty equivalents for & number of real projects will permit
management to gain confidence that the calculated utilicy function and
certainty equivalents do properly represent their risk attitudes, and can

ultimately autherize their use as an official statement of corporite ripk
atcitude,

Conclusions

Competition for high returns tends to drive all of us inte high risk
areas. If projects are selected by ranking methods which are blind to
risk, then the firm tends to select a "diet" of high risk activities, and
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the buminesas becomew highly risky. Business cap be less risky if wethods

of mecasuring aod controlling risk are better understood and systematically
utilized. The certainty equivalent concept discussed in this paper is ocae
such method. Not the least bepefit is that firms with a sound risk strategy,
should be able to attract wore capital, and at gore favorable rates.

Further experimentation with this risk-szoalyasis tool is recommended.
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Figure 10

Utility Functions for 2 Subjects
($50 MM Investments)
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Figure 11
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Making Decisions

. Infla

-

In an Inflationary Environment

Using too high an inflation rate can kill potentially good projects; too
low a rate may lead to the acceptance of poor ones.

Wishard H. Grisat, Jr.. Catty Refining & Marketing Co., Delaware City, Del.

By comparison with Brazil, Argentina, and Chile the
inflation rates the 10.5. hes experienced during the
lnnt several vears have hesn reiatively low, aithnugh
thay seem quite high when tacked up agwitut the 1.5
and 27 inflation rates of the 19504 and mid 60s, a
very stabie pariod in our sconomic history,

As shown in Figure 1, inflation rates from 1965
thraugh 1971 averaged 4.37%. A lower rate, 3.1%, was
registered in 1972, which roee to 6.2% in 1973,
peaked at 117 in 1974, and coasted to 9.1 and 5.8%
in 1976 and 1976, respectively. An inflation rate of
6.5% waa posted for 1977, and last vear it increased
again, this time to 7.4%.

Obvinusly, inflation rates go up und down like a
roller coaster. At best, in a capital evaluation it will
only be poasible to reflect a lobg term inflation rate
trand, not year by year data. Becauss the futura with
respect to inflation is uncertain is no excuse to ax-

380 TETTTHEZL0-001 ) 0100 % |BTE AICKE

CEP Jurw 1979

clisde it entirely whan svalusting capital sxpendi-
tures. The section on “Fundwmentals of Iovestment
Evaluation™ in the ""Chamical Engineem' Handbook™

Table 1. Three alternatives
comprred,

Profit Befare Loase

Tax And  Faymants in
Depreciation  Constant
in Conatant Dollars
Investment Daollars Referenced
. at Time Raferencedto to Time
Alter- Zaoro, Time Zaro, Zaro,
native thousand $ thousand $/yr thousand $/yr
Ao 1.000 ...... L3686 ..,..... —
- B........ 500 ....... 1997 ....... e
C........ R .. 1 . S, 364.8

13
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- Table 2. Alternative A0% mﬂntion. all dollars are constant..

Prﬂrt " " *H L B T
. Befors . Pl'uﬂt R ’Z /é
Taz and Aftar -~ * Cash W% Fresent
Deprecistion, Depreciation, Tax, Flow, Briscrwmnt Worth,
Time thousand ¥ thousand 3 thousand §  thousand § Fuctor " thousand §
1 ki e e e eamaEE 4R R LA RN d s b emaeane et 1 ..., = 1000
End latyr._......... 3686.......... 333........ I78........ 08 ........ D008t ........ 3159
EndMdyr.......... 3888.......... 26T ... 508........ b B ' T, OR284 ........ 226
End3dwr.......... JeE86...... RS- | | I B43........ 284 3........ 07613 ........ 2124
Endathyr .......... MEBE.......... 133 ........ 1178 .......% 2508 ........ 0.6830........ 1713
EndBthyr .......... IEBE ... 67 ... I608........ 1178........ 082089 ........ 135.2
Presant Worth = 1018
Table 3. Alternative A, 5% inflation.
Currant Dollary
Profit Prasent
PET Depre-  After Cash Cash Flow, Worth,
&D, ciation, Tax, Flow, thousand 8, 10% thousand 8.
thou- thoy- thou- thou - 5% Conatant  DHseouant Constant
Time sand § sand 3  pand} sarqd § Deflator Dollars Factor Dallarw
D ottt i ti st b et mmaa b Ee seaeamin mearEEaar e bdmaae mmraeeaas AR iiraaa = 100G
End latyr ....... A8T0 ... ... 2. age ... 09524..... 34289..... O.8081..... 3117
End2nd yr....... 4064 .....26T7..... 689.7..... 338.%.....09070..... 3068..... O.B284..... 252.4
End dedyr....... £26.7 ...-- 200.....1134..... 313.4.....08638..... 210.7 ..0.7513“..1 203.4
End4thyr....... 48 ... 133..... 157.5..... 2008 ... 0B8227... .. 299.0.....068830. ..., 163.2
EndGthyr....... 4704 ,,... BT..... 201.7....- 26B.T.....07R35..... 210.5. 08209, ..., 130.7
Prﬂlnt Worth - ¢l.4

indicates that the uaual effect of inflation on a pro-
ject’s profitability is major, and the accuracy of pre-
dicting inflation is poor.

The purpose of this article i to take a lock at how
inflation affects a project’s profitability and to exam-
ine how inflation can be included in the evaluation of
a project- Before we begin, it is neceasaty to define
certain terms {inflatian, escalation, current dollars,
and constant dollars).

I. Inflation is a rise in the cuerage lecel of glf
prices.

The price rise of & single commodity does not nec-
easarily denots inflation aince lower prices of other
Eooda may offsat that increxsa. Admittedly, the term

“average level of all prices™ is a bit abetract. For ex-
ample. the Consumer Price Index (CP[) is based ¢n
retail prices of approximately 400 goods and services -

Tahle 4. Alternative A,
company’s viewpoint.

Inflation, % /yr

. H 5
Component of Present Worth,
thouaand$, Constant Dollan
698,
PBT&D. . ... ... ........ 6984 ....5
362,
Depreciation............. 403 .8
Investment....,........, =100 ..... - 1000
1.
Net Present Worth .. ..... 0l6....4 h
A From 0% [nflaticn...... —_ . =402

4

{certainly not all] chosen 1o represant the prices of all
final goods and services purchuad by urban resi-
denta.

2. Escalation iz the rise in Hu' price of a aingle
commodity O service.

The combined effect of inflation and supply and
demand chnngu in reflected in escalated pricen. Ea-
calated prices and costa ahould be used to develop fu-
tute cash firws whan svaluating a project. Of courss,
the various costs and saise prices will not all aecaiate
in the game manner. Operating labor may be increas.
ing at 6% fyr, maintenance labor at 3% fyr, and the
raw material used by the project at 3% fyT.

3 "Current Dollars " refers to dollars realized in a
apecific year-—the current doliart fur any tuwo years

Table 5. Alternative A,
gnvammant’u viewpoint,

Inflation, % /yr
A u . 5 J.

Taxes Received by
Government. thouaand$

Currept Dollars .. .. .... £21.5...569.3% . 147.9%

Constant Dollars ... .... 421.5.,.474.5 .. 53

Constant Dollars

Dhiscounted at 109 ... 295.8...3358 ... 40.2

*u-mmm-um“mumuum“m

powar wiw beung com pard
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may or may not have the same buyving power,

Current dollars may be “rubber doltars.” For ex-
ample, a doliar in 1380 may ondy buy 80% of what a
dollar in 1978 will buy. For this reason, accumulating
current dollars over, say  10-year perled, is maaning-
lasa, except to chack ar{thmetic. To evaluats a pro-
Jact, It is necessary to use secalated sales prices and
couts to develop the projct's cash flow in Larms of
currant dollare,

4. "Constant Dollars" references the buying
power of current dallars to some base year.

I a current dollar in 1880 can only purchase 80%
of the goods and services that a dollsr in 1978 can,
than s current dollar in 1980 is only worth B0¢ in con-
utmtduﬂmunintlﬂ?ﬂuthnhuaw:.ﬁinﬂm
purpaose of & company should be the maximization of
long-term wealth, it is essertial that an svaluation
method to accotnplish this end be besed on constant
dollars. In project evaluation, it is necedsary to astl.
mata thn-nﬁmnulamnhof:pmjntq@:guﬂ-
lated costs and prices, combine the slemests into a
cash flow pattarn which is in current dollars, and
than deflats the current dollar cash flow to a constant
dollar cash flow before discounting at the cost of cap-
ital or real rate of return desired by the company,
Keop in mind that ths real world deals in curreat dol-
lars. When we go to the bapk for u loan we talk cyr-
rent doilars. The interest rate quoted has ulready
been adjusted for inflation by tha lending market.
Constant dollars is an abetract concapt used only to
demonserate what is'h.nppenin.g to the buying power
of a dollar in an inflationary economy,

Three mutualiy exclugive sliernatives 2 l;
Now that we have sstablished ot

sqidpment to produce s
cartain product that has s five-year sconomic iifs.
There gre threes mutually sxchnive alternatives by
which ths companmy can enter the fisdd, Tabis 1.

Alternative A requires an invegtmant of $1 million
at time zer0 and is projected 1o ylald & profit befors
tax and deprecistion, in constant dollars refsrenced
to time zero, of $388.900/yr for fve years.

Alternative B requires sn izvestmant of anly half &
million dollars and results in profits befors tax and
d;:uilﬁmoﬂlmﬁmfphwﬁmumdd-

Alternative C requires no capital investment but .

’ instead obligates the compeny to a five-year fixed

loase payment of $354,800/yr, which is in terms of
tits zero copstant dollars. The profft bafors tax and
depreciation {or this case iv the sams s Alternative A
{$383.600/y1).

For yvaluation purposes, the following premises
will by used:

& Tgx Rate - 50%

® Economic Life = Depreciabls Life = § Years

® Year End Discounting

® Sum of the Years Daprecistion Method

® Cost of Capitai (sxcluding inflation) = 10%

® Three Scenarios of Inflation: 0% /vr, 5% /o,
10% 57

Mext, we will calculate the present worth of the

Table 8. Alternative C, 0% inflation, all dollars are constant.

Cazh Flow -
. Profit 10% Prosent
PBTED, Loasa, After Taxes, Discoiant Warth,
Time thousand % thousand § thovarrd § Factor thousand §
L 548 .......... =177 ... ... | =17T.4
Endlstyr............. 3686 .......... 3548 .......... +B ... 0.8081 ........... +6.3
End2ndyr ............ JERE .......... L OB264 .........., +5.7
Enddrdyr............. 3B8E .......... 3848 L. 07513 .........., +5.2
End4thyr . .......... 3BB6 .......... 3548 i 08830 ........... w47
EndSthyr............. Y B +1843 ..o, 06209 ........... 1144
Table 7. Alternative C, 5% inflation.
Cash
Flow - Cash FPresant
Profiy Flove, Worth,
Leass After thousand §, 1097 thousand §,
PBT&D, Payment, Taxes, 5% Constant Discount Constant
Time thousand § thousand § thousand 3  Deflator _Doilary Factor Dollare
U g, ... el Vi ~1TTh ... ... 1 ... -177T.4
End fatvr .. .,... 3B70....... JdA..... +18.1..... 08524, _... =153 ........ 08081 . ..., +139
End 2nd yr. ...... 4064....... g5, .... +25.8 08070, ... +234......... 0.8264...... +18.3
End Aedyr....... 426.7....... 354.8,.... +38.0 0.8g38.. ... +31.1..... ... 0.7513...... +23.4
Enddthyr....... 48 ....... 354.5. .. .. +48.5 0.8227. ... +383 ..., 08830 .. ... + 6.2
EndSthyr....... AT04.... ... ......... ~ 2352 0.7836. ... +184.2 ... ..., 0.6204...... +114.4
b o E.E
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three alternatives under the thres scenariog of infla-
tion {nine present worths inall), As shown on Table
2, the present worth of Alternative A is $101 800
whean & zero inflation rate is esaumed. Since thers ia
ko inflation, all doilers are in terms of constant dol-
lary referenced to time zero. Since the profit hefore
tax and depreciaticn stays the same for sach of the
fIve years, it can either be asaumaed that thares is no
asculation or that the combined sffact of the varioun
revenues and costs are sscalating in szch A manner as
to result in a conatant profit before tax and deprecia-
tion.

Now ook at thia aiternative with & 5% fyr inflation
acenario {see Tabia 3). For this purpoes, the profit
before tax and deprecigtion is increesed in tatms of
current dotlare by 5% fyr over that shown in Table 2.

A simplifying asgum ption wan used in Tabile 3 that
implies that if we have a 5% /yr inflation rate, that
profit before tax s deprecistion will rise at 5% /yt.
This doss not heve to by the cose, It conld have just
as eanily been assumed that profit before tax was In-
cregaing at 6% /yr In a 5% inflationary ¢conomy. In a
real world, it In unlikely that profit before tag and de-
Rreciation would ba increasing at axactiy ths same
rate an inflation. The simplification does not, howev-
er, detract from the copcept we are going io ovestd-
gata.

Depreciation on Tahle 3, since it is fixed by the
government, ia kept in the same pattern as on Table
2_but is now in tarma of curreni dollurs. As shown,
the cash flows ure caleulated in terma of current dol-
lara. Next, thia cash flow is converted ta constant dol-
lara by using a 5% deflator, The constant constant
cash flow iy then diumuntad by a factor of 10% to ob-
*ain the presant worth of the projact in congtant Joi-

lars. A present worth of current dollary disostmated et
0% umumn;hu:m:tnnmut:mahpplumd
oranges io terme of buying powar.

An shown on Tahle 3, the constant dollar present
worth of Altamative A has dropped from $101 600
with a 0% inflation rate to 361,400 with & 5% infls-
tion rate. Ag an aside, if we had discountad the cur-
rent dollar cash flow of this case with & 105 dis-
counting (actor, the present worth would have beed
3208 200 ~* unbnown buying powwr. You must aither
convert curyent dollar eash flow to a constant dollar
cash flow before disconnting at the cost of capital or
use a discounting cate that combines cout of capital
and inflatign, In this case, a 15.5% discounting factor
could have been applied to the current dollar cash
flows to give the $81 400 present worth. The inflation
rate and cost of capital are approximately additive.
To ba exact, the coat of capital and inflation rates are
multiplied (ag. 1.10 x 1.05 = 1.165, therafore, 15.5%
gives the combined effect).

Unele Sam took the doflars

Whare did the conatant dotlars go? Due to the
fixed pattern of depreciation, bassd on historical in-
vestment rather than replacement cost, Uncle Sam
took the dollars. This can be shewm by breaking the
presant worth down into ita components as is dohe in
Table 4. On 4 constant dollar hasis, the profit befors
tax and depreciation and investment contribution to
present worth with zero and 5% inflation ia the same,
The depreciation contribution to net present worth,
howsver, in lawse by $40,200 with 5% (nflation than
with oo inflation,

Looking at the tazes received by the governmant,
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Twble &, it is apparent that the loss in present worth
of the project flowed to the government. As shown,
the governmant receivad tazes worth 353,000 more in
huying power with 5% inflation. If this is discounted
at 10%, it accounts for the present worth kwt by the
project, 340,200,

Without going into the detail, Alternative B is de-
veloped in the same manner as that shown for Alter-
native A. The present worth of Alternatives A and B
decreases as the inllation rate is increassd.

Unlike Alternatives A and B, Alternative C shaows
an irgprovement in preaent worth in constant dollars
when inflation seta in. As shown on Table 6, a nega-
tiva $41,100 present worth is realized for Alternativa
C with no inflation. With §% inflation, the pressnt
worth of Altsrnative C incraszes to $19,800 in con-
stant doliurs, Table 7.

Using the sams approach as demonatrated, the
present worth of the three alternatives are sstigated
to ba as thown on Table 8. Clagrly, if thers is no in-
flation, Altsrnative A is favorsd. With 5% inflation,
Alternatives A and B ere o standoff and are definitely
favored over Alternative C, With a 10% inflation
rats, Alternative C becomes the best course of action.

(Other uncertainties

To further cloud the problem, let us assume that
thers are other uncertainties besides inflation. The
profit before tax and depreciation benefit has only &
10% chancs of being 10% highsr than the numbers
used and has oniy & 10% chance of being 10% lower
that thoss used. This defines the 80% confidencs in-
tarval, Similarly:

# [t is an BO% certminty that the inveatment is
210% of that used. The lease payment is risk free.

® In regard to inflation, management fseln there is
a 10% chance of no infiatipn, o 5% chance of 5% in-
flation, and » 4% chance of 10% inflation.

Using the parametsr method of risk analysis de-
acribed by L. B. Davidson and D. . Cooper in the
September, 1076, iaus of the Journal of Petroleum
Technology, risk profiles can bs developed for aach
of the alternatives under the combined risk scenario
specified. Thess are showm in Figure 2.

Altarnatives A and C have about 8 25% chance of
resulting in & negative present worth. There ia a very
Littie risk reluated o Alternative B (ahout 8% chance
of a negative present worth). The means of Alterns-
tives A and B ars about equal, $52,000 and 355,000,
respectively. Although there is a possibility thut hig
doliars can be made by Alternetive A, the relatively
high risk of Alternstive A mukes Alternative B fa-
vored, Alternative C is poorer than B on ail counta.
Alternative B, the best aiternative, has a present
worth B)% confidence intarval of $5.000 to $105,000
with & most likely of $55,000. The approach used to
include the uncertainty of inflation shows that if
management is uneasy about inflation it can be in-
cluded in a risk analysis to guide management in
making deciniona.

In an attampt not to bog down in more datail then
Deceasary. the sxamples were kept simple. The con-
cepts hold regardlees of how complex a case is being
evaliated and can be used to show that:

1. Inflation does affect the profitability af a proj-

CEP June 187D

21Y

Table B. Estimation of the enrrent
worth of the alternatives.

- g e

Prasent Worth,
thousand 3,
Cortant Dollars
Inflation Alter. Alrer- Altar-
Rats, 4 native A nativa B native (.

L1 W01s...... anl....... —d41.1
S 8l4...... EBs . .. __.. 19.8

L T8 ...... 431 ....... T0.5

ect. Although not shown in this articla, similar exem.
ples to those presentad can be used to demonstrate
that » longer depreciation lifs incresses the unfavora-
bla affact of inflation oo present worth s well as the
use of straight line depreciation.

2. Inflstion can change the ranking of mutusily
exclusive projects or can change the order of prefer.

_ence of projecte in g copital budgeting decizion,

3. Inflation may be, und usually i, built into the
discount rote. instead of deflating and discounting
(two steps), the result can be accomplished by uaing o
combined discount fasctor applied to the current dol-
lar cash fiow. For axample, if 5% inflation is ex-
pected and the real rate of return is 10%, use & dis-
count rate of 156.5%. In the same manrer, for 105 in-

" flation and 10% real rate of return, use 8 21% factor.

Inflation is roughly additive to the real rate of return.

4. If inflation is felt to be a variable, it can be han-
dled statistically in a risk anaiysis.

5. High rates of inflation can improve the attrac-
tiveness of a lease aiternative relotive to copital in.
vestment, )

6. High rater of inflation tend to favor lower capi-
tal projects.

Ailbough it in not the intent of this article to get
into the petting uf premises to be used in an svalua-
tion, some comment is necessary. Ideally, proamisss of
coats and prices are developad by one group within a
compaby and wre developed in & consistent manner.
The analyst must be sure the inflation {actor applisd
to all premmises is the same and is consistant with the
inflation eats built into the discounting factor used to
avalintg n project's present worth When premisss
are obtained from various sources (marketing, opera-
tions, enginesring, stc.} be surs to determing that
they are consistent. In addition to consistency, yse of
100 high an inflaticn rats {high discount rate} may
kill potentially good projects, atd use of too low s
rate could lead to accepting poor ones.
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