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' 
VE..'iTL'Rf ANO RISIC »>ALYSIS 

This is an intensiv~ two•day pro¡ra• to provide a broad introduction to 
project evaluation, with emphasoa on discounted cash flow approaches, 

u "J._ 

risk analysis and managerial ccnsiderations. Throuah a case preble. ~~rted 
in class, the student is eXpesed te some of the complexitiea and uncertainties 
common in real~life problema and learna why some form ~f ritk analysis is so 
important. The seminar is a practica! presentation and can be of value to 
both those working in the !ield and to thcse whc wish a better understandona 
cf this vital tool te aid sound manage~ent decistcn·makin¡. 

Upcn completion af this ccurse, the student ahould: 

l. Be hmilhr 10ith che importlnt concepta and prccedurn it project 
evaluation, and have baaic competency in disccunted cash flow 
techniquu. 

2. Understand the true varubility in performance resultl becau~e of 
cempetitive and ¡eneral environmental facters outside a firm's control, 
and why plannina auidelinel and acme form of risk analysis are 10 
necesoary te give manaaemeot a better measure of preject profitability 
uod~r conditiena o~ uocertainty. 

3. Know hew to effectively report results of ecooo•it studieo te 
unage111ent. 

4. Know hc10 te apply these principies in normal business aituatieos, 
threugh experience gained in the class workshop, with 1 "real Life" 
case. 

5. Underotand the procedure fcr preparing post·installatioo appraiaals, the 
beat available technique fcr analyzins experience retult• in past· 
investmento. 

6. Have a better undersundina of the spechl typu of prcblems encou.nteud 
in high·risk areas, such •• research project rankios. acqui11ticns, 
and projects in developin¡ countriet. 
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VEJrrt'RE AND RISK .~..o;.ursrs 

I. Introdu~tion 

A. When to Evduate 
B. Evduatiol1 Types and Approa~hes 
C. Evaluation Contrtbutors 
D. Econoai~• iD Action 

II. Practical Profitability 
A. Cash. Flo11 Tabh 
B. Iax Effecta 
C. Cost of Capital 
D. Savin¡s Accowt 
E. IncreaeDUl Returns 
F. Spechl Topics-¡raphical shortcuts, varyin¡ project livea, 

multiple solutio11a, etc. 

111. Post-lnstallation Apprais&ls 
A. Leuona Le&rned 
B. typicd Proceduru 
C. Tb.ree En~~plu 

IV. Worksh.op No. l 
A. Five Sbort Proble111a 111d Solutiona 
B. Be¡i_n Hajor Cale 

Risk 

•• B. 

'· 

AnAlysis, Pare 1 
Sensitivity Analyais 
The Key HarketiDI Variables 
Experience Resulta 

VI. Workshop No. 2 
A. Co~~~plete Bnic Calculations 
8. Clan and Cue writer Solutions for llost-likely Alteruates 
C. Continue Sensitivity and Post-audit Calculations 

VII. Business Environment 
A. Ene<'gy Probl...,.a 
8. Infhtion 
C. Other ltajor Uncertanties 
D. Phunin¡ Guidelines 

VI1I.Risk Analysis, Pare 2 
A. Decision Trees" 
8. l'lonte Carla Analyses 
C. liansgellleDt Risk Attitudes 
D. Discounting for Risk 

,_¡ •_)'_ 4 
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IX. High-Risk Eltamples 
A. Acquisitions 
B. Developing Country Projects 
C. Research Projecta 

X. Current Interest Topics 
A. Energy Economics 
B. Claas Inquiries 

XI. Managerial and Financia! Topics 
A. Capital Budgeting 
B. Raporting Resulte 
C. Evaluation Organi~ations 

XII. Workshop No. 3 
A. Review Sensitivity snd Poat-audit Calculations 
B. Monte Carlo and.Research Rankin~ Applications to Case 
C. Recommended Action 
D. Appropriation Req';lest 

XIII. Wrap-up 

KIV. References 

XV. Case Solution 
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f!fllf!IA@ DIESE WlfO!IIC !ll!DQWI$ 

l. tn4fT ME TIIE AUDfNATIVD? 

l. CIJNSf/IEit Mll1liM.D' DCU.IIIVE 
AUEIIUfTIVD, 7lfO AT A TUII. 

S. ~ {V $JINK ODST3 • .. 

THE 'MUIIIALLY EXCI.US!YE' PRQeiFM 

AUERNATE 

• 
• 

INVDTMDfT f@fii"AAIILJTY 

• 1,000,000 

$2,000.000 

• •• ooo,ooo 

... 
•• 
, .. 
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WI!AI IS IHE 

EOO or 
':t'cr.r 

o Invc~tll'.cnt 

1 Cur.h ;;,tlU·n 
2 Cuh l.l<'tu.rn 
3 CIWh I:ct\lrn .... 

o 

1 

1 
1 

' 15 

I']!QPITABILID' nfi!!X ON A l·XEAR P!!OJ!CT? 

211· PI 
I'r"~ C~h Flov Dl:ocu\Ult 

• Fn<::to'" 

-1,000 1.00() 

• 500 .su 
• "" .657 
• "' ·533 

!/friE, msr 111/IJ 
1{[/1[/ifJElLl,::EIITS 

OF A TYPII'IIll't0J[Cf 

1. Ccst.-r lncurrer/ iJdcre Ccnstmcticn 
Z. ft:\·rd Capih:rl 
J. S'Mrtup Costs 
~- V/Mkin¡ Capital 
S. Subm;uent /nvutltltJnf 
6. Soles Prit:e and llollllile Ttends 
/, AlfiiiU!I lxpl!t:S('S 
S, Ta.r UfectJ 
9. Salvqge 
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ProjectX- Composlte 
CGsh Flo:·¡ Schedule 

... ~ 
- •·--C••• ,,..., "'""",.. 
Doo ... , .... -u ... ,_,.c .. o 

,,_ !z- .. , 

., 16 

l, Failur• to ~cop~.he C:OIIIpetitiVI pr•uur•a- .,.,., at.atic than 

'-"' 2, Baaic <:-petitivenua (OVIl' invntment) 
3. 'Inherent opttmilm in forecnting 
4, t..t•rnal COCIIp.orability 
5. ltalativ• Rislt 
6, Alloution alld PhMing DifficÚlt1 .. (tillll.na) 
7. Lack of Understanding by manag~nt 
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SAI-IPLE PI CALCULAT!O:I 

Basis: lnvestment - $122 1~ 
Annual Savings - $200 M/yr. 
10- Year Proje~t Life 
49:>.: ln~Ctle 7ax; 7~ :nva~t~2nt Credit 
20 - Year SYO Depretiation 
lnvestrnent Spent from Time- 1/2 toO, Al\ Capitalized 

Cash Fl r:111 {Mn 
Time Befare After 601 Rate 70% Rate 

Peri od Taxes Taxes o. F. f..:..:h o . F. o::e:!:Y:. --

lnvestment -1/2 toO ( 122) 1.17 ( 143) 1.20 ( 146) 

Investment CredH o ., 1.00 ., LOO ., 
--ureciation o - 20 •60 . 153 ., .133 ., 
~avings o - 10 +2,000 1 ,020 .166 +169 . 143 +146 

Net Present Value, " ... •17 

p .l. m 

1 - 11 

801: Rate 
D.F. p.". 

1.23 (150) 

1.00 ., 
• 117 •7 

. 1 25 127 

(1) 
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0-l •9470 .942) ,9)77 .93)2 .9286 • 921.1 .9196 .9H2 .9107 .906) 
l-2 .848) ,8)58 .82)4 ,8112 . .,.,., ,7875 • 7759 .?W. • 75)1 .7421 
2-) . """ .7<1) ,72)0 .705) ·"" ,6710 .W,6 .6)85 ·"'' .6075 

1 :k ·- .6574 ,6)49 ,61Jl .5921 .5718 .5522 ,SJJJ .5150 .4974 
4-) ·- .san .5575 .~mo .5096 ·"" .4659 ·"''' • .4259 ·""' 1 
5-6 .5463 .5172 .489< .46)4 .4)86 .4l52 ,)931 ,)721 .)522 ,)))4 1 
l>-7 ·- ·"" ...... .41129 .)'775 .me ,))16 ,)108 .2913 .27)0 1 

7-8 .4385 ·"" ,)775 ·'"" ,)250 ,)015 ·"'' ,2596 ·""' ,22)5 1 

"-9 ·"" ·- ,))14 ,)045 ·'"' ,2569 .2)60 .2168 .1992 ,18)0 
'>-lO .)519 .)201 .2910 .2647 .2/PI .210l .1991 ,lBll .W.7 .14~ 

lO.. U .)152 ,:a8J9 .2556 .2)01 .2072 .1866 .1680 ,1513 ,1)62 .1227 
ll-12 .2SU. .2518 ·"" .2000 .178) .1590 .1417 .1264 .U26 .1004 
12-13 ,25)0 ,2.2)) .1970 .17)9 .1535 .1355 .U96 .1055 .09)2 .0822 
l)-14 .2.266 .1981 .17)0 .1512 ,1321 .11S4 .lOO> ·""" ·""" ,067) 
14-15 .20)0 .1757 .1519 ,1)14 .1137 .0984 .0851 ,07)6 .0617 .0551 

1 
15-16 .1819 .1558 ,1334 .lW .0979 ·"" .0718 ,0615 ,0527 ,0451 
16-17 .1629 .1)82 .ll72 ·""' .0842 .0714 ,0606 .0514 .0436 .0369 
17-18 ,li,60 .1225 ,1029 .0864 .0725 ·- .osn .0429 ,0)60 .0)0) 
1!-19 .1)08 -.1087 .090) ,0751 .0624 ,:)519 .04)1 ,0)58 .0298 .0248 
l'>-20 .1171 .0964 ·"'' .065) .05)7 .ow .0364 .om ·""' .020) 

20-21 .1049 .0855 ·- ·"'" .0462 .0377 .0307 .0250 .0204 .0166 
21-22 . ·""" .0758 .0612 .0493 ,0)98 ,0)21 ,0259 .0209 .0169 .0136 

""'' .0842 .067) ,()0)7 .0429 .034) .0274 .0218 .01~ .0139 ,0111 
2)-U, .07)4 .0596 .0472 .0373 .0295 .023) .0184 ,01.46 .ous .00>1 
24-25 .06~ ·"'" .0414 .0)24 ,0254 .0199 .0156 .0122 .00>5 .0075 

25-30 .0492 .0)74 .02B5 ,0217 ,0165' .01.26 .00>6 ,007) .0056 .004) 
30-35 .0284 ,0205 .0149 .0108 .0078 ,0057 .0041 .00)0 ·""" .0016 
)5-40 .0164 ,0113 .0078 ,0054 .00)7 .0025 .0018 .0012 .0008 .0006 
40-45 .0094 .0062 .0041 .0027 .0017 .0011 .0008 .000) ,000) .0002 
45-50 .0054 .00)4 .0021 .001) .0008 .0005 .000) .0002 .oool ,OOll 
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UB12 B {CqntigYfd) 

Iw: -'lL -= ...iJ1. _1/oL -"L -'~Ji_ ..m. ~ -= _¡g!_ 

0-1 ·""" ..... .S9)J ... ., ·"""' ·'""' -'"'"" ··= ,8681 ·""' 1-2 .7)11 .7204 . """ .... , .6891 ·'"" ·""' ,6592 .6495 .6400 
2-J .5926 .5'721 ..... .5501 S367 .5235 .5100 .4982 """" .4741 , .. .4804 "'"'" J.481 .4327 .4179 .4037 ·"" .3765 ·"" .)Sl) 
4-5 ·'"' .m, ·'"" """' .)255 .)U2 ·""' .2846 .2721 .2602 

5 .. .3156 .2988 ,2829 •• 2678 .25)5 ·""" .2272 .2151 ·"'"' ·""' 6-7 .2558 .2)98 .2247 .2106 .1974 .lB lO .1734 ,1626 .1524 ·""" 7 .. ·""' ~ ... .1'/86 .1657 .15)8 .11.27 ,1)24 .u.. ... .llJ.O .1058 ,_, .1681 ·""" .l419 .1)0) .ll97 .uoo .lOll .0929 .085) .om:· 
9-10 .1)6) ·"'" .ll27 .1025 .09)) .0848 .0"712 .0002 .06,. ,0581 

10-11 .1105 .om .0896 .0807 .0026 ·"'" ,0589 .05JO .0478 .04J(l 
ll-12 ..... .00'16 .0011 il6J4 .0566 .0504 ·""' .0401 .0)57 ,'lJ19 
12-1) .oo26 .""-l .0565 ·"" .ow. .0)@9 .0)43 ,0)0) .0267 .oz~6 
l)-14 .0588 .051.4 .0449 .0)9) .0)4) .0)00 .0262 .0229 .0200 .0175 
14-15 .0477 .04lJ ,OJS'? ,OJ09 ,0267 .02;1 .0200 ,017) .0150 .O].JO 

15-16 ,0)87 .0))1 .0284 ,024) .0208 ,0178 ,015) .01)1 ,0112 . .oo96 
16-17 .031) • 0266 .0225 .0191 ,0162 .0117 .0117 .0099 ·- .0001 
17-18 .02~ .::>ru .0179 .0150 .0126 ,0106 .0089 .0005 ·""' ,00, 
18-19 ,02::>6 ,Ol7l .0142 .0118 ·"'" .ooez .0068 .0057 .0047 .00)9 
19-20 .0167 .01)7 .Oll) ,()(>9J .0077 ·""'' .0052 .004J .0035 ·"""' 
»-.u .0135 ,OllO ·"'"' .OO?J .0060 .0049 .0040 .0032 .0026 .0021 
21-22 .ouo .ooe8 .0001 .0058 .0046 .'lO)B .00)0 .0024 .0020 ,0016 
22-23 .0089 ·""" .0057 .0045 .OOJ6 .0029 .0023 ,0018 .0015 .0012 

""""" .0012 .0057 .0045 .OOJ6 .oo2e .')022 .ocns ·"'"' .OOll .coc9 
24-25 .0058 .0046 .OOJ6 .0028 .0022 .0017 .001) .~Jll ·""" .O<:'Yl 

25-30 .00)2 ,0025 .0019 .oou .OOll .0008 ·""' .0005 .0004 .oooJ 
30-35 .0011 .0008 ·""' .0004 ·""' ·,0002 .0002 .0001 .0001 .0001 
35-40 .0004 .000) .0002 .0001 .0001 .0001 -40-<5 .0001 .0001 .0001 - -
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~•coun¡ (aet¡¡u l:Rt !<!ah E!{tct¡ Whi~b ¡;sey;: Uni[Qrull 
O!tr 91!-Iur Periqd,; Alter t!Je Rtfuep<;t Point 

Xw: ..lU.. _m_ ..m.. ...l!oL -"L ~ .IlL _m_ _m_ .óQ1_ 

0·1 .8598 .8558 .S,:l7 -8477 .84)8 ,8)98 ,8)59 ,8Jl9 .3281 ·""' 1-2 ,6307 .6214 .6J.2J ,6o)4 .5946 .5859 .5774 .,.., -- .5525 
2-J .4626 .4Sl2 ·""'- ·""' ·""' ·"'" ·"" .)891 ·'""' ,)';'()) 

J-4 ,))9) .Jm ,)165 .):)57 .295) .2852 .2755 .2661 ,2570 ·""' ,__, .uaa .23?9 .m, .• 2176 .2081 .1990 .190) .1820 .l?JJJ .1664 

,_, .1825 .1728 .16J6 .1549. .1<66 ·""' ,1)14 .1244 .1.178 .w. 
0-7 .1))9 ,1255 .1176 :1102 .lOJ) ·- .O'l()8 .0851 ·""'' .0748 
7-8 ·"" .0911 ,0845 ·"'' .0728 ,0676 ·""' ,0582 .o,., .0501 ,_, ,0720 .0662 ·""' ,0,8 .051) .0471 ,0433 .0398 ,0)66 ,OJ)6 
9-10 .0528 ·- ,04J7 .0)97 ,0)62 ,0)29 .om ,0272 .OWI .C225 

10-ll .0)1!? .0)49 .0)14 ,028) .0255 .0229 .0207 .0186 .0168 ,0151 
11-12 ·""'" .025) ,0226 .0201 ,0180 .OlbO ,0143 ,0127 .0113 .0101 
12-lJ ,0208 .0184 .0162 ,0143 .0127 ,0112 ·"" • 0087 .0077 .OO .. 
lJ-14 .015) ,01)4 ,0117 '.0102 ·""" .0018 .0068 ·""' .0052 .0045 
14-15 .0112 .0097 .0084 .001) .006) .0054 .0047 .0041 .00)5 .00)0 

15-16 .0082 .0071 .oo6o ,0052 .0044 ,()())8 ,OO_j)- ,C028 .oou. .0020 
16-17 .0060 ,0051 .!Xl.(,J ,00)7 .OOJl .0027 .0022 ,0019 .0016 ,0014 
17-16 .0044 .OOJ7 ,OOJl .0026 ,0022 ,IXllS .0015 .001) .OOll ·"" 18-19 .00)2 .0027 .002) .0019 .0016 .001) .0011 .C009 .0007 .0006 
19-20 ·""'- .0020 .0016 ,001) .0011 .0009 .0007 .0006 .000, .0004 

20-21 .0017 .0014 ,0012 .C009 .0008 .0006 .ooo, .0004 .000) .000) 
21-22 .001J ,0010 .0008 .0007 .000, .0004 ,0004 .OOOJ .0002 ,0002 
22-2) ·"" .0007 .0006 .ooos .0004 .000) .0002 .0002 .0002 .OOCJl 
2J-24 .0007 .000, .0004 .000) .000) .0002 .0002 .0001 .OC<Jl .0001 
"-" ·""' .0004 .• 000) .0002 .0002 .0002 .0001 .0001 .0001 ·""' 
25-JO .0002 .0002 .0001 .0001 .0001 .0001 -
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IWK B fContinusd) 

Iw: ..!!L .JoaL .lolL .J.IL ../ol!_ J!á.. J.11.. ..J.l'ó.. ..lo21. ..m. 
0-1 _..,, .8166 ,10.28 ·""" ,B)SJ .8:116 ·"" ·"" ·- • 7W/ 
1-2 ·'444 .5)65 .52!7 .5210 .sus . """ .498'1 .4914 .4843 .4773 
2-l ,)61) .3525 .]43'1 ,3)57 ,)274 .)194 .Jll7 ·"" .2967 ,2695 
3-4 .2)98 .2)16 .2237 .2162 .2088 .2017 .194S .1882 ,11!1.8 .1756 ,.., ,1591 .1522 .1455 ,1)92 ,l))l .127) .1217 .1164 .lll4 ,1065 

,_6 .1056 .1000 -~47 •• 0897 .01349 ,OS04 .0762 .0720 .0682 .0646 
6.7 .0701 ·"" ,0616 ,0517 ,054l ,0507 ,0476 .0446 .OIJ.S ,0)92 
7-S .0465 o04J2 ,0401 ,0)72 ,0345 .0)20 ,0298 .0276 ·"" ,o;ns 
B-9 .0]09 .0284 ,0260 .0240 .0220 .0202 .0186 ,0171 .0157 .0141. 
9~10 .0205 ,0186 ·"" ,0154- .0140 ,0128 .0116 .0106 .W.6 .0087 

-l0-11 ,01)6 .0122 .0110 .0099 ·""' .ooSl .007] ,0065 .OO .. ,0053 
11-12 ·""" .ooso .0072 .0064 ,0057 .0051 .0045 .00/JJ ,00)6 ,COJ2 
12-1) ·""' .005) .0047 ·"" .00)6 ,0032 .ons .ons ,0022 .0020 
lJ-14 .00/JJ .00)5 .OOJO .0027 ,0023 .0020 ,0018 .0015 ,0014 .0012 
14-15 .0026 .002) .0020 .0017 ,0Cll5 ,0013 .con ,OCllO .ooos .ocm 

15-16 .0018 .0015 .COl) .0011 .0009 .0003 .coo7 .0006 ·""' .0004 
16-17 ,0012 .0010 .0003 .0007 .0006 ·=· ·""" .0004 ·""' .000] 
17-18 .0008 .coo6 .000, .coo, .0004 ·"" .0003 .0002 ,0:02 ·"" 18-19 .coo• .coo, .CXl04 .00)] .0002 .0002 .0002 .0001 .(XXJ1 .CXl01 
19-20 .000] .ooo¡ ·"" .0002 .0002 .CXl01 .0:01 .0001 .0001 .0:01 

20-21 .0002 .0002 .coo1 .0001 -.0001 .0001 .CXl01 .0001 ·"" 21-22 .0001 ,0001 .0001 .0001 .0:01 .0:01 .cooc 
22-2) .0:01 .0001 .0001 .alOl .0000 
2)-24 .0001 .0001 .0000 -2.1.-25 .0000 - - - -• 
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Iw: ..ill.. -'l!.. .!lL ..l!oL _m_ ..&. _m_ ..l!:L ~ In< 

0-1 ,78)) .m8 ,7762 .?727 • 7692 • 7657 • 7622 • 7588 .7554 • 7520 
l-2 .4704 .46)6 .45YI .4503 ,44)8 .4374 .4)11 .4243 ,/,lS7 .4127 ,_, .2825 .2756 ·'"' ,2624 • 25b:l .2498 .24)8 .2379 .2)21 ,2265 
,..4 ,1696 .16)9 ,158) .B29 ,l/.77 .1427 .1)79 ,13)2 .1287 .1243 ,., ,1019 ,.,, .09)2 .0891 .0852 .0815 ,0780 .0746 ,071) ,.,.., 
,.., ,0612 .0579 .0548 ·.0519 .0492 .0466 ,04/,l .0418 ,0)95 ,0)74 .. , .0)67 ,OJU. ,0)2) ,O )O) ,0284 ,0266 .0249 ,0234 ,02!9 ,0205 ,_, 

.0221 ·""' • 01 C}() .0176 ,0164 .0152 ,Ol/,l ,0131 ,0121 .0113 .. , ,01)2 .0122 .0112 .010) .0094 ,0087 ·"""' .o:m ,0067 ·"'" 9·10 • 0000 .con .0066 . """' .0054 .ooso .0045 .00/,l ,00)7 .ce J .. 

10-ll ,0048 .004) ,00)9 .0035 .00)1 .0028 .cxn6 .002) ,0021 ,COl'? 
11-12 .0029 .0026 .0023 ,0020 ,0018 ,0016 ,0014 ,OClJ .0011 ,0010 
12-l) ,0017 ,0015 ,QOlJ. .0012 .0010 .0009 ,0008 ,OC07 ,ooo6 .OC06 
lJ-14 .0010 ·0009 ,0008 .0007 .0006 .ooos .0005 .CC04 ,OC04 ,0003 
lL-15 .0006 .ooos .ooos ,0004 .0004 ,000) .000) ,0002 .0002 ,0002 

15-16 .0004 ,000) .000) ,0002 ,0002 ,0Cl02 ,OOC2 .0001 ,0001 ,OCQ1 
16-17 .0002 .0002 ,0002 ,0001 ,0001 .0001 ,COOl .OC01 ,0001 ,0001 
17-la .0001 .0001 .OOCl .0001 .0001 .0001 .oco1 .0000 • 
1<3-19 .0001 .0001 .00>1 ,0000 • • 
19-20 .rooo • • • • • 
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CONTJNUOUS OISCOUIH FACTOR EQUATIONS 

Table A - At a Point in Time after the Reference Point 

fA ~ e·RT/100 

Table B - Unifarmly over One-Year Per"iods after the Reference Point 
-RJl 00 

fB ~ lOOCRT/100 x 1-e • fAx fC' 1 yr 

25 

Table C - Unlformly over a Period of Years, Starting ~ith the Reference Po1nt 

Table O Declining to Zero at a Constant Rate over a Period Of Years 

r -RT/100] f • 200 1 _ 100(1-e ) ,. 200(1-f ) 
Dlrr RT ll:'f"""C 

" 

WHERE R ~ Rates of return, %, 
T ~Time, years, 
e = 2. 71828 

- lB 
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SE.SSIOW !lO. 2 - PUCTICAL !'td!tAIIUTY 

tlú.a aesai .. turr..loe.r "'"-- U. f h 
4e.oo la vi tJa -nl U.On..t. e .. u. 

l. Project caab flov, 
2. Con of e1pitd, 
3. ~recietioo .. thoda, 
4. Inc- taxea, 
5. The project eanb¡ rate (i.lltemd nte of ntum) all.d tha ilu:r-oul 

rate of ret1,1.m. 

Special topica iuclude ¡rapbical abortcuta aucb 11 tbe capit.~l cbar¡e 
chart, wb.ich caa k IUI!d i..D. reve1111<1 require~~ent atu.diea. OtJaer auhjacta 
covered are the pros sDd cou of DCF ratea of ret.um vera ... preaeat value 
for •aauri..D.¡ project attrsctiveoeu, C'-PariDI projecta vith differa11t 
livea, .ultiple aolutioaa, aad min~ accepuble raturn ¡uidelia.a. 

2-1 
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, 2B 
1. Casb Fl"" Table 

It il ""'ci!IIJU"Y to couat )'ow: caah bf,fore you disC'OUDt it. As a 
uault, vbeD ... tna DCF t.ecluriques, a cash flov table is tho! aecesu.ry 
1tutios poi.tr.t. It •-rize• tht! forecast illves~t. opu·ati.q 
coata, reveoue1, aud ~~ effect• •••ociated with a sivea alt.eruat.e. 
The final re•ult 1• the aoa.y ltrea•, or caab flow, iD aDd out of the 
project. 

Tbe caah flov table i• relatively 1t.ple to conatruct, adaptable to 
all typea of problea1, ael!·checking, and con.iateot with accountin¡ 
COD.CepU. 

Tbü aession reviewa t.he huic coucepts. Practice in prepario.a aod 
ui.P& the cub n,... Uble are aivcn in the vorkshop pcobleu i.tr. 
Sulion ). 

2-2 
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"' 
Table 8 

Phltic A - ~ lnstallstioa Appulul 

Con<leaud Prorit & Lon Stateraent, $11 

Tauble '" Invcllment f'lrmn, 

'" Cull '" , .. ProfH Cull nX~,j-;;¡¡,-,:klna Casi!. Procerdo Capacity 
Salu Costa(!) l>epr"c. Incow Rate, ,. '" Retum ~ Cap. Annual c ... uhtive Costs(J) 

1949 3,068 (3,068) (3,068) 
1950 500(2) (500) "' (310) (310) 1 ,537 {1,847) (4,915) 
195 1 6,120 2,492 307 3,321 "' 2,059 2,366 1 , 3 1 S 1 'os 1 (3,684) " 1~52 9,900 3, 708 "' 5,885 "' 3,6lo9 3,956 3,956 " 3, 708 
1953 . ·"" 3,813 '" 4,880 '" 3,026 3,333 3,425 3, 81] 
1954 '·"" 3,918 '" 4,775 '" 2.197 2' 504 5,929 3, 918 
1955 9,000 4,023 '" 4,670 '" 2,U8 2,1•55 8,384 4,023 
1956 7,5&.0 3,900 '" 3,353 '" 1 ,542 (150) 1,999 10,383 4, 128 
1957 6, 750 3,886 "' 2 ,S 57 '" 1,176 1 ,483 11,866 4,2)] 
1958 5,520 3,627 '" 1,586 '" "' 1,036 12,902 4,338 
1959 4,&40 3,465 '" l ,068 "' '" (ISO) "' IJ ,850 4,44) 4 

' 1960 3,800 3,184 "' "' '" '" '" 14,299 4,548 N 

1961 3,400 3,022 '" " 
,., 

" (80) "' 14,719 4,650 
End 1,228 ~1,228~ (568~ t9352 '" 16,314 

74,890 39,538 4,605 30,747 16,314 4,605 ' 16,314 

"' Jndudu aanufacturina, .. rko•tina, and aenenl office ellpenae. 

"' Startup •liJieate. 

"' A~tual aad etli~ated cash coats, if plant had operated at capadty each year. 



2. C<>at of Capibl 

The •int- retum t~Ddard ~ed ia jwl.a;i.D.( a project's attn:cti-ss, 
ia baaed on a fi~'• coat of capital. A fin. finaaces ita ape~tioma 
througb. varioiiS aourcu of funda. The cost of capiul ia tlle -i¡bt.o:d 
averaae after-taa coat of tbeae funds. Sioce .ost inves~UI are 
long-te~, only lon¡-ter. funda are no~lly (ncluded iD thia calculation. 
Theae inclwl.e lona-te~ debt, commoo and preferred 1tock, aDd retaia.d 
l!&rllin&l. 

The cott of capital variea t~bat fro. induatry to indn~try, aad 
co.pany to company, dependin¡ oo tbe averaae riakneaa of tbe enterprita. 
In the U. S., a typical value baa beeo iD ra~ of 10 per ceut, at 
hiatoric inflation ratea. With racent iocreaaed iaflation, a .ore 
typical current value ia 12 per cent. 

Firma ¡enerally aelect •inillual return atand•rda for nev inve"at.enta 
that are ao.ewbat above their theoretical coat of capital. Thia 
allow• • -r&in for advenity, recogni:tina; the uncerui.Dtie• iD all 
eatiaatea, and the iDhereDt optimi•• iD ~ny. 

2-5 
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llli'""'" c::!:i.I !:E tlf!DI 
CEl!mlC UTILITn 

IW fllllll -CAPITAL rn:ucnJRE, 1 ~ ~ ,., 
• CDST. 1 1 u 

• tiEIGKTEII CCST. I,T •• l • • » 
IEiam:D CCST, A.T .. S 2 • • 
. . 

• 

• • 

. ·- - .. -·. -· -- -- -·- --------'-

• 

IEII'iiiED ar>T llf tae!W. 
(TI'PICAL f«lli-UTILJTYI 

IW !lll1ll -
CAPITAL S'mJClURE, 1 . » . ~ .. 
CXIST, 1 1 u 
IEIQITED COST B. T •• % 2.4 ••• m.o 
IEIGKTEll COST A. T •• 1 !.2 ••• ••• 
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Mlnimum Acc:eptable Return Cuidellnes 

1. Lonif term investment should be judged against your general 
c:orporste standard of "x" per c:ent. Oisinvcstment deellione 
lnvolving potent:lal clli;posal ot exiatln¡ assets ahould alao be 
judged using the general atandard. 

NOte: "X" typlcally ran¡ee trom 10 per cent to 15 per eent. 

2. Investment opportunities whlch arise having a return below "x" 
·- · •. , per cent, b¡¡t above the return from money rnuktt aecurtdu, 

should not be !ore¡one \! they are siso short terrn, hirhly 11quid, 
and reversible. 

Note: Close coordlnation bltween operattng and l'lnanclal 
personnel is requlred for ettective decislon~naldng in theae 
matteu. 

3. Projecta with lmpllcit fund-raising deetsions are a second 
exceptton to the general corporate guidelines o{ "x" per cent. 
For such dedsions, the interest rate lmplicit in the propasa! 
should.,be determfned and compared against the best source 
of roislng such tunde. 

!:!2!!_: Ex111nples lnciude leaslng, loan guerantees, fectorinr 
receiveblee, and stretchin¡ payab!es. 

34 
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J. o .. pr .. dat.ion lletbods 

Depreciation for tax purposes ís P"~tted only for aaseta ~t ~v" 
a ligited useful life. Tbit cost allocation, over the 111"t'1 life, 

35 

can be aade by •DY reasonable .ethod, aa lona aa the ~thod il conaistently 
applied. The thne ... tboda .oat co.-only uaed·in the lJ,S. are, 1) 
the atrai&ht·line ..,thod (SL), 2) the declinin¡·balance ..,chod (DB), 
and 3) au.-of·tbe-yeara·di¡ita ..,tbod (SYD). 

In foreip coWitriu tha SYD ~aethod ü teldo. uaed. Wben ;t.ccelerated 
depreciation ia allowed, it i1 ¡enerally do~ either by allovins a 
shorter life for a atraisht·line write·off, a one-ti~ above avera¡e 
write-off in the firat year, or some form of declinin¡ balsnce vrite·off. 

2-9 
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YEAR 

1 

2 

3 

4 

OOUBLE DE:CLINING BALANCE 

AMOUNT 

20, 

'" 
12.8'1 

10, 2'1 
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REMAINING 

80< 

'" 51. 27. 

41.0'1 
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,, 38 

Tht! vario~ta local, stat~, n.atioul, aDd fonip t.u.U paid bJ a fino 
represent aa ~rtant coat area detenoioed by hw. r..,basia here ia 
ou iDtoao! tu:es, beca,..e of t.heir iloporu.nce ud co.plezity. '~'be bv 
u.u.ally ¡ives the corponte t.axpayer 10.., fluibility in det.enoi.Diaa 
t.b.e amouot and tillins o! tbe taxes lle 111111t pay. Abo, tho! la.,. 
etuon¡e frequently. For example, tllere have been si¡nificaot chao&el 
io U.S. federal inc- tax reauhtiona in 1969, 1971, 1975, •lid 1976. 
Aa a rnu.lt, proper u .. tllo!at of corporate t.aa effecta h a br<Nid, 
ever chanaioa problca. A decisioo ~de today bated oo todey'a t.aa 
bw .. , be invalid t.-ouow. Lill.o! .ost proble~~~~, 1 cocplet.e all4 
hatina solutioa to propar t.ax .. D.aleMill cauot !>e fou.a.d. s-var, 
taa effecta baaed on curreot tila laws, cao be pi~d dOVD vit.b. .ore 
cert.ainty tban vith aany ot.her facetl of ioveataeot econa-ica. 

l!ajor attentioll lll thh aea.iar will be paU to tbe incre.ent.al tu: 
effecta fra. acquirin¡, coat allocatin¡, aDd diapoaiDI of aaaeta 
within a larae corporation. The t.a:~~ treatment ll!lected for varioWI 
bu.aineaa aitWitiOD.I ahou.ld uxi..ize the corporation'a present valu.e . 
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No~l T~z Rate (on firat $25,000 of ioco~) 
Surt&x (oD nnt $25,000 of inc-) 

Rate on inc- above $50,000 
C.pital Gain- Tax 
Taz on Dividenda Reccived·-48~ of 151 
Tax Credit on Tan&ible Invcstmenta 

Chara¡u in U.S. Tu 011 Ordi111rY !neo..., 

Tudt) Tax Ratc. 

1950 42 
1951 50.75 
1952.·63 " 1964 " 1965·67 48 
t961H'1 52.8 
1970 49.2 
1971-76 48 

2-13 
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Per C.-nt 

" 22 

" 30 

"' " 
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1954" 
1966-7 
1969 
1911 
1975 

Country 

Svit.>:erhnd 
Ho11s Ion¡ 
E m< 
Colwabh 
Taivan 
lndorr.etia 

~nges in ln~esLacnt Credit 

Introduced 
S11apend<!d 
C.tnce lled 
Reat.ored 
"Tecporary" lncreaae 

lllu•trative Forei1n Tu R•tel 

Effective 
1976 Tax Country 

9 .81. Au1tralia 
l7 .01, Ilruil 
40.11. Grut Britün 
43. n. Genu11y 
43.11 Ir.11 
45.01, Higeria 

2-14 
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"" 

Effective 
1976 Tax 

46.81. 
50.1'4 
52.0\ 
53.31. 
53. 11, 
70.01. 

40 



1.. ""'--*.,e e 
'lrtod; for atock 
stock for 111~t1 
cuh for stock' 
c&&h for· snets 

3. !zaople--i.aoedistely tu:sble or t&ll•fre• ""~b•nae 
--~onflict io b~yer 1od •ellin& ioterestt 

o bcb.an&e• 
o Coodl!lllll&tioo& 
o Sllu 
o lonu.l Retir-llt 
o Ab11o..-.1 Retireae11t1 

2-15 
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' 

S. lmtenul bte Df .. ba ... 

-

Tbe co•n:ept of a project hallk ia a ueful ..y to ri& .. liae U. DCF 
procedv.tl!, vith c:ub out la,. u depoaiu, aad poaiti.,.. caU n- u 
withduwab; Tbe oa.ly diffuea.ce fr- t.he DOr.al aarioas baak is 
tb&t t.he project ballk dou11't puhliab ill i.at.ere&t nte, uod a trial 
and error procedure h lleCeuary to deter-i.JMI it. 

SJ.Jiple eu.plea illuatrate the project hall& concept, the corrÍiapoad.iA¡ 
cnb flow table, ancl W diacounti.al procedure. Puctiee i.a tAHa 
calculatioaa ia ¡iVeD iD the workabop probl ... io Se&aiol> 3, 

A aet of diacouat factor ~blea, baaed 011 &DDillll co.pouadio¡, auppla­
.. Dta the coati.auou. factora iD Seaaion l. 

' 
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6. Iarremeatal lata of @rturm 

An analyail ia .. da of tvo mutu.lly-aaclU&ive alternat.a, oae vttb 
increaaio¡ inc ... aDd oae vith fallin¡ iDc~, to furtber illustra~ 
procedurea and ahaw that tbe incremental rato of returD .u.t ~ 
tllculated in order to cbooae tbe preferred alternativa. The proferred 
choice alao vario& vitb the ciu~ acceptable return ataDdard beiDI 
uaed. 
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CIJISIW! l'l.lTilAl.U EXCLLISIVE 

AlTERilAT!VES 00 AT A Tl/IE -·· 
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·, 

Let IFC = fl.:ud capltlll, $, spe111: uniCormly ovar lnnatw p.triod, 

lwc = workin¡ capital, $, lnveHad al atan olaalal, ~~nd r....,vared 

withmrt pin or Ion on termtn.unr tM project. 

trc • -flud tnv..cm.nt p.eriod_. ,. ..... 

tmaz: • proJe« uta, ,.,..,., 

Tr • tu: rate. \ of tuatlle protlt8 

R. • diac:ount rata , \. 

P = uniform annual profl.t, Mfor. tazea and cHpNCiatl.c:a 

[t,.,c ,o) • appropriata d.Jacount factor from Tibie A, e, D, ovar 

"' 

Than, capital ch&rc- = P/lll 100, \. 

Astuma: 

1. Ne¡li¡ible atanup time, l.a. , aalea be¡in 11 end ot eonatruet:lon, 

:r. 10\ investrnent cre4it al starl ofaales, 

3. Depreduion lite .qulals projact 11le, • 

4. SYD depredation of !bed invattment, no .. lva¡e, 

S, Unitorm talas and proftts ovar project lifa, 

8. No intt.tion etfecu. 
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Pap 2 

A. Capital ChiU'(! Caleulal:ion l'or Fixed Capital 

At tha eolution rua a of the DCF equ.Won ealcul.-e tha IUUlu.al 

protlt, bel'o.r. tu:es and depr.ciation, wh.ictl wiU jldt cavar tha 

nat in""tment, aft.r investm~nt cndit, and tu: depred.lltlon 

l'orm: 

Depr.eiadon Tax Credit 

Takinr tha rafannce point at tha aun of Alea, thll beeomaa 

~1-Tr) P tmu] -0.1 ~FC - CTr> IPc[to] ·-
R.earran¡inr, 

(3) Fixed Capital Cht.rp = _!_ 

'Fe 
(100) " • (100) 

53 

Sample Calculation, at 48\ tu: uta, Z·yaar lnvescrnent perio4, lUid. U-year proftt Ufe: 
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... ,., 
(r.,tr;J ["'] . [r,J, 

R 1Fc. ••• ...... ••• '"' - --
o ' " 1.0 1.0 1.0 

• ' " ,ti5lf/.8041•1.051T ,Ttol ,7011 

lO 2 • " ,8013/.llt'l"' 1.1070 .1428 .1171 

15 2 " • 1831/. '1fo08 = l.lliS:Z .U33 .HUi 

" 2 15 ,1242/.1703 = l.UII .4SU .SlST 

" 2 " .7520/.1481. 1.3103 ..... .1111 

B. Capital Charp Caleulation for workinc Capital 

Sinct~ workinr capitlil la not 4epnciabla anclll noc tubject to the invntlDtiit 

(l) [n·Tr> P tmu:] [re] 
'•u 

• 'wc- 'wc ~·~ • 'wc u-[<..], > 
max max 

(2) 1c = ill U-fA) 
RT 

(3) Worldnr Capital Chup = ..!... 
1wc 

X 100 • [1;'•] 
• • mu 

• R 
1-Taz R.lte. 

2-28 
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C.pltll Ctuy. \ 

5.31 

lO.U 

1'1. 21 

11.12 

"·" 
14.31 



• 

Pa¡e 4 

Tb• worldor c:apttal ~WIIillft 111 a atni¡t" Une thl"ou¡b th• orlcin, with • 

alope of 1/1-Tu Rah. 
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(Both useful) 

Present Value (at Minimum Aceeptable Return) 

L. Len chance of error by analyac in 'el.ecting p<eferri!'i .altern.ate 
(aimphr, ufer, easter and mo<e direct) 

2. Len ~Uanin&f"l te m.anage:nent (need up,arace caleu~ation ce 
ubte to size of investmeni: and rehtive rhkineu and 
uncertainty in uti~~~o~tes) 

DCF Rate of P.etu"' 

l. Handled correcny, gives same answer u preaent value 01eth•>d-

2. More ""'aningful te ""'nageoent aince results ere reponed ~S a 
ratio ce inv.,otment (directly comparable to cose of cap1c.1l; 
margin for adversity and rtak analyaea tltier te interpret). 

57 

). Therefou. preferred, delpite need ter greater care in c~lcul~tiuno. 

4. Multiple aolution proble.ns occur infrequently (only when tloe 
cumul•ctve caah proceeda change •ign more than once), anC 
suitable techniqueo fo~ elLminating the p~oblem exist. 
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l. Valid compari.son lnlllt c0111poare tenoinal valuea at """' pol.nt 
(Prefened option hMI .,..xa...., t.,·••in•l val!Je, and therefora 
the ...aximum preaent value) 

• 
2. Slaople approach - totd yur• tabu!aud 1s the lea.t c­

=ltiple of th.e aotLuud Uvu ot the oavenl alumatea. 

Exa .. ple: 

Sch.,...tic 

Proje<:.t A 
Proje<:t B 
Laaa t e """"on 

20 yur 
JO year 

lnUltiple 

llfe 
life 
• 60 

-----'-----------· ' A e ........ ... 

··---------------------------· 
J. Capitalizad Co1t1 - present 110rth of perpecual aerv1ce. 

'· Will rephceó.ent aneto reput the costa and revenu .. of tha initLil 
uset? 

5. Appuent Exception - Ccnt:lnue Openttons vs. Shutdown 
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M?lt:ipie Solution Prablem 

Tbe DCF ~lado .. consists of findlfll' a ..,Wdan to an equarlon ot 
tha ronn: 

-RT -RT -RT 
O•A+BC b+Ce c+Da 4·--

A, B, C, etc., are the amounta o( cu.h which are reeelved ot' 

p&ld out al varloua tlmaa. 

e t. the bUa ot the natwoal lo¡arithme, 

T
1

, Tb, Te' etc., refer lo the limeaat whtch the paymenta 
a1'1l ~de or the lncome recefved. 

R la the DCF rata. 

B. To 10tve this l'or R genarally regulra tr!al and error 

C. More than 1 solution to thia gpe o! power uri" ls poas:lbie . 

.0. We are interast~ onlY In poattive vatu" ol R 

E. 

F. 

G. 

2. For an llrVell number oC sign changes, the standard ot:F procedure 
may not lead lo any val u e o! earnings rete, or lt m ay leed 10 severa! 
valuea ot euninp rete, or it m ay leed to 1 meaningless rate. 

H. There Js a way around thls probiem. 
Use en IUxillary intO!rest rete as a ~crutch", (or the temporary 
surpluses in CCP. Thb was original! y propou·d by R. 1. Reul. 
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USING AS At:XILIARY IYTEREST RATEAS A ~cRl"TCH" 
(pera. ¡. RIN!l 

Uaing a ttipulated. Uuerest rate or 10\ resu!U in the rol)owlng S!JCcessful tria!. 

Actual Cash 
Tllnlng Flow 

-1 $+ 50 1.10 . " o -IGO LOO -100 

•• ... .70 •lO . , ... . .. . " •• ... ... q' - o 

Anawer • "' 
Using a at:ipW..t~ lnter.at n.te o( 1\ reaulta In the followtng aucce .. tut tl'lal. 

Ttmln¡ 

-1 
o 

•• ., .. 

Actual Cuh 
Flow 

., 
-lOO . " ... ... 

1.06 
1.00 

.73 

·" ·" 
Answer " 17\ 

. ., 
-lOO 
qs 
• 18 
• 13 

o 

60 

CONCLUSION: Earninll' rate equivllent 10 other projects earning b~een 11\ and 19\. 

NOTE: Foi- thill exe.mple, the cruteh nte assumption was not c:ritie11 and h.:ilittle 
efTect on the final answu. 

-



Post·inatallation sppraisals are a uaeful .. ~,-.ent tocl for ~rovin, 
deciaion-~tin¡ reliability. They offer three aouJht·after resulta: 
(1) providinl -.na¡~t vith info~tion oa the aucceaa of a~ iaveat• 
.eata, (2) uncoveric¡ areaa vhere imprcve.enta clc be .. de te (adividual 
projecta, (J) deterainina lhe aouadaeaa of ori¡inal •••~tiona, policiea, 
aad aaalyael. Seversl 11.-plel are dia~sed here. 

Tbe use of tb• terhDique ia illu•trsted furth;';',,;',;':~~',;',¡',¡•ion S the use 
of elperteace resulta to (adicate the likely ~ ic analyaea. 
Prsctice in these tecbniquea il ¡ivec in the Compacy case 
be1ua in Se11ion 4. A uaeful reference 
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1. Total Com('Jany 

2. lndiwid:.c;:l Projccts 

· 1: What ht('J;l'Cned? 

2. Why did it hap¡;oan? 

1 Whlt e:n be dooe? 

Relntiva Oifflc;uiw 

1. Mensure PhysiCJI Perf om1nncc Easy 

'2. Aeview Origird Oecision O:c;is Hard 

3. How lmprOI'C Eiistin~ Opcr~tions? Varief 

4. Any Eval\mtion Proccdurc ln~clec;uaeies? V011in 

5. Providc Fuun~ Oe;i~ion Gui:lcs Varies 

•· 
3-2 
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Mothod of On::rntior~ 

1. Proj.cct Schctluling 

2. Study S cope 

3. Probtem Are:>s 

-D•u 
-Timing 

-Who Oo~s V'Jork? 

4. RIIPOrtinll Fl~lts 

-$ummftry Economic:s Statemcnt 

Original Evatuation Post-lnstallation Aflnr.::isal 

Resutts Currcnt 
ToDa~ Fotec~n ToUII 

T~Period X X X X 

Ph~cal Output X X X X 
lrmrstment X .X X X 

Proflt &. Lon X X X X 
Cumutativo Task Flow X X X X 
~teof Rctum X X 
RIINon Sensi<ivities X X 

3-3. 
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Char\98 in fl<:tum R::te ol F:erum 

OriginGI Ev~luntion X 
R..,ision to bo:se ea1.11 X 
Pr<ll*!ural changes X 

R..,ised Original EviiiUPtion X 
lnvatmcnt c(!ccu X 
Startup lllffecti X 
Annual profit effm:tl 

Ex¡Mn:;as X 
Volume X - X 

C41rrent Forccan X 

Thn!ll Ca~e Hi•tori~• 

.Eumple 1 Effect of Forcign Competition 

Examplc 2 Nccd to Push Dcvelopmcnu Ouicldy 

Exlmple 3 Many Compimies in a Sma!l MMket 

J-4 
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Physicd Outr11t 

Cop~city, Mol'llb. 1.2 1.2 
'11. ol ~p;IC:ity, Y~<~r 1 ,,. 44% 

lnvi!St!T.~nt, el\1 

Fixllll C~pit~l 660 ... 
Workin'il Cilpital J.Q9... .Jl!.. 

650 672 

Firtt Ve~r Rc5ults $M ~ "' ..... 
Rwenues 1040 ,, 

'" 120 
ExpomM 950 119 - '" 12< 
Aftlr · Tax Profit " , 12 2 
Return oa lrwestmcnt 1~9% 1.6% 

r.~, -.. ¡:le 1- Rata of Fkturn P.~:u,cili,1ticn 

Chan~9 in nr.rurn Anta nf n~turn 

Origin~l Evlllu~tion 13.9 

lnvcstnu:nt Eif:ct:s 
Sales Volumc 

SeUino Pricc 
Expo:n~ 

Actunl Rcsult 

3-5 
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• . . 
.. 

-Example 2- Surnmary Economics 

P'hysic:a! 0ut!)ut 

C.pacity, Milr\ lb. 

"otCapacity, Ynr 1 

ln\.estment, SM 

Flnt Yaar Re:;uln, 

RIVenun 

Expen..s 
Ahu-Tu Prolit 

tt.tum on lnve:stment 

Orlqil'l>:ll Ev~luation Pott-lmtlll!~tion AIIPf"'ll$:11 

10 -1200 

SM 

921 

'" 155 

1"' 

3·6 

~b. 

20.0 
16.6 
3.4 

10 ,... 
823 

SM 

1500 

ellb. 

19.2 
14.6 .... 



Phpic~r O~t~1ut 

Cap¡;¡;iry, tons 11000 

"ofCapcei1.y, Y~ar 1 '"' 
hwcstmc:lt, !':M 

Fixr:d Cnpital 500 

Working Cnpit~l 20 -620 

Fint Ye~r Rest,lt<, $rJI 

Ravenu01 220 

Expanses 225 

After-Tax Pro lit '" 
e.tlm~ttd R•tum 111 Cni)Kity 24% 

v .. n to Roach Cr.p.a:ity • 

PIA Boncfits 

1. MOIISUre individuallnvcstnlcnt !UCCCU 

2. Uncovcr ~r(!ns wlwra improvCI'M!nU e:m be ~GdO 

-9000 

"' 
630 

151 
65 

(701 

15% 

10 

3. Fect~OO~k for i~sing reli¡:bitity of ha·.m: d~isiom 

3-i 
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TYPICAL LESSOIIS FROll PIA'S 

2. The oriai~~&l .,~.....,.ic:o aro. a-nllJ ll:i&b-~U..ta u a-uHJ ..,..,.., 
opt~is• rather ~n coat o.isaioma. 

3. There ia often ia.dequa~ attentioo to tioioa (should it be doae 
oow, or later, or ~. it beeo put off too loo¡?). 

4. I~~.&dequate at.te11Uoo to leamioc. 

5. In.adequ.te atteo.Uoo lo este=..l facton, leadina to a ron erron 
io vol- 111d price. 

6. Evaluatioa pro.;eduru bave been i.8provin¡. 

3-8 
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StSSIOM MO. 4 - WORISHOP NO. 1 

s~veral ahort proble~a, vith aolutiona, are preaented in arder to illu.trate 
ao.e of the important paints covered in the íirst two lecturei, 

Problem 2 
Relates the accountant'a book rate of return to the diacounted caah flov 
rate of returo, 

Proble• 3 
Illuatrltes the use of cantinuoua diacount factors, the development of 
present values for uouaual patterna and the beginning use of the caah 
flow table, 

aoae of tha probl~ in an1lyzin¡ a abort·life project. lt 
~:::]:!:':; IDOther caab flov table and providea a brief introductiOD to 
p aenaitivitiea. 

Case Proble• 
In addition to these ahort problema, a more involved case, Loco Chemical1 
Company, has been developed to aimulate a real·life aituation-wtth a 
number of alteroatives. Thia case has proveo itself extre.ely uaeful as a 
ComQOD thread for tyio¡ the lectUres togetber. T~ claa1 ia divided into 
sm.ller gro~s who vork on separate parta of the problem and inte¡rlte 
the resulta in a faahion that st.ulatea tbeir doing this under Che real 
conditions in induatry. A coapleted poat-sudit, analyaia of a ~er of 
alternatives, and appropriate •ensitivities per.it the ¡roup to reach a 
cancluaion as to the preferred course of action, and to complete an 
approptiation request for necesaary funds. Work on the case ia continued 
in Session 6 and completed in Seasion 12. 

Although the Cu.bers have beca developed to be reasonably typical of the 
che•ical indust~, the type of probl~ illustrated, and the ptocedures used 
are completely ¡eneral, and can be applied eq~lly in any busine&s. 



PROBIDI XO, 1 

!t!ert ot !eonoe~te Ya~aticka on Pro.l~ct &.nldns 

~~ ~tually exeluGtve proJecta, all with an 
;,.ar lita az~4 $.."'XJ/yr. deprc~iauon. 

• • 

1nvcat=ent oC $1000, 

! 

'l'aXI!t 

"' "' "' , lSS 
.ID. 
m 

"' 
Qllelt.10D: HOII do thue projocta nnk, ustna ret\U'n on or1¡1nol 

ip.natlllant, p;ayo-Jt, PI, preaet~t value at 10$1 

.. 
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A profaet r.c¡ulrCII ~ initi&l inveat.erlt or $loo,ooo &lid. 7iel41 euh 1Ac0111c 
ot $20,000/,rr. for a 10-yc&r pc:riod.. Ca..l.C\ll&h: 

• • 
a, Averq:e Book Rate at !lcturn, by yu.r, and. tor the over-&1.1 pro. • 

3ect, aasumine str&icht line depreci&tion (Note: aver&Ec inve~t­
IIBnt 11 t,h'l! averaae ot t'he openins and closin¡ 1hveatMent, tor 
nch ti.me period.}. 

b, MaeOIIlltC'd. cuh nov rato ot retum, 

e, tldn¡ trial ancl error, modi!'y the book depreciation aehedule to 
71el4 a constllllt book rete ot roturn over tl!e lite ot tho proJect 
(Ji'ota: total deprecü.Uon ia atill $100,000), 

el, ROII' 4o )'W 1nterpret t.he reeul ti obt.&iDC!'d? 

lftOBLD( #3 

· &, M invcatl:lcnt ot $20,000 D&C1e tvo ye.u-1 trlllll nov vi U\ lll S..yciU' 
~ciation lite, ~ill permit bcfQre-tax sevina• ot $lO,OOO/yr. 
tor 4 :ycnrs, ;/h.at; b tlu: prescnt valuc ot thia iiiVestrunt tnd..ty, 
&t ~ P!1 Use SYD dcpreci&tion &nd a 5~ tAX rete. As•~• aal­
~ v.lue atter 4 ycar& oper&tion 11 the un4opreci&ted b&lanec. 

•• A""" l'acility coat $100,000 (land $40,000; eonsti"'ICtlon, $5o,ooo) 
and. has a 20-year eeonor.~ie Ute. Sale:o volu,.e h u_tilu.ted. at 
$450,000/yr, 1n th• tllir..l. ancl. Sllbseq\lent yt:-an, vitb an annual ea..,b 
ret\U'n (1nel\lci..111G depreciation) o!' $9,000/yr., anc1. aasoctatc:cl. VQTitin¡:; 
capital ot $15 1000 in thcJe ye&rs. :n \.he f1ut alld ••=r.::l yearJ, 
'f'Ol.~ 1s eJtJ=.&ted at 1/3 and 2/3 ot e&p.city, respeetively. ASJlr..C 
vorkina:; capital ancl. &niNAl cAJh return are proport101141 to vol\ll:le :lfd 
ua\1110 the dei'MIC14ble taeUi tie:t ha ve no Jo.lvi;G!! value attú 21.1 yeerl. 
lo'ha.t h thc j)l'CS!!IIt V&l.\111 &t cr.;, ,;, lai? !.1l.at. h tlJc Pn 

r.conal!i e · Su:"'"" ry 

Plant CapneJ.ty 
l'hcd Ca pi tal, $~1 
Worklne capH.ü, $M 
Startllp Expenre, $N 
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,lO~ lb./yr, 

• • • 

• 



-. -
lz:Ol.o!c;o 1if Cont.. 

lal.e• JIUilchlp (IMU4l. -.lu level) 
J&lel' PriCII 

Coa.t1"11.ct1on 'r1Jrre 
ltartup '1'~mc 
Ee<mca!" Lite 
hp1~iable Lita (STD') 

'!a:c R&~e 

1, I'Yepare 1 y .. rly P & L tt•tement, 

V 

-20,110, 6o, 8o, 1~ tn 5th J'e:Ll' or 
~flb., tuUW!t 

]...l/2 ~u• 
3 -ths 
15 )'II&U 

15 )'e&r.l 

""' 
b. What h cM diacounted c .. h flov riU af re tu m 1 

Tou. Arl Fin.:~.ncial V te: e Prctid.cnt ot Krock ~!anu.t'llcturing Cgmpcu~Y, a rtra Vbtch 114li:ot 
a vartoty or nxo1 ~ pol1cllct· •LG.n veCk a tin CDCiplctcly 4ct1.royd tM vceblo 
wax blcndcr ll.lld. unct.,ltllltnt. raen tho doctc;ton vhethor to roplaco tb11 1111it or 
d.ileonUnuo unulacturtns Ulo procl.uct. 

Weeble vo.x WILG once a hi&)l-vollle h1(lh-prot1t prod.uct but 11 0.011 on the V&J out. 
!be ~:~ew plan.tc VltOle (vhich docf not. rcqutre vadn:d b ardua.lly re>ll4t1ne; t.M 
ol4-vocxl.cn typc, with the reoult tho.t to.ltll are •hrink.tn:: eaeh year a.nd. vill IOCII 
411oppellr entirolJ. Krock'• lc.ukct1n¡ reoctlrth peoplo pro~oct veeble vu aalu ar 
1'oUov•: 

• !2!!.! ,..,. 1100 ,.., eoo 
1966 550 ,,., )50 ,,.. 200 , .. '" 

'l'tW ftr. 1111Ul'&I:IC:I COI.'Ip&lly hal al.l'tlldr poid Krock $125,000, tb.e book Y:al\11 o[ tlle 
'blendc:r tha:t vu ilaatroyed.. 

A 11ev blencl.er Vill eoat $500,000 inatalled·. Although thia machine n.onu.lly lul.• a 
10 year 11tc, thia ene wtll Mve no rurthcr uae at. the end. ot 1968, \lhe~ 1t ~·tll 
be ac:npped.. Salvacc: val..:c: vill be about the 1411111 u thc: c:ou. ot <l1at:at~tllnc. 
Iaventory on hand hat a bcok ve.luc: (at c:ost) ct $100,000. It lroc:k cl.ec:tcl.ea to 
41ac:Oilt.1nuc: cr.mutacturc: ot ~c:blc VAX, thil ~e.tarial can be tol4 a.t c:ctt. Other­
vtae, the inventory will be li~uidated in tlle normal c:ourse ot operat!ona at tha 
end ot l5l68. 

• 
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Jat.1maW! WICittiJI& capttal. "~"'"'""'~-"- (taU"'*'• t.a•w'Ht-1 u. t-~4/~l~l:n>., 
' ... ..a.. 
l&le ot t.btl p:zcAuc:t llfiU t2/t.«J. u. Uw phnt.. Yu'lablc cot~t&, a-t. io $1..)0/tor­
&114 tixecl. ~on1, other tb4tr. 4eprec1&Uoa, t.o $200,000/ycar. 'ftae tQIIIPUI)' P&7S a 
0011ob1ned. fed.el'al•U.&te t&lt nt. ot 55-;;. CuriAS t.b.c Jlll.St f!YC 7UZ'f0 n-Gck'l f.ewrn 
on total invetted. capital 1111.1 J"AASCd ti'OIII 8 to 1~· Tbe eo•t. ot eapit&l 'ta l~. 

In one ho\lr, Xrod.'• eneuUvc coadttAo vtll .cot. to de-cido Vhct.Mr to repl.&c:1 
tho blcnder or 411c:onttnua t.be ~a~~utacturo ot w1blo vu.. Tbo Ucilton vtU 4epend. 
lars•lt on your optnion. 

1) Who.1. h Ulo ;ye.rly &nd. ave~ book n.u ot retum t.hat. tbil operauon 11111 -· 2) What 11 the 41ocm.mtc4 rat.1 ot returnl 

l) Wbo.t 11 ttle ettcct or lOff~ prtcc r~\KUont 

~) Ro" ill Ulo d11lCO\In~cd return lffccted lf 1aleo b&vo beCft 0\'e:-.Jit.ii!'..Stt'G 
by 20,000·ton/ycor7 

5) Vha.t 11 fOW' reco:aenc!a:;·.~u: 

4-S 
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Thna 110.1tW.Uy uc:lu.a1ve projec.ta, all vtth q imaat::aeftt of $1,000, th-
Ye.&:C' ute; and 200/yur de¡)r~to::i.atioa.. 

• 
Yardatic:k..a 

.. ,= ou art1 . 
Inv, ll.!il ' 15. S% 2 16.8% 1 

Payout 2.4 -p:. 1 2.8 JT· 2 3.2 JT· ' 
PI 28.1 1 2.5.7 2 22.8 ' 
PV 1! 10% "' ' "' 1 '" 2 

In thia e~le; tha tvo ~mcl.i•u;ou:atad -thoda u.c:h ¡:&ve d:tfhreat raDlr.tnp, aad 
naithar aelactad projac:t B. Tba undiacouated -thoda do hava tbair pLaca, if 
uaed vith eautioa. Payout, 1a particl>lar, b oftn reported dona vtth a 
dbcoUQted ~h flow r-ule to hdp aoeasure projec:.t dak.t.nua; aDd vbera vuy 
hish ntunu~ bhnrt pyouts) ara dadred, can often be Wled ntbfactorily u 
~ha only critarioa. 

&-A C-B 
Caah Flow Cuh ,_ 

o o o 
G-1 -120 -13!1 ,_, _., 

-55 
2-l "' .. , 
>-4 .. , .,, ,._, +155 +135 

+lOO ...., 
PV @ 10% "' -7 

PI " ' 
On this basta, both PI and PV give tha •~ ranking and shaw B u the preferred 
projact, For thoaa difference calculations return on original ioveatment and 
payout cannot be calculated in the uaual way aa thara ia co invaatmant, just 
tccraaaad and dacraaaed expenaea. 

' .. 
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l. 1tetur11 on OTia¡iual :ltrt'uometlt, % • (A.,erqa Pl'ofit/Oriaio&l l;rrNst*!at) 

Project A 101 • (135/1000) z 100 • 13.5% 

Proj•ct J tot • (155/1000) • 100 • 15.~ 

PToject C lDl • (168/1000) • 100 • 16.8% 

Payout T:t.e • yun for cub tl"" to toul tha ortatnal tnvu-t. 

Yur 1 
Project A: 1000 • 475 + 

Yaar 4 Total Tun 
o • 2 + 125/330 • 2.4 

Project J: 1000 • 355 + 355 + 290 + O 

hojact C: 1000 • 200 + 300 + 400 + 100 

2 + 290/lSS • 2.1 

3 + 100/450 .. 3.2 

PI and l"'r•nt Valuot 

Project A Project B Pro;l..:t e 

'"'" DiacOUD.ted .,.,, Dilcc.w:r.ud .,.,, Dla.c:ouated 
nw c .. h tlow m Plw c .. h i"low m :I Cuh n .... ~~~ 

$ tof zsi "" :::J: '" 25% .ll1!.. tóf zor n 
-1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 -1000 _,,.. -•ooo -•ooo 

m "' 
.,, 

"' "' '" "' 307 200 190, :#"ii2 "' • -· "' "' 275 "' "' 306 244 227 300 "' "' 206 

'" m "' "' "' 276 "' 168 ..., "' 242 2 .. 

"' "' "' " "' 250 ... ,,. 
"" '" 223 188 

200 "' " " "' 224 "' " " m 1" "' m m To (Jt) .m m lJ (82) "' m " (SS) 

28.1% 25.7% 22.8% 

••• 

·' . (· 
._, 

' 
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Part ,, 
Bate of Return Ud:~,. CC'l'Jvrn1 il"'\.:.1 fl.!.n:-~e\ht i.on Aceou~tins 

C...h Cloainc Ave rece 1 Rate o' 
Yee.r - In~o::e ~ree1Uio'l Profit rr:ve~bent Inve~tJr:~nt. P.et:urn • 

1 100,000 

1 20,000 10,000 10,000 "'·""' 95,000 l0.5S 

2 20,000 10,000 10,000 eo,ooo 85,000 11.7 

3 20,000 10,000 10,0()0 70,000 75,000. 1].] 

• ' 20,000 10,000 10,000 6o,OOO 65,000 15.4 ,.. 2C,OOO 10,000 10,000 50,000 55,000 18.2 

6 20,000 10,000 10,000 lo(! ,ooo 45,000 222 

7 20,000 10,000 10,000 30,000 35,000 2S.S 

8 20,000 10,000 10,000 20,000 25,000 ""·' 
9 20,000 lO,~ 10,000 10,000 15,000 ... 7 

10 20,000 10,000 10,000 o 5,000. 20M .. 
total 200,000 100,000 100,000 

AY11J'I,&C J.O,OOO ,.,,ooo 20.01 
tk!.olo: PI " 1~ {Su no:xt p.:~.;c) 

1 Avc:rac;e or epcnin¡; e.n:l elosins 1nve~tr.lcnt ror t.nch year. 

2 Ratio or annunl pro~it to averiL&! 1nvc:;trumt. 
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"Ptnt Mottbod: By yur - 0•111& tallh a 

.!!!! C.uh llov, ! 

o -100,000 1.0000 -1,000,000 1.0000 -100,000 

<H 20,000 .9241 18,481 ,9286 18,572 

1-2' 20,000 .787.5 15, 7SO .7993 15,986 

,_, 20,000 .6110 13,420 ,6879 13,758 

3-4 20,000 .5718 11,436 ,5921 11,142 

4-S 20,000 .4873 '· 746 .5096 10,192 

>-6 20,000 .4152 8,304 .4306 1,772 

._, 20,000 .3538 7,076 .3775 7,550 

,_, 20,000 • 3015 6,030 .3250 6,'-00 

,_, 20,000 .2569 5,138 .2797 '·'" ,_, .2189 .2407 4,114 
J,Jio 

Secoad Mottbool: tldna Tabla e 

Oiscounted C.eh Flow at 16% 
~ C.uh P low, ' Tabh C Factor 'Prnent Valua 

o -100,000 1.0000 <. 0000 
-10 HOO,OOO 0.4988 0 • .5179 

In eithar method: PI•16- -15.94% 

-16% (rouaded) 
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l'art 2e 
78 • " 

To aat a conat..at book rate of ntum (vhich equala ~!), it 111 oec-ry to vrite off 

~"' of tha 1nvaat..1ot in l.ater reara, uu..:tDa nndil)' de<;r..-i.D& profl~a tteood 
MU u .. ouabh tbaa tlw u:n1fon1 accououna cOIWenc:I<JII • ._ 11o t:bol ul>le of pan Za. 

Deptac1ation Adju.tad to Con.~Uftt bte of .. tum (PI) 

"'"" Clodq Avarqa 
Year Inc,.,.. !?eprec:iati<m Profit Ioveatment lnvut:Hnt 

o 100,000, 

1 20,000 4,400 15,600 95,600 97,800 

' 20,000 5,160 14,840 90,440 93,020 

' 20,000 6,040 13,960 84,""' 87,420 

4 20,000 7,100 12,900 77,300 -. 80,8~ 

S 20,000 8,320 11,6110 6.8, 9!0 73,140 

6 20,000 9,770 10,230 59,210 64,095 

' 20,000 11,460 8,"0 47,750 H,480 

8 20,000 13,450 6,350 34, 300 41,025 

' 20,000 15,780 4,210 18,520 26,410 

10 20,000 18,520 1, 41!0 o '3,260 

Total 200,000 100,000 tOO,OOO 

Average 10,000 62,650 

(1) PI ia retum on outatanding investment, after "depreciation." A zato 
PI project juat recover.s tha ori&inal invaatlllent, earna no proftt. 

(2) 11th "daprac:iation" hovaver, on a yearly b....,ia, doea not represeat the 
ac:c:ountauta typic:al &lloc:&tiou. " 

Part 2d 

late of 
bturn (P!} 

16.0% 

16.0 

16.0 

16.0 

16.0 

' 16.0 

16.0 

16.0 

u.o 
16.0 

16-0% 

Wheu tho depreciatioo achedula is adjuated ro yield a c:onstaot book rate of returo 
thia return 1s alao equal to the diacounted caah flov rate of return, or PI. Thia 
illustrates another defioittou of PI, which is the rata of compound iotereat at 
which the outataudin¡ iuvaatlllent in a project ta repaid by proceeda fr~ the project. 

4-10 



Spaca • Salvaga • 10/)6 ($20,000} • 

I<n """ 
lnvemt-nt 2 
Depreciatiou "' Savinaa 2-6 
Salvaga ' 

o 

c .. b 
hfon , .. 

U,444 ... .,. 

""" 
2 6 10 

M.u::illn.a Cradit 

n~ 

Aftar , .. 
-20,000 . 7866 

7,222 Su DOta belgv 
20,000 .7866" • 7942 
5,556 • 4868. 

DapnciatiOD FV • Kr1•• Pooáaibla 
Ler;a Tn: Cndit I.oaa 

10,000" .7866" .7441- 2778" 
.48684 z .8575 • SS53 - 1160 • 4693 

' 
R. T. • 12 z 8 • 96; fd96 • ,7441 
R.T.2 • 12" 4- 48; fd48 • .8575 

Pan Jb 

Yaar Cash Raturll """' C...pital ~orkina capital(J} C..b J'lov 

o 100,000 '·""' <>-1 '·""' 1 '·""' 1-2 6,000 
2 

$162 ooo(l) 
5,000 

2-20 
• • 

20 (15,000) 
$171,000 o 
Cash n...,C2} Diacounted " " "- Perlod "' - !"actor "" $M 

o -105 1.0000 -105 1.0000 -105 
!>-1 ' .9754 ' .9516 ' 1 ' . 9512 , .9048 , 
1-2 ' .9278 ' .8611 , 

2 , .9048 ' .8187 • 2-20 162 .9048 X .6594 " .8187 X ,4639 " 20 , .3679 20 ' 111 -¡¡- -37 

4-11 



By lit>ear interpolation .approx. PI • 5 - !! {5) 

" 
{1) $9,000/yr. {after tax cash) x \S • $\62,000 
{2) O% Present Value 
(J) Assume proportional to sales. 

4-lla 
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SOUJTION TO PROBL&I NO. ' 
Part a 

le!([=-a U Ft1urea tro K! 'Inflow +¡ Outflov -¡ 
Conatr. Startup 

(18 Moa.) (3 Hoa.) ' ' 3 ' 5 ,_,. !!=.ll ~ ~ - --
Net Salee 600 1,200 ..... 2,400 3,000 15,000 U,OOO 39,00• 

Oper. bpeaae -260 520 "" -1,040 -1,300 -6,500 -6,500 
All Other Cona "" . -900 900 "'" "'" 900 -4,500 -4,500 -30,88 
Depr. (15-yeer St.) -200 200 200 200 "" -1,000 -1,000 3,DU 

Federal Inca~ae Tax (48%) "" 3" 202 38 U5 '" -1,440 -1,440 2,4 ~ 

Het Pro!1t "" -395 "' 42 "' "' 1, 560 1,560 2,61· 

Caah lteturn "" -195 " "' "' m 2,560 5,61· 

""'· Iav. - Phed -3,000_ 

" Worldrog -140 "" "" - "" "' "' > 

Part b 

Cuh Proceeda 
Yur -3,000 "" -335 "' " 195 "' 2, 560 2,560 "' -3,000 -3,250 -3,U5 -3,7U -3,725 -3,530 -3,154 594 -1,966 2,662 

C.ah Proceeds by Year, 
Dile. to Tille z.ero: 
@ 61: -3,185 m "' U5 " "' "' 1,638 1,215 "' @ 5%: -3,160 m "' '" " '" "" 1, 766 1,375 329 

'· 
(•) DCF Rate of Return - 1:1! 

"' .... 



SOWTtOII 'rO PltOBLEM !'0, S ,, 
(!) look Rat .. of t.num 

throu!ihou.t Yur 
St.art of 

1964 

Sales, HT 

$M 

Variable. Coata 
Fixed Costa 
De.prec1.at1on* 
Taxable IncOCIM! 
Tu @ SS% 
Invaatm.nt Cradit** 

llct Profit 

Nat caah Flov from Oparationa 

tnvastunt, $M 

'""' (500) 
Wcrkina capital *1' Total lnvaatment ) 

Total C&ah Flov (676) 

: !cok tnvur.,..ns 
Start of Yaar 
End of Yaar 
Avaras• 
Net P1:ofit 
Book lt.ata of ltaturn 

*10 yaar STD, vritten off after 1968 
**1/3 of 7% of SSOOH for S y .. r life. 

.lli! 1965 

1100 800 

noo 1600 
1430 !"'O 
200 200 

.~! _.!J. 

"' (2.63) (153) 
_11 -
"' lE 

319 207 

~ 
319 "' 
"' '" '" "' "' '" "' 125 

36.2 24.0 

4-13 

1966 1%7 1960 

"' 350 200 

1100 700 "" m "' 260 
200 200 200 

" 64 " li2 (19) 1'ffi') 
(62) 11 " - --;¡; "' "'' 
12J " ' 
"' " ~: -¡¡; -,-

IOJ " 27 

"' '" 246 
)42 "' !" 

"' 294 206 
so (1) (52) 
12.6 (2. 7) (25.2) 

82 

..., of .... ,¡ 

JOOO 

6000 

'"" 1000 

"' :gg (ns) 
74 (JlO 

- 2 
T6f) "' 74'' 712 

'"" ~ -
(500 

106 282 

_ ... 
'" .. 



(2) Ohc01.1Z1U4 lo u oía.~ 83 u 

Cioah Pl<N ... 18% "' !!.!!. " ' " .. -"!.. " -"!.. .. 
o (676) 

1. """' 
(676} 1.0000 (676) 1.0000 (676) 

.. 1 319 .9516 "'' .9152 '" .9063 "' ,_, m • 8610 "' • 7645 195 • 7420 "' ,_, 163 • 7991 127 .6385 104 .6075 " ,_. 88 • 7049 " .5333 " ,4974 44 
4-5. " .6379 17 .4455 12 .407:Z ll 

' 106 ·""' 64 .4066 " .3679 " ""1i'8 17 -(5) 

DCF lt.olu of Retum • .!!:..i% t<n S ;ruu 

&.t 1! th• 1nv .. em ... t 1• approv.d opatationa ahould h reviev.d in about 2 yqn aa.d. 
annually thenafur, aa cuU'IIQ.t forec:ana indiu.n tba!pl.allt abould M abut dowa b•for• 
coarplua lo.a of a&lq: 

Plant Opuated · 

5 years 
4 years 
3 yeara 
2 yeua 
1 ye.ar 

' Inc:..ntive for Shorter Lif• 

heaent Value " 10%. "' 118 

"' m 

" (24) 

1>CF 

'"' ot Retum, 

1!1.5 
21.6 

"·' 20.0 

'·' 
(3) t.Dver Price lOt/tou; DCP R.an of R.aturu .. 10.3% (5-yur lile) 

(4) Lovu aal .. 20,000 T/yr.; DC'F ll.ata of Returu • 17.8% (,_yur Uf•l 

• 

Shudawn caleulationa shovll the llla:JI:im..a PV10, for openting only four more yaars. 
Beyond this, aalea decline aufficiently, ao that the caah value fr~ aalvaging naw 
exceeds the cash value fram operat1ng longer and thus aalvaging a laaaer amount. 

' • 

Tba base caaa PI 1a surprisingly ¡ood, but the aon:uoitivities ahov hov 1111811 nduetiona 
in price nr vnluma can ai~ificantly hurt raaulta. 

o 
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CASE PROBUM 

LOCO CH!MICALS COHPANY 
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~., ·-.·· '":!".,u .. -e· s-.M ~~ twilat" .JM;:'<!....., .,;,.. 11 
ói~icniml .f~Gt"t af~ \!QlAl. ~r 11, loo.ilt a plM'rt i1l. 'i94'-~ ~ 
-uufact...,e PLut:ie A, tbl!ir finot aud, 110 fu, Qllly pol~tfl. 

Tha proc .. a for Plutie A had been based upon btaraal ruearch a.4 p"C"ovtded 
• very profitable product tn the early yeara. Parrly becaus• of the hi&b 
profitab111ty, partly baeauaa of tha loa& o! a d~ic research director, 
and partly from th• buainea& 4ownturn in 19S4, mana¡ement cut back aharply 
that year on reaearc:h uul urketing expaditurea on Plutic A a:ad Uc:ic!H 
Tlot ro build a t..:=lmical aervtce laboratory, 

Nov, io 1961, Loco' a u.lu of Plastic A haq dec:lined ¡radually to SO% of 
tha plant' cap•city and oper•tiona are only ali¡htly abov& break-..,.... Tlle 
c¡uality of Loco' a produet U """'a0011evhat poorer th.an that produ.ced by c­
patitiv• manufacturara. Furthe~ra, Plaatic B baa beea 1ntroduced by 
ochar camput .. , haa a larse u.rket of Hs ova, and alao '"'mpetee for e 
portion of Pleltic A bu.ineae. 

Altemativee 

The lituation ha1 becQme lerioue enough th•t Loco'• Qana¡...nt ha. cellld for 
a careful reviev and for r.cocaandetio~ as to what their moat profitable 
CO\IUe of ection 11. They hava urroved dovn the choice• to the follovin¡: 

l. Continui111 the unulacture and eale of Plntic A. 

•• 
'· 

• 
'· 

Continua ea 1• (with an eetimated ealee life of about S yeare) • 
Build up .. lea to plant capacity by e~teDiiVe .arketin¡ effort, 
canetruction of technical aervice fecilitiea, and improv..ent 
of the qu.ality of Loco' a Plastic A. (Tbe ecotlal.ic lite of tbe 
preecnt plant 1• eetiaeted at 10 yeare.) 
Imprave unufeeturing proceea aad expand Pl.aatic A c:apadty 
by 301 (a¡ein tbe eetimated u&eful lifa of Pleetic A 1e 10 
yeare until the original plent becODie obeolete or uaecoao.ical). 

2. Go into the buaioese of manufacturing·Plaatic B (eitber continuicg 
or discootinuing manufacture of A). 

a. Purchaee c011111ercial plant lcn...,_how baeed on a fi:lted fee plus 
runoing royalty with a maximu=. 

b. Continue v1th re1earch 1nd devalopment by Loco on a proceea for 
Pla•tic B. lt ia aaaumed that 1 succeaaful procea• vill be 
developed, but it vtll be 3 yeare befare 1 plant procesa vill 
be r .. dy. (The eattmated uaeful life of 1 Pleetic B plant ta 
et leaat 15 yearo.) 

J. Cet out of the plastic buatne!la ent1nly. 

*(Although they are not the producia involved, 1t ... y help in gaining a hel 
for the problem to think of Pllstic A ae analogous to polyethylene and 
Plastic B to polypropylene. Many of thetr market characteriatic!l are 
similar to the hypothetical Plaotica A and B.) 
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_.at 1 ah !e ffl .. ~·••••"l - atlllt.i-.t.ioal 4aUt. 1• p..., OQ T~U 1 ~ .V 

~1 

'table:Z 

Tabla 3 

Tabh • 
Tabla 5 

Tabla 6 

Tabh 7 

T&bh • 

• 
• 

.,. -..:. w .. -.--. 

bn..totd ~c,..~t 6 ap.ratia¡ eo.u far Kajor M.-ufa.:.turiq 
Alunativu 

Plaatic ~ Proforma P&L State=cata 

Ori¡ia.l 1948 J~atificatioa, Plaatic A 

PL&atic A Riatoric PlL Statem.nta 

¡,. ,,../ 
1 

A workahaet for tb& 4iecoUntacl cub tloor calculatiOQ& 1A ¡ha in .\ppclod.f.a 1 
and tha aua¡ .. t.C 'e= wt.for e~ritina e poet inetelletioa eppraiaal of 
Plutic A t. atvea 111 App~iz 2. The aroup a .. i~JD~~~M~.t eh .. t t. alao tsu;lllded • 

• 

Note• 

" . 

• 

. ' 
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l. An.alysis of aec:Ot.t<>U shOVI a tu: Book. V•lue on the pres-t Plutic A 
pLant of $1,228,000. Depreciatiou U sch..:iuled to contirr...,. for 4 .ore 
yeau &t $307,000/yr. Scrap value nf the plal:t.t 1s u.....t to be nro. 
Vorldq c.apiu.l tied up DCJV in Plutic A, in the fon~ of Reedvablea, 
Inventoriaa, and Clab, 1& $935,000 vhich ia aaauaed to·b• totally 
raeovarabl•. 

87 

2. An inveaF;ment of $100,000 16 requind for prod\lct improv-t on tha 
ezistin¡ Plaette A plant if an a&¡raaaiva m&rkatinl plan t. to be adOpted, 
I'bia tnv .. tlMQt 1s not naeded it tha "Do Nothtna:" IIArQtilll plan U 
followfl. 

3. !l:atimooted Uh on tha nhtin¡ 30 f'IM lb./yr. Plutic A plant h S y .. u. 

•• 

'· 
6. 

A IDOdarniu.Hon il!.v .. emeat of $750,000 ia required ill 1965 U> .,.teod tbe 
lifa ro· lO yeara. 

SUIII-0!-rh..-yura-di¡ita d.¡~rec:iatioa ~~~ethod h ueed 
in.talled befora 1954 (ori¡inal Plaatic A plant). 

All overh.-4 eoats char¡ed to thesa proje;ta vould 
vera not in tha plantics business. 

Campany co.t of capital is 10%, 

except for faciUtiea 

7. Loco in 1962 has 1 54% income ta. tata. 

8. Tha tschnicsl sstvica laborstory invsstmeat is $350,000. Tbe tiain¡ 
Vatias vith ths option UDdsr study. Sss pa¡s J. 
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Loco hu tlrea~ spent $8)0,000 tn resnrch affort on Phsttc 8. 

A. Purchutd Know-l'low Terms 

.A $1,500,000 1n1tla1 payaent (1) ls dve 1/1/62. A 0.7S./lb. runntng 

rQYtlty fs also pafd on tll prodvctfon, untfl the total , .. , tncludtng 

tnttfal pl)'llllnt, h $5,000,000. Unttl Loco's plant 1t on stre•, up to 

2 MM lb./yr. of B plastlc wfll be provfded for restle 1t 101 off .. rtet 

prtce. (Loco belteves thfs .. rgln wfll be svff1ctent to jvst cover the 

1111ri:ettnv expenses tncvrred before the start of can;:tr-chl nles.) 

SS 

B. Forecast Costs ff loco CGnttnues to Denlop fts Own Procn! and Product (2) 

a. Development ., 
To prove out new catalyst systein and get ... rt.et tccepUtlce of own 

product, whfch ts consfdered eqvfvtlent tn qualtty to other c~rctal 

prodvctfon. 

1962 
·1963 ,,., 
1965-
1966 

$ 800 H (last 6 1110.) 
S 400 M (ffrst 6 mo.) 

$1200 M 
b. Forecast Corm!l!rc:1al Phnt Beneffts 

l. Save lOS on plant ffxed capital. 

2. S ave· D.St/lb. on catalyst and chemical costs. 

(1) In1t1a1 J)ayment can be wr1tten off cver the prcject lffe .. (Auume SYD depreeU.tLon: 

(Z) Expeeted te de ley commercitl1zaticn dec1sion 3 years to l/l/65 . 

• 
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Estl...,ted CooU for Halar Manufacturln& Alternatea 

Phstlc A 
resent 
Plant Expansion 

Pl•nt Capaclty 30 ~ lb. ""' lb. 

lnve!tll'lel'lt - MS 
Fh.ed C~pltal 
· "Phnt 1228 (1) 3300 

Semi-Works 
Royalty -

1228 3300 
Worklng: CapliaJ (2) 1315 365 
Startup Expense 

2543 

HS/Yr. 
Operatlon 33-1/JS 1001 (l) 

Raw Kiterlals 350 1050 350 
Uttlitles 300 900 lOO 
Catalyst & Chemlcals 150 450 150 
LAbor .. 5 1560 210 
l'lalntenance" 185 JJO 110 
Onrhead, ett. 185 , .. 20 
Royalty, Runnlng - -

Total Mfg. Cost, ex. Dep, 2035 4530 1200 
lnvest.ent Pertod 11 Mon 
:Otartup Tl~~e 1 Month 
E con ~al e ll fe 5 Years 10 Yetrs 

11¡ Ta~ Book Yalue as of JZ/ll/61 
2 Requlren~ents for Capaclty Operatlons 

(l Au~ costs of opero~tlon be~11 ll-1/l t.nd 1001 cap.tclty to be ltne1r. 
(4) Karketln¡ Coau ghea iD Tabla 4. 

l'urchase 
Plastic 8 

. Devel-Díltíi 
Know-H0111 Kn0111-H(!( 

50 ""' lb. 50 lfl lb. 

10000 9000 
1200 • 

2500 

o 
N 

J 
1550 1550 

715 715 

''" 550 
1750 1475 

525 
300 

5175 

18 Mon 18 Mon 

' """ .... 
15 Years 15 Years 

• 
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mu ' 

OTiginal 1948 Justtft~ation, Plasttc A 

Fhed C&pital 
llorkina Capital 

Total Invutment 

Sdes 30 KM Lb./lr. @ 35~/Lb. 

~nufacturina Costa, $/Yr. 
1taw Materiala 
Proceaatna Cuats 

!lrtuu .. 
Catalyac & Chamicals 

"'""" Maint~"ll&nce 
O..erbead, ate. 

O.praciation, Strai&ht Line 

Total Manufa~turins Cost 

Gron Profit 
Marketing & General Offtta Ovarhead 

Net Profit Bsfcre Tax 

Eeono.,ics: 
Net Profit as % Salea 

sno.ooo 
365.000 
8l3,000 
189,000 
126,000 

Payout--Yeara (Net Profit en Total Capital) 

4-24 

.. 

·C 9J 

$ 4,600,000 
1,315,000 

$ 5,915,000 

10,500,000 

835,000 

2,223,000 ,.,,, 
$ 3,385,000 

7,115,000 
630,000 

$ 6,485,000 

$ 2,465,000 

$ 4,020,000 

38.2 
' • 5 



T.ble 8 

l'lastlc A • ~ Installation Appraful 

Condensed Profit & Lou Stat~nt 1 $H 

Taxable '"' '" Casll >« , .. Profit Casll 
~ Costa(!) ~prec. In e,.., R"te 1 1 A(T Return 

19~9 '·"" 19~0 500(2) (500) "' 010) (310) 1 ,531 
1951 6.120 2,492 '" 3,321 "' 21059 2,366 
19~2 9,900 31708 '" 5,885 "' 31649 3,956 
I'.I~J 9,000 3,813 '" 4,880 '" 3,026 3,333 
1954 9,000 3,918 "' 4, 775 "' 2' 197 2,51)4 

- 1955 9,000 4,023 "' 41670 '" 2' 148 2,455 

• 1956 7,560 3,900 '" 3,353 '" 1 ,542 1,849 

• 1951 6' 750 311186 "' 21557 '" 1 ' l 76 1,483 
19~8 5,~20 3,627 "' 1 ,586 "' "' 1 ,036 
1959 4,840 3,465 "' I,D68 '" "' "' 1960 3,800 3, 181, "' "' "' '" "' 1 96 1 31400 31022 "' "' - 340 
Eud 1 228 . "' 71,,890 39,538 41605 20,919 4,605 

0) lndudes manufacturin8 1 •arketin¡, snd ¡eneral office n:pense. 

"' S~artup expense. 
(3) ·r~l aod nU••ted cash costs, tr plsnt had oper1ted st capacitY each year. 

Casb 
Armual --
(3,066) 
(1,84 7) 

1 • 315 1 • 05 1 
3,956 
3,333 
2 ,51)4 
2,~55 

(150) 1 '999 
1,483 
1 ,036 

(150) 948 

"' (80) "' (935) 

' 

Procl." .. da 

~~~ 

(31068) 
(4,915) 
(3,684) 

" 3,425 
5,929 
8,3114 

10,38] 
11,1166 
12,902. 
13,850 
lfo,299 
14,719 
,!6,314 

H....,, 
Car>adtY 
Co•ts(:!J 

" 31708 
),813 
3,918 
4,1123 
4, 128 
412JJ 
41:1.16 
4,443 
4,548 
4 16~0 

"' ... 
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C.>sll Flow 

T R I A L 

. . 

Appen<il..x ~ 

so:.::r7ro::s 

4-26 ' 
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'r ded m fotMt 

Cb!ye in !!.rty¡p 

QJ;"i¡¡inal Eval~~o~ticm 

:raz tau·ChaDa• 

a.vt .. d Orta;iul Bvdut{.Qa 

lDcJ;"•••~ ~aufactUJ;"tftl Coata 

k~ CaP".ity Sdu 

0.Cl"·U~ hi.c:• 

CUl"l"SftC FPl"•caat 

HCT/im 

11/14/77 

4-27 

X 

X 

X 

X 

• 

1\!tf O( !etm, 

·.~ 

Su .... te.:~ 
C•lca.l.-tiaD 

Op!•• 

1 

' • 
' • 

' 



l. 
2. 

'· '· 
'· '· 
7. 

'· 
'· 10. 

1 

11. 
12. 

n. 

"· 

Indl'd4u!l 

X 

liroup AuU 

A2, aggreulve 
-dteting 

AJ, IOI'IM Lb/Yr 
apanalon 

Sevln&a Cantdbut1on 

.'t + "2. 

Poat Aud it 
of PIUti.<: A 

• 

' 

•• " " 

" " ., 

" " " 

" " " 

C.lc:ullte PV of a•vl..!>p; r.n•te 
projec:t Pl of Az uauain.a 111 
uvLn.a c:oul4 ~ ao •ulped-. 

97 

CAlc:ulate yeerlY c:aah proc:eede for 
dlfferenc:e and dhc:OUftto lit, S'1, 10'1, 
lSX.**"Plot PV'' + l.nterpnt. 

Wh.at VAl original PI? Wh.at h Pl lf 
get out of bu11neaa novT What fectora 
expletn the d1ffere...,., (l) tax rete 
changa, (2) tncrullod -u he: turla11 
c:o1t1, (3) belov c:ap.~c:1ty uta•, 
(4) decruaed pr1c:e. 

"!;1<:/lb, in coat or prlce,!;!O't lo fl.xed capital,_20't in vol._ (Idea d-d 201. belov 
origi.nd foriCIIt, but lining out lt ori¡in•l plant <:Ap.lcity). 

-""1'0 avoid probl- of diffarent linea, aaa..- a• le• of plaatic: 1 c:onttuued for 
3 yearl afear projec:t tenDination, vithout profit or loaa, 

¡ 

' .'i 
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SESSION NO. S - RISK A.'IALYSIS··P . .ur!' l 

~t~ a ce a nw.bec of diffeceo~ waya of .easuriDJ risk--of varyi~ 
sophisticatioo and usefulness. Tbis session will discuss se~itivity 
analysis, the most c~nly used tecbnique. Scssion 7 will cootiau. 
the general subject with a discussion of decision treos, ~onte Carlo 
anslyscs, aod mana&emeot attitude towards cisk. 

This session includes a discussion of experience rcsults, wh1ch demon­
strates concluah•dy the :importance of the .... rketing variables on project 
retucns. Practice in calculatiog economic sensittvities is covered in 
Session 6, as part of the Loco Chemicals Company case study . 

5·1 

98 



I. "nle Marbtio¡ V.ru.blea 

1. Har<leat to pln down 

2. ldost lmportant to eeonomica 

n. Rtak Analyllia 

Sen&iUvt::l.e• 

Ukely Unoertllinty 

MonteCarlo 

m. 

Turnover Ratio, S llllleB/S Fb:ed Capital 

Requil"ed Veriabllity per 1\ ehllnr ID ROl 

Salea Priee, \ 
\ ldle Capecity in 2nd. Year (ain¡le yeer only) 
Fixed Capital, \ 
Startup ExpenM \ ot Fixed Capital 
Conatructlon Perlad, Monthll Eltten•ion 
Startup Pertod, Month• Extan•ion 

IV. Summ!l'Y Eeonomica·-Project X 

Rata of Retum 

Expected Value 

Etfect of 10\ Chan¡e in: 

(1) Inveetment 
(2) Raw Material.e 
(3) Operating Coste 
(4) Marketin¡ Vohune 

Cdependin¡ on pattem) 
(5) Market Priee 

15.3\ 

5-2 

15~ RO! 

1.2 

1.8 
17.7 

••• 11.1 
4.8 ... 

c ... s 

1.0 

2.8 

"·' t.l 
1$.1 

••• 
••• 

0.1 

... 
37.4 
10. :S 
17.1 

• •• 
'·' 

Change in Ratum 

+ 1.3 
; 2.8 
+ l.:S 

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



V. lnduatrz E!J!!ricnce 

f.O Prol~ 

$! MM lnvestmenu 

15 Ysar lnveatment Perlod 

2 Y .. rs Operatlon 

VI. Vuiables Analyzed 

1. Voluma 

2. Margin 

3. Al1 Other 

4. Total 

VD. ObMrvadona 

l. All variables ahow eeatter 

2. Price1 prim.ary factor e.ffeetinr m~a 

3. Margin am1 p~ !orecaau optlmiBdc 

4. Other variables avera¡e cloee to ori(in&l eatimetes 

VIII. Typical Rate of Retum Dlstribudor\ll 

lX. Effect of V o luma Uncertainty on Rate of Return 

X. Effect of Margin Uncertainty on IUte of Return 

Xl. EUect of All Other Uncertainty on Rete of Return 

Xli. Total Effect of Uncertllinty on Rete of ·Retum 

lOO 
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Category 

1 

' 3 

• 

Volwna Etrect 
Mar¡in Btfect 
All Othe.- Et!ect. 
Total Bfl'ect 

• 

'MarkaUn¡- UncÍI'taintlea Only 

' 

• 

-10.0 
-1$.1 
-S.i 

-20.0 

' 

+ •• 2 
+ 4.0 
+ 9.0 
+15.3 

One Chanca 1n Three 

+ 5 unlt. 

Includ!n¡ Technical t1ncezota1nt1ea 

• 
• ,C ':.> 

/ 

-
-o.l 
-3.8 .... 
-3.1 

• 

101 
StuQud{ll 

!>ni•-
+ 4.0 
+ .... 
:;: 3.0 
+T.'i 

' 
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fl UNSITIVITrr.S FO'l A U1IeAJ, PRO..! .. '-. .'·· 

lada: 20-yen projec:t U!e,· ·20.year SYD deprcdatlon (0/20), $4X. illCOGW! 
tu: rato,. invu.t=ent apent Ypifondy fto11 -1-b, 1007. tilpltdh;.ed, 
coaatant annual iaco.a [ram 0·20, aero aalvr~~ valuc, . . . . • luh PI: 10 " •o 100 

'1 Chanse Chanr.e tñ PI fu1111 !Iuis 

.Jaro income. .r.·ctmo c.ro, 
lndlci·IIP from"ti~~~a Oto 5 Jrl, 

Ja inc0110. tri f1nt 7 .. r 

lnfttt ... nt CGa~ 

hrUon of h.vut&Mnt !,;patr.lad 
10'1 ... 

.Ia\IUtNnf Timing -
Chant•d to Time rf 

. .C:Ilan&c4 to Ti• •l•O 

•""Pnjii:Ct J.tfc 
10 Ye.ns 
J 
3 ,. 

•alv•&t Valuc, 1 o( l,.,ut•nt 
50%.; 20-yur projcct Hh 
SO't; lo-y.,.:~r projcct Uh 
)01¡ 5·ycu prajccc 11h 

1' .. a.ce 
Chancd to 441.; 20-yur proj, tifo 

'Chiii\(;Cd to 41o%; IO•)'cllt proj, lile 
Ch4nccd Lo Mot; }·ynr proj, H!c .. .. •••• -,- ,..¡. ,,_ 

Daprctc:1.1~.1on l'"riod 
16 )'~3U $YJ) 
1 JUU SYD 

... _,. 
-+10 ... 
... . ... 
+10 .... 

·1 

-· +1 ., 
_, 
•• 
+1 .. 
•• -· 
+1 
+J 

+1 -· 
-4 

-u 

o _, 
-· 
+1 _, 

·11 . ' 
• 

.:z -4 -1 
-u -20 ·l1 
+2 +4 +6 

+11 +11 +27 

·10 ·20 -50 
_, ·12 -» 

+l +4 +7 
+Zl +31 +41 
•2 _, _, 

·• -u -u 

+2 +3 +S 
+10 +17 +2.5 

+S +15 +70 

·• -• -zs 

·1 o o 

-· -· o •11 -u _, 
•26 -z• -n 

o o o 
-1 o o 
-· •) o 

•• +7 +12 
44 +7 +t2 
•3 ., tll 

+lol #')#' ·;,. 

--<1--
+2 +l +lo +l 

' 1 



s:tsSIOM 110. 6 - Weha!P WD. 2 

Tb.ia ae .. ioa COCit.iaaes t.lle aulysia of U. J.,oco ~ceb' UM Ma-
la Se .. ion Bo. 4. n... b .. ic a.lculat.ioaa vill .,. c-pl.et.e4 Qoll Ole 
aenait.itit.J' all.d poat.-iut..alht.ioll appni .. l calculat.iOQI vill coat.iaue. 
tbere vill alao be 1 reviev of claal aud caaa wrieer aolut.iona for tba 
-dr. 10 fu. Tllc ro:adnder of tiM vorll: vill be c..plet.ed aad ~-d 
ia tbe tbird vorkabop, Seaaioe 12, Tbe cate vritar't tolutiODt are pre­
ae¡¡t.ed 11 a pem&Del1t. record at t.he end of tbe naiur. 

• 

• 

6·1 
• 
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Supplementary Comnenta on Loco Ch~cal Company 

Ilay 1 
l. C<~ae kclr.cround - OtighallY davdoped to ahov for a "real-Uh" 

casa how different evauluation methoda giva different ranlr.inga of 
altarnataa. Firat used by Commercial Davalop .. nt Aaaociation. 

3. 

•• 

3. 

6. 

8. 

D•y 2 

Bria{ oral ducription of c .. e. 

Overol! Coala - Devalop (diacover) alternataa, davelop caah flov 
tablea, calculate DCF rataa of return (PI) and aenaitivitiaa, pra­
pare appropriation raquaat, and a poat audit of the ori&inal 
1nveat1Mnt. 

Simplificationa - No data gathering requirad; no learning or 
tnflation af!ecta; only DCF analyaia--no ROI or payout calcula­
tiona; caah flow tablea davaloped for aaveral cases. 

Supplemantary Handouta. 

Recommandad Approach- Kaad antire caae (15 mtnutaa); atudy P&L for 
aaaigned altarnata (try to check numbara tor a typical yaar, axpact 
problama)¡ finish calculationa !or baaa caaa today. 

Divida into worlr.ing groupa. 

1. Day l rauiav- Case bringa you dawn to earth. W. recogniEa dit­
ficulty in aeaing whole case in perspective whan 1t 1s brolr.ao into 
ao many parta, but it 11 naceaaary with limtted time. 

'· 
3 • 

•• 

P&L Dhcuaaion 
diacuaa aach P&L 
againlt, what is 

Typical, uaeful format 
briefly ( tricky points, 
dhcounted?). 

and aelf-checkin&; 
alurnate comparad 

E'ut el••• reaults on board aDd CCIII!p&re with caaa writer' s. 

Many poasible •lternataa - Some were mutually exclusive, soma were 
not. They representad many different lr.inda of problema (abandon­
ment, procesa modification, plant expanaion, alternare W8YI of 
entering naw business). Theoe included aunk coets, differing 
p~oject lives, ~ost-sharinB projects, varyin¡ development coatl and 
times, and a multiple solution problem. 

5. Handout• 

6. Concluaione based on "11oat likely" economice. 

7. Continue workshop Sens1tiv1ties; post instellation appraiaal. 

8. Judgment aapects of decision. 

9. Appropriation Request. 

6-2 
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Senalttvtty ClllcUWed.: 
' Dtacount Rate: o ' lO 15 PI 

l,SH ... (311) (781) ••• ---
1 -

bPI • --
25,527 10,847 2,181 (1 ,418) 13.1 

l>PI • -
~+8 1 , BQe CMe 28,8'19 12 ,550 3,584 (1,534) 13.2 

Saneitivttt 
teviaed , A2 +B 

1 

¿>PI • --

1 

• 

6-l 
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SISSIO!f IJI). 7 • BUSiliUS IJfi1II()mmliT 

P~ajecta ara aubject to -.ay ~certaatiea outaide the di~t coetrol of 
tha fim. Tbe i.Ja9ort.aqce of tlu! by .. r&etia& vartablea .,.. dill~aed ill 
S.nion S, .. i.Qly_.fr_ t.b.a.aUQdpoiAt.of a ¡iven produce or produ.rt li.a.e,. 
alld the illpact of capnitioq ia t.hia un. l!.qually úoport&At, aDd equ.ally 
uacoatrollabla, ara broadar bu.ia.as enviro~at factora. Tbeea caa affact 
iDv.~ataeQt ud oparatt.D& coatl aa veU •• r.,.zua.,, aa4 o11tput1. 

s- of theae facton are worllh'ide-·auda 11 tlle preseat a!ld flttllrll ener¡y 
probl~a, which will affact tha coat of nearly everytbina. lnflatiOA ia 
alao a worldvide probl~, altho~ ita illpact variea ai~ificantly from 
cou.atry to cou.atry. A IOven.e~~t'a attit.ude tovarda aad rules for iDveat· 
-.at, ud the likelybooo of poUUcal or ailitary c.tuonau iD. tbat couatry 
or •rea of tluo -rld abo have a very aipificant beadns Oll tbe attractive-
aeu ud riakilui: .. oí UrveataeDU. · 

Thia aeaaioa vill hriafly diacu.a aeveral of theae broader ria~ to abow 
the i.mpo~ce of .th .. e p~bleou, a11d hov quickly suppoudly rel:Lsble 
fonu.sta en be outdated. l'laanill& &llid.li11111 based 011 oae or 110re 
p~bable .(Uturn cau be of bel}l ia ukiaa ia.dividual project ltll•:li•• 
1101"11 realiltic:. 

7-1 
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107 
BUSlNESS ENVIRONMENT COMMEN'l'S 

Asly buaineu dedaicm 1e bued on certaiD aaswapt:ion• ebout the flltun 
envtronment, upUcit or impUoit. Wh1leln081 COIIIpanies 4o tome 111.edtam/ . 
lon¡r-t.nD pl.&m>tn¡ llnd tor.cutin¡, tlw Ume borlr.on varte11 ~y amcmr 
bul.u11triu, with the more capital-intenalvelDd.uatrW Wldlll' P'IIIC' ~ 
tor lon¡v twm p1amdn¡, • 

A tnqu.at p«U.m le 1111 ov11rall t!.ve-y11uo buainela plan lhat 1.8 b&dted by 
lon¡er-tarm pl•nntn¡ Ccrr capltallnvelltlllenta and/or l'HMI'Cb IU1d deTU!pmeDI l 
programa, e.n41n 11011111 c .... by Ioqer-t.rm fo:recuta ot k.,- trendl Úl 
the lll&l'ket place, 

Wbat.ver the tillle boraort, there is a (OOd deal ot eke;>Ud.sm on the accuncy 
of forecutt;, baMd OD. thCr d.i&mll track record In the pa.~~t t .. y-.. 

some companiea ·are experimendng with new approaches, IIIUOh u 
multiple ecenuio1 , In I.D etrort to eope wtth uneertafnty an4 quudity U. 
lmpact OD plana, 

Some impor18nt areu of chanp are noted ~: 

l. 

•• 

3. 

'••••olopod eountrie•ln the 1980'• ue lllm.oR 
unfver..Uy 11xpeetee1. 10 be alow•r th&n In the 1960'11 &nd IIU'ly-lt'IO'a, 
althou¡h not 110 depre .. lld. u 1n th11 pan ftve year11. Prom l1ow ¡rrowth 
1tema a aerie1 of otlwr actvvse lactora--tta"bten.f:4r competttfon, 
reluc:tanoeto lnvelft in upanded Clp«cltlee, higbC' unemployme11t, and 
the ruuJ.tsnr Job-pN..rvat!on and work-•ha:'iru! poUctn pursued 
by rne.ny ¡rovemmenta and. labor unioru1 , and mountlnc pr•uure 10 
protect lnduotries ~~ import competidon , 

Tbare will be a slow-¡rowing ano. ag1ng populat!Dn, thl evolutton of 
COJUUT.:!er demand away from balrlc needs toward more ISft'Vice intaudve 
needs. ~nd relativa tuture ¡rowth t"atee oC doltMDCI.for consnmer ¡oods, 
e~ea, t.n4 ee.pitel ¡ooc1IJ, 

lnteneU!.ed battle tor market shar"e, efforta to 
achieve producttv:lty WW be an eaiMIIItial element in competitiva 
.ueeeN: modernizln¡ exiatin¡ plantlll WW take prlortty our expau1ing 
capaclUea. Many ftrms may try to inct"eaae overaeas ¡rowth, as a 
aubstitute for slowel' domeatlc growth. Slow growth may aliJO encouuge 
acquisition and divet"sitlcation effortzl. 

1 
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8. 

•• 

,, lOb 

t&ctor for mult1nationals. The ¡yratkml; 
of e:Eehanp markebi in a world ol flo•dn¡ ratee, which are e'¡«:ted 
to continua, are clauoly affect1ng corporate polides In such luly anu 
.. ftnancial planning ("borrow locally"), product atrate¡ies (conctmtrate 
Oll. prlce-Uielutfc lfnes") arad plant Joe•tlon ("llpHII.d YOIU' riab'), 

tnnation wtl1 remain an anclemic problem 
com1n¡ ye&ra, Whlle forec&l!l~ 1n th1a ar-. U ~ly 

uncertaln, cont!llue4 upwll'd preseure on prl.ce levela 18 aa:p«:te4 to 
come from thl! ri.finr 0011t11 of enel'gi and othel' liJnf.ted re.oarcn , tbe 
need to re~tt;re pl'Oll.tabillty throu¡h hi¡her prleM in bUic lnd\atn.., 
and an intensitytn¡ 1truQla for lncoma cUstribut!:.m in IUI. ua ol alow 
economte l(l'Owth. Some eo=p&ntes feel ~~ tnft•t10ZI. t. a neutral factor 
in UU.izo !nveatment plannin¡. Othera, Y1- 1t u a deftnite cleterrmt. 
All qree that priee controlt are a nept1ve factor¡ the lilrellh.....uf of 
contl'olll ~ impoaed. in tha tuture ia a ligniftcant COMideratlon in 
im"ut::lent decild.Dnll. • 

• • 
i" lnterrelated problem_~--rt.ing labor COBta, tha im'p.ct 

ot hi¡rh unlll!nplaymeut, Uld labor partictpation in manapa~ant • 

u to tbl 64equate avallabWty o! enerv 
ancl auppUes , but ¡reater worry over JI'UI~ COIItll. The ~ of 
thue facton nrt.a l!-om lnd.uatry to induatry. 

ol governmant regulation In pn41ral, and 
Uld consumer protectlon In partlcular , wtl1 oontfnue to 

!lave ld¡nitlCILlll. impact on rnost induatriea. The ma1n concert111 ara 
the1r etleet on fnvestment costa and product innovaUon. In Eul'Ope, a 
more ,ragmstic approach to environmental and ecm1umer protecUon 
may pre>'!lllt theea movementa ¡otng to ~tuch e~eme11 ll.ll in the tr .S . 

110 mueh of the eeonomie environment ia poUtkal. 
Ffnnll may not be able to QUIIntity poUtical laeton but they d.o have to 
mllke ll.llllumptk~na an<i =-i<iar rillks in th111 area. Soeio-polltiu.l 
uneertaindu are • major eoncern of companies in oontfnental Europe. 
By COlltrlltlt, North American tlrma are more worried about "ant1-
busine•• &tt1tu<i"". Conllictin¡ pollt1eal an<i social pressuree at the 
natton.J level wiLl make it inereuingly ditfteult !or mult1nat1onal 
compeni• to exerdM control over thtiir aublli<iiaries and implemmt 
eoherent ¡loblll &trlltei!llll. In many put1 ol the world., the weakneu 
ol ¡overnmentll ia expected to lwnper stron¡ IICtioru~ to reme4y the1r 
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"The real abocka of reavlation, iaflation, and bi¡b ene~JY p~ioea ba.e 
lowe~ed the avera¡e p~ofitabiUty of capital. Tbe illplicltiona are 
unpleasant. lf tbe aver1¡e profitability baa fallen, capacity and real 
incomea will ¡row ~r• alowly becauae fewer inveat.enta will offe~ 
aufficiently bi¡b retucna. Oocl our indu1trial capacity baa bean 
raatructurad to reflact tba new realities of re¡ulation sod ezpanaive 
aner¡y, ve abould be abla to retutn to 1 .ore HriUil rata of ¡rowtla alld 
be¡in recapturina lolt ¡rou.nd." 
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2. 

J. 

•• 

5. 

WAES, p. 43 
(1977) 

A U.s. lira 
(1979) 

lo'SJ, 8/6/79 

IJSJ', 8/8/79. 

Fortune, 8/27/79 

.112 

MPolíciea aod actioOI anticipated in o~r forecasta 
require b.rd aad coatly deciaioaa aooa if Lbe 
iDcreaaea in eoeriY aupply aad decreaaea in 
eDetiJ ~ad are to be realized." 

"S-thia¡ bal to ¡ive. The U.S. CIILDOt CJIPCCt 
oa tAe OIU! b.and ao.e -••ure of inde9=<1eace 
f¡·.,. oil ia!porta aad oa the other a II'Ut deal 
of emriroiiDI!at.l purity." 

·~ cooatraiota ariaina fra. Europe'a eKceaaive 
dependence oa euer.r call for a raptd rile iD 
ioduatrial iavea~ot, aod tbe reatrictioo of 
coaum:pticn aod thua of tbe J!t"Owth of red Uu:-•. 
!urape has eatered a docade of -~aterity in 
econo•i<: policy." 

"J'apan'a Ecoao.>.c PlattDilll ~Acy baa .,..,uec~ 
1 o~ aeven-rear econo.ic plan to replace a aiailar 
pho aubatltted io Ja~ry ... ta.ly becaUH of oil 
price iocreasea. Japao'a arDWth vtll alov eveo 
.ore, while pri~e• will ri•e eveD !ut.er." 

"Higher CDer¡y pri~e• aho have JHde capital leu 
productive relative to labor. The adj ... taeDt 
to nev eDer¡y coata IHy ¡o • loD8 way toward 
erplaiDiDB the aeaaer iDcrease• iD capacity aDd 
the •luap iD productivity ¡rovt.h durina the la•t 
fi'lf! yeara." 
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The lepl reqllire.eats for doi.a¡ IN..illeu •n r~lez &lld f~-tlJ 
pby •a Llllportaa.t pan iD detemilliDI hov a .._ YeDtlU'e ahould be 
•truct~- rr .. t.he aUD.dpoiat of • project appraiaal, leaal hcton 
illflueaca pricea, coata, alte~tta &VIilable, and various iataD&iblea 
&ffecttnc ri•k· tl:tey oftom, heca"'e of rad tape, dov a project dava 
aub•taatially, vhich caa alao affact ita attractiveneaa. 

113 

lo~ U.S., priccs-·botb ahaolute leve!, and allovablc diacounta frcqueatly 
are aubject to cereflll acrutiay. T&ll" coaaideratioa.. ere alv•Y• import111t 
aod frequeatly dete~iac the prefe~rcd corporatc oraaoizatioa. lqovladae 
of aatitruat, pollutiou coatrol •ad otber ¡overomeat rerulatioaa ara oftea 
vital •ad 1;•11. dpificaatly affect <:Oih aad profitl. 

111 foreip eou¡¡triu, •u1Y bva •lld decreu wat be eonaidered, vtlicll 
fnqueatly Ca!l &o.ke or break tbe ec:OaDGiCa of tbe propoaed venturo. Local 
OVDerahip requi.-..eota, i.D.ce.~~tive pro¡r&all for depreued areal, iaport.t.ioa 
of equi~t a11d raw .. terida, price coD.trola, ezport i.llce.D.tivea, rep.triatioll 
of divídellda, royaltiea, 111d capi~l, all .uat be conaidered carefully. 

Throu¡bout the world, tnowledae of the law ia a aeceaaary.firat atep iD the 
develDpo!!Dt of viable projecta and oaut be ~~nderatood by the evaluatora in 
order to achi~ a realistic appraiaal of a propoaed inveataent. 

The lav il not only comple•, but alao cban¡ea frequently lD •~ countriea, 
with little or no ADtice. Theae chan¡ea can be very aianificaot--chan¡iDI 
• favorable buaineaa enviroaaent to an ~~nfavorable 011e, or vice veraa. Since 
tbeae chauaea are ofteu UUpredictable •vch iD advaoce of their occarreoce, 
they will abo cootribu.te to the uncertaintiea iD a11y projec:t app ... abal. 

Pe ... hapa the beat that cao be doo. il to lhow the ec~~~~ic: iepact of aay 
at¡nificaot c:hau¡ea wbich cao be anticipated, uae plaon1111 auideliAia to help 
develop altemate acenairoa to c:over tbe unknovablea 1114 reC:OID.ÍH tllat tlul 
buaineaa euviroD.Dent, like everytbinl else, ia aubject to chaoae, for 
.. O)' reuooa. 
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Selected Str~tesic Pl~DDiD& to..ents 

l. New prod~cta help cope witb the profit-pre••~re of inflstion. 

2. Aa invut.ent inteuity riaes, ¡ron ur¡in su.p rebtivdy fbt 
and ut ur¡iD declill•n. 

3. Hi¡b cspiu.l i.D.tea..ity and -..11 urket aha.re eq111h disaster. 

4. A broad product line ia ~oat u.eful in capital-inteuive busineaaea. 

5. R&D is ••t profitable i.D. .. ture, slow-¡rowth urkeu. 

6. Sensitivity analysea of propoaed strate&ies are Uaportant, to 
evaluate the effect o! altera.ate eDvirom~ental forecasU., and 
naa!Date str~te¡iea for intensive exploration. 
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SESSIOS SO. 8·-R!SK ANALYSlS PART 2 
•• 

Tbere are two 1tep1 in praje~t eist aana¡e.11t: (1) •uuriq'rislr., (2) 
interpreti..n¡ rist. 

neaaurin¡ rist involvea su~b techniques 11 senaitivity a~lyses, decition 
trees, and Monte Carla an.ly1e1. Sensitivity analyses were covered in 
Sesaions 5 and 6, the practica! aspects o! seneratin¡, interpretina, 
aQO woio& the otber rist a~lyd1 tedmi.<¡,1.1e~ are dilcuued here. 

bterpretills dat req11ices a I<Aowledae o! unas~nt atUtud.es towuds 
rislr.. Csually these actitudes have beeo subjective aod incootiltent. A 
conaistent interpretatton of rilk requirel a quaotitativa ttate.ent o! 
uoaaement ri1lr. tttitudes. Thií ~~ a pfoble. that has not beeo co-pletsly 
sol ved. Some ioterestioa aspects of worlr. in thit .rea ara tllo covered 
ia tbis tessioo. the obje~tive l1 to develop 1 r~liable, aeDerally•lctepted, 
eDd practical .. thod of di1cowntin¡ for ri1k, coDvertin& e ~nte Carlo 
probability diltributiou to 1 lin¡te-valued certainty equiv1lent. 
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Steps in Monte Cario Analysis 

t. Probability Va ..... s for Slgnlflcant .Factors 
2:. R~domly selec:t"sets of these tactor-s based 

on chance of occurance. 
· 3.. Oeteanine profttability for ea eh combina tion. 

4... Repeat.many times to get probabilh ·¡ . 

distribution of profitability results. 

" 

Dimeut.nES Winf !oCHtt CARLO ANALYSES 

l. 8ow Reliable ar. Inputa? 

2. Hanagement Unlcaili ad ty 

3. Too Much Int'onu.tion 

4. Riak Attitudea Not Conddered. 
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What is Aisk7 -
• 

·1. Chance of Suceess ' 
2.. Pru~sbiUty ot Loss 

3. Worst Pcssible Cutcome 
4- Spreüd ;,., Val1.1es 
s_ Qiscount From Expected. Value 
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Death of a Rich But 
Eccentric Uncia _____ :.___ __ ------------

1.. Y O u are mentionea In Will 
2. Y ou can ha ve either: 

a. S 1MM taa.-fr~c 
b. 50/50 chance ol $ 10iw!M (determined 

by single coin fllp) 

3.. Which Choice would you tak~? 
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Conceptual Utility Function 
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Utility Function Equation 
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t · -rx 
U (xl = - ¡ 1 -e ) ... rttt r > o 

r 

whcre 
x = ~one_tarv gain or l.osa 
r ;: rtsk averslon coefflcient 

u(x) : uti(ity Of X 
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SESSION J«l, 9 HIGH·RtSIC EXAKPUS 

Acquíaiti~DI, and projteta in developtn¡ eouatrita, are t~o ~i¡h·ria& 
iavestmeat areat. they are ditcutaed ia eo~iderable detail in tbe writteo 
papera aupportima thia aeaaioa, in order to illuatrate the kindt of riaka involved, 
aad how ehey ahould be ~adled in ao evaluatioo. Guideliaea &Gd checklitta 
.re iDclloldO!d. Covera¡e ia t.be lecturea ta ,.til'd to fit p.rticip,aot 
ia.teren. aDd ezpertuct ia theae areat. 

Growth by tCquiaitioD e&ll be profitable but h tubject to rhkl that are Dot 
•• likely to occur vith iate~l 1rowth projecta. Evaluatioa diffi~ltiea 
freque4tly iaclude lt.ited info~tioa oa the ca.paay to be arq~red, tDd 
lack of tL.e for tharou&b coa.ideratioa of thaae oftea rocplex propoaala. 
!cono.! ca are frequeatly overatatl'd--partly becauae of evaluation trror•-­
the acquirial firm over valuea tita fi~ to be aequtred; partly bae•u•• of 
the hu.ao probl.,.. •od dhruption. u•or:tu'ed vitb iotearatiDI tiLe a<;quired 
coepaoy ioto the •urvtvt.,. fi~. 

lo developiDI countriea, tbe ~vel~t of a raaliatic appr•i••l ia uaually 
very difficult. Dat• 1ra acaree, forecaata •r• unrelilble, eoviroa.eota 1re 
differeot, ioflatioo 11 the rule, aod tbe eoaplicated l•w• for doi ... buaiue11 
ChiD&e frequeotly. Alao, there fraqueotly ara liJAificaot project dal•Y• 
becauae of aoveroaeotal red tape. Ro~lly unecono.i<; opar1tiooa cao be 
very •ttrectiva aod vtca-aeua. Joiot vea.turea are ofteo requind, •.od the 
developaeot of viable joiot ventura ia u.ually ao arder of .. ¡att~ .ore 
difficult thao for a vholly ovoed veoture. 

Research projects repreteot anothar ki.od of hiah riak activity. Aleo, 
corporste reaeareh ia expeuaiva aod aoy aizeable pro1r .. require1 a 
aiaoific•ot outl•y of funda. Effactive allocatiOD of thaae tunda ia 
~rtaot but difficult, aa the p;tyoff oo~lly eo.ea .. oy yeara io the 
futura. Econ011ic data at the reaearch ataae ara aeoerally lt.ited aod 
of voeert•io reli•bility. Qualitative huochel cao he eztr ... ly t.portant. 
Haoaa~ot attitu~a tovarda riak .uat alao be coo.idared. thia 1aaaioo 
aleo describe• a apeci•l type of saoaitivity aoalyaia to ideotify potaotial 
aaio ...el project rilki~~.eu aod nllk reaurch projacta for budletioa aod 
foreeaatiDJ purpo1e•. 

Uuf11l refere~ee •rtielea are app110dad. 
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A~quiaitiona So.. !valu.tion Difficultiea 

l. Ti-. aad: Dab _ Pr<>bl,... 
2. Taz lffacta 
3. 1'11ture tl.lor¡iu 
4. Support la.u~t 
5. What •~ the alteru.tea? 

Accouqtina Kaaic 

Different applicatioa. of ;eaerally accepted accountioa principlea cao 
..,re th.l11 4oubla aanW1p per ah.ln (Art.lw.r Azadon.oa" Ca.puy esapla): 

s .. b A 
Adjuat.Dta: 

• 

l. Value iaveatory oa firat-ia-firat-out baaia 
rather thaD laat·ia-firat·out. 

2. Uae atrai¡ht line inatead of accalarattd 
depnciatiq for book aad tu purpoaea. 

3. ,_rtizo lt&D cona over fivw yean Wt.ead 
of cb.araiaa to aarre:at expeua. 

4. I'UDd oa.ly preai!D.t value of peuiou veat.ed 
tutead of curnat pca.ioa coata. 

5. Graat atock optioas ia.taad of payia& caah 
boauaea to officen. 

6. lacludo capital aaiaa ia taca.. taatead of 
creditiat directly to .. rad aurplu •. 

Basb B 

,_, 

$3. 2.0 

so.ao 

$0.60 

Sl-20 

$1.60 

u. so 

S/Shua 

S s.oo 

$17.90 



ACQUISITION CHECILIST 

A. Hiatory of Bu.ineSI 

B. Corporate Oraaqiution 

l. Ovaenbip 

J. ~oaa~at Pbiloaopby 

4. Manaae.ent coatcol ~cbQiquea u.ed·-budaeta, coDtrol 
reporta, loq raD¡e pbDilina, ddeantou of autbority. 

5. Fit vith a~:quirias coapany; ia tiaiaa ri&bt? 

C. FiiLIDCbl 

150 

l. Audited detailed balaaca &b.eeta and operatin¡ atlt-nts for 
paat three to five yaara, vitb aufficieqt backup to reatate 11 
neceaaary to acquiriaa ro.p&IIY practicas aad adequately analyra 
corporate aolveq~, profitability, and ¡rovth. 

2. Detaila of property, pl&llt aad equipaeat ahowi111 date of • 
purcbaae, oriaiu.d coat, •lid depreciatad valtu1. 

J. Product Ulll! operat1111 nporu, detdlina fixed aad variable 
.. aufacturilll, and .. jor ovarhead coata. 

4. Credit policy and pnctice. 

5. Company policy on dividendl &Dd financea in ¡eneral. 

6. Unbooked capital ezpenditu~et, autho~ized o~ contc.plated. 

7. Co.atin¡ent liabilitiu. 

8. P~ojected toolea, capitd ~equir~nt1 and operatin¡ aZ..te.Dts, 
(o~ Delt tYo tO (ive JI!IU (p~ept~ed by exittin¡ .. n.I,_Dt of 
acquisition candidatt, &1 tbey aee the future). 

D. Legal and T•a 

l. A~ticlu of iDcorporatioD and bylawl. 

,_, 

' • 



\<• CoM••• 

! ." 

2. Copi.,. ol Co11tract1 

4. 

Leuiq 111d Re11t.1l A¡re lltl 
LicQ&ill& 1Dod loydty AareeooeDtl 
lav l!loterhh 
!!orta•au 
Lo1111 
Di1tributor Aaree.eDtl 
Sdel AarHMDU 
tlD.ion Aaree.ents 
l!lo~&&ae.c~~t Co11tracte 

•aellt reports. 

InfonutioD 011 other hllll· 

E. l!lork.et~l 

F. 

l. 
2 • 

' . 4. 

'· •• 7. 
8. 

' . 
l. 
2. 

'· 4. 

'· •• 
7 • 

Producu 
l!lork.eu 
Distributioq 
Pricina 
Cusloall!n 
c-P,etitive Position 
Sdii Oraallization 
Product .arui l!lorket Re•11rch 
A<lvÚtiiiq and Pr-tion 

PhDt Loc'atioD(I) &Dd Size1 
Proceu- DescriptioD 
Raw Materialo--price, availability, 1pecificatio111 
Xey Varisbles, yield1, hazsrd1 
Source1 of laow-how 
OraaDizatioD 
Developeent and EDailleedna Support. 

G. Peroonnel 

l. Wage and Saluy Data 
2. Frinae BeDefít• 
3. Appraiul of Quality 

Il. lndu•try Perfonu.nce Dat.o. 

l. Retoro on Investmemt, Harai11 011 Sales, Turnover 
2. Growtb Rate1 
l. Other Si¡nifieant Bu•ia.eu Charactedstics 

... 

. 

• • 

'· 
• 
' 
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lit. Poat•Acquiaitíon Plaq 

" '· 

" '· 

Jo-depth Cove~a1e of Relevant Areaa vDder I 
Develop ReaLited Fia.aodal Forecuu 

Acquiaition Baaia aud Taz Treat.eot 
Inveat.ents 

• 
a. Purchaae Coat 
b. Facilitiea I~rove.entl 
c. Grovt.h lfeeda 
d. Replace.eot loveat.eot 

3- Profit ID.d Lon 

.. .. 
152 -

• • 

'· 

4. ProfitabilitY (Ban Cau Curreot Opentiolla, EqauioQ Iocr-oc, 
Total aod Sea.aitivitiea) 

5. Gnu Roota Alterna tu 

,_, 

.. 



Size of World Populatio~ aa4 Groaa lational Protuct 

l of World Tot.l ia 1970 

Ua.ited Stataa 
Weatern lu~ 
Lootia "-rica 
Africa and Hiddle latt 
Far Eut 
Siao·Soviet Bloc 

Total World 

Popuhtioo 

• 10 • 
" " .l! 

100 

• 
Groaa 

Jl'etional Produce 

33 
23 

' 4 

" .1! 
100 

Trpical O...loptoa Couatry Protect 

' 

Principal Iaceativea 

!'on!ip P.rtlu!r 

Tall Holiday 
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Loe.! ltolrketiq 
Li11ited Capital 
Gover!liiiiiDt c .... tacta 

b:port Salea 
Avdl•ble Capit.d 
Tedmical laovbow .... _, Duty rraa I~rta (lqut~at 

aDd Rav Kateriala Dot av&il­
able loc:ally) 

.. 
A. S..ll Plaót .. Od¡illal Eltiute of toul 

PartDer 

'· Fo.-eip. OvQer 

•• !zpaod tmall Plaot to Capac:ity 

'· Ll.rge Jf- Plaat 

D. Ccabined Project 

·-· 

Dcaty hrden oa t.pon.ed 
c:o.petitiva produce& 

Retura oa lll'reat.aoent, ' JoUlt Fo.-eip 
Veature Partaer 

" JI'.A. ..... w 

u " ... 
" 30 lar1• 

" " 
" " 
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CHECII.IST FOR tvALUATDIG PllOJECTS lW DEVtLOPDIG COUJI'tl.l!S 

• n, • .A••, 

I. the CoiiDtry 
" ··- ·--:'"•··'· 

' . . . . . . 
A.·- Sin, aeo¡npbf, dW~, ,PrlDdpd ciUes, i...tu,l;trica, ~ • 

• .. l:'kete' • 
B. ac:oa.óiaic iad.ieca, real ¡rowtb, futura eape<:tatioa'. 
C. Go.er:-t - tn-e alld ,ttability· 

II. Attitude towucl aad ru.lRI for foreip iaveec.e.at 

,, 
•• c. ,, 
•• F. 
G. 
•• 

.... 
Per·Ceat roreip lAveea.eat (allowed, dcei~) 
lDveet.ent l.C:e.lltiql 
J>rojeo:t fiaAAci.q 
Taa .ReauJ.atiou aad otller h¡:al reqllir-ate 
!.porte (Rav K-teriel, !quip.eDt, Co.petitive Producte) 
Go.,.rll8eDt app:ro•eb Jteqllirecl 
lle.albtic iA,.etMat tt.etable 
Gcwen.ent fo.:a acu1 detailed eut.iedon requir-Dta 

III. ~rketa 

•• B. 
c. ,, 

Avdleble data, reliability 
t.port leetcictioa. · 
Ezport. Opportllllitiel 
Price Coqtrob 
Co.petitive IDfo~tioa 

" 

' ... ' 

' 

• • 

•• r. 
G. 

Supply-Dee·nd aa4 aro•• realt.ation forecaet 
llarUtiJla !Jipeuee··8alee t.alfee, ~uioa, fniab.t, aad ot.Ur 

IV. Plent Locatio11 

V. 

coeta/pnfita 

Iaven-at ' ,, Fbed C•pit.al 
l. r..ud - con., -nllip teU.rictiou 
2. Buildia¡--uait co•t, •ize, aateri•l•, code• 
3. !tqllipM.o.t-•loc•l 11'enu illpo¡,t•, DeW ver1u1 u•l!d 
4. Support·-~r pur•ti011., w•ter •ou¡,cu, etc. 
5. Dutieio 
6. C.aab Grur.t.a 

. - .. 
B. WortiD¡·C•pitd 

l. ltequiu.eat for local diltr1butor1 
2. Adequúe ~t.oril!l 
3. P•)'III!Dt teru; (b.o4 4ebt lo .. u) 

C. St.artup 

Wbor qu.lity, effich:acy, tniDiD¡ ezpelll'e 

" ' 
_,. ·, 9-7 
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Operati.IIJ Co1t. 

•• l.av !láut'ial ., 
l. Loc1l Source•·-~ltty, relbbility, price, ~- .. 
2. _t.pott ,Oi•ibilitie• ' ' .. . .. 

> .. . • •• Proce.da¡ ._ , 
1. Utilitiu•-cut·, nlbbility, •elf•1omerattoa need. •. • 
2, Z..bor--co•t, efficimcy, teraiutioa, .... of coa.tract'bbor 
3. OU..r ' ., .. 

C. Tu Aapecta 
1. Tell holiday. 
2. DepreciatiDD 
3. Iave•r-t Cndit 

l. Lice~illl 1 roy1ltie•, te~icel •••i•taaca 
2. 11..~.-at 

3. lllport •el•• 

... 
. . ·- .. 

' . '' 
'. 
. . 
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VIU.DivtoiUd ud C1pit.l lep•triltio.a. 
. ' 

I'I. Project Teraiutioo. 

l. 

! _' . 

l. Le1el requi~te 
z. Sale·tram1fer to a&tioaala 
J. llecoverable value 

A. lOO Per CeD.t lquity 

•• 
.. 

1.1-verap 
l. Per Cut Debt 
2. lo.tare•t rate aad po••ible 1ubeidia1 
3. lepa,...u.t teru 
4. GllaraD.tHI 

n. RiaU ud SeD.eitiviti'"' 

l. lliaiute i.Dceo.u .... 
2. Short project life 
3. Rapid va1e elc•latioo. 
4. Price aad eollt u.o.certa.atiH 
S. lavelt.eAt u.o.certAi.Dtiel 
6. I.ovoer oper&tiq efficinc:ie• 
7. Vol-.. effeCt 

,_, 

. . ' , .. 
" • 

' ,._ 1" 
-' ' . ' ' 
• . '•. 

• 
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B. 

Treada i.Ja U.S • 

1955 

1960 

1970 

,. .. 
"'" of Salu 

• • 
hlpottaac:e of JeRUd. .... S bilU1111 

• 
14 

" 
" 

Vithout Reaearcb 

. ~ . 
• 

' 

• 

Aaalyah o( fiCty eatablhhlld prodw:U 011 vb.ich reaearch had 
bee:a llliai<Litlld but .. rl<etiat ll((orta atayed tU •-· --

:Z. l)rpical ruult--10 per ceQt per year loaa i11 aalea vol~.e. 

3. RefenQ~e--Roclut, A. r., "tteiiUriaa Tbe Profita rro~~ lteaearcb,M 
Reaearch Hanai!!!At• Vol. 10, •o. 3, 1967, p. 157. 
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Propoud l.alllr.iDJ Jtethod 

SillpUfied fo .. 

Ranae of !at~tea 

Proiec:t RaDkiDI S-.a 

Projac:t IdaDtific:ation 
R&D Expenaea' to Data 
Projac:t Goals 
Projec:t Advantaaaa 
Project OiaadvaDt.aea 
c-D.ta aad Referenc:u 
RankiDI Su:Duy 
Rec:oa.&Dded Ac:tioD 
Future R&D ExpeDditurea 
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'· 3. 

'· '· •• 7. 
•• •• 
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'· 3. 

'­,_ 
6. 
7 • 

ProfitabilitY at ea,_city 
!!•rain 011 Salea 
TUniOV<I!r 
Brukeve11 Pobt 
CU8Ulative Caab Proceeda 
Y .. n to c-rcialize 
tikely Salea Buildup 
ReuilliAc R&D C4at 
Ket Year'a a&D Coat 

Stability 

'""""' lfarkeubility 
PoaitiOD ..., 
En¡iaeerin¡ 
Prodw:tion 

-- ·~ -

Facton 

CP!flete4 Plattic 1 RaAkiD1 

hllkty s-.g 

l!!!! Beat G11n1 !!E!-
Eco~~;OIIi.c " " " Qu.li hU VI! --'!_ --'!_ .. 

Totd so .. " 
lu..kina •• "" Proiecta 

B.G. Std. Benefit Dea:ree 
Ratins ..... Coat of Aetion 

Plutic B .. • •••• 1 
Product V " 14 so ' Pcoduct W " 13 " 3 
Product lC " 14 " 3 
Product Y 43 " 10-40 4 
Product Z " ' " ' 

'9-lJ 
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Hut Yur .... .. 
'" 500 ,. 
150 

30 

' 1,7&0 

,. 

• 
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SESSION NO. tt--MANAGERIAL ~~ FISANCIAL TOP!CS 
• 

Thi1 testion is intended to cover special topict tbat rel,tc to the 
evaluation process sucb aa capital bud¡etin& and reportin¡ resulta. 
Soae of tbe topica bi¡bliabted earlier, sucb •• cost of cspitsl, aftd ts• 
cooplicationa, will be discutted furtber, if of interese to the clasa. 
C~ots no typical eval~tion or¡anizationl are alao ¡iven. 

Particular e.phasit vill be ¡iven to the appropriation requett, al the 
end-result of a IUtcessful project ttudy. 7hcae reportl provide M&na¡e~nt 1 
a coocise sum.ary of thc batit and juttification used for tbe fund• 
bein¡ requested. The use of a typical form is illustrsted in tbe Loco 1 
Cheaictlt Co.ptny este .. 

A reference articlc i1 appended detcribing the sppropriatio~ req~elt 
fora bei~l ~sed by one l1r¡e ~ompany. 
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l!ll!!ll! 

1, EfFECTIY( CAPITAL EXF'eiDUIItE COOlQ. STAm VllH 
l U. TEIII l't.AII. 

2, 11E FJIIIIKIM. tJT:ICD IS TIE 1ET 11) 11:'1 COOIQ. PIIIXESS. 

J. PIJIICJI'AL SlEPS Rllt CDITAJL fE CN'ITAL: 
A, Emlll!ll A I1II6EI' 
L PIEPARE AI'F'IO'RIATJIJN OlSTS 
c. Fll10I 11' !11 I'IIIJEC1S 11 I'JIJlWS 
D. _ ro:5T-AIIIIT 

4,. CIIIUIICATE RESULTS EFI'ECJI'IUY. 

.. . 
• 

--- --·-------·-----

OPITA! Blfi!DI!!!i 

lilE l'lltPOSE IF MY ~AlUATIIXI !S TO IIOTIFY 1liE 
IIDTIFY nt: 8EST At.T6IJIATIY(. 

JI Mr CO!I'AII'I' nERE ARE.~ 'f:ll.[SfS FOl CN'ITM. RICDS, 

SIICE IDIEY IS A LIIIITEII I(SIIIIR([, IliEltE KAS TO BE SIK 
lUlS TQ AATIDN CAPITAL. 
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!IW' IAf SIJf !"f Df' D!Ff!O! I!tS IHII ASf" 

!lflfiiT !1 Cjf!T4! nrrnpr Mf BEIJIEU:S1 

L hmf'LETE DXIIlJITATICI DF 'IIY lilE CAPITAl ITEJI IS J:EWIRED 

z; IJQ DF Rliii'IAL J.ISTIFICATICII 11.1. DISOliiTED CASI! F\.Cllll 

], FAIUIRE lll COOIIER AU. 0F 1IIE At.TEIINATI~ 

11. IMIGIIATE 0111) II!')M"f RIR IISK 

5. I'OOILY IIRITlEll AIID CJfUIICATEII tooi'EIIlS 

l. IWi TOIMDS /lltf CIE DF nE: M.~TIVES 

7, OllltS ll f'.TA MD UUllATIIIIS 
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Cl!!lftiWIMj j!D! JYAlWSAON• 

• IIIEJISTAIII Hlll PEJISPECJIYE1 

• CAP'ITAL lf'SI'IWCES Ntl. UllllEII. IMIOI IS FilmO A&GMVATED 
1111 !01EY IS Tiifl' 

• UCT 1IIEIUOJIE IS nii'IWftiZE IEI&ITS Fbl JTS CIIITM. 
1MSJIOIS 

• q+ (M WITH 11E II'PIICI' TIIAT 111: PIU'OSUl IMSIIDI 11oU 0111€ 
fMIAI.L ECDQUC F'EIIFOMMCl: 11" lilE EICTEIPIIJSE 

• f.m:. 11 T1E Clftlll'ITIVE. JU..m(IL. SOCIAL Mil EUIUiiC 
'Um .. ao¡ 

• 

---- ---- --·-·- ...... 

.. 

'KH !!f81BI O'JifS 11111] o !N srma¡;rr 

IIIAT USIS oVlD ASSifi'TICIIS 'GE 1150 111 ESTIMTII& TlE ECDIJIJC lilTA? 

HT loo. 11" CDIFJtoa IXES nE EEINW IWIE IENII& 1IESE 
DTIMTES't 

. ' ' 

IDIIQIJI THE fiNESI/lHT IIIITlliE E NftCTED 1T VARIATIIIIS 1U 11ESE 
ESTIMJID 'IAI.IB7 

• 
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wt J§tpMI 1 !JI' Bl. 

CM'ITM. IIEIIIIIf!U1S 

PD"IT fllrTallrTIIII. CAS11 FLC11 

IIET!IIG PIIIIIUI RETUIII CRITOIA 

IUURITY Of IIMSIJOT (lJSkl 

AlOMTE liSO FOil AYAilASI.! CN'ITAL 

• 

-· ---- ·- ----·-- -----

P*9"11 rquxs IIPS 

13111 11U1 MTDI AL TIIDQ&IU 

E11SuRE SIOJlll HA11t1.1116 Of VISUAL AID MrotiAL 

lE PIIEl'AIIfD TO lE lffTDRtiPTEIIVITH IIISTICJG 

UVE WXUP llliEIIAl AYAII.AII.E 

E I'IIEPAREll JO REDIJIECT 1UUR EJIIIIASIS 

aDf ltQ lD IW' WITE 
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~e LD ~rerr.~ L!abilitiaa 
C'":l&tl¡e 1.::1 Ne;t Vorld.Jl& C.pit&l. 

!.!abilit.ill 
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Pr'C(!t. Mtar Tazes 
~t.l..., Casli Po.lti.o:a - -
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'""" in 1 .,~;....., opp,_..j in '"' U1c 19'>0.. H~..-r. 
thi• ;, ¡,.,, <~ ~ pmhlron "nw __ \ hi~ t .. ....n, <>f t~r !""" 
l'·'"';. '" •b·rlo¡> c~oJ" ¡.,, ;..,,,ooo•c 1•••,. .to...-oo. 
s. ..... "1';,-,,¡ "'1" '" lhi• ·'""' ~··= 

l. ,,~._ (<<1tn c<nph•"'"" an~l..U oi l'rojort «>no-
1"""'""· •• ,.,¡¡ •• th< '""'' I'"'IJOial. 

2. \Vhc..- 1"'"''""· di!\Tlnp ...-""""'ia lnr .u ""'""'" 
¡•<<IÍ<<I'·'"'' in i<>;nt de:o.li"'l'• r><l>er ohan j....c .>~ 
,.;.., rnmpony'o I""Ítion (acquioouo..., lcrr U3ntplel. 

:\. In.....,.. ar~uititin1111, limit<d 3CC<'SO <o .Oul Íti/D<mólo· 

'~"' aMou the rnmp>nr bcon~ :u:quim:l h•• hin.clend 
1 alu•<inu ni Pt<lp<Mi..,. 

•· Po)' '"""" atltnti~>n to capital .,.pendioure timin~ 
and th< prohlrm ni in~'"""""' accden.<ion <>r defcrral. 

~. ,.{p;o<¡<"""'' ohould arcept low tetum economico 
ol iuri~n><'nt ud maltg<c «>nsidcra<iono dktate pro~t 
.....,.,,..,, ra<l,.r than adjuo<Í"!! uoumpuom or in­
rno<Ív<':l In auurc that the proj«l _.u 1hc minimum 
otarnlard. 

6. P!..-r mo,.. rmphuio on thc ..ti"~ of alf<'mate foro• 
"""' ond thric p...,.,abilit>OI ( whot lt=ibilitv do tM fartl· 
io.in haYt'. to "P'"""' tUH><>nli<ally in dilf,.:......t ..,..;...,.. 
ments~). 

Thne are ilhut.,.ted in 1M c:asc hi>corin in Tahln 
l.~- anc:r 5 (Pase 2091. 

1TJitCAL ·.l,..OACMtl TO TMI 1'1A 
""''«f och ... .,Unv- Seleclin¡t" pcojecll for pcot-a..dit 11 
""", . .,.... impc>rtant decioion in on on~n~ PIA pi'O(Tlllm. 
T<> dn thio "'ell. all ma¡or invn<menu ohoul<l De CO>'en:d· 
Choice cf ot..dy <lepth rmploye<l ohould be llnible. Not 
tml)· io there o bl.o; sh<><"ta1• of eccnCinliu-oricnt<<l pe<><>ll• 
nel k> do theoe ouditl, but ~ dctatled otll<ly ;. both time• 

. """"'"'"K ~nd <:<pensive. ~can ccot $20,000. 
The typicol ltepo ,.,..,. 
\, .'\M<.al O< onni-annuol l"tYÍ...,.. of all app~ oppn>­

prian..no ohove wme level f.$500.000, foc eumple). 0..­
,.,..,;,. if audit shculd De madc. whcn. an<1 ou~ 
ckpth.. lf onlv a <ni..,.. cf critica[ factMS ;. anticipated, 
¡¡., itemo t<> be ~iewed. 

2. n.v.-lop a oepor.!.te li1< of rpecial ~""- Theso 
<O" re¡>1'M<nt eithcr a ID~~ical romiMnauon of invnu'nentl 
th"' nthe""i'" would bo- 3ucbed ><par:utly, o.r a k.,­
...,;,;,¡- rnmpo..d. ol mony ""all inveotmtnto th.ot -Id 
""' other"io.t ull fot deuiled audit. 

3. Submit ¡¡., to <.,.,pony m~t for "''pr--.1. 

.. ......,m.....-
•u,. ... · c. T""""""- JL. •• .. ~~-.-. 
,.¡.. •••• ~ .,.,¡ """......-<>Oil "' ... ~ .... 
F'~trhMU< l'l...., ... t~ Co .. MI"""'· t;o .• 
• ..._.,.,.; ... ., •f _....,.. t:~'"''<dJo Co. 
11• ~ ...................... ,_ ........... . 
too~ "ft« 1>00-<.......,~ OR Ch"'~!l". 
Tviro, 0/dn... \Y~iu-.~. lod. •"" .<<­
¡,-...._ Ho ;. • "'*P'-'od '~ "' ,., 
~Id ~1 ouw .. .-.t .,.,., .. ,....,. _.,. "" 
....... d; .... ,o..; ..... "''"" "' ,,.. ,.. 
(,.,¡, • ., 4fto0 ,.. .......... ;,.¡ ............. 

~nd loftO (>,..., t<>p0R"6/t (M" ,.-ovtdt~~ "'"'""RV·- o!ftR• 
,u,..¡, • ..,¡~.;,¡..,. ¡,.. .............. t~······ , . .........,¡ 
_._.. u¡.\botro •. llr. Ti•""' ~"" .. M,.•..r ••••• ~"',.;,.' 
''" Hl' (.I·'••S •out J·'•ll. H< hold.," S.S. J,~.,, •~ '"'"'""/ 
""g'"'"'"g ¡-. .. (.."v.-.oU o...l .IUJ.A. ¡,...., N.nh._o<...,., 

• .\pnl 1913 

•. 

172 

e 

( 

• 



, 

• 

l <
 

o 
• 



o
l 

o e • :¡ 

' 
1 

• ~ 
-
-
~
-
-
-
·-

-
·-

··
-
-
-
-
, 

,. ••
 

•'
 

••
 

• 
• 

1
• • •
 

1' H
 

••
 

¡"
 ; ••
 •• ' ¡ !i
 

••
 

:i
 

•
. •• ;¡ • ¡ • ti l; ' 

• ~ y • ~ • ~ a " 

~
 

¡
~
;
-
K
!
B
.
,
.
I
!
.
t
:
.
l
i
 

,
,
,
~
 .. ~

=
 
.. . 

.
.
 
.
.
 

ft
 

..
. 
~
 

.
.
 .

 
. 

~
 ...

.. 
,.

,,
¡ 

-
~
 
.
.
.
.
 ,
. 

S' 
t.

:'
i"

'"
 

2:
:·

 
~ 

..
. 

""
"~

c.
,,

..
_ 

..
 .,

 •
 

·¡
" 

.. :
:· 

::
rJ

::
""

Ii
 

~ 
•a

 ..
 ·
·
~
 .

..
..

. 
~·

 
.. ~.

.-
t·

=·
-

:: .. 
..

. g
~
·
,
s
-
e
.
'
"
:
:
;
;
 ...

 
...

...
...

...
 ~ ..

.....
 

·
·
·
~
-

.....
 

·:
· 

S 
"
"
'•

"
•n

( 
C

 
~
s
 ..

...
...

 1 ... 
f 

..
. 

.....
. ~ .

. ,. 
.. 

~
~
 
.. 

::
 •.

 r
· .

. ·.
:::

 .. 
B

 
...

...
...

...
...

...
. 

o..
.. 

.. .
....

. "
 ...

 
.... 

~
 
....

....
... 

.. 
..

 n
o

 •
 

O
 • 

o.
,..

, 
,.. 

o 
d 
~
.
 

• 
• 

o 
.
.
.
.
.
.
.
 

"
"
 
·
0
~
4
:
n
o
n
o
 

:
:
·
~
 ..

.. 
, 

:: ..
 =¡

r 
...

...
. 

... .,
. ...

.. ; 
3 

.. 
~
;
:
e
.
•
"
 
g

:.
; 

n 
t.

,.
. 

:1
1 

'-•
" 

'1
 H

 
!t

:.
:•

<
>

•:
:.

,'"
'.:

..
.3

 
• 

!l
-i

o
 

•
¡
•
•
 

•¡
• 

..
..

..
..

..
 ...

 
. 

. . . .
 ' ..

 . 
• 

.. 
.. 

=-
.•

 
E
t
~
H
i
~
:
:
¡
¡
.
 
~
¡
 

H
H

i 
'"

i:
o~

 r
i 

• !
"
'
U
O
'
:
O
[
~
t
.
 

.¡
 .
..

 , 
íi

 
la

l!
s:

¡.,
,, 

.. 
.. 

1
1

 
.. 

:;
:f

::
::

 .. 
~:

:s
-=

 
• 

..
..

 
• 

: 
'"

t..
., 

..
 

"'
l 
•
•
 ::

 ..
 e

..;
J .

. 
..

. :
:::

2 
-:

;·
 ..

... 
b 

...
.. 

.:; 
~:

.;
:.

 
..

..
..

 ,
 .

..
..

..
. 

t 
H

:S
 

.. ~
:•

~t
 

•
.
 ·
;
 

'"
l 

.. 
on

:r
::

•i
H

 
··
~"
11
. 

..
. 

: 
.. 

'.....
... 

.. . . 
""

"'
"!

: 
..

. 
.. .

 
.. 

.. 
¡ 
'.

 
::

~~
·í

H 
;o

 

:•
:j¡

¡:
;¡

: 
I !

H
[!

H
J;

Í 
¡ .

...
...

 •
 

.., .
 

. . 
. ,. 

. 
. 

. .. 
.. 

. 
• 

.. 
r..

 
.. .

. 
E

J'
t 

.. r
:¡

·;
 

• 
• 
• ' 

lf ;;,
 • • ¡ ¡ á • • 

• 

~
~
 .. , 

:-:
;¡

;: 
H

§'
i ;

1 a
 

...::
. 
=
-
~
~
-
"
¡
i
n
d
 

'"
"
~
 

1-
..

 
a 

.
.
.
.
 .

 
.. 

~
 

.. 
.. 

.. .. 
~
 ....

 ~
~
~
~
~
 .. ~

-
~
 
-

'·
~
•
n
•
n
o
n
•
•
•
"
 

..
..

. 
"
"
"
:
l
:
;
"
s
:
l
:
~
;
;
 

. .
. , 

.....
.....

.. .
 

"
"
<

"
•
' 

,. .
..

..
..

. 
.. 

..
..

..
 "

""
""

""
 

1!
 ...

 •
 • 

....
 

• .
..

 ~o
 

<
 

..
 •

 
• 
.
.
.
.
.
.
 ~
 

... 
:.-

· :
~
;
 .. 

,· ~
·
 

... ~
 
.. 

--·
 ..

.. 
~
 

! 
..

..
..

..
..

..
 .. 

. 
. ...

....
 . 

:1
 ..

 ~
 ..

..
..

. s
.-:

:1
 

ll
~
'
l
c
"
n
'
 
~
.
3
 

• 
.. ..

... 
~
 
...

...
.. 

~
 
.. 

"
1
"
,
-
;
;
l
.
:
:
;
,
:
:
~
•
•
n
E
•
 

.. 
..

..
..

..
..

..
..

..
..

 c
 •

 
. 

:a
 o

;·
: .

. ·
"
~
:
-
~
¡
·
'
 

•
•
 ,

 
•
•
 ,
,
 .
..

..
. 
g

.
 

'<
 

.. 
. 

. . ..
 

.. 
. 

.f
"
!"

 
..

..
..

..
..

 -
• 

f 
..

..
. ~
f
:
:
;
:
r
¡
.
:
:
•
 

i. 
j 

&
 

..
 .

. 
..

 .
.
.
 

,. 
.. 

., 
....

. "'
" 

•:-
...

 r.
:~

 .. 
:
~
=
 .. 

:.
.~

 
"t

=
l!

l.
:¡

 ...
...

 .:
¡~

. 
' 

" 
" 
. .

.....
... 

. 
'

, .
..

 J
··

s 
"'

;-
· 

':
 

:.
 ..

..
 :.

 .
.
.
.
.
.
.
.
 :1

 
. .. ,,

 ....
 ; 

.. .
.. 

..
..

 ·
"
'!

'!
'"

 
..

 l.
 

.
.
.
.
 1

 
i 

....
....

....
 

::
:a

oa
~¡

·~
a=

=n
 

.,.. 
. .

... .
. 

.. 
t'

f 
..

..
..

..
..

. 
..

 
;t

 
"
"
"
"
':

.·
 .

..
..

. .
 

•'
•H

i'
5

 ... '
!,~

!1:
 

.. 
.. . .

 . .
. ...

... 
"J

i"
 •o

 
!1-

0
,
.
,
 

n
c
 

=
 

... 
, 

.. 
··

:.
 
¡;

 
!H
=.

·:
~a
:r
?•
: 

~q
~r

;1
ra

rr
1 .. ~ 

•
.,

. 
,.

 o
 

n 
1 

o 
,.

 
1

"'
;'

 
...

.. 
, 

..
..

..
..

..
. =

. 
:
í
~
l
:
:
:
h
H
H
 

'•
 

a
=

 .. ·
H

!:
1 :

:: 
i 

a .
..

..
..

..
. , .

..
..

 . 
..

 .
..

..
. 

;1
 

..
..

..
 .

 
. .. ,.

, ......
.. .

 
¡;-

~.:
. 

1 
h

n
!a

a
 

... ~
..

 
. . 

.. . 
. ... 

..
..

..
. :

: 
""

t1
A

-.
..

..
..

 
'i 

¡·
 

. 
--

..
 

O
 

'O
 

"
.
 

D
 

n 
,
.
,
 

• 
·¡ .. 

: ..
 !:

•r
a;

. 
=

 
....

. =.
 ..

...
...

...
.. 

.. 
. 

! 
..

 í
".

 ,.
. 

1 
.. 

: 
•:

. 
.. 

, 
IP

::
 

"
[
 ....

... ,
 ... 

' 
. 

. .. ..
 

. .. 
. ~

:
.
 

., 

rJ 

~
 

-
' 

[E
 

¡ 
~
d
 

f!
a.

: 
""

'.:
!"

' 
~
q
 

• 

• ••
 ~ ·

ru
 

. 
.. 

. 
:: 

i 
.. 

"j
'~

O:
 
·;

;:
~ 

::: 
l:

 t=
=~

 ..
.. 

P 
¡.;; 

1•1
r 

·=
·i

 ·
l·

i 
.. [.

. 
... ....

 
z
-i

 
O

o
 

o 
.. ~

::
: 

• 
..

 
o 

o 
..

 
-

5 
j • • 

.... ..., .... 

• 



' • • ' ' ' "' ' l l 

" =
 ~ 

" 
;
!
·
~
 

" .. ,. 

-

V
 

-. 
• • • 
: =

 -'l 
.. 

• • • 
... 
;;u

 

• 
. . " 



( 
' 

uu ••P<U• n. A< '''" """' of ""<orutnq, cut• 
._.,., '""'' Oo rondooly ooloctod. C...r...,tn~ ""' 
tno roll-O••• tn thU t .. M.,.. ~nlto u o 4to­
tu~~l1on h<h ao <hot of rtcuro Z, """" b 
provldod for <h outLcuL .. pro>!tl.., ·- lo . 
1!1uro l. TI> Lo dtoutbu<looo ~"""" tllat tn Ul 
of cho pr•J•c<~d u<eo••· tho pro)ed hu o .. a 
unolnoted ... • no< con tuulto. In U.. "'""' 
'61 of <h• ou<eo .. o, eo-r<hUutt"" h .. ,._ 
o .. !tod vlth tho dll<rlbUtlon of H<Uont vol .... 
•• •""""· Quito obvtouol,, <ho dloploy ot thto 
tnfo-.non ullo ..,,. -ro to tho ... ••••-• 
rooponubh /or opp<o.lnl tho pro)oct th.., U.. 
Oinllo•val.,..d '"'l'ttcd val- c.,..u<od f.--
.. UIIh< roll-booo of tho treo, lt elouly 
ldon<lfl .. "'' q1n1<udo of <h rlolo oo 
oo .. •ood ~Y thO ovaluo<1n1 tuo, \o'hom ....,,,,.... 
.. ,., uvtevo tho dO<\o!On tTOo diOI<O'"• lt ,.., 
oloa ooo hOY <ho folluroa roloto <O tiM vorto"" 
noeoooory Hopo of <ho ~roJ*<<. rl~dly, -~•••­
-•< con bo toto,._d oo to tht -Jo~ uo.c:o<Uin 
otep< 11> <<0 Qf tho phu ... 

"GUillE :l. 

PR!SENT VAWM t.rSTIIIIUTION 

• , 
' ti • r • • o • 1 • • • 

' • 1-
~ 

' z r • • • o -o 

' • -
• -• -• • • • • • • • • 
' • 

' ' ' ' l " 
C:.~A'ICf O• UCHO<'IC P!OTT!O •RUf,.T VAIUE . • 
'Q< <ooOoplo, lA ""' pilo< plan< ~··•• of <ho 

"obao """"' dlocuoolo1>, oh• '"·"" ""'"',.'"'' •~ 
>·'<nod tQ O. In <ho p<O«OO ylold, or ln tho · 

« o/ •••l•·•• on •""•••• y~<l•. Mnn,,,, ... , 
-~• .. •• ,,J.·"•• '" w4t<h fnr '''" '"""!" Ir~• 

•• , ..... '~ ,,,. '"''""· ¡¡ ... , ····~· '" ···-
.... """ tho do.olo>-nt. Tlooy oho con ooo 

... - " 

" 

--- -·- ........ ----
.\t ·- <kctol- -· - .-Id e_t .. T 1 7 ¡; 

thO ,...olblll<y thot •= 1:•••• -vid -•-
o '-•""'" doelol...,, - '"-" oU tloo ,.., 

'"" """ r.""•••'•· ""'' ..... , •. •• "'" 
co-rdollu<!on doelot-, -..-• n""-4 

"''"'' ••-rchiU~ttO<I ,....., """""" '"" ..,_ 
oo<Td<, do,..Jop-M .... -n.otno otopo _.., 
._ ..... - ••• ··-••1•1 ,.., ....... --... 
lo-roblo.· S•ch <ojo«lono "''"' o<t>O bo-
"""" ol ,...,,,¡ubtl1<7 ef ,....,., le -
p ..... l_ 1< aoy be -ll to lnc:I...U n"»llltlu 
<o •11- fo~ nch occu~r..,cn o< ••- <lo<loU• 
""""•· - ..... fu..,., ,.....,,_, <ho u-
<1010 tU< -••1._.,< uUI -· o h~oroblo do• 

• 

etot010 u oU ,~, '"""'" .,.. n;oott..t ... <out oro 
fo-rololo, ••- T<U01141<' tMo ~u tU 'Pl'nodl 

.Wd1<1010d d.outl e-·· -••rtotftCy ........ 
- ~oc1Uon<) con •• tnd<>dod <h"" """"" lo 
ruun 1. H""••••, coution h a.~ .. u_. 1• o,.,. 
ol...,.rot1n1 doulh of cho pnojoct. O.... ,._ 

far <hto lo thot In ""'"' P"'l<<<o t~ono oro 
rolo<holy f..., rul d<chl"" ,...,,,.,, trecutou 
or.o ..,., ... u.., • dotlr, -•hly, or ~""""''' 
buh' unoroll~. <hoy oro"""" ..t.on l"""o -• 
bo oppn>pr1o<o4 for •- pUot pl..,c ucuo, or 
"""" ,_ ~..,1 .... oto J"'<tf1od. o. u.a .. ur •• 
b...t1« Clme. rvnh"""""• <ho ..,,. üctU"" 
palnto th« ""' -..lo¡ro4 {vlth oouctuod ...,_ 
eonoto ovooto), tho .,,.,. cr1t1col tho oou,.... 
t10Q al probobllltr o< oodl -• beco-•- For 
,,._lo, 1f <horo oro '"" WcUI01> ..... '" 
oorloo ood ooch hoo o 90 ,. .. .,, chonu of ouc-
co .. , tho o~«•H onoboloUity of ........ 1o ¡.t¡IO 
or _1, 1S ....... . 

le lroq....,.tlr lo holplul <• """" o ...,.,. do­
toJlod loyov< Qf roooorch otepo thot oto <-ret<od 
h • por<lculu p<ojo<<: lO< thto, • nn 41•••­
.... h ... u. !hU dUI<O• holoo tho ''"""" .. to 
otlou•U•• oil of tho ., .. , thot oro oood&d ca 
corrt out o Ot'ojo<<, ood <~• -• c<1Ucol oto~• 
la ..... ot u .. """ ~•" c ... b• td*"tttt..t • 

Doo<Uion troo onolyoU ot noooue~ •nJoc<o 
utcht• St..,d<rd 011 of lft<llno, oiU.au'~ ,.., 
.... u • .-.h ,,,u u.~ .. hu, ,,...,,_,.¡, '""~''""· 
1/o uo now ,..¡., thlo onolY<U tool oo on 01~ 1• 
oolotUno OI'O)~<U /or ,.plautoty or ton<~.O<Oio 
toooOP<~ •• ~•ll u tho ""''" """'""" •o~ll<otlon 
to oro¡octo In th• Oo•o)np-no •• p1:o: oloM 
roouro~ OtoiO. !loo follawl~~ '"'•"~~~ pro• 
oon< u~• dlfl~''"' ~'"'"'~" «•• lo•~.,,. ••• 
aloO JPo&k ca <ho ln<rrplo• hoowon ••oOO<Inl 
QpJOort""ltlo< >nd IOthnol~~· ln .... >ntl<>O>• 

~ •• - .......... ,., ... 1<1• ..... ,,;.~ ,_,., 
c~nn<oo 1<>< to<h~,.l~ot<->1 <VI-n>''"""'' :" ,,,., 
"·'Y" ond lt lO u•dul <<> "'' ,.,,_.~ ou< <~"-''"" 
•IMO prodo..-< 1\n~<. llrod<·• "''"'"• '<O••<«, 
VIII <onOld•·• th<•"•' •orar.,.~ '·""" ~•r·'"" -• 
PruOuc<; bo '" -..••.•·lino '" '""""• ~'"""" 

• 



( 

oroo ·~••••··~- At '«" -· .r ._..conuncy, •~•­=•-• -•• o• rood.o>otr oo!oc<U. C•r.,.tn~ ..,, 
tho ro!l-boe• ln <~lo (oohUn noulto 1ft o ~~o­
<rlb~rton •~•h oo .~ .. of Jt~uro 1, ""''~lo 
pn>oroiU /or tho uutculoo prohl.., ·- b . 
rt¡uu 1. Thto dlotrth<!Oft ohoooo thot In "I 
of tho ocoJoO<od ou<co-•, t!>o projoet hoo o.oo 
tOl"'UU<OU ..,. o ,..., cuo< noulto. ¡,. ~ o<b4ot 
5U of tho oucoo-•. ,,_rchtlu<lon hoo r.­

'oultod Vlth tho diHribw<ton ol pteoonc vol-
oo oh-... Qul<o ollv\ouoly, tho ~Uploy oi cblo 
\nfnaanon <olio ..,,. -n to tho a.nou...,c 
ruponUbh for opprovlnl tho pn>JO<t <hon tAo 
olnllo•voluod oxpoc«d val.,.. c~utod ¡,._ 
o<r&llht roll·hei< o/ tho croo, lt tl .. <ly 
tdonuliu tho ount<udo ol tho rlok oo 
oooooud ~Y <ho o•oluo<lnl oooo . ...._, -aa­
-•• roV1.owo <ho do<toiOft <tOO dUit-. 1< e• 
ola.o ••• Oav tho lo11uroo uhto to <11<1 vorto.,. 
noooooory "''"' of tbo P<DJ«t. ''non, . ...,.,_ 
•"' un bo Lnlan.oi u to th> ,..¡o~ ~• ... <>••• 
... ,. 111 -.~n of tho ohuu. 

PRESINT V.:lWII [>13TRI8UTl0r.l 

•r------------------
• 

• 1 • 

·r ·i . 
-r----------------
_,!/ ' ' .. .. •• ' 

Por uo ... lo, In LhO pila< plont pi!~•• ol tho 
O<Obloo """-' dl"u•olon. tho '"·"" unoor<~lnty lo 

•••• to •• In <he prou .. Jl<ld, or In '"" 
~• o/ oo>L•·•o on •'""""" 11014. ~,,. ..... ,., 

<• '""'""' .,J.,<od <•> •-o<ch lnr <lo• '"""!<.• 1<•• 
<hlo u•p :n 1 '* p<O<•"· 11 <h•• "<<IM <n O<n· 
•••• """ tilO •••olo,_nt. Thoy oloo .. ,. ••• 

. ' 

• ' ... -.. ··~ ---- ··-··- -- ----
oro -•"•!oc<o.-,. 

... ·- Mclol- -· - ~~ ._ ... , 
~ -·1~\Ut, tUt 11M e•••< -•lt 010< -
o r....,,uto •••t.ton, hh ••- •U tM •-
'"'" -u h..., roblo. For n-lo, •< th 
o.-rUolhatl- Mchl-. -..-• CO>Oioi 
'*)*<1 tO-r<iol!Ut!on O'ftft thoqh tho to-

OU<dt, deV<Oioo-n< .aM -'""""'"' Uooo - .. 
~-lot*<l ..,. tbo -rthl ,..,.,...u _,.. 
fo..,roblo.- S•~• r•J•<tl""o ollh< •<t•• ~-
u""• of unnolbblll<y of '""""· 111 •-
p<Obl- lt _, h -11 to ¡,..,¡.,.. .. Nallllitloo 
to .on- for nch occurn..~" at - <lo<hloa n-. M-''"'• for -•• probl.,.., tho .,,_ 
tion oht """"'"-"' ,.111 .a. • tnoralola .._ 
out- tt oll "'" '"""u - n-poctod ou<1~< ara 
fo""rall¡o ....... rou011ab1o: tMo vu t~• ...,rudl 
tak.,. U <M• partl<uhr p1"0~1-. 

UdUiot~ol doull c-.ro ""cor<Untr ..,, .. 
- 4ocloiofto) <•n bo ¡ncl ... <l <~an '"""" In 
fll"n 1. llovo•ar. cauti0<1 U advino! t• o.-.r­
ol-rati111 ~ataUs ef th p«>J•«· 0..0 n­
lo< tliU la ohot lft -a< proj•«• th"• an 
.. lativoly ¡.,. rool <teclol"" p<~lnu. llo<:UlaQa 
on ""' uda 01< a dolly, -•~ly, er ~~~ortorly 
b.ul..o: •••••• u,, th.,. ... - ...... , ...... -· 
bo appropriatad for •- pUo< plan< ur.too. oy 
u!>.,.~~- Ho¡ra• ••• Jua<IUH, or ... ,,..u, u 
b.,.¡pc u-. rurtllo,..,.., th• -ro U<UIOn ,. 
polnto that an -loyod {vlth '"ocluod ue- ') 
urtdn nonto), oho ..,..; <r!Uo:..ol tho .......... 
t!OOI of proboblllcy U oocll -·U<,_,_ Fo< 
•-lo. u th•r• an ,.., olodol01< """'" In \__ 
urt .. aod each ho• o 90 poorcon< ~hoft<o of oee-' ~ 
u .. , th• ..-...nll proballtUty of ov<caoo lo (.f)lO 
"' oely J5 ... ~nt. 

tr froq-<lr 1a ,.lpful <o h*"• • .. .., -
taltod Joyou< o! nuorch ocepo tho< &ro r.,.utrad 
111 o pootlculor proj•~t¡ for thla, • fnt Uo¡r­
un bo uaO(. "Thio ••••••• holao tho p\-ro te 
vt .. •oUoo all ol th• ""'* that ''" ... ....,, to 
co<t")' ou< o pmjoct. ond tho -•• .. ltlool "'""" 
le ,.._ ol. ••- "'' <u< ... H ., .. uu ... 

llotlUoft treo onalytla of ro"*arth Pro)otU 
vlthtn Stando•d 011 of lnclhna. olt.!oouth ""' 
..,lfon!Y a.,liod, ~·• nodo '"'"''·'"lo roropcs .... 
1/o aro n- ~•<•1 thla onal~oU lool ao oo Ud In 
••l«<lno oroJocco fnr u•l~ruory "' b•••h oulo 
toourch U voll u tho ooo~ ohto~• >opli<o<Son 
to ptojo~to Ln tho Jovol•o••< or pilo; olont 
"""H<h •<>1•· Tbo lollo~lno por.,.u~n• •••· 
oon< (!"* dllforon< .loo!OI<>n <no ro .... •u .,, 
oho oP••• <o l~o tn<~rol•v •u~<•n ••~'"""' 
opoort~nl<ioo ond t~•hnol~•• '""""At'"'·'· 

"••-•<1•1 OOP.""'""'"''.<JII"forÚ~u •·''> <"·'"'*' ¡.,, to<hn .. tntl<ol IU'\'M"""''"·' :• '·'" 
"•'<' ••• tt 1• u•••ful ro,.,,,.,, .. ,. 0,., '"''·''"' 
•Jnno o•odun ""'"" Lindo·• "'''""' 
wlll oooold<r <h<o·o• ''N'·''"<·'""" 

pr .. duu: bo lo> •"•'.'"""• on .. """' 

,. 

.......... 
"'P·"'~ _., 
~·""""'' 
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'j 
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Fls:un J 

•d t~i<dly, o otodY o! nov <oolmolon' <out•o 
.., - uioU~¡ pcoduct. Pot ..- prooiucto, <l!oto 
on oftly tho '"" ...... to c~n.o!oiert ,..,., o><to<• 
S..l tochaoi•IY: oooi do,.lophl """' todoMio¡y to 
~""""" tho """' proclucc. 

ncun l io cho dooloton «oo lor tho .... 
•- • ...,.,..,,, ono'o """prod•c:t. Tho tiro< docl• 

...,.01nomt louo to ~con vo tapto..., on nlot· 
_ Uchoolo1y co oo<\ofy o ''""'"" U<kotl". 

Joullo! KtlvtUoo Oto projo«M for IO&tket 

do...,h-oc ••• lor noouo:ll vort to 1"1'1'0"" cM 
ol01oUn1 <ochno!ol)'. c.-ocuUut!on ot •~• 
.,....,. .... u,, ~·-••• '""'""' <lo .. lop•nt lo 
oU<coooful ano chot tho P"'l""' lo not o<opped 
d chu potnc, ooUto tft<o "'" potllo. Tbo ooth 
of <11o huhut pocontUI ~&luo u cho oM ""IM 
t.,r<>vod toennoto¡y. eo .... rcioU>a<ton of thlo 
mue o wl U """ IORIO< bO<'IU,. ol tho """"'"" J,o 
dio tuh...,lon. Tho do-au tod,..¡d In cho 
colculotlono oi tho 0<0"*0< nl""o for cho var­
Io,.. ¡<OW<n ro<oo Lnd~<lo h•!o.,.,..tLOo on oal•o 
-1..-o. ulHn1 ortcoo ..,,¡ olOftt !Onot.oo< 
l.o.l"""'""" olon< wlOh oO<l,...CU of o.ukonn¡ 
&~~J ""'"~f•«~""l '""'"' Pruont •al~u aro 
<.&lculotd ~un; ..... u<d dlOt-cod cull 11-
:octmlquoo. CI:Coron<e• ~oc-on tho h1~h 011d 
:-~"''""<>loo ~H" In,,_ lno<ontoo h 
••d1 1->qor '''·"' '"' <ho hun ,,.,...,., to•• 
~• •l<on••<l,..!• ~·•lt!olo pi••<>· Tho -•Huo 
l"''"" <«< " tho <000< O<OO.olllo ,, .. vocll tho 
-.un ...,,. ,.., 1'""'" ••••• ~roch«n1 .. .,.. ..... 
,.ufG .... MO. 

• •-•"" to focod •!eh che d•<!UM of 
vloo<U< "' ""' to •••In ~>< .. <l•o • oro<l~c< ncv 
<o Ltoolf. Tho ''""""' olnooy '"'"'" on<l ,,._ 

coctu..olou !n tu o-ufaetun hu bo<" dc-loJ­
od ~1-holooo- oc •••"-''"'* f..,. outoldo ooucrn. 
n.o toclu•olo17 hao dovelopd <O thO peine """"' 
JilOc pl.,_t roooarrh lo .. oulud •~ pro~~do ello 
...., .. O&I"J' 1~fn10aUon noodd !u Hnal ~:""' 
""•UP - ~roJ•~• juotl!lu<IO<I. 1t1u .. • lo 
tbo dooúoton """ ..ntch .apo ouc thlo ..... MO<o 
.. &ln, aan.ot do-lo-M -•• 11111 bo conduttd 
panllol ~lth tha ~<toe~¡..,, rouarc~. Sueno•• ( ; 
fui co•l•Uon of b<>th tha oar••• dovoloo-~< ..,. 
<M ,uot plono uoaonll loO.Oo to co-rclaUoo-
<lon lo <ho lhna Gltroruo eoau of hi¡h. •••-· 
""" ¡.., 1'""'" rocoo. (n thlo ..... tha ,_,.,y 
U -aRtn1 oa o prodwtt orw1 .. n.ocol;oU ._ ce 
Ita OICII'&tlo""o ..,d .. oor<IU. Han tho ,_,..,~ 
-• niJ on tho h« .voll ... lo tnfon:atLon con-
, • .,.lnf u.. <•ao>•""~• '"'"""Loflu .... G "' 1.,.. """'h .. n.at , .. ,,.,¡, Hud~. tG •~olua<> cl>o 
dodolon co orouaJ wlth ~avoLoo•M ...,,..., 1< Lo 
,..,,.. .. .,. <o tnou< hoc ..,. .... - o<<l<l""t o•I<U 
for tho vorl•"" .. loa vol.-a alon1 with LnvcH-
-•t aod oo.ro«n~ '""'" In ordO< to uvolop tho 
.--peotl,. '""*"' vahoo. 

i ,..,Jact chat hoo prouodd <o <lo. duiU.., 
pcl<>t of -thor to """'""' • ...,..,., <•,..¡~_.., 
,...,,, .. .and <o Go ptlot "'"'' ruurch eow\d ha"" 
hA<i Cl'l• .odvon<aoo of •••UO< ...,dyoto <>1 , .. foro 
,-., In T\pro S. Hcra wo·aro coaur\~a vo<1o"o 
""" routca <o proGvr~ ~• o.totln\ p<odun. for 
P~-""' l. <he oacuto~ h•• boon """" "' <""~~« 
o -.-..u '"""""" o<udy, <o '""'"" '"~ '"'""o\oateo 
of oztot1n1 rovtoo <o cna ~·•••« '"" •• p<~po .. 
OOY<Uol """ ro~<eo or .,.., <otllfto\oatoo fo< pur­
P"O&o of ovolu~uno , ... tocnoolo•v ~\'""''"•••· 
lfo no no< ln<oro .. od In ""'"1 th~ '"'·ll.>ble ••• 
potitho tothno\oay be.o~•• thh ~ ... "-· ••n•~• 
oA~ to<hftO\OJI<ol •••on<oce wun ~"'''· :o oft<ot 
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How un b.,.¡, ... """""' 
tiYeS mak.o tbc ben ¡,. 
-=•n• decis.i.,.,.r 111 
th..., a m«bod of rilk 
U1&lyola ro belp IU2ll&¡en 
m.ake wise acqukilioDo, 
lalndl DeW pltld...,.., 
modemize thc pl.ol>t, or 

·~·.; ""paci<yl 
"Ri'j- ¡rt.is In C.Opltd 
la. - -., ... tab:o • looll: 
•• qutn!oa.s ruth u th­
ond 1.0?0 "Ja"-lr, mea­
JIIrinc !he multiNdc of 
rlab t.nvo!ud iD eacb 
slruatiou. M.olhemati<.&l 
fc=ulq tb.at pred!er o 

<in&!• ""' of = or 
"ben .. tl,.,.u:" are ...,, 
cnou¡h. 1'he a<lthor'o &J>" 
proaclr. tll:lpboaizn tho .,.. 
~ md pnxeujn¡ of the 
data <1K<1 aod opecide 
oomblnadoa.s of vulab]Q 
!ike e&ah llow, ~rn 011. 

lnvatmenc, .,.d rtU to 
.. .un. .. tbe odds !m eacb. 
potena&l oua:<nnc. 
M.mapn <:U e•nmjne 
the •dded lnfcnqatiOD. 
prov:idod in !.hlo way 

"' •• , "'""' &«Untely 
the <.bano,. al ..,¡,.. 
,...,Qal piD. iD theu -.,. 
tures. The anide, or1ginal• 
!y ¡mxnted In '9"­
roaa~·- ... to lnt«e~t HBR 

"''d· u ""'"' tban 
11 J,C>.- .epr!nto 110ld Unce 
then ""'dfy to tbe l.al· 

• 

polWlCO of lhll tJpa oJ 
th!nkjnl 011 lanrtmcDt 
......tyw. In a retroopecthe 
eomm ... ....,., the aotbar 

.u.cuae. tbc - lOa• 
tinc """ of r:Wt ..W.Jib 
iD buolDca md -=· 
mt:Dt, cmP'"'hinz lhar. 
tht! ll3Cthod em--ud 
lho..Id-boo II01:d in any 
d-d 'u-reqtlirin¡ ,.¡..,._ 
dono iD our =certalll -
Wbm tblt &n!cle - lhK 
pubtw:r.od, Mr. Hora; 
wu • prUu;!pal Yith 
Me" y $. Comp&Qy, 

l~K., tbe "'"""'"" .... 
comulán¡ &m. He 11 
curm.dr • oeuJor ditec-. 
eor th= u-n u 
""-irm.u ol tho boa,d 
of 1 :>CW mopz!ne, 
Prime nmo. He 11 <he 
au<bor of • follow-up 
uticlc in HBR ... adcd 
"h>veslmOfte Pond .. tb..u 
hy OIP' (/m1lUJ·Felrrnu,. 
19681 ill. oddlti<>u 10 -
al boob, IDcl~ N..., 
Powu for M.n,.,p. 
men<: Cotnpnu:r S:n~a>~ 
411d Mlzn.opzamr Sci"""" 
IMtCr ... ,•HW, 1969l aad. 
n~ n..,.., ..,,¡ ,.,.,..., 
of ladu.tn:l Rest4:cll 
(Mc:Cn.w-HW, 19491· 

• .. 
Risk analysis in 
capital investment 

David B. Hertz 

Of all the dec!simn that bua!n- euculi~ mUA 
m.ake, DODC iJ lDOR: ~d DODC !J» h>­

cei.Vf:d mon= aumtioa--th.a.a choos!aa •m"'ll alta­
a.alive · upital i.Dvesttnent opponwlitl.cl. What 
mab:a this ldud of deciri071 110 dmw!diu& of c:oune, 
ia DOt the pmblem of projecc:i.D& remm on i.Dftlt­
Iqent unde:r cny ¡tvm set of UlllD1plioDI. Tbc dif. 
flculry is iD the usumpliona cnd iD thcir impact. 
Each usumptio:n i.Dvolves ¡q own dq;¡a ofra:n a 
hi&h dqrec of unccrtai.Dry, &411, takm eogether, 
thc3e cambined unccrtaintics caD muhip1y i.Dto a 
IOUl u.occruinty of critica! proponioDL Thil 1t 
where thc e.lemmt oJ rillt c:ntcrs, cnd it 1t iD tbe 
enlaation of rillt tb~ :!le accutívc lwl bcc:n able to 
SCt little be.lp from cum:ntly anilabJe too1l cnd .....,_ 

There U a way to be.lp thc euculive ab&zpm U,. 
capital lnvemnatt dedliom by pnmdin¡ hlm or 
ber wltb a realbtic measun:mmt of thc risb In· 
YO!ftd. Armed With tbia g:&\l&l', whicb eval.Wtta thc 
risk at eacb posatble levd of n:tum, he or ahe la 
tben in a pomioa to measun; mon:o lmowic<~Fably 
altem.ative CO!Uie!l of actiou apl..rm COipOn.te ob­
iectives. 

Need for new concept 

The evaluarlon of a capital J:avestment projcct •wta 
witb the principie tbat the produa:i.-.:ity of capital 
is measuted by the n.te of n:tum we npect 10 R!­

CC!VC 01'<:< IOillC fuNn: period. A dollar m:.eiYeil. De%! 

year is wonb.less to .,. tbll:l a dollu in bcnd today . 

• 

15 ,! 

• 



• 

)J<pondaures tbrce ye:r;rs hencc are leSll cosdy than 
cxponditurcs of cqual rnagnitudc noro ycan from 
now. For this ruson we unnot c.:alcut.te thc r:ne of 
tctum re~listic~lly unless we Ukc into aocount (a) 
when tbe sum.s in volved L-1 an invc•mu:nt an spent 
and (b) when the retums are recdved. 

G:lmparing altemative in""'tments is thus com· 
plic3ted by tbe bct th.u rhcy uroally difler not only 
in size but also in the length of time over whkh ex­
penduures will have to be m.o.de Uld bcndits ~ 
rurncd. 

These facts of investment lif<: lcmg ago made ap­
parcnt the shoncoming!l of approacb.es that simply 
averaged expcnditures and bcnefi.,, or lumpt:d them, 
as in thc numbcr-of-yc:ns·to-pay.out mcthod. Tbese 
shoncomings stimu!atcd studentll of dcdsion mak­
ing ro c:o:p!orc more precise methoW ior dcu:mlining 
whethcr onc invcstment would lene a company 
better off in thc long run than would another coune 
of action. 

lt is no< surpnsing. th:n, tha< much d!ort haJ bem 
appli~d to the developm~nt of ways to improve our 
abiiity to dis<;riminate among lnvenment ahcml· 
tives. Thc focus of all oi the$C invesciguioru baa 
been <o sharpen the deftnition of the value of c.opi· 
,¡ invescments to the company. The controversy 

•nd furor <hat once carne out in the business p«•• 
over the most approprinc way of e.Ucubting the:se 
v:lues bave largcly been resolved in bvot of the 
d.iscoumed cash flow mcthod as ;¡ reascmablc men.ns 
of me~suring thc rate of w;um tb.at =be upcctcd 
in the futurc from an invesanent made today. 

Thus wc b.avc metbods which acc more or 1!:511 
elaboratc mt~thcma<ical formulas for comparing the 
outcomcs of various iuvestmeots and thc e<:~mbin.a· 
tions of the vuiablcs that will atfect the invcst· 
ments. As thesc tcchniqucs have progrcssed, thc 
mathemotics iuvolved has becomc more and more 
precise. ro that we can !IOW cn!cubte <lli.c::lunted re· 
turr:s to a fr~ction of a pc:c.cnt. 

But the sophislicatcd executivc knows th3t behind 
theso precise c~Iculatiollll ue data which ue nnt 
that prec!>C. At bc.c, thc rate"<lf·rctum information 
he is rrovitlcd wHh is bucJ on 30 average of differ· 
cnt opimons with varyin~ relbbilitics and dH"fcrent 
r~ng~s of prob~bility. When the expccred retums 
on rwo tn\'estment~ ~·~ dose, he is likdy to be in· 
!luencod bv int:m!>!bles-a precarious pursuit at l>est. 
E ven when the figures for two investmena .. re quite 
{3t apart. and thc choice seems cle:>.r, therc ]urk 
'llemories of thc Edse! and other Lll·fatcd vcntures. · 

' In short. th< decision makcr rca\i:cs that thcre is 
something more he ought ro know, somcthing m 
addition tu the cxpccted r:~tc of rctum. \\'hat is m!SS· 
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ing ha$ todo with thc n.o.ru~ of the .Uta on whoc;h 
the expcctcd r~te of rctum is calcu!.:m:d a.nd with 
thc way thosc .Um are p~. lt involves ung:r· 
t.l.inry, with pos.tbilitics and prob:~bditics cxtendlng 
~ross a wide range of rcwardt a.nd rlsks. (Fm a 
summ:~ry of the new apprcw:h, see the ruled imen.) 

The Achilles heel 

Tbe {41il wc:~kncss of P""' approaches th~ has 
nothing todo with the mathematics uf r~tc·of·retum 
e:>.leulation. We havc pushcd along: thi.t path ro úr 
that thc preeision of our ca.l.culation is, if anytbiog:. 
!Omewhat illu.vry. The fact is th•t, no matter wbat 
mathematic:s is used. eaeh of the vari.o.blu cnterln& 
into the e.Uculauon oí rue oí rc<uro ,. subject to a 
high leve! of uncenarnty. 

For example, the uq:fullifc of a ncw piece of e:~. pi· 
tal equipmeot lS r~rdy known In adv~ncc with any 
deg¡ee of cert.ainty. lt may be alfectcd by variation. 
in obsolcsceoce or detenoration, and rebtively stn•U 
changes in use llfc can load to large chant;es in re· 
tum. Yet an e:o;pecred value for thelife of the equip­
ment-baRd 011; a great de.a\ ol dau from which a 
single best possible forecast hu bccn devdopcd­
is cntcred into the rate·of·rerum c~\cubtloo. The 
same is done for the othcr facton tb.at llave 1 sir 
nific.ont bearing on thc dccislon at band. 

Let ua look ~~ how this worlts nut in~ simple e~R 
-onc in wbich the odds 3ppe.o.r 10 be all in favor of 
a pani.c:ular Jccision. The execurives of a food com· 
pany must decide whethcr to bunch" n~w pacbged 
ccu:~!. They bave come to the concluaion that live 
f~cton are the dctermininll: v~riablcs: adv~ftisin.¡¡; 
~od promorion expense, total cereal rnarket, sbarc of 
market for chis product, opeuting costs, and oeW 
capiul invcsanent. 

On thc hasis of the "most Uke!y" C'ltimatc lor 
cach of these v~riables, thc pictUrc !ooks very bright 
-a healthy 30% rcturn. This /uturc, howcver, de· 
pends on whether each of thc-se C>IÍI"n3tts actually 
comes true. lf each of thcse cducated gucsscs ha1, 
for cxamplo, a 6o7< chance of b"ing corree!, therc is 
only an 8% chancc that all flve wi!l be correct (.6o X 
.6o X .6o X .6o X .6ol. So the "upccted" retum ac· 
tually depends on 3 rather un\ikclycoincidencc. The 
tlecision maker needs to know a grcot d"al mo~ 
~bout thc othcr vulucs uscd to makc each of the liV1t 
csum;u:' ~nd about what he stanJs to ~in or lose 
from various combin~tions oi thcse value1. 

Thi! simple c:<amp\" i1\ustrarcs that thc ratc of 
rctum actu~!ly dcpcntis on a spccific combination 
of valucs of a grcat many differcm variables. But 

• 

• 

' 
1 

1 
' 
1 
1 

1 



-----~----------·:. 
ú¡oiu!LO> ........ < 

1 
' 

1 
185 

~ . :;::a~ of new approach 
Atwo....-...g~ 

-"'~--........ __ ""' ........ -"" ""'"'"' ... _ i'1 opplrlng a_., 0DptOacl1 

~,.., ........ ..,_.,. 
........ -... -~ .... 00""""' """"'V. tlutail<l 1t1a1 
Yllas lchanco"''OoltHU"'"'I "'"rotal"'", 1 onl!loi""­
IJOM ~ 10 5% ......,_ 2"' 10 
ollla.,.ng-11"1.- ..... 
"""'-"''OO<IIoXI'Wo 

1 

1 
' • • • • • 

•' .. · . 
• 

···· ... 
•• ••• 

•• . . ··. 

"'""' ~- Usin9 ..... 4• _,_,.,.,_....,._ .... ,...,.,. ........ _ 
CQh ---"" ......... mont. ona.,.,., '""''"Ola 

""""Y""" 11810 on 

- ollhoodcit """'"'"' . - ............ 
C.........cty, many loco"'" <loco· 

01one.,. Dued en d...,....,Od caoil---- r.ta..._ ......,. re-- lo< uampoo. 1'1111 

-·-

·' ... •• 
•••••••••• 

~ ..... ,-x,.., ono>pee~O<I 
lrUmol fl!eol-m at9 :N . 

" " • • • whllo !o< '""";:-:::·:·,·:·:':':. 
...., ..... o. .. _... 

11'1 ....................... , ..... 

Ralo al re..., 

~~:-:·'~'-----------------------

-.Id""'"' lrunl al""' ou.;u­
livooocnedulorholgrvahtm 

..... moti~"""""""' ~­bui....,._,_,.....,Xhat 
1 cr..c. .. 20 "' -.g ...... 
Ion. 1 ., 10 ateomong '""" •~ 
1o $%. 21n 10cLpayo'"'l "om 11% 

"''~- ....,, Cl\&nce"~"' 
~ •30!1. m.ol """"'-

• •• 
•• •• 

• • 

' 

• 

• • • • 

• • • 

...... 

" 

• 
• •• 

• 
• • • 

" 

• • •• 
• 

••• ••• 

• 
•• •• 

•• • ••••• ••• 

• • ,,.,,.._ ·-
only th~ expected levcJ.. of ruges (worst, average, 
b:osr, or peosimLSric. mo•t likcly, opr.imis<ic) of tbese 
vari.tbles Me uscd in formal mathcmati<:O! ways to 
providc thc d¡¡ures g1von to m~na¡;emcnt. Thus pre­
dicting ~ single most likdy •~•e el retum g¡vcs pre­
cise numbcrs th;:¡t do not cell the wholc story. 

The upected <>te of rcrum tcprescnts only o fcw 
nts on a continuous curve of poss1ble combinl· 

.ns of fu:ure h.:,ppenm¡;s_ lt IS 3 bit hke rryin¡; to 
predict the out come in a dice gamc by .aying tbot the 

mo,t likdy outcomc is _. 1. The .Jcscnpt¡on 11 in­
complete bccause it does not tdl u• 3bout al! thc 
othcr tlúngs thot cou!d happen. In E.;clnba 1, for 
irut:nce, wc s.ee thc odds on throws ol oolv two 
di~;e h:tvmg 6 sides. Now .ruppose th:t c'lch oi e1ght 
dice has too stdcs. This is " situauon more compar­
able 10 bu•incss invcstmcnr, wherc thc company's 
m1rl<.et share might bccomc :my < oí 100 didcrcnt 
si;cs and whcrc thcre are cight bctors (pric:ng, 
promotion, 30d so on( th1t ClO .. lfi:ct the outcowe. 
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Nor is this tbe only troublc. Our wUlin,gneu !Q 

bet oo a roU of the dice depend!J not only on the 
'ds but also en the ~~- Slnce the probability of 
~Jling a 7 i• r in 6, we n:ught be quite willlilg ro 

risl< a few dollan on th.at outo;ome at suiu.ble odds. 
But would we be equilly willlng to wagcr Szo,ooo 
or Swo,ooo at th~ .ame odds, or even at bo:ttu 
odds! In •bort, risk is lnfluent;cd both by the odds 
en various events occurring and by the magnitude 
of the rewanill or peo:tlties that are involved when 
they do occur. 

To illustrate again, suppose that a company i.!l 
considering an investment of St ti1ill-ioo. The best 
estimare of the probable rcmm is S1oo,ooo a year. 
h cou\d wdl be lhat this estimate is thc ave~ of 
thrce po:S:Sible n:tums-a r-in-3 c:h.once o! ¡etting no 
remro "-1 •ll, a I·I.D·) cb<:nce o! getting Sloc,ooo 
per year, a r-in-3 chancc of geuing S4oo,ooo pet year. 
Suppmc tb~c ~tting no n:mm ac ~11 would puc W 
comp~ny ouc of bll.'iiness.. Then, by aca:pring lhis 
propos~l, man~¡:emcnt is takí:1.g a 1-in-J ch..rnce of 
going b~nkrupt. 

If only the besc-estimace an~lysis io U.'ie<i, bow­
ever, m=~¡;ement mi¡;bt go ohead, unaware tlu.t it 
is taking a big chance. lf all of the waibble infor· 
mation wue ~=incd, management might prefer 
an a!cemative propos:~l wuh a smaller, but more 
~enain fthat !S, less variable) expectation. 

Such considcratiom havc kd almosc aH advocates 
~• the use of modem apit.:tl-invesunent·inde.'l: cal· 
culatiotu '" plead for a recogru<1on of the clem~:~~ts 

of u.nccrtaincy. Perha..-lloat G. Walker snmmed up 
current thinking wben he spokc: of "thc almo.tlrn­
penetrable mbts of any forecan." • 

How can ue~;~~tives penetrate the mbts of WtCcr­
taincy sunou.nding the choiccs among altcm.atival 

Limited improvements 

A number of efforu m cope with uncertalncy bave· 
bcen .succesaful up w a poi.nt, but all aeem co fall 
short of the mark in one way or another: 

l. More accurare foreca.tu-Reducing the error In 
cstimaces is a worthy objective. But no mactcr how 
m:my esrunaces of the fu rore go into a c.1piul invest· 
mene dttision, when a!! is s.aid and done, th~: fucure 
is still the furure. Therdore, however we!l we fore· 
cast, we are still lcft with tbe et::rtain know\edge 
th.o.t we c;¡nnot eliminue al! unceruincy, 

l. Empirical adiwrm!nts-Adjusting the Í3Ctorll in­
flucncing the outcome of o decision is subject to 
!l<rious difficulties. Wc would likc to adjust tho:m so 
as 10 cut down the likclihood tb.al we will m•ke 
~ "b>d" inv=stmcnt, but how an we do th~c with· 
out~~ che s.omc rime spoi!icg our chanccs to makc a 
"good" onc! And in any cas.c, wh:11 i5 tbe b~is for 
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•dju.,mcrn! Wc adjust, not fm liDCcrui.Dty, but 
r b1as. 
l'or ex:tmple, construction estinutes are oftcn a· 

ceeded. lf a o;c;mpany's history of conscruction costs 
is that 901<> of its cstimates llave bccn acceded by 
rs5"c, then in a cap1tal csti.:::late thue U e"ery ius· 
ti.B.c.ation for i.ncre.uing the v.ol.w: of this bctor by 
rsro. ibis is a marrer of improving rhc accuracy of 
the esumare. 

Bllt supposc tha• new·product .sales estl..mau:s ha ve 
been acecdcd by more rhan 7S1c in onc·founh of 

1 all historie;>! cases ~nd have not reachcd so% o! the 
esümate in une·sil:rh of allsllcb =•1 Pcnalties fur 
such overesrimaring are vcry reaL and so man.og<:­
ment is apr ro reduce the s..lcs ~srimare ro "eover" 
rhe one case in six-rhereby reducing the calculatcd 
tate of reru.n. [n so dolng, ir is p<»sibly mi .. mg 
some of il$ besr opportuniúcs. 

3. Revüing curoff rates-Se!ecting higber cutoff 
rares for prorecting ag:r.i.n.sr unceruimy is ;mcmpt· 
ing much the same thing. Managemenr would !ike 
to have a po.sibility of rcrum in proportion to the 
risk ir rakes. Where rhere is mucb. uncenainty in· 
~!ved in thc vari!IU$ estimates of s;rrles, <:OSt:S, prices, 
o.nd so on, a high calcu!ared reru.m from rhe illvest­
ment provides sorne incentive fur alting the risk. 

· is is, in facr, a perfectly sound po.ition. The 
~ble is rhat the dectsion maker uill ne=ds to 

know explicitly wbat ri.sks he is r~king-and wbat 
the odds are on achieving the cxpecn:d retum. 

4. Thrte·ltvtl ~11m<11e.s-A sr.art ar spclllng out 
risks i• somerimes made by r:r.king tbe hrgh, me­
dium, and low values of rhe estimared factors and 
C>icubting rates of rerum based on various combi­
na<ions of rhe pessimisric, average, and optimistic 
esumat~s. 7hese calculations give a picture of the 
range of pos11hlc resoles but do nor rell the exceu­
ti>·e wherher the pessimístic resulr is more Jikdy 
than rhc optimístic one-or, in facr, wheth'!r rile 
average result is much more like!y to OC<:Uf rhan 
either of the extremes. So, aithough this is a srep in 
the rishr din:ction, ir stiil do"" nor g.ve a dear 
enou~h p1crurc for comparing altcmatives. 

S. Selecud prob.Jbtlilies-Various mcthocl! h•Ye 
been uscd ro include rhe probabiliti.,.; of specific fac· 
tors 1n thc return calculation. L. C. Crant discussed 
a pro¡::ram for forecasring discoumed cash flow rates 
of rcrum wherc the servtce lifc is subiect ro obsolcs· 
ccnce onJ derorioration. He ca!culored thc odds that 
the invcsrmenr will terminare at any time :ther it i.s 
m;></ e d~rcndin~ on the prci>abi!icy distnbution o! 
the oc:mcc·lile lacrar. Alter having calculared rhesc 
• 'tS iar each year through maxunum scrvtce Ufe. 

.ercnoincd. ~n overaii e;;:pecreci ra~ oi rerum.' 

.. 
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"theory tn takc into acoounr ;U:.emat:ive muku 
¡rnwth rat= as they would .ieteme..:~e utc ni :-erum 
fur various options.. He used the est:imated probabli· 
it:ies that specific growth rares would occur ro dc­
vel.op opti.mum srratepcs. Bcm.ion pain.ted out: 

"l'on:casting tlll resu!r in a neptive conrribution 
to capital budgct dedsioru unlc._. it goes further 
th.an merely provid!ng a sinde mosr probable pre­
diction .... [with[ an esiliu~d probabillcy coeffi· 
eient for the foreeasr, plus knowiedgc of thc payoffs 
for the cornpany's alu:mative ID."cstments llld cal· 
<;U!ation of indiffen:nc;e probabilities ••• thc l:tl.illgin 

of error rnay be subsr.anually reduced, a.nd the busi· 
nessman can te!! fust how br off his forecast may 
be befare it !eacb b.im ro a WlOl:IJ deci.sion." • 

Note thar borh of thQC methods yield an expected 
retum, each based on only ooe uncenain input fac· 
!Or-JCrvite life in the llnt c.asc, m..dr.et growth in 
tbe sccond. Borh are belpful, and both rcnd to irn· 
prove the claricy with which the e>:ecurive c:m view 
invesrment altemarive5. But neither sharpens up rhc 
range of "risk taken" or "n:tum hoped for" JUffi­
ciendy to he!p very much in tbe eompla decisions 
of capital planning. 

Sharpening the picture 

Since tl'ery one of rhe m..ny facton that enu:r lnto 
rbe evaluation of a decision is subject ro 5ome un· 
ceruinty, the cxccutive neecb a helplul portuyal of 
thc effects th.o.t thc uncert.:llntY surrounding each of 
the significan! facrors h~ on the rerums he is like· 
!y ro achic:ve. Thereforc, 1 use a merbnd combinirt.~~ 
the vadabilities inhc...,nt in a.ll rbe n:levant factor~ 
under consideration. The obfccrive is ro give 1 deu 
picture of rhc relative risk and tbe probable odds of 
comiog out abead or bt:bind in !ighr of uncertain 
fon:knowledge. 

A simuiarion of the way these factors mav com· 
bine as rhe futurc unfolcb is the kcy to exrucring 
the ma:o:imum infonnation from thc a"aliable íore· 
casrs. In fact, tbe approach is very simple, usmg a 
computer to do thc nccess:try aritbrnetic. To carry 
out the analysis. a company m un fol!ow rhree sreps: 

l. Esmnare rhe ran~ of va!uos for each oí the fac· 
ton lfor examplc, ran¡:e of selling pm:c and sales 
growrh rarel and widtin rbat ranr:e rhe !ikclibood 
oí oa;urrence of uch value. 

• 
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2. Sclect 31 r~ndom ene value from tbe distribution 
.,¡ v~]ues !or ~,r;._ _=---n~. ;;.e~···-~'~· -~- -··· 
ior a!l or Lile iacton aod computo: ~ rate of retum 
(or prescnt \'aluel from that combinalion. For in· 
stancc, the lowest in thc ¡¿nge of pri~• might be 
combined with thc highest in thc range of growth 
ure and orhcr lacten. (The fact that thc clcmcnts 
are dcpendcnt should be t01l<.en into aceount, u wc 
$hall 1ee latcr.l 

3. Do tb" over and over again to define anrJ cval· 
uatc thc odds of the oc;cu=ncc of each possible 
rate of retum. Since there are liu::al\y mil\ion• of 
po.sible combin ... tions of values, we necd to test 
the likelihood m ... vlliou, retunu on thc invest­
ment will occur. This is llke linding out by record­
ing the results of a grcat many throws what pcrcent 
of 7' or other combinations we may ex~t in toss­
ing dice. The result will be a listing of the rate• of 
retum w~ might achieve, ungi.ng from a loss Ul tbe 
lacmrs go against usl to wbateVer maximum gain is · 
possible Wlth rhe estimares th.ar havc been made. 

For uch of these ratcs we cm determine thc 
ehanccs th.n ir may oe<:ur. INotc <hat a specif!e re­
mm c~n usually be achicvcd through more tban ooe 
~mbinatioo of evcots. The mo~ combin.otions for 
.~vm rare, rhe higher thc ch;mces of achicving it-

as with ;sin tosS!ng dice.\ The average up~totion 
is the average of the valucs of :ill outcomes weightcd 
by the ehances of each occurring. 

Wc can abo dctcrmtoc thc vuiabiliry of outcomc 
value. from thc average. This is Unponant siocc, aU 
other !acto,., bcing cqual, managcmcnt would prc· 
sumablv prcfcr lowcr vari;~bility for the samc ~­
tum if givcn thc choice. This coocept hu ~dy 
been >.pplied to invenmcnt ponlolios. 

Wheo the expccrcd rctum ;md vari.ability of cach 
of :> series of inv~stments havc bcen detcrmined, 
the same techmques m.:y be ~d tO ex~ne thc 
effe~ti,·cncM of vanous combinations of them in 
mecung managcment objcctives. 

Practical test 

To ''' how rhis ncw approach worl:s in practicc, let 
' r;¡kc rhe cxpcnencc of a m:inagcment tbot h:rs 
:cadv analv;cd a spccifl.c investment propos.>l by 

convc<1noo~! tcchmques. T~king thc •~me invt:St· 
mcnr schedule ~nd the s~mc cxpcc<cd v~lues ac· 
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sults obu,ñed·by co~~cio·~~~ ~cth.;;b. N. ...;;·~..U 
see, the new pictUrc of risb ~nd rcturns is diffen:nt 
from thc old onc. Yet the d>ffercnces .are ntribuuOlc 
in no way 10 changes in thc basic dau-only tO tho: 
increased l<"nsitivicy of the mcthod to managcment'J 
unccnainúcs about rhe key f~etOn.. 

Invenment proposal 

tn this cal<', a mcdlum-s>ze indunlial chcmic;¡\ pro­
ducer is considenng a S1o mil\ion cxtcnsion to iu 
proc:es.sing plan<.. The esrimatcd servi" \ife of thc 
facility i.s ten ycars; the coginccrs cxpeet ro use 
1.50,000 tens of processcd material wonh Ss1o per 
ton atan average pro"ssing cost of i4H per t011. b 
this invcsuncnt ~ good bct! tn bct, wh.u is the re­
tum th.at the o;:ompany may expea7 What are tho: 
risltsf We necd to makc the bcst and fullest use DÍ 
ill the market rese.m:h and fi.Dancial analysa th.at 
havc beco dcvelopcd, so .u to ¡;ivc managun<:nt a 
cleu picrurc of thi• proiect in ~o un"rtaio world.. 

The key input factors :n=agcmcnt has dttidcd 
to use are market size, l<"lling prices, markct growth 
r.o.te. share of m~rket lwhich rcsults in phy.,1:.1! sales 
volumel, invesonent rcquired, residual va!ue of in· 
venmcnt, oper•ting costs, fixed t<>Ot.l, and Ul<"ful 
lile of facilities. These factors uc typtcal of thcse in 
many eompany projccts that must be aD=lyzed and 
combined 10 ui:aain a measure of the attra.cttvcness 
of a proposed c:~pit.o.l facilities investment. 

Obuining estinutes 

How do wc make rhe rceommendcd typc olanalysls 
of this prop<ls.oll Our aim is 10 Jevelop for rach of 
the nine bctcrs hstcd a frequcncy tl!>tnbution or 
probability CU!'Ye. The informJtion wc nccd m· 
eludes thc possrble ran¡;e of nlucs for nch bctor. 
the average, and romc idu as ro the Hkchhood that 
thc various possiblc valucs wi!l be t~::tehcd. 

Ir b:r.s been my Cll:l"'ritnce thu lor maior capit.o.! 
propo5als mana¡;cments u•ually make a signilkant 
invC$<m~nr in time and !unds to pinpoim infom:ta· 
tion ~bout cach of thc t~:levant factors. An objective 
aoaly1is of the values to be a.si¡;ncd to each ~n, 
with litdc ~dJitional efforr, yield ~ sub¡eeuvc prob~· 
bility distnbution. 

Sl"'c!fically, it is ncces.sary to rrobc and qucsúon 
cach of <he cxpens involvcd-tn find out, for ex· 
ample, whcthcr thc esúmatcd cost of production 

1 
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lly c:.n be .,;u ro be CLtcdy a cenam v~(ue or 
whether. as 1s more lil.:dy, it should be ati~ru~.ted 1<:1 
líe wnhin a cert~in range of values. 11-bna¡;:crnent 
usually ignotes <hat ran~ in its an:Uys.s. The range 
is rd:zúvelv easy <o determiue, if a gu= fu. ro be 
m~de-as it afeen Joes-it is easier to gueu with sorne 
accuracy a range rarher than onc spceilic v..Iuc. t 
have found from =pcrience that a ~ries of mect· 
ings with managcment pcrsonncl ro discuss such 
distributions ~•• most helpful in getting at ruiistic 
anawel'!l to thc a priori qucstions. (Thc tcn:n rea!.Utic 
answcrs imphcs all thc inionualion mana~mcnt 
does not ha ve as wcll u al! that it docs bavc.l 

Thc unges are dUcctly n:Latcd w the degree of 
confidcncc th.u thc cstiroator hao in thc csdm.a<c. 
Thus ccrt~in csdmates may be known to be quite 
aocurntc. They would be n:prescnrod by probability 
distnbutlons statlng. for-insuncc, thu thcre is only 
1 chancc in 10 that the actual valuc will be diffcr· 
cnt from the best estima te by more than ro%. Othel'3 
may have as much as roo% unges above and bclow 
the best estímate. 

Thus wc treat thc factor of selling pricc for the 
ftnished product by .o.sking exeeulives who are re· 
monsiblc for tbc original es~tes thesc qucscions: 

Civcn that S¡ 10 is the e:<pected nles price, 
.t is thc probability Wt the price will acccd 

Ssso' 
> Is there any chance that the price will =ecd 

$6¡o! 
> How likely is it that the price will drop bclow 

S47SI 

Managcments must ask Jlmilu queslions for oll cf 
thc other facton uncil they c:~n oonsuuct a curve 
for each. Expcrience shoM dut this '" not a. dil· 
6~ult as it •ounds. Often inlormation on the dcgrce 
cf varia <ion in ht<ors is easy to obtain_ For mst.:~nce, 
historieal information on >ariations in rbc price ol 
a commodity is rca<.hly .avaibble. Simibdy, manag~­
mcnts can esnma<e the vanability of ... Jes from in­
dusrry s.oles reoords. Even ~or f~ctors that havc no 
h iuory, such as opcroring- costs for a ocw producr, 
thos.: who makc the average cstim.ates must llave 
sorne idea oi the degr~e of confidence thcy llave io 
thcir ~rcdictions, and thcreforc rhey are usu~lly only 
roo ~bd to •~!'r.ss thdr fe~!i:::;:;. Lik~'visc, ti:. :e:a 
oonfiJcnce rhey h3vc m their estimares. the greaccr 
will be rhc ~~~.ge of poss1blc v~Jucs rhu rhe variable 
will 3Ssume. 

Th,. IO!t point i• likcly to uouble businessmcn. 
r it rcallv m3kc scnsc to seek estim~tes of variJ­
,,_ • 1 /t ~3nnot be cmpil~si;cU too srrongiy th~t tho: 
leso cen:3inty •hc:-c is in 3n avera~c esum~tc, the 
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more imporunt it Í$ 10 o;onsídct thc possiblc varu­
tion in r.hat estímate. 

furthcr. an cS<imatc of the V3rütion pcs.sible in 
a fa~tor, no matter how judgmental it may be, is 
always bettcr than a simple avcr~ cstimatc, since 
it intludes more informnion about what is known 
and what is nor known. This vcry lack ol know!cdge 
m.ay disti.."lguish onc invcsrmcnt possibility from m­
other, &o that for rational dco;ision making it must 
be takcn into account. 

Th.ts \ack of knowlcdge t. in itsdf imporumt in­
formation about thc proposcd lnve.o:ncnL To tbrow 
"-OY infonnation away •imply bccause it ;, highly 
unccr¡.ain is a scrious cnor in utal}'!is that the ncw 
approacb. is d=igned to couect. 

Computer runs. 

The next step in the proposcd appmach is to dc<cr· 
mine thc rctums that will result from random com­
binations o! the factors lnvolvcd. This requirn re+ 
alisüc resmcnons, such as not allowing the total 
markot ro vary more th.:m some reason.able omount 
frOill year to ycar. Of tOUISC, any ruitablc mcthod 
of rating the retum m~y be used at thi5 point.In the 
acrunl case, management preferred discounted c.o•h 
flow lar tbe re3sOns tittd earlio:r, so that method is 
followed hcre. 

A computer can be uRd to carry out the tria!s 
for the simubtion method in very littlc time and 
at vcry little expense. Thus for eme <rid 3,5oo dis­
counted casb flow c:alculations, cach based on a ~­
lcction of the nine input factors, were ron in two 
minutes ara cose of Srs for computor time. Thc"'"" 
sulting r•tc-of·retum pmbabilitin were read out 
immeJiately •nd grapbed. The proceu is sbown 
S<:hcmntically in Exllibft Il. 

Dnt:c compnrisons 

Tbe nine input facton describcd earlier fnll into 
thrce categorics: 

L Marke~ analvses-lnclmlcd are mnrket sizc, 
m:ukct growrh rare, thc comp=y's Jharc of the 
markct, md scl!ing priccs. For 3 given combination 
of ches e f3cton sales revcnue may be dctcnnined for 
a particubr busio=. 

2. Jnvcstmem cost ar.alys.:s-Beio~ tied ro th~ 
kinds oí scrvicc-life and operating·co•t cb:uactcr· 
istics cxpccted, tbese are subi""Ct ro Vólnous kiods of 
crmr and ~nccnnimy: for insuncc, automuion 
progrcss m.ar:cs scrvicc lile unccn3in. 

131) 
3. Opnatu:rg and .fUed costs-Thest al"' are sub­

i«t to unceruinry hut are puhaps thc euiat to 
csti.m.:tte. 

Tbe:oe ~regarles are oot indcpc:ndent, md for re­
alisuc n:sults my approach nllDWII che various fac· 
tors to be ccd togethcr. Thus if pricc determines che 
toul marh:t, we flrst sclcct from a probabUity dil­
mbution che pricc for the spcciflc·coroputo:r run 
and then use for the toco! mari::ct a probabllity dil-­
mbucon <ilat is log~cally related to the priu II:· 

Jccrcd. 
We are now rcady to c;ompare the values obtained 

under thc ncw approach witb those obtaincd by tha 
old. 1bis ccmparison is shown in f.dtiblr m. 

Valuable resulu 

"How do che result5 under che new and old ap- 1 
pro.aches compare! In this cax, rn.anagement b.ld. 
been informed, on the buis of the one·bo=.t-esri· 
mate approach, thar rhe expcctcd retum WLI 

15.1% bciorc taxes. When wc roo tbe new'sct of 
data through the computer progum, however, w.: 
ger an expcc:red retum of only r4-61lt befare tues. 
This surprising difference ruult$ not only lrom tlu: 
range of values undcr thc new appro.ach but also 
from thc wcighin¡ of uch value in the unge by 
the cltanccs of iu occurrt:nce. 

Our new analysis th!I$ may hclp mznagcmcot ID 

avoid an unwise investment. [o fact. thc genero.! re­
sult of c.orefully weiglting che informntion and Jack 
of information in the manncr 1 havc suggcoced is b:l 
indicnte thc true nature of scemin&ly o.atisl~torj in· 
vestmcnt proposa!s. if this practice wcrc followed, 
managcmen1S mi¡;ht avoid much ovcrcapacity., 

Thc eomputer program dcvelopcd 10 e.ury out the 
&imulation allows for e;uy insemon of DCW vari· 
ables. Sut most propams do not allow for de­
pendonee rclatioD$hil" among thc vanous Input 
bctors. Further, che program uscd here permita the 
choice of n value for prico fmm one distnbutlon, 
which vn!uc dct<:rmincs 3 puticu!ar probability dls· 
tribution jfrom amom¡: scvcrnl) that wtll be u..,d to 
determine thc vdues for sales volumc. ntc fcllowlng 
scenario shows how this tmportant rcchnlque 
works: 

Suppose we have a whcel, as in rou!cue, with the 
11umbern from oto rs rcprcsenting onc price for the 
productor marcrial, thc numbers 16 to 30 rcptcscnt· 
in¡; a occoDd p!ice, thc numbcn 3 t ID -l. S .a tbird 
pricc, aod ro on. For cach oi thesc segments wc 
would h.avc ól diffctcnt r;nge of expeeted markct 

.., 

'• • 
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hrn, Sroo,ooo-Srso,ooo for the sccond, ~H.ooo­
Stoo,ooo !or the thmi. ~ow !uppose we spin the 
whccl and thc búl bUs in )7. Thu muns that wc 
pick a sales V<Jlume in the >n,ooo-Sux>,coc rangc. 
lf thc bai! goes in u, wc have a diffcrent price, .nd 
wc <um to the .Sqo,ooo-S~oo,ooo rwgc for a s.alo:s 
vol u me. 

Most significant, pcrhaps, is thc fact rhat thc pro· 
gram allows managemcnt to ascenain the sensmvity 
oi the resol~ to uch or ili oi tbe input facton. 
Simply by ronmng rhe program with changes in 
the distribution o! an input bcror. it is possiblc to 
determine thc cffect of addcd or ch=gl'd iofonnation 
(or bck o! informationl. lt may rum out th.at laitiy 
large changes in sorne bcron do not signifiuntly 
affcct thc omcomcs. In this case, as a mattor o! hct, 
managemcnt was partic;ular\y concemcd about thc 
dilliculty in csumatin¡; marko• growth. Runniog the 
program with varbtions in this f:~ctor quickly dem· 
on!trated that for aver~ge annual growth rates from 
3% 10 s:"~ there was no significan! difference in the 
e:.:pected outcome. 

In addition, let us see what the implications are 
of the detailed knowledge the simulation mcthod 

, • us. Under the method using single npectcd 
~es. management arrives only at a hoped·for e;o;­

pectation of 3).~r~ alter tal<es (which, as we have 
~n. i5 wrong un!= thtre is no variability in the 
many input bcmrs-a highly unill:ely event). 

With thc proposed method, howcvcr, the nncer· 
tainties >re dcar!y portraycd, as shown in Exhibie 
N. Note <he cont·usr with !he profile obt:úned under 
!he conventional approach.. Tiús conccpt has beco 
used also for evaluation of product introducrions, 
acquisition of bus.inc5Ses, a.nd plan! modemiz.o.tion. 

Comparing opportunities 

From a <lecision·malting point of view ene of the 
most •igmficant advam:~~es ol thc ncw mcrhod of 
dctermin1ng ratc of rcrurn is that it :~Uows manage· 
ment to <li•eriminatc arnon~ mcaso"'s ol (l) ex· 
peerc<.! rc:um b:~scd on weigh<cd probab1litics of :tl! 
possiblc rcturns. (2) variabihty of retum, and (3) 
ri<ks. 

>isua\i:e tltis :~d,•:~m:~se, let us ukc :~n enmple 
L. _j on .1nn•hcr acru~l case bm simplified lar pur· 
poses ol "''<PI~nat~on. Thc enmplc iuvolvc• two in· 
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vcstmcnts undcr cons.idcration, A and n. With tht 
investmem analysis, we obta.in the ubulued :~nd 
plottcd dau in Exh1bit V. Wc scc rhat: 

O lnvestmcnt a has a highcr expected uturn than 
lnvestment A 

O lnvcstment a abo has subsuntully mou vari· 
Jb11ity than lnvcstmcnt A. Therc is a ¡;ood ehance 
thu lnvcstmcnt B Wlli cama retum quite dificunt 



pue¡.:~pun 01 ,¡¡ '!'" pur ÁJUteu~Jun pue1>1~pun 
0) JO-:!: "S~~IOlp lU~W,.~.\U! :ÍUI'!tUI U) lU~Ul~.\OJd 

-w¡ ~•n<uJ 01 dpll Jps:¡ u¡ 111"' w>¡qoJd ~l(l ;.o .,~ 
·U]eU.;~un ''fl t¡:ino11¡1 \IUJ'!U!IIl ¡o ~u•¡d•~••p ~'U 

,) JO U!tlJJ~ ~~ ~A\ Ss:>JUTI ~1111od 
·Ujd :>q p[nOIIi UO\llliUJd ON ·;~\1![\qeqDld JO S<W~l 
u¡ lh1![''l~ Jno ¡o ¡;>q aq> <>1) •>JtWfl>a ¡ndu¡ atp ¡o 
UOJSUll:l<O UO Á[UO •>JtnblJ IJ ".UJJ!IÚWlS JO ~OJUOA 
-pe ¡u~JIIU! >tp ••11 ll'eoJdde uope¡nwt• ""!~ 
"ÁJUl]ll!P WTIW!l(OW IJ1jll\ PJ<TI U~Jq SO~~ UO!ltWJOj 
·U] l('(O[!UO l'{l IO'fl SJl'!eW UOJS)J>p 0111 01 :Y.llllf 

·Jn .. e JWOS SfOUl[ SJWOJJTIO l((l\..,;od [JO UO Sp['O Jlll 
¡o suo¡¡e¡n•¡•~ """'! o~ ·¡uJuú'pn! JUJW>lleuew 01 
dmptq Y Sf IUtUodWl .\pWUl:l<l "lj U!") UO!IOWJOJ 
·U] Stii.L ·wm>J ¡o S>l•J >¡q¡<Sed •nourt. :lUJ"'!'l'" 
JO poD!jlJ"lf![ l'Jl 01 pue I>.IO)Jtj ¡ndUj JO Ál\l!'(OUOA 
~'1' o¡ IJWOJlnO >¡q¡ssod ltp ¡o .\¡up]Su~ >111 1noqr 
uo¡1e<Wo¡u¡ >¡qen¡r.-. JJnpo¡d un SWt:JiOJd lf'llS 
-p>t.OJd U~ ··~~ S)UJWJSJAU] lA!JOWJJ[V Jiu)punDJ 
-Jn; >['"!! pue .-úuttllJJun >t[l ~o s¡e.-tYJllod •np 
i"1do¡>~p u¡ n~Rli<>Id >>mdtu<Y.J JO an¡u •tu. 
. iiUp¡eUI UO)S)l>p lOJ UOJ)l:UUOJIII Jl{l 

JO Jn¡u ~1{1 :nrw¡=w ""~ •~"'""""'a '.-úu¡ru•~un 
1" >:lp:o¡Mom¡ ~'l iuJ•n ·~w11 ¡o Pf~'i" p~¡•nrr.o.~ 
~ Ul!"~ ;¡l!"w,JSl tpt:~ U) p~t.[OAU) ~] ll!"l{l Álli]OU~~ 

-un JO puf.![ "1{1 l:>UJH ·m~~~· l!IOq" ¡r>p n~ e ;no 
puy <11 Wt"JW UO)~WJ ..... '! Jl{l JOJ Sllt:W)JSJ ~]U"J!"l.l 
¡»¡¡o~ O.L ·uoun¡o• 1!" ~~ llll[l 'l"$l[>IIU~""N ·~adoq 
J:lfiOd.Jo;J jO Ál~>pOW f ~>fl'W Á[l""~ Ur:> ÁJll)rlJ:l~ 

-un ¡enp¡sJJ "11' IPljl" ¡nq '¡n¡dpq •q p¡no...,_ ""l"lD 
-Pll J:lfJn:l:l~ >Jt:.W ··;¡OW!Ji>-lflll ¡¡n! >.1~ OUO!J 
·O[It~[~ ·~UI!"AP" :lt¡l liuPft:UJ U] p>Sn r.Jli!"W]IJ<I :ll{l 
1"{1 Sl. '""'OU>[ IS]WOUO» pUO ;.o.t:m,_.= ..!.Jl4J tt 
pge ap¡u" "111 u¡ J>nn> u~x •.o.~q '"' "" 'no•~.., 
""U iÁt(M "ÁT!JI>Il"J'lll!"r ;no'!'""" 10u op tpoql;W 
[n!O)JIU.&UIY.I at¡l 'UUAol-011 'llflJUd [l!"lll~· ti}" 

-wwm:~.~ [tuntu¡nw 
Á[Uts=lllOU J!J ..!.JO¡~ejr!Jn >p)II<Ud p¡n011• S)Uatu 
•lo:l.&ll"\ J¡OJ O) paro ,\[lli!"WOlSII~ <p<llll:ltu Jtp JO Átn 

'¡glr~s; tt ¡no n.uu n¡qeurt. mdu¡ atp ¡¡ •.{ul!"d 
•WIY.J U;t.ti 0 111. p~n ÁflU~lfl•tiOJ :l<¡ Ut:;> lll)ljM jO 
ÁUI!" '•pol{l•w '"'1 e 01 p;!IJWtJ ISr.t[ n e¡ 'uo p~>lli'" 
10U 1J 'p;nrrn~\t? Jq pJnOI[5 1UlUUSJAU[ "t{l uo Wlll 

..,-JJ<Un¡ "11' """' "'P puv ·uo O. puo 'SJ•o;o '••~IJd 
''~"'JlrW-J"'l:JpJruiY.I ~ p¡no11• 1n¡1 u<mo; :>¡ttq 
;tp 01 n lU>W~~· •1 ;JJt¡.L ¡s;t.¡nw:n¡" •nouu 
Juowe IJ~u:tJ~!HP Áll! ~q1 Ájllep 01 l"'f"'"U ., 
UOJI"UI.lOJU! ln¡M :l.OWJJO¡ pUl!" IU[ISI lllU:lWII:IAU) 
f'ljdt"::l Jli!J::>Jpt U[ o;r.)fJ IU:lw:llii!"Uflll C011S::mb ;t¡..L 

e·. dlOU 2u!pnpUo:J ~ .,, ' . . . 
Z6I 

' . 

•... 

·suo¡,¡¡:~op •••q ~'P Á[Jt::>OA]nb~"n :¡m:~~~ "'nl •JI p>l:>odr> wnw~>:em ¡o srseq o:p uo ~¡uo op•tu 
•uo¡sp:>p lU:lWJ<J.m¡ ·uo¡•n~r e :>s~<¡ 01 tpn¡." uo 
UO!JeUIJGJUJ :lJOW IOJ t¡l]~\ lU:>!Il~~Otrclll <~rt.\O.:J 

SJUJUO.~AII) :IU!l~ll(OAJ JO pot{'JIU "'"U "111 ".\[JO>¡:) 

·ooo·=ts 
.\¡>J~tul)(OJ4d~ ;¡ "%!' f'"l~Od>.:~ Sl! "<Jll")O •so¡ r \jon• 
JI ·a lU"~UJ:)S<IAIIJ UO Á~UO!ll ~UJSO¡ jO 01 U! ~)Urll, 
1 s¡ JJ:ltp 'J~":IMOH ·v lU~UI)SaAUJ uo no¡ e .Suwn> 
• ., ¡o ~~u~q• ou .\¡¡~llliJA t¡ ~J''I.L "V :¡uom~>OAUJ 
.:top Ul:lll l!•J.l JJCtu Jl:J S~ .. [OA"O"\ a lll0Wl!1:>.>UJ C 

·mm•• 
<¡¡;S p:a:ted¡J!Jlll! :l'fl UldiJ Á{lt:J.tli' ÁJM 01 ÁJ:l:>fl! lCU 
CJ V lttOunS<~_.IIJ "o,6> JC !ISO! t: tt M.O) u JO ~,;SJ 01! 

qjrq n ÁJ'!!tood-$n> JO wm•• p;l:>>dn "'-P tco.q-

o 
" 1"11 
" 

·~ " 
"' '" -· 
•• ' ....... ~ 

--... -.. 
__ , .. d 

~·-....... , .... _ ·,..,,•:__•:__,.,. _ _:_":__.:•:__•:__•,·.:.....:~=-·-· ~~ ~-. • o 

··~. 
----- --\ 

--
·· .. -

----. ....,., ........ ~~u. • .,"'"" 
'""""'""'N 

• 

• •• •• . . .. -.. :----···-. . :~~~ ........... .::::::....~ -~· 

-"'-""""""'"''''"''"''"'''"'"'"' 
---.... -pt<>-..,.,.._,¡O ....... po¡o"""' ..., ,., .. 

• • 

' 



the ~ey bu1i"~'$ problcm-~nd the ke;· b<l$ino:ss QP" 

ponunity. Sincc th~ r:cw ~ppro~ch c~n be ~pplied 
.,_ ~ continuing b3Sts to cach c.lpital al~mauvc .n 
comes up for considcranon :md progrcsses mw:zrd 

tmition. ~,,¿.,,~ :-':~:":~ co:~:: ~~ ~"p::,e:J. :r: im­
proving thc cstim~tion of the probabilirie3 of vari· 
ation. 

La .. ly, thc coura&e to act boldly in thc bce of 
apparcnt unccnairity c.an be grcatly bolstcrcd by thc 
cbmy oi poma;;al of thc risb and po•siblc rcwards. 
Tu achien thcse l:zsung rcsults rcquircs on!y " 
s!ight cffon bcyond wha< most comp3mcs a!rudy 

, Cl<C<C m studymg capital investmcms. 

Retrospective ·camrnentary 

Whcn this uticlc w"' pubüshcd 15 ycars 2g0, thcre 
wcrc two recurren< themcs in th.c responses of the 
man:zgcment community to it: ll) bow thc uncer· 
tainnes surrounding cach key elemcnt of an invest· 
mcnt dcciston were to be dctcrmined, and 121 what 
criteri:z wcrc 10 be uscd to decide to procced with 
an invcsuncnt once the unceru.inucs werc qumli· 

i and displaycd . 
• answcrcd thc l~ttcr quenion in an HBR ~qucl, 

"lnvcstmcnt Polic1es That Pay Off." dc•cnbing thc 
relationships of rules and sLOkco to longer tcrm in· 
vestmcnt cm.,ia. This anide, published in 1968, 
shawed how risk analysc~ c.an provide bases for de· 
ve!oping pclicies to choose ;tOJOng a variery of In· 
vcstmcnt altcrnatives. Sirn1!ar appro~chcs wcre sub­
sc<¡uendy doveloped fai inves<mem fund portfo\io 
marugemen<. 

The on~!ysis of un<:enainty ln dcscribin.o; cornplex 
dedsion·m~king situ~tion5 is now an integral por< 
oi busine.s onC ..:ovcmment. Thc dcmoms of an 
investmcm Jcc¡su>n-priv;¡:c or public-orc sub¡ecr 
to al! thc unceno,nrics of 3n unknown futurc. As 
rhe 196~ orucle showed, an estimatcd probability 
distnbution paims' the clc•res< picture of :zll pos· 
siblc outcumcs. Such a descrtption conta1ns con· 
sidcrabh· ::1ore infurmotion than simplistic com­
binotion< .,f •ub¡cetivc best cst:ma«:s of iuput foc· 
""'· !k,< esnmotcs are point c5tim~<cs lthere nuy 
he mo<c th.¡n onc-l<i~h. mcdtum, lnw) of che valuc 
of on dcmcnt ni the invesunent anah·sis uscd for 
dctermtnm~ ori nutcomc deeision cme;.,on, such "' 
in<crn.¡J '·"" ni rcturn or prcscnt valuc of thc in· 
vcstmenr. 
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Thus even wherc ~he cnoveution~l ~pproacl:. was 
uscd lar the best estímate in 3 singlc·pmnt determi· 
natton lor the statisucally estimated expected values 
from a distributinn o! ~n c\cment, thc ~ingle·potnt 
approach was shown to be cl<ccedin¡:ly mtsleadin.o;. 
rn Exhibit III. a single·point best·c5rim~te anoi'~ 
g.1ve an interna! ratc of rctum of >;.~f~. And a 
nsk anolysis employing estimated frequcncy dtS· 
tributions nf the clemems showo:d that an average 
nf poss1b\c outcomcs, wei¡;htcd by the rclotivc frc· 
queney of the!< occurrcnccs ot r.;.6}., was more re· 
alisuc as wdl os signiñc~ndy different. lt prescnted 
a tmer pictU<1' of the :actual average expectation oí 
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·he re•ult uf •h>• i.cve•unent ¡il it rou!d be tc¡:oe.1ted 
,ver .and ""•' ~g:nni. 

Thc c~sc w~s thus ~de, and the pomt of this 
rcsult-th~t risk dnd un<%rt.o.inty wcre more ac· 
cur~tdy dcflncd by a simu!ation o! input vari<>bles­
was linlc qucsüoned thcredtcr. M.:111agemenu bcg:m 
ro adopt somc form of this procedurc 10 eummc 
somc, if not ~u. stgnificru!t invesunonu where 
doubt e:.:l~tcd ~bout the risk lcvds involvcd. My ..,. 
qucl arucle ammpted to demonstratc that if enough 
invesunenu wcre cho~n ronsistently on thc basis 
01 critcria rcbted to tbese land:i of risk pomayals, 
thc <>verall outcomes would stabilize around the de· 
siro<l expcctcd valuc or bcst estímate of tbc critcrion. 

All thts now seems simple and stn.tghúorward. 
hrlicr a was falsely thought that ri•k ~nalysis 
""' ~im"d ~~ .:! :.1un~ring unccrtainty, which was not 
wrmh .!oi"g ot .tU since tbe futuro is so despcrardy 

.uncertain. Thus in 1970 tbe Financia/ Times fof 
londcnf published 3n artide intcnded m show the . 
lutili¡y olrisk ~nalysis. lt concomed a baker o! geri· 
otric biscuits who m;de an invesancnt only to go 
b.tnkrupt wben bts nursing borne m.arkct precip;­
utcly dis,opu.red with the de.otb of iu founder. 
The autho~ caed as a rnor.1.1, "D<:ln't put al] your 
dough in one biscuit." 

lt took ~ '"hile for the points to diffus.e througb 
"xecutive circles tbat fl! cxactly such an analysio 
wou!d havo becn. just as bad, or wors.e, done vU 
single·point subjective estimatcs, and (2) no one 
onalytical tcchnique could control futuro cvents, 
ove!> with s.ensitive inpuu and n:quiremcnts for 
follow·up conrrcl to i.mprove the odds :1S projected 
by th~ orictn'l risk .tndyses. But in the end, judg­
mont would be required 111 botb input estimation 
and dccision. 

1 did not intend thc article to be an orgument in 
mcthodolcgy bur r.uber a coutionary note to CX· 
amine the doto surrounding an investment propoW 
in li¡:ht of oll the pervosiYe unccrtaintics in the 
world, of wbich busrnc .. is simply one pon. The 
¡·caro; sincc 1964 hove rnode it cle.u tome tb.tt this 
mess .. ge shou!d have bccn omplificd ~nd more cm· 
phl<icallv insisr:d on in thc ortide. 

H'd th,. point been clcar.r, tbe issue wbethcr 
to ukc thc risk ;md procced witb an mvostmcnt 
mi~ht hove bcen \ess uoublesomc. Had l bccn ablc 
to loak wrth more prescience, 1 mtght have seen that 
the ~rca af risk ~nalysts would become routinc in 
bu•mc'" ond virtual! y universally adopted in public 
cos•·be::r:fit issues. 

Cosr·bendlt onolnis for pub\ic dcctsion.s U, of 
oursc, cm:¡· o sp"~'al fonn of mve.,ment analvsis. 

..::ovemmem l:.sues that requac dccistons mvolv· 

-,. .. ~·-··-- ...... 

i:n' signilie.o.nr =;trt..l!l'W an: !O.l !>IU:IC.~ tQ 

<;;~.taiog fu!!~:----<:"e~;Y. ir:;;:;: ";;ot.."' i.m.:! ~J :.udur 
sou=: chcmic.ol. dru¡;, and iooJ .:.3rc.no<;en aa:::· 
ards 1 DNA manipubcon and iu progmy of 11=0• 
splic;ing. 

Tbe Thrcc Mile isl.:aod nucl~r ~ccident brou&ht 
home thc lallibility of sumng a nsk analysis con· 
dusion in simplistic tcrrns. Tbe well·lmown ~ 
mus~n rcport on nucle~r reactor .ufety, commis-­
s!Oned by the Nucltar Regulatory Coromrssion, un· 
dertook wh~t amountcd to • ri:lk analysill that was 
inrencied 10 providc a b~sis for investmeni dcci5\ol"l.!l 
rdating to future nuclear cncrgy production. The 
Nuclur Regubtcry Commission, in January 1979, 
d"claimed rht ri•k estimato:s of dut repon, 11ew 

srudies to c•nrna<e risk are now undetway. But 
there is ~lso a school cf thou¡;ht s~ying we lace too 
many rislu uch d..ay ro wony <>h<>Ut ene more. 

A corrunonly storted cstirnate of tbe risl< ola majar 
nuclear powcr plant accident is 1 chaace in t,OOO,OOO 
years. In the 1964 anide, I ponrayed tbe imagc ol 
risk witb a cban of the tbrows of two dice tbat 
would be required 10 give various outcomes-frotn 
two IS to two 6s, cath of thcse having a 1-in·16 
ch~nce of occurring. Tberc should be no ¡~robtem 
in visualiúng cr tcsting the meaning &nd the 
chances of any of the cvcnts picturcd by thue dice. 
And. altbough 1 in 1,000.000 is somehow prea<:ntcd 
.n "rnind boggling" compare<~. with 1 in 16, and so 
unlikely to occur •• 10 be bcyond our leen, I sug­
gcst that it is just as simply visual!zed. 

Wc sitnplv ncetl tD u.., cight dice at once. U we 
charr "U the posstblc outcorocs lo• cigbt dice, 31 we 
dld for che cwo, wc find that thc suro of 8 for 48) 
c<>n occur iu" one woy-via all u for all 611. The 
odds of tbJS occt.ming are roughly 1 in I,6&o,ooo. 
Tbus tbe viouali~ation of such odds, and more 
imponant. the lcsson we must lcam about risk­
whith incidcnts likc Three Mllc lsland shr>uld tuch 
us-is tbat wlwt c~n .~aprcn wil/ happcn lf we jusi 
lc.:ep at it lci!Jt enou.(h. Any ol us con sirnulatc • 
statistic.ol pitture of th~ cstimated rish or evcn the 
complcxitin of •he Rasmuss.en an~lys1s with cnou¡¡h 
patil>ncc ond enou,1:h dice (or a cr>mputerl. 

lncidentall;·, to mako the eight dice acr more ltkc 
the odds o! 1 in t.ooo.ooo, simply m.:nk any t\'.'0 
"non·1" sides wub .t iclt pcn and rount thcm as ts 
if tbcy tum up, rhc odds of gemng <>ll IS become a 
littlc lcss than r in 1,1oo.ooo. And tbe ch.<nces of 
hum3n •=r c~n be i.ccludcd by simtbtly m~riJn.g 
other dice in rb~ s.et. Tbc difficulty is not in ton· 
srrocnn¡¡; such J Slmubrion to po11roy thc O<ldt but 
in dcrenmmn; cvcnLS th•• may le•d to thcse odds 
and csnmarl.ng the frc~ucncies oí t..lo¡cir occurrcnce. 
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Thry nrv .. rtbteu hav" Cooaiot .. rable poteothl value io rht acuolyaia aod io ~ 
eatabllahtoc ao overall atratety towarda riak-~tioc io a co~ratiaa. 

Th" ua" of sucb rist attitude cortel•ttoos ia part of a growio¡ aacuog....,ot 
scieoce field called dechioo a~~&lyail. Jt is beioc used iD cove..,...nt _ 
and adcntific applications, as ...,li as co~S~Ite proj.,ct studies. Examplu 
wber" tb" technique h~s b""" teat"d include space project planniog, 
siting aod lic ..... tng of nuclear power facilities, airport locatioo, polluttoo 
control, oil aod •in.,ral "xploratioo, "te. 

MeasurioR Pro)ect Rist 

Ther" ••" a oUIIIber of different waya of Deaturin¡ project riak--of varyill& 
aopbiat1cation and usefuloess. 

Project senaitivities are c~only uaed to identify tbe important variables 
affecting a proj.,ct appraiul. In tbdr siarplest for111 t!l~y ahow the 
chanl" in a variable nec"slary to cau'" a ctven cb•nce in profitlbility--a 
""" unit or one pu· """t cbange, for exaarple. Tbh súaplifi"d approacb ts 
often used io the early atagea of a oew project developsent, wben the 
likely uncertainty in molt variabl"l ia untnovn. When a project i1 auffi­
ciently defin"d for a capital appropriatioo, the senaitivities sbould abow 
the likely uncertainty in tbe QSjor variables, and tbe impact of tbia 
uncertainty on expected profitability. Thia type of approach ia comaonly 
used in preaentatiODa to aanag....,Dt, ~nd i1 eaailY underatood by aa~~&geaent. 

The hard part of aucb a :.::¡¡¡¡:;;;:::aoalyaia is tbe dete .. ination of tbe 
litely uncertainty in eacb ~,!"~•:,:•:-::::::::;:: ezperts QUit be 
;onsulted and a estiaatea 1re baaed on 

1re derived fr ... individual 
opiniou aod to repeti.tive teatiDI 
and Qeasuri.ng under probl... is to •asure 
that "likely uncertainty" Qeans the ·ume·to"everyone. The exact Vllue 
doesn't matter as long 15 everyone uset it. For exampl~, a typical uncer­
tainty •igbt be defined 11 tbe high and low valuea a variable b.a ooe 
chaoce in ten of exceed~og. 

~ore sophisttcated aetboda of ae•aurinB project riak include decision tree 
aod ~ODte Carlo analyaes. 

Briefly, d"ciaion tree analysis ia a ..,tbod of orderly structuriog of • 
probl.,a. The scheaatic fora of a decition tree is ahown in Figure l. Tbe 
tre" has QOd.,s that are under tbe control of tbe deciaioo maker (the 
square ~des) and modes that are not under bia full cootrol (the tircled 
oc cha11ce ~des). For exaQPle, in a comm.,rcill developm..nt progrsm, 
successive oquare modes could be bencb lcale reaearch, pilot plant research, 
m.rket development aod commercial plaot cooatruction, aod the circular 
mod"s abowed possible results and their probability of occurrence. 

' ... ·, , .. 
' '· ' ' ' 
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Schematic Decision Tree 

4 

Node• 1 and 3 ara daeision nodes 
Nodas 2 and 4 are c:hanea nodes 

.. 

In preparing a decisinn tree, the analyat .uat antver a number of q~ations. 
For example, wbat choices can he ~ake now? What choices can or mult he 
defer? How can he make choicea that are baaed on information le1rned 
along the way? What info~tion can he gather purposetully and what can 
be learn during tbe nonaal course of eventa witbout intencional interven· 
tino? What experimenta can be perfora? What are tbe likely technical, 
ud<etinJI, aQd econo111it resulta? 

After drawing the deciaion tree, the analyat mnst aaaign probabilities to 
the branches Leaving che cbance modea. Thia ia baaed on 1ubjective eatimates, 
usually by a number of different people. Thi1 is th~ ha~dest pa~t, but 
e~cept for a poaaible increaaed nu.ber of cboices ia no ao~e difficult 
tban dete~ining likely uncertainti~• in tb~ mor~ common sensitivity 
analys ia. 

The next step is to establisb the coat and ben~fit of each effect. This 
is often done by using net p~elent values. The optimal ttrategy is then 
calcuhted, i.e., the st~ategy that II&Xi.ollizes expected values. Tbis ia 
fine as hr as it goes, but uaually it isn't far enough, as tbe icplicÚ 
~ssw=ption of risk neut~ality by manag~nt, often doesn't apply. Thus if 
the path W1th the highest expected value also had the greatest risk, it 
might well be turned dovn, and a leso ~isky app~oach taken . 

• 

' 

•. 
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A more det~iled discuasfyy of deciaion.tree an.lyaia waa ¡iven at an 
earlier AACE convention . 

A Monte Carlo analysio(Z) (Figure 2)'replaces tbe probability of selected 
outcomes at the chance modes o! a decisioo tree by a probsbility distribu­
tioo of all possible outeo.es. Agsio, the hardest psrt is the development 
of the subjective probahility eatt.ates. They can be developed at all 
chaoce aodea, but are uau.lly done only st the time of final deciaioo when 
inputs are better defined aod a sophisticated risk anslyais ia more .eaning­
ful. The uocertainties in the coats and revenues of a project proposal 
are usually converted into a probability distribution of net pretent 
values for the total project, without any quantitative adjust.enta for 
management risk attitude. 8ecauae o! the number of calculations required, 
thia technique is alaost always done on a cocputer. 

Fiaure 2 - Steps in Monte Carlo Analyaia 

l. Obtain probability valuet for aignificant factors. 
2. Randomly select aets o! theae hcton baaed oo cbance of 

occurrence. 
3. Deter~~ine profitability for uch COtlbination. 
4. Repest 011ny timeJ to get prohability diJtribution of profitability 

resulta. 

Both deciston tree and Monte Carlo analyse. are useful tooh in project 
studies but are le&s comaonly uaed in presentations to maAageaeot. Ooe 
reason for this ia that they contaio too much information for e1sy uoder­
sunding. Alao, their use in decision-uking has nonully been based on 
max1a1z1ng present values without re¡ard to tbe relative riskineas o! the 
projects being compared. Unfortunately, these aophisticated and relatively 
complex ~n•lyses are gene rally developed only in studies of ujor invest­
ments, and these invese.ents, becauae of their .. gnitude, are juat where 
manageaent is not risk-neutral. Thus, these tools w1il not be fully 
usable in terma o! selecting the truly preferred altern&te until tbey CID 
he corrected for aanagements attitude to risk--a~tbing thlt ¡enerally is 
still not 1vailsble in quantitattve fora. · 

Is Decision Analyai1 Next7 

The aanageaent science technique known as deciaion analysis, ia alowly 
emerg1ng froa tbeory to practice, although auch further work 11 required. 
It is the lo¡ical next step in analyzing risk. Features of the discipline 
are the tre&tment of uncertainty througb aubjective probability and of 
attitudes towards risk through utility theory. The concept of aubjective 
probabilitiea is well known and hao alre&dy been briefly discusaed. 
Util•ty theory, a method for quantifying manageaents attitude to risk, 
will be highlighted in the reaainder o! this paper. 

Examples wbere formal decision analyses have been tested, include areas of 
multiple conflicting objectives, such as in hudneu, public policy, 
en¡ineering design, resource aaoageaent, public healtb and medicine, 
educational managemeot, etc. Decision analysia is more likely to be u&ed 
on large projects than small projects, as the decision maker tends to be 

•• 

:;::?.::::. ' 
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rislr.•neuual on tull p~ojectt (tlley d~al wiLh so ~~~o~ny). In the future, 
thi1 tool tbould tee incr~asin1 application. 

Utílity TheofY Example-·Detth of a Rich Uncl~ 

Utility Lh~ory tppli~• to individual• •• well a• fi~• tnd sov~ra.ent 
h<>diu. It is <>nly a hncy nt.ae for everydty behtvior. Althoush • CODBOn 
concept, it haa only recently been uted in fora-l rialr. tntlyait • 

• To illustrate the concept, suppose you had a ricb but eccentric uncle who 
died and mentioned you in bis will. lnst~•d of • t(mple bequest, be s•ve 
you tvo chotees: 

1. One million dollars tax·free (bis esute would cover any taxn you 
incurred). 

2. A 50/50 chance of $10 million, tax•free, to be det~~ined by a single 
flip of an bonest coin. If you ven, you would have $10 •illion. If 
you lost, you would have nothin¡. 

Which choice would you talr.e? 

Tbis question has been a1ked of sev~r•l groups Or atudents and at.ott 
everyone took the $1 •illion. 'fet with a 50/50 chane" of $10 •illion, 'the 
"xp.,cted value of tb" second cboic" is $5 million or S ti.aes that of the 
first choic.,. Wby chooae the lc""r expected value? Baaically, it is a 
qu.,stion of rislr. aversion. Ibe psin cf not rec.,iving a ture $1 •illion 
(if we loose th" coin flip) ü utually gruter than the extrt plenure of 
the sdded $9 •illion (if we win the coin flip). Of cour•"• ther" are 
exceptions te thia attitude sine" it ia suhjective, and dependa on the 
individual and hit pres.,nt circumaLaot"$- Both the chrooic gaabler (rislr. 
lover), and anyone who is already_wealthy (so h~s circuaatances would be 
little altered by loosing one million dollars) would be lilr.ely te accept 
the aecond choice. 

A conceptual utility fuoction il shown in Figur" 3. Th" abscissa is in 
dollars. The ordinat" it an a~bitrary ind"x of pl.,asure and paic, o~ 
"utility." Th" decreasing slop" is typicsl for investm..nt situati.onl and 
ind1cates a nono.,utral risk attitude. Risk neutrally would be repr.,sented 
by a straight line, and would be more lilr.ely to apply te s .. 11 inves~nts, 
o~ wheo coarparin~ bigh gaio alte-rnatives for larger invea~nts. 
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Fisure 3 

Conceptual Utility Function 
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Th~ "best fit" ~urve IIUst be experiDentally datermined by appropriate 
questioning of the subject. The utility scale is personal and subjective, 
and there il no reason to expect oae man's utílity function tn agree with 
anot.hers. 

A similar concept can be applied to business entities. The utility funct10n 
concept is important from a project standpoint, aa it provides a method of 
diacounting for riak. As 11igbt be expe<:ted froa the "ricb uncle" exacpte, 
utility is not a property of individu.l projects but of oversll wealtb 
level. lt has aho been ahown that in order for the utility of a number 
of independe~S)~g,turea to be additive, the utility f~ctt~' must be . 
exponencial. Many oth~c form. of utility funct~ona a~e poaslble, 
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and are used in va~ious studies. Howeve~, the additive property is considered 
important in the one~at~a~tu.e analysis of independent investmenta opportunities. 
A t;rpical fono of tbe exponentisl equ.ation is: 

U (x) • ' < 

• 
< 

U(x) 

• 
• 
• 

-.. (1 ~ e ), with r) O, for rist aversion, 

monetary gain or loas, 
eXperimentally determined risk aversion coefficient, 
utility of x . 

The Certainty Equivalent in Project Evaluation 

Another term for tbe utility of a g1ven monetary ga;n o~ loas is its 
certainty equivalent. To illustrate ita potential usefulneas, lets asa~ 
that ~ co~porate utility function has b~en developed for and accepted by a 
company's management in arder to provide a consistent policy towards 
risk~taking. 

Suppose the company oow has three large mutually exclusive 1nvea~nt 
chociea. Tbe eXpected values of these projects when discounted at the 
mínimum acceptable return are: 

' 

• 

• 



Project 

A 

• 
' 

. ,. 
Expected Val~, SHM 

" " " 
Ianoring risk, Project 8 would be accepted as it haa tbe higheat expected 
value. Unfortunately, man&&eGent aloo feels ít is the riskieat project. 

Because of tbe .. gnitude and iaportance 
uaing certainty equivalenta is deaired. 

of the inveataenta, a 
This aethod requires 

risk an.alyaia 
t.wo atepa: 

developing of a probability distribution of project 
profitability, uatng Honte Cario analyais based on subjectiVe probability 
eati~tea of the uncertainty in the .. jor variable~. 

2. Interpceting Riek 
Thia is done by the cectainty equivalent .ethod which converts eacb 
probability diatribution obtained in the firtt ttep to a tinsle value 
whicb pcoperly recognizea maaagement'a actual riak attitude. 

The Monte Cario resulta for Project A, B, and C are ahovn in attached 
Fisure 4, in ten.s of project pre1ent valuea. The total area under eacb 
curve representa a probability of lOO per cent, indicating that tbere ia 
no chance of project perfonaance falling outside tbe range of tbe curves. 
Present vslue distributions are used •ince rste of return distributions 
become meaningleas in tbe nesative rangea. 

Huch infonaation can be drawn fra. tbeae profitability distributinns, but 
unless management's attitude tcwards risk is kncwn, it is still difficult 
to reacb a dechion. For example: 

Prnject A 

Project B 

Least risk. There is no chance of loosing more than $4 
million present value and only a 2 per cent change of a 
negative present value. The erpected value is $13 •illion 
and tbe aaximws tbat can be received is $29 million. 

Moat risk. The project has a 27 per cent rhance uf a 
neRative present value, but also has tbe greatest poasihle 
gain. The present values range from ($32) millicn to $83 
millicn with an experted value of $23 million. 

lntermediate risk. There is a 17 per cent cbance of a 
negative present value. The expected values range from 
($25) millicn to $58 million ~ith an expected vatue of $20 
mili ion. 

This info~acion is a great improve.ent over a single present value baaed 
on "best guess" forecasts for each projecc. Froa a decision•making vie~· 
point, bo .. ever, th.ere •till are diffir~ltieo: 

. ;~·-. J:,;•¡ ,.., 
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1. ri"l ~11 ... naJe.cnt ü •fqilia~ lo'itb. probability di~tnbutians, 

2- Even after fully uaderatanding ihe ...,anina of tbe prob.bility du­
tributions, individuals are ge~rally notable to adequately wei¡h 
all tbe iaforaation ill the dinnbution., 

3. The infnnaation tabulat"d does not indicate a clearly prefeHed 
altern•te. 

lo. Riak at.titudu still ne"d to be conüdered. 

o 
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A formalized rist attitude aa in the certainty equivalent (CE) aetbod can 1 
overco..., theae problems by makina it poaaible to convert the prob1bility 
distribution of a project'a profitability into a ainale n~ber. Tbe CE 
can be vieved aa tbe riak•adjuated avera¡e value of the present value 
d1st.ribution. When the CE is Rreater than zero, the project ia a 1ood 
invest...,nt. Where aevenl mutually exclusive alternstes are bein& contidered, 
the one with tbe bishest CE should be sccepted. Where aeveral iadependent 
projecta are bein& analy¡ed, all witb CE' a arester tban zero sbould be 
accepted. 

Figure S, attacbed, illuatrstes the uae of tbe CE ~tbod for tbe tbree 
projecta shown in Fiaure 4. The effect of risk discountin&, i.e., tbe 
difference between tbe certainty equivalent, and tbe expected vslue is 
shown for eacb project. Tbe difference betODel increaainsly significant 
as riak increases. Tbese curves also ahow that failure to take advsntage 
of all available info~tion could give different project rsnkin11 fro• 
tbat obtained by tbe certainty equivalent ~tbod. Tbe rankings by three 
criteria are given in Figure 6. 

Figure 6 

Effect of Risk Analysis on Project Rsnking 

Ranking Critedon Project Rankln& 

L ~ected Value '· '· ' ' . l!inimua Cbance of Heaative PV '· '· B 
3. CE Method '· '· ' 

The CE method not only .akes risk aoalysi~ .are underataodable, but al so 
improves project selection by givins proper weigbt to all information in 
the probability distribution. 

Obtaining a Corporate Utility Function 

1 f tbe CE ...,tbod il as good u it 10und1, wby isn' t everyone using it? 

The answer ia simple--as far as the writer knows, no finn has established 
,, generally accepted co<porat"d utility function so that c"rtainty equiva­
Lents c•n be calculated. However, "qoeri.mental work in this field hss 
been und.,~taken by a n~ber of firms. 

' 

......... . • 



205 

1 waa involved in a oeriouo ~ffort to obtaia aucb a funrtion aeveral yeara 
.a¡o, wben(~}th a difbrent COIIp&ny. Paru of thh work baV" dready be= 
publiahed , Uafortunately it is in a fairly obscure and out of priat 
source. 1 would lilu! to review tbe otudy a¡aia aa it deaervea •re attention 
in indultry. 

Firat, 36 corporale cxecutivet were iatervieved and their riak attit~a 
quantifi.,d. This qwontification wu don" by two teriu of 20 queations, • 
so~~ewhat ai.mihr to the rich uncl" exa!!!ple. Tbe first series waa for 
$3 MM invea~enta; the aecond series, for $50 MH inveatments. In each 
case the project had two posaible outc~s--•ucceal or failure. Succest 
waa a p<>aitiv" pr.,sent valu"; f&illlre, a nesative present value. Tbe 
~anagcr was told t~ si~e of tbe initial investment, t~ net p~esent 
values for the two posaible outcoaes, the rate of return of the gain case 
snd the requi~ed probability of success for the project to juat ~et the 
mínimum acceptable return, wheo the expected gain1 and losaes were weighted 
by the likelybood of their occurrence (t~ risk·oeutral situatioo). Tbe 
uaoage~ was then alked wbat cbance of succeas he would require to accept 
the project. 

Figure 1 sbowt a few typicsl retults. 

Sl!ple Questionnaire Resultl 

Data caven 

Net Preaent Vdue, $/!K 
Rate of 
Retu~n Breakeven 

Probsbility, 1. 

Requüed 
Risk 

Losa Gain o{ Gain Caae 
(l) 

p!iH Investment 

' . ' . ' " 
.. 

" •• 
' • 5 ... 68 " " ' 

., ... "' " " ' . ' . ' " 60 76 
5 ., .,, 70 56 " 

., " " " +100 " " " +230 68 " " +450 '" " " +950 '" " " 
For the company being studied, a $3 !ll1 investment wu co111210n and the 
managers did not allow too great a margin fo~ adversity, expecting the 
successes and !ailures to more or Less average out. At the $50 MM level, 
everyone became more conservative, and the required risk msrgio rougbly 
doubled. 

The m~nimum rbance of success that the interviewees required for each 
hypothetical investmeot has been tabulated in histoBram !o~ for both 
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1 nveataen~ levela (Fi¡ures 8 and 9). Tbe preaentation oí the histOif..S 
is ord.,red accordin& to increuing ILO.goitud" of outco.es, ..,ith the hr~sl 
values at the top of the sheets. The actu.l dallar .agnitudes o! tbe 
present valuea that ~ere asaociated with each invest.ent are shovQ to the 
left of each h1stogram. • 
There is considerable acatter, as the de¡ree of conservatis• varíes fro. 
individual to individual. Tbere are alao inconsistences in individual 
reoponses. The average of all responsea is shown by the vertical line. 
These average response probabilitiea are also listed in Fi¡ure 7, for the 
s~les shown. Of courte, there can be good reason1 for not uaing averages. 
For exsmple, the preoident'a utility function may dominate over Lboae of 
othen. 

The next step was to coovert this information to a utility function of the 
general form shown earli.er. By trial' and error, the hest tit was found tn 
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he a ~dified lngarit~ic equation. The final resulta fcr two"of thnae 
interviewed is plotted in Figure 10 for $50 MM inve1tment1 and showa very 
little difference between the subjects. Hnwever, •• shovn by the histograma, 
tbere was significant variatinn amcng cther respondents. Tbe work waa not 
carried to the point of ohtaining a consenaus curve for tbe cnrporatíon . 

• 
Figure 11 coapareo the utility functions of one subject at the $3 MM and 
$50 MM levela. The significantly greater conservatisa at the $50 MM level 
is clearly evidenL, and was generally ob1erved with all respondenLI. 

Th1s work was done by Dr. Spetzler as part nf hia PhD thesis and the 
participating company unfortunately has not follnwed up on these ILUdies 
since then. At the time thia tonl was developed, it was uaed on tome 
trial prcjects that were presented te top manageeent, but it was never 
used to develop an official ttateaent of corporate risk altitudes. 

This type of experimentation it typical of any oew development, and should 
continue. Dr. Spetzler's study, 1f nothing ehe, shn .. ed that iL is reaaon.ably 
easy to develop a quantitative statement of cocporate riak attitudes of 
individual members of top management, and with a little diacusaion with 
IIUinageaoent, easy te undentand by management. 

The certainty equivalent concept ia souod, and until it is in ~re general 
uae, even tbe ~aL snphisticated ri1k analysis will be incoaplete. lt is 
the writer's preh~nt feeling that certainty equivalent calculations will 
not be aensitive to small chaoges in a utility funct1on's shape or equatinn. 
Once a particular management risk attitude is rougbly defined trisl calcula· 
tion of certainty equivalents for a number of real projects will permit 
manage~ent to ga1n ccnfidence that the calculated utility funct1on and 
certa1nty equivalents do properly represent their risk attitndes, aod can 
ultimately auLhorize their use as an official •tatement of corporate risk 
3tti.tude. 

Conclusinns 

Coapetition for higb returns tends to drive all of ua into higb risk 
areas. lf projecu are oelected by ranking 10ethods which are blind to 
risk, then tlle firm tends to aelect a "diet" o{ high risk activities, and 
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th~ buoin~•• becoaco hishly ria~. 8uoineos can be less ri1ky tf .ethods 
of measurtnB and controllin& rtok are better underotood and syst~tically 
utilized. Tbe certsintY cquivalcnt conccpt disc~&cd in this paper is onc 
such mcthod. Not thc lcaot bcncf¡t is that finaa ~ith a sound risk stratc¡y, 
should be ablc to attract eorc capital, and at more favorable rates. 
Furtber experimentation vith this risk·analysis tool i• recoemended. 

-
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Figure 10 
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Making Decisions .. 
In an lnflationary Environment 

Using too high an inflation rate can kili potentially good projeets; too 
low arate may lead to the acceptance of poor ones. 

Wialwd H. Gri..t, Jr., C.tty RelllllD¡¡ ol M&rlletizc Co.. Dellwan Cit)', Del. 

By comparison 11'itb Bruil, ~nt.ina, ud Chile tbe 
infla~ion 111teo the U.S. hu uperienced during the 
lll8! ,..vera] yeanlutve heen telatively low, olthougb 
tbey -m quite hi¡h when tackltd opa¡linet the 1.5 
""d 2'"0 infl.alion n'Oteo o( the 19501 llnd 111id OO., a. 
very otable period in our ec:onomic hiotory, 

Ao ohown in FiiJUre 1. ini1a.tion rateo fmm 1965 
thraugh \971 avernged 4.3%. A l0011er rata, 3.3%, wu 
registe~ in 1972, .. rucb roee to6.2~ in 1973, 
peakM at 11% in 1974, and rouu.d to 9.1 and 5.8% 
in 1971> and 1976, respective! y. An inOation rata of 
6.5% waa pooted for 1977, and laat yur it increaaed 
apin, thi.o lime to 7.4%. 

Obviously, infl.ation rateo go up lUid doom lil<e 8. 

roller eouter. At beot, in a. capital evalua.tion it will 
only he poaoible to reflecta long term inflation rete 
tHnd. not year by year data. BeeaUH tbe futuno with 
respect to inflation Í8 uncertain Íl DO uCUMO t.o u-

Cl!J' J.,. 1979 

dude it e11.Wely whe11. enluaW!c capital e~­
turw. Tbe oection on uFunda~~~.mW. of Iavwtme11.t 
EvaiWition" in t.be "Ch•mical En¡l.....,,.' Handbook" 

Table l. Three alternatives 
compured. 

Profit Be!ore Leue 
Tu And Paymenta in 

lnveatment 
at Time 

Z.ro. 

DepreciatiOl"l Con.W!t 
in ConaW!t DolWs 

Dollan Referenced 
Refe..,nced t.o to Time 

Time Zero, Zero, Altar­
lll.tive thoow•nd Slyr tho ........ d $/yr 

A .••...•. ....... 368.6 ••...... 
B ....... . . ...... 199.7 . . . . . . . . -
c ....... . . ....... 366.6 ........ 364.8 

" 



.• ~ ' . - . ::.~.-..... ..... b~•'"'':""-. 
Table 2. Alternatlve A, 0% inflaUoa. aU dollan are cou:tanL · 

.2 ¡(, Profit -, • ~" 
Befare Protit ' 

• • • 

Tu &nd · AfWr · • Cub 10% 
~pncltotion. Oepncitotion, Tu, Flow, Diaoount 

Time tbouaand S lhou..m S tbouaand S tb.,._.,.¡ S FO!CtQr 
o ......... ··--··················································-1 

End lot YT-- ......... 368.6 .......... 333 .. . . . . . . 17.8 ........ 3li0.8 ........ 0.9091 ....... . 
End 2nd y-r •.••..•... 368.6 .......... 267 ........ 50.8 ........ 317.8 ........ o..8264 ...... .. 
End 3rd y-r ..••..•..• 368.6 ...... • .... 200 ........ 84.3 .•••.... 284.3 .......• 0.7613 •....... 
End 4th y-r ...•.....• :368.6 .......... 133 ........ 117.8 ....... -. 250.8 ........ 0.6830 ...... .. 
End 6th y-r ...•..•... 368.6 . .. . . . . . . . 67 ........ 150.8 ........ 117.8 ........ 0.6209 ...... . 

Table 3. Alternative A, 5% infiatlon. 
CUfJ'Int Dollan 

Profit 

J>r.eat Worth 

PBT Depre- Alter C,..b c ... b Flow, 
&D, ciation, Tu, Flow, thouwnd S, tOllO 

t.hoo.J. t.hoo.J. thou- tbou· 5% Conat.ant D*:ocmt 
Time Mnd $ llllDd S Mnd S ~ Deflator Dollan Futor 
o ........... ·············································· .................. . 

Endl•tyr ....... 387.0 ..... 333 •.... 27 ..... 360 ....• 0.9524 ..... 3<12.9 ...•. 0.9091. •... 
End 2nd yr ....• , , 406.4 ..... 267. .. . . 69.7 ..... 33-6.7 , .... 0.9070 ..... 306.9 ..... 0.8213-t .... . 
End 3rd yr ....... -t26.7 ..... 200 ..... 113.4 ..... 313.4 ..... 0.8638 .•... 270.7 ..... 0.7513 .... . 
End 4th yr ....... .W8 ..... 133 ..... 157.5 ..... 290.5 ..... 0.8227 ..... 239.0 ..... 0.6830 .... . 
End 5th yr ....... 470.4 , , . . • 67 ..... 2{11. 7, .... 268.7 ..... 0.783~ ..•.. 210.5 ..... 0.6209 .... . 

p,....tWorth-

212.6 

"-' Wortb, 
thouo.and l. 

"""~' 
311.7 

"~' 2()3.4 
163.2 
130.7 
61.4 

'ondicateo that tbe UAuai effect of inflation on a pro· 
ject's p«>fitabilíty iB major, and the accuracy of pre­
dicting intlation ia poor. 

(certainly not all) chDOen to r-epresen! the prioeo of all 
final gooda and oerviceo purchued by urban reai-

The purpose of t.lm artide Íl to ta.lr.e a Iook at how 
intlatiotl affect.o a project'a profitability &nd to e:um­
ine how inflation can be included ill tbe evaluation of 
a project. Before we begin. it ia n~ todefine 
certain tanns {infl•tion. eecalation, eurrent dollan, 
and eonat.ant dollan). 

l. ln{lotion 13 o ri•~ in /he avercg~ leoel of oJ/ 
pr¡c~•-

The price rise o( • oin¡le CO!IImodity d""" oot ne<:· 
essarily denota inflation oin"' lower priceo of other 
~· m• Y off..,t th&t increlllfl. Admittedly, the t&l':tD 

"average leve] of aU priceo" io a bitabotraot. For e K· 
ample. the C.:.noumer Prioe indu (CPI) ia ""-<! on 
"'tail prioes of approrimataly 400 goodt and oerviOO!. . 

Table 4. Altel'native A. 
company's viewpoinC.. 

Co111ponent ofPrewnt Worth. 
thouaandS, Colllltant Dollart 

PB'T&D_ ....... . 

O.,preeiation .... , . 
lnveotment. 

Net p,....,nt Wortb ...... , 
.l. From O"' lnflation ..... , 

" 

Inflation, ~IYT 

698.6 .... 6 

403 .... 8 

698. 

362. 

1000 ..... -1000 
61. 

!01.6 .... 4 

dento.. ·•· • 
2- E.calolion U 1/u riAe in 1M price of o oi.ng/~ 

eommodily or servU:~. 
Tbe eo111bined effect of intlatlon and oupply and 

dem.and changa io refttrte<:t in escalated prica. Ell­
calated pri""" and ~t.o ohould be uaed to deveiop fu· 
ture cuh fl,_, when .valuatint: • pro;ert. Of couru, 
the varioUA eo&ta and oa!M pnc.. will not .JI HC~lloote 
in tbe """'' 111anner. Operatin¡ labor may bo increu­
inc at 6?0 {yr, maintananoe labor •t 9%/yr, and the 
raw material uaed by tbe project •t 5%lyr. 

3. "Curr~nt Do/U.r~" re{er110 do/U.r~ realized in o 
o~á{ic y~or-the curren/ dol/on {orony /wo y•oro 

Table 15. Alternativo A. 
government's vlewpoint. 

lnflation, ':0/yr 

Tuee Recelved by 
Government. thouaandl 

' 
Cunent Dollon ........ 421.5 .•• 569.3• ... 147.8• 
C.:.nstant Dollan ....... 421-5 ..• 474.5 ... 53 
Constant Dollon 

Dis.countMI at 10% ... 29(;.6 ... 335.8 ... 40.2 

• ...._...._.. .... ....._ ___ ofdlll.---· ... ---

i 

' 
' 



~ """Y OT """Y 110!"""" !M'"""' buyi..,. power. 
Current dollant may be ~ru bbw doUan." For ex­

..,.pla, • dollar In liBO mayonly buy 80" o!w~t a 
doLiar ¡,. 19'78 will buy. Por thll-.accumW.tl"' 
c:urm~t dollan -· •Y a 10.,.... ~. il m .. nlt~C· 
"· •~t to c!Mclk uithmltlc. To nliuatola pro­
J«t, lt ¡, ... : 1 "")' to .... ...,., ..... oaJM, pri-llld 
coat. to d....,Lop lb. projeoct'a c:uh no. In ..,..,.. ot 
current dollano. 

Three m11tually ezduiYe ~ 2J,f t· = :~ ' 
4. "CoMt<>"! Dolln.,.." nf~nru;., tM buying 

pow~T of cun"<"IU dttlltvo to ,,., bac ye<U. 

It. ~t dollar In 1980 .... oaly purdlaM 80% 
of tM JOOd- &Del ..m- that a dollar In 1!178 can, 
than • cuner.t dou.r In 1980 il only worth 80t In COD· 
otant dollano ualn¡ 1978 a U.. bue ,..... Since the 
~o! a company ehou1d be tbe mnjmi:ration o! 
lon¡-tenn -tth. it il-cial that an ....J.uation 
metbod to accomplish thilend be bu4Kt on comtant 
dollan.. In project evaluation, it if, ....,.._., to atl· 
mata the nrioua elel:aomtl of 1 pro~ ...p. ...,.. 

l
lated ...e. and pnc., oombiM tha ~ta into a 
cah flow ~ttam whlo:h il in cummt dollars, and 
tban deflate tba curnnt dallar cub f1ow to • CONtant 
daLlar cub flow befare dilcountin¡ at tbe """' of cap­
italor ....J ... te olretumd..u.c!. byttMcom.pany. 
K"P in miDd that tha ....J world dllia in cutre11t dol­
lano. Wben ... ro to the bap.k for a loen .... talk CUl• 
rent doUan. Thelntereot Tate quoted hu airead y 
been adlu.ted for inílatiOll by tbto l111din¡ marbt. 
Con.tant dollan il an abotlllct conctpt uaed on!y to 
derDOnauate w~t is 'beppe.ni.n¡ to the buying power 
of a dollu In an infletim>ary economy. 

Table 6. Alternative C, 0% infiatlon,. all dollars are constant. 

10% ~t 
PBT&D, DilaoUDt WOlth. 

Time thouoand $ Factor t.hou..Dd f 
0............................... • .......... 1 ...... -171.4 

End lit Yt ............. 368.6 .. .. . . . . .. +8.9 .......... 0.9091 . . .. .. .. . . . +6.3 
End.bdyr ............ 368.6 ......... • .......................... 0112&1. ........... +5.7 
Eiui31'dyr ............. 368.6 .......... 3114.8 ........................... 0.7513 ........... +6.2 
End4tbyr ............. 368.6 .......... 354.8 .......... · ................. 0.6830 ........... +'-7 
Endlltbyr ............. 368.6 ......................... +184..3 .......... 0~ ........... 114.4 

U.i 

Table 7.Alternative C, 5% inflation. 

Cuh 
~-, 

Le... thouao.ad $, 10% 
PBT&D, 5% Con~~tant Dileount 

Time thoUMIK! S Deflator Factor 
o ........... -.......... ..... .......... .. ... 1 

End. lit yr ....... 387 .o ....... 354.8.. • .. . ... 0.9524. . . . . • 15.3 ......... 0.9091 ..... . 
End 2nd yr ....... 406.4 ....... 35ol..8. . • .. + 25.8 ..... 0.9070. .. . . + 23.4 ......... 0.8264 ..... . 
End 31'd yr ..•.... 426.7 ....... 354.8 .... - +36.0 ..... 0.8638. . . . . + 31.1 ......... o. 7513 ..... . 
End 4th yr ..•..•. 448 ....... 354.8..... H6.6 ..... 0.8227..... +38.3 ......... 0.6830...... +26.2 
End 5tb yr ....... 470.4 ................ ~235.2 ..... 0.7835 ..... + 184.3 ......... 0.620!1 ..... . 
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t.hnt& alternativee under the thrM ...... nano. of infl.a. 
ti011 (niue prwent ~ ir>all), A.obo\m 011 Tabla 
2, tbe p.-t -ortb ot Alten.r.tive A is 111)1,600 
wban 1 zei'O inllati011 rete is uaumod. Slllce the~ ia 
no infultioD, al! dollars ....., in tertlll of COlllltant do!· 
Isn referenced to time um. Sinee tbe profit befo"' 
tu and depteciatiOD at.IYI tbe -• for .... 11. of tbe 
five yea>S, it can either boo .,..um.d that tbore ia no 
esr.alation or that the combined affect of the v-.iOUII 
revenuu and cx:.to ar. _.tia¡ ill ruch a m.umer u 
to reault in a oomtai!t prollt befo .. tax and deprea.­
tion. 

Nowlook at thia aitematlve wit.b a 5% /yr inflation 
""'"'ario(- Table 3). For thio ~ tbe profit 
befare tu and d~ticn ia ir.u "d. in term. of 
ctli1'eJit dou.n, by 5% /yr ove:r that &bOWD iD Table 2. 

A oimplifyin¡¡; ueumptlon """" UMd in Tabla a that 
implieo that jJwe have 1 5~/yr inflatiott note, t.b.o.t 
prolit befono tu aro.! de~"" .uJ. riae at S'"!Yr­
Th!o dOM not hoove toO. tbeCIIH. It couJd havejUit 
as eaity been aaumed that profit betore t.u wu ln­
cre.Wng at 6% /yr In a 5" infl.o.tionary economy. In a 
ual ...,,Jd, it 11 unlikel.y tbat pmfit before tu OJ>d de· 
p.....,;ati<>n orou1d be increaaing at exactly the Sllll1& 

rete u intl11.tion. The oimplltication does not, howev­
er, detraet fl<lm t.be COD<:ept we are roing to ID"""ti­
P"· 

Depredstion on Table 3, olnee lt is ftXed by tbe 
goV<lmment. i~ .kept in t.ha ..,. poottem u 011 Table 
2. but is now In temu. of Clln"ent dollar.. Al oho.,, 
the caoh fl<nn ll.re ~tll.d in ter""' of Cllnent doJ. 
IHn. Nnt. tlúo cu.h flow io oon>r&n.d to con•t&:lt doJ. 
la re by UIIÍn¡ a 6% dellator. Theconat&llt<X>nlt&Dt 
<ash llow it t.hen dlecountll.d by ..Cacto< of 10% to ob­
•ain t.he P'-nt VI'Of"th of t.he pro;.ct in """"t&:lt dol-

" 

' .~ o 

o 

.. 

• 
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l.o!n. A p.--:nt worth ol cwrent doU... d.iao:>u!:!.tod .t 
IO% it m•ni"':l= lince it ila oni%tun of10ppleo &Dd 
ot&ngOA in teflllll of buyin¡ powllf. 

A. ohown on Tahle 3, the con.tant dollar ~~ 
wotth of Altornati>r& A J,..dropp.d from 1101.600 
..;u, a O% ~tioct rato to$61,400 orit.h a~~~ iDfla· 
t1Q1I rate. Al an Mide, ;t- had diecouflted the .,..,._ 
rentdollar cuh flow of tbit ~ ,..;tb a 10% dio.­
cou.ntln¡ factor, the pr.ent ...wtb -uld ¡,..., beell 
1206.21Y' <-! ~nn...... bu}'incpont". You.muat eit!>t!" 
ccm>r&rt Clln'801t dollar eub fJow to a oonat&Jit dullar 
caab flow befote ~t.inr lt the co.t ol aopital or 
uae a d.iacow:IW., tate that oo'"binoo co.t ol capital 
8Dd iD11ation..ln th.ia -· al5.5~ dD<:ow:>tlq factor 
CQI1]d have beec applied to the cun.nt dollar cuh 
no-to gi>r& the 161.400 p.--nt wnrt.h.. The inllati011 
rate lUid ~~ ol capital are appr<W~~~.ately addiei ..... 
To be pact., the co.t ot c.pltalllDd inflati011 rateo are 
multiplied (e.¡. 1.10 x 1.06- 1.!65, therofOlfl, 16.11% 
,W. tbe oomblned effiiCt). 

U.acle Sam took the dollan 

Whero did the co.,.t&:lt dollan ro? Dile to the 
fued poottenl ol del>f"Oiciat.ínn. buod = hiatoriea.l in­
veotmer~t ratber than replatema>.t cwt. Und• Sam 
took the dollan.. Tirio can be ~ by breaking the 
pre1111.nt wnrtb down into ito oompocento as it done in 
Tahle -l. On a oo.,.t&:lt dollar buil.the proflt betote 
tu aad deprecitotion and inY-.tmont ccmtribution to 
preaent .... rtb ...;th %ero &nd 5% inflation io the oa.me. 
The depredation oontrlbution to ntt presea! worth, 
b-.r. it lowet by $40.200 ,..;tb_ O 'JC. tnn.Uon tban 
witb no inllation. 

Lnolti.ag at the tues ,.,.,.,ived by the ¡ovemment. 

cu~-un• 
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' Tabloo ~. it Íl ap~nt that 1M IoM In praent wortb 
/ of th.e pm)Kt tJowed to tbe IOYin>JMnt. M o.hown. 

lhe ,.,..,.,-nm.nt reeeiv-.:1 t.aus won.h 153.000 IIIOH in 
huyin¡ power witb 5% inflatioll. lf t.h.il il <litcoullt.ed 
at lO%, it ucount. for the pr...,nt wortb lo.t by tbe 
project., $-«1,200. 

Without roint: iato the detall, Alt.eruative B ie d• 
veloped iD tbe oame IDIIIlOel" u that ahown for Alter­
a.ative A. Tba ~t 1inXth al Altemali...,. A .00 B 
d-uche in!".o.tion rate Íl illa rred 

Unlite Altemativa A and B, Altm>ative C ohowa 
an improvement in pl'flllllnt wortb m conetant dollan 
when inflatian aeta in. AA ahown ou Table 6, a Dep­
tive $41,100 proent worth il ruU~ for Alternative 
C with tto inflation. With 5% inflation, t.he preeent 
wortbof Altemative C iru:no- to SI9,800in con· 
atant dol.luo, Tabla 7. 

UIÍ!If u.....,.. appro&cb u damoDitnlted, the 
preoe11t won.b. o!tbe th..... o.lter:DJiti-a..e.WNt.ed 
to M .. ~ oa Tablo. S. C!Mrly, ifthen ia no in­
flootion. Altemative A ia favorod. Wltb 5% inflation, 
Alternati,.. A lll1d 8...., aotando>ff and.,.. definitely 
favored ovar Alten>ative C. W1th a lO% infl.ation 
rate, Altemative e be<:om• the beat C<IUI'M of action. 

Other uaoertalJ!.tiee 

To furtber dou.! <he problem, let 111 aaume that 
there .n. otber llDO!:rt&in!iM beaid01 inf'..ation. Tha 
profit before tu. omd depnoci.atioD benefit hM only a 
10% cbance of beinr 10% lllgher tbl.n tho num bus 
UMd and h.u only a 10% chance ofbeing 10% lower 
than thoee uaed. ThiA define. the SO% conliden(e in· 
t..rval. Similarly: 

• lt ioaa 80% certainty th.o.t !.he in,...trnent ia 
.>.10% ofth.o.t .......d. The leue paymentia risJr¡ me. 

• In nprd to inf"latioll, m&napment fMII th,...e ia 
a 10% e~ ofno ínflation, a 50% charu:e of5% in· 
llation,aad a 40% chanee of 10% inflation. 

U1inc tha paranwter method of riak .om!Yiia de· 
ecribed by L. B. Davidaon aad D. O. Cooper in the 
Sept..rnber, 1976, iollue of the J.,.. • ...,¡ of Pw·oleurn 
T~chMla6)1, riok pro11leo caa be develope<! for each 
of the alt..mativ• undu !.he combined riak ocenario 
opecified. Th- are ohawn iA Fi¡uA 2. 

AltetNtiva A and C have aboute 25% o:hance of 
.-.ultú:r.c in • Mp.t.ive pn!Hnt ...,ru.. Tbere ;. e very 
little riU relatec!.t<J Altenu.tive B (llbout 8% ehance 
of a neptive pre&er~t worth). The meaDI of Alter,... 
tiveo A aad B are about equal, $52,000 md S55,000, 
teopect.ively. Altho,.P thete illa pouibility that bic 
dollars can be made by Altemetive A, u, re!atively 
hiV! riU of Altemetive A rnakn Alteme.tive B fa­
vonod. Alternativa C ia poorer than B on all eounte. 
Altemetive B. the best o.lteme.ttv., b.u e present 
wonh 80% confidence interval of$5.000 to$105,000 
..;th e mo.t likely of $55,000. The appi"Oil(:h used to 
mdude th.o. uncerta.inty of inflation ehoW$ that if 
maaa¡t~ment io uneuy ebout inflation it can be ;11 • 
cluded in • tiok analyaill to guide maaqement in 
makinr doo:illiona. 

In an attempt not to bor down in more detail than 
n--..y, tha e:u..mpln ....-e kept oimple. The con· 
capte hold rererdle&e of how comple% a "'""" ia being 
eveluat.ed end can be used to ehow th.o.t: 

l. /nfklti<>n doeo Bf[ect the profitability of o proj· 
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Table 8. Eatlm.atloD ottbe earrent 

wonb ot 'be alterD&tl..-ea. 

Ia.n.stion 
Rete,%/y! 

0 .......... . 
5 ......... .. 

10 ......... .. 

~ct. Althougb noteho..a in this articloo, •imiler e:um.­
plet to tboN pi""IIMID~ can be ...d. to "-nomtr&te 
th.o.t alonpr depnciootion llt.a in tbe unfevore­
bloo at!'ece of inflloti.on ou ~~ -.orth • -11• the 
... of Jtraicht nn. deprecietioll. 

Z.lnf!~ti<>n con ch.an~~ tM ,,..,,., of mutual/y 
~rcúuM p, vject• o~ con ch.a"'/t rM o..der of prefer­
~I'ICt of projectt in o copitBI /1Wffli"41 deci..ion. 

· 3.!nfloti011171llY IH, a...t u.ually i.., builr inlo tM 
ditcount ,..,lt. lnatead ol deflatinc and dl.countú:r.c 
(two .up.), !.he .-.ult can be eccomplilhed by uainr a 
comm-.:1 dle.coullt factor applled to the cunent dol­
ler ceah n .... For a:u..mple, il 591; i.nflatlon ia n­
pected eod u..,...¡ tate olmur:n ia t09!;, .... dis­
eount tate of 15.5%.ln theloll!l18 menr.er, tor 10% in­
flatiBn and 10% real rate ofretum, .-a 21% factor. 
lnllation ia roughly additive to the real rate of retum. 

4. lf mflotion Í3 f~lr to be o ~ariable. it can b~ hon­
dled .o.tatitticaUy in a rUlo ana/yoit. 

5. High rou• of in(Jotion con imp,..... tlw att,....,. 
tiveneu of B !Mue olttl'notiw- ~kltiw to capit.U in· 
vat ...... nt. · 

6. Hjsh ,re• of in{lori<>n und to fo.xv lttc«rcapi­
lol proj~cto. 

A:¡!,o"i"h it ia nBt tha inter>t o! thla articlt"' 1et 
into the oettinc of premiae& to be llled ln an ..-alua­
tion, oome commont il no-eeuary.ldeelly, premiaMot 
coate and pricn ..,.., developed by o"' poup within .o. 
company and..,.., developed in e co.W.tent menner. 
The anelyet muat be oure tbe inllation fector applied 
to eil p....U.. ill the w:ne and ia ODDOilltent with tbe 
inllation rate l:ruilt into the dle.coulltú:r.c factor ...d. to 
-.!aate a projeo:t '1 p....,t wm1.h. Whtn prem.:.. 
lino Obteined from YariOUI IIOUI"CM (marlutin¡. o¡Hta­
tiona, enrineerin(, etc.) be oure to detenni,. th.o.t 
they ..,.., <:onoiotent. In add.ition to conailltency, uae of 
too higb AD inflation rate (hi¡b diacount rate) may 
kili potentielly 1ood project&, and 11M of too ]""' a 
rate could lead to a<:<:eptiD( poor ..-. 
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