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I n t r o d u c t i o n 

I n t h e c o u r s e o f d a i l y b u s i n e s s t he M i n n e a p o l i s Fed and i t s c o u n t e r p a r t s , 

l i k e hundreds o f o t h e r i n s t i t u t i o n s , a r e c o n t i n u o u s l y c a l l e d upon to make c a p i t a l 

s p e n d i n g d e c i s i o n s . Many o f t he q u e s t i o n s i n v o l v e r e l a t i v e l y s m a l l amounts o f money, 

some f a i r l y l a r g e amounts and a few i n v o l v e s u b s t a n t i a l sums. Some e x p e n d i t u r e 

q u e s t i o n s can be f ramed f a i r l y s i m p l y . F o r e x a m p l e , t h e c h o i c e o f a t y p e w r i t e r 

f r om among s e v e r a l compe t i ng m o d e l s , a l l j u d g e d t o b e e q u a l i n q u a l i t y and s e r v i c e , 

c a n u s u a l l y b e made by s i m p l y s e l e c t i n g t he model w i t h t he l o w e s t p r i c e . O t h e r 

s p e n d i n g d e c i s i o n s a r e , o f c o u r s e , much more c o m p l e x . 

And i t i s no t s i m p l y t h a t d i f f i c u l t q u e s t i o n s may i n v o l v e more money. 

M a j o r p rob lems a r e e n c o u n t e r e d when s p e n d i n g and t he r e l a t e d b e n e f i t s a r e s p r e a d 

o v e r t i m e . We must t h e n f i n d an e x p l i c i t way to measure t h e v a l u e o f d o l l a r s to be 

r e c e i v e d o r spen t a t f u t u r e d a t e s , compared w i t h d o l l a r s r e c e i v e d o r s p e n t t o d a y . 

Q u e s t i o n s i n v o l v i n g c o s t s and b e n e f i t s e x t e n d i n g f u r t h e r i n t o t h e f u t u r e a l s o 

u s u a l l y i n v o l v e g r e a t e r u n c e r t a i n t y t h a n t h o s e w i t h c a s h f l o w s c o n c e n t r a t e d i n t he 

p r e s e n t o r n e a r f u t u r e . 

T h e s e i n v e s t m e n t d e c i s i o n p rob lems a r e w e l l known and t h e p r o f e s s i o n a l 

l i t e r a t u r e p r o n o u n c i n g v a r i o u s a p p r o a c h e s i s enormous . E c o n o m i s t s , a c c o u n t a n t s , 

b u i n e s s f i n a n c e e x p e r t s , o p e r a t i o n s r e s e a r c h s p e c i a l i s t s and o t h e r s have a d d r e s s e d 

t h e m s e l v e s to t he i s s u e . I t wou ld be a r a r e i n d i v i d u a l who knew n o t h i n g o f i n t e r e s t 

r a t e s and n o t i o n s o f t he t i m e v a l u e o f money w h i c h u n d e r l a y them. Bu t i n s p i t e o f 

t h i s g e n e r a l f a m i l i a r i t y w i t h f i n a n c i a l c o n c e p t s ( o r p e r h a p s b e c a u s e o f i t ) g r e a t 

m y s t e r y and c o n f u s i o n s u r r o u n d s i n v e s t m e n t d e c i s i o n - m a k i n g p r o c e d u r e s . C a p i t a l 

s p e n d i n g d e c i s i o n s a t t he M i n n e a p o l i s Fed i n t he p a s t have n o t , i n g e n e r a l , i n v o l v e d 
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e x p l i c i t p r o c e d u r e s w h i c h a c c o u n t f o r t i m e . 

The p u r p o s e o f t h i s r e p o r t i s to examine t h e s e i s s u e s u s i n g e v e r y 

day l a n g u a g e ; to e x p l a i n some o f t h e r u l e s commonly u s e d ; to p o i n t ou t some o f 

t he l i m i t a t i o n s ; to e s t a b l i s h a f ramework w i t h i n w h i c h v a l i d p r o c e d u r e s can be 

s e l e c t e d and a p p l i e d a t F e d e r a l R e s e r v e B a n k s ; and p e r h a p s most i m p o r t a n t , to 

b e g i n t o d e v e l o p a s e t o f p r a c t i c a l c a s e examples t h r o u g h w h i c h t he v a r i o u s 

i n t e r e s t e d F e d e r a l R e s e r v e s t a f f s can e f f e c t i v e l y a c c u m u l a t e and e x t e n d t h e i r e x p e r 

i e n c e s i n s y s t e m a t i c a p p l i c a t i o n o f p r e s e n t v a l u e p r o c e d u r e s . 

The p r e s e n t r e p o r t i s p r e l i m i n a r y and i t i s b e i n g o f f e r e d f o r c r i t i c a l 

r e v i e w and c o n s t r u c t i v e improvement a round t he F e d e r a l R e s e r v e S y s t e m . As 

c u r r e n t l y c o n c e i v e d t he r e p o r t i s d i v i d e d i n t o f o u r p a r t s . P a r t I d i s c u s s e s t h e 

r a t i o n a l e f o r u s i n g p r e s e n t - v a l u e p r o c e d u r e s i n government agency c a p i t a l s p e n d i n g 

d e c i s i o n s and e x p l o r e s t he t r i c k y p rob lem o f s e l e c t i n g an a p p r o p r i a t e d i s c o u n t 

r a t e f o r government agency d e c i s i o n s . P a r t I I d e s c r i b e s i n g e n e r a l te rms a s e t 

o f recommended p r o c e d u r e s f o r a p p l i c a t i o n o f p r e s e n t - v a l u e c o n c e p t s t o F e d e r a l 

R e s e r v e c a p i t a l s p e n d i n g d e c i s i o n s . P a r t I I I a t t e m p t s t o i l l u s t r a t e t h e g e n e r a l 

p r o c e d u r e s by d i s c u s s i n g i n d e t a i l a r e a l c a s e a p p l i c a t i o n . P a r t IV i s i n t e n d e d 

to p r o v i d e f o r a c o n t i n u i n g c o l l e c t i o n o f c a s e a p p l i c a t i o n s f rom t h r o u g h o u t t he 

F e d e r a l R e s e r v e t h a t w i l l s e r v e t o i l l u s t r a t e s u c c e s s e s and l i m i t a t i o n s o f p r e s e n t -
a p p l i e d 

v a l u e p r o c e d u r e s / t o a w i d e n i n g s p e c t r u m o f t y p i c a l F e d e r a l R e s e r v e s i t u a t i o n s . 

One c a s e has been p r o v i d e d as a s t a r t e r f o r P a r t I V . 

The b a s i c c o n c e p t we have f o r t h i s r e p o r t , t h e r e f o r e , i s t h a t i t c o n 

s t i t u t e s t he b e g i n n i n g o f a p r o p o s e d " l o o s e l e a f " m a n u a l , a l l o f i t s u b j e c t t o 

change and improvemen t , t o be d e v e l o p e d by and f o r t he F e d e r a l R e s e r v e Banks and 

t he B o a r d . 
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PART I. RATIONALE FOR PRESENT-VALUE PROCEDURES IN CAPITAL INVESTMENT 

B e f o r e s e t t i n g down a r a t i o n a l e f o r t h e u s e o f c a s h f l o w a n a l y s i s we 

w i l l e x p l a i n some o f t he te rms and c o n c e p t s t o be u s e d . A t t h i s p o i n t d i s c u s s i o n 

w i l l be l i m i t e d to b a s i c i d e a s . These c o n c e p t s w i l l be e x p l a i n e d and i l l u s t r a t e d 

i n more d e t a i l i n P a r t I I . 

B a s i c T e r m i n o l o g y and Time C o n v e n t i o n s 

I n t h i s paper we s p e a k o f c a p i t a l i n v e s t m e n t o r c a p i t a l s p e n d i n g d e c i s i o n s 

as any d e c i s i o n t h a t e n t a i l s f l o w s o f c o s t s ( e x p e n d i t u r e s ) and b e n e f i t s ( r e c e i p t s ) 

t a k i n g p l a c e o v e r some s p a n o f t i m e . D e c i s i o n s to buy a c o i n s o r t i n g m a c h i n e , to 

l e a s e computer equ ipmen t , o r to s p o n s o r an employee t r a i n i n g p r o g r a m , a r e examples 

o f c a p i t a l i n v e s t m e n t d e c i s i o n s . 

An i n v e s t m e n t p r o j e c t i n v o l v i n g s p e n d i n g and b e n e f i t s c a n b e c h a r a c t e r i z e d 

by a sequence o f n u m e r i c a l ne t c a s h f l o w s o v e r t i m e . The r e l e v a n t t ime p e r i o d , 

c a l l e d t he ' p r o j e c t l i f e ' o r p r o j e c t h o r i z o n , ' i s d i v i d e d i n t o c o n v e n i e n t s u b p e r i o d s , 

e . g . , mon ths , q u a r t e r s , y e a r s . G e n e r a l l y t h e n , e x p e n d i t u r e s and r e c e i p t s w i l l t a k e 

p l a c e d u r i n g each s u b p e r i o d . From t h e s e c a s h f l o w s a n e t c a s h f l o w s t r e a m can be 

computed f o r t h e e n t i r e p r o j e c t h o r i z o n . We w i l l adopt t h e c o n v e n t i o n h e r e t h a t 

r e c e i p t s o r i n f l o w s be d e s i g n a t e d as p o s i t i v e (+) numbers and e x p e n d i t u r e s o r o u t 

f l o w s a s n e g a t i v e (-) numbers . I f f o r t he f i r s t s u b p e r i o d r e c e i p t s a r e t e n d o l l a r s 

(+$10) and e x p e n d i t u r e s two hund red d o l l a r s ( -$200) , t h e n t h e NET CASH FLOW f o r 

t h a t s u b p e r i o d wou ld be a n e g a t i v e one hundred and n i n e t y d o l l a r s (+10) + ( -$200) = 

( - $ 1 9 0 ) . Whether i n p r a c t i c e many F e d e r a l R e s e r v e i n v e s t m e n t p r o j e c t s can a d e q u a t e l y 

be r e d u c e d t o measurement by n u m e r i c a l c a s h f l o w s i s an i m p o r t a n t q u e s t i o n — one 

t h a t w i l l be a v o i d e d i n t h e s e i n t r o d u c t o r y r e m a r k s , b u t d e a l t w i t h i n a l a t e r 

s e c t i o n . 

A t i t s s i m p l e s t , t h e p r e m i s e s u p p o r t i n g use o f some fo rm o f t i m e - w e i g h t e d 

d e c i s i o n p r o c e d u r e i s t h a t " f u t u r e money" i s l e s s v a l u a b l e i n some s e n s e t h a n 

" c u r r e n t m o n e y . " The r e a s o n , w h i c h i s e s s e n t i a l l y t h a t p h y s i c a l c a p i t a l i s p r o d u c t i v e , 
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w i l l be d i s c u s s e d i n more d e t a i l s u b s e q u e n t l y . On t h e s e g r o u n d s , f u t u r e f l o w s 

o f money s h o u l d be g i v e n c o r r e s p o n d i n g l y l e s s w e i g h t i n any d e c i s i o n t h a n f l o w s 

c l o s e r t o t h e p r e s e n t d a t e . More s p e c i f i c a l l y , we w i l l a r g u e t h a t f u t u r e c a s h 

f l o w s ought t o be d i s c o u n t e d a t some i n t e r e s t r a t e b a c k to t h e p r e s e n t da te 

b e f o r e summing up t he n e t c a s h f l o w s f o r u s e as an i n d i c a t o r o f w o r t h o f t he 

p r o j e c t . R a t i o n a l e f o r t h e s e k i n d s o f p r o c e d u r e s has n o t h i n g t o do w i t h ' r i s k ' 

o r ' u n c e r t a i n t y ' ; t h a t ' s a s e p a r a t e i s s u e t o be t a c k l e d l a t e r . The p r o c e d u r e s 

would a p p l y e q u a l l y w e l l t o p r o j e c t s f o r w h i c h f u t u r e c a s h f l o w s were known w i t h 

c e r t a i n t y . 

To speak i n te rms o f p r o j e c t e d " c a s h f l o w s " s u g g e s t s p r o j e c t s more i n 

t he r e a l m o f p r i v a t e p r o f i t - s e e k i n g b u s i n e s s e s than a c t i v i t i e s o f t he F e d e r a l R e s e r v e 

Banks o r o t h e r p u b l i c a g e n c i e s . Y e t t h e c o n s i d e r a b l e body o f l i t e r a t u r e t h a t has 

by now emerged on o p t i m a l methods f o r p u b l i c i n v e s t m e n t d e c i s i o n - m a k i n g by p u b l i c 

i n s t i t u t i o n s a g r e e s t h a t , h e r e t o o , c o r r e c t p r o c e d u r e s r e q u i r e d i s c o u n t i n g f u t u r e 

c o s t s and b e n e f i t s a t some a p p r o p r i a t e r a t e o f i n t e r e s t . Tha t i n t u r n s u g g e s t s t h e 

need to p l a c e d o l l a r v a l u a t i o n s on t he e x p e c t e d b e n e f i t s to f l o w f rom F e d e r a l R e s e r v e 

Bank a c t i v i t i e s . A c c u r a t e measurement o f b e n e f i t s wou ld p r o v i d e v e r y v a l u a b l e 

i n f o r m a t i o n f o r d e c i s i o n - m a k i n g ; howeve r , t he b a s i c p r o c e d u r e s can be m o d i f i e d t o 

s u i t c i r c u m s t a n c e s i n w h i c h o n l y c o s t p r o j e c t i o n s a r e a v a i l a b l e . 

C o n s i d e r a b l e d i f f e r e n c e o f v i e w e x i s t s on t he q u e s t i o n o f what i n t e r e s t 

r a t e ( c o n c e p t u a l l y ) i s a p p r o p r i a t e f o r d i s c o u n t i n g , as w e l l as how i n p r a c t i c e one 

wou ld d e t e r m i n e the c o r r e c t n u m e r i c a l v a l u e of t h a t i n t e r e s t r a t e . We w i l l d e a l 

h e r e o n l y summar i l y w i t h t he t h e o r e t i c a l r a t i o n a l e f o r u s e o f d i s c o u n t i n g p r o c e d u r e s 

and t he c h o i c e o f d i s c o u n t r a t e s . I t seems i m p o r t a n t to spend most o f o u r t ime i n 

t h i s r e p o r t e x a m i n i n g t h e ways i n w h i c h e x i s t i n g p r o c e d u r e s can be used i n p r a c t i c a l 

a p p l i c a t i o n s a t t he F e d e r a l R e s e r v e Bank . A b i t o f j u s t i f i c a t i o n , h o w e v e r , i s 

i m p o r t a n t . Because t he l i t e r a t u r e i s r a t h e r complex — o f t e n c o n f o u n d i n g — we do 

no t a t t emp t a b a l a n c e d s u r v e y . 
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A r a t i o n a l e f o r u s i n g a p r e s e n t - v a l u e p r o c e d u r e can be c o n s t r u c t e d a t 

two d i f f e r e n t l e v e l s . Wh ich i s more a p p r o p r i a t e depends e s s e n t i a l l y on t he 

c o n s t i t u e n c y to whom ou r i n v e s t m e n t a c t i o n s a r e t o be j u s t i f i e d . The one we s h a l l 

c o n s i d e r f i r s t e s t a b i s h e s s i m p l y t h a t , as l o n g as t h e r e i s some s a f e a l t e r n a t i v e 

e a r n i n g r a t e a t w h i c h we c o u l d p l a c e o u r f u n d s , t hen t o f a i l t o use p r e s e n t - v a l u e 

p r o c e d u r e s ( w i t h t h a t s a f e r a t e o f d i s c o u n t ) i s to r i s k a p o o r e r show ing on t he 

B a n k ' s e a r n i n g s and expense s t a t e m e n t o v e r t i m e t h a n w o u l d be p o s s i b l e had we used 

p r e s e n t - v a l u e p r o c e d u r e s . 

The second r a t i o n a l e , t he cumbersome d e t a i l s o f w h i c h w e ' l l t a k e up a 

l i t t l e l a t e r , e s t a b l i s h e s t h a t s o m e t h i n g h i g h e r by way o f a d i s c o u n t r a t e i s r e q u i r e d 

( h i g h e r t h a n t h e s a f e e a r n i n g r a t e , t h a t i s ) i f we w i s h to do what i s more 

" s o c i a l l y o p t i m a l . " 

FINANCIAL ARGUMENTS FOR PRESENT-VALUING AT SOME SAFE ALTERNATIVE INTEREST RATE 

W e ' l l p r o c e e d w i t h t h i s f i r s t - l e v e l r a t i o n a l e by i l l u s t r a t i v e e x a m p l e , 

though i t s h o u l d b e c l e a r t h a t t he argument can be g e n e r a l i z e d . C o n s i d e r t h e 

f o l l o w i n g a n n u a l c a s h f l o w s e r i e s , 

- 1 0 0 , 3 0 , 80 

w h i c h i s i n t e n d e d to r e p r e s e n t an i n i t i a l o u t l a y o f 100 (say t he u n i t s a r e t housands 

o f d o l l a r s ) f o l l o w e d a t t h e end o f t he f i r s t y e a r by r e c e i p t o f 30 and a t t h e end 

o f the second y e a r by r e c e i p t o f 8 0 . I f we i g n o r e t h e t i m e p a t t e r n o f f l o w s , t h a t 

p a r t i c u l a r p r o j e c t p r o m i s e s to r e t u r n o v e r i t s l i f e $10 ,000 more t h a n we put i n t o i t , 

and t h a t m igh t seem to make i t an a t t r a c t i v e p r o s p e c t f o r i n v e s t m e n t . Bu t i t ' s no t 

a t t r a c t i v e i f an a l t e r n a t i v e s a f e e a r n i n g r a t e o f , s a y , 6% i s a v a i l a b l e a s can be 

seen i f we a p p l y t h e p r e s e n t - v a l u e p r o c e d u r e as f o l l o w s : 

(1) COMPUTE THE PRESENT VALUE OF THE CASH FLOW SERIES AT 6% INTEREST. 

F i r s t , d i s c o u n t to t h e p r e s e n t t i m e each o f t he f l o w s i n t he s e r i e s 

and sum them a l g e b r a i c a l l y t o o b t a i n t h e p r e s e n t v a l u e o f t he s e r i e s . 

We t a k e the i n i t i a l o u t f l o w as t he " p r e s e n t , " so d i s c o u n t i n g d o e s n ' t 

a f f e c t i t . The f l o w a t t h e end o f t he f i r s t y e a r i s d i v i d e d by 1 . 0 6 , 
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t h a t a t t h e end o f the second y e a r by ( 1 . 0 6 ) . 

PV@6% = - 1 0 0 , 0 0 0 + ^ ^ + 50*092 
1.06 

= - 1 0 0 , 0 0 0 + 28 ,300 + 7 1 , 2 0 0 

= - 5 0 0 

(2) EXAMINE THE PRESENT VALUE OF THE PROJECT; I F IT IS T O S I T I V E , GO 

AHEAD WITH THE INVESTMENT, IT IT IS NEGATIVE REJECT THE INVESTMENT. 

W i t h t h a t q u i c k p r e v i e w o f t he t e x t - b o o k p r e s e n t - v a l u e p r o c e d u r e 

(wh ich w i l l be d i s c u s s e d i n more d e t a i l i n P a r t I I o f t h i s r e p o r t ) o u r 

example p r o j e c t " X " , w i t h f l o w s , 

- 1 0 0 , 3 0 , 80 

has been r e j e c t e d . 

The c o r r e c t n e s s o f the d e c i s i o n f rom a p u r e l y f i n a n c i a l p o i n t o f v i e w can 

a l s o be demons t ra ted by compu t i ng t he amount o f c a s h each a l t e r n a t i v e wou ld have 

a c c u m u l a t e d a t t he end of the t w o - y e a r h o r i z o n . We assumed an a l t e r n a t i v e s a f e 

e a r n i n g r a t e of 6%. Compare the two o p t i o n s o f i n v e s t i n g i n t he p r o j e c t and p l a c i n g 

ou r f unds a t t h e s a f e r a t e f o r t he same p e r i o d o f t i m e : 
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Cash f l o w s a t end o f y e a r . . . 

O p t i o n I: I n v e s t i n P r o j e c t " X " 0 1 

An i n i t i a l o u t l a y o f $100 ,000 - 1 0 0 , 0 0 0 

w i l l r e t u r n $30 ,000 a t end o f y e a r 1 . . . >- 30 ,000 
i 

and $80 ,000 a t end o f y e a r 2 . . . 
i 

w h i l e t he $ 3 0 , 0 0 0 r e c e i v e d a t end o f 

y e a r 1 can be p l a c e d a t s a f e 6% and 

c o n v e r t to $31 ,800 a t t h e end o f y e a r 2 . . . 

w h i c h g i v e s us a t o t a l c a s h on hand at end o f y e a r 2 o f . . . 

8 0 , 0 0 0 

- 3 1 , 8 0 0 

$111 ,800 

O p t i o n I I : P l a c e funds a t s a f e 6% 0 1 2 

$100 ,000 p l a c e d a t s i m p l e 6% w i l l show - 1 0 0 , 0 0 0 

. . . a b a l a n c e a t end o f y e a r 1 o f . . . -~- 1 0 6 , 0 0 0 

and a b a l a n c e a t end o f y e a r 2 o f . . . $ 1 1 2 , 3 6 0 

Compar i son shows o u r f i n a n c i a l s t a t e m e n t wou ld be $560 p o o r e r a t t he end o f y e a r 2 

by g o i n g ahead w i t h t h e p r o j e c t t h a n by p l a c i n g t h e f unds a t a s a f e 6% — even i f 

we a l l o w ou r f i r s t - y e a r c a s h i n f l o w to be p l a c e d and e a r n a t t h a t r a t e d u r i n g t h e 

second y e a r . The message i s f a i r l y c l e a r on the f a c e o f t h a t e v i d e n c e t h a t p r o j e c t " X " 

i s e a r n i n g a r e t u r n l e s s t han 6%. 

Our f i n a l example i s p r o j e c t " Y , " w i t h t h e f o l l o w i n g p a t t e r n o f c a s h f l o w s : 

- 1 0 0 , 9 5 , 1 2 . 

I g n o r i n g t h e t i m e p a t t e r n o f f l o w s (wh ich i s what f a i l i n g t o use p r e s e n t - v a l u e 

p r o c e d u r e s e s s e n t i a l l y a c h i e v e s ) p r o j e c t " Y " seems i n f e r i o r even t o p r o j e c t " X , " 

s i n c e " Y " ' s i n f l o w s exceed o u t f l o w s by o n l y 7 compared w i t h n e t i n f l o w o f 10 f o r " X . " 

Bu t i f we compute t he p r e s e n t v a l u e o f t h e f l o w s a t 6% f o r p r o j e c t " Y , " 

we ge t 

PV@6% = - 1 0 0 , 0 0 0 + 9 5 ^ + 1 ^ 0 0 | 

1 , 0 6 1 . 0 6 2 

= - 1 0 0 , 0 0 0 + 8 9 , 6 2 3 + 1 0 , 6 8 0 

= +330 
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The d e c i s i o n r u l e men t i oned e a r l i e r t e l l s us to p r o c e e d w i t h p r o j e c t " Y . " We 

can a l s o c a l c u l a t e ou r s e c o n d - y e a r f i n a n c i a l s t a t e m e n t as we d i d f o r t he two 

e a r l i e r o p t i o n s : 

end o f y e a r  

O p t i o n I I I : I n v e s t i n P r o j e c t " Y " 0 1 2  

An i n i t i a l o u t l a y o f $ 1 0 0 , 0 0 0 . . . - 1 0 0 , 0 0 0 

w i l l r e t u r n $95 ,000 a t end o f y e a r 1 . . . v - 9 5 , 0 0 0 

and $ 1 2 , 0 0 0 a t end o f y e a r 2 . . . ^ - . -12 ,000 

w h i l e t h e $95 ,000 r e c e i v e d a t t h e end o f 

y e a r 1 can be p l a c e d a t 6% and c o n v e r t to 

$100 ,700 a t t he end o f y e a r 2 . . . - >- 100 ,700 

r e s u l t i n g i n t o t a l c a s h on hand end o f y e a r 2 o f . . . $112 ,700 

The f i n a l y e a r c a s h t o t a l , $ 1 1 2 , 7 0 0 , i s g r e a t e r t h a n t h e $112 ,360 we wou ld have 

a c c u m u l a t e d p l a c i n g ou r i n i t i a l funds a t 6%. The outcome o f the p r e s e n t - v a l u e 

d e c i s i o n r u l e l i k e w i s e s i g n a l s t h a t p r o j e c t " Y " p r o m i s e s to e a r n a t a g r e a t e r -

t h a n - 6 - p e r c e n t r a t e . 

I n summary t h e n , one r e a s o n f o r u s i n g p r e s e n t - v a l u e p r o c e d u r e s i n c h o o s i n g 

among i n v e s t m e n t a l t e r n a t i v e s i s t h a t you may be t h r o w i n g away money i f you d o n ' t . 

I n P a r t I I we d i s c u s s c a s e s where no revenue e s t i m a t e i s p o s s i b l e and t h e c h o i c e 

among a l t e r n a t i v e ways to a c c o m p l i s h the same p r o j e c t i s made on t he b a s i s o f 

minimum o u t l a y s . The t i m e p a t t e r n o f o u t l a y s i s c r u c i a l t h e r e , t o o , and t h e u s e 

o f p r e s e n t - v a l u e p r o c e d u r e s can h e l p you a v o i d t he p r o s p e c t o f s e l e c t i n g an 

a l t e r n a t i v e on t he b a s i s o f minimum o v e r a l l o u t l a y w h i l e you a r e i n f a c t p e n a l i z i n g 

y o u r u l t i m a t e f i n a n c i a l p o s i t i o n b e c a u s e o f d i f f e r e n c e s you d i d no t t a k e i n t o a c c o u n t 

i n t he p a t t e r n and t i m i n g i n o u t l a y s . But t he c a s e f o r government a g e n c i e s u s i n g 

p r e s e n t - v a l u e p r o c e d u r e s i s g e n e r a l l y made and d i s c u s s e d a t a d i f f e r e n t l e v e l ; we 

t u r n t h e r e n e x t . 
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THE OPTIMAL SOCIAL RATE OF DISCOUNT 

What r a t e o f i n t e r e s t ought a F e d e r a l R e s e r v e Bank , o r any o t h e r 

government a g e n c y , use f o r p r e s e n t - v a l u e c o m p u t a t i o n s ? Most r e c e n t l i t e r a t u r e on 

t h e s u b j e c t i s i n agreement t h a t we ought t o be u s i n g a r a t e t h a t r e p r e s e n t s 

what s o c i e t y g i v e s up when we command r e s o u r c e s i n t o a i n v e s t m e n t p r o j e c t — a 

r a t e r e p r e s e n t i n g t he " o p p o r t u n i t y c o s t " t o s o c i e t y o f o u r d e c i s i o n . I f we do n o t , 

t hen we wou ld be d r a w i n g r e s o u r c e s i n t o government s e c t o r a c t i v i t i e s t h a t r e t u r n 

l e s s to s o c i e t y t han t h o s e r e s o u r c e s wou ld y i e l d by i n v e s t m e n t i n t he p r i v a t e 

s e c t o r . T h a t ' s s i m p l e enough i n p r i n c i p l e , bu t t he p r o b l e m o f d e t e r m i n i n g t he 

a p p r o p r i a t e r a t e o f " o p p o r t u n i t y c o s t " i s f o r m i d a b l e , and no unambigous e s t i m a t e 

i s a v a i l a b l e . 

The p r a c t i c a l u p s h o t , t h o u g h , w h e t h e r we can p i n down " t h e " o p t i m a l r a t e 

o r n o t , i s t h a t t he r a t e we s h o u l d be u s i n g i s h i g h e r t h a n t he r a t e on s a f e , l i q u i d 

e a r n i n g a s s e t s d i s c u s s e d i n t he p r e c e d i n g s e c t i o n . And i n g e n e r a l f o r any g i v e n 

agenda o f p r o j e c t s t he h i g h e r the d i s c o u n t r a t e , t he g r e a t e r t he number o f p r o j e c t s 

t h a t w i l l be r e j e c t e d under a p r e s e n t - v a l u e d e c i s i o n r u l e . 

We a c c e p t i n p r i n c i p l e t he s o c i a l o p p o r t u n i t y c o s t r a t i o n a l e f o r u s i n g 

p r e s e n t - v a l u e p r o c e d u r e s a t t he F e d e r a l R e s e r v e Bank and we t u r n now to s k e t c h i n g 

o u t an a p p r o a c h to i d e n t i f i y i n g a r a t e , o r r a n g e o f r a t e s , to be c o n s i d e r e d " b e s t " 

f o r ou r p r e s e n t v a l u e c o m p u t a t i o n s . 

1 . A S IMPLIF IED MARKETS MODEL OF THE ECONOMY 

A t an a b s t r a c t l e v e l we can c o n s i d e r an economy w i t h t h r e e s e c t o r s : 

gove rnmen t , b u s i n e s s , h o u s e h o l d s ( the p u b l i c - a t - l a r g e ) . From c o n v e n t i o n a l t h e o r y 

two b a s i c d e t e r m i n a n t s o f i n t e r e s t r a t e l e v e l s i n t he i d e a l ma rke t s a r e p o s i t e d . 

The f i r s t i s a " r a t e o f t ime p r e f e r e n c e " t h a t summar i zes t h e p u b l i c ' s 

w i l l i n g n e s s , i n a g g r e g a t e , to t r a d e income t o d a y f o r income i n the f u t u r e . 

S p e c i f i c a l l y i t may be assumed t h a t f o r each i n d i v i d u a l t h e r e i s some amount o f 

d o l l a r s , R, s u c h t h a t he o r she w i l l g i v e up 100 d o l l a r s today i n r e t u r n f o r t h e 

payment o f 100 + R d o l l a r s w i t h c e r t a i n t y a t a s p e c i f i c f u t u r e d a t e . I f t he d a t e 

i s one y e a r f r om t o d a y , t h e n R r e p r s e n t s an a n n u a l i n t e r e s t r a t e . H i g h e r r a t e s o f 
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2 . R I S K , CORPORATE INCOME TAX, AND OTHER REAL L I F E " IMPEDIMENTS. " 

A s l i g h t l y more r e a l i s t i c mode l emerges f rom a t t e m p t s to accommodate some 

r e a l l i f e i n s t i t u t i o n a l f e a t u r e s t h a t , when i n t r o d u c e d i n t o t he above s i m p l e m o d e l , 

a c t to " d r i v e a wedge" between t he p u b l i c ' s m a r g i n a l t i m e p r e f e r e n c e r a t e and t he 

b u s i n e s s s e c t o r ' s m a r g i n a l p r o d u c t i v i t y o f c a p i t a l . 

S o , i f we were to s t a r t w i t h an e s t i m a t e o f t he p u b l i c ' s m a r g i n a l t ime 

p r e f e r e n c e r a t e and were a b l e to c o n s t r u c t r e a s o n a b l e a p p r o x i m a t i o n s o f t he r a t e 

impac t o f t h e ma jo r i n s t i t i o n a l " w e d g e s , " t h e n we wou ld end up w i t h an e s t i m a t e o f 

m a r g i n a l p r o d u c t i v i t y o f b u s i n e s s s e c t o r c a p i t a l . Tha t may seem r a t h e r r o u n d a b o u t , 

bu t t he m a r g i n a l p r o d u c t i v i t y o f c a p i t a l , wh i ch i s key i n d e t e r m i n i n g t h e a p p r o p r i a t e 

r a t e o f o p p o r t u n i t y c o s t o f p u b l i c i n v e s t m e n t , i s no t o b s e r v a b l e d i r e c t l y i n t he 

m a r k e t s . T h a t i n b r i e f i s t he t r a c k p u r s u e d by a number o f r e c e n t a r t i c l e s i n the 

r e l e v a n t l i t e r a t u r e , and i s t he s t r u c t u r e o f argument t o be s k e t c h e d ou t n e x t . 

PURE TIME PREFERENCE. Our s t a r t i n g p o i n t , t h e n , i s t he p r e m i s e t h a t t he 

p u b l i c ' s pu re t i m e p r e f e r e n c e r a t e i s f a i r l y w e l l r e f l e c t e d i n t he r a t e on s a f e , 

l i q u i d f i n a n c i a l a s s e t s , e . g . , U . S . government s e c u r i t i e s . W e ' l l t a k e t h e 1 0 - y e a r 

bond r a t e as an a p p r o p r i a t e b a s i s f o r c o m p a r i s o n ( to g i v e us a te rm more n e a r l y 

l i k e t h a t o f d u r a b l e c a p i t a l commitments) and a d j u s t t he r a t e t o a p p r o x i m a t e l y 

e l i m i n a t e any a p p a r e n t " i n f l a t i o n premium" b u i l t i n t o o u r o b s e r v a b l e marke t d a t a . 

B a s i c a l l y t he r e a s o n we want to e l i m i n a t e i n f l a t i o n e f f e c t s i s t h a t m a r g i n a l p r o d 

u c t i v i t y o f c a p i t a l i s a r a t e measured i n " r e a l " t e r m s , so o u r p r e f e r r e d s t a r t i n g 

p o i n t i s t he p u b l i c ' s m a r g i n a l t ime p r e f e r e n c e i n r e a l te rms (what m i g h t be c a l l e d 

the m a r g i n a l t i m e p r e f e r e n c e f o r goods as d i s t i n g u i s h e d f rom m a r g i n a l t ime p r e f e r e n c e 

f o r d o l l a r s ) . 

We can o b s e r v e t h a t l o n g - t e r m U . S . government bond y i e l d s ranged o v e r t he 

p a s t f i v e y e a r s between 5 and 7 p e r c e n t . How much o f t h a t was i n f l a t i o n premium 

we canno t say w i t h any p r e c i s i o n , bu t we t h i n k i t r e a s o n a b l e t o a r g u e t h a t most o f 

t he i n c r e a s e t h a t o c c u r r e d s i n c e 1966 was i n f l a t i o n p remium. I n consequence we 

t h i n k t h a t , i n round numbers , 4% t o 5% p e r annum r e a s o n a b l y b r a c k e t s t h e m a r g i n a l 
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t i m e p r e f e r e n c e r a t e o f t he p u b l i c . F o r p u r p o s e s o f c o m p u t a t i o n w e ' l l s t a r t 

w i t h 4 1/2%. 

R I S K . By t h a t t oken 4 1/2% r e t u r n wou ld be what t he p u b l i c wou ld 

r e q u i r e i n o r d e r to g i v e up the use o f i t s money to a b u s i n e s s c o r p o r a t i o n 

w i t h c e r t a i n t y o f f u l l r e t u r n . But s i n c e r e a l l i f e i n v e s t m e n t p a y o f f i s n ' t 

c e r t a i n , t h e r e ' s a l w a y s t he r i s k t h a t a p r o j e c t w i l l f a i l t o d e l i v e r as 

e x p e c t e d and t h a t a company w i l l d e f a u l t o r go b a n k r u p t . T h e r e f o r e the p u b l i c 

r e q u i r e s a " r i s k p remium" o v e r and above t h e i r pu re t i m e p r e f e r e n c e r a t e to 

i n d u c e them to p r o v i d e e q u i t y funds to i n d i v i d u a l f i r m s i n t he b u s i n e s s s e c t o r . 

W h i l e ou r model o f t he economy may c r i s p l y p o s i t a s i n g l e r i s k p remium, 

t h e t a s k o f m e a s u r i n g what t h a t r i s k premium migh t be i n o u r o b s e r v a t i o n o f r e a l 

l i f e marke t r a t e s i s someth ing e l s e a g a i n . D i f f e r e n c e s between c o r p o r a t e bond 

r a t e s and government bond r a t e s migh t g i v e a c l u e , though o t h e r marke t c h a r a c t e r i s t i c s 

wou ld e n t e r i n t o any o b s e r v e d d i f f e r e n c e s . R e a s o n a b l e g u e s s e s wou ld seem t o p l a c e 

s u c h a r i s k premium i n t he 2% and 3% per annum r a n g e . We s h a l l t a k e 2 1/2% f o r 

c o m p u t a t i o n p u r p o s e s . 

Nex t we p r o c e e d to add ou r s o - d e t e r m i n e d r i s k premium r a t e to ou r e s t i m a t e 

o f m a r g i n a l r a t e o f t ime p r e f e r e n c e . Then 7% (=4 1/2% + 2 1/2%) wou ld be t h e 

n e c e s s a r y minimum r e t u r n on i n v e s t m e n t an i n d i v i d u a l c o r p o r a t i o n c o u l d s e t o u t to 

e a r n and s t i l l e x p e c t to o b t a i n funds f rom the p u b l i c — and t h a t wou ld mean a 

m a r g i n a l p r o d u c t i v i t y o f c a p i t a l o f abou t 7%. 

The n o t i o n o f " r i s k " as w e ' v e used i t h e r e has a f a i r l y s i m p l e s t a t i s t i c a l 

p r o b a b i l i t y model u n d e r l y i n g i t . I t s a y s t h a t even i f a f i r m ' s d e c i s i o n s , a c c u r a t e l y 

c a l c u l a t e d , l e a d i t to e x p e c t a r a t e o f r e t u r n o f , s a y , 7%, t h a t f i g u r e i s somehow 

o n l y t he most p r o b a b l e o r a v e r a g e r e t u r n i t c a n e x p e c t . What t h e f i r m r e a l l y f a c e s 

i s a d i s t r i b u t i o n o f v a r i o u s outcomes as i n the f o l l o w i n g d i a g r a m where t he 

h e i g h t o f t he c u r v e a t a p a r t i c u l a r v a l u e f o r r a t e of r e t u r n i s p r o p o r t i o n a l to t he 

p r o b a b i l i t y o f g e t t i n g t h a t r a t e o f r e t u r n . 



14 

E x p e c t e d (most l i k e l y ) 
p r o b a b i l i t y t h a t r a t e o f r e t u r n 
the i n d i c a t e d 
r a t e of r e t u r n 
w i l l o c c u r 

r a t e o f r e t u r n (%/yr) 

W h i l e t he e x p e c t e d r a t e o f r e t u r n i s 7%, t he f i r m c o u l d e a r n l e s s o r more . F o r 

e x a m p l e , t he p r o b a b i l i t y o f e a r n i n g l e s s t h a n 5% i s r e p r e s e n t e d by t he shaded 

a r e a under the c u r v e . 

" U n c e r t a i n t y " abou t t he f u t u r e i s measured by t he v a r i a b i l i t y o f t h e 

c u r v e — the more u n c e r t a i n t y , t he more s p r e a d ou t i t i s . " R i s k " i s measured by 

t he p r o b a b i l i t y t h a t t he r a t e o f r e t u r n w i l l f a l l be low some a r b i t r a r y c u t o f f 

v a l u e ( g e n e r a l l y a v a l u e r e p r e s e n t i n g l o s s o r f a i l u r e to an i n v e s t o r ) . The 

" r i s k p remium" we c o n j e c t u r e d e a r l i e r can be though t o f i n t e rms o f t h e above 

d i a g r a m as t he e x c e s s o f a f i r m ' s e x p e c t e d r a t e o f r e t u r n o v e r an a v a i l a b l e 

s a f e r a t e , say 4 1/2%, t h a t i s r e q u i r e d to r e d u c e t he shaded a r e a to an a c c e p t a b l y 

s m a l l p r o p o r t i o n . 

CORPORATE INCOME TAX. The e f f e c t o f a c o r p o r a t e income t a x when i n t r o 

duced i n t o ou r p r i o r model i s to r e q u i r e any c o r p o r a t i o n to e a r n a h i g h e r m a r g i n a l 

r e t u r n on i t s i n v e s t m e n t s t han i t must y i e l d a f t e r t a x e s to i t s s t o c k h o l d e r s . A t 

a 50% m a r g i n a l t a x r a t e , f o r e x a m p l e , i n o r d e r t o r e t u r n an a f t e r - t a x 7% to i t s 

s t o c k h o l d e r s , t he c o r p o r a t i o n s ' i n v e s t m e n t s must e a r n 14%. I n g e n e r a l , where t i s 

t he m a r g i n a l t a x r a t e : 

% r e t u r n % r e t u r n a f t e r t a x e s 
b e f o r e t a x e s 1- t 

I n t h a t c o n t e x t , t h e n , i f i t were t r u e i n t he r e a l w o r l d t h a t an e f f e c t i v e 

m a r g i n a l t a x r a t e o f 50% a p p l i e d a c r o s s t h e b u s i n e s s s e c t o r , t h e n 14% r e t u r n on 

i n v e s t m e n t wou ld i n d e e d mark t he p o i n t i n t h e b u s i n e s s s e c t o r ' s s c h e d u l e o f 
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p o t e n t i a l p r o j e c t s where a c u t o f f must be made — no p r o j e c t w i t h a l o w e r e x p e c t e d 

r e t u r n wou ld be u n d e r t a k e n . Then 14% i s a r e a s o n a b l e e s t i m a t e o f t he m a r g i n a l 

p r o d u c t i v i t y o f c a p i t a l and can be t a k e n as t he o p p o r t u n i t y c o s t o f d i v e r t i n g r e s o u r c e s 

away f rom c o r p o r a t e b u s i n e s s . 

However , t he e f f e c t i v e m a r g i n a l t ax r a t e on c o r p o r a t e income i s no t 50%, 

b u t s o m e t h i n g l o w e r . R a p i d a m o r t i z a t i o n p r o v i s i o n s , p e r c e n t a g e d e p l e t i o n a l l o w a n c e s 

and o t h e r s p e c i a l t a x p r o v i s i o n s f o r c o r p o r a t i o n s a l l o p e r a t e to r e d u c e i t . Our 

" h o r s e b a c k " f i g u r e f o r t he e f f e c t i v e r a t e i s 40%. Then an a f t e r - t a x r e t u r n t o 

s t o c k h o l d e r s o f 7% wou ld r e q u i r e 

% r e t u r n _ 7% _ 
b e f o r e t a x e s 1 - 0 . 4 

Bu t no t a l l c a p i t a l f unds t h a t c o r p o r a t i o n s i n v e s t a r e e q u i t y f u n d s . 

Some a r e bor rowed funds a n d , s i n c e i n t e r e s t c o s t s a r e d e d u c t i b l e f o r c o r p o r a t e 

income t a x c o m p u t a t i o n p u r p o s e s , t he m a r g i n a l t a x r a t e d o e s n ' t i n d u c e any need 

f o r h i g h e r p r e t a x r e t u r n i n s u p p o r t o f t h o s e f u n d s . I f we assume the c o r p o r a t e 

s e c t o r to be 80% e q u i t y f i n a n c e d and 20% deb t f i n a n c e d then o u r e s t i m a t e o f the 

r e q u i r e d m a r g i n a l p r o d u c t i v i t y o f c a p i t a l f o r the c o r p o r a t e s e c t o r w o u l d be 

r e d u c e d to 

(&)« <&) ™ ""* 
A s an o v e r a l l j u d g m e n t , t h e n , we wou ld p l a c e m a r g i n a l p r o d u c t i v i t y f o r the 

( c o r p o r a t e ) b u s i n e s s s e c t o r a t abou t 11%. 

SECTOR EFFECTS. The a c t u a l o p p o r t u n i t y c o s t o f a p a r t i c u l a r government 

i n v e s t m e n t d e c i s i o n depends on where s p e c i f i c a l l y r e s o u r c e s a r e drawn f r o m . 

R e s o u r c e s commanded by government a t f u l l employment c o u l d i n p r i n c i p l e , be drawn f rom 
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c o r p o r a t e p r o d u c e r s , n o n c o r p o r a t e p r o d u c e r s , o r f rom the consumer s e c t o r . Suppose 

a l l the r e s o u r c e s a r e drawn f rom the c o r p o r a t e p a r t o f t he b u s i n e s s s e c t o r . Then 

t he 11% f i g u r e f o r m a r g i n a l p r o d u c t i v i t y o f c a p i t a l s u g g e s t e d i n t he p r e c e d i n g 

s e c t i o n wou ld seem a r e a s o n a b l e measure o f t he o p p o r t u n i t y c o s t o f government s e c t o r 

i n v e s t m e n t . Bu t suppose a l l o f t he r e s o u r c e s were drawn i n s t e a d f rom the n o n c o r p o r a t e 

p a r t o f t he b u s i n e s s s e c t o r . W i t h no d i s t o r t i n g e f f e c t f rom the c o r p o r a t e income 

t a x to i n t e r f e r e , m a r g i n a l p r o d u c t i v i t y o f c a p i t a l may be t a k e n to be c l o s e to the 

7% " r i s k r a t e " e s t i m a t e we made e a r l i e r . F i n a l l y , to t he e x t e n t t h a t government 

s e c t o r d e c i s i o n to i n v e s t d i v e r t s r e s o u r c e s f rom consump t i on t h e n t h e a p p r o p r i a t e 

o p p o r t u n i t y wou ld seem to be t he 4% to 5% " s a f e r a t e " — the p u b l i c ' s t i m e 

p r e f e r e n c e r a t e f o r goods . 

E a c h s p e c i f i c government s e c t o r i n v e s t m e n t c o u l d i n f a c t a f f e c t s e c t o r 

r e s o u r c e use d i f f e r e n t l y — p a r t i c u l a r i n d u s t r i e s w i t h m a r g i n a l c a p i t a l p r o d u c t i v i t i e s 

e i t h e r v e r y much h i g h e r o r v e r y much l o w e r t han t he c o r p o r a t e a g g r e g a t e f i g u r e c o u l d 

be d i f f e r e n t i a l l y h i t . R e g i o n a l d i f f e r e n c e s i n i m p a c t , t o o , wou ld o c c u r . (That 

e x e r c i s e r e a l l y b r i n g s us i n t o a more c o m p l i c a t e d model t han we have been d e s c r i b i n g . ) 

As a c o n s e q u e n c e , some a u t h o r s p o i n t o u t , t he " t r u e " o p p o r t u n i t y c o s t p r o b a b l y v a r i e s 

w i t h each government i n v e s t m e n t d e c i s i o n . F u r t h e r m o r e , i f we abandon ou r f u l l -

employment p r e m i s e , the t r u e r a t e o f o p p o r t u n i t y c o s t wou ld t e n d t o v a r y w i t h t he 

s t a t e o f t he economy — w i t h t he r a t e e f f e c t i v e l y l o w e r d u r i n g t imes o f g r e a t e r s l a c k 

and u n d e r u t i l i z e d l a b o r and p l a n t . 

Our l e a n i n g s a r e toward use o f an economy-wide r a t e f o r o p p o r t u n i t y c o s t . 

The s u g g e s t e d r e f i n e m e n t o f t r a c i n g s u b s e c t o r , i n d u s t r y , o r r e g i o n a l impac t seems 

beyond any f o r e s e e a b l e t e c h n i c a l competence and may pe rhaps even be c o n c e p t u a l l y 

i n e r r o r . An economy w ide r a t e wou ld p resumab ly be some w e i g h t e d a v e r a g e o f t he 

* 
Where t he r e s o u r c e s come f rom w i l l depend to some e x t e n t on how government 

f i n a n c e s i t s e x p e n d i t u r e s ; f i n a n c i n g can be done e i t h e r by t a x i n g o r by i n f l a t i n g . 
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s e c t o r m a r g i n a l r a t e s d e v e l o p e d a b o v e . W i t h o u t w i s h i n g to d e f e n d r i g o r o u s l y t h e 

a r t i b t a r y w e i g h t s c h o s e n , we g e n e r a t e t he f o l l o w i n g a v e r a g e r a t e f o r the r e c o r d : 

70/100 c o r p o r a t e s e c t o r @ 11% 
20/100 n o n c o r p o r a t e s e c t o r @ 7% 
10/100 consump t i on g 4.5% 

o v e r a l l economy a v e r a g e = 9.5% 

F u r t h e r m o r e we wou ld make no d i r e c t a d j u s t m e n t f o r " s l a c k " i n t he 

economy. W h i l e some i n d i r e c t a d j u s t m e n t wou ld t end t o o c c u r w i t h c y c l i c a l 

movements i n g e n e r a l i n t e r e s t r a t e l e v e l s , we d o n ' t f e e l t h a t d e l i b e r a t e l y 

i n t r o d u c i n g an e x t r a push i n t he B a n k ' s c a p i t a l s p e n d i n g p r o p e n s i t i e s i s an 

a p p r o p r i a t e way to a b e t n a t i o n a l economic s t a b i l i z a t i o n p o l i c y . 

F i n a l l y , i t w i l l t u r n ou t l a t e r ( a l t h o u g h we d o n ' t d e s c r i b e the p r o c e s s 

i n d e t a i l u n t i l P a r t I I ) t h a t o u r recommended p r o c e d u r e i n v o l v e s no s i n g l e d i s c o u n t 

r a t e , b u t r a t h e r e x a m i n a t i o n o f "what goes o n " w i t h p r e s e n t v a l u e s o v e r a r a n g e 

o f d i s c o u n t r a t e s . G i v e n a l l the p r e c e d i n g r a t e d i s c u s s i o n , t o b e s u r e , o u r m a j o r 

a t t e n t i o n w i l l f o c u s on what happens o v e r t he 7% t o 11% r a n g e . 

3 . SOCIAL R I S K , PRIVATE RISK AND THE ISSUE OF " R I S K ADJUSTMENT." 

One l a s t s e t o f m a t t e r s we w i s h to t a k e up i n t h i s o p e n i n g p a r t o f t he 

r e p o r t . We want to d e a l w i t h a c o u p l e o f c o n t e n t i o n s f r e q u e n t l y a p p e a r i n g i n t he 

l i t e r a t u r e on the m a t t e r o f a d j u s t i n g t he d a t a o r t h e r a t e s f o r " r i s k . " One 

c o n t e n t i o n i s t h a t government i n v e s t m e n t d e c i s i o n s ough t t o u s e a s a f e r a t e ( o r 

t he T r e a s u r y b o r r o w i n g r a t e ) f o r d i s c o u n t i n g p u r p o s e s . The o t h e r i s t h a t p r o s p e c t i v e 

i n v e s t m e n t s ough t to be s t o r e d i n t o " r i s k c l a s s e s " and h i g h e r d i s c o u n t r a t e s be 

used f o r r i s k i e r c l a s s e s o f i n v e s t m e n t . 

SOCIAL R I S K , PRIVATE R I S K . A c a s e f o r government use o f a s a f e ( r i s k - f r e e ) 

r a t e i n p r e s e n t - v a l u e c a l c u l a t i o n s i s based on t he argument t h a t b e c a u s e o f t he 

v e r y l a r g e number o f p r o j e c t s u n d e r t a k e n by gove rnmen t , t h e " r i s k p o o l i n g " e f f e c t 

makes ach ievemen t o f t he a g g r e g a t e e x p e c t e d v a l u e o f a l l i t s r e t u r n s t a k e n t o g e t h e r 

v i r t u a l l y c e r t a i n , o r " r i s k l e s s . " The argument i s made t h a t t he s o c i a l r i s k i n any 

p a r t i c u l a r government i n v e s t m e n t u n d e r t a k i n g i s l e s s t h a n t he p r i v a t e r i s k to an 
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i n d i v i d u a l f i r m u n d e r t a k i n g a compa rab le p r o j e c t . The model t h a t g e n e r a t e s t h i s 

c o n c l u s i o n can be i l l u s t r a t e d f a i r l y s i m p l y . I t assumes t h a t u n c e r t a i n t y abou t 

any i n d i v i d u a l i n v e s t m e n t p r o j e c t c o n f r o n t s an i n v e s t o r w i t h a d i s t r i b u t i o n o f 

p o s s i b l e r a t e - o f - r e t u r n ou t comes . F o r e x a m p l e : 

E x p e c t e d r a t e o f 
P r o j e c t " Z , " r e t u r n on p r o j e c t 
p r o b a b i l i t y Z , 7% 
o f outcome 

P r o b a b i l i t y o f e a r n i n g 
a r a t e o f r e t u r n l e s s 
t h a n 5% i s shown by 
t h i s shaded a r e a 

i 

r a t e o f r e t u r n 
p e r annum 

P r o j e c t " Z " i s e x p e c t e d to e a r n 7%, bu t i t c o u l d do v e r y much b e t t e r o r v e r y much 

wo r s e . 

Now c o n s i d e r c o r p o r a t i o n " A , " o r g a n i z e d to u n d e r t a k e a dozen d i f f e r e n t 

and i n d e p e n d e n t p r o j e c t s , a l l o f w h i c h have an i d e n t i c a l d i s t r i b u t i o n o f outcomes 

to t h a t of P r o j e c t " Z " ( t he mean o r e x p e c t e d v a l u e o f outcomes i s t he same and 

t he s p r e a d o f outcomes a round t he mean i s t h e s a m e ) . The s t a t i s t i c a l consequence 

o f c o m b i n i n g t he s e v e r a l p r o j e c t s i n one f i r m i s to r e d u c e t h e s p r e a d o f combined 

outcomes l e a v i n g t he mean v a l u e unchanged a t 7% as f o l l o w s : 

C o r p o r a t i o n " A " 
p r o b a b i l i t y o f 
outcome by com
b i n i n g 12 p r o 
j e c t s w i t h o u t 
come d i s t r i b u 
t i o n s i d e n t i c a l 
to " Z " 

E x p e c t e d ( a v e r a g e ) r a t e 
o f r e t u r n f o r c o r p o r a t i o n 
A , 7% 

P r o b a b i l i t y o f e a r n i n g a 
r a t e o f r e t u r n l e s s t h a n 
5% i s shown by t h i s shaded 
a r e a 

% r a t e o f r e t u r n 
pe r annum 
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C o r p o r a t i o n " A , " by p o o l i n g t h e r i s k s o v e r s e v e r a l p r o j e c t s has c u t t h e r i s k t o 

t h e i n v e s t o r f rom what i t wou ld have been i n any o f t he p r o j e c t s t a k e n i n d i v i d u a l l y . 

" R i s k " h e r e i s d e f i n e d by i m p l i c a t i o n as t he p r o b a b i l i t y o f e a r n i n g l e s s t h a n some 

s p e c i f i e d r a t e o f r e t u r n — f o r example t he shaded a r e a s i n t h e above d i a g r a m s 

r e p r e s e n t outcomes e a r n i n g l e s s t han 5%; say t h a t funds " c o s t " t h a t much and so t o 

e a r n l e s s w o u l d be to go b r o k e as a c o r p o r a t i o n . 

The s t a t i s t i c a l " l a w o f l a r g e numbers " g u a r a n t e e s t h a t i f government 

we re to u n d e r t a k e many t housands o f i ndependen t p r o j e c t s , e a c h w i t h a s p r e a d o f 

r a t e o f r e t u r n outcomes i d e n t i c a l to t h a t o f p r o j e c t " Z , " t h e combined outcome w i t h 

v i r t u a l c e r t a i n t y wou ld be v e r y c l o s e t o t h e e x p e c t e d v a l u e o f 7%. 

f 
V 

Si 

p r o b a b i l i t y d i s t r i b u 
t i o n o f o v e r a l l r e t u r n 
to government f rom 
s e v e r a l thousand i n d e 
pendent " Z " t y p e i n v e s t 
ments 

% r a t e o f r e t u r n 
pe r annum 

" S o c i a l r i s k , " t he r i s k o f l o s s to s o c i e t y f rom the u n d e r t a k i n g o f i n d i v i d u a l l y 

" r i s k y " p r o j e c t s , t hus c a n be v e r y low f o r government i n v e s t m e n t b e c a u s e l a r g e 

numbers o f p r o j e c t s a r e i n v o l v e d — and l a r g e numbers a r e i n v o l v e d i n government 

s e c t o r d e c i s i o n b e c a u s e o f the s i z e o f t h a t s e c t o r . The c r i t i c a l p o i n t h e r e , 

howeve r , i s t h a t w h i l e t he " p r i v a t e r i s k " o f an i n d i v i d u a l f i r m ' s d e c i s i o n s may be 

a p p r e c i a b l e (as i l l u s t r a t e d i n t he s e c o n d d i a g r a m a b o v e ) , t he " s o c i a l r i s k " o f 

p r i v a t e d e c i s i o n s abou t " Z " t y p e p r o j e c t s i s as low as t h a t f o r government d e c i s i o n s -

a g a i n b e c a u s e f rom s o c i e t y ' s p o i n t o f v i e w v e r y l a r g e numbers o f p r o j e c t s a r e i n v o l v e d 

Thus t h e r e a r e no g rounds f rom a " s o c i a l r i s k " s t a n d p o i n t f o r t r e a t i n g government 
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d e c i s i o n s on a d i f f e r e n t r i s k f o o t i n g f rom t h a t a p p l i e d to i n d i v i d u a l p r i v a t e 

f i r m d e c i s i o n s . 

And t he p o i n t was e s t a b l i s h e d e a r l i e r t h a t t h e p r o p e r " f o o t i n g " t o 

be u s e d i n s o c i a l d e c i s i o n s i s t he o p p o r t u n i t y c o s t t o s o c i e t y o f t h o s e 

d e c i s i o n s — and i n t h e c h o i c e o f i n t e r e s t r a t e measures t h a t c l e a r l y i s no t t h e 

r i s k l e s s , s a f e r a t e . 

RISK CLASSES AND DIFFERING PROJECT R I S K I N E S S . S h o u l d i n v e s t m e n t p r o j e c t s 

be c l a s s i f i e d a c c o r d i n g to i n h e r e n t " r i s k n e s s " and h i g h e r d i s c o u n t r a t e s be a p p l i e d 

i n compu t i ng p r e s e n t v a l u e f o r " r i s k i e r " c l a s s e s o f p r o j e c t s ? Our answer h e r e i s 

an u n e q u i v o c a l , " n o . " The f u n c t i o n o f the d i s c o u n t r a t e i s i n e f f e c t to measure 

t he o p p o r t u n i t y c o s t o f an i n v e s t m e n t and t h e o p p o r t u n i t y c o s t i s no t a f f e c t e d 

no r a l t e r e d by t he p a r t i c u l a r p r o p e r t i e s o f an i n d i v i d u a l i n v e s t m e n t p r o j e c t t h a t may 

be u n d e r c o n s i d e r a t i o n . 

P r e s u m a b l y what i s meant by " r i s k i e r " c l a s s o f p r o j e c t s i s a s e t o f 

p r o j e c t s f o r w h i c h t he r a n g e o r s p r e a d o f outcomes i s l a r g e r t h a n t h a t o f some 

s t a n d a r d s e t o f p r o j e c t s , as i n t he f o l l o w i n g d i a g r a m : 

" R i s k i e r " p r o -
p r o b a b i l i t y o f *" j e c t s ' ou tcomes 
a c h i e v i n g a 
g i v e n r a t e o f 
r e t u r n " S a f e r " 

p r o j e c t s 
outcomes 

r a t e o f r e t u r n 
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The mean, o r " e x p e c t e d v a l u e , " o f t he " r i s k i e r " c l a s s i s shown h e r e to be l a r g e r 

t han t h a t o f t he s a f e r c l a s s , a l t h o u g h t h e r e i s no r e a s o n t h a t need be assumed 

( though i n g e n e r a l t h a t ' s l i k e l y to be t r u e f o r t h o s e p r o j e c t s s e r i o u s l y c o n s i d e r e d 

by b u s i n e s s m e n ) . The p o i n t i s t h a t a c l a s s o f p r o j e c t s may be r i s k i e r (v iewed 

i n d i v i d u a l l y as h a v i n g a g r e a t e r v a r i a n c e i n outcomes) , y e t f r om a s o c i a l p o i n t o f 

v i e w , when a l a r g e number o f s u c h p r o j e c t s i s u n d e r t a k e n , u n c e r t a i n t y abou t a g g r e g a t e 

outcome d r o p s toward z e r o and w i t h i t , r i s k . The " s p r e a d " o f e x p e c t e d ou tcomes 

c o l l a p s e s a round t he mean v a l u e as t he p o o l i n g o f a l a r g e number o f p r o j e c t s o c c u r s . 

A l l t h a t i s r e q u i r e d o f t h a t model o f " r i s k n e s s " i s t h a t t he p r o j e c t s be i ndependen t 

and t h a t t he d i s t r i b u t i o n o f outcomes and t he e x p e c t e d mean v a l u e be a c c u r a t e l y known. 

F o r t he c a s e i l l u s t r a t e d on t he above d i a g r a m , o n c e t h e " p o o l i n g " e f f e c t 

o f l a r g e numbers h a s w h i t t l e d away the u n c e r t a i n t y ( s p r e a d ) o f o u t c o m e , s o c i e t y 

wou ld be b e t t e r o f f f rom i n v e s t m e n t i n t he " r i s k i e r " c l a s s o f p r o j e c t s b e c a u s e 

they w i l l r e t u r n 10% p e r y e a r w i t h v i r t u a l c e r t a i n t y whereas t he " s a f e r " p r o j e c t s 

w i l l r e t u r n o n l y 6% p e r y e a r as i n t he f o l l o w i n g : 

p r o b a b i l i t y o f •'• 
a c h i e v i n g a -, 
g i v e n r a t e o f 
r e t u r n o v e r t he 
a g g r e g a t e o f 
p r o j e c t s i n y. 
each c l a s s 

Outcome f o r t he a g g r e g a t e 
o f " r i s k i e r " p r o j e c t s 

Outcome f o r t he a g g r e g a t e o f 
" s a f e r " p r o j e c t s 

, i 
l 1 r a t e o f r e t u r n 
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Thus i t c o u l d p r o v e p e r v e r s e f r om a s o c i a l p o i n t o f v i e w to i n s i s t on a p p l i c a t i o n 

o f a h i g h e r r a t e to c l a s s e s o f " r i s k i e r " p r o j e c t s . 

The f i n a l t h i n g we want t o do i n t h i s s e c t i o n o f t he p a p e r i s to b r i e f l y 

d e s c r i b e how u n c e r t a i n t y o v e r f u t u r e c o n d i t i o n s c a n e n t e r l e g i t i m a t e l y i n t o 

p r e s e n t - v a l u e c o m p u t a t i o n s . 

U n c e r t a i n t y about t h e f u t u r e c l e a r l y e n t e r s any e f f o r t t o make p r o j e c t i o n s 

o f c a s h f l o w s f o r any i n v e s t m e n t . And t he more d i s t a n t t h e t i m e p e r i o d , t h e more 

u n c e r t a i n t he p r o j e c t i o n s a r e l i k e l y to b e . A p r o j e c t e d c a s h f l o w s e r i e s p r e s u m a b l y 

w i l l be b u i l t up f rom p r o j e c t i o n s o f t he v a r i o u s c o s t and r e v e n u e (o r b e n e f i t ) e l e m e n t s 

e n t e r i n g t o t a l c o s t s and r e v e n u e s . Examp les a r e : t he e x p e c t e d vo lume o f o u t p u t o f 

an o p e r a t i o n , u n i t l a b o r r e q u i r e m e n t s , wage r a t e , p r i c e s , m a i n t e n a n c e c o s t s , power 

r e q u i r e m e n t s , and s c r a p , t r a d e - i n , o r r e s a l e v a l u e s . E a c h o f t h e e l e m e n t s c o u l d 

t r a c e a v a r i e t y o f a l t e r n a t i v e p a t h s o v e r t h e f u t u r e and we do no t know i n advance 

w h i c h o f t h e many p o s s i b l e p a t h s t he v a l u e s f o r t h e v a r i a b l e w i l l be t a k e n i n t he 

f i n a l ou tcome. 

I n p r i n c i p l e we can accommodate some measure o f o u r u n c e r t a i n t y by 

p r o p e r l y s t r u c t u r i n g ou r p r o j e c t i o n s . F u t u r e c a s h f l o w s , o r t h e e l e m e n t s t h a t 

c o m p r i s e them, can be t hough t o f i n te rms o f a d i s t r i b u t i o n o f p o s s i b l e outcomes 

to w h i c h we can a s s i g n p r o b a b i l i t i e s o f o c c u r r e n c e . These p r o c e d u r e s , w h i l e 

p o s s i b l y t e d i o u s , a r e v a r i o u s l y d e s c r i b e d i n s t a n d a r d r e f e r e n c e s . W e ' l l s i m p l y 

i l l u s t r a t e t he i d e a by c o n s i d e r i n g ou r e a r l i e r s i m p l e example t h a t had t h e f o l l o w i n g 

c a s h f l o w s : 

- 1 0 0 , 3 0 , 8 0 . 

To s i n g l e ou t j u s t one q u a n t i t y , t he p r o j e c t e d c a s h i n f l o w o f 80 f o r 

t he end o f y e a r 2 i s i n any p r a c t i c a l c a s e u n c e r t a i n . One p o s s i b l e model o f o u r 

u n c e r t a i n t y wou ld be t h a t 80 m e r e l y r e p r e s e n t s the e x p e c t e d v a l u e ( t he mean) o f a 

d i s t r i b u t i o n o f p o s s i b l e o u t c o m e s : 



Cash f l o w s p r o j e c t e d f o r o t h e r t ime p e r i o d s a r e a l s o u n c e r t a i n ( t hough p r e s u m a b l y 

t h o s e n e a r e r t h e p r e s e n t have l e s s v a r i a n c e ) . D i s c o u n t i n g t h e e x p e c t e d v a l u e s 

f o r t h e c a s h f l o w s , w h i c h i s what we d i d e a r l i e r , w i l l g e n e r a t e a s i n g l e p r e s e n t 

v a l u e a t any g i v e n d i s c o u n t r a t e . I f we c o u l d t a k e f u l l y i n t o a c c o u n t t h e 

p r o b a b i l i t i e s o f g e t t i n g c a s h f l o w s d i f f e r e n t f rom t h e e x p e c t e d v a l u e s (and 

t h a t ' s a t r i c k y m a t t e r s i n c e they a r e n o t i n g e n e r a l i n d e p e n d e n t ) t h e n we c o u l d 

g e n e r a t e a d i s t r i b u t i o n o f p r e s e n t v a l u e s t h a t wou ld r e f l e c t o u r u n c e r t a i n t y o v e r 

c a s h f l o w p r o j e c t i o n s . 

A m e c h a n i c a l l y s i m p l e r a p p r o a c h i s t o e x p r e s s o u r u n c e r t a i n t y by a s m a l l 

number o f d i s c r e t e o u t c o m e s , to w h i c h we a s s i g n odds i n s u c h a way t h a t t h e t o t a l 

o f p r o b a b i l i t i e s adds up t o 1 . F o r an examp le o f t h i s , t a k e t h e s e c o n d - y e a r i n f l o w 

o f $ 8 0 , 0 0 0 . Suppose t h a t v a l u e t o be d e r i v e d f r om (a) a vo lume e s t i m a t e and (b) an 

e s t i m a t e d n e t p e r u n i t . We j u d g e we a r e most l i k e l y t o p r o d u c e 2 1 , 0 0 0 u n i t s , b u t 

t h e r e i s some chance o u t p u t c o u l d be l o w e r . We may choose to e x p r e s s o u r u n c e r t a i n t y 

abou t vo lume o f o u t p u t i n t he f o l l o w i n g w a y : 

P r o d u c t i o n P r o b a b i l i t y o f 
Volume t h a t Outcome 

2 1 , 0 0 0 3 /4 

1 7 , 0 0 0 1/4 
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S i m i l a r l y , say we a r e u n c e r t a i n abou t c o s t l e v e l s ( g r o s s p e r - u n i t v a l u e assumed 

u n v a r y i n g ) and we e x p r e s s o u r u n c e r t a i n t y abou t t h e ne t v a l u e p e r u n i t a s f o l l o w s : 

Net V a l u e P r o b a b i l i t y o f 
P e r U n i t t h a t Outcome 

$4 .20 1/2 

3 . 8 0 1/2 

I f we assume t he vo lume and u n i t v a l u e outcomes to b e i n d e p e n d e n t , t h e n t he 

f o l l o w i n g p r o b a b i l i t i e s f o r t he v a r i o u s u n i t ne t v a l u e and vo lume c o m b i n a t i o n s 

a r e g e n e r a t e d : 

vo lume i s . . . 
and u n i t n e t 
v a l u e i s . . . 

t h e n c a s h 
f l o w i s . . . 

w i t h p r o b 
a b i l i t y . . . 

21 ,000 $ 4 . 2 0 $88 ,200 ( 3 / 4 ) ( l / 2 ) = 3 / 8 

2 1 , 0 0 0 3 .80 7 9 , 8 0 0 ( 3 / 4 ) ( l / 2 ) - 3 / 8 

1 7 , 0 0 0 4 . 2 0 71 ,400 ( l / 4 ) ( l / 2 ) = l / 8 

1 7 , 0 0 0 3 .80 6 4 , 6 0 0 ( l / 4 ) ( l / 2 ) = l / 8 

Assum ing a t t h i s p o i n t t h a t t he f i r s t two c a s h f l o w f i g u r e s i n o u r example 

a r e known w i t h c e r t a i n t y , we have now a v a i l a b l e a p r o b a b i l i t y d i s t r i b u t i o n o f c a s h 

f l o w s e r i e s embodying o u r e x p r e s s e d u n c e r t a i n t i e s o v e r t h e f i n a l c a s h f l o w : 

P r o b a b i l i t y o f P r e s e n t 
Cash f l o w Outcome t h a t Outcome v a l u e @ 6% 

- 1 0 0 , 3 0 , 8 8 . 2 3 ou t o f 8 6 . 8 

- 1 0 0 , 3 0 , 7 9 . 8 3 ou t o f 8 - 0 . 7 

- 1 0 0 , 3 0 , 71 .4 1 ou t o f 8 - 8 . 2 

- 1 0 0 , 3 0 , 6 4 . 6 1 ou t o f 8 - 1 4 . 2 

We c a n o f c o u r s e t h e n compute a " d i s c r e t e " p r o b a b i l i t y d i s t r i b u t i o n o f p r e s e n t 

v a l u e s a t any g i v e n d i s c o u n t r a t e as i n t he t h i r d co lumn a b o v e . W h i l e an e x p e c t e d 

p r e s e n t v a l u e ( t he w e i g h t e d a v e r a g e ) can s t i l l b e compu ted , t he d i s t r i b u t i o n 

o f p r e s e n t v a l u e s conveys u s e f u l i n f o r m a t i o n abou t u n c e r t a i n t y and r i s k . The 

g e n e r a l e f f e c t , t h o u g h , o f i n t r o d u c i n g i n t o t he c a s h f l o w p r o j e c t i o n p r o c e d u r e s 

t h e s e n o t i o n s o f a l t e r n a t i v e outcomes and t h e i r a s s o c i a t e d p r o b a b i l i t i e s , i s to 

r e d u c e the p r o j e c t e d f l o w s a s r i s k i n c r e a s e s — g i v i n g g r e a t e r w e i g h t t o t he p r o -
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s p e c t o f l e s s f a v o r a b l e p r o d u c t i o n , p r i c e and c o s t s h o w i n g s . I n sum, t h r o u g h t h e 

a p p r o a c h w e ' v e o u t l i n e d , " r i s k " i s g i v e n a p p r o p r i a t e c o n s i d e r a t i o n , and no " r i s k 

a d j u s t m e n t " o f d i s c o u n t r a t e s i s r e q u i r e d . 
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P a r t I I . G e n e r a l D e s c r i p t i o n o f P r e s e n t - V a l u e P r o c e d u r e s i n C a p i t a l I nves tmen t 
D e c i s i o n M a k i n g 

The o b j e c t i v e o f P a r t I I i s to e x p l a i n p r e s e n t - v a l u e p r o c e d u r e s 

and how they can be used to p r o v i d e i n f o r m a t i o n u s e f u l i n i n v e s t m e n t 

d e c i s i o n m a k i n g . I t w i l l be c l e a r f r o m the examples t h a t t h e s e p r o c e d u r e s 

a r e m e r e l y t o o l s o f a n a l y s i s , and t h e y may p r o v e to be more o r l e s s u s e f u l 

i n a p a r t i c u l a r a p p l i c a t i o n d e p e n d i n g on t he n a t u r e of t he d e c i s i o n 

mak ing p r o b l e m . We w i l l t a k e up f i r s t what we c a l l the s t a n d a r d c a s e 

i n v o l v i n g p rob lems f o r w h i c h d o l l a r v a l u e s can be a s s i g n e d b o t h to t he 

s t r e a m of f u t u r e b e n e f i t s e x p e c t e d t o f l o w f r om the p r o j e c t and a l s o to 

e x p e c t e d c o s t f l o w s . The second c l a s s o f c a s e s to be c o n s i d e r e d w i l l 

be t h o s e f o r w h i c h d o l l a r v a l u a t i o n of t he e x p e c t e d b e n e f i t s i s no t 

p o s s i b l e . 

A . The S t a n d a r d Case w i t h B o t h R e c e i p t s and E x p e n d i t u r e s Known 

We s t a r t w i t h a h y p o t h e t i c a l example to i l l u s t r a t e 

t he s t e p s i n v o l v e d i n o r g a n i z i n g and a n a l y z i n g d a t a i n t he s t a n d a r d 

c a s e . Suppose our bank i s c o n s i d e r i n g e s t a b l i s h m e n t o f a new b a n k i n g 

s e r v i c e f o r w h i c h a c h a r g e w i l l be made. I t has d e t e r m i n e d two 

p o s s i b l e l e v e l s o f a c t i v i t y . The f i r s t l e v e l , c a l l i t a l t e r n a t i v e A , 

w i l l p roduce e s t i m a b l e r e v e n u e s o v e r a p e r i o d o f y e a r s and w i l l 

g e n e r a t e p a r t i c u l a r c o s t s f o r a c q u i s i t i o n o f equ ipmen t , a d d i t i o n a l 

l a b o r and so o n . The second ( h i g h e r ) l e v e l o f a c t i v i t y , a l t e r n a t i v e B , 

wou ld g e n e r a t e g r e a t e r r evenue b u t wou ld a l s o r e q u i r e g r e a t e r o u t l a y s 

f o r e q u i p m e n t , l a b o r and s u p p l i e s to h a n d l e t he g r e a t e r a c t i v i t y . 

The q u e s t i o n i s w h i c h , i f a n y , a l t e r n a t i v e s h o u l d t he bank choose? 
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C o n s t r u c t i n g t he Net Cash F l o w S t reams 

Fou r g e n e r a l s t e p s a r e i n v o l v e d i n d e v e l o p i n g the 

n e c e s s a r y ne t c a s h f l o w d a t a : (1) d e f i n e t he p r o j e c t h o r i z o n and 

t ime u n i t s t o be u s e d , (2) e s t i m a t e e x p e n d i t u r e f l o w s , (3) e s t i m a t e 

r e c e i p t s f l o w s and (4) compute the r e s u l t i n g n e t c a s h f l o w 

s t r e a m s . A l l f o u r s t e p s r e q u i r e j udgmen ts as to what f a c e t s 

o f t he p r o b l e m can ( c a n ' t ) be a d e q u a t e l y q u a n t i f i e d and 

i n c o r p o r a t e d i n t o n e t c a s h f l o w d a t a . These d e c i s i o n s l a r g e l y 

d e t e r m i n e whe the r u s e f u l i n f o r m a t i o n w i l l come ou t o f the p r e s e n t -

v a l u e a n a l y s i s . 

P r o j e c t H o r i z o n and Time U n i t s 

A number o f f a c t o r s u s u a l l y i n f l u e n c e c h o i c e o f t he 

p r o j e c t h o r i z o n . The e x p e c t e d l i f e o f key p r o c e s s i n g equ ipment 

o r c o n v e n t i o n a l r e p l a c e m e n t p r a c t i c e s m igh t i n d i c a t e an 

a p p r o p r i a t e p l a n n i n g c y c l e . Equ ipment l e a s e p e r i o d s may p l a y 

a p a r t . F o r ou r example we w i l l assume the a n a l y s t s have 

d e c i d e d , a f t e r c o n s i d e r i n g t he f a c t o r s above and o t h e r r e l e v a n t 

i n f o r m a t i o n , t h a t r evenue and c o s t s t r e a m s t h r o u g h o u t t he 

f o r e s e e a b l e f u t u r e w i l l f o l l o w a r e a s o n a b l y p r e d i c t a b l e t h r e e -

y e a r c y c l e . I t may be adequa te i n any p a r t i c u l a r a p p l i c a t i o n 

t o s i m p l y examine one t h r e e - y e a r c y c l e . Tha t can be e s t a b l i s h e d 

i n any even t by e x t e n d i n g t he a n a l y s i s t o c o v e r a d d i t i o n a l 

t h r e e - y e a r c y c l e s to d e t e r m i n e whe the r t he c o n c l u s i o n s wou ld 

be a l t e r e d . There a r e few i f any g e n e r a l r u l e s to g u i d e t he 

a n a l y s t i n the c h o i c e o f p r o j e c t p l a n n i n g h o r i z o n . 

H a v i n g c h o s e n a t h r e e - y e a r h o r i z o n i t r e m a i n s t o s e l e c t 

an a p p r o p r i a t e t ime u n i t . Somet imes t he n a t u r e o f t he p r o j e c t 
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w i l l s u g g e s t an o b v i o u s c h o i c e , somet imes n o t . Suppose i n ou r 

example t h a t e l e m e n t s o f c a s h f l o w s ( b i l l i n g s , equ ipment r e n t a l 

paymen ts , wage paymen ts , e t c . ) o c c u r v a r i o u s l y a t q u a r t e r l y , 

m o n t h l y , s e m i m o n t h l y , b i w e e k l y and w e e k l y . Some c o n s i d e r a t i o n s 

i n c h o i c e o f a t ime u n i t : 

1 . I f we choose t he week a s the t ime u n i t , t he i m p o r t a n t 

m o n t h l y and q u a r t e r l y d a t a must a r b i t r a r i l y be i n t e r p o l a t e d 

t o d e r i v e w e e k l y f i g u r e s . Then t o o , t h r e e y e a r s ( t h e p r o j e c t 

h o r i z o n ) o f w e e k l y d a t a i n v o l v e s o v e r 150 t ime o b s e r v a t i o n 

i n t e r v a l s , and i n g e n e r a l i t i s more c o s t l y to h a n d l e 

l a r g e amounts o f d a t a . 

2 . I f we choose t he month as the t ime u n i t , semimon th l y d a t a 

c o u l d e a s i l y be a g g r e g a t e d to p r o v i d e mon th l y f i g u r e s though 

w e e k l y and b i w e e k l y wou ld cause some p r o b l e m s . Q u a r t e r l y 

d a t a must s t i l l be i n t e r p o l a t e d to d e r i v e e q u i v a l e n t m o n t h l y 

f i g u r e s . W i t h a m o n t h l y t ime u n i t t he t o t a l number o f d a t a 

i n t e r v a l s i s r e d u c e d to 36 ( t h r e e y e a r s of m o n t h l y d a t a ) , 

no t an u n w i e l d l y number . 

3 . A t ime u n i t o f one q u a r t e r e l i m i n a t e s t he need to i n t e r 

p o l a t e d a t a . Twe lve i n t e r v a l s ( t h r e e y e a r s o f q u a r t e r l y 

d a t a ) i s c e r t a i n l y m a n a g e a b l e . The q u e s t i o n becomes, i s 

t h i s too few o b s e r v a t i o n s ? W i l l q u a r t e r l y d a t a mask 

i m p o r t a n t f e a t u r e s of t h e p r o b l e m o r wou ld a l l t he e s s e n t i a l 

i n f o r m a t i o n s t i l l be r e v e a l e d ? A g a i n , t h e r e a r e few g e n e r a l 

r u l e s to g u i d e the a n a l y s t . From our e x p e r i e n c e 12 o b s e r 

v a t i o n s i s no t o b v i o u s l y t oo few . Doubt c a n be r e s o l v e d 



i n any p a r t i c u l a r c a s e by e x t e n d i n g the a n a l y s i s to the 

n e x t f i n e r t ime u n i t t o d e t e r m i n e whether t he c o n c l u s i o n s 

d i f f e r . For our example we assume q u a r t e r l y d a t a a r e 

a c c e p t a b l e . 

4 . From the s t a n d p o i n t o f c o m p u t a t i o n a l r e q u i r e m e n t s , t ime 

u n i t s g r e a t e r t han one q u a r t e r a l s o c o u l d be u s e d ; h a l f 

y e a r s , a n n u a l d a t a , even a u n i t measu r i ng the f u l l t h r e e 

y e a r s i s no t m e c h a n i c a l l y i m p o s s i b l e . The main p o i n t o f 

a c a s h f l o w a n a l y s i s , however , i s to p r o p e r l y a c c o u n t f o r 

t he i m p o r t a n c e of d i f f e r e n t i a l t i m i n g o f c a s h f l o w s . To 

choose a t ime u n i t so l a r g e t h a t a l l f l o w s a r e c l u s t e r e d 

a t a few p o i n t s w i d e l y spaced i n t ime c o n c e a l s the v e r y 

i n f o r m a t i o n we a r e t r y i n g to e x p l o i t . 

One f i n a l p o i n t on t he m a t t e r of t ime s c a l e . Our 

example w i l l i n v o l v e 12 q u a r t e r l y t ime i n t e r v a l s . We w i l l 

adopt the c o n v e n t i o n o f number ing p o i n t s i n t ime ( r a t h e r t h a n 

i n t e r v a l s ) as i l l u s t r a t e d b e l o w . 

L e t t he l e t t e r t be our i n d e x of p o i n t s i n t ime so t h a t 

t = 0 i n d i c a t e s the b e g i n n i n g of the f i r s t q u a r t e r of t he 

p r o j e c t h o r i z o n , t = 1 d e n o t e s the end o f t he f i r s t q u a r t e r 

and t he b e g i n n i n g of t he s e c o n d , and so on t h r o u g h t = 12 

w h i c h i s t he end o f t he t w e l f t h q u a r t e r and a l s o t he end of 

t he p r o j e c t h o r i z o n f o r t h i s p r o b l e m . 
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E x p e n d i t u r e F l o w s 

Our i n v e s t m e n t d e c i s i o n w i l l i n v o l v e a c c e p t i n g one 

o r t he o t h e r o f two m u t u a l l y e x c l u s i v e c o u r s e s o f a c t i o n , o r 

r e j e c t i n g b o t h a l t e r n a t i v e s . One a l t e r n a t i v e i s t o e s t a b l i s h 

a c e r t a i n ( l o w e r ) l e v e l o f bank s e r v i c e ( a l t e r n a t i v e A ) . The 

second i s to e s t a b l i s h a h i g h e r l e v e l o f bank s e r v i c e ( a l t e r n a t i v e 

B ) . A n a l y s i s of b o t h a l t e r n a t i v e s must be based on t he t ime 

s c a l e d e s c r i b e d a b o v e . The t a s k b e f o r e us now i s t o e s t i m a t e 

t he sequence o f q u a r t e r l y c a s h o u t f l o w s ( e x p e n d i t u r e s ) f o r 

each a l t e r n a t i v e . 

Cash f l o w d a t a , a s t h e name s u g g e s t s , i n c l u d e s o n l y 

moneta ry t r a n s a c t i o n s i n w h i c h t he o w n e r s h i p o f f unds i s t r a n s f e r e d 

t o o r f rom the i n d i v i d u a l o r c o r p o r a t e e n t i t y mak ing the d e c i s i o n . 

A c c o u n t i n g a r t i f i c e s s u c h a s d e p r e c i a t i o n a c c o u n t s o r r e s e r v e s 

2 / 

f o r p o s s i b l e f u t u r e l o s s e s have no p a r t i n a c a s h f l o w a n a l y s i s . — 

C o n s t r u c t i n g a c a s h f l o w s t r e a m r e q u i r e s t h a t we 

f o r e c a s t f u t u r e e v e n t s — a p r o c e s s i n v o l v i n g u n c e r t a i n t y . An 

e x e r c i s e f r e q u e n t l y u s e f u l i n f o r e c a s t i n g i s to e s t i m a t e t he 

l o w e s t , most l i k e l y , and the h i g h e s t ou tcome. A n d , of c o u r s e , 

more s o p h i s t i c a t e d s t a t i s t i c a l p r o c e d u r e s e x i s t . The p r o c e d u r e 

men t i oned a t the end of P a r t I c o u l d be h e l p f u l . B a s i c a l l y t h a t 

i n v o l v e s e s t i m a t i n g two o r more r e a l i s t i c a l t e r n a t i v e l e v e l s 

f o r e x p e n d i t u r e o u t c o m e s , a s s i g n i n g p r o b a b i l i t i e s on t he 

— E x c e p t i n s o f a r as t h e y may a f f e c t c a s h f l o w s , a s d e p r e c i a t i o n 
r e d u c e s income t a x paymen ts . We assume h e r e no s u c h s i t u a t i o n e x i s t s and 
i n f a c t t h a t e i t h e r t h e r e i s no income t a x o r t h a t we have d e c i d e d a b e f o r e -
t a x a n a l y s i s i s a p p r o p r i a t e to t h e p r e s e n t p r o b l e m . 
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a s s u m p t i o n one o r a n o t h e r a l t e r n a t i v e w i l l o c c u r , and c a l c u l a t i n g 

w e i g h t e d a v e r a g e s ( " e x p e c t e d v a l u e s " ) f o r each p e r i o d . F o r 

p r e s e n t - v a l u e a n a l y s i s i t i s i m p o r t a n t t h a t t he c a s h f l o w 

e s t i m a t e s r e p r e s e n t t he most l i k e l y ( i . e . , mean o r a v e r a g e ) 

o u t c o m e s , no t s i m p l y an i d e a l o r f a v o r a b l e ou tcome. 

A c t u a l c a s h f l o w t r a n s a c t i o n s o c c u r on a p a r t i c u l a r d a y . 

F o r e x a m p l e , a r e g u l a r mon th l y equ ipment l e a s e payment may be 

made o n , s a y , t he f i r s t o f F e b r u a r y . Our t i m e s c a l e has no 

f i r s t o f F e b r u a r y . I t has a f i r s t o f J a n u a r y and a f i r s t 

o f March ( t he b e g i n n i n g and end r e s p e c t i v e l y o f t he q u a r t e r 

c o n t a i n i n g F e b r u a r y 1 s t ) . To w h i c h o f t h e s e two p o i n t s do 

we a t t a c h t he l e a s e payment? A g a i n , no h a r d and f a s t r u l e s 

e x i s t . The a n a l y s t must d e c i d e what p r o c e d u r e s a r e b e s t 

s u i t e d to the p r o b l e m a t h a n d . I f t he t i m e u n i t c h o s e n i s 

s u f f i c i e n t l y s m a l l the p r o b l e m w i l l be a m ino r o n e . I f t he 

t ime u n i t i s l a r g e r ( r e l a t i v e to t he t o t a l p r o j e c t h o r i z o n 

e s p e c i a l l y ) t hen more a t t e n t i o n must be g i v e n to t h i s i s s u e . 

I n ou r example f o r b o t h a l t e r n a t i v e s t he ma jo r l a r g e 

o u t l a y s f o r equ ipment and o t h e r f a c t o r s a r e assumed to be 

a s s i g n a b l e to t he p o i n t t = 0 . By t = 2 and beyond the o u t f l o w s 

have s e t t l e d down to r e f l e c t r e c u r r i n g o p e r a t i n g expenses and 

r e g u l a r c a s h payments f o r l e a s e c o n t r a c t s . The e s t i m a t e d 

e x p e n d i t u r e s t r e a m i n c l u d e s a s m a l l , s t e a d y i n c r e a s e due to 

a n t i c i p a t e d i n c r e a s e s i n l a b o r and o t h e r c o s t s . T a b l e 1 g i v e s 

assumed c a s h o u t f l o w d a t a f o r each a l t e r n a t i v e . The numbers 

may be t hough t o f a s u n i t s o f $1000 . The n o t a t i o n E 
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as n e g a t i v e numbers . I f f o r a p a r t i c u l a r v a l u e o f t we have 

r e c e i p t s o f $300 and e x p e n d i t u r e s of $250 , t he n e t c a s h f l o w 

f o r t h a t v a l u e o f t i s . . . 

(+$300) + ( -$250) = (+$50) 

P r o b l e m s amenable to c a s h f l o w a n a l y s i s f r e q u e n t l y 

i n v o l v e l a r g e e x p e n d i t u r e s ( o u t f l o w s ) w i t h l i t t l e o r no 

o f f s e t t i n g r e v e n u e s i n t he e a r l y p e r i o d s . The s t a r t - u p c o s t s 

may r e f l e c t l a r g e i n i t i a l o u t l a y s f o r p l a n t and e q u i p m e n t , 

i n t e n s i v e e a r l y p l a n n i n g and deve lopmen t r e q u i r e m e n t s , low 

i n i t i a l p r o d u c t i v i t y and so o n . L a t e r p e r i o d s i n t he h o r i z o n 

t y p i c a l l y p roduce a more o r l e s s s t e a d y s t r e a m o f p o s i t i v e 

n e t c a s h f l o w s ( i n f l o w s ) as income ea rned on t he l a r g e r 

i n i t i a l i n v e s t m e n t . I n many c a s e s , i n c l u d i n g t he p r e s e n t 

e x a m p l e , much o f the l a r g e i n i t i a l i n v e s t m e n t o u t l a y can be 

bunched a t t = 0 , t he v e r y b e g i n n i n g o f t he p r o j e c t h o r i z o n . 

The re may o r may no t be a d d i t i o n a l n e t o u t f l o w s i n o t h e r 

e a r l y p e r i o d s . Heavy equ ipment i n s t a l l a t i o n o r p l a n t 

c o n s t r u c t i o n t y p i c a l l y e x t e n d s o v e r s e v e r a l e a r l y p e r i o d s . 

The n e t c a s h f l o w f o r a l t e r n a t i v e A i s shown be low and i s 

t y p i c a l o f t h e t i m e p a t t e r n f o r B and f o r many o t h e r p r a c t i c a l 

p r o b l e m s . 
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Time 
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2 . A n a l y s i s o f t he Net Cash F l o w S t ream 

S e l e c t i n g the A p p r o p r i a t e I n t e r e s t Ra te 

The n e x t s t e p i n t he s t a n d a r d c a s e i n v e s t m e n t 

d e c i s i o n p r o c e s s i s s e l e c t i o n o f an a p p r o p r i a t e i n t e r e s t r a t e 

t o be u s e d i n compu t i ng p r e s e n t v a l u e s f o r e a c h n e t c a s h f l o w 

s t r e a m . Two r a t i o n a l e s f o r c h o i c e o f i n t e r e s t r a t e s were 

d i s c u s s e d i n P a r t I o f t h i s r e p o r t . N e i t h e r g e n e r a t e s an 

unambiguous n u m e r i c a l v a l u e . The f i r s t r a t i o n a l e s u g g e s t e d 

t he r a t e s h o u l d be a t l e a s t as h i g h as t h a t p a i d on some 

r e l a t i v e l y s a f e and l i q u i d f i n a n c i a l a s s e t — an a l t e r n a t i v e 

" e a r n i n g r a t e " d i r e c t l y and s a f e l y a v a i l a b l e to t he i n s t i t u t i o n ' s 

d e c i s i o n m a k e r s . Such a r a t e m igh t t oday f a l l i n t he r a n g e 

o f 5% to 6% p e r annum. The second r a t i o n a l e a r g u e d t h a t t h e 

a p p r o p r i a t e r a t e f o r d i s c o u n t i n g i s t h e r a t e " s o c i e t y " wou ld 

e a r n i f t he f u n d s i n q u e s t i o n were i n v e s t e d i n t he most p r o f i t a b l e 



The d i s c o u n t f a c t o r a t , s a y , t = 5 t e l l s us t h a t 

$1000 to be r e c e i v e d a t t = 5 i s w o r t h o n l y $908 to us a t 

t = 0 . P u t t he o t h e r way a r o u n d : $908 i n v e s t e d a t t ime 

t = 0 a t an 8% a n n u a l i n t e r e s t r a t e w i l l be w o r t h $1000 

f i v e q u a r t e r s l a t e r . D i s c o u n t f a c t o r s a r e a v a i l a b l e i n 

s t a n d a r d f i n a n c i a l t a b l e s o r can e a s i l y be c a l c u l a t e d on 

e l e c t r o n i c c o m p u t e r s . 

Comput ing t he P r e s e n t V a l u e o f t he P r o j e c t 

I n t a b l e 4 w e ' v e e n t e r e d t he p r o j e c t e d ne t c a s h 

f l o w s assumed e a r l i e r f o r h y p o t h e t i c a l p r o j e c t a l t e r n a t i v e s 

A and B . U s i n g t he d i s c o u n t f a c t o r s f r om t a b l e 3 , t he p r e s e n t 

v a l u e f o r e a c h q u a r t e r l y f l o w can be computed by s i m p l e 

m u l t i p l i c a t i o n 

P V t = D t x F t 
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f o r most c a s h f l o w s t r e a m s . 

S i m p l e D e c i s i o n R u l e s Based on P r e s e n t - V a l u e C o m p u t a t i o n s 

We w i l l d i s c u s s two f a i r l y s t a n d a r d d e c i s i o n r u l e s 

by w h i c h a l t e r n a t i v e s can be j u d g e d on t he b a s i s o f t h e i r 

p r e s e n t v a l u e s a t a g i v e n i n t e r e s t r a t e . The f i r s t a p p l i e s 

to any p r o j e c t , whe the r o r no t a l t e r n a t i v e s a r e b e i n g c o n s i d e r e d . 

These a r e c a s e s o f " a c c e p t - r e j e c t " d e c i s i o n s where t he 

a l t e r n a t i v e s a r e e i t h e r to adop t a c o n t e m p l a t e d p r o j e c t o r 

no t t o adop t i t . 

R u l e I: I f t he p r e s e n t v a l u e o f a p r o j e c t 
i s g r e a t e r t han z e r o , adop t i t . I f t he p r e s e n t 
v a l u e o f a p r o j e c t i s l e s s t h a n o r e q u a l to 
z e r o , do no t adop t i t . 

The second r u l e a p p l i e s i n t he c a s e o f m u l t i p l e 

a l t e r n a t i v e s w h i c h a r e m u t u a l l y e x c l u s i v e , t h a t i s , o n l y 

one o f t he s e v e r a l a l t e r n a t i v e s can be s e l e c t e d . The h y p o 

t h e t i c a l example g i v e n above i s o f t h i s t y p e ; s e l e c t e i t h e r 

p r o j e c t A o r B . I f we adop t one we c a n ' t adop t t h e o t h e r . 

R u l e I I : I f two o r more m u t u a l l y e x c l u s i v e 
a l t e r n a t i v e s have p r e s e n t v a l u e s g r e a t e r t h a n 
z e r o , adop t t h a t a l t e r n a t i v e w i t h t he g r e a t e s t 
p r e s e n t v a l u e s . 

A p p l y i n g r u l e I t o ou r h y p o t h e t i c a l p r o b l e m we 

wou ld c o n c l u d e t h a t n e i t h e r a l t e r n a t i v e s h o u l d be s e l e c t e d . 

B o t h have n e g a t i v e p r e s e n t v a l u e s d i s c o u n t e d a t 8%. We 

I t can happen f o r r a t h e r s t r a n g e p a t t e r n s o f c a s h f l o w s t h a t , 
w i t h i n c e r t a i n r a n g e s o f t he d i s c o u n t r a t e , t he p r e s e n t v a l u e w i l l i n c r e a s e 
i f t he i n t e r e s t r a t e i s i n c r e a s e d a l i t t l e . A c a s h f l o w t h a t e x p e r i e n c e s 
a l a r g e e x p e n d i t u r e l a t e i n t he t ime h o r i z o n may have t h i s p r o p e r t y . 
We w i l l e n c o u n t e r few i f any c a s h f l o w s o f t h i s t y p e . 
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migh t n o t e t h a t a l t h o u g h a l t e r n a t i v e B appea red s u p e r i o r t o 

A i n te rms o f t he s i m p l e sums o f ne t f l o w s ($263 f o r B com

p a r e d w i t h $195 f o r A ) , a f t e r d i s c o u n t e d a t 8% the o r d e r i n g 

i s r e v e r s e d ( -$105 f o r B compared w i t h - $ 3 2 f o r A ) . 

3 . M u l t i p l e P r e s e n t V a l u e C o m p u t a t i o n s , I n t e r n a l R a t e o f  
R e t u r n , and More G e n e r a l i z e d D e c i s i o n P r o c e d u r e s . 

There i s s i m p l y no way i n p r a c t i c e to s i n g l e ou t 

one " b e s t " i n t e r e s t r a t e f o r i n v e s t m e n t a n a l y s i s p u r p o s e s . We 

recommend t h a t a r a n g e o f i n t e r e s t r a t e s — r a t h e r t han j u s t 

one — be used a s a b a s i s f o r p r e s e n t v a l u e c a l c u l a t i o n s . 

M u l t i p l e p r e s e n t v a l u e c o m p u t a t i o n s , now r e n d e r e d r e l a t i v e l y 

s i m p l e t h r o u g h computer p r o g r a m s , w i l l c o n s i d e r a b l y enhance 

t he i n f o r m a t i o n p r o v i d e d to t he d e c i s i o n make r . We s u g g e s t 

t h a t p r e s e n t v a l u e i n f o r m a t i o n f o r each p r o j e c t be p r e p a r e d 

a s a c o n t i n u o u s g r a p h o v e r a r e a s o n a b l y w ide r a n g e o f i n t e r e s t 

r a t e s , s a y z e r o to 16 o r 20 p e r c e n t , and t h a t t he g r a p h s so 

p r e p a r e d be t he b a s i s f o r d i s p l a y i n g p r e s e n t - v a l u e i n f o r m a t i o n 

abou t i n v e s t m e n t a l t e r n a t i v e s . The n e x t s u b s e c t i o n e x p l a i n s 

s u c h a p r o c e d u r e . 

a . P r e s e n t v a l u e p r o p e r t i e s o v e r a r ange of i n t e r e s t r a t e s . 

I n our p r i o r e x a m p l e , a l t e r n a t i v e A had a s e r i e s 

o f n e t c a s h f l o w s as r e p r e s e n t e d i n t he f o l l o w i n g d i a g r a m : 
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The a c t u a l q u a r t e r l y n e t c a s h f l o w s f o r each v a l u e o f t i m e t 

can be t hough t o f as p r e s e n t v a l u e s f o r t he s p e c i a l c a s e i n 

w h i c h t he d i s c o u n t r a t e i s e q u a l to z e r o . To put i t a n o t h e r 

way , no t d i s c o u n t i n g a t a l l i s t he same t h i n g as d i s c o u n t i n g 

w i t h t he i n t e r e s t r a t e s e t e q u a l to z e r o . T h u s , p r e s e n t 

v a l u e f o r t he p r o j e c t (a t a z e r o r a t e o f d i s c o u n t ) can be 

v i e w e d as t he a l g e b r a i c sum o f t he h e i g h t s o f t he b a r s i n 

t he above d i a g r a m — a sum we c a l c u l a t e d i n t a b l e 5 to be $ 1 9 5 . 

D i s c o u n t i n g t he f l o w s to t ime t = 0 a t , s a y , a 

4% r a t h e r t han 0% a n n u a l r a t e can be v i e w e d as a p r o c e s s 

t h a t has no e f f e c t on t he l e n g t h o f t he b a r a t t = 0 , 

r e d u c e s t he l e n g t h o f t he b a r a t t = 1 by abou t 1%, t he 

b a r a t t = 2 by abou t 2%, and so o n . G r a p h i c a l l y : 

300 



G i v e n t h a t t he g r e a t e s t p r o p o r t i o n a t e r e d u c t i o n t a k e s p l a c e 

f o r t he l a t e r p o i n t s i n t ime where p o s i t i v e f l o w s p r e d o m i n a t e , 

t he impac t o f d i s c o u n t i n g on t he p r o j e c t , o f c o u r s e , i s to 

r e d u c e i t s p r e s e n t v a l u e . I n c o n t r a s t t o t he $195 p r e s e n t 

v a l u e we go t a t a z e r o r a t e o f d i s c o u n t , we have o n l y a 

$74 p r e s e n t v a l u e a t a 4% r a t e o f d i s c o u n t . 

F o r c a s h f l o w p a t t e r n s o f t h e s o r t we have been 

l o o k i n g a t , s u c c e s s i v e l y r a i s i n g t he s e l e c t e d d i s c o u n t 

r a t e w i l l so s h r i n k t he c o n t r i b u t i o n o f t he l a t e r , 

p o s i t i v e i n f l o w s t h a t t he o v e r a l l p r o j e c t p r e s e n t v a l u e wou ld 

e v e n t u a l l y be r e d u c e d to z e r o and t h e n become n e g a t i v e . A t 

an 8% a n n u a l r a t e o f d i s c o u n t a l t e r n a t i v e A has a p r e s e n t 

v a l u e o f - $ 3 2 ; and h i g h e r i n t e r e s t r a t e s wou ld r e s u l t o n l y 

i n l a r g e r n e g a t i v e v a l u e s . 
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E f f e c t o f d i s c o u n t i n g a t 8% 
E f f e c t o f d i s c o u n t i n g a t 16% 
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We can summar ize a l l o f t h i s i n f o r m a t i o n on one 

g raph by p l o t t i n g p r e s e n t v a l u e on t he v e r t i c a l a x i s a g a i n s t 
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e s t i m a t e d d i r e c t l y f r om the g r a p h , and has a s p e c i a l m e a n i n g . 

The r a t e a t w h i c h t he p r e s e n t v a l u e o f ne t c a s h f l o w s i s 

z e r o i s t he s o - c a l l e d " i n t e r n a l r a t e o f r e t u r n " ( IRR) o f a 

p r o j e c t o r i n v e s t m e n t . The i n t e r n a l r a t e o f r e t u r n i s o f t e n 

used as an i n d e x p r o f i t a b i l i t y and t h e r e a r e v a r i o u s s u g g e s t e d 

i n v e s t m e n t c r i t e r i a t h a t b u i l d t h e i r d e c i s i o n r u l e s a round 

t h e i n t e r n a l r a t e o f r e t u r n c o n c e p t . P r e s e n t - v a l u e r u l e s , 

h o w e v e r , a r e more g e n e r a l l y a p p l i c a b l e . We w i l l u s e p r e s e n t 

v a l u e a s t he b a s i c c r i t e r i a i n ou r p r o c e d u r e . The i n t e r n a l 

r a t e o f r e t u r n w i l l s e r v e as an a d d i t i o n a l p i e c e o f i n f o r m a t i o n , 

f a l l i n g ou t o f t he c a l c u l a t i o n s . 

Compar ing p r o j e c t s u s i n g a r ange o f i n t e r e s t r a t e s . 

Now l e t ' s r e t u r n t o ou r e a r l i e r example and 

p l o t t h e " p r e s e n t - v a l u e c u r v e " f o r e a c h o f t he two 

a l t e r n a t i v e s on t he same g r a p h . T h i s we do i n F i g u r e 2 . 2 

( a g a i n , i n t h i s example t he c u r v e s were a r r i v e d a t by 

compu t i ng P V ' s f o r even p e r c e n t a g e r a t e s and c o n n e c t i n g 

t he r e s u l t a n t p o i n t s by s t r a i g h t l i n e s ) . 
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ove r B . T h i s c r o s s i n g of p r e s e n t - v a l u e c u r v e s i s no t 

uncommon and i n s u c h c a s e s t he c h o i c e o f t he most " a p p r o p r i a t e " 

i n t e r e s t r a t e f o r d i s c o u n t i n g p u r p o s e s may become q u i t e 

c r i t i c a l i n h e l p i n g to j u d g e w h i c h p r o j e c t i s s u p e r i o r . 

I f 6% per y e a r i s c h o s e n as t he d i s c o u n t r a t e t h e n 

a l t e r n a t i v e A i s s t i l l a t t r a c t i v e (has a p o s i t i v e PV) 

bu t a l t e r n a t i v e B i s no l o n g e r a c c e p t a b l e under t he 

c o n v e n t i o n a l d e c i s i o n r u l e b e c a u s e i t s p r e s e n t v a l u e i s 

n e g a t i v e ( s l i g h t l y ) . A t an i n t e r e s t r a t e o f 8%, n e i t h e r 

p r o j e c t has a p o s i t i v e p r e s e n t v a l u e , and n e i t h e r p r o j e c t 

wou ld be a c c e p t a b l e as measured by p r e s e n t v a l u e c r i t e r i a . 

We recommend the range 8% t o 11% a s t h e s i g n i f i c a n t 

r e g i o n f o r p r e s e n t v a l u e c o m p a r i s o n s . Tha t c o u l d mean, 

i n some c a s e s , a p p l i c a t i o n o f t he d e c i s i o n " r u l e s " wou ld 

be amb iguous . We r e e m p h a s i z e our e a r l i e r p o i n t t h a t p r e s e n t -

v a l u e c o m p u t a t i o n s p r o v i d e some, bu t n e v e r a l l , o f t he 

i n f o r m a t i o n n e c e s s a r y t o sound d e c i s i o n m a k i n g . So even 

i f t he p r e s e n t v a l u e comes ou t n e g a t i v e o v e r most i f no t 

a l l o f t he 8 % - t o - l l % r a n g e , i t wou ld no t be c o n c l u s i v e 

t h a t t he d e c i s i o n must be to r e j e c t t he p r o j e c t . The re 

a r e a l w a y s i n t a n g i b l e s a s s o c i a t e d w i t h any ma jo r d e c i s i o n . 

I n t he c a s e o f a l t e r n a t i v e A we m i g h t i m a g i n e i t r e p r e s e n t s 

a new l i n e of a c t i v i t y w i t h some s i g n i f i c a n t l o n g e r te rm 

p r o m i s e w h i c h we have no way o f i n c o r p o r a t i n g i n t o t he 

c a s h f l o w d a t a . Or p e r h a p s i t r e p r e s e n t s a p o s s i b l e avenue 

f o r s t a f f deve lopment t h a t we b e l i e v e to be i m p o r t a n t bu t 
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c a n ' t a s s i g n s p e c i f i c d o l l a r v a l u e s t o t o d a y . So we m igh t 

s t i l l choose to go ahead w i t h a l t e r n a t i v e A . And our p r e s e n t 

v a l u e c a l c u l a t i o n s may s t i l l be u s e f u l a s measures o f t he 

" o p p o r t u n i t y c o s t " t h a t t h e i n t a n g i b l e s i n t he p r o j e c t must 

be j u d g e d to o u t w e i g h . 

I n a n o t h e r s i t u a t i o n we may w e i g h two a l t e r n a t i v e s 

t h a t b o t h happen to have p o s i t i v e p r e s e n t v a l u e s and d e c i d e 

to go w i t h t he l o w e r PV a l t e r n a t i v e . We may r e a s o n , f o r 

e x a m p l e , t h a t i t r e p r e s e n t s p u r c h a s e f r om a d i f f e r e n t equ ipment 

m a n u f a c t u r e r we b e l i e v e we s h o u l d e n c o u r a g e i n t he i n t e r e s t s 

o f i m p r o v i n g c o m p e t i t i o n i n t he s u p p l i e r s ' m a r k e t . And a g a i n , 

we c a n r e a d f r om ou r g r a p h s what t h i s c h o i c e i s c o s t i n g us 

by o b s e r v i n g t he d i f f e r e n c e between t he two p r e s e n t v a l u e s 

i n t he r e l e v a n t range o f i n t e r e s t r a t e s . 

F i n a l l y we may n o t e t h a t a l t e r n a t i v e A has an 

i n t e r n a l r a t e o f r e t u r n o f j u s t under 7% w h i c h i s m o d e s t l y 

g r e a t e r t han t he IRR w e ' v e c a l c u l a t e d f o r B (about 5 - 1 / 2 % ) . 

P e r h a p s t h a t i n f o r m a t i o n may g i v e us some a d d i t i o n a l f e e l f o r 

w h a t ' s i n v o l v e d i n our c h o i c e , o r r e j e c t i o n , o f one o r t he 

o t h e r a l t e r n a t i v e . 

The Case i n Wh ich B e n e f i t s ( R e c e i p t s ) Cannot be Measured 

I n t he s t a n d a r d c a s e c o n s i d e r e d i n s e c t i o n A b o t h 

t he e x p e n d i t u r e ( c o s t ) s t r eam and t he r evenue ( b e n e f i t s ) s t r e a m 

were known. F o r p u b l i c i n s t i t u t i o n s , i n c l u d i n g t he F e d e r a l R e s e r v e , 

i t i s d i f f i c u l t o r even i m p o s s i b l e to a c c u r a t e l y measure i n mone ta r y 
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t e rms t he s o c i a l v a l u e o f many o f t he a c t i v i t i e s u n d e r t a k e n . Some 

p u b l i c a g e n c i e s do a t t e m p t to a s s i g n b e n e f i t v a l u e s to t h e i r 

p r o j e c t s . T h i s may i n v o l v e v e r y s u b j e c t i v e and a r b i t r a r y d e c i s i o n s 

on v a l u e s a f f e c t i n g t he s o c i a l w o r t h o f s a y a b r i d g e , a sewer s y s t e m , 

a r e c r e a t i o n a l s i t e and so o n . G e n e r a l l y , we recommend t h a t an 

a t t emp t be made to e s t i m a t e b e n e f i t s , so t h a t d e c i s i o n - m a k i n g p r o 

c e d u r e s a p p l i c a b l e to t he s t a n d a r d c a s e may be u s e d . I f , h o w e v e r , i t 

i s no t p o s s i b l e t o make a s u f f i c i e n t l y a c c u r a t e e s t i m a t e o f b e n e f i t s , 

c a s h f l o w a n a l y s i s p r o c e d u r e s a r e s t i l l a v a i l a b l e w h i c h can p r o v i d e 

u s e f u l i n f o r m a t i o n f o r d e c i s i o n m a k i n g . We w i l l d i s c u s s two 

s i t u a t i o n s of t h i s k i n d . 

1 . Choose f rom Two o r More A l t e r n a t i v e s by M i n i m i z i n g P r e s e n t  
V a l u e o f t he C o s t S t ream ( B e n e f i t s Assumed to be t he Same  
F o r E a c h ) . 

T y p i c a l o f t h i s k i n d o f p r o b l e m i s t he s i t u a t i o n i n 

w h i c h we have been i n s t r u c t e d (say by C o n g r e s s o r t he Boa rd o f 

G o v e r n o r s ) to engage i n an a c t i v i t y . The p r o b l e m i s to s e l e c t 

t he most e f f i c i e n t ( e . g . , l e a s t c o s t ) means to a c c o m p l i s h t he 

o b j e c t i v e s o f the a c t i v i t y . A n o t h e r common s i t u a t i o n a r i s e s 

when management has d e t e r m i n e d , based on a n a l y s i s a t a b r o a d e r 

l e v e l , t h a t an o b j e c t i v e i s a p p r o p r i a t e ; t h a t even though we 

c a n ' t measure the b e n e f i t s t r e a m , i t i s s u r e l y l a r g e enough 

i n t h e i r judgment t h a t the n e t c a s h f l o w s t r e a m does have a 

p o s i t i v e p r e s e n t v a l u e a t r e l e v a n t d i s c o u n t r a t e s . 

More g e n e r a l l y , we i n c l u d e h e r e any s i t u a t i o n i n 

w h i c h i t can be assumed t h a t t he a l t e r n a t i v e s a l l have b e n e f i t 
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s t r e a m s w i t h t he same p r e s e n t v a l u e . The t ime p a t t e r n s o f t he 

b e n e f i t s t r e a m s need no t be i d e n t i c a l so l o n g as t he p r e s e n t 

v a l u e s a r e t he same. A common example o f t h i s t y p e i s t he l e a s e -

buy d e c i s i o n . A d e c i s i o n may have been made to a c q u i r e , s a y , 

s p e c i f i c computer e q u i p m e n t . The q u e s t i o n i s whe the r to buy 

o r t o l e a s e , and i f l e a s e , w h i c h o f s e v e r a l l e a s e o p t i o n s t o 

e l e c t . A r u l e a p p l i c a b l e to t h e s e c a s e s i s : 

R u l e I I I . F o r p r o j e c t s assumed to have f u t u r e 
b e n e f i t s t r e a m s w i t h t he same p r e s e n t v a l u e , 
a c c e p t t he a l t e r n a t i v e f o r w h i c h t he p r e s e n t 
v a l u e o f t he c o s t s t r e a m i s a min imum, p r o v i d e d 
t h a t t he p r e s e n t v a l u e o f b e n e f i t s i s j u d g e d 
t o be a t l e a s t as g r e a t as t he p r e s e n t v a l u e 
o f c o s t s . 

To i l l u s t r a t e t h i s s i t u a t i o n we w i l l c o n s i d e r an 

example where t he p r o b l e m i s to d e t e r m i n e on what b a s i s to 

a c q u i r e t e r m i n a l equ ipment f o r a c c e s s t o a c o m m e r c i a l computer 

t i m e s h a r i n g s e r v i c e , to be u s e d m a i n l y by t he R e s e a r c h 

D e p a r t m e n t . A l l o f t he b a s i c p r i n c i p a l s , p r o b l e m s , and 

p r o c e d u r e s r e g a r d i n g t ime s c a l e , c o n s t r u c t i n g c a s h f l o w s , 

and so on c a r r y o v e r h e r e . 

The o b j e c t i v e o f t he a c q u i s i t i o n i s to f a c i l i t a t e 

economic r e s e a r c h i n v o l v i n g t he use o f l a r g e e c o n o m e t r i c 

m o d e l s . We assume h e r e t h a t o b j e c t i v e has a l r e a d y been 

j u d g e d by management to be w o r t h p u r s u i n g , and t h a t v a r i o u s 

a l t e r n a t i v e a p p r o a c h e s t o p r o v i d i n g l a r g e r and f a s t e r computer 

f a c i l i t i e s , i n c l u d i n g (a) a c q u i s i t i o n o f a l a r g e r Bank 

compu te r , (b) u s i n g v a r i o u s compu te rs s e r v i c e b u r e a u s on 

a w a l k - i n b a s i s , and (c ) u s i n g t he Boa rd o f G o v e r n o r ' s 
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computer by t r a n s m i t t i n g j o b s and r e c e i v i n g t he o u t p u t by 

m a i l have been c o n s i d e r e d . On t he b a s i s o f an i n i t i a l 

r e v i e w , w h i c h need no t have i n c l u d e d any p r e s e n t v a l u e 

p r o c e d u r e s , t he d e c i s i o n has been made t h a t c o m m e r c i a l 

t i m e s h a r i n g s e r v i c e s o f f e r e d t he most e f f i c i e n t and f l e x i b l e 

a p p r o a c h . Computer t e r m i n a l equ ipment must now be i n s t a l l e d , 

and t he q u e s t i o n i s , on what b a s i s ? 

The i n q u i r y i s based on a t w o - y e a r p r o j e c t 

h o r i z o n and t h r e e a l t e r n a t i v e s open to us t h r o u g h ag reements 

w i t h v e n d o r s . 

( i ) P u r c h a s e t he t e r m i n a l , pay c a s h i n t he 

f u l l amount a t t ime t = 0 . 

( i i ) P u r c h a s e t he t e r m i n a l , pay f o r i t i n t w e n t y -

f o u r e q u a l m o n t h l y i n s t a l l m e n t s , 

( i i i ) L e a s e f o r t w e l v e m o n t h s , renew t h e l e a s e 

f o r t he s e c o n d y e a r . 

F o r t he two p u r c h a s e s o p t i o n s i t i s n e c e s s a r y t o e s t i m a t e 

t he " s c r a p " v a l u e o f t he t e r m i n a l equ ipment a t t he end o f 

t he t w o - y e a r h o r i z o n . T h i s i s e s s e n t i a l l y t he p r i c e we 

e x p e c t t he equ ipment can be s o l d f o r on t he used m a r k e t , 

l e s s a l l t r a n s a c t i o n c o s t s a t t ime t = 2 4 . T h i s s c r a p 

v a l u e t h e n a p p e a r s as an i n f l o w and as s u c h has a p o s i t i v e (+) 

s i g n a t t a c h e d to i t . T a b l e 2 .1 g i v e s t he m o n t h l y c a s h 

f l o w s f o r each a l t e r n a t i v e . N o t i c e t h a t t h e r e a r e t w e n t y -

f o u r m o n t h l y i n t e r v a l s so we have t w e n t y - f i v e t i m e p o i n t s 

( t = 0 , 1 , . . . , 2 4 ) . A l l l e a s e o r p u r c h a s e payments a r e 

assumed t o be made a t t he b e g i n n i n g o f t he mon th . T h u s , 



c a s h f l o w f o r t he l e a s e o p t i o n i s z e r o a t t he end o f the 

t w e n t y - f o u r t h month ( t = 24) bu t e q u a l to t he s c r a p v a l u e 

($3340) f o r b o t h p u r c h a s e p l a n s . 

M u l t i p l e d i s c o u n t r a t e a n a l y s i s i s now a p p l i e d 

t o t h e s e a l t e r n a t i v e s . T a b l e 2 .2 g i v e s t he r e s u l t i n g 

p r e s e n t v a l u e s f o r s e l e c t e d d i s c o u n t r a t e s , t h e r e s u l t s 

a r e g raphed on F i g u r e 2 . 3 . The " n a i v e d e c i s i o n r u l e " t h a t 

f a i l s to a c c o u n t f o r t he t i m e v a l u e o f money ( i . e . , z e r o 

d i s c o u n t r a t e ) shows t he p u r c h a s e - w i t h - o n e - p a y m e n t o p t i o n 

to be s u p e r i o r ( c o s t o f $ 1 3 , 3 6 0 ) , w i t h p u r c h a s e - u s i n g -

m o n t h l y - p a y m e n t s a s second c h o i c e ( c o s t o f $ 1 5 , 3 0 4 ) , and 

t he l e a s e o p t i o n as t h e l e a s t d e s i r a b l e c h o i c e ( c o s t o f 

$ 1 8 , 0 0 0 ) . Over t he 8%-to-12% r a n g e o f d i s c o u n t r a t e s , 

t he same r a n k i n g h o l d s bu t t he d i f f e r e n c e i n p r e s e n t 

v a l u e o f c o s t i s n a r r o w i n g . F o r d i s c o u n t r a t e s g r e a t e r 

t h a n abou t 14%, t he o p t i o n to p u r c h a s e on t i m e payments 

becomes more d e s i r a b l e t han t he o n e - p a y p u r c h a s e ( t h a t 

r a n k i n g h o l d s ou t to a t l e a s t a 25% d i s c o u n t r a t e a l t h o u g h 

t he l e a s e o p t i o n c l o s e s r a p i d l y on t he o n e - p a y p u r c h a s e 

o p t i o n ) . 

So we d e c i d e to buy t he mach ine and pay c a s h , 

r i g h t ? Not n e c e s s a r i l y . The t h r e e c a s h f l o w s were 

c o n s t r u c t e d by c o n s i d e r i n g o n l y a c t u a l known c a s h payments 

and an e s t i m a t e o f t h e s c r a p v a l u e o f t he t e r m i n a l i f i t 

were p u r c h a s e d . No o t h e r a s p e c t s o f t he p r o b l e m were 

e x p l i c i t l y i n c o r p o r a t e d i n t o t he c a s h f l o w s and t he 
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p r e s e n t - v a l u e a n a l y s i s can p r o v i d e no i n f o r m a t i o n on 

t h e s e e x c l u d e d f a c t o r s . The re c o u l d be i m p o r t a n t 

a d d i t i o n a l c o n s i d e r a t i o n s . One i s t he d e s i r a b i l i t y o f 

m a i n t a i n i n g a f l e x i b l e p o s i t i o n ; t o keep open t he o p t i o n 

o f d i s p o s i n g o f t he t e r m i n a l a t l o w c o s t i n t he e v e n t our 

e a r l y e x p e r i e n c e w i t h t he f a c i l i t y f a i l s to meet ou r 

advance e x p e c t a t i o n s , o r ou r needs c h a n g e . 

We mean to emphas i ze by t h i s d i s c u s s i o n t h a t 

p r e s e n t - v a l u e d a t a r e p r e s e n t s m e r e l y a t o o l i n d e c i s i o n 

m a k i n g , no t an a l l - c o n c l u s i v e k e y . So i t i s q u i t e 

p o s s i b l e i n t he f a c e o f t he p r e s e n t - v a l u e d a t a g e n e r a t e d 

by ou r example to a r r i v e a t t he judgment t h a t t he b e n e f i t s 

of g r e a t e r f l e x i b i l i t y o f f e r e d by t he l e a s e o p t i o n w i l l 

be s u f f i c i e n t t o o f f s e t the c o s t d i f f e r e n t i a l measured 

by t he f a c t o r s p r e s e n t i n t he p r e s e n t - v a l u e a n a l y s i s . 

S t i l l we can ge t u s e f u l q u a n t i t a t i v e i n f o r m a t i o n f r om 

the p r e s e n t - v a l u e t a b l e . A t an 8% d i s c o u n t r a t e t he l e a s e 

o p t i o n c o s t s $16 ,737 w h i l e t he l e a s t e x p e n s i v e o p t i o n , 

p u r c h a s e f o r c a s h , c o s t s o n l y $ 1 3 , 8 3 6 . The d i f f e r e n c e 

i n c o s t — $2901 — r e p r e s e n t s a minimum v a l u e w h i c h 

a l l f a c t o r s no t e x p l i c i t l y r e p r e s e n t e d i n t he c a s h 

f l o w s t r e a m s ough t t o exceed i n o r d e r to s u p p o r t o u r 

c h o i c e o f t h e l e a s e o p t i o n . 

2 . A c c e p t o r R e j e c t an Inves tmen t O p p o r t u n i t y f o r Wh ich B e n e f i t s  
A r e Not Known. 

We w i l l i l l u s t r a t e t h i s k i n d of d e c i s i o n p r o b l e m by 

m o d i f y i n g t he computer t e r m i n a l example used a b o v e . Suppose 
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t h i s t ime we have j u s t one a l t e r n a t i v e , t he one pay p u r c h a s e 

o p t i o n , and the c h o i c e i s to a c c e p t o r r e j e c t a c q u i s i t i o n o f 

a t e r m i n a l . The b e n e f i t s a v a i l a b l e f r om u s e o f t he t e r m i n a l 

canno t a c c u r a t e l y enough be e s t i m a t e d to a p p l y t he s t a n d a r d 

d e c i s i o n r u l e s . A r u l e a p p l i c a b l e t o t h i s s i t u a t i o n i s : 

R u l e I V : I f t h e p r e s e n t v a l u e o f t he f u t u r e 
b e n e f i t s t r e a m i s j u d g e d t o be a t l e a s t a s 
g r e a t as t he p r e s e n t v a l u e o f t he c o s t s t r e a m 
t h e n a c c e p t t he p r o j e c t ; r e j e c t t he p r o j e c t 
o t h e r w i s e . 

A g a i n , t he same c a s h f l o w s t r e a m i s c o n s t r u c t e d . 

The same m u l t i d i s c o u n t r a t e p r e s e n t - v a l u e c o m p u t a t i o n s a r e 

p e r f o r m e d . The p r e s e n t v a l u e of c o s t s a t 8% i s $ 1 3 , 8 3 6 . 

A l t h o u g h we d o n ' t know the p r e s e n t v a l u e o f b e n e f i t s we 

may be a b l e t o s a y t h a t , w h a t e v e r t h e v a l u e , i t i s a t l e a s t 

$ 1 3 , 8 3 6 . I f we can do t h a t t h e R u l e IV s a y s go a h e a d , a c c e p t 

t he p r o j e c t . Not a l l d e c i s i o n s i n v o l v i n g unmeasu rab le b e n e f i t s 

can be r e s o l v a b l e by f r a m i n g the q u e s t i o n i n t h i s manner . But 

i t p r o v i d e s an a d d i t i o n a l p i e c e o f i n f o r m a t i o n w h i c h may be o f 

some v a l u e . 

The re a r e o t h e r ways to m a n i p u l a t e c a s h f l o w d a t a 

t h a t may p r o v i d e i n f o r m a t i o n u s e f u l i n a g i v e n p r o b l e m . The 

a n a l y s t w i l l need to e x e r c i s e i n g e n u i t y i n any p r a c t i c a l e a s e . 

One c o m p u t a t i o n t h a t may be h e l p f u l i s t o compute an e q u i v a l e n t 

e q u a l - p a y m e n t m o n t h l y b e n e f i t s t r e a m w h i c h c o r r e s p o n d s to t h e 

known expense f l o w s . F o r t he p r e s e n t e x a m p l e , t h i s m o n t h l y 

a n n u i t y amount f o r t w e n t y - f o u r months i f $626 . I f management 

can d e t e r m i n e t h a t t he v a l u e o f t he b e n e f i t s i s a t l e a s t e q u a l 

t o $626 p e r month o v e r t he p r o j e c t l i f e , t h e n , a g a i n , t h e 

d e c i s i o n t o a c c e p t t he p r o j e c t can be made even though t he e x a c t 

v a l u e o f b e n e f i t s a r e no t known. 
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P a r t I I I A Case S tudy 

In A p r i l 1971 F e d e r a l R e s e r v e Banks were i n s t r u c t e d by t he Board 

o f G o v e r n o r s to p r o v i d e wrapped c o i n to a l l member b a n k s . In the p a s t t h i s 

s e r v i c e has been o f f e r e d o n l y to c o u n t r y b a n k s . The vo lume o f wrapped c o i n 

i s e x p e c t e d to i n c r e a s e f rom abou t 5 m i l l i o n r o l l s p e r y e a r a t p r e s e n t to 

abou t 18 m i l l i o n r o l l s p e r y e a r when the s e r v i c e i s f u l l y e s t a b l i s h e d i n 

1 9 7 3 . L a t e r t h i s y e a r an e x t e n s i v e s t u d y w i l l be c o n d u c t e d to choose f rom 

among a number o f a l t e r n a t i v e sys tems o f c o i n w r a p p i n g equ ipment and to 

d e c i d e on the p u r c h a s e o r l e a s e q u e s t i o n . The i l l u s t r a t i o n p r e s e n t e d h e r e 

i s based on t h i s c o i n w r a p p i n g q u e s t i o n . L e s s a l t e r n a t i v e s a r e c o n s i d e r e d 

h e r e t h a n w i l l be t r e a t e d i n the subsequen t s t u d y and a number o f m i n o r bu t 

bo thersome c o n s i d e r a t i o n s w h i c h must be d e a l t w i t h l a t e r a r e i g n o r e d i n 

t h i s i l l u s t r a t i o n . N e v e r t h e l e s s , the g e n e r a l a p p r o a c h d e v e l o p e d h e r e i s 

a r e a l i s t i c one i n r e s p o n s e to a r e a l i s t i c p r o b l e m . The subsequen t s t u d y 

w i l l p r o b a b l y be based on a s i m i l a r f ramework , augmented to t r e a t the 

a l t e r n a t i v e s i g n o r e d h e r e . 

D e s c r i p t i o n o f the P r o b l e m 

A l t h o u g h s e v e r a l equ ipment m a n u f a c t u r e r s have s u b m i t t e d p r o p o s a l s 

to p r o v i d e c o i n w r a p p i n g e q u i p m e n t , t h i s i l l u s t r a t i o n w i l l c o n s i d e r o n l y 

one b rand o f e q u i p m e n t . A c h o i c e must be made between l e a s i n g o r p u r c h a s i n g 

t he mach ine s y s t e m . A l s o c o n s i d e r e d h e r e w i l l be the q u e s t i o n o f how l o n g 

to keep the e q u i p m e n t . G e n e r a l l y the l o n g e r an i n v e s t m e n t c a n be k e p t 

e a r n i n g r evenue the more f a v o r a b l e w i l l be the n e t c a s h f l o w s t r e a m i t 

g e n e r a t e s . U s u a l l y o f f s e t t i n g t h i s f a v o r a b l e t e n d e n c y i s the somet imes 

s u b s t a n t i a l i n c r e a s e i n m a i n t e n a n c e c o s t a s s o c i a t e d w i t h o l d e q u i p m e n t , a 

d e c r e a s e i n p r o d u c t i v i t y due to more f r e q u e n t equ ipment f a i l u r e s , and f i n a l l y 

o b s o l e s c e n c e w h i c h r e s u l t s f rom t e c h n o l o g i c a l improvements a v a i l a b l e i n new 
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equ ipment m o d e l s . A t ho rough a n a l y s i s o f o p t i m a l equ ipment r e p l a c e m e n t c y c l e s 

i s v e r y d i f f i c u l t and w o n ' t be a t t e m p t e d h e r e . Some i n f o r m a t i o n on t he q u e s t i o n 

w i l l be p r o v i d e d s i m p l y by r u n n i n g the c a s h f l o w a n a l y s i s f o r b o t h a t h r e e -

y e a r l i f e and a f i v e - y e a r l i f e . 

T ime U n i t s and H o r i z o n Q u a r t e r l y d a t a w i l l be used f o r t h i s i l l u s t r a t i o n . 

M o n t h l y d a t a a r e a v a i l a b l e and wou ld add t o the p r e c i s i o n o f the i n f o r m a t i o n 

to be g e n e r a t e d . The r e s u l t s o f t h i s e x e r c i s e w i l l show t h a t q u a r t e r l y 

d a t a a r e p r o b a b l y p r e c i s e e n o u g h . 

E x p e n d i t u r e s F l o w s The f o l l o w i n g c a s h o u t f l o w s must be c o n s i d e r e d : 

( i ) L a b o r c o s t . S i x o p e r a t o r s w i l l be a s s i g n e d f u l l t ime to t he c o i n 

w r a p p i n g f a c i l i t y a l o n g w i t h o n e - h a l f o f one s u p e r v i s o r ' s t i m e . T o t a l 

c o s t f o r s a l a r i e s and b e n e f i t s a r e e s t i m a t e d to be $50 ,500 i n t he 

f i r s t y e a r o f o p e r a t i o n and a r e p r o j e c t e d to i n c r e a s e by 5% per y e a r 

i n each o f the f o l l o w i n g y e a r s . 

Two t ime h o r i z o n s w i l l be e x a m i n e d . 

( i ) Th ree y e a r s ( t = 0 , 1 , 2 , . . . , 1 2 ) 

( i i ) F i v e y e a r s ( t = 0 , 1 , 2 20) 

Y e a r L a b o r C o s t 

1 
2 
3 
4 
5 

$50 ,500 
5 3 , 0 2 5 
5 5 , 6 7 6 
5 8 , 4 6 0 
61 ,383 

Labor c o s t s a r e assumed to be p a i d a t the end o f each q u a r t e r . 

( i i ) Equipment M a i n t e n a n c e C o n t r a c t . I f t he mach ine s y s t e m s a r e p u r 

c h a s e d , an equ ipment m a i n t e n a n c e c o n t r a c t w i l l be s i g n e d w i t h 

t he v e n d o r . The c o s t f o r l a b o r i s $1 ,560 pe r q u a r t e r w i t h no c h a r g e 
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f o r the f i r s t q u a r t e r . P a r t s a r e s u p p l i e d a t no c o s t t o the 

Bank d u r i n g t he f i r s t y e a r . I n subsequen t y e a r s p a r t s c o s t s a r e 

e s t i m a t e d to b e : 

Y e a r P a r t s C o s t 

1 
2 
3 
4 
5 

2,000 
2,400 
3,200 
4,800 

0 

Equipment m a i n t e n a n c e c o s t s a r e assumed to be p a i d a t the end o f e a c h 

q u a r t e r . 

( i i i ) B u i l d i n g M a i n t e n a n c e . The p o l i c y o f the Bank r e g a r d i n g b u i l d i n g 

c o s t s f o r wrapped c o i n s e r v i c e i s to r e c o v e r b u i l d i n g m a i n t e n a n c e 

c o s t s bu t no t the o r i g i n a l b u i l d i n g i n v e s t m e n t . A r a t e o f $5.60 

p e r s q u a r e f o o t p e r y e a r i s c h a r g e d f o r t h i s p u r p o s e i n the p r e s e n t 

b u i l d i n g and t h i s f i g u r e w i l l be used h e r e . M a i n t e n a n c e c o s t s f o r 

the new b u i l d i n g a r e no t y e t d e t e r m i n e d . The c o i n w r a p p i n g 

o p e r a t i o n w i l l r e q u i r e 2,100 s q u a r e f e e t . The c o s t i s $2,940 pe r 

q u a r t e r and has been h e l d c o n s t a n t o v e r t he f i v e - y e a r h o r i z o n . 

B u i l d i n g m a i n t e n a n c e c o s t s a r e assumed to be p a i d a t the end o f e a c h 

q u a r t e r . 

( i v ) S u p p l i e s . S u p p l i e s i n c l u d e m o s t l y paper and b a g s . H i s t o r i c a l 

r e c o r d s i n d i c a t e s u p p l i e s c o s t t o be abou t $0.12 p e r 100 r o l l s 

o f wrapped c o i n (12c p e r 100 w r a p s ) . T h i s c o s t has been v e r y 

s t a b l e — even d e c l i n i n g a b i t o v e r r e c e n t p a s t y e a r s — and 

i s no t p r o j e c t e d t o i n c r e a s e d u r i n g the coming f i v e y e a r s . 

Volume o f wraps f o r t h i s example i s p r o j e c t e d to be 14,000,000 

i n the f i r s t y e a r o f o p e r a t i o n , and i s e x p e c t e d t o i n c r e a s e by 

5% pe r y e a r i n e a c h o f the f o u r subsequen t y e a r s . 
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Y e a r Volume S u p p l i e s C o s t 

1 1 4 , 0 0 0 , 0 0 0 $16 ,800 
2 1 4 , 7 0 0 , 0 0 0 1 7 , 6 4 0 
3 1 5 , 4 3 4 , 0 0 0 18 ,524 
4 1 6 , 2 0 7 , 0 0 0 19 ,448 
5 1 7 , 0 1 7 , 0 0 0 2 0 , 4 2 0 

S u p p l i e s c o s t s a r e assumed to be p a i d a t t he end o f e a c h q u a r t e r . 

(v) P u r c h a s e P r i c e . Twe lve c o i n w r a p p i n g sys tems a r e r e q u i r e d a t a 

t o t a l p u r c h a s e p r i c e o f $ 9 7 , 4 4 3 . I n a d d i t i o n t h r e e s c a l e s a r e 

r e q u i r e d a t a c o s t o f $ 9 , 0 0 0 . The e n t i r e p u r c h a s e amount i s p a y a b l e 

a t t = 0 . 

( v i ) L e a s e C o n t r a c t . The q u a r t e r l y l e a s e c o s t i s $10 ,866 and i s f i x e d by 

c o n t r a c t f o r t h e f i r s t t h r e e y e a r s . I t has been assumed the l e a s e 

p r i c e wou ld be t he same i n b o t h t h e f o u r t h and f i f t h y e a r s a l s o . The 

l e a s e c o n t r a c t i n c l u d e s equ ipment m a i n t e n a n c e — b o t h p a r t s and l a b o r . 

S c a l e s , a t $ 9 , 0 0 0 , must s t i l l be bought i f the l e a s e o p t i o n i s 

e l e c t e d . L e a s e payments a r e assumed to be due a t the b e g i n n i n g 

o f e a c h q u a r t e r . 

Revenue F l o w s The M i n n e a p o l i s F e d e r a l R e s e r v e Bank has e s t a b l i s h e d a p r i c e o f 

$ .85 pe r hundred wraps to be c h a r g e d member b a n k s . W i t h t he e x p e c t e d v o l u m e , 

a n n u a l r e v e n u e w i l l b e : 

Y e a r Revenue 

1 $119 ,000 
2 1 2 4 , 9 5 0 
3 1 3 1 , 1 8 9 
4 1 3 7 , 7 6 0 
5 144 ,645 

Revenue i s assumed to be r e c e i v e d a t the end o f e a c h q u a r t e r . 

A d d i t i o n a l i n f l o w s a r e g e n e r a t e d by s c r a p v a l u e o f equ ipment a t t he 

end of t he t i m e h o r i z o n . S c r a p v a l u e s a r e assumed to b e : 
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Wrapp ing T o t a l S c r a p 
Equ ipment S c a l e s V a l u e 

T h r e e - Y e a r H o r i z o n $ 1 , 0 0 0 $ 3 , 0 0 0 $ 4 , 0 0 0 

F i v e - Y e a r H o r i z o n 0 $3 ,000 $ 3 , 0 0 0 

Net Cash F l o w s U s i n g t h i s i n f o r m a t i o n , and c o n v e r t i n g to q u a r t e r l y t ime u n i t s , 

t he b a s i c c a s h f l o w d a t a a r e d e v e l o p e d a s shown i n t a b l e 1 . Net c a s h f l o w 

d a t a f o r each o f t he a l t e r n a t i v e s a r e c o n s t r u c t e d i n t a b l e s 2 t h r o u g h 5 . 

The f o u r a l t e r n a t i v e s c o n s i d e r e d a r e : 

A l t e r n a t i v e A : P u r c h a s e t h e c o i n w r a p p i n g equ ipment w i t h a 
t h r e e - y e a r h o r i z o n . 

A l t e r n a t i v e B : L e a s e t h e c o i n w r a p p i n g equ ipment w i t h a 
t h r e e - y e a r h o r i z o n . 

A l t e r n a t i v e C : P u r c h a s e t h e c o i n w r a p p i n g equ ipment w i t h a 
f i v e - y e a r h o r i z o n . 

A l t e r n a t i v e D: L e a s e t he c o i n w r a p p i n g equ ipment w i t h a 
f i v e - y e a r h o r i z o n . 
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I n t e r p r e t a t i o n o f Cash F l o w Da ta P r e s e n t v a l u e s f o r each a l t e r n a t i v e a r e 

g i v e n i n t a b l e 6 . C o n s i d e r f i r s t t h e t h r e e - y e a r h o r i z o n . P r e s e n t v a l u e 

c u r v e s f o r b o t h a l t e r n a t i v e s a r e shown i n c h a r t 1 . A t a z e r o d i s c o u n t r a t e 

( i n e f f e c t i g n o r i n g t he t ime d i s t r i b u t i o n o f c a s h f l o w s ) i t a p p e a r s c l e a r l y 

b e t t e r to p u r c h a s e . The p r e s e n t v a l u e o f c a s h f l o w s i s +$3,713 compared w i t h 

- $ 8 , 6 7 6 f o r t he l e a s e o p t i o n . As t he c h o i c e o f d i s c o u n t r a t e i n c r e a s e s 

p r e f e r e n c e f o r t he p u r c h a s e o p t i o n d e c r e a s e s u n t i l t h e r a t e r e a c h e s j u s t 

under 10% where t he p r e s e n t - v a l u e c r i t e r i o n s h i f t s i n f a v o r o f t h e l e a s e 

o p t i o n . A t any d i s c o u n t r a t e g r e a t e r t h a n abou t 2% b o t h o p t i o n s p roduce 

n e g a t i v e p r e s e n t v a l u e s . 

A n o t h e r way i n w h i c h c a s h f l o w a n a l y s i s can be used i n t h i s 

i n s t a n c e i s to d e t e r m i n e the p r i c e we s h o u l d c h a r g e f o r wrapped c o i n i n 

o r d e r t h a t t he p r e s e n t v a l u e o f c a s h f l o w s a t ou r s e l e c t e d d i s c o u n t r a t e 

i s j u s t e q u a l to z e r o . T h i s i s a more g e n e r a l way t o d e f i n e a b r e a k - e v e n 

p o i n t t h a n s i m p l y a s s u m i n g a z e r o d i s c o u n t r a t e . The p r o b l e m f ramed i n 

t h i s way becomes : choose the a l t e r n a t i v e w h i c h m i n i m i z e s t he p r i c e p e r 100 

wraps t h a t we must c h a r g e i n o r d e r to y i e l d a z e r o p r e s e n t v a l u e o f 

c a s h f l o w d i s c o u n t e d a t , s a y , 8%. U s i n g t he d a t a i n c h a r t 1 and an 8% 

d i s c o u n t r a t e , the p u r c h a s e o p t i o n i s s u p e r i o r bu t t he p r e s e n t v a l u e i s 

l e s s t h a n z e r o . I f the c a s h f l o w c o m p u t a t i o n s were r e p e a t e d u s i n g a h i g h e r 

p r i c e pe r 100 w r a p s , b o t h o f the p r e s e n t - v a l u e c u r v e s wou ld be r a i s e d on 

t he c h a r t b u t , g i v e n t he p a r t i c u l a r d a t a i n t h i s e x a m p l e , t h e y wou ld c l o s e l y 

m a i n t a i n t h e i r r e l a t i v e p o s i t i o n s . I t i s no t d i f f i c u l t i n p r i n c i p l e to 

d e t e r m i n e t he p r i c e n e c e s s a r y to p r o d u c e t h e d e s i r e d z e r o p r e s e n t v a l u e . 

I f t he s e l e c t e d d i s c o u n t r a t e were g r e a t e r t h a n abou t 10% t h e 

same methods c o u l d be employed w i t h t he r e s u l t t h a t t he l e a s e o p t i o n w o u l d 

p e r m i t t he l o w e s t p r i c e n e c e s s a r y to a c h i e v e a z e r o p r e s e n t v a l u e . 
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P r e s e n t v a l u e s f o r the f i v e - y e a r h o r i z o n c a s e a r e shown on c h a r t 

2 . Here the p u r c h a s e o p t i o n c l e a r l y d o m i n a t e s l e a s i n g f o r a l l d i s c o u n t r a t e s 

and i n f a c t y i e l d s v e r y h i g h p o s i t i v e p r e s e n t v a l u e s o v e r a w i d e r a n g e o f 

r a t e s . The p r e s e n t v a l u e r e a c h e s z e r o a t a r a t e o f abou t 25%. I f we a c c e p t 

t h e s e d a t a a s r e a l i s t i c , c a s h f l o w a n a l y s i s shows the i m p o r t a n c e o f e x t e n d i n g 

t he r e v e n u e - p r o d u c i n g l i f e o f an a s s e t i f i t c a n be done a t r e a s o n a b l e i n c r e a s e s 

i n m a i n t e n a n c e c o s t , and a t s m a l l enough s a c r i f i c e s i n p r o d u c t i v i t y so a s no t 

to s u b s t a n t i a l l y i n c r e a s e l a b o r c o s t s . Da ta on assumed p r o d u c t i v i t y (not shown) 

p r o v i d e d f o r t h i s i l l u s t r a t i o n i m p l i e d i t wou ld no t be n e c e s s a r y to r e l y on 

o v e r t i m e o r an a d d i t i o n a l work s h i f t even though p r o d u c t i v i t y o f t he m a c h i n e s 

i s assumed to be d e c l i n i n g w h i l e vo lume i s i n c r e a s i n g . T h i s i s o b v i o u s l y a 

c r i t i c a l a s p e c t o f the s t u d y and i n an a c t u a l a p p l i c a t i o n wou ld w a r r a n t 

c a r e f u l c o n s i d e r a t i o n . F o r t u n a t e l y w i t h the r e a d y a v a i l a b i l i t y o f compu te rs 

to a i d i n a n a l y z i n g p r o b l e m s o f t h i s k i n d i t i s f e a s i b l e i n many c a s e s to 

examine a l a r g e number o f p o s s i b l e outcomes f o r each b a s i c a l t e r n a t i v e . I t 

wou ld be p o s s i b l e i n t h i s example to i n v e s t i g a t e the i m p a c t no t o n l y o f p r i c e , 

and mach ine r e p l a c e m e n t c y c l e , bu t a l s o the e f f e c t o f d i f f e r i n g vo lume demands , 

d i f f e r e n t p r o d u c t i v i t y a s s u m p t i o n s , b u y i n g l e s s equ ipment and r u n n i n g two 

s h i f t s , and so o n . 

I f t h i s were a l l t he i n f o r m a t i o n we c o u l d i n c o r p o r a t e i n t o the 

c a s h f l o w d a t a — hence a l l we c o u l d e x p e c t a n a l y s i s o f t he d a t a to t e l l 

us — where would we be? I f a f t e r e x a m i n i n g a d d i t i o n a l f a c t o r s we f e l t 

i t most a p p r o p r i a t e to p l a n on a t h r e e - y e a r equ ipment r e p l a c e m e n t c y c l e , 

and i f we chose a d i s c o u n t r a t e o f 8% t h e n p r e s e n t - v a l u e a n a l y s i s wou ld t e l l 

us to p u r c h a s e t h e e q u i p m e n t . We m igh t a l s o r e e x a m i n e the $ . 8 5 p e r 100 

wraps p r i c e . T h a t p r i c e has the Bank abou t b r e a k i n g even a t d i s c o u n t r a t e s 

n e a r z e r o p e r c e n t bu t p roduces a f a i r l y l a r g e d e f i c i t ( - $ 9 , 4 3 0 ) i n p r e s e n t 

v a l u e a t an 8% d i s c o u n t r a t e . 
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I f we d e c i d e d t o go w i t h the f i v e - y e a r h o r i z o n we wou ld c l e a r l y 

pu rchase equ ipment r e g a r d l e s s o f the c h o i c e o f d i s c o u n t r a t e (up to 

some h i g h number l i k e abou t 30 o r 40% a n y w a y ) . Here a g a i n we may choose 

to a d j u s t the p r i c e o f wrapped c o i n , l o w e r i n g i t i n t h i s c a s e t o e l i m i n a t e 

t he h i g h p o s i t i v e p r e s e n t v a l u e s . R e c a l l t h a t the d i s c o u n t r a t e a t w h i c h 

the p r e s e n t v a l u e c u r v e c r o s s e s t he a x i s ( the r a t e a t w h i c h the p r e s e n t 

v a l u e e q u a l s z e r o ) i s c a l l e d the i n t e r n a l r a t e o f r e t u r n and i s a measure 

o f p r o f i t a b i l i t y used by many a n a l y s t s to a s s e s s p r o j e c t s . A l t e r n a t i v e C 

has an i n t e r n a l r a t e o f r e t u r n o f abou t 25% and e x p o s e s the Bank to 

p o s s i b l e c r i t i c i s m f o r o v e r p r i c i n g . 

A l t e r n a t i v e l y we may w i s h to e x p l o r e f u r t h e r t he q u e s t i o n o f what 

i s t he b e s t equ ipment r e p l a c e m e n t c y c l e . The o p t i m a l c y c l e depends on t he 

equ ipment c h o s e n and on whether i t i s l e a s e d o r b o u g h t . T h e r e f o r e t h e 

a n a l y s i s wou ld have to be r e p e a t e d f o r each o f t h e a l t e r n a t i v e s under 

c o n s i d e r a t i o n . The f ramework f o r s t u d y w o u l d , i n the f i r s t i n s t a n c e 

anyway, have to e x t e n d the t i m e h o r i z o n o f f i n t o the f a r d i s t a n t f u t u r e , 

f o r e v e r i n f a c t . Summing an i n f i n i t e number o f c a s h f l o w s w i l l i n most 

p r a c t i c a l p rob lems s t i l l y i e l d a f i n i t e p r e s e n t v a l u e b e c a u s e f o r p o i n t s 

i n t ime f a r i n t o t he f u t u r e t he d i s c o u n t f a c t o r s — l / ( l + r ) t — a r e so 

s m a l l t h a t t he c o r r e s p o n d i n g d i s c o u n t e d c a s h f l o w s i n t u r n become so s m a l l 

a s to have a l m o s t no e f f e c t on the p r e s e n t v a l u e o f t he c a s h f l o w s t r e a m . 

E x t e n d i n g the t ime h o r i z o n to i n f i n i t y o b v i o u s l y c r e a t e s d i f f i c u l t p r o b l e m s 

i n e s t i m a t i n g c o s t s , vo lume and o t h e r s t u f f n e c e s s a r y to p e r f o r m the a n a l y s i s . 

I n p r a c t i c e i t i s p o s s i b l e , h o p e f u l l y , t o examine some s h o r t e r p e r i o d o f 

t ime and s t i l l g e t a c c e p t a b l y a c c u r a t e i n f o r m a t i o n . We c o u l d , f o r e x a m p l e , 

t r y an 1 8 - y e a r t ime h o r i z o n f o r t he t h r e e - y e a r c y c l e . And f o r a f i v e - y e a r 



c y c l e we may f i n d i t a d e q u a t e to use a 20 -year h o r i z o n c o v e r i n g f o u r c y c l e s 

Then i t may be a c c u r a t e enough to compare t h e s e r e s u l t s to j udge w h i c h 

mach ine r e p l a c e m e n t c y c l e o f f e r s t he b e t t e r a l t e r n a t i v e . H o p e f u l l y , o t h e r 

c y c l e s c o u l d a l s o be examined so t h a t the i n f o r m a t i o n o b t a i n e d wou ld a l s o 

be c o m p a r a b l e . 
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PART IV Case A p p l i c a t i o n s 

P a r t I o f t h i s r e p o r t d i s c u s s e d t he t h e o r e t i c a l r a t i o n a l e f o r use o f 

c a s h f l o w a n a l y s i s p r o c e d u r e s i n i n v e s t m e n t d e c i s i o n m a k i n g . P a r t s I I and I I I 

i l l u s t r a t e d the b a s i c p r o c e d u r e s by a p p l y i n g them to s i m p l i f i e d p r o b l e m s . 

The p u r p o s e o f P a r t IV i s t o p r e s e n t more d e t a i l e d c a s e a p p l i c a t i o n s o f 

d e c i s i o n p rob lems f a c e d by the Bank . A m a i n g o a l w i l l be to e s t a b l i s h to 

what e x t e n t t he k i n d s o f d e c i s i o n s c o n f r o n t i n g the Bank c a n i n f a c t be 

s u b j e c t e d to c a s h f l o w a n a l y s i s . I t i s one t h i n g t o o u t l i n e d e s i r a b l e d e c i s i o n 

mak ing t e c h n i q u e s . I t i s a n o t h e r m a t t e r to shape the p a r t i c u l a r p rob lems 

o f a g i v e n i n s t i t u t i o n i n t o the fo rm r e q u i r e d by the d e c i s i o n t e c h n i q u e and 

s t i l l a f u r t h e r p r o b l e m to c o l l e c t a c c u r a t e d a t a r e q u i r e d f o r a p p l i c a t i o n 

o f the m e t h o d s . I t i s c l e a r a t t he o u t s e t t h a t few Bank d e c i s i o n p r o b l e m s 

w i l l e a s i l y y i e l d a c c u r a t e d a t a on b e n e f i t s . I t i s e q u a l l y c l e a r t h a t a 

c e r t a i n amount o f c o s t d a t a can be d e t e r m i n e d f o r many d e c i s i o n p r o b l e m s . 

On ly by e x p e r i e n c e w i l l we l e a r n the e x t e n t to w h i c h c a s h f l o w a n a l y s i s can 

p r o v i d e u s e f u l i n f o r m a t i o n f o r our d e c i s i o n p r o b l e m s . E x p e r i e n c e and sound 

m a n a g e r i a l judgment w i l l be r e q u i r e d to d e t e r m i n e i n e a c h c a s e how much o f 

t he t o t a l i n f o r m a t i o n r e l e v a n t to the p r o b l e m c a n a c c u r a t e l y be c a p t u r e d 

i n t he c a s h f l o w d a t a , and how much i s o u t s i d e the a b i l i t y o f m e c h a n i c a l 

t e c h n i q u e s to c o r r e c t l y a s s e s s . 

P a r t IV w i l l e v o l v e i n t o a l o o s e - l e a f no tebook i n t o w h i c h new 

and u n i q u e o r o t h e r w i s e n o t e w o r t h y a p p l i c a t i o n s can be a d d e d . T h i s f i r s t 

a t t e m p t to c o m p i l e a p p l i c a t i o n s i s a b e g i n n i n g . 

Case I Bank A u t o m o b i l e s ; L e a s e o r Buy 

Based on e x p e r i e n c e and s t u d i e s o v e r p a s t y e a r s Bank management 

has made v a r i o u s d e c i s i o n s r e l a t i n g to a u t o m o b i l e t r a n s p o r t a t i o n f o r s t a f f 

w h i l e i n t he conduc t o f Bank b u s i n e s s . I t has been d e c i d e d , f o r e x a m p l e , 
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t h a t emp loyees s h a l l be encou raged t o use Bank-owned c a r s when t r a v e l i n g o n 

b u s i n e s s . S t u d i e s have shown i t i s p r e f e r a b l e to t r a d e c a r s i n when they 

a r e two y e a r s o l d or a c c u m u l a t e 3 0 , 0 0 0 m i l e s . 

good d e a l o f t r a v e l i n v o l v e s l o n g d i s t a n c e h ighway d r i v i n g , f u l l - s i z e c a r s 

a r e p r e f e r r e d , w i t h f e a t u r e s and a c c e s s o r i e s c h o s e n t o p romote s a f e t y and 

c o m f o r t . I t i s no t the i n t e n t h e r e t o r e e x a m i n e t hese d e c i s i o n s . The 

pu rpose r a t h e r i s to i l l u s t r a t e a d e c i s i o n a s to the b e s t ( l e a s t c o s t i n 

p r e s e n t v a l u e ) means to a c q u i r e the a u t o m o b i l e s — whe the r t o p u r c h a s e 

o u t r i g h t o r to l e a s e . Recen t p a s t d a t a w i l l be u s e d to a v o i d t he p r o b l e m 

o f p r e d i c t i n g f u t u r e a u t o p r i c e s and t r a d e - i n v a l u e s . 

expenses f r om w h i c h c a s h f l o w d a t a can be c o n s t r u c t e d . The p r o b l e m w i l l 

be f ramed i n te rms of l e a s e o r buy one c a r . 

Time U n i t s and H o r i z o n : M o n t h l y d a t a w i l l be u s e d . The t i m e h o r i z o n i s 

24 months ( t = 0 , 1 , . . . , 2 4 ) . 

The Bank m a i n t a i n s 11 c a r s f o r g e n e r a l use by s t a f f . S i n c e a 

F o r t u n a t e l y t he Bank has k e p t e x t e n s i v e r e c o r d s on a u t o m o b i l e 

E x p e n d i t u r e F l o w s : Based on 1 ,250 m i l e s p e r month (30 ,000 m i l e s o v e r a 

24-month p e r i o d ) . 

1 . O p e r a t i n g C o s t s and M a i n t e n a n c e 

O p e r a t i n g C o s t s 
In -House M a i n t e n a n c e 

$ 7 3 . 0 0 p e r month 
6 8 . 0 0 pe r month 

$ 1 4 1 . 0 0 pe r month 

2 . P u r c h a s e P r i c e and S c r a p V a l u e 

P u r c h a s e P r i c e a t t = 0 
S c r a p V a l u e a t t = 24 

$ 3 , 5 1 0 
1 ,977 

3 . Lease P r i c e i s $117 pe r month on a 24-month b a s i s a t abou t 3 0 , 0 0 0 
m i l e s . The Bank must s t i l l i n s u r e and m a i n t a i n the c a r . 
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U s i n g t h i s i n f o r m a t i o n the a l t e r n a t i v e c a s h o u t f l o w s c a n be c o n s t r u c t e d . 

Assume o p e r a t i n g c o s t s and m a i n t e n a n c e expenses a r e p a i d a t the end o f the 

mon th . L e a s e payments a r e made a t the b e g i n n i n g o f t he mon th . P r e s e n t 

v a l u e o f c o s t s a r e g i v e n i n t a b l e 2 f o r s e l e c t e d d i s c o u n t r a t e s , and a r e 

p l o t t e d i n f i g u r e 1. 

P r e s e n t v a l u e o f c o s t s f o r the buy a l t e r n a t i v e i s o n l y s l i g h t l y 

a f f e c t e d by changes i n the d i s c o u n t r a t e o v e r t he r a n g e c o n s i d e r e d . T h i s 

i s because the g r e a t b u l k ( ove r 70%) o f the t o t a l expense i s i n c u r r e d a t 

t = 0 w h i c h i s u n a f f e c t e d by d i s c o u n t i n g . L e a s e o p t i o n p r e s e n t v a l u e s f o l l o w 

a more t y p i c a l p a t t e r n w i t h d e c l i n i n g p r e s e n t v a l u e o f c o s t s a s the d i s c o u n t 

r a t e i s i n c r e a s e d . A t 8% i t i s c l e a r l y s u p e r i o r to b u y ; the p r e s e n t v a l u e s 

a r e $4 ,941 f o r p u r c h a s e and $5 ,616 f o r l e a s e . I t i s n ' t u n t i l t he d i s c o u n t 

r a t e e x c e e d s 23% t h a t t he l e a s e o p t i o n becomes more d e s i r a b l e a c c o r d i n g to 

t he p r e s e n t v a l u e o f c o s t s c r i t e r i o n . 

A C o m p u t a t i o n a l S h o r t c u t 

The d e c i s i o n i n t h i s p a r t i c u l a r p rob lem c e n t e r s on the d i f f e r e n c e 

between t he p r e s e n t v a l u e o f c a s h o u t f l o w s between two m u t u a l l y e x c l u s i v e 

a l t e r n a t i v e s ( j u s t a n o t h e r way o f s a y i n g s e l e c t the a l t e r n a t i v e w i t h the 

l o w e s t p r e s e n t v a l u e o f c o s t ) . I n t h i s c a s e i t i s a c c e p t a b l e to n e t ou t 

c o s t f a c t o r s t h a t a r e common to b o t h a l t e r n a t i v e s . When o r i g i n a l l y f r a m i n g 

t he p r o b l e m i t c o u l d have c o r r e c t l y been a r g u e d t h a t s i n c e the o p e r a t i n g 

c o s t s and m a i n t e n a n c e expenses a r e e x a c t l y the same i n e i t h e r a l t e r n a t i v e 

t hey can be i g n o r e d . The r e s u l t i n g c a s h f l o w s wou ld have been a s shown i n 

t a b l e 3 . 

The p r e s e n t v a l u e s f o r t h e s e c a s h f l o w s (not shown) wou ld e a c h have 

been l e s s n e g a t i v e t h a n those i n t a b l e 2 bu t the two p r e s e n t v a l u e l i n e s i n 

the g r a p h wou ld have m a i n t a i n e d the same r e l a t i v e p o s i t i o n s , s t i l l c r o s s i n g 
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a t j u s t o v e r a 23% d i s c o u n t r a t e . The d e c i s i o n wou ld have been the same a s 

t h a t based on c o m p l e t e e x p e n d i t u r e d a t a . 

N e t t i n g ou t common c o s t s i n t h i s manner s a v e s some work and i s 

a p p r o p r i a t e when o n l y t he d i f f e r e n c e i n the p r e s e n t v a l u e o f c o s t s t r e a m s i s 

o f i n t e r e s t . There i s l o s s o f i n f o r m a t i o n i n u s i n g c o m p u t a t i o n a l s h o r t c u t s , 

howeve r . The p r e s e n t v a l u e o f c o s t s f o r a p a r t i c u l a r a l t e r n a t i v e no l o n g e r 

measures t o t a l c o s t s . Hence i t i s no t u s e f u l a s a g u i d e i n a s k i n g t he 

q u e s t i o n : i s the p r e s e n t v a l u e o f b e n e f i t s (wh ich a r e assumed no t to be 

m e a s u r a b l e ) a t l e a s t a s g r e a t as t he measured p r e s e n t v a l u e o f c o s t s ? I n 

p rob lems p r e s e n t i n g more t h a n two a l t e r n a t i v e s te rms n e t t e d ou t must be 

p r e s e n t i n e x a c t l y t he same amount and t i m e p a t t e r n i n e a c h a l t e r n a t i v e c a s h 

f l o w . A t t e m p t s a t s h o r t c u t c a s h f l o w c o n s t r u c t i o n expose the a n a l y s i s to 

a d d i t i o n a l r i s k o f m i s t a k e n judgment i n f r a m i n g t he p r o b l e m and a l s o l i m i t 

t he p o s s i b i l i t y o f augment ing t he d e c i s i o n e x e r c i s e by e a s i l y a d d i n g new ly 

d i s c o v e r e d a l t e r n a t i v e s w h i c h may no t s h a r e t he common term p r e v i o u s l y n e t t e d 

o u t . 

The b e s t j u s t i f i c a t i o n f o r n e t t i n g ou t c a s h f l o w te rms i s i n c a s e s 

i n w h i c h i t i s no t p o s s i b l e to measure the p a r t i c u l a r c o s t s a c c u r a t e l y . Then 

t he c a s h f l o w a n a l y s i s f ramework may have t o be d e s i g n e d to p e r m i t u s e o f a 

d e c i s i o n r u l e w h i c h does no t depend o n the unknown common c o s t e l e m e n t s . 


