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ABSTRACT 

Four dynamic capital investment criter a were presented and 

discussed. Those criteria are: the discounted certai11t 

equivalent (DCE) criterion, the time-weighted utility (TMU) 

criterion, and the horizon utility (HU) criterion, ano the 

dynamic target-wealth criterion for the sequential budgeting 

process. After discussion of several points related to the 

criteria, several recommendations were made, including evaluating 

investment opportunities on the basis of wealth positions rather 

than cash flow. 
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INTRODUCTION 

he late L':i sand mo'·7>t of the l9t30's, a flood of 

qualitatively superior and economically less expensive i reign 

uc.t'? over·w~H::olmed American manufacturerc:,, seizinq market shat-E? 

and profit from them• This situation brought increased attention 

to the difficulties ~n capturing all the aspects of manufacturing 

investment proposals in the discounted cash flow approach of the 

traditional economic justification methodologies may have 

inadequately evaluated investment proposals and consequently 

slowed the growth of possible solutions such as flexible 

manufacturing systems. Thus, new methodologies are being searched 

besides continuing study on old ones. 

In capital investment evaluation, acceptance criteria, or 

measures of investment worth , plays an important role. The task 

of this project was to discuss several new investment decision 

criteria in order to find more significant evaluation methods , 

which might hopefully aid engineering managers to make good 

decisions and model their preference. Better criteria can make 

managers more efficient in allocating capital and accumulating 

more wealth for the firm. 



In 1985, F{obert A. Thompson and Gerald cL Truesen put 

forward three new dynamic investment criteria: the discounteu 

certainty equivalent (DCE) criterion, time-weighted utility (TWU) 

criterion, and horizon utility (HU) criterJ:.on[1J. Later·, ir1 a 

s.1mu1ation e=<perin1t:?1·,t, thesE' riteria together with two 

traditional criteria the expected present value (EPVJ criterion 

u Li. l.i criterior1 produced only 14% as many bankruptc1es as the 

other- criteria [2]. Thi result is attracting. In 1991, one of 

the authors, Thuesen and another scholar Ramis extended the 

earlier work in dyr1amic decision criteria and presented the 

dynamic target-wealth criterion for sequential capital investment 

decisions [3], which gave many valuable insights into investment 

decision process. 

This project analyzed several problems in the dynamic criteria 

and attempted to check the possibility of their application. 

This report will introduce those dynamic criteria at first. And 

then some analysis of several problems will follow. Several 

recommendations will appear at last. 



DYNAMIC INVESTMENT CRITERIA FOR CAPJTAL BUDGFTING DFTISIONS 

The dynami decision criteria to be considered ar~: 

The discounted certainty equivalent (DCEI criterion. 

The time-weighted utility (TWU) criterion, and 

The horizon utility (HU) criterion. 

Each of these criteria evaluates how the c in the equity of 

the firm, the reflection of its ownership, vary over time. 

Two traditional decision criteria were selected by the 

authors to provide basis for comparison. These criteria are 

The expected present value (EPV) criterion, and 

The mean-variance (MV) criterion. 

Let: 

S: equity change , a random variable, 

t: time period index, t=1, ••. H, 

H: time horizon (equal to the longest project life) 

i: minimum acceptable rate of return (MARR), 

E(St):expected equity change at time t~ 

V(St): variance of the equity change at time t, and 

~: variance penalty parameter. 

Then, EPV is defined as: 



... 
EPV = 2,. E1StJ/(l+1)·t 

1 u 

deducting from the expected v~lue oi the measure of merit a 

penalty for variability, i. e. 

H 

i'1\l = E:P\.i - ;, 2_ 
t ":. t 

MV criterion has received wide 

) / 

·familia1 risk--ad3usted cap1t<ii1 :inleslmer,t 

(However, note th2t MV discounts vari ces t factor of -2t}. 

The decision problem to be considered can be illustrated by the 

following example (showed by a decision diagram): 
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Alternative A: the firm's equi is invested in proJects 

yielding a guaranteed 10% rate of return; 

Alternative B.C: the firm invests in a set of new projects 

at period 0 and reinvest at perJod 1 in conjunction witn the 

e~isting portfolio yielding equity changes in arcordance with the 

probability showed. 



The authors a:,sumed deci·-=:.iun maker (OM) has a <ls~ a erse 

utility function, and 

U(O)=O, the utility of zero change in the firms equity 
is zero, 

U' (0~) 1, the marginal utili where the equity c 
is barely positive is one. 0 =O+ A , 

is a very small amount, 
U(Sl) > LJ(S2), Sl > S2 

U(S)<=-U(-S), s > 0 

U(Q.s)<= Qu(S), S>= 0 and a>= 1. 

In their research, the authors found that it is usually 

possible to achieve a reasonable approximation of the decision-

maker's risk preference relationship using a segmented utility 

function comprised of relatively simple mathematical forms. In 

most cases, the following forms appear adequate for the purpose: 

In the positive equity change (gain) region, S>=O 

alS+bl, al > O, al and bl are parameters, 

and 

U(S) = In (b2S+ a2) + c2, b2 > O, (b2S+a2)>0 
a2, b2 c2 ,parameters 

In the negative (loss) region, S < 0 

U(S) a3.exp( -b3S ) + c3, a3>0,b3>0,parameters 

Gains and losses tend to be viewed by how t mpact the 

1 



firm, i.e. equity gains and losses tend to be viewed 

utility of an equity ch<'i.nge jci a fun Llo;·: of the equ1\..;1 ch3;·; 

ancJ the equity pos1tion befoi~e the change: 

u· (Stiel) 
t'I 

the equity pus:cljcii-: at 

, equity change at pPri 

Fur-ther, s11ppose the firms h<"S> a r sk prefer-er; 

relationship as fed lows: 

U(O} 0 

U(S) s, S>= 0 

U(S) =-aEXP(-Bs)+c, S<O 

Set: 

S=-Q, S<-Q (firms' losses cannot exceed its equity 

u' ( -Q) 5 the point of bankruptcy) 

Parameters a, b, c are decided by above equations and 

prior period equity position. Thus, we are able to dynamically 

generate risk preference relationships based on changes to equity 

position over time and compute the expected utility of those 

changes at each time period. 



Let: 

E[U(S)]; e;;pecled utility of a set of randomly occurrir,g 

/\ s 

,\ 

U(S) 

certainty equJ.v ... ~.leni. 

or· 
4 

S - E[U\S)J E[U(S)J >= 0 

In {(c-E[U(S)])/a}/b, E[U(S)] < 0 

Given that the certainty equivalent for each future period 

has been determined, the future period certainty equivalents may 

be combined into a single index using standard discounting 

procedure. The total discounted certainty equivalent is defined 

as: 
II .\ 

ST = ~ St I ( 1 + i ) " t 

·' DCE selects the alternative with the highest ST. 

The time-weighted utiLLtz'._ (TWU) criterion 

Since the expected utility is based on equity changes that 

are the equivalent of changes in wealth (money) , it appears 

reasonable to infer that expected utility has some consistent 

time value similar to money, i. e. a time weighing of the form 

E [ U ( S ) J.or = 2: r ,., ( t - 1 ) • E [ U ( S ) J 
t 

r: a weighing parameter, O<r<1 

The TWU criterion ranks the alternative with the highest 



The DCE and TWU criteria evaluate the effects of equity 

change at e2ch future time to the horizon and combine the period 

e v a J u a t i LHl in i: o a fhe HU cr·i ter J. -4- r~. +---, 
\.. '-> '- t;;;'I 

lonoer term v1ev1 and examine the net change ln eyu1 

0 to the t.i.ine her .~ zc,n. 

fhe expected utility is calculated by considering the total 

equity change from period (J to horizon for each possible path. 

The HU criterion identifies the alternative with the highest 

expected utility as the best alternative. 



Testing 

In evaluating a decision criterion, it is important to know 

how the c r-i ter 1 on per forms over the r-ange o-f c: i rcu1n~, tan ces dn er 

which it might be employed. Clearly, accumulating actual data for 

a meaningful evaluation of a wide range o c1rcumstances would lJe 

an extremely difficult task. Consequently, a variety of 

investment situations were generated using simulc<tion techniques. 

A fair representation of the capital investment environments 

in which firm typically operate can be simulated if a variety 

of risk levels and abandonment options (WHich reflects the firm' 

s ,management style) in combination is considered. Three risk 

levels (high,mid, and low variabilities) and three abandonment 

options (no abandonment, partial abandonment, and full 

abandonment) interact to form nine risk-abandonment combinations. 

For each combination, ten cases were generated. A case is a 

sequence of investment situations spanning 13 times periods. At 

each time period from two to six projects were presented for 

possible investment. The number of projects and the 

characteristics of each project were tochastically generated. 

Actual realizations generated from these characterizations are 

presented. These realizations are used to determine actual 

outcomes resulting from investment selections. 

I' 



Performance Measures 

1 Profitability measures: 

How an perf 

the study period was firs judged the t?qui ty at the E'rcU D 1 

Expected equity at the end of the study period. 

Expected utility of eqL;ity change over- the study 

period. 

This measure assumes that the decision maker id risk averse 

and has a risk attitude that is consistent with the dynamic 

utility decision criteria developed by the authors' research. 

2 Safety measure 

The frequency of bankruptcies was chosen to gauge the 

relative safety. 

3. Variability measures 

The sample standard deviations of equity and utility in 1 

were used as risk surrogates. 

4. Safety measures 

Orderly sustained growth is generally viewed as being 

indicative of good management. Following four measures were used 

to reflect stability of growth: 

. Variation in equity growth rate-- the average mean square 

deviation from the expected period equity. 



fractiunal lo::>s, 

• Aver- age amount o-f equ it QCL in d bCJ\/e thE' 

period fractional gain above the target 

.Aver«ge ::tabili.ty '"''' 

t0 oruv de an over2 
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Table 4. Summary of Comparative Test Results 

Decision Criterion 
Performance Measure EPV MY DCE TWU HU 
l£xpected Equity {in 1.000 1.4259 1.2327 1.0928 1.2668 1.0289 

eaui tv uni ts) 

C'.-0mment: EPV is nreferred to HU and DCE with 90% statistical confidence. 

EYnected Uti 1 itv 0.3479 0.2486 0.0422 0.7232 0.3657 

!Comment: TWU is preferred to DCE and MY with 95% statistical confidence and to 

EPV and HU with 90% statistical confidence. 

Freauencv of Bankruotcv 0.2333 0.2111 0.2667 0. 0111 0.0778 

!Comment: At the 95% level of statistical confidence, TWU is preferred to all 
other decision criteria: and HU is preferred to DCE EPV and MY. 

Sample Standard Deviation 1. 7176 1.4033 1.2882 1.0857 1.0212 
of Eoui tv 

r.nmment: HU. TWU. and DCE are Preferred to EPV with 95% statistical confidence. 

!Sample Standard Deviation 2.4720 2.1612 2.0276 1. 4791 1.6262 
of Utilitv 

!Comment: At the 95% level of statistical confidence, TWU and HU are preferred 
to EPV. MY and DCE· and DCE is nreferred to EPV. 

jExpected Standard Deviation 0.5990 0.7255 0.5470 0.4329 0.5683 
of Period F.nui tv Growth 

Comment: No statisticallv sillllificant difference exist. 

l£xpected Period Fractional -0.094 -0.088 -0.085 -0.019 -0.057 
Eoui tv Loss 

Conunent: At the 95% level of statistical confidence. TWU is pref erred to all 
other criteria: and HU is Pref erred to EPV MY and DCE. 

iEx:pected Period Fractional 0.192 0.170 0.151 0.063 0.126 
Equity Gain above the 
Tara:et 

Comment: At the 95% level of statistical confidence, TWU is preferred to all 
other criteria; HU is preferred to EPV and MY; arid DC£ is preferred 
to EPV. 

Averaa:e Stabilitv Rankin~ 4.67 3.61 3.28 1.00 2.44 

Comment: At the 95% level of statistical confidence, TWU is preferred to all 
other decision criteria; HU is preferred to EPV, MY, and DCE; and DCE 
and MY are nreferred to EPV. 



of tne important compari.son "'-; betv;cpr; Uiv 

criteria follows: 

anked above DCE for al] n1~0 me2 urEE; 

TWU l~'. dbOVP HU few tht::· nJ.ne 

mea!':ures; 

3 HU i ·~ above DCE for 
measures; 

4 TWU is ranked above EPV for all the measures except 
for expected equity measure; 

5 TWU is ranked above MV for all nine measures. 

Apparently, 
criteria. 

TWU criterion outperforms all the othr::ir· 

TWU selects investments that yield an accumulated wealth amount 

at the horizon comparable to the other criteria, but TWU produced 

on 1 y 4/. to 14'%. as many bankruptcies as other er i ter ia. T h[ss~ 

dramatic improvements in the reduction of downside losses 

indicates the improvements in decision making that are possible 

by utilizing a dynamic decision criterion that can appropriately 

adjust to changes in the investment environment. 



DYNAMIC TARGEf-WEALTH CRilERIO~ 

process is developed. Using utility functions, this decision 

criterion models a decision maker's prefErences for sequences of 

wealth positions generated by a set of investment opportunities 

relative to targeted wealth positions devel 

derivation of this criterion is related to cash flow analysis and 

the use of sequences of total wealth accumulations. This 

decision criterion allows the decision maker to express 

preferences for how future wealth is accumulated and not just the 

obtainment of the final level of wealth. It also allows these 

preferences to change over time, depending on the wealth level at 

the time of decision. This dynamic capability provides new 

insights in a sequential decision making process i11 which goals 

can change due to fluctuations in the financial position of the 

firm. 

A sequential tal budgeting process is a multi-stage 

decision process wherein investments are made on a regular 

periodic basis. In this characterization, a decision is one in a 

long sequence of periodic decisions. 



compares 

opportunities on the basis of streams of total wealth positions 

rather than on treams of cash flows( wealth positions for an 

investment opportunity result f1c·om a combir.aticn of ti1F-1 cash flotr-J 

f the curr-ent wealtn 

pos tion J • 

A l. a r g E t ·-w ~? <'. 1 t h u j J i t y b a s e d c i-- J t e t i on c n rn pa r e s. e c1 c h 

investment opportur~ity s sequence of wealth positions to the 

sequence of targetecl wealth positions which are determined from a 

firm"s initial wealth and a desired m~ targeted growth rate. 

This criterion selects projects not 011ly for the resulting final 

wealth position 

wealth position. 

but also for how the tirm reaches that final 

The decision problem can be represented by following decision 

diagram. 
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Al represents many possible alternatives, and in ge>r1Prc;d, if 

Al is selected, this could result in three different scenarios 

with probabilities pl, p3 respectively. Within e~ch 

alternative, wealth positions W.., will be real zed, whETe L 
r>,:f\. 

denotes a possible sequence os outcomes (paths) ·fora. pr. tJcular 

alternative and n is the time period. Aj represents a single 

alternative which describes one of many possible combinations of 

projects including the existing portfolio of investments 

resulting from previous investments. 

Because there can be hundreds of thousands of paths for each 

alternative in above decision tree, a sample scheme is used. Let 

A represents the kth path for a single alternative Aj. For a 

single path, current wealth position w~;s known, future wealth 

positions and target wea 1th position are W"-
1 

, w..,
1 ' .... and t"' 

' .... respectively. The utility function for this 

path can be represented by following form; 

) ' (wl<l. . t 
' kl. 

), ••• ,(w. ;t )] 
"" l<N jk 

For example, for- a two period situation, utility function 
can 
be assumed to be of the form: 

uJ(wl;t1),(w2;t2)] = u(wl;t1)+ku(w2;t2), k>O (parameter) 

The single period utility function for final wealth u(wn;tn) 

depends on the tar 9et t tl , and for different targets there mc<Y bE' 

different preferences, i.e.different utility functions. 



An ovf.:>rc;i)l estimates of the desirabil~1_y o-: 

is then deter-fnined by f'jnding the F··xpectc:d Lttilit'/ Ga~,ecJ t 51 £:-o 

sample o-f paths selected for that ctlternative, :tt given :'l i-«31- s, 
then 

u(?~jt< 

where p is the probabili 

) fJ 
I: 

The seJecl:iori of the dE·sirecl alte-n1ativP J.s vt.Et1'<.1ncu 

the alterc:itive h.._1ving the maximum e;;pected utility. Those 

added to the portfu1io • When the next time for a decis1rn-1 

occurs, the portfolio outcomes are realized for the past period. 

A new current wealth position results, and new targets are 

calculated. 

This decision criterion allows the OM to express preferences 

for how future wealth is accumulated and not just the obtainment 
of the final level of wealth. It allows these preference to 

change over time depending on the wealth level at the time of 

decision. 

For an example, two projects have equal final wealth but 

goes through different paths: 



0 I./ T:~ 



T-f decL'clrn<s an? to !JP made sequentja} Jy ovt:c'r timr::? and/er 

the futurE' 1;-1e,:1Jtn pus Lions ar·e probabilistic, then:> are two 

-- ' the wealth at each point in t.iine the 

less likely the firni is to end up bankrupt when unpredictable 

·futur~e losses CF cur. Then:? fore, ther·e js gr·eater man:iin of 

safety with pr-oJect A compared to proJect B because possible 

undesirable consequences can be absorbed without threatening the 

firm"s financial ability to survive. Second, the rc:<te of cash 

inflow early in the time frame from period 0 to N is greater for 

A than 8. This early return of cash provides more flexibility 

regarding possible future investment options since a shortage of 

cash flow could preclude the acceptance of other outstanding 

investment opportunities occurring early during the time horizon. 

A fundamental issue for this decision criterion is the 

determination of wealth positions at each time period. The 

authors recommended to use the following formula: 
...... 

Wn Wn l +Xn-Dn+(g)~Xm(l+g)"(n-m-1) n=l, . . . N 

Wn: the wealth position at time perio~ n, 

Xm: cash flow at time period m 

On the depr·eciation at time per·iod 11, 

g: aver~age reinvestment rate 



DISCUSSION 

In analy?ing the dynamic criteria, several points seem to 

deserve further discussion. 

1 Jn oerivation of DCE, TWU and HU criteria, the authors 

claimed that " it is usually possible to achieve a reasm1.:1ble 

approximation of the decision-maker's risk preferE:.'nCE' 

relationship using a segmented utility comprised of relatively 

simple mathematical forms. 11 They suggested to use a linear 

function and a logarithmic function for positive equity change 

region. Yet later, they used only linear one. Since the following 

calculation covered large range of equity change, this linear 

approximation could produce great error while true utility 

functions are not risk neutral. This problem might become more 

serious in HU criterion calculation which covers a longer period 

and so a larger range of equity change. Besides, the combination 

of linear and logarithmic function cannot represent the 

preference relationship of risk-seeking. 

2 For Hdynamic 11
, uti 1 i ty function at each period was 

determined by the equi_ty position at prior period. It seems to be 

better to use total wealth to substitute equi change.Jn this 

v~ay, "dynamic 0 requirement is also met .(Utility as a function of 

wealth will be discussed later). 

3 In application of TWU criterion: 



~ E [ U ( S t) J -Y " ( t - i) 
't 

Considering detenninistic situation, thE? abuve fonnulat.ton 

is equivalent to 

I U(S) =l{u(St) 
t 

If U(st) at different time period arE· ind ;:.k?l1c1ent the above:> 

relationship might hold. Yet, in derivation of the criterion, iT 

is clear that U(St) depends on prior period equity pas t1on o Q 

Q depends on S , S affects the value of U(S ). So U(S ) anc! 

U(S ) might not be independent.Then, additive utility model 

cannot hold[5]. This problem needs more examination. 

4 One of the fundamentals in application of TWU is the 

decision of the weighing parameter r. Unfortunately, the authors 
did not tell how to decide it at all, neither in original paper 

nor in later one( in [2],the authors mentioned that 

"Determination of appropriate values for the time-weighing 

parameter is discussed later). If this parameter cannot be 

decided, the attracting testing result would meaningless. 



RECOMMENDATION 

1 In capitdl investment evaluation. 1t se2ms lo ~e b2tt r o 

compare opportun ties on the basi 

posi tiuns r.:.~th+>r than streams uf cash f) G'-'' ( l;JE,a 

an investment opportunity result from a combination of cash flow 

streams of the opµortunity and the firm" 

position). 

It is the dynamics of the change in total wealth that 

determines bankruptcy or economic prosperity. It is critical that 

the firms understand this dynamics. 

People might have different preference relationship or 

utility function when they have different amount of wealth. 

2 While evaluating investment opportunities, it is 

necessary to consider not only the final wealth position but 

also how the future wealth is accumulated. Many investment 

opportunities involve risk in it.Sometimes, trading-off the 

advantage of having increased investment flexibility or safety 

with the final wealth position expected from projects needs be 

made. 

3 TWU was shown much better performance than other 

criteria in the simulation experiment conducted by the authors. 

Although there seem to be some problems with TWU, it deserves 

'furthet- study. 
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