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Abstract
An accounting rate of return and a defined true rate of
return were assessed for a simulated firm compased of
Independent long-lived investment projects. The param-
zters of each individual investment project were deter-
mined by a Monte Carlo simulation technique. Differing
degrees of environmental variability and uncertainty
were represented by the simulation technliques used.
Accountirg rate of return, defined consistent with con-
cemporary accoun..ng practice, and a true rate of return,
defined In economic terms, were contrasted. The effl-
cacy of accounting rate of return as 3 surrogate for
true rate of return was found to be a function of the
degree of variablilty and uncertainty represented Ir the

env!ronment.
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The relationship between accounting rate of
return (ARR) and true yleld of a firm has been
the subject of considerable reseaich!. ARR has
generally been defined conzistent with account-
ing practice. True yield in such studies has
been an economic concept. Previous researchers
have contrasted accounting and economic measures
in an almost endless variety of situations--and
the accounting measures haven't always falred
very well.

This paper starts with the conclusion that
accounting measures of return are imprecise sur-
rogates for the reisted economic concepts with
which they are apparently to correspond. Such a
conclusic.., while disturbing to some, need not
detract from the usefuiness of accounting mea-
sures. |t may be that perlod to period changes
in accounting measures of return correspond
closely witn interperiod changes in true yield.
The relationship between changes in ARR and
changes in true yield is the subject of this
Eaper.

Let us state the approach taken by means of
an analogy. With a crude thermometer, we would
not expect to accurately measure temperature, or
even to record minor changes in temperature; but
we would expcct to be capable of lidentifying
major changes in temperature. The precision of
such a thermometer could be assessed by deter-
mining how violent temperature changes mu.t be
before they are capable of being recorded by the
In thls pajer, accounting

measuring instrument.

and eccnomic measures of return for a simulated

firm, operating In a varlable and uncertain envi-
ronmeni, are defined and measured. Accounting
measures can then be assessed In terms of the
magnitude of actual underlylng changes that are
necessary to have a corresponding Impact on the
accounts.

In the next section of this paper, the
model used to represent an enterprise, and thne
accountlr, and true yield measures are described.
Partlicular emphasis is given to the means by
which Inter-year changes in the ecoromic fortunes
of the enterprise are induced. In the results
section, the correlation between changes in the
measured true yleld and the measured ARR, as a
functlon of inter-year varlability, is presented.
Finally, a macro-sensitivity analysis Is pre-
sented to provide some indication of the gener-
allty of the results obtained.

The Model

As In most previous research, a firm will be
envisioned as a collection of Investment pro-
jects.2 We will begin our descriptlion of the
firm by describing an example project. This will
he followed by a discussion of the generation and

aggregatlon of projects.

An Example Project

't will help In descriting projects to think
of those aspects of a project which are known by
management at the time It Is undertaken, and
those aspects which will be known at a later
date. Consider the following example. At the
time the investment project Is undertaken, it Is

known that the Investment outlay Is $142,879 in



then current doliars. The price Index stands at
2856. Managemert estimates the project wlil have
a life of Bdears, after which time the salvage
value will be ¢2,858. Straight 1ine deprecia-
tion will be used for financial reportinrg pur-
poses and sum-of-ihe-years-digits depreciatior
will be used for tax purposes. After the fact,
the fpllow!ng information is known. The pro-
ject actually lasted 1G years, at which time the
salvage value was $8,200 but the price Index
stood at 410. The Income tax rate was 50%
throughcut the project's life. The cash flow,
expressed in real doliars on a before tax basis,
generated from the investment each year and the
associated price index is shown b:low.

Reai Dcllar Before

Year Tax Cash Flow Price index
] 57549 297
2 6821 298
3 8749 298
4 6689 378
5 7842 322
(3 6652 337
7 7016 356
8 8732 377
9 6497 383
10 8223 410

Real dollars refer to dollars with the purchas-
ing power of an arbitrarily selected base year--
the price index for that base year Is 100.

Given “he ex ante and the ex post information,
Tables !, 2, and 3 can be prepared. T7atle | In-
dicates what !mpactAthls project will have on
accounting statements during its 10-year actual
life and provides the very orthodox definition
of ARR used in thls study. Table | as well as
Tables 2 & 3 area based on the following con-

ventions. Investment cutlays are made at the
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stars of a year, other recelpts and disburse-
ments occur at the end of the year. Investments
consist of depreciabie asssts only. The piice-
level Index appliies to the end of the yesrf Net
receipts are either relnvested in other projects
or distributed as dlvidends. With these con-
ventions In mind, Tabie 2 can be seen as proof
that the Internal rate of return (IRR) for the
exampie project Is 4.56%. Table 3 presents
earnings and asset vaiues based on net present
vaiues using the {PR as 2 discount rate.d It
presents measures of earnings and Investment
such that each year thelr ratlo equals the IRR.
Table 3 wlll be used below to define what wili
be called the true rate of return (TRR) for the
flrm.

True Rate of Return

From Table 1 and Table 3, the ARR and the
{RR for this project can be compared. However,
such a comparlson Is not very interesting. Rath-
er, the comparison of the ARR and TRR for the
flrm is of Interest. But If each projlect the
firm undertakes has tables such as Table 1 and
Table 3 prepared for It, the summation of appro-
prliate table entrles tvould provide the numerators
and denominators of the two ratlios of Interest.
This may be made clear by example. Assume the
example prolect were undertaken in year 136}, and
we are Interested In the 1565 ARR and TRR for the
flrm as a whole. The numerator of the ARR would
be the sum of appropriate entries from column
(10) of tables lke Table 1. The example project

would contribute $3,893 to thls sum. If each



TABLE |

Calculation of Accounting Rate of Return for Example Project:

() {2) 3) (&) (5} {6) {n (8) 9 {10) ()
Reported Accounts and Rstios
Current Asset write- Asset Accounting
Real dollar dollar o f using balance- Average Before Provision After rate of
before tax Price index before tax stralght linz end of asset rax for tax return
Years cash {iow {base = 100) cash filow .epreclation_ vear balance profir taxes profir (10} ¢ (D)
! 7549 297 22h44 17503 125376 134128 Lak2 2471 FLY R 1.84%
2 £821 298 20303 17503 107874 116625 2800 1400 100 1.20%
3 8749 ) 298 26069 17503 9037i 99122 2566 5283 L2683 4,322
] 6689 308 20579 17503 72868 81620 3077 1538 1538 i.88%
5 7842 322 25288 17503 55366 64117 7785 3893 3893 5.073%
6 6652 337 22403 17503 37863 L6614 . L4300 2450 2450 5.238%
7 7010 356 24926 17503 20360 29112 7423 3712 3712 12.75%
8 8732 377 32885 17503 2858 11609 15382 7691 7691 66.25%
9 6497 389 25270 0 2858 2858 25270 12635 12535 422,16%
10 10223 410 41895 2858 0 2858 3803¢ 19518 19513 683.07%
142379
TABLE 2
Calculation of Internal Rate of Return for Example Project
investment in Real Dollars = §142,879/2.8¢8 = 350,000
8D (2) (3) (4} {5) (6) 7) (6} (9) {(r0)
Accounts for Tax Purpose
Asse: vrite= Current Dollars
Current off using
foat dzller delltar sumenfoyoare Gn=l Aailar  Pracant
before tax Price index before tax digits depreci- Taxable Taxes After tax after tax vatue of (9)
Year cash flow (base = 100) cash flow ation method income paid cash fiow cash flow at k4,56%
1 7549 297 22hk4 3116 ~8672 -4336 2678 9noy 8614
2 6821 , 258 20303 27226 -6924 ~3482 23765 7984 7303
3 8749 298 26069 23337 2732 1366 25703 8291 7252
4 6683 308 20579 19447 1132 566 20013 6505 Sh42
5 7842 322 25288 15558 9730 4865 20423 6333 5067
6 6652 31 22h03 11668 10734 5367 17036 5058 3870
7 70%0 354 24926 7779 17147 8573 16352 4599 3365
8 8732 377 32885 3889 28996 14498 16387 4882 3417
9 &457 389 25270 ] 25270 12635 12635 3243 2174
10 10222 s 41896 2858 39033 19519 22377 5460 3495
50000
TABLE 3
Calculation of True Rate of Return for Example Project
m (2) (3) (%) (5) (6) n
End of year Average
True rate of True rate of return Investment investment rue rate of
Real dollar u ier return earnings capital recovery (5) - (%) (5), 3 return
Year tax cash flow L0456 = (6) (2) - (3) t t (3) ¢ (6)
) 9007 2231 6726 L3274 50000 4.56%
2 7984 1974 60i0 37264 43274 4,562
3 8291 1700 659! 30673 3726h 4,962
L] 6508 1399 5106 25568 30673 4.562
5 6333 ’ 1166 5167 20401 25568 4.56%
4 5058 931 4128 16273 20401 4.563
7 4599 742 3856 1217 16273 4.56%
8 4882 566 4316 8101 12417 4.56%
g 3249 3/0 2879 5222 8101 4,562
10 5460 238 _5r22 0 5222 4.56%
50000
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preject had a Table 1, all the contributions to
accounting earnings would be known. Similtarly,
the denominator of the ARR is obtained by sum~
ming appropriate entries from column (7). The
examwple project contributes $64,¥117. The numer-
ator of the TRR Is found by summing appropriate
entries from column (3) of Table 3; and the
denominator from column (6)“. The axample pro-
ject contributes $1,186 and $25,568 to the nu-
merator and the dencminator of the firm's 1965
TRR respectively. Thus, TRR as definzd in this
paper is the weighted average of the IRR's of

the projects existing when the TRR is calculated.
The welghts used are asset vaiues using the cap-
ital recovery method of depreciations.

To be more precise, let IRR, be the inter-
nal rate of return for the project commenced in
year t (this assumes 1 ard only 1 project per
year--an assumption relaxed later in this paper).

Let cash be the after tax, real dollar, cash

t,1i
flow in the | th year of the project commenced
in year t. By convention, a positive value re-
presents an inflow and a negative value {i=0)
represents an outflow then, the true rate of

return in year k is:

k k-t _ k-t-1
I IRR, ‘X - casht,;ll + IRR,]
t=1] i=0
TRRk =
k k-t }k-t—i
£ T - cash, .[1 + IRRy
t=1 i=0 ti

TRR, is totally expressable in terms of cash
flows since IRRy is the value for which

0= § cashy /11 + IRR, ]!

could be met in the real world on
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Ancothaer -~y of describing trua rate of re-
turn and justifying that rathef presumptucus
label, Is to take a brief lock at the accounting
problems of laasing companies. Twe approsches
have had vildespread use in the field, the rentzl
method and the financial method. The financlal
method, now in pany cases requlrede‘ Is supported
py analogy to econowmic concepts. In effect, TRR,
as prevlously deflned, Is caicuiated using the
financlal method to account for non-lease in-
vestments. The financial method can only be
used if all of the cash flows that will result
from an investment are known. Such a requirement
{s approximately met In the leasing siltuation,

and exactly met in a computer simulatlon. It

s ratrospective
basis (Irndicating what the financlal statements
should have been) alven adequate bookkeeping.
Thus, the arguments for the valldity of the TRR
measure usad in .hls paper a‘e as strorng as the
arguments for the financial method of accounting
for lessors. And a major problem from describing
the TRR in terms of the capital recovery method
of depreclatlion Is countered. Some would argue
that the capital recovery method of depreclation
should use the firm's cost of capita! as the dis-
count rate; and not the !RR of the project with
which the depreciabie asset Is assoclated. Such
is not the case for .he financial method of
accounting for leases. The financial method uses
the yleld rate assoclated with each lease. Thus,
the support for the financia! method can be mar-

shalled behind the TRR measure used In this stucdy,



The Collection of F-ojects

Assume for the moment the existence of the
simuiiated firm. Each vear a certain after tax
cash flow is generated (by convention, at the
end of the vear). The amount of cassh to be in-
vested (again by convention, at the start of the
next year) is a random variable between 50% and
150% of the cash flow generated. If less than
100% is reinvested, it is assumed that the rest
is distributed as dividends. If more than 100%
is reinvested, it is assumed that the sale of
commeon stock provided the necessary additional
funds. A separate and Independent (excépt that
the firm is taxed as an entity} project is under-
taken each year.

Other Model Parameters

The actual life of a project (L) is an
i teger random variable between 10 and 20 years.
The estimated life of a project is an integer
random variable between L-3 anB L+3 years. De-
preciation schedules for the duration of the
actual life are based on the estimated 1{fe.

For tax purposes, an accelerated depreciation
method (sum-ci-the-years digits) is used; for
reporting purposes, straight line depreciation
is used.

The rea! doliar actual salvage is a random
variable ranging between 0 - . 2C% of the real
doitar investment in the project. Let Sa,r s
actual salvage in real dollars. Let Sa,c =
actual salvage in current doliars--current mean-
ing dollars as of the original investment. Let

S = estimated salvage in current dollars.

e,C
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This is the salvage value used in preparing de-
preciation scheduies for both tax and reporting

purposes. S is @ random variable ranging

e,c

between .5 § and 1.5 S ¢.

a,c
The bafore tax real dcliar cash return from

the project takes one of two basic patterns,

selected randomly, each with equal probability.

One pattern is basically level over the l1fe of

the project. The other is a declining pattern,

averaging a 5% reduction per year. Let the reusl

dollar before tax cash flow in year t = R,. Then:

Reap = R.(1 - a) b
Where: gﬂ= 0 for level pattern
) (_= .05 for declining pattern

b is & random variable ranging between
.917 and 1.083.

Ry, the base used to calculate R], is a random

variable ranging between A and B times the real
dollar investment dividend by the project "ife.
A and B wre variables used to Induce different

degrzes of uncertainty and variability into the
simulation model. They are discussed later.

The Environment

The environment in which the simulated firm

operates, has the following characteristics:

a) Accounting information Is prepared on an
historical cost basls. Accountants
ignore price level chanrges. Inter-period
tax aliocations are made by accountants.

b) Inflatlion averages 3% a year. The price
index in year t+) is a random varizble
ranging between 1.00 and 1.06 times the

price index in year t.



¢) Taxes are sssessed at a rate of 50% of
taxable income. Taxablu Income Is com-

pited in the same manner as accounting

income except different depreciation

methods are used.

The Varlables Manipulate

The variables of interest were inter-year
changes in the measured rates of return and the
degree of variablility smbodied in the simulation
modal. Variability was Induced two ways. First,
a pseude random number generator was used to make
Monte Carlo draws from specified distributions..
The ranges of these distributlions have been
stated. Thelr form has not been specified.
These distributions took 18 different forms to
represent different degrees of uncertainty and
variability. Limited uncertainty and varlabillty
was represented by symetrical dlstrtbutions,
tightly clustered at the mid-point of the ranges.

Different degrees of variability were re-
presented by spreading out the distributions in
steps, through uniform distributions, to U shaped
distributions. More specifically, if a contin-
vous random variable had a range from Xi to X*,
then It was selected as

X + (X* = Xa) F
where r Is @ random variable on the Internal O
to . r was based on the beta distributlon,
caiculated to approximate

- H
re=Fr (ilo,v) E.{; f (tip,,) dt

whare:

f (tlp,y)dt = tpg‘jl'-t)U"

,g to-1 (1~¢)9-Vde
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and elther

e >lorop,o <1l
u was.an uniformly distrlibuted randor varliable
from a pseudo randcm number generator.7 Since
the cumulatlive beta FTunction cannot generally be
evaluated in terms of elementary functlons,
approximations vere necessary. Specifically, r
was lmited to 100 "squally ilikely" values for
each v, and Monte Carlo draws were taken frem
thls list. Eighteen selected values of v, rang-
ing from .05 to 70 were used to Induce different
degress of variabllity and uncertainty.

The second means by which varlab!lity and
uncertainty was Induced was by altering the range
of the distribution of base year real dollar be-
fore tax cash flow. Previcusly this range has
been referred to as A and B. At one extrem:,
this range was from 0 to 500% of annualized rea!l
dollar cost of the Investiment. The other extreme
was 225% to 275%. Elght Intermediate ranges
were used, or 10 ranges for base year real dollar
bafore tax cash flow In all. Each of the i0
ranges was used with each of the 18 precbabillity
distributions-- resulting in 180 simulation runs,
each exhiblting different degrees of varlabiilty
and uncertalnty.

“na Concepts of Varlability and Uncertalnlty

it Is importan: that the meaning of the
terms variabliity and uncertainty be cleariy

stated. VYarlabllity mereiy means thet the pa-



rameters of individual investment projects differ.
No two projects are alike. Each has a cifferent
rate o/ return. inducing wmore variatility means
that the projects tend to display cgreater dif-
ferences. Uncertairfy means that management
does not know all of the parameters of an in-
vestment project at the time of its undertaking.
Hence true rate of return cannot be caiculated
on a current basis. &nly a surregate, acccunt-
ing rate of return can be so provided.  There is
consideiabie uncertainty surrounaing individual
investment projects at the time they ars under-
taken. Manugement is represented as no' know-
ing what return would be forthcoming frem In-
dividual

investment projects. In fact, some

projects had negative IRR's. Further, the life
of a project could oniy b« estimated. Similarly,
salvage value is only an estimate. Thus a great
deal of uncertainty {s expressed at the invest-
ment project stage. Since the firm was envi-
sioned as a collectior of virtually independent
investment projects, some smoothing occurred in
aggregétion. Because profitable projects were
more likely to be undertzken than unprofitable
projects, the simulated firm was not prone to
bankruptcy. A greater degree of vollitability
could have been incorporated by allowing invest-
ment project parameters to drift over the life
of the firm or to create dependencies between
returns from existant investments and future in-
vestment decisions. Of course, elther step
might cause instatility In the model. The model,

as developed, was stable in the sense It produc-
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ad mean reverting measures of return. None-
the-less, the economic outlook for the firm, at
any poirt in time, even tho not explosively
unstable, was unknown because it was dependent
upen the particular existant and future invest-
ment projects, which from the viewpoint of man-
agement weil all uncertain ventures.

The modeled firm was simulated 180 times,
using each of ;he 18 Tforms for probability dis-
tributions and the 10 ranges described above, in
combination. Each run simulated 200 years of
firm. The ARR and the TRR were calculated for
each year of each simuiatica. The ARR and TRR
measures for cne run are shown graphically in
Figure 1.

Figure 1 is based on the most volatile

situation modeled. This resulted in wide inter-

year changes in ARR and TRR. The amount of vari-
abiiity and uncertainty is measured by the stan-
dard deviation of the TRR series--In this case
.03813. HMere inspection of Figure ! discioses
that the modeled firm's econcmic performance was
highly variable. The efficacy of ARR as a mea-
sure of return can be determined by contrasting
ARR with TRR. More exactly, Inter-yeur chanqes
in ARR were correlated with inter-year changes
in TRR8,  For the simulation run depicted in
Figure 1, the coefficient of correlation between
changes in the wmcasures of return is +.77407.
Figure 2 is based on the most minimal state
of variability and uncertainty modeled. In this

run, the moldeled firms economic perfnrmance was
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Figure 2.

Accounting Rate of Return vs. True Rate of Return
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cons iderably mare stzbis. As In the casevof
F!gﬁre i, the ARR Is gensrally greater than the
TRR, due in large parc to the effects of Infla-
tlon. However, transient conditions in the early
years (roughly years 1 through 20 slince the

max i mum project'!ifa was 0 years) were now
evident. Therefore, only the last 180 years of
the 200 years simulated in this and all other 
simulations runs were usad for results purposes;

The standard deviation of the TRR serles In
Figure 2 Is .00567, far Jess than .03713 for
Figure 1. The ccefficlient of correlation
between changes In ARR and changss in TRR [s also
far less In Figure 2 than it was [n Figure 1;
 +.11577 vs. +.77407. Thus, the evidence from
these two simuiation runs [s consistent with the
crude measuring Instrument hybothesls. The more
varjabiility and uncertainty, the better account~
Ing measures serve as surrogates for tha!r“
economic counterparts.

The evidence from all 180 runs is also con-
sistent with the crude measurling instrument
hypothesis. Table 4 summarizes all these runs.
For each run, In the body of the tebie, 5 shown
the standard dev!~tion of the TRR series and the
coefficlent of correlation between Inter-year
changes In ARR and changes In TRR (the latter
being In parentheses}. Summary measures pre-
viously discussed for the run deplicted In Figure
! are in the upper right-hand corner of the Ebdy
of Table 4. Flgure 2 data Is In the lower left-
The rest of the data In Table & {s

hand carner.

Intermediate to the values in these two corners.

Table &4 !s arranged such that the 18 entries In

eaﬁh cclumn represent runS with constant rances
of base-year real dollar bafore tax return but
different distributionsl forms for Monte Carlo
draws. The 10 entfiés.!h each row have constant
distributional forms but different ranges for
base-year returns. Thus, the two mgthbds for
inducing variablilty and uncertainty form the

rows and columns of the table. Generaily. moving

; from left <o right across the rows and from

Increase the standerd deviation of the TRR series,
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returi.

bottom to top in the columns means an increase
In variabllity and uncertalniy.

Table &4 !s’anatyzed by rows and éo!umns.
Consider, for example, the 6th row of Table 4.
The ten simulatlon runs reported in this row all
ysed the séme distributional forms for Monte
Carlo draws, buﬁ different ranges for base-ysai
The two concomitant observatlons for
esch of the 10 runs In this row are graphically
depicted {n Figure 3.

Inspection of Flgure 3 shows that not cnly

doas increasing the range of base-year return

but It also Increases the coefficlent of corre~
lation between inter-year charges In TRR and ARR.
The coefficlent of correlaticn between the con-
comltant observatlons in the 1U runs Is +.93669.

This value s shown for row 6 In the margin of

Table 4. The co[relation of concomltant obser-
vatlons for all the rows and columns are simi-
larly indlcatad [n Table 4. The concluslon being
that the runs sunmarized In each row and ¢olumn

display the intercsting relationship that the




Tabie &4

Twe Concomitant Observations for 180 Simulation Runs: Standard Deviaticn of True Rate of
Return Series and, in Parentheses, Coefficient of Correlation between Inter-year Changes

. in True Rate of Return: Original parameters,
“torrelaclen
¢ Coefficient of
bistetbution : Concomitant
raraceter - Range of Base Year Renl Goliar Before Tax Re' urn a3 a Percent of Annuc}ized invesemant Cast Obsarvations
(v 2T 553-553 175325 YS6-3E0 B35 180530 Thhds 2430 LT U -508 in Rows
.05 L0121 .01288 01587 .01672 .01340 02241 02558 . 02510 .03297 .63713 .9187¢
(.26028) (,3u335) ({.%3958) (.52747) (,50141) (,560C_)3 (.70431) ¢(.73315) (.76125) (.77407)
.10 .01205 L1273 Q1428 .016538 .+01596 .02187 02504 - 02844 03221 03615 .9i705
€.22673) (.31575) (.u1751) (.52118) {,58914) (,.G65082) (.69815) {.733433 (.7583%6) (,.77312)
.20 .01200  .01283  .01w06  .0I1G11  .01859 02139 02646 .€2775  ,03131  .03522 .91600
€.235552)  (.32566) (.42708) (,52018) (.597667 (.G5905) {(,70676) (.7&156? (., 70663} (.78169)°
: 50 .01162 .01226 01362 « 01554 .01787 02049 .02335 .02643 L0335 L E333¢ 92379
° (.2584%)  (.33978) (.u3%22) (.52285) (,59795) {,G5B31) (.70533) ({.74095) t.78673) (.78228)
&e .01121 .01185 .01319 .N1505 .01730 .01984 202259 02556 02873 .03218 92690
° €.26034) (.33972) (.43395) (.52331) (.59931) (.66053F (.76802) (.75409) {(.77031) °(.78720)
80 . 01094 ,01155 .01282 . 01460 .01675 J01917 .02181 . 02464 .02768 . 03095 93669
° (.27565) (.34239) (.42889) (.53351) (,58761) (.5%4862) (.69711) (.73462) (,76261) (.78167)
» 2 .00923 . 00964 .01052 01178 .01333 .0159¢ 01702 .01910 . 02130 . 02365 96623
;,‘ (.07642) (.12890) (.21083) (.30340) (.39357) (.47473) (.S44S5) (.60300) (.5510%) (.68984)
5 . 60740 00762 .00314 .00839 .00784 .01093 01218 . 01348 .01683 . 01628 96842
(.17897) (.22639) (.29155) (.36382) (,43525) {.5012%) (.55979) (.61045) (.65360) (,E8396)
10 . 00608 .00619 .00648 .00693 .00752 .00322 . 00601 .00987 ’ L1078 . 01173 98181
(.09700) (.12820) (.17514) (.23190) (,29292) (.35392) ({.%1211) (.46532) (.51463) (.55812)
15 .00603 .00607 » 00624 .00653 . 00693 .00742 .00799 .00862 +.90931 . 01003 .98710
(.217876) (.19198) (.22136) (,25983) (.30404) (.35097) (.32522) (.a4ul0) (.4B730) (,.52781)
2¢ .00585 . 00585 .003594 .00614 20643 .00680 .00723 .00773 L0827 . 00385 .98273
(.15778) (.17u48) (.20068) (.23429) (,.27296) {.31447) (,35695) (.39!!'.!3) (.23355) (,47801)
25 .005'5 .00587 00595 .N0612 006386 00666 00762 00743 . 00783 . 00838 .98132
(.14399) (.16287) (.18818) (.23125) (,25731) (,2856G) (.33:87) (.37381) (,.41166) (.4&725)
30 .00577 .00578 . 06586 . 0000 .00621 . 00648 .00679 . 08715 . 00755 00798 .28390
(.12879) (.14830) (,170659) (,20034) (,.23406) (.27034) (.30708) (.34565) (.38281) (,%1&78)
35 .00576 .00576 . 90582 . 00594 .00612 . 99635 .60GE3 . 00654 00750 . 00768 .97968
(.16581) (.18362) (.20706) (,23477) (,26570) (.29868) <{.3327B) (,.36E85) (.u0053) (,.s3322)
40 .00574% .00576 00582 , 00594 .C0610 (3631 00656 . 00688 L2717 00752 L9HLS3
(.17629) (.19166) (.21229) (.25725) (.26552) {,29505% (.32750) {.36025) (.3!%3'.2_) ¢.642391)
50 .00576 .03575 .0057¢ » 00586 .0059¢ 00613 .00632 00555 .006sC .007C9 .98e57
(.11331)  €.12568) (,13311) (,150217 <{.17127) (.19353) (.22226) (.25065) {.25030) (.31001)
60 .0056¢% . 0056¢ .00572 .00579 .f05¢e9 00603 00620 .00CLE . 006062 . 00687 .993%%
€.11263)  (,21832) (.12577) (.iu361) (.16174) (.18317) (.20702) (.23288) (,25896) (.2a282)} ’
70 00567 .00567 .G0571 .00577 .005286 .C059E .00513 . 00630 . 90649 - B0671 .93732
(.11577) (.11Bu4)  (.12504) (,13536) (.14906) (.16578) {(.18496) (.20625) (.22915) {.25321) )
Corraletion Confficlent 78393 89574 .94587 .96250 .96566 .36253 -95596 96706 .23585 .92162

of Concomitant Obscrva.
tions in Columns




Figure 3

Graphical Depiction of Concomitant Observations Reported in Row 6 of Table 4
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greater the degree of variabllity and uncertaln-

ty, the better accounting measures serve as sure

9

rogates for economic concepts.

A Macro-Sensitivity Analysls

The paraMeters of the model were selected
in what can only be called an arblitrary manner.
The only defense that can be made for the par-
ticular values selected Is that they were thought
tovbe reasonable. cher values would aiso be
reasonsble. As a gross test of sensitivity of
the model to parameter values, a new set of
vitlues were selected and the ccmp!ete study re~ v
run. The origlnal and new parameter values are
listed In Table §. Results, using new values,
are shown in Table 6.

it should be noted that in thls version of
the simulation, the single project per year re-
guirement is removed, adding greatly to the com~
puting time required.

Variability and uncertalnty were agaln ma~
leulated by altering the fofms of probability
dfétrlbuttons and the ranges of baseryear return.
Results using new parameters, as shown in Table
6, were simllar to those previously obtained.
Again, the greater the degree of vsr!ab!lity and
uncertainty in the ARR serles, the higher the
correlation between inter-vear changes In the two
return measurers.'0 Consistent results from this
sacond version of the simulation allows at least
a minor degree of confidence that there s some

generality to the relationships found, but of
At least the re~

course caution is warranted.

sults are not dependent upon the original param-

eter values selected. Two sets of reasonable
parameter values produced censistent results.
Discussion -

This paper has treated accouhtlng measures
of return as crude'surrogatés for an economle
concept. A method for‘assessing how crude the
surrogate Is has been developed, but more im-
portantly, the Monte Carlo simulation technique
has been brought to hear on an area of Inquiry
which has heretcfore seen almost exclusive

rellance upon certalnty models., !

Cne point that
must be stated strongly is that certaiﬁty models |
ara probably Inadequate. The degree cf envfron-
mental ?arlabillty and uncertainty has been shouh
tc be an Important Factor when éoﬁtrastlng
accounting and:economlc measures.

Finally, some potentlé}'areas for ‘Further
research can be identifled. For example;rone
might ask If adjustments for price ieﬁe! changes
in the accounts,‘as ;'qgested by the accounting
professlon‘z, would Improve or detract from the

corelation measures used in this study? Lead-

icg relationships and moving averages could be

Investigated. Economlc cyclies couid be intro-

duced Into cash flow patterns. Thus, a host of

additlonal research opportunities present them-

" gselves.
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TABLE 5

Parameters Used in Simulation Model

Parameter Qriginal Hew
Percent of available cash flow
re~invested . : : ’ -
MaxImum 1802 : 100%
Minlmum - 4 : - 50%

Yumber of Investment pro;ects

undertaken annuaily i 3
Cost of an Investment as a
proportion of current capital v : ‘
_budget - o ‘ S100% ‘ - 18.3 te 50%
Life of investment proiect S
Max Imum . o - . 20 years 15 years
" Minimum o , 10 years ' 5 years
Accquntanf‘s error in estimating -
life of invesument project } 7 ‘ '
Maximum over estimate =~ : 3 vears k years
Maximum under estimate s 3 ysars S 1 vear
Actual saivage Qa!ue'fn real
“dollars as a proport:on of
investment B ‘ :
Maximum 20% : - 30%
Minimum _ SR - 0% - 10%
? Accountant's error in estimating -
§ salvage ' §
? MaxImum over estimatlion 50% - 25%
g Haximum under estimation ' 50% 25%
E' Patterns of cash returns from
investment
Probabi ity of level returns 50% 80%
‘ Probablisty of decreasing : . , :
return 50% 20%
Average anntai reductlon with
decreasing returns 5% 7%
Random deviaticns from pattern (annual)
Max I mum 8.3% 15%
Minimum ’ 8.3% 10%
Price level changes (annual} ' +6% +10%
Maximum 0% ' S+ 2]
income tax rate - 50% ' 40%
a .
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Table 6

Two Concomitant Observations for 180 Simulation Runs: Standard Deviation of True Rate of
Return Series and, in Parentheses, Coefficient of Correlation between Inter-year Changes
in Accounting Rate of Return and inter-year Changes 'In True Rate of Return: New Parameters.

Correlacion
Goefflicient of
Distribution . i . Concanitant
Pararater Tanow of 5aie Year Real Oollar Before Tex Retu 'n as & Percent of AnnusTizéd Tnves ment TOSE Observations
) B 5 4 200-500 T75-3<8 150350 125-37% T30 650 75025 (R 3A) LT o -5 in Rows
05 01763 01972 «02310 «02720 31T 203660 «C&17C 204700 - .0525u «03222
. (434200 €c52079) {a56307F (,6LC83) (.65693) (.6977T7) (.73213) (,76000) (.78185) (.79811} -9773)
10 L e01703 _ ,01925 . 202257 " 02661  L03111 . 03593 _ 04098 = 04623 #5167 05733
. (982950 (.50405) (o54396) (o59154) {63875} (a68122) (,T1729) 1. T74678) (,77004)  (.78748) -98100
20 : 01651 01877 202213 77,0261 203063 .03539 . ,04038 04554 05089 055545 '
. 1465831 (.&321T7) (517923 {e563C8) (80%23) (.55151) (688020 (,71E8286) {.795263) (.T8079) -98565
50 01636 _ «01E45 .. 02156 ~_ ,02532 . _ o0295) ... «03400 _ 3871 . .D43560 . .D%B6T _ 05364 _
* 12295631 (o41716) (460163 {a51238) (o56503) (613427 (4555430 " (c69971) {71956 "8o74239) -98523
60 " oG1563 «01762 202055 7 .02410 «C2805 03227 «03670 «04130 +066Cs 05101
) 1393000 1,41369) (,45327F (.501832 . (.55199) (.59912) 2.641135 (677323 (707710  (.73259) _ -9889%
.80 Lad1509 | JO01710 | oC1998 77 (02343 «02724 _ L0331 - .03556 03498 . «Ch4Ss 004926
1657520 (o 480330 (518710 (.56375) {.60894) (.65C56) "(o68718)7 (., 71816)  1.74389) (.76469} -53625
s «02223 (01373 .01581 " .01827 202100 «023%0 +020694 .03010 ~03335 +0363G 9536
< (o%6656) 1460240 (.48822) (4526520 (.566100 - CL.6031T) (.639675 (.67250) (.701861 (.72684)  -5353
s Ce0GIST __ oCL0A0 _ oD1159 T J01306 . 01657 _ J0i644 _ 01831 __ 202023 _ .02226 +02632 18
1433163)  1235165) 1.38252) (4420001 {c4634T0  €.50128) (54071 {.577T5) ~1e611841 {.04278) -3361
10 000822 + 00880 200960 ° L01058 «Cllea 01288 L0141l «01559 201689 #0832 N
€o319310 (304230 (o3TT021 (.62629) {aA5336) - 1,40229) 1.52586) (4565231 (4595051 (4528123 k26
5 00761 00806 __ .C0865 ~ 00960 _._ .01CZA ___ o01121 __-.okzzs __«01330  eCl441 . .C1556 _
: , (a25036) 272200  {.29877)  €e33060) (4366655 {e39981)  1643384)  {o46726) 1.499221 7 1.52945) -99607
20 23733 «00768 .00817° L.000678 .C0%49. 01028  <01132 «01202 »0129% «01393 8
£e30708) 14319350 10335641 (35TT3)  (.38145) {a406811 (543296) (.45927) (.48525% (,51055) -99883
2 Lo 00692 00723 _ JO6T65 T LCOBIT 200878 #0946 01539 _ oJ1097 _ 01178 .C1263 84
. 1308300 (6321070 {.33816) (338620 (o38135) (460564 (.93C6T7) (4455911 (48G90 €.50542) -99843
m S, T Y YN 200870 «007038 00754 oGCBCY & LO3EYD 00934 +01967 .01081 ~£1158 99500
‘ 1332580 1.36753F {436766) {.389951 (.41357) (.43784)  (.43225) (.4B649% (,510187 1.53316)  °
35 [e00819 __ JOUSGS _ 00630 . JGOT26 _ JCCTT5 _  .00832 _ 00893 _ 00959 $01027 03099 06
£.28896) (e30740) 1.32881) 1.35209% $e37643)  (o40109) 1.42572) (,%4998) (.67365) (+49658) - 93815
% .00597  .00619 «0C65C +00689 «£0735 +U0T8S «C0862 L00992 . L0C956 «C1031 nohga
(2256490 (2273730 (o2947C) (.31826) (4343231 (2369161 (4395151 (.42086) (.54600) (.4T039) + 3343
209598 00618 _ 00665 _ (C06TH _ CGT18 _ 400762 00811 ___o32863 _ 00918 . 40C975 _ 2
102346T) (268220 ~1.265340 §.286991 " 1. 3263807 (4320850 (.3518&F  T1e37523) 7 (435805} " tesz0714 7~ . 9969
00605 «00622 «00645 «LG673. - 2COTOT «00745 -~ LOGT87 «02832 +GCBBe «00920
L 10250910 $027539)  (o29136) (o30937) (.32876) (.349011 (.36969) (4392501 (.41118) (.431573 -99585
+30607 «0n623 «00643 00669 260699 _ 00732 ,00769 ..00899 «00852  SL189T7 "
7 §e22939) 143233680 (425013) {e249C4) 3.23973F (0311580 §,33407) (,35679) (.37943) {.4Ci767 -99697

Corra) |
oot it 2057 .65z 94083 9528 L9591 .96235  .36219  .95981 95561 .34%6s

ticns in Columns




D

" Return:

Kotes and References

& recent monograph on thls subject contains
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Gonzaloxz, Systems Aralysls: A Computer

Approuch to Decision Models. Homewcod,
?gifnals: Richard D. Irwin, Inc., 1965. How-
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frecdom. »Seé Mote 9. .

Livingstene and Salamon op. ¢it. concludad
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