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INTERNAL RATE OF RETURN ESTIMATION METHODS VS,
ACCOUNTANT’S RATE OF RETURN REVISITED

A SIMULATION EVALUATION

Abstract

Four methods for estimating the firm's long-term profitability as the internal rate of return
(IRR) of the firm's capital investments are revisited and evaluated using simulated financial
statements. The methods of Kay, Jjiri-Salamon, Ruuhela and the averaged accountant's rate of
return (ARR) are analysed. In the literature's long-standing dispute about the validity of ARR
as a proxy for the IRR the simulation results strongly support the school of thought siding with
the validity. The conclusion of the research is to recommend the average ARR method in

financial analysis practice.
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LINTRODUCTION

1.1. Background

The finm's ability to find and implement successful capital investment opportunities decides its
long-run profitability and financial position. There is no doubr that the questicns of profitahility
measurement and the valuation of the finm's financial assets are the most important questions in
financial accounting research. The question of a theoretically sound and pragmatic profitability
measurement is of crucial importance not enly to the fim but also to an economy's averall

welfare. The allocation of resources in an economy is directly affected by the validity and
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reliability of the decision makers’ measures of the firms' performance (profitability) and
financial position. For example, in loan and credit decisions the creditors are not only
interested in the applicant's shori~term sitation but int the firm's long-term ability to generate

ncorme.

The firn's profitability is cruciafly reflected i the financial statements of the firm. The
stakeholders of the firm need the profitability information for their decisicn making both for the
short and for the long rua. In the economics literature the internal rate of return (JRR) is the
widely used theoretical long-run profitability concept. A recent survey by Pike (1996) in the
area capital budgeting confirms that IRR is a well-established measure also among
practitioners. Furthermore, the investment theory of finance recognises IRR as a profitability

measure, albeit under restrictive assumptions.

Strictly speaking the theory of finance states that, for example, under capital rationing only the
net present value method is uniquely consistent with maximising the valee of the stockholders’
wealth. However, under ordinary practical conditions of investment opportunities in the same
size categories and conventional cash-flow patterns the internal rate of return method can in
most cases be expected to give conforming evaluation for the capital investment evalnation. In

this paper we accept IRR as the valid long-run profitability measure for the firm.

The accountant traditionally measures profitability as the ratio between the rﬁrm's annuai
meome and the book value of its assets. This ratio is often called the accountant's rate of return
(ARR) in literature. Other common terms for it are the return on the capital invested (RO} and
the book yield. This measure looks at profitability after the fact. The economist has a different
definition of income. It is based on the changes mn the market value of the firm defined as its
discounted future cash flows. The economist's definition is based on expectations about the
furure. The internal rate of return (IRR) is consistent with the economist's concept of income.

The internal rate of return also is prominent in the capital investment theory.

One traditional way of leoking at the fimm 15 wo regard it as a series of capital investments. The
IRR of the capital investments making up the firm 15 the well-accepted, theoretically valid

measure of the firm's profitability. The problem with this theoretical notion is, however, that
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the IRR of the firms is not readily measurable in actual business and financial analysis practice,
while the annual values of the ARR are calculated routinely for business firms. See the
Intreduction in Frizsche and Dugan {1997) for the same view. There is a considerable body of
literature that discusses the possibility of analyteally deriving or empirically estimating the
firm's IRR. Since the mid 1960's there is a long-standing controversy, beth conceptual and
technical, whether it is possible successfully to estimate the firm's IRR. The discussicn is too
extensive to review in the presentation at hand. For the references see Butler, Holland and

Tippet (1994), Stark (1994) and the review article by Salmi and Martikainen {1994).

The approaches in literature to the JRR estimation can be classified into several, partly
overlapping categories. The first approach is trying te establish 2 link from ARR to IRR. This
approach is exemplified by Kay (1976) and later by Peasnell {1982a, 1982b). A second
approach is to derive the IRR by utilising an auxiliary estimate such as CRR {the cash recovery
rate). This appreach has been suggesied by Hiri {1979 and 1980), extended and tested by
Salamon (1982) and Gordon and Hamer (1988). A third approach seeks to estabiish the IRR
directly from the published financial statements. This category is represented by Ruuhela
(1972) and its mathematically streamlined rederivation in Salmi (1982). Furthermore, Kay
{1976: 455) presented how his TRR estimate could be improved if the ratio of the accountant’s
valuation of the firms assets and the economist's valuation of the firms assets were available,
Steele (1986) suggested the use of market values from the stock market to represent the
economist's valuation of the firm's assets needed in Kay's correction. Lawson {1980} presented

_ an approack based on cash flows and market values.

Which of the various methods put forward in literature shouid one select? For the business
practitioner, as well as for an academic researcher, facing the number of the various long-run
profitability estimation metheds. and the theoretical controversy of their correctmess. the
question becomes the following. Whar methods are reliable and applicable for evaluating the
long-run profitability of a business firn? In other words which method or methods work both
in practice and m theory? In particular. might it be, after all. that the practice of calculatng a
straight-forward average of the annual ARRs would be at par with the more theoretical IRR

cstimation methods?
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1.2. Research Approach

The discussion in literature on the possibility of a sound estimation of the firm's TRR has been
inconclusive. The controversy has concerned both the generality of the theoretical derivations
and the empirical applicability. Given this backgrouad. it is our view that the various methods
are best evaluated in their empirical context. But even the empirical investigation has not been
unpreblematic. The following difficulty has arisen, The empirical estimates of the IRR given by
the various methods have been compared onty relative to each other in the earlier literature.
Thus, the earlier empirical appreach has not resolved the absolute reliability of the methods
compared. The true IRRs of the firms under observation are needed as benchmarks for an
objective reliability evaluation. Unfortunately, the true IRRs cannot be known when actual
financiai statement data are used. This dilerma can be solved by using a simulation approach.
A simulation approach with a preset IRR facilitates an objective evaluation of the ability of the
various methods to estimate the firm's true IRR. For a rationalisation of the use of a simulation

approach in this context see Fritsche and Dugan (1997:782).

The IRR estimation methods of Kay, Hiri-Salamon and Ruuhela all are mathematically non-
trivial. They are not straight-forward to apply in practice on actual financial data. The
practitionter's obvious altermative would be to use the averaged accountant's rate of return as a
surrogate of the IRR estimate, However, in earlier Iiterature there are reservations on using the
average ARR as the estimate. The reservations can be traced as far back as fo Vatter (1966).
Later e.g. Fisher and McGowan (1983: 82) stated that "accounting rates of return provide
almost no information about economic rates of return”. On the other hand, as pointed out by
Pike (1996: 83-84) in connection with capital budgering, the technically simple methods such
as the payback period and the average ARR has been condoned by several authors starting

from Weingartner (1969},

In the [iterature on IRR estimation some general assumptions have become conventions. We
use these same conventions. An important, established convention in the long-run profitability
research 13 to consider the firm as a series of repelitive capital investments. Stating this
research convention in Salamon's (1982: 294) words "... the [ is a collection of projects that

have the same useful life. same cash-flow pattern, and same IRR". See, however, the critique
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of this standard assumnption by Kelly and Tippet {1991). The assumption of the constant cash-
flow pattern has usually been presented as a necessary, technical simplification of the business
reality. However, this restriction is not an unrealistic. technical assumption. It can be posed
that the assumption conforms with observing often long periods of stable business culture in
individual firms. The business culture of the fm is above al created by its CEO-level

management and their ability to generate and utilise capital investment opportunities.

Another strong convention is the fiom's access to the financial markets freely to obtain the
funding for the capital investments. In other words the implied capital markets in this area of
research conventionally are perfect and complete. There s ne capital rationing, Therefore, the

question of financing of the simulated capital investments need not be considered in this paper.

1.3 Specific Research Questions

In the current paper we are interested, in general terms, in evaluating the. accuracy of the
selected long-term profitability estimation methods under different economic circumstances,
under different capital investment payback profiles and under different accounting decisions en

depreciation. More specifically, the following research questions will be considered.

In the earlier research a constant growth approach to the capital investments has been fairly
conunon. This restriction has meant the absence of business cycles and noise. A priori one
would expect that the eycles can have a drastic effect on the ability of the methods to estimate
the correct IRR. Furthermore, the IRR estimation methods are largely based on the 1dea of
regular development uninterrupted by structural changes or other major one-time events
causing exceplional capital investment peaks. We relax the steady-siate restrictions. Therefore,

our first research question is:

1. Are the methods sensitive to business cycles in the capital invesunent activities?
Are the methods sensitive 10 ordinary imegularities in the capital investments?

Are the methods sensitive to major capital investment shocks?
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Second, an outside stakeholder has o base the profitability estimates on the financial data
provided by the firm. In the financial statement data the capital investments and their cash
flows are totally mixed. It is not possible to know the contribution pattern of the capital
investments based on the external data. The question of the effect of the different contribution
patterns arises as in Salamon (1982) and Gordon and Hamer (1988). Hence, our second

research guestion 1s:

2. Are the methods sensitive to the underlying, alternative cash contribution

patterns and life-gpan of the firm's capital investments?

Third, it has been put forward in the earlier literature that there are some particular instances
where the profitability estimates given by the accountant's rate of return theoretically become
close or equivalent to the underlying, true profitability of the capital investments making up the
firm. These include the case where growth equals profitability as presented by Solomen {1966:
115) and the case where the theoretical annuity method of depreciation is postulated as
presented in e.g. Salmi and Luoma {1981: 28} and Peasnell (1982a: 364). The amnuity
depreciation is the economist's depreciation in defining the concept of economic income

discussed e.g2. in Bromwich (1992: 31-31). Hence, our third research question is:

3. Are the methods sensitive to disparities between the fims growth and

profitability?

Foorth, in accounting practice the choice between the depreciation methods such as the
prevalent straight-line and the declining-balance methods affects the reported annual income

figure. Our fourth question 15s:

4. Are the methods sensitive to the depreciation choice that the firm has used in

producing its financial statements?

An econamic time series is made up by several constiteents. These are the growth trend, the
business cycle, the seasonal variation and the nose. Furthermore, there can be regular or

irregular shocks. The growth trend and the business cycle are relevant in this paper. Seasonal
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variations are intra-year. Thus they do not arise in our research questions, It is true that the
€conomic activities of the firm are continuous in nature. However, the financial data used for
the profitability estimation in the methods under observation use discontinuous cbservations

from the annual statements.

This paper contributes to the existing knowledge in the following, related ways. First, it iznds
new evidence in the long-standing theoretical controversy of the ability of the ARR tw serve as
a useful proxy of the IRR. Second, it improves on the simulation approach to evaluate various
IRR estimation methods by closely emulating the flow-patterns of real-life business firms.
Third, it comes up with a theoretical and empirical comparison of four major IRR estimation
methods presented in earlier literature. Finally, it arrives at a well-founded practical
recommendation (usage of averaged ARR) for the evaluation of the long-run profitability of

business fimns.

The rest of the paper is crganised as follows. The simulation approach to evaluating the IRR
estimation methods is presented in section two. Section three presents the IRR estimation
methods under investigation. Section four first presents the simulation experiments design with
data generation. The resuits of the evaluation are presented and analysed. The section ends

with the comparison of the results. The summary concludes.

2. SIMULATION EVALUATION APPROACH

This section presents our simulation model. The central time-series in the simulation is the
capital investments. They are generated by the following process with a trend, cyclical, random
and a potential shock component

(D g = go{1+K)' [ 1+AsIn[27/CY + 613! + oz)(1 + 8:cS)

where
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g, =capil investmenis in year t
go =initial level of capital investments

= growth rate (the trend component in the capital investments)

= amplitude of the business cycle

k
A
C  =length of the cycle
¢ - =atechnical phase adjustment for the cycle
c

= standard deviation of the random fluctnation in the capital Investments

z  =random variable following the (0,1}-normal distribution
S =capital investment shock coefficient

T =the year of the capital investment shock

& =Krenecker's delta, 5, = 1 when t = ¢, and 0 otherwise.

Ustng this capital investment generating process produces financial time series which emulate
the time series profiles cbserved for actual business firms. For an illustraticn see Figure 2 in the
next section.

The capital investments g, induce {later) cash inflows which can be defined in terms of a
contribution distribution by, i = t+1,...,0+N, where N is the (commen) life-span of a capital
investment project. This formulation is in line with the cash flow profiles in Ruuhela {1972},
Tjiri (1979), Salamon {1982) and Gordon and Hamer {1588). The total cash inflow f, in year t
is cumulated from the annual contributions f; from the capital investments g.; made in the

earlier years:

min(N, 9 (. 1)

)] f, = Z fy = 2 bigei-
i=1

i=1

As is the custom in growth meodels, constant returns of scale on the capital investments are
assumed. In other words, when the firm grows, there are no econemics of scale. See e.g. the
standard reference Levhari and Shrinivasan {1969: 153). The question of financing and its
costs do not arise in our simulations as fong as it can be safely assumed that the firm remains

sufficiendy profitable to be abie to obtain new capital as the need arises. Hence chronically
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declining activities (divestments) or infeasible combinations of growth and profitability will not
be considered in our research, since in actual business practice this would in the long-run cause

restrictions or even a cessation of the availability of capital to the firm.

It readily follows from (2) and from the definition of the internal rate of return {r) that
N .

&) b den? =1
i=}

In the simulations a conventional cash-flow contribution pattern will be used. It is a well-
known fact that under non-conventional cash flows {more than one sign alteration) there can
be multiple or no rea] roots for the internal rate of return r in Equation (3). See e.g. Teichroew,

Robichek and Montalbano {1963). This problem does not anse in the simulations.

The true internal rate of return r determined by Formula (3) is a function of the contribution
distribution b;. The true form of the contribution distribution is not generally known for reai-
tife business firms. In order to assess the effect the different, potential contribution patterns of
the firm's capital investments we will perform our simulations with three different contribution
patterns from the capital investments. Figure i illustrates a neutral, a typical growth-maturity-

decline life-cycle pattern and a steadily declining distribution.

Figure | about here

We choose the uniform, the negative binomial and a linearly declining contribution distsibution
(Anton distribution) to represent the three cases. The uniform contribution distribution that
leads 1o the profitability of r for the capital investments is given by the annuity factor

M —1I

(4) by = | >+t L = LN

1=1
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Several negative binomial contribution distributions with different profiles lead to the
profitability r. For the definition and the properties of the negative binomial distiibution see

Fisz {1967: 167). We choose the following alternative with the shape parameter q fixed at 0.15
N l-a\ -t )

(5) b = z(t+1)[JJ d+Di-g), i=1,...,N.
=1 I+71

The Anton distribution presented in Anton (1956) is defined as

(6) b = M i= 1N
N

To complete the simutation model we need the formulas for alternative depreciation methods
in order to have the anpual profit and book value figures. First consider the accounting
relationships between these concepts.

The profit p, is defined by the cash inflow f, less depreciation d, as

(7 pe=1 - di.

The book value v, of the firm at the end of year t is definad by book value at the beginning of
the year plus the capital investments g, less the depreciation d,. For simplicity cash, inventories
and other assets are not modeled separately, We have

(8 V= Vg + 2 - d, .

The firm's choice of the depreciation method is central to profit measurement and asset

valuation both in accounting theory and practice. We build into our simulation mede! the

possibility of three alternative depreciation methods to be employed by the simulated frm in its
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financial statements. The alternatives are the swaight-line depreciation method, the double

declining-balance method and the theoretical annuity depreciation method.

Straight-line depreciation is calculated as

g mindo
(%) dp = Y (1/N)go; .
i=!

Double-declining-balance depreciation is a decreasing depreciation used in the U.S. practice.

See Davidson and Weil (1977). Double-declining-balance depreciation methed formula is

min(M, &) )
(10 af = LN - @) i

i=l

All the remaining book value of the relevant capital investinent is depreciated in the last year of

the life-span.

The well-accepted definition for the theoretical annuity depreciation is that the profit (before
interest and taxes) p, is assessed as the interest on the initial capital stock v..; in year t. It

readily follows that

(11} dd = f - vy

3, EXPOSITION OF THE PROFITABILITY ESTIMATION METHODS

The current section presents four IRR estimation methods from earlier literature to be analvsed
and evaluated with our simulation approach. Before any IRR estimation method can be applied
on the simulated {or actual financial) starernents, the IRR estimation method must be made

operational for the financial data avalable.
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Kay (1976) presented a model for deriving IRR from ARR. For Kay's model we have from
Kay (1976: 451}, Salmi and Luoma (1981: 25) and Peasnell (1682a: 371)

S+t
{12) t= 4L

]
(e

v (1D

M=

-~
li
[+

where n stands for the number of observations for the subseguent years which have been
renumbered from 1 to n. The internal rate of return estimate T is solved from the above
formula by numerical iteration. For the conditions of convergence see Steele (1986: Z-4). Our
salution procedures for all the methods are Turbo Pascal computer programs for MS-DOS PC

(available on request on the Internet from the authors).

Giri (1979) presented what Salamon (1982) interpreted and expanded as an IRR estimation
method based on the concept of the cash recovery rate, CRR. Fid (1§79: 259) derived the

following relationship between CRR and IRR

T

13 CRR = —e—r
1 Lo ien™

Tiri {1980: 33) gives the calculation of an annual CRR, from published financial statements as

Cash Recoveries / Gross Assets, which can be stated as

£
(14) CRR, = —+.
Vl—l

where V, is calculated from

r
2

=
(15) Vem v+ 3 dige
i=0
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The calenlated CRR, vaiues are averaged and the average is substituted as CRR into Formula

(13) to obtain the IRR estimate.

The third method to be incleded in our analysis is the IRR estimation component of Ruuhela’s
"Growth, Profitability and Financing" model. As we have seen in the above, Kay's method is
based on a relationship between the ARR and the IRR and Ijiri-Salamon method on the
relationship between the CRR and TRR. Ruuhela's method can be considered to fall into a
category of direct estimation of the IRR from the financial statements without the intermediate

ARR or CRR concepts.

The methad was first presented in Ruuhela (1972) and mathematically sireamlined by Salmi
{1982). The method was restructured in Ruuhela et al. (1982). Ruuhela’s IRR estimate is given

by

NaN,k -F

k——
(NaN_k - I)F

-1
1]

(16)

where k is the growth-rate trend of the capital expenditures, any is the weli-known annuity

factor and F is defined as the capital investment ratio g,/f, assumed a constant by Ruuhela.

In applying Ruuhela's method an estimate of the commen growth rate of the firm's time series

is needed. The OLS estimate of the growth-trend of the firm's cash inflows 1, is used as the

estimate. Given the OLS estimate k of the growth trend the capital investment ratio is

estimated from

(7 F= s
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The fourth and last method included into our analysis is based on straighi-forward accounting
practice. Much of the discussion, ever since Vatter (19686), in the ARR vs. IRR debate has
centred around the question whether or not the ARR is a good approximation of the IRR.
Instead of re-entering the deductive debate we seek a resolution to this question by Including
the averaged ARR in our simulation and comparison, The inclusion of the average ARR
method is prompted by the fact that accounting practitioners routinely use and are comfortable
with the concept of annual profits and return on investment. Employing the averaged ARR as

the IRR estimare can be considered a direct extension of this business practice.

The average ARR 1s calculated from

)
(18) ARR = — 3 P

Our advance hypothesis is that the average ARR method will not be empirically inferior to the
other IRR estimation methods. Our hypothesis is based on the concept of economic
Darwinism. Quoting Watts and Zimmerman (1986: 193} "Competition ameng firms Implies
that operating procedures ... thar are used systematically by surviving orgamisations are

efficient.”

4. EVALUATION OF THE ESTIMATION METHODS
4.1. Simulatton {esign and Data Iluastration

To tackle the research questions posed financial data is generated for the parameter

combinations for Formula (1) hsted in Table 1.

i
|
Table 1 abour here ‘
:
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Solomon (1966: 115) posed that when the growili rate and the true internal rate of return are
equal, the accountant's rate of return also becomes the same. Consequently, it is interesting to
chserve the behaviour of methods under different growth-profitability combinations. To
produce different combinations either parameter can be fixed without a loss of generality. We
fix a growth rate of k = 8% in the simulation. The data is generated to produce true

profitability figures of r = 4%, 8%, 12% and 16% on both sides of the growth rate.

Our first research question concerns the effect of the business cycles on the robustness of the
four IRR estimation methods. For our simulation it is realistic to assume that the long-run
average Jength of a business cycle is six vears (C = 6 in Formula (1)). In the simulation the
length of the observation peried is set at 13 years covering two full business cycles, Three
alternative amplitudes of the cycles are used in our simulations. For no cycles we set A = (, for

medium cycles we set A = (.50 and for strong cycles A = 1.00.

The noise term 1+0z represents random fluctuations in the level of the capital investments. We
choose a moderate noise level of ¢ = 20% 10 arrive at a realistic capital investment time series.
Only one realisation (for each parameter combination) of the randomised time series is picked
in our simulation. Stated in terms of statistics and cperations research our approach is not a
Monte Carlo simulation that would repeat the same parameter combinations with the random

term varied.

The robustness of a profitability estimation method can be tested by including capital
investment shocks in the model. In business terms such a shock is usually related to a major
deviation from the level of capital investment pattern. Experiments are made with different
magnitudes and uming of a one-time shock. Tﬁe shock alternatives simulated are a five-foid
shock and a seventeen-fold shock relative to the normal capital investment level in the third or

m the ninth year.

The Efe-spun of the capial investments affects the numerical values of the chosen contribution
distribution and the annual depreciation figures. The life-span of the capital investmems is

known in the simulation (we have chosen a typical 20 vears), but it cannot be accurately
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known in applications on real-life business firms. The effect of the life-span will be considered
in the analysis section by comparing the IRR estimates with a 20-year life-span to the results

with a 16-year and a 24-year life-span.

The firm’s capital investments can produce revenues in aecordance with varicus contribution
distributions. We use the three alternatives discussed and presented in Table 1. Three different

depreciation altematives chosen by the simulated firms are considered.

Figure 2 gives an example of oné realisation of the time series from the simulated financial
statements. The observation period is 13 years from the simulated year 22 t¢ 34 (the years 1-
21 are skipped to first reach the going-concern phase in the simufation). The realisation
presented is for the case of the megative binomial contribution distrbution with a true
profitability of 129, a growth trend of 8%, medium zmplitade (A = 0.50) of business cycles,
with noise (s = 0.20), no shock {8 = 0}, a life-span of 20 years of the capual investments, and a

double-dechining-balance depreciation of 10%.

Figure 2 about here

4.2. Evaluation of Kay's Method

We begin the evaluation by assessing the effect of business ¢ycles on the performance of the
IRR estimation methods {our first research question). The IRR estimates by Kay's method are
presented in Table 2 for the three different levels of amplitudes in the business cycle. To see
the pure effect of the cyclical component we first omit the random noise term. The results are
presented for the four different growth-profitability combinations and the three different
depreciation methods “Str"  straightline  depreciation, "Decl”  double-declining-bulance

depreciation and "Ann" annuity depreciation.
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Table 2 about hers

The effect of the business cycles is marginal for Kay's IRR estimation method. In the worst
case with the strong cycles (A = 1.00) the difference between the IRR estimates 18.9% and
18.6% (16% true profitability and double-declining-balance depreciation) is cnly 0.3%. The
presented result is for the negative binomial contribution distribution. The results for the other
two contribution distributions, the uniform distribution and the Anton distribution, indicate a
similar insensitivity. (The tables for these cases are not displayed for brevity. This goes for
space reasons through the rest of this paper. Only select example tables are presented. All the
results can, however, be replicated with the computer programs available from the authors.)
We can safely conclude that Kay's IRR estimation methed is not affected by regular business
eycles. This being the case the rest of the analysis of Kay's method can be conducted without a
loss of generality using the medium cycle strength {A = 0.50). A further analysis shows that
while the noise term in the capital investment level seems to have more effect on the Kay's IRR

estimation thar the reguiar cycles the effect of noise is rather mild.

As to capital investment shocks, Kay's IRR estimation method is reasonably robust to the
capital investment shocks even if there is some disruption in the estimates. The effect of the
shock tends to decrease the IRR estimates, the more the bigger and later the shock appears.
This behaviour is easy to explain. The one-time investrnent shock becomes dominarting, and its
effects are much outside the period under observation. (The numerical results for this part are
not included for brevity. All the non-displayed material is available on request on the Internet

from the authors).

Tabie 3 about here
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We can now analyse the total errer in Kay's [RR estimates. Table 3 presents the results for
Kay's IRR estimation method under medinm business cycles, with the noise component

included and the three contribution distributions.

The general impression conveyed by Table 3 is that the level of Kay's IRR estimates is fairly
well in line with the true profitability. In particalar, when the firm's growth and profitability are
near each other, Kay's method performs excellently. There are, however, parameter
combinations where Kay's method performs poorly. The biggest absolute discrepancy in Table
3 in an estimate (T = 19.5% vs. r = 16%) takes place when the true internal rate of return
deviates most from growth, the capital investments centribute according to the uniform
distribution and the firm uses the double-declining-balance methed. Kay's IRR estimate is off
by 3.5% (by a fifth in relative terms). Likewise, at the true profitability of 4% the IRR estmate,
with the uniform contribution distribution and the double-declining-balance depreciation, is off

by a third (2.6% vs. 4.0%). These are marked deviations.

Qur sccond research question concerns the effect of the alternative contribution patterns of
capital investments available to the firm. As noted, the shape of the contribution distribugion of
the capital investments is not readily knows for real-life firms. Therefore it is of interest to test
whether the IRR estimation results are sensitive to this factor. It is seen from Table 3 that
under capital investment opportunities that contribute in accordance with the negative binomial
distribution, or the Anton distribution, the results are more accurate than under the non-

dechning uniform conteibution distribution.

Qur third research question concerns the effect of the discrepancy between growth (k) and
profitability (r). It is obvious from the results that a discrepancy between growth and
profitability levels is the crucial source of error in the Kay's IRR estimates. It is also npoted that
when 1 > ¥ Kay's IRR systematically overestimates the true profitability. Thus it appears that
Kay's method gives even too optimistic IRR estimates to firms with good profitability. For r <
k the direcion on the estimation error depends on the contribution distribution, the
depreciation combination and the iregulanues in the capital investments {the noise). Thus i
would seem that it is not possible to make any predictions whether Kay's estimates for firms

with low profitabilities are optimistic or pessimistic.
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QOur fourth research guestion concerns the effect of the depreciation method cheice (hat the
firm makes. The effect of the firm's accounting choice appears highly important to the accuracy
of the IRR estimates. The error in the estimates in Table 3 is about half or less when the fim
applies the straight-line depreciation method instead of the double-deciining-balance method.

This observation raises interesting accounting issues about the depreciation method choice.

There are several theoretical assertions about the relationship between the internal raie of
return and the accountants rate of return under the specific growth rates, depreciation methods
and contribution distributions presented in earlier literature. Next we consider these assertions,

under the more general conditions of business cycles and noise, utilising our simulation results.

Solomon (1966: 115) posed that when the growth rate and the true internal rate of return are
equal, the accountant's rate of return also becomes the same. The expected equality is
supported by our simulation results not only in the case of constant, exponential growth but
also in the case with the business cycles added. However, when irregularities are introduced in
terms of the noise, the expected theoretical result no more fully holds. The deviation is not
marked numerically, but theoretically the assertion breaks. As is natural, the disruptive effect of

the one-time capital invesuments shocks is more marked than that of the noise,

Analytically, the accountant's raie of return and the intemal rate of refurn are equal when the
annuity method of depreciation is used (see e.g. Saimi and Luoma, 1981: 28 and Peasnell,
1982a: 364). The simulation results for Kay's method are in agreement with this contention for
all the observed combinations of growth vs. profitability and for all contribution distributions
even with the irregularities introduced upon the growth-irend and the business cycles in terms
of the noise and the capital investments shocks. The theoretical results about the annuity
depreciation are very strong. They are in line with discussions and results in literature about

accountant's and the economist's concepts of income.

To summarise, the main findings about Kay's IRR estimation method arc the [ollowing. Under

ordinary circumstances Kay's method performs quite well. However, the deviation of Kay's

IRR estimates from the true internal rate of return can be considerable if the growth rate of the
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fir and its profitability are not near each other. This is the main source of error in Kay's
method. Kay's method seems to lead to systemnatically overoptimistic profitability estimates
when the firm’s true profitability exceeds the firm's growth considerably. If the true profitability
is below the firm's growth the nature of Kay's IRR estimate is ambigucus. The magnitude of
the error caused by a growth-profitability gap is jointly dependent on the contribution pattern
of the capital investments, the firm's depreciation choice and the noise in the capital investment
time series. Kay's method is not affected by regular business-cycle fluctuations in the capital
investment time series, but it 15 mildly affected by noise. Kay's method is reasonably robust to
major capital investments shocks. The imrelevance of business cycles and the mild effect of

noise on the accuracy of the estimates are important advantages in Kay's method.

Kay's method has a firm theoretical background in the theory of accountant's and economist's
profit concepts. This fact Is reflected in always getung exactly the expected IRR estimates
under the theoretical annuity depreciation and getting fairly accurate IRR estimates under the
equality of growth and profitability. Furthermore, if the capital investments contribute in
accordance to the Anton distribution, the estimates under the firm applying a straight-line

depreciation are accurate.

4.3, Evaluation of Ijiri-Salamon Method

The cash-recovery-rate-based [jiri-Salamen IRR estimation method differs from Kay's method
in two respects in the data that it needs. An estimate of the life-span of the firm's capital
wvestments and an estimate of the gross book value of the firm's assets are needed. This fact
introduces two additional, petential sources of error into ihe method: a misestimation of the
life-span of the capizal investrnents and a misestimation of the gross book value. However, in &
simulation appreach for evaluating the liiri-Salamon methed one can uviilise the fact that the
life-span (N = 20} and the true accumulated depreciation, and hence the gross book value of

the finm's assets are known precisely

Table 4 presents an example of IRR estimates with [jiri-Salamon method. The tble lists the

results for three alternative estimates of the capital mvestments' life-span EN). The IRR
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estimates are presented assuming a correctly estimated life-span of 20 years, an underestimate

16 years, and an overestimate 24 vears.

Table 4 about here

The IRR estimation results are presented assuming that the firm either employs the straight-line
depreciation ("Stz") or the double-declining-balance depreciation ("Dec!”). The accurnulated
depreciation must be estimated from the financial statements. In accounting practice, the
accumulated depreciation figure usually is an approximation based on a time series of recent
financial statements. We use the estimate given by Formula ¢ 15). The accuomulated depreciation
can also be calculated accurately in the simulation approach. Jjin-Salamon's IRR estimates with
accurate accumulated depreciation is presented in the “"Accu" column of the tables. This
particular information facilitates 2 decomposition analysis of the error sources in the IRR

estimates.

As for Kay's method our simulations for Ijiri-Salamon method indicate that the method is not
sensitive to cycles. Likewise, the effect of noise is rather mild. Furthermore, like Kay's method
the Ijiri-Salamon method is reasonably robust to capital investment shocks. Overall, [jiri-
Salamon method fares on the average in the simulations comparably to Kay's method. The
worst cases in the representative Table 4 appear when the profitability is low compared t¢ the
growth. However, in the Liri-Salamon method there is no clear pattern to the errors. Unlike in
Kay's method there are no cases where the error would disappear. Furthermore, there is no

clear pattern to the direction and the magnitude of the error.

The realisation of the theoretical assertions concerning the growth-profitability equality
conditions and the annuity depreciation could be checked also for Ijiri-Szlamon results.
However, these assertions do not cover the relationship between the cash recovery rate and the
internal rate of return. This state of matters also is clearly reflected in the simulation results as
a lack of similar theoretical regularities as were observed in the results for Kay's IRR

estimation method. This can be considered a disadvantage.

(5]
3%
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As noted, the simulation resuits for fjiri-Salamon method seem at rough par with Kay's
method. However, a decomposition of the sources of the overall error exposes a more critical
picture of the potential quality of the IRR estimates by Ijiri-Salamon method. The total error in
Tjiri-Salamon's JRE estimates is made up by several components, which individually can be
larger in absolute terms than the total error, but the components of the error compensate each
other in the presented simulations. Table 5 gives the decompeosition of the fotal error in Table 4

into three compenents in the case of the double-declining-balance depreciation.

Table 5 about here

4.4. Evaluation of Ruuhela's IMethod

Also Ruuhela's IRR estimation method differs from Kay's in the financial statement data that it
uses. Like ljif-Salamon method an estumate of the life-span of the capital investments is
needed. Furthermore, Ruuhela's method needs the estimate of the growth rate of the firm. On
the other hand, and very importantly. Ruuhela's method does not need the ume series of
depreciation. Rushela’s IRR estimation method 1s independent of the depreciation method that

the firm chooses.

Table 6 presents an example of IRR estimates with Ruuhela’s method. The table lists the
results for the three altemarive cyclical intensities and the three altemmative estimates of the
capital investments' life-span. Ruuhela’s method needs an estimate of the firm's growth rate.
This growth rate is estimated in Ruuhela's method by OLS regression from the time series of

the cash inflows f,. The OLS-estimated growth rates are given within the parentheses.

Table 6 about here
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It is readily seen that unlike in Kav's and [jiri-Salamon methods Ruuhela’s method is highly
sensitive to the business cycles, It is obvious both from the presentation of Ruuhela's method
and the simulation results that Ruuhela's constant-growth assumption is crucial for his method.
The business cycles cause a deviation under even perfect growth estimates and correctly
estimated life-spans of the capital investments. The sensitivity of Runhela's method to noise
alone is mild, but noise aggravares the effect of the cyclical fluctuations. With the introduction
of major capital investment shocks the OLS growth estimation procedure is derailed. If there
are major capital investment shocks, Ruuhela's method should not be applied on the time
period mcluding such a structure-changing shock. This is in line with the reservations in the

original derivation of the method.

In the special case when there are no cyeles (A = 0.00}, when the life-span estimate is equal to
the true life-span (20 vyears) of the capital investments and when the capital investments
contribute according to the Anton distribution Ruuhela’s method produces exactly the correct
IRR estimates. This is to be expected from the method’s basic premises. Like Kay's method
Ruuhela's method has under its own assumptions a direct linkage to the income (and

depreciation) theory.

The contribution pattern of the capital investnents has an effect, but the effect is a joint effect
with the other parameters of the IRR estimation situadon. In the case of Ruuhela's method the
Anton distribution has a special role since it is assumed in the derivation of the method. Not

surprisingly, the best IRR estimaies are gained under the Anton contribution distribution.

The comparison of the simulation results for the case when growth equals profitability will
produce near-correct but not perfect estimates under no business cycles. A discrepancy
berween growth and profitability has a considerable effect on the quality of Ruuhela's IRR
estimates. The effect of the fluctuations in the capital investments caused by business cycles 13
overriding in Ruuhela's method. With the increase of the cyclical fluctuations the growth vs.

profitability equality loses its effect in Ruuhela’s method.

IRR ESTIMATION METHCDS VS. ARR REVISITED: A SIMULATION EVALUATION 24

A decomposition of the estimation error for Ruuhela’s method is presented in Table 7.

Table 7 about here

4.5, Averaged Accountani's Rate of Return Method

The last method to be analysed in this paper is the method of using the average ARR as the
IRR estimate. As for Kay's method the effect of cycles is negligible for the average ARR
method. Table 8 gives the IRR estimates using the average ARR method in the case of medium

level of business cycles (A =0.50).

Tabie § about here

The IRR estimates produced by the average ARR method are stikingly similar to the
sirpulation results with Kay's method. This closeness is not an unexpected result, since Kay's
method in Formula (12) can be interpreted as an iterative weighted-average ARR method.
Under ordinary conditions the average ARR method and Kay's method give wvirtually
equivalent results. In practical long-run profit evajuation terms of the accountant there is ne
numerical difference between the two methods. Only if major investment shocks are introduced

the average ARR method gives estimates that are markedly different from Kay's estimates.
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4.6. Comparison of the Results

In comparing the different methods for estimating the iternal rate of return of the firm's capital
investments the following aspects are relevant: numerical performance, theoretical foundations

and practical applicabilizy. In this section we summarise the results in general terms.

First, consider numerical performance. In our simulations the relevant parameters are given
such values as should put them in a realistic range with regard to actual business firms. Within
the observed range none of the methods unequivocally cutperforms the others in the
simulation. The deviations i Kay's and the average ARR method are more regular and
predictable than ihe deviations in ljifi-Salamon and Ruuhela’s methods. The number of
potential sources of errors in [iri-Salarmon and Ruuhela’s method is greater than the ather two
methods. Since the errors of these methods partly compensate for each other, the resulung
total error, while less predictable, is no worse for Ijiri-Salamon method than for the other
methods. Ruuhela’s method is the most dependent of the methods on its internal assumptions.
Under its restrictive assumptions it works perfectly, but in a general situation it also produces
the worst of the overestimation errors if there are strong business cycles and if the firm's

profitability exceeds its growth considerably.

No comman, general paitern of errors emerged for the observed, different parameter
combinations, with one tentative exception. Kay's method. Ruuhela's methed and the average
ARR method all have a tendency to overesumale rather than underestimate the true

profitability when the firm's profitability exceeds its profitability considerably.

Second, consider the methods' theoretical foundations in the light of the simulation results.
Kay's method came eut as the theoretically most generic, with the average ARR method very
close by. Ruuhela's method is theoretically as sound. bui its constant-growth and Anton
contribation distribution assumptions make it empirically more vulnerable than Kay's and the
average ARR method. Hiri-Salamon method does not conform empirically to any of the
expected theoretical propositions. liri-Salamon method can be regarded as an elaborate. good
rule of thumb. The other methods have deep roots within income theories of accounting and

ECONOIMICS.
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Last, consider practical applicability. In this area the average ARR method has the outstanding
merit of being directly based on established accounting practice of performance measurement.
It would be frivial to use computers to calculate Kay's elaborate weighied-average RR
estimates in business practice. However, the marginal improvement compared to the average
ARR method does not compensaie the obvious disadvantages of having to "sell” an iterative
methed to the users of financial information over the suggestion of using an average return on
investment for long-term profitability measurement. [jiri-Salamon and Ruuhela's method are at
a considerable disadvantage compared to the average ARR method since they reguire a fairly
involved estimation process. In this {ight, for the practiticner it is our recommendation to
choose for long-term profitability estimation the average ARR method over the more
sophisticated IRR estimation methods. Knowing and understanding the analysed. more
sophisticated methods is not wasted, however. On the contrary, the practitioner should be
aware of and familiar with the foundations of the methods s/he applies in order 1o make sound

decisions.

5. SUMMARY

This research analyses four intemnal rate of return (IRR) estimation metheds from literature for
assessing the long-term profitability of a business firm from its published financial statements.
The IRR estimation methods considered are Kay's, the ljiri-Salamon, Ruuhela’s and the
average ARR methods. A realistic simulation approach is develeped to evaluate and compare
the methods, A simulation approach with a known internal rate of return makes it possible to
study the abibity of the various methods o estimate the firm's true JRR. The research
contributes by evaluating the performance of selected IRR estimation methods under more
general conditions than the earlier liweratre. This s facilitated by including cyclical
fluctuations, neise and the possibility of major capital investment shocks into the simulated
financial data. Most imponantly the research contributes in literature’s fong-standing dispute

ahout the validity of accountant's rate of return ARR as a proxy for the IRR.
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Four research guestions are posed concerning four IRR estimation methods. First, the effect of
business cycles and ordinary noise around the growth-trend of the firm's capital nvestments
and capital investment shocks is of interest. It is observed that three of the four methods are
insensitive to cyclical fluctuations. The exception is Ruuhela's method which relies heavily on
iis constant-growth assumption. In the case of Kay's, Tjiri-Salamon and the average ARR
method the insensitivity to business cycles is an important result because it confirms the
applicability of the methads beyond the common steady-state assumptions. It is observed that
ordinary noise in the capital investment time-sefes does not have a marked effect on the IRR
estimates. The simulations mostly indicate an unexpectedly good tolerance of the analysed IRR
estimation methods to major capital investment shocks. Ruchela's method is the exception in

this respect since its growth estimation is disnupted by such shocks.

Second. the sensitivity of the methods to the capital investments’ payback patterns is of
interest. It is observed thart all the methods can be sensitive to the contribution distribution. The
effect of the shape of the countribution distribution on the IRR estimates is interactively
dependent on the depreciation methods applied by the firm and the relationship between
growth and profitability. The conclusicen is that contribution distribution of the firm's capital
investments can have an effect of the quality of the IRR estimates given by the analysed IRR
estimation methods. Furthermore, contrary to the other two IRR estimation methods, Hin-
Salamon and Ruuhela's methods require an estimate of the lifespan of the firm's capital
investments. The reliability of the IRR estimates by Iiri-Salamon and Ruuhela's method

depends on the quality of the life-span estimate.

Third. it is 1o expected from theory that a disparity between the firm's growth rate and its long-
term profitability affects the quality of the IRR estimates. It is observed that the reliability of
the IRR estmates of all the methods is very sensitive to the relationship between the
underlying true profitabitity and the firm's growth rate. In accordance to the simulation results
the discrepancy between the true growh and profitability Is the dominating source of the error

in the IRR estimates in all the methods analysed.

Fourth, the depreciation method applied by the finn in its financial statements can affect the

IRR estimation result in concert with the contribution distribution of the capital investments.
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Also this effect is strongly related to the growth-profitability discrepancy. In this respect
Ruuhela’s methed has an advantage over the other methods since it is unaifected by the fion's

depreciation choice.

To conclude, the simulation comparison of the selected TRR estimation methods shows that
none of the analyzed sophisticated methods performas consistently better than the average ARR
method. Thus, censidering the various facets discussed in this paper, the accounting-practice-
based average ARR method can be recommended as the best choice for the long-term
profitability estimation. However, none of the methods, including the average ARR, is an
unbiased estimator of the firm’s IRR. For fast growing firms with low profitability and for
slow-growth firns with good profitability the long-term profitability estimates should be
interpreted with much cantion. On the other hand, the average ARR method can be safely used
when 2 firm has comparabie growth and profitability even when there are ordinary fluctations

and neise in the capital investment intensity.
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Neutral case

Life-cycle case

Declining case
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Table 1. The variation of the parameters in the simulation runs.
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Figure 1. Three contribution pattern alternatives.
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Pararreter Svmbol | Values

First initial investment o 100.00

Growth rate k (.08

True nternal rate of return r 0.04, 0.08,0.12,0.16
Amplimde A 0.00 ¢.50 1.00

Cycle length C 6 years

Technical phase adjustment & birls)

Noise 5 0,020

Shock timing T None, early, late

Shock coefficient S 0,5.309, 17.924

Life-span of investments N 16, 20, 24

Length of chservation peried n 13 (years 22-34)

Contribution distribution Uniform, negative binomial, Anton
Depreciation method Straight-line, declining, annuity

Table 2. Estimation of IRR with Kay's method, negative binomial contribution distribution,

growth rate k = 8%, no noise.

Figure 2. Visualisation of simulated observations; the case of negative binomial contribution
distribution, declining balance depreciation, growth 8%, IRR 12%, amplitude 50%. noise 20%.

Cycle amplitude A=0.00 A =050 A=100
Depreciation Str | Decl | Ann | Str | Decl | Amn | Sir | Decl | Amn
True r 4% 4.1 35 40} 4.1 34| 40| 41 341 40
8% 80| &0, 80} 80} 80| 8G| 804 80} 80
129 | 123 | 13.1 ¢ 120 | 123§ 132 | 120 | 124 132 L 120
16% § 17.0 | 186 1 160 [ 17.1 1 1838 | 160 | 17.1 { 189 | 160
Table 3. Estimaticn of IRR with Kay's method, growth rate k = 8%, amplitude A = 50%.
noise = 20%.
Contr, distribation Uniform Neg. binomial Anton
Depreciation Str | Decl | Ann | Str | Decl ] Ann | S | Dec | Ann
Truer 4% 3.5 26 40| 42| 33| 404 40| 31| 40
8% 781 76} 80| 85| 7.8 8037 80 78| 80
12¢ | 126 | 133 | 120 | 123 | 125 | 120 | 12.0 ; 125 | 12.0
16% | 17.9 1 195 1 160 | 17.0 | 184 | 160 | 160 | 173 | 160
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Table 4, Estimation of IRR with Fjiri-Salzmon method, negative binomial contribution
distribution, growth rate k = 8%, amplitude A = 50%, noise = 20%.

Estirnated life-span 16 years 20 years 24 years

Depreciation Str | Decl | Accu| Su | Decl | Accu | Sir | Deci | Aceu

Truer 1% | 35| 42| 27| 48] 53, 46! 56| 60| 58
8% 76| 84 66 84| 90| &l 85 931 91
129 § 116 | 12.5 ] 1051 120 | 126 | 116 | 122 | 1275 125
16% | 156 | 167 | 144 | 156 | 164 | 152 | 1551 161 | 159

Table 5. Decomposition of the estimation error in [jiri-Salamon method. An example with
negative binomial distribution, declining balance depreciation, growth k = 8%, amplitude

A =350%, noise = 20%.

Est. ]ifévspan 16 years 20 years 24 years
For- | Life- | Curmu| Total | Far- | Life- | Qurm| Tatal | For- | Life- | Cuma| Total
Source of mula { span | depr | error | mula | span | depr | error mula ) span | depr | error
error estim| calc ‘ estim| calc estim| calc
True r 4% 04 |-191 174 02145, 0 G881 131 06| 131 011 20
8| 0.01-15) 1.9] 04| 01 0 091 10y 01} 1.1 01} 13
12961-051]-121 22| 05;-04| 0 1.0 061{-03] 09§ 011 07
16%|-1.0 | -09] 26| 07]08] 0 12| 04(-05] 08| 02] 0.1
Table 6. Estimation of IRR (and growth) with Ruuhela's method, negative binomial
contribution distributien, true growth rate k = §%, true life-span N = 20, noise = 20%.
Cycle amplitude A =000 A=0.50 A=1.00
Estimated life-span 16 20 24 16 20 24 16 20 24
Truer 4% 38 | 44 | 48 | 46 | 3] 541 53| 585 | 62
enlenlen ] @0 6¢2] 0] 8.3 ]93] @3)
3% 8.1 83 1 83 192 | 92 | 92 {104 ;103 |102
OO 5262 ] 6] 621031025 (9.3)
129|131 | 126 |12.3 [ 144 [138 {134 | 159 1152 147
(92 | (92392 1 (9.2 | (9.2) | (9.2} {9.3) 1 (9.3) 1 (9.3
16% |184 | 173 [166 200 {188 18.0 {219 |20.5 |19.5
RN IR R RO RC IR CE) RRCEI R )
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Table 7. Decomposition of the estimarion error in Ruuhela's msthod. Ar example with
negative binomial distribuzion, growth rate k = 8%, amplitude A = 50%, noise = 20%.

Est. life-span 16 years 20 years 24 years

Scurce of For- | Grwt| Life- | Total| For- | Grwt| Life- | Total| For- | Grwt} Life- | Total

error mula |estim | span | errer | mula | estim | span | error | mula | estim| span | error

estim estim estirn

Treer 4%| 0.1 1.01-05] 06| 01 1.0 O 0.1 1.0 031} 14
8%| 0.0 12| 00} 12 0O 12| 0 2000 12|00} 1.2
12%| 03] 15| 0.6} 24| 034 15| 0 1.8} 03| 1.5|-04] L4
16%| 1.0 1.8 12} 40 107 18] @ 28] 1.0 1.8]-081 20

Table 8. Estimation of IRR with the average ARR method, growth k = 8%, amplitude A =
30%, noise = 20%.

Contr. distribution Uniform Neg. binomial Antou
Depreciation Sir | Decl | Ann | Str | Decl | Ann | Str | Decl | Amn
Truer 4% | 36| 26| 40| 42| 34| 40 406 321 40
8% { 78| 76| 80| 80| 75| 8011 80 79 80
12% | 126 1 133 | 120 ] 123 | 129 ] 1204 120 ] 126 | 120
16% § 17.9 1 165 | 160 | 17.0 | 184 | 16.0 | 16.0 | 17.2 i 160
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