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ABSTRACT

REPLACEMENT COST DATA
AND CAPITAL MARKET EQUILIBRIUM

By

Jack L. Freeman

This research investigates the relationship between security
returns and replacement cost disclosures mandated by the Securities and
Exchange Commission's Accounting Series Release 190. In this regard,
other recent replacement cost studies have focused solely on the mar-
ket's initial reaction to these disclosures. Accordingly, they were
limited to the use of historical cost data and Value Line estimates of
replacement cost in deriving expectations. Furthermore, these investi-
gations were done in isolation, i.e., their information hypotheses
pertain only to replacement cost variables. As a result, their re-
search designs could not provide evidence regarding the Commission's
contention that replacement cost data provide user information not
otherwise available.

To correct for the first limitation, a firm's 1976 replacement
cost data are used in formulating the market's 1977 expectation of cur-
rent cost income. Deviations from each firm's actual 1977 replacement
cost income then form realizations of that information variable. To
overcome the second limitation, the historical cost income forecast
error variable is included so that portfolio returns are conditioned
on various realizations of both variables. This inclusion provides a
mechanism for determining whether the current cost income numbers
reflect information beyond that reflected by the historical cost income

numbers.



Jack L. Freeman

One hundred and eight firms are used to construct six infor-
mation portfolios. Each are conditioned on the various realizations
of the two income forecast error variables. Exploiting the properties
of the capital asset pricing model, pre-experimental equivalence is
assumed to be attained. Thus, detection of significant return differ-
ences implies that the forecast error realizations (signals) reflect
information. The use of two conditioning variables necessitates an
examination of the relationship between them since it is crucial to
appropriate design selection and interpretation of test results.

The inferred variable relationship resulted in a one-factor
design being selected and reparameterization of its underlying model
resulted in the a priori contrasts of interest. A priori contrasts
are employed since they eliminate the need for control portfolios
(unconditional portfolio returns) and increase the power of the test.
Included are specific contrasts which test the primary research hypo-
thesis that current cost income signals do not reflect information
beyond that of the historical cost income signals. The test period
consists of the fifty work weeks subsequent to the March 31, 1977
portfolio formation date. The results are consistent with the hypo-
thesis stated above and, therefore, provide evidence that required

replacement cost disclosures provide no information to the market.
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CHAPTER I
INTRODUCTION AND OVERVIEW

The Securities and Exchange Commission's No. 190 (ASR 190) re-
quiring particular firms to disclose certain replacement cost (current
cost) data was issued March 23, 1976. This requirement is effective for
fiscal years ending on/or after December 25, 1976. The purpose of this
study is to examine the information content of these required replacement
cost data. Specifically, the purpose is to examine the relationship
between current cost data and security returns, i.e., to investigate the
extent to which these disclosures reflect information pertinent to assess-
ing firms' equilibrium prices (hereafter, called expected returns).

ASR 190 required that certain large registrants disclose the
estimated current replacement cost of inventories and productive capacity
and the approximate cost of sales and depreciation based on replacement
cost. Having imposed this requirement, the Commission recognized that
the firms might incur non-trivial costs in obtaining, storing, and report-
ing this data. Research by 0'Connor and Chandra [1977, pp. 166-167]
supports this possibility. Although the initial reaction to the require-
ment by the business community was overwhelmingly negative (see 0'Connor
[1977, pp. 37-42]), the commission was adamant in its conviction that the
benefits to be derived from such disclosures would exceed the costs. In
arriving at its decision the Commission stated its belief ". . . that
such data are important and useful to investors and are not otherwise
obtainable." The Commission further states:

. .that under current édonomic conditions, data about the impact

of changes in the prices of specific goods and services on business
firms is of great significance to investors in developing an under-

standing of any firm. While the current general rate of inflation
has been reduced from 1974 levels, it is still at a level such that

1



unsupplemented historical cost based data do not adequately reflect
current business economics.

If the Securities and Exchange Commission (SEC) is to continue
requiring disclosure, it is reasonable to expect evidence suggesting
that investors use this data. Now that a limited amount of data have
been made available, it would be appropriate to empirically investigate
whether investors behave as if their assessed distribution of securities'’
future values are formed conditionally on this data.

With the Financial Accounting Standards Board's adoption of the
Statement of Financial Accounting Standards No. 33 (FAS No. 33), ASR 190
was rescinded in favor of FAS No. 33. FAS No. 33 requires particular
firms to disclose certain current cost data in their published annual
reports. Thus, while ASR 190 is technically revoked the replacement
cost requirement is not. There are, however, reporting requirement
differences between FAS No. 33 and ASR 190. The fundamental difference
between the two is their definition of current cost. FAS No. 33 defines
current cost as the cost of acquiring the existing processes of produc-
tion at todays prices, whereas ASR 190 defines current cost as the cost
currently required to replace existing processes with currently avail-
able technology. It follows that changes in technology could cause a
difference in the two information sets.

If, however, one assumes that there exists no material differ-
ence between the two information sets, then the results of this study
could be used in evaluating the information content of FAS No. 33's
current cost disclosure requirements. On the other hana, if one assumes
there is a difference, then this research would still be valuable.
Evidence on the information content of both requirements would be needed

to make comparative evaluations. Research results could imply that the



ASR 190 required data reflect information, whereas FAS No. 33 do not.
It is reasonable to expect that evaluation of all evidencé could have an
impact on future current cost reporting requirements.

Previous research studies regarding replacement cost disclosures
have shown no significant evidence of an information effect. However,
all of these studies focused on the market's initial reaction to these
disclosures. Accordingly derivation of their replacement cost expecta-
tion models were limited to the use of historical cost data and Value Line
estimates of replacement costs which were announced prior to the 10-K
filings.

This study differs from these studies in two important ways.
First, it uses prior reported replacement cost data in forming the mar-
ket's expectation of current cost income. Secondly, it incorporates the
historical cost income variable as well as the current cost income vari-
able to analyze the security return behavior of firms. This, in turn,
provides a mechanism for determining whether the cuﬁrent cost income
numbers reflect information beyond that reflected by the historical cost
income numbers.

Regarding these two variables, Gonedes [1978, p. 27] incorpor-

ating the concepts espoused by Spence [1974] states that:
Taken by itself, a signal is effective if agents behave as if their

assessed distributions of securities' future values are formed

conditionally on the signal (or a perfect substitute for it).
Reported income numbers and, in particular, current cost income numbers
may be effective signals. This would occur if these numbers reflect
information about attributes of firms' production, investment, and
financing decisions (e.g., digfribution functions of cash flows) deemed

important by investors.

Prior to ASR 190 reported income numbers were derived primarily



from historical cost data. For disclosing firms, however, required dis-
closures of current cost data now enable investors to derive income
numbers based on current cost data (i.e., cost of sales and depreciation).
Furthermore, this additional data allows investors to disaggregate his-
torical cost income (HCI) into (using the terminology employed by Edwards
and Bell [1961]) current operating profit (COP) and realized cost savings
(R'edCS). This disaggregation of the HCI would ideally correspond to the
operating and holding activities of the firm. The COP concept, defined
as the difference between revenue and current cost of assets used to
create that revenue, attempts to measure the firm's current period oper-
ating efficiency. The R'edCS concept, defined as the difference between
current cost and historical cost of assets used during a period, attempts
to measure the contribution to total income from the firm's holding
activities realized during the period. Since the HCI concept does not
provide measures which distinguish between these two income producing
activities, current cost advocates have contended that the HCI concept
does not provide unambiquous signals about attributes of firms' decisions
(Edwards and Bell [1961, pp. 10-11, 223-227]).

Given certain assumptions, Revsine [1970] contends that COP is a
surrogate for expected economic income. Expected economic income is the
difference between the beginning and end of period values of discounted
expected future cash flows as envisioned at the beginning of the period.
An equivalent formulation defines expected economic income as the product
of the discount rate and the initial discounted value. . Most valuation
models that are derived from partial equilibrium theories of asset valu-
ation under both certainty anﬁ.uncertainty are variants of the expected
economic income mode].1 Within the context of these models, accounting

measures which provide information about changes in expected cash flows



from operations would be useful. Thus, the COP potential to approximate
expected economic income supports the contention that replacement cost
data may provide information useful to investors that is not already
reflected in the HCI number.

This study consists of eight chapters. Chapter II introduces the
theoretical foundation underlying the study's experimental design and hypo-
theses. Specifically, information content is defined, implications of
market efficiency are explained, properties of the two-parameter, two-
factor capital asset pricing model are exploited, an income expectation
model is introduced and the assumed distribution properties of security
returns and their resultant implications are explored.

A comparative analysis of the econometric properties of the resi-
dual return and the difference in total returns metrics is presented in
Chapter III. In addition, the general linear desfgn model from extant
statistical theory is introduced and its equivalence with the two-factor
(zero-beta) model is derived. This design model is subsequently used to
facilitate metric comparison in the general case and to formulate the con-
trasts to be tested.

Chapter IV reviews the theoretical rationale set forth in the
literature which has explained why replacement cost data should provide
useful information to market agents in making their investment decisions.
The primary methodological distinction between this study and other recent
replacement cost studies, along with a brief summary of their findings,
is also presented.

Chapter V presents criteria used in selecting firms, describes
the processes employed to der}Ve income forecast errors and weekly returns,
and explains procedures in constructing information portfolios. The beta

estimation and test periods are set forth. In addition, issues of external

G e



and internal validity are addressed.
Statement of the omnibus hypothesis is presented in Chapter VI.
Moreover, the specific hypotheses comprising the omnibus hypothesis are
set forth and interpreted for both the two-factor and one-factor (fixed
effects) design cases. The relationship between the two income forecast
error variables regarding appropriate design choice is analyzed.
Empirical findings are presented in Chapter VII and Chapter VIII
concludes by summarizing the key aspects of the study and by making .F

recommendations for future research.



FOOTNOTE TO CHAPTER I

1Hayes [1978] relates the economic income model with a represen-
tative model from valuation theory.
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CHAPTER II
THEORETICAL FOUNDATIONS

Overview
The primary purpose of this study is to examine the relationship
between reported replacement cost data and security returns. An equiva-
lent formulation of the purpose is to determine if the current replace-
ment cost data has information content within the context of the capital
markets. It is this latter statement of the purpose that will be used
as a framework for testing the hypotheses addressed in this study.

1 Let 8 be another random variable

Let R be a random variable.
(or vector of random variables). Information theory defines 6 as having
information content, if for some realization, e of &, the conditional
distribution F(R/8) is not identical to the unconditional distribution
F(R) (see Spence [1974, pp. 7-10] and Demski [1971, p. 14]). If, on the
other hand, F(R/8) = F(R) for all realizations, 8 of 3, then & does not
have information content. Accordingly, agents do not behave as if values
of 6 affect their probabilistic assessment of R.

Reported accounting numbers are random variables 6, whereas their
realizations represent accounting events 6. Inferences can be made about
the information content of these accounting numbers by observing the be-
havior of some (dependent) random variable R during a period in which it
is reasonable to expect that the event may be related to this random
variable. Therefore, it is necessary to determine three criteria: the
event, the random variable, and the time period. The event to be consi-
dered in this study is the vé]ue of the income forecast error. The random
variable to be observed is the return on a security (or a portfolio of

securities).



Previous research has provided evidence that indicates that an
association exists between reported accounting numbers and security re-
turns (e.g., Ball and Brown [1968], Beaver [1968] and Beaver and Dukes
[1972]). The implication is that accounting numbers will have informa-
tion content if either or both of the following two conditions exists:
(1) the market uses these numbers in setting prices or (2) these numbers
are associated with other sources of information used by the market in
setting prices. Under the first condition there exists both correlation
and causality between accounting numbers and stock returns, whereas under
the second condition, only correlation exists. These two conditions
along with the assumption that the market is efficient with respect to
publicly available information will be used to identify a time period
that one would expect to capture any potential information effects.
Market efficiency implies that the market adjusts prices fully and in-
stantaneously when new information becomes available (see Fama [1970]).
It is assumed in this study that the market is efficient with respect to
publicly available information.

With respect to market efficiency, and condition (1), one should
expect a market reaction immediately following public disclosure of the
accounting event. If, on the other hand, condition (2) exists, one might
expect a market reaction prior to public disclosure of the accounting
event. This would occur whenever the other source of information used
by the market becomes publicly available prior to disclosure of the ac-
counting event. The findings of previous research noted above, suggests
that other sources of information that are reflected in accounting numbers
impound in stock returns several months before public disclosure of these
numbers. In summary, it appears that the appropriate time period should

include both periods immediately following and preceding the disclosure
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of the accounting event.

These three criteria have been discussed within the context of
information theory and the semi-strong form of market efficiency. As-
suming that the distribution function F is normal, then one condition
necessary for inferring information content is that E(R/8) = E(R). How-
ever, to analyze conditional and unconditional expected return behavior
of securities (or portfolios), it is necessary to make an assumption as
to how equilibrium prices (or expected returns) are established by the
market.

The two-parameter, two-factor capital asset pricing model (CAPM)
provides an equilibrium expectation of the return from holding an asset.
The model is a two-parameter model in the sense that the joint distribution
of returns is assumed to be multivariate normal. This distribution is de-
fined by two parameters, the vector of means and the variance-covariance
matrix. The model is a two-factor model in the sense that the dependent
variable, expected return, is a function of two independent variables.

The model implies that there exists a linear relationship between an as-
set's return and its systematic risk. Jensen [1972] provides a review of
theory and evidence supporting the various forms of the model. His as-
sumptions of the model are adopted here. The Sharpe-Lintner version of

this model is given by the expression

(2-1)  E(Ryy) = Ry + 8. [E(R ) - Re,d,

where
ﬁit = the return on a security (or portfolio) i in period t,
th = the risk free rate of return in period t,
Bip = the measure of systematic risk for security (or portfolio)

i in period t, and
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ﬁmt = the return on the market in period t.

Within an efficient market, values of the model's respective para-
meters are established, conditioned on the information available at time
t. Since the only parameter unique to asset i is beta Bit’ the expected
returns of any two assets, i and j, are to be treated as equal, given

that their betas are equal. In other words, if 8 then E(ﬁit)

it = By
= E(Rjt) because R., and E(Rmt) are constant for all assets during a given
t. Gonedes [1975, p. 224, 1978, pp. 48-49] contends it is this property
of the Sharpe-Litner model that enables one to control "other things" so

that an assessment can be made of the information content of a random

W“—"—,;'&— [ —

variable 8. The following discussion of its main facets will provide the
rationale for its use in detectﬁng information content.

Omitting the subscript t for convenience, let portfolio p be a
portfolio consisting of only firms that report the realization, e of 8,
after establishing equilibrium at time t. In contrast, let portfolio r
consist of randomly selected securities. Consequently, portfolio r is
not formed conditiona]]y on any realization of 6. Furthermore, suppose
that both portfolios are constructed such that ep = B.. If 6 does not
have information content beyond that available when equilibrium was estab-
lished at time t, then the two-parameter model implies that E(ﬁp/e) =
E(ﬁr). On the other hand, if these expected returns were unequal then g
must have information content. This is because all "other things" which

might effect the expected returns are held constant by setting Bp = Br’

Expectation Models

Examining the information content of replacement cost data, the
particular attribute considered is the income forecast error. The meth-

odology employed will analyze the security return behavior of firms
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conditioned on different realizations of both their historical cost in-
come (HCI) and current operating profit (COP) forecast errors. These
two accounting random variables are denoted by 51 and 62, respectively,
and are the components of the 2 x 1 "information" vector of random vari-
ables & = (8, 8,).

In calculating realized values of these two forecast error vari-
ables, it is necessary to specify an investor expectation model. All
conclusions are conditioned on the propriety of the model(s) assumed.
Other researchers have attempted to garner stronger support for their
conclusions by incorporating in their studies a number of expectation

models (e.g., Beaver and Dukes [1972, pp. 322-324]). However, in choosing

| S et s SRl PR

an expectation model for calculating the COP forecast error values, the
available data limit the selection to the martingale model. Fortunately,
there is some theoretical support (to be discussed below) for using this
model to calculate the COP forecast error realizations.

The martingale model is given by
(2-2) ey =Yg ¥ 8 Upyys
where

E(upyq/ups Up_ps--e) = 0.

The drift factor & may equal zero. This model is less restrictive than

the random walk model since the u, residual series does not have to be

t
independently and identically distributed.

The results of previous empirical research has suggested that
given only the past values of.the HCI sequence, the martingale model is
a descriptively valid expectation model of future expected HCI (Ball and

Watts [1972]). This evidence is consistent with the statement that the
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HCI forecast error reflects information about a firm's value when the
martingale model is used as a surrogate for investor's income expectation
(e.g., Ball and Brown [1968] and Gonedes [1978]). Within the framework
of the martingale model, Gonedes [1978, p.37] has argued that some other
signal (e.g., the COP forecast error) which becomes available when the
HCI number is realized may reflect information if that signal alters the
expected values of the HCI predictive distributions for future periods.
His contention supports the use of the martingale model to investigate
the COP forecast error.
The martingale model will be used in this study to derive both
COP and HCI forecast errors. Applying this model to the COP variable,
data limitations prevent the statistical calculation of the drift
factor 6, and will therefore be assumed to be zero. There is, however,
under both the opposing assumptions of stability and instability some
theoretical support for using this period COP as the best estimate of
the following period's COP.
In the case where stability is assumed, Edwards and Bell [1961,
p. 99] state:
The significance of current operating profit may extend to periods
other than the current period if certain assumpstions are valid.
Current operating profit can be used for predictive purposes if the
existing production process and the existing conditions under which
that process is carried out are expected to continue into the
future; current operating profit then indicates the amount that the
firm can expect to make in each period over the long run.
Under the instability assumption Revsine [1973, p. 127] states:
In an environment in which relative prices, risk, the technological
processes are constantly changing, one can seldom make very accurate
estimates of future current operating profits. Furthermore, when
changes in operating variables have no discernable pattern, detailed
trend analyses are of limited benefit. For lack of a better method,

a reasonable basis for estimating future flows is to extrapolate the
most recent periods' results under the assumption that no further
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changes will occur. If indeed, no further changes occur (and if
volume is constant), then the following period's current operating
profit will be equal to the present period's current operating
profit.

Ideally, one attempts to use the expectation model that
reflects aggregate market behavior. When constructed and tested, most
(if not all) expectation models become public information. Assuming the
semi-strong form of the efficient market hypothesis, a researcher might
further assume that the expectation model that "best" predicts is the
one used by market agents. However, at this point in time, there exists
a limited amount of data for specifying COP expectation models because
~ of the recency of Securities and Exchange Commission (SEC) reporting
standards requiring this information. Therefore, in addition to the
above theoretical arguments, it seems reasonable to expect that market

agents act as if they use the martingale model.

The Distribution Properties, Assumptions,

and Implications of Security Returns

The weak-form of the efficient market hypothesis implies that a
security's returns (i.e., price changes over uniform intervals) are
independent. If, in addition, one assumes that a security's returns are
drawings from the same population, then returns are independently and
identically distributed.

The simple return for a period (interval) involves the product
of simple returns for each of the intermediate sub-intervals. By taking
the logarithmic function of one plus the simple return, this expression
is transformed into the 1ogar1thmic return and is referred to as the
return with continuous compounding. This return is also independently
and identically distributed. However, unlike the simple return for a

period, this return is equal to the sum of logarithmic returns for each
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of the intermediate periods. Consequently, some financial theorists have
argued through the use of the central limit theorem that this distribu-
tion approximates normality if the variance is finite and the number of
subperiods is large (Fama [1976, pp. 17-20]). Furthermore, the continu-
ous ly- compounded return expressed as 1n (1 + ﬁt) is approximately equal
to the simple return ﬁt where ﬁt is less than 15% in absolute value

(Fama [1976, p. 20]). This reasoning has provided the theoretical
rationale for hypothesizing a normal distribution for a security's
return.

The empirical results provided by Fama [1976, pp. 21-38] imply
that both daily and monthly returns are leptokurtic relative to normal
distributions. These distributions are members of the symmetric stable
family of distributions of which the normal distribution is a member.
However, unlike the normal distribution they have infinite variances.
The degree of leptokurtosis detected in monthly returns is less pro-
nounced tha; that of daily returns. In fact, their departures from
normality are not sufficient enough to completely invalidate the normal
assumption.

A sufficient, but not necessary condition for the theoretical
construction of the CAPM is that the joint distribution of security

returns is multivariate nor'mal.2

Therefore, at this level, departures
from normality are not an impediment for using the model. Accordingly,
this study will employ the equilibrium property derived from those
versions of the model which assume that the market is a minimum variance
portfolio (Fama [1976, pp. 391f302 and pp. 320-3707). Specifically, if
Bi = Bj, then E(ﬁi) = E(ﬁj). Hereafter, this property will be referred
to as the equilibrium assumption. Although one could choose not to
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employ this assumption and/or the CAPM, both provide a theoretical
rationale for constructing sample portfolios with pre-experimental
equivalence.3

With respect to a variant of the CAPM for conditional returns,
this equivalence provides the means for eliminating from total returns
that systematic portion attributable to economy-wide events (see (3-25)).
The remaining variation can then be dichotomized into two parts. The
first part, the remaining systematic variation in the data, is assumed
to be accounted for by fixed effects in the model. The second part,
the remaining random variation, is assumed to arise from small independ-
ent influences which produce normally distributed residuals.

Consequently, it is the joint distribution properties of these
residuals or equivalently the associated conditional returns which are
of primary concern to the researcher. This joint distribution is
assumed to be multivariate normal. It differs from the assumption that
the unconditional returns are jointly distributed multivariate normal.
In other words, the normality (or lack of it) of one distribution does
not imply the normality of the other. Furthermore, neither assumption
is less restrictive than the assumption that the joint distribution,
which includes the returns and the conditioning variable(s), is multi-
variate normal.

An important point not to be overlooked is that probability
statements in tests of significance refer to the sampling distribution
of the statistic and not to the distribution of observed conditional
returns. Of course, if the joint distribution of the conditional
returns is multivariate normal, then the statistic's distribution will
be multivariate normal. However, if the joint distribution is not multi-

variate normal, the central 1imit theorem (assuming finite variance)
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implies that the distribution of the statistic is essentially multi-
variate normal for large sample sizes (see Rao [1965, p. 108]).
Currently, there is no practical method available for deter-
mining whether a sample is drawn from a multivariate normal population
(Bock [1975, p. 155]). However, one necessary condition is that the
marginal distributions are univariate normal. The evidence cited above
regarding monthly returns is not sufficient to reject the hypothesis
that they are normally distributed and thus the multivariate assumption.
Therefore, both joint conditional and unconditional distributions are

assumed to be multivariate normal.
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FOOTNOTES TO CHAPTER II

1T1’1de (~) denotes a random variable.

2Fama [1971] shows that any probalistic distribution which is
a member of the symmetric stable class with characteristic exponent
a > 1 is sufficient for the theoretical construction of the CAPM.

3Without invoking this assumption, one could use the market
model to derive a residual return metric. Employing this metric,
construction of sample portfolios with pre-experimental equivalence
is also possible. The market model and the residual metric are dis-
cussed in Chapter III.



CHAPTER III

COMPARISON OF RETURN METRICS AND MODEL EQUIVALENCE

The Information Hypothesis

Financial accounting research involved with studying relation-
ships between accounting data and security returns (hereafter referred
to as market based research) has employed two different return metrics.
They will be referred to as (1) the residual return metric and (2) the
difference in total returns metric. Metric terminology was introduced
by Beaver [1980] to differentiate between types of return measures and
their underlying distribution functions. Thus, comparison of the econo-
metric properties of different return metrics is equivalent to comparing
each of the functions' corresponding parameters. To facilitate compari-
son, all conditional and unconditional returns will assumed to be dis-
tributed multivariate normal.

Both of these metrics are derivations of the most fundamental of
return metrics, i.e., the total return. This metric is defined as the
percentage change in price for a period after adjusting for dividends.

In symbols, it is expressed as

(1) R, - Py * Ezt " a1
zt-1
where
ﬁzt = the total return for security z during beriod t,
ﬁzt = the price of geburity z at the end of period t,
th = dividends paid during period t, and
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P = the price of security z at the end of period t-1.

zt-1

The comparison will be made in the context of expected returns,1
which has been the primary focus of most previous studies. In this con-
text, a researcher interested in testing the information content of an
accounting random variable & would investigate the expected conditional
return, given some realization (signal) 6 of 3. This expected condi-
tional return is then compared to the expected unconditional return.

The complete statement of both null and alternative hypothesis is
(3-2) Hy: E(th/ezt) - E(th) = 0 for all realizations of o_,, and

(3-2') H1: E(ﬁzt/ezt) - E(ﬁzt) =z 0 for at ]east one realization of ézt'

An equivalent formulation of the null and alternative hypotheses

discussed by Gonedes [1975, p. 222] is given by

(3-3) HO: E(th/e ) - E(th/e ) =0 for all i and j, i = j, and

izt jzt

(3-3') HI: H0 is false.

Both sets require a test of the equivalence of means, The number of
realizations of 9 determines the number of means. Thus, subsequent
reference to the n realization case will imply a test of the equality
of n means.

Beaver [1980] explored the characteristics of each metric's mean
and variance parameters. His comparative analysis was made in the con-
text of analyzing a single realization of the conditioning variable 8.
The conclusion he reached in fhis setting is that both metrics have the
same expected values, however, the form of their variances differ.

. ps 2/~ 2/~ 2/~ ~ =
Specifically, they are ¢ (ept) and o (spt) +g (eqt) - 2Cov(ept,eqt)
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where p and q represent two different securities (portfolios). There-
fore, the size of one in relation to the other depends on the value of
the correlation coefficient associated with the latter.

For example, if the disturbance terms (residuals) €_and €_ are

P q
uncorrelated, then Cov(e_,e_ ) = 0 and the variance term az(ép) would be

the smaller of the two. pHo:eVer. Beaver acknowledges that one can not
exclude the non-existence of interdependence (cross sectional correlation)
between disturbance terms. Assuming that the security return process is
generated by a single factor (the market return) and no omitted variables
exist, Fama [1976, p. 74] shows mathematically the interdependence of
security residuals and proVides empirical evidence consistent with this
phenomenon ([pp. 351-355]). Gonedes [1978, pp. 54-57] provides evidence
that portfolio residuals are also correlated.

Existence of large positive correlation could make the latter
variance term the smaller of the two. Thus, Beaver considers this as-
pect of his comparative analysis important since along with Type I error
rate and sample size, the magnitude of the variance affects the power of
a test (Slakter [1972, p. 273]). Consequently, the choice of a metric
could have an impact on actual test results.

Although a researcher may choose to investigate the effect of
only one realization, a random variable must have at least two realiza-
tions. It will be shown that by employing the appropriate statistical
testing procedure in cases involving all realizations of 6, the residual
return metric approach is transformed into the differénce in residual
returns metric approach. Furthermore, the distribution parameters of
both difference in returns metric approaches are identical.

In cases including all realizations of 6, three alternative
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procedures are available for testing the omnibus null hypothesis: (1)

make n independent tests comparing each conditional return with the un-

conditional return; (2) use a joint test of the equality of means incor-

porating, if necessary, post hoc contrasts as an adjunct procedure;

(3) use a joint test of the eduality of means with a priori contrasts.?
The primary disadVantage of alternative (1) is that multiple

independent tests "inflate" the total probability of making a Type I

error. In general, the probability of accepting all the null hypotheses

using n independent tests when in fact they are all true is

n
- (3-4) T (1 - ak).
k=1

Thus, the probability of rejecting at least one of the null hypotheses
when in fact they are all true is
n

l-H(l-a),
k=1 k

(3-5) «o*

where o* is the total probability of making a Type I error for the col-
lective hypothesis set (Bock [1975, p. 190]).

For example, in the case with two tests, if a; T oy = .05, then
a* = ,0975. On the other hand, if the researcher selects a total Type I
error rate of .05, then @y = ap 3 .025 for each test. Reducing the a

level reduces the power of a test (Slakter [1972, p. 273]) and the dif-

ference between ay and o* is the price a researcher would pay for follow-

ing this approach.

Joint testing procedures called for in alternatives (2) and (3)
control the overall Type I error rate. Under both of these alternatives,
if the joint test of the omnibus null hypothesis is rejected, then sub-

sequent testing to detect the cause of this rejection is usually desired.

‘.‘< L3
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The advantage of using a priori contrasts for detecting causes is that
they provide more powerful tests than post hoc contrasts (Bock (1975,
pp. 266-2671).

From the Viewpoint of maximizing the power of all tests, the
third alternative is preferable. It is this procedure that will be used
as a standard to provide a testina framework in the comparison of return

metrics.

The Market Model

The earliest studies in market based research employed the resi-
dual return metric. Researchers originally used the market model in
deriving this metric and it will be introduced here.

The discussion will be presented in a conceptual setting invol-
ving only one asset and time period. Therefore, asset and time subscripts

will be omitted. The market model is expressed as
(3-6) §=a+6§m+é,

where

X1
1]

the return of a market index for period t,

a,8 = the intercept and slope parameters, and

the disturbance term.

™
n

With the assumption that returns are distributed multivariate normal,
then E(¢) = 0, and ¢ and ﬁm are independent. The expected value and

variance are, respectively,

(3-7) E(R) = o + sE(Fzm), and
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(3-8) Var(R) = szcz(fzm) v $2(3).

The conditional return given some realization 8; of 6 is expres-

sed as

(3-9)  (R/0;) = o + R+ (/)

+ gR_+ vy, + 8,
@ BRm vi te

where ﬁm and 8 are assumed to be independent. Thus, given an actual
realization 8; of 6§ implies the fixed effect parameter Yo This version
of the model for conditional returns differs from the usual presentation
only in that it decomposes the residual random variable into two compon-
ents. They are the expected value (i.e., E(e/e;) = yi) and a disturbance
random variable &., where E(éi) = 0.

The conditioning variable § is generally assumed to be an ordinal
scale variable (see e.g., Gonedes [1978] and Beaver [1980]), therefore, an
equivalent formulation could be developed employing dummy variables.
Assuming n possible realizations of &, the market model could be expan-

ded as
(3-10) R=a+ B8R +y[X; +y,%, + oo + 7 X+,

where each variable ii assumes the value one when 85 is realized and zero
otherwise. Moreover, their respecti?e coefficients are the fixed effect
parameters.

Under both the unconditional and conditiona]lversions of the
model, the term o + eﬁm is "assumed to reflect economy-wide eVents, where-
as, terms ¢ and (v; + éi) reflect firm-specific events. Both the residual

return and difference in total returns metrics will be described using the
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version introduced here.

Residual Return Metric

A researcher concerned with the information content of 8 might
employ a residual return metric and reformulate the information hypo-
thesis given by (3-2) and (3-3) in terms of residual returns. The market
model can be used to derive this metric. However, unlike the market
model, the total return is conditioned on a realization of ﬁm' In addi-

tion, if a realization 8, of 8 is given, then the metric is expressed as

(3-11) (E/Rm,ei) = (R/Rm,ei) -a - BRm =y + e;.

In words, the metric is the difference between the total return
and that portion attributable to economy-wide events. The expected value

and variance are, respectively,

(3-12) E(e/R ,0;) = y; + E(€;) = v,, and

2(3.).

(3-13) Var(E/Rm,ei) = o (e

The reason for its construction is to eliminate from the total return

variability attributable to ﬁm (see (3-8)).

Difference in Total Returns Metric

In contrast, a researcher concerned with eliminating variability
attributable to Rm might employ a metric as the difference in total re-

turns. This metric can be expressed as

~

(ﬁ/ei) - R

(= W]
[}

(3-14)

(0+8§m+Yi+éi)‘(a+B§m+g)

[[]
<
+
m:
)
™
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The expected value and variance are, respectively,

(3-15) E(&i) = y; + E(&) - E(3) = v;, and

(3-16) Var(d) = o°(&;) + o°(3) - 2Cov(&.,).

In comparing the two metrics the results are the same as Beaver's.
That is, the expected returns are the same but the variances differ.
However, Beaver was analyzing only one realization of 8, therefore, he
used the assets unconditional return in constructing the difference in
total returns. Alternatively, if one takes the difference between two
conditional returns, then the properties of the difference in total re-
turns metric change. For example, let 8, and ej be two realizations of

8, then

(3-17) d,

1,j (R/e'l) = (R/e,])

(a + BR + s + ei) - (a + sRm + Y; + ej)

"
<
-
]
<
+
1]
[}
1]

The expected value and variance are, respectively,

(3-18) E(di’j) =vi-ovyt E(ei) - E(ej) IR ST and

(3-19) var(d; ;) = o?(8;) = %

j ej) - 2Cov(ei,ej).

The form of the variance terms in (3-16) and (3-19) are the same. How-
ever, in comparing (3-15) and (3-18) the former is an expected conditional
return, whereas, the 1attey is a difference in two expected conditional
returns. Furthermore, the residual and difference in total returns metric
approaches are no longer appropriately comparable in this context. This

is true since the residual return metric involves only one realization of
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8, while the difference in total returns metric involves two realizations

of 8.

Comparison of Metric Approaches

in the Two Realization Case

With respect to the information hypothesis given by (3-2) and
(3-3), comparing two different realizations 8, and ej of 6 involves a
test of the equality of two means. Recall that the standard testing pro-
cedure is a joint test incorporating a priori contrasts. The simplest
testing procedure available in this case is a Z test (assuming known
variance) of the difference in two means. This test is given by

(ys - vs5) = 0
(3-20) Z = 1 J

[(oz(éi) + cz(éj) - 2Cov(é1.,éj))/n]i

The variance term in the denominator of the test is identical to
the variance of the difference in returns metric (see (3-17) - (3-19)).
Furthermore, the numerator is an estimate of this metric's expected
value.

The residual return metric presented in (3-11) involves only one
realization of 6. However, a new metric could be constructed by taking
the difference between two individual residual return metrics. This

metric is given by

(3-21) (&/R,8;) = (/R ,05) = [(R/R ,0,) - o - 8R.]

- L(R/R,85) - o - 8R_]

~

(Y.i + ei) = (Yj + éj)

1}
<
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The expected value and variance are, respectively,

(3-22) EC(&/R,0;) = (e/R585)1 = vy - vy + E(&;) - E(&))

Yi < Y5 and

(3-23) Var[(/R ,8.) - (:/R,8.)1 = o°(8,) + o*(

3 ej) - 2Cov(ei,ej).

Thus, the difference in the residual returns metric distribution
parameters are the same as those of the difference in total returns
metric. Moreover, this result is generalized for cases involving more
than two realizations in Appendix A. Therefore, in these cases, the im-
pact that each metric's variance has on the power of a test is identical.

Generalizing the results of Beaver's analysis to the two (or
more) realization case implies one of two things. First, it might imply
that ei can have information content, whereas, its compliment ej does
not. If this holds, construction of the difference in residual returns
metric would not be necessary in testing both realizations. This is true
since the compliment's expected conditional return is assumed to be zero.
Beaver [1980, p. 22], in fact, assumes this possibility in his analysis.
In this regard, Gonedes [1974, p. 28] argues that the expected value of
all conditional expected returns is zero in an efficient market. If this
was not true, then E(R) = a + sE(ﬁm). For example, if 6, and 6 each
occur fifty percent of the time, E(ﬁ/ei) = E(R) + C, and E(ﬁ/ej) = E(R),
then E(R) = (.5)E(R/e,) + (.5)E(R/8;) = (LB)E(R) + C] + (.5)E(R) = E(R)
+ (.5)C. This, of course, is impossible. The expected unconditional
return cannot be equal to itself plus the additional term (.5)C.

The second possible ihp1ication is that the difference in total
returns metric requires an unconditional return in its construction.

Gonedes [1978], for example, uses unconditional returns in constructing
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the difference in total returns metric. If this requirement is necessary,
then taking the difference of this difference would result in a variance
which is not identical in form to that of the difference in two condi-
tional residual (or total) returns (see (A-1) - (A-3)). However, employ-

ing a priori contrasts eliminates the need for this requirement.

The General Linear Model

Implemention of the standard testing procedure in cases involving
more than two realizations of & requires the use of analysis of variances
(ANOVA) or in cases involving more than one dependent variable, multi-
variate analysis of variance (MANOVA). Both of these methods involve
the formulation of a general linear model. More specifically, this is
a model in which the depéndent variable(s) is expressed as a linear
function of the independent variable(s).

In market based research, the dependent variable(s) will be to-
tal return(s) or residual return(s). Accordingly, the model proposed
later in this context will be referred to as a general linear return
model (GLRM). Currently, the discipline of finance also expresses re-
turns as a linear function using either the one-factor (market) model or
the two-factor (zero-beta) model. The following discussion will explain:
(1) the relationship between the GLRM and the two-factor model, and (2)

. the difference in total returns metric, incorporating both the two-factor

model and GLRM.

Two-Factor (Zero-Beta) and General Linear Return Models

In general, the two-factor model is expressed as

-~

(3-24) R = wRo + sRm + U,

where Ro is the return on a minimum variance zero-beta portfolio.
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Imposition of the requirement that the market portfolio of positive
variance securities be a minimum variance (and usually an efficient)
portfolio implies that y = (1 - g) (see Fama [1976, p. 301]). This, in
turn, implies for any two securities (portfolios) z and q that if B, =
Bq’ then E(Rz) = E(Rq). The requirement is referred to as the equili-
brium assumption and will be assumed throughout the following discussion.
The two-factor model can be expanded for conditional returns by
including in the firm;specific component a fixed effect parameter. The

model is given by
(3-25) (R/ei) = (1 - B)Ro + 8RO+ yg +ong .

This expansion is the same as introduced earlier regarding the one-
factor model (see (3-9)).
The proposed general linear return model (GLRM) for conditional

returns is given by

(3-26) (R/8;) = u + vy + (V + 7))

+ vy, +e.
H Y'l e'l ’

where

u = the grand mean,
Y; = the ith level effect of ei, and
éi = (v + ﬁi) = the error term.

The components v and ﬁi are’ independent and each have an expected value
of zero. This model is hypothesized for the one-factor (fixed effects)

design case and is presented in detail in Chapter VI (see pages 80-81).
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In this context, the term "factor(s)" refers to the fixed effect para-
meter(s) associated with the conditioning variable(s). For the two- ‘
factor (fixed effects) design case see Chapter VI pages 64-67.

The following derivation will demonstrate the equivalence of the
two-factor model and the general linear return model for conditional

returns.

(3-27) (R/e'l) (1 - B)RO + BRm + Yi + n.i

[(1 -8R, +8R T+ vy +n,

[(1 - B)E(R) + BE(R)) + V] + v + n,

+ V) + vy, + 1,
(b +v) +y, +n,

+v. +e. .
H Y5 91

In discussing the two models, their respective components will be dicho-
tomized into economy-wide and firm-specific effects. The GLRM component
(u + v) is a random variable with expected value u. The two-factor
model component [(1 - s)ﬁo + Bﬁm] is a random variable with expected
value (1 - B)E(ﬁo) + eE(ﬁm). Both of these components are assumed to
reflect economy-wide events, where u equals (1 - e)E(ﬁo) + sE(ﬁm). The

other component in each model is identical, i.e., Y; +n This compon-

1'.
ent has as its expected value the term Y; and is assumed to reflect
firm-specific events.

Given this equivalence, either model can be used to construct

a difference in total returns metric.

(3-28) di,j = (R/ei) - (R/ej)
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[(1 -8R+ 8R +vy; +n.]

[(1- B)Ro + BRm + Y; + nj]

[((1 - s)E(ﬁo) + sE(ﬁm) £9) +yg A

[((1 - B)E(R)) + BE(R)) +¥) + v + ]

[(U + v) + Yi + ﬁi]

[(n+v) + vy o+ ﬁj]

Cu vy + (v + ﬁi)] - [u+ Yy * (v + ﬁj)]

[u + Yi + ei] - [U + Yj + ej]

(Yi + éi) - (¥j + éj)

"
<

The expected value is the same as when the one-factor (market) model
was employed. Furthermore, the variance has the same form, however, it
will be smaller assuming the second factor ﬁo explains some of the total

variation in R.

Empirical Considerations

The discussion thus far has been in a conceptual setting. In
more realistic environments, it is impossible using only the ex post re-
turn of an asset for a single period t to empirically estimate more than
one value of y. Even for one value, it would be impoésib]e to estimate
and statistically test for significance. When obtaining more observa-
tions by using an asset's ex post returns from various periods, though,

concern must be given to possible changes in parameter values over time.
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Alternatively, additional observations could be obtained by employing
different asset returns for a given period. Using either alternative,
the effect of 6 is assumed to be homogeneous over time and/or among
firms.

In the construction of "treatment" groups (portfolios), a re-
searcher must control confounding variables. A confounding variable may
be described as any variable which offers an alternative explanation
regarding differences in the dependent variable(s) other than the "treat-
ment". Total returns can differ among assets regardless of “"treatment"
effects since there may exist structural differences in their economy-
wide components. This is attributable to differences in systematic risk
measured by beta.

The two methods control this component differently. Residual
return metric may employ properties of either the market model or the
zero-beta model which would eliminate from the observed total return

this component. Employing the market model for asset z results in

(3-29) e, = RZ -a, - Bsz'

Portfolios of the estimated residuals can then be constructed.

With respect to the difference in total returns metric, portfo-
lios are constructed so that the estimated parameters of the economy-wide
components of each portfolio are equal. Under either model, imposition
of the equilibrium assumption requires estimation of just one economy-
wide parameter, i.e., beta. Hence, for two portfolios p and q their
respective economy-wide components excluding estimation error would be

equal if Bp = Bq.
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Concluding Remarks

Both the residual return and difference in total return methods
eliminate the "undesired" variability attributable to ﬁm contained in
the total return metric. However, interdependence among residuals might
exist. If interdependence is detected, then statistical tests which
assume independence are inappropriate.

Comparison of the two metrics employing a standard testing pro-
cedure is made in a conceptual setting. In cases involving two reali-
zations of an "information" variable, it is shown that their econometric
properties are identical. To provide the framework for cases involving
more than two realizations, the general linear model from extant statis-
tical theory is shown to be equivalent to the two-factor model. Although
the same results can be reached without its use, this model is employed
(see Appendix A) in the general case to demonstrate metric equivalence.
This demonstration involves reparameterization of the model. This, in
turn, results in a priori contrasts which are differences in total

returns.
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FOOTNOTES TO CHAPTER III

1An expected return represents only one parameter of the distri-
bution. For an explanation of the general case see page 8.

2A contrast is defined as a weighted average of two or more
population parameters such that the weights (coefficients) sum to zero.



CHAPTER IV

LITERATURE REVIEW OF REPLACEMENT (CURRENT) COST ACCOUNTING

Current Cost Concepts

Hicks [1946, p. 176] offers the following concept of income:

. . .a person's income ié what he can consume during the week and

still expect to be as well off at the end of the week as he was at

the beginning.
However, to operationalize this concept, one has to decide how wealth
("well-offness") is measured. Current cost advocates propose to define
wealth as the current cost market value of assets. Within the Hicksian
framework, a firm's expected current cost income is the amount of divi-
dend a firm could distribute at the end of the period without impairing
the current cost market vaiue of its assets.

One of the major purported advantages to the current cost method
of valuation is that it allows for dichotomization of the total income.
Edwards and Bell refer to the two resultant components as current oper-
ating profit and realizable cost savings (RCS). Recall that current
operating profit is defined as the difference between revenue and current
cost of assets used to create that revenue. Realizable cost savings are
defined as the difference between the current cost of assets at the end
of a period or at time of sale and their current cost at the beginning
of the period or at time or purchase if the assets are acquired in that
interval. Purportedly, they measure changes in value attributable to firm
operating and holding activities, respective'ly.1 Specifically, current
operating profit recognizes changes in value due to operating activities
at time of sale, whereas, re$1fzab1e cost savings recognizes changes in
value due to holding activities when they occur. Edwards and Bell [1961,

p. 73] explain the importance of distinguishing between the two different

36
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activities, stating:

These two kinds of gains are often the result of quite different

sets of decisions. The business firm usually has considerable free-
dom in deciding what quantity of assets to hold over time at any or
all stages of the production process and what quantity of assets to
commit to the production process itself. The opportunity to make
profit through holding activities, that is, by holding assets while
their prices rise, is probably not such an important alternative for
most business firms as is the opportunity to make profits through
operating activities, that is, by using asset services and other
inputs in the production and sale of a product or service. The diff-
erence between the forces motivating the business firm to make profit
by one means rather than by another and the difference between the
events on which the two methods of making profit depend require that
the two kinds of gain be carefully separated if the two types of
decision involved are to be meaningfully evaluated.

Historical cost income (accounting profit) based solely on histor-
jcal cost data cannot differentiate between these two activities. This is
true since changes in value attributable to both activities are recognized
at only one point in time, i.e., at time of sale. Therefore, any change
in value through holding activities is not recognized when earned. How-
ever, by incorporating the current cost of those assets used in creating
revenue, one could disaggregate accounting profit into current operating
profit and realized cost savings. Edwards and Bell [19<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>