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1. Introduction

Debates involving the issue of aggregation versus
disaggregation of accounting numbers are often encountered in
accounting and finance. This report is primarily concerned with
issues likely to be encountered in empirical work dealing with
the aggregation/disaggregation problem, Specifically we are
concerned with the gains (or losses) available from aggregation
in the modeling of earnings-per-share numbers via univariate time
series models. One of our major inferences is that there are no
dramatic gains or losses. In view of some available emp{rical
WOrk -- such as that on "premier" models of accounting Encome

numbers -- this is somewhat surprising.

The next section provides an overview of and some motivation
for the empirical work described here. Section 3 describes our
sample of firms and Section 4 describes our modelling and
forecasting procedures. Section 5 contains a discussion of our
estimation and forecasting results. A summary and discussion of

implications are provided in Section 6.
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2. General Remarks and Focus of Paper

As indicated, we are attempting to add to the body of
empirical results that can be exploited in works dealing with
aggregation/disaggregation issues. We shall not be making any
direct contribution to the theoretical literature on these
issues. 1In order to provide some perspective on the relevance of
our results, we shall briefly consider several areas where

aggregation/disaggregation issues are encountered.

One of these areas is work on “line—of—businefs“ reporting.
A familiar question here is whether "better" forecasts of, say, a
firm's income number can be obtained by aggregating separately
forecasted line-of-business income numbers or by directly
forecasting the firm's total income number. This Question may
arise within the context of empirical work on the time series
properties of line-of-business numbers (e.g., on whether the
latter facilitate forecasting of a firm's total income number) or
on the effects of such numbers on securities’ equilibrium values.
In the latter kind of work, the forecasting question arises when,
for example, proxies for investors' income expectations are

sought.

In any event, selecting one of the indicated forecasting
methods over the other involves, among otner things (such as data
availability), making tradeoffs between aggregation errors and
specification errors, along the lines described by Grunfeld and
Griliches [1Y60]. Loosely stated, "specification errors" arise

wnen forecasting models used for the separate lines of pbusiness
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are not perfectly specified. "Aggregation errors" arise when
neterogeneous lines are treated as if they are homogeneous --

with respect to model form and parameters' values.

Similar tradeoffs arise when aggregation over different
firms is contemplated. This is one of the issues confronted by
those doing empirical work on alternative time series models for
firms' total income numbers. One major guestion asked in this
area pertains to the relative descriptive adequacy of models
identified and estimated using different types of sample evidence
-— such as evidence consisting of aggregated or diSaggreqated
data. For a given firm one can infer a model using est}mation
results based on the observed values of that firm's income
number., One can also infer a model for a firm by using observed
values of income for, say, an industry grouping to which the firm
belongs. The latter model, inferred from aggregate data, can
then be used for any firm in the industry grouping on the
assumption of within-group homogeneity regarding model form and
parameters' values. The on-going debate over the existence of a

"premier" model for firms' income numbers deals with this issue,

at least with respect to model form.l

L. The work on this topic with which we are familiar does not,
in general, constrain any contemplated premier model's parameter
values to be identical across firms. Only the model form is
presumed to be identical. See, e.g., Brown and Rozeff [1979]) and
Collins and Hopwood [1981],
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The aggregation/disaggregation issue is also relevant to
empirical work where the number of available observations on
accounting numbers seems small relative to the demands of
statistical practice and theory. Consider, for example,
forecasting income numbers of "young" firms, for which there are
few observed values of accounting numbers. Identifying and
estimating a time-series model using whatever data are available
for this type of firm often seems inadvisable. In such a
situation one might seek an alternative source of sample evidence
that is informative vis-a-vis the objects of ultimate interest.
One possibility is to identify and estimate a model using data on
firms or entities "similar" to the firm of interest. For
example, one could get estimates using data on the firm's
industry and then apply these results to the firm of interest.
This presumes that aggregation gains are sufficiently large to
offset the (seemingly inevitable) specification and estimation
errors that would be encountered if the firm's own data were used
for model identification and estimation. In any event, this
approach is one way of getting data-based priors for the model
form and parameter values to be used for empirical worx on a firm

of interest.

The above remarks deal with cross-sectional aggregation,
over firms or otner entities. Tne jgeneral
aggregation/disaggregation issue also has a temporal dimension.
For example, when one is comparing quarterly models for
accounting numbers to annual models, one is dealing with temporal

aggregation issues. This is the type of aggregation considered
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by Hopwood, McKeown, and Newbold [1981] and Brewer (1973], among

others. We shall not provide empirical results pertinent to this

topic.

Finally, we shall not provide any decision-theoretic
framework that identifies our model comparison and selection
criteria as being "appropriate™ bases for attaining maximum
expected utility in a world with estimation costs and costs of
dissaggregation.? As in most empirical works, we shall be
using a variety of procedures in a manner presumed to be

consistent with utility maximization objectives.

The basic empirical issues that we shall consider pertain to
the potential gains from aggregation. Different levels of
aggregation will be investigated. Each is based on a industry
grouping specified within the Standard Industrial Classification
(SIC) Code. Two-, three-, and four-digit groups are used, along
with individual firms' data. A major question asked is whether a
model inferred from the data of a specific entity (a firm or an
industry group) is "superior," for forecasting purposes, to a
model inferred from the aggregate data for a group to which that
entity belongs. This is analogous to asking whether the model
inferred for a firm's consolidated (i.e., aggregate) income

number 1s petter at forecasting the income for each of the firm's

2. In a world without such costs, more disaggregation (of
private information) would not decrease a given individual's
expected utility. Thus, in this setting, the
aggregation/disaggregation issue is easily handled.
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lines of business than are the models inferred for the separate
lines' income numbers (i.e., the disaggregated numbers) .3 In
this case, we apply an "aggregate" (or "macro") model to
"disaggregated" (or "micro") data to get micro forecasts. We

also ask whether aggregated micro forecasts are *better” at

predicting aggregate numbers than are the forecasts from the

models inferred directly from aggregate data. That is, if our
ultimate objective is to forecast the aggregate number, snould we
"build up" an aggregate forecast from micro forecasts or should
we forecast the aggregate number directly? 1In dealing with this
question, we shall be presuming that several conventional
descriptors of forecast performance provide appropriate bases for

model selection.

All models considered here are univariate time series
models. Thus, for an income number at any particular level of
aggregation, our inferences are conditional on the information
set consisting of past values of that income number. {This is a
seemingly nontrivial restriction.) The procedures used to infer
models are modifications of those described by Box and Jenkins
[1970]. These procedures were applied to aggregated and
disaggregated data taken from COMPUSTAT Annual Industrial Tapes
for the years 1946-1972. The sample of firms that we used is

3. A direct link between our results and the details of the
line-of-business issue presumes, of course, that the
classification of firms (lines) by product-line corresponds to a
classification based on firms' EPS time-series properties.
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described in the following section.
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3. Sample Selection

Our initial sample consisted of the 180 firms used by Elton
and Gruber [1971}, [1972]. These firms belonged to 44 different
four-digit SIC industry groups according to the firms' 1966 SIC
industry classifications. Elton and Gruber obtained this sample

via a two-step procedure; see Elton and Gruber {1972; £n. 17,
p. 4l4]. First they selected a four-digit SIC code at random.
Then they applied data-availability criteria to each firm in this
industry grouping, using a COMPUSTAT Annual Industrial tape as
their source of data. These criteria required the availability
of observations on several variables from the period 1948-1966.
All firms that satisfied these criteria were included in the
Elton-Gruber (EG) sample. Another four-digit SIC number was then
selected at random, and the EG data—-availability criteria were
applied to all firms in this second industry grouping. Elton and
Gruber continued to apply their two-step procedure until a total

of 180 firms was selected.

The EG sample selection procedure has no particular wvirtue
relative to our immediate substantive objectives., We elected to
begin with the EG sample because we initially planned to conduct

comparative analyses using their results and ours.
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From the 180 EG firms we selected those whose annual
earnings-per-share could be obtained from our composite COMPUSTAT
tape for each of the years 1946-1971.4 A total of 150 firms

met this earnings-per-share availability criterion.

The 26 earnings-per-share values from 1946 through 1971 were
used to estimate parameters of selected time-series models for
each entity of interest. (The estimation procdures are discussed

later.) The earnings-per-share values for 1972 were used to

4. The earnings-per-share figures that we required were not
directly available from the COMPUSTAT tape. Rather, they had to
be calculated from the three data items that we collected from
the tape: 1Item 20, Available for Common After Adjustments for
Common Stock Equivalents; Item 25, Common Shares Qutstanding;
and Item 27, Cumulative Adjustment Factor for Common Shares,

The Adjustment Factor (Cumulative) is a ratio that enables a
user to adjust shares outstanding for all stock splits and stock
dividends that occur subsequent to the end of a given fiscal
year. These factors can be used to convert shares outstanding
from earlier years to a basis consistent with a given year's
shares outstanding. Thus, the time-series of earnings—-per-share
that we used were retroactively adjusted for the effects of stock
dividends and stock splits.

For each of the 26 years, 1946-1971, the earnings—-per-share
time-series was:
Item 20
Item 25 x Item 27

The use of the Adjustment Factor allowed us to hold the capital
structure constant over our estimation ({and forecast) period.
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assess the forecast accuracy of the estimated time-series models;
1972 data were not used for any of our estimation results. The
period 1946-1971 will hereafter be referred to as the "estimation
period" and the year 1972 will be referred to as the "forecast

year."

Eight other firms were eliminated from the EG sample because
of problems encountered in estimating either of two models that
we entertained: viz, the first- or second-order moving average
model. Estimating these models (with backcasting of
disturbances) involves, in general, neonlinear estimation
procedures. These procedures incorporate convergence tests which
were not "passed" by the additional eight firms (for at least one
of the indicated models). See Box and Jenkins [1970; ch. 7] or
Nelson [1973; ch. 5] for discussions 0of these estimation

procedures.

Finally, we did not reguire that forecast year data be
available when selecting firms for our estimation sample. OQur
forecasting results will be based on the 139 estimation sample
firms that had 1972 earnings-per-share data available from the

COMPUSTAT tape.

A complete listing of the 142 firms in our estimation sample

1s provided in Appendix A.
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4. Modelling and Forecasting Procedures

4.1 Modelling: Firm EPS

For each firm inour sample, 26 consecutive observations
On earnings-per-share were used to estimate parameters for

prespecified autoregressive integrated moving-average (ARIMA)

models. The general form of the models that we estimated is:

4, wo o= 4 4 o + + 0 + ...+ 5
(4. 1) t t Ve ple-p T % T 8 q“t-q
wheren%=(b4ndzt i B is a backward shift operator(deE=zt_d) H

§ is a constant: ¢l through ¢p are p autoregressive parameters;
Gl through Oq are q moving-average parameters:; the e's are
realizations from a white noise process; the z's are
Observations on earnings—-per-share; and t is a time subscript.

The earnings-per-share process,éét_g, 1s said to have an ARIMA

(p,d.,q) representation.

We allowed both p and 4 to have the wvalues 0, 1, or 2 and 4
to be either 0 or 1. wWe did not estimate a (0,0,0) model; thus,
we estimated 17 separate ARIMA (p,d.q) models for each firm's
earnings per share number -- eight models for undifferenced EPS
(d=0}, or EPS "levels," and nine models for first differences of
EPS (d=1). The values of (p,d,q) for the estimated models are

given in the left-hand column of Table 1.
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Because of the size of our sample and the number of models
estimated for each firm, we developed an algorithm to process

firms serially by estimating parameters for each of the 17 models

for a given firm before estimating parameters for the next firm.
In order to initiate this "mass production" of parameter

estimates, we selected the starting values for parameter
estimation that are depicted in Table 1, where 0, denotes the ith

autocorrelation coefficient of the model's disturbance. The
parameters that we estimated (where applicable) head columns two
through four of Table 1. In addition to these parameters, we
estimated a constant term, § , for all 17 models. In the case of
the undifferenced observations, the starting value for ésgimating
6 was the mean of the earnings per share series. For the first

differences of EPS, the starting value for estimating 6 was .0l.

Starting values for estimating the autoregressive and
moving-average parameters were primarily generated from the
sample autocorrelations of the appropriate time-series (EPS
“levels" or first differences) via the theoretical relationships
among autorcorrelation coefficients and the parameter values for
the model being estimated (see, for example, Nelson [1973] or Box
and Jenkins [1970]). For the (2,d,1), (1,4,2), and {2,4d,2)
models, the solutions to the equations involving the parameters
and the autocorrelations were not straightforward.5 Rather

5. Box and Jenkins [1970; PpP- 498-500] outline a computer
program to provide initial estimates of the ¢'s, O's, 3, and the
variance of the white noise term. We d4id not believe it
worthwhile to use their program for our work.
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than implement an additional algorithm to find starting values in
these cases, the starting value for estimating either ¢, or 0,

was set as indicated in Table 1. Additionally, some

autoregressive parameters' starting values implied a

. c2] > . .
nonstationary process (e.qg., -L~—-— 1.0). We did not estimate

lpll

models where starting values for $yor ¢, implied a nonstationary

process.

Once the starting values for a particular model were chosen,
the estimation process began. It was terminated whenever the
relative change in each parameter estimate was less than .0001,
the relative change in the sum of the squared residuals was less
than .00001, or such convergence was not obtained after 50
iterations. The resulting parameter estimates and selected
diagnostic statistics were then saved for model comparison and

forecasting purposes.®

6. If the resulting (p,0,1) or {p:1,1) moving-average parameter
estimate implied a noninvertible process, then the model was
reestimated using the reciprocal of the estimate of 7 as the new
starting value. The parameters resulting from this reestimation
were retained regardless of their implications for invertibility.



Page 14

4.2 Modelling: Industry EPS

In addition to estimating parameters of the 17 models for
each firm's EPS numbers, we estimated the parameters of each
model for "industry" EPS numbers using the algorithm previously
described. Separate industries were identified by two-, three-,
and four-digit SIC codes for our 1972 COMPUSTAT tape, and model
parameters were estimated for each of these three industry

groupings.

Industy earnings per share was defined to be an
equally-weighted average of the earnings-per-share of all
estimation-sample firms that were members of the desired‘fﬁdustry
grouping. Table 2 shows the distribution of our estimation
sample firms by both two-digit and four-digit industry
classifications. The 142 estimation sample firms belong to 52
separate four-digit SIC industry classes according to their 1972
"primary” activity. Of the 52 four-digit classes, 26 contain
only one firm. The EPS numbers for these 26 industries are thus
the same as the numbers for the underiying firms. So, for a
given model, parameter estimates for these industries are
identical to the parameter estimates for the underlying firms.

Additionally, one can see from Table 2 that 20 (of 41)
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three-digit industries and six (of 17) two-digit industries
contain only one firm. This means that the firm, the four-digit,
the three-digit, and the two-digit industry EPS numbers are

identical in six instances.

Table 2 also shows that there are three different four-digit
industries (2000, 2052 and 2063) in two-digit industry $20.
These three four-digit industries also constitute three separate
three-digit industries (200, 205, and 206). Thus, the
corresponding industry time-series at the four-digit level and at
the three-digit level are identical to each other. 1In situations
such as this, making inferences about the behavior of estimates

at different levels of aggregation is meaningless.

4.3 Model Selection

From among the models estimated for each entity (firm or
industry) we desired to choose the model that "best" fit the
estimation period data. Results based upon several
model-selection procedures were obtained. The results discussed
below are based upon the following method of determining the

"overall best" model for each entity.

First, we eliminated all models whose estimated
moving-average parameters implied a noninvertible ARIMA model .
The parameter values ( 9's}) were estimated in the estimation stage
of the project. Starting values (i.e., pre-sample data) for the

time-series process were obtained by "backcasting." When
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employing the "backcasted" disturbances to generate forecasts, we
encountered difficulties with models whose moving-average
parameters implied noninvertibility. Forecasts for such models
tended to "blow-up" because of the weights placed on the more
distant disturbances. Hence, we excluded all noninvertible

models from our forecasting results.

From the remaining models (if any), we eliminated those that
had an observed Box-Pierce statistic, Q(6), that was
"significant" at the 5 percent level or less. This statistic is
based on the sum of the first six squared autocorrelation
coefficients of the residuals from the estimated time series
model in question. A signicant value of this Box-Pierce
statistic led us to infer that the disturbance of the time-series
model does not conform well to a white noise process and, hence,
that the estimated model is most likely inappropriate for the

stochastic process at hand.
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Of the models (if any) that passed the Q-statistic and
invertibil%ty criteria, we selected the model with the largest
value of R for each level of differencing (d=0 or d=1} as the
"best" model for that level of differencing.7 We defined the
"overall best" model to be the one more consistent with the null

hypothesis of zero autocorrelation coefficients of the

disturbance at lags 1-6. To obtain this model, we

7. A sample R2 was provided by the estimation routinme that we
used. The estimation routine was provided by Charles Nelson,
1973 version. 1In that routine, R is defined as follows:

were the e 's are the deviations of the time-series residuals
from their sample average; the z, 's are deviations of the
Observations on the time-series variable (either levels or
first-differences in our case) from their sample mean; and the
summation is over all periods for which there are valid
observations on z2, .

Because we were ultimately interested in forecasting the
level of earinings-per-share, we recomputed the R? statistics for
first difference models to base them on the time-series of
earnings-per-share rather than on the time-series of first
differences in earnings-per-share, as provided by our estimation
routine.

. , 2
Finally, we used the adjusted R for all of our model _n
selection and forecasting results. The adjusted R-, Jdenoted R,

is:
- ] +
Rz = R™ - _;3.~q_,_ l-R2 )

where n is the number of observations used for parameter
estimation and p and q are the number of autoregressive and

[ . I
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transformed the observed Box-Pierce statistic, Q(6), for each of
the two "best” models (d=0 and d=1) to a standardized normal
statistic.8 The "overall best" model is the one with the
smaller {less significant) value of the standardized normal

statistic.

The above model selection procedure involves using

. C L =1 L. . .
J-statistics, sample R, and then Q-statistics again, in that

order. Two alternative selection methods were entertained. Each
is based on using Q-statisties and sample ﬁz in different orders.
The first alternative begins by applying our "insignificant
Q-statistic" test to each of our two groups of models, the 4=0
group and the d=1 group. From among all the remaining d=0 models
{if any) -- each of which was associated with a statistically
insignificant Q-statistic -- we chose the one with the lowest
value of Q(6). The same thing was done for the remaining d=1
models (if any). This left us with at most two candidate models.

. =2 . .
The one with the higher value of R° is the one that we defined to

be the "overall best model".

The second alternative selection procedure begins by
-2

applying our "maximum R" screen to each of cur two groups of
models -- the d=0 group and the d=1 group. We then deleted the
8. A transformation was necessary to find the least significant

Q(6)-statistic, because, in many cases, the Q(6)-statistics were
from X4 distributions with different degrees of freedom and,
thus, could -not be compared directly. The Box-Pierce statistic
Q(é) = n x Ziﬂpjz (where n is the length of the time~series and

is the es{imated autocorrelation coefficient at lag j)}, is
asymptotically chi-square distributed with 6-p-g degrees of
freedom (see, for example, Nelson [1973: chapter 5]).
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model(s) with significant values of Q(6). Finally, from among
the {at most) two remaining models, we selected the one that

. . -2
passed another application of our R test.?

The results from the above alternative selection methods are
given in Appendices D and E and are not discussed below. Suffice
it to say that the crux of what we inferred conditionally on

these alternative selection procedures is the same as the crux of
the inferences discussed below. To be sure, the magnitudes of
our estimates and summary statistics were different. But the
orderings of our alternative models were substantially

unaffecteqd.

4.4 Forecasting Procedures

Forecasts of 1972 earnings per share for each entity (firm,
four-digit industry, three-digit industry, and two-digit
industry) were obtained from the estimation period
earnings-per-share data and the results of our model selection
procedures. To arrive at the 1972 forecasts for each entity, we

relied on the "best" models described previously.

Forecasts for each entity were obtained, where possible, by
three methods: entity-to-entity, aggregate-to-entity, and
disaggregate—to—entity. In the entity-to-entity method, a

9. There will be zero (one) model at the final stage if both
(one) models have significant Q(6)-statistics at the second
stage.
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forecast for an entity was obtained by applying the "best"
estimated ARIMA (p,d,q) model to the entity's pre-1972 data to
arrive at a one-step-ahead prediction of the entity's 1972
earnings-per-share. This procedure was employed for each of the
139 firms, 52 four-digit industries, 41 three-digit industries,

and 17 two-digit industries.i0

In the aggregate-to-entity method, a forecast for a
particular entity's 1972 earnings-per-share was obtained by
applying the "best" ARIMA (p,d,q) model inferred from an
industry's estimation period data to the entity's pre-1972 data.
The industry used was the one of which the entity in gquestion was
a member. For example, a given firm's 1972 earining-per-share
was forecast by applying the best four-, three-, and two-digit
industry models to the firm's pre-1972 data to arrive at
alternative one-step-ahead forecasts. Likewise, a particular
three-digit industry's 1972 earnings-per-share could be forecast
by applying the "best" estimated ARIMA (p.d,g) model for the
relevant two-digit industry's earnings-per-share. In essence,
the aggregate-to-entity forecast method assigns the same model
form and parameter values to all members of the group that

defines the aggregate.

10. Only 139 firms were available for forecasting because, as
mentioned in Section 3, we did neot require that all of our sample
firms have data available for 1972.
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In the disaggregate-to-entity method, a forecast for a given
entity is "built-up" from the “"best" models for each of the
entity's components. For example, a given two-digit industry's
1972 earnings-per-share was forecast by, alternatively,
forecasting 1972 earnings-per-share for each of the three-digit
industries, four-digit industries, or firms that were members of

the particular two-digit industry and then aggregating the
separate forecasts. Likewise, a four-digit industry forecast
could be made by aggregating the forecasts for each of its member
firms. This method allows each component to be forecast by its
respective "best" model; these "best model" forecasts may then

be aggregated.

Thus, at most four different forecasts were possible for
each entity: entity-to-entity (1 forecast); aggregate-to-entity
(0,1,2 or 3 forecasts); and disaggregate-to-entity (3,2,1 or O

forecasts).
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5. Empirical Results

We present two types of empirical results -- results from
estimation and from forecasting. If the sample sizes used for
estimation and forecasting for each firm were sufficiently large,
we could count on the the estimation and forecasting results'
being in substantial agreement. As usual, the sample sizes are
not very large. Thus, the results may appear to be substantively
different. And neither set of results may be interpretable in
terms of conventional "large sample" properties. This is one
reason for our prespecifying the univariate time-series models
that we entertained, rather than using available fitting devices
for model identification (see, e.g., Box and Jenkins [1970;
ch. 6] and Nelson [1973; «ch. 5]). We begin with our estimation

results.

5.1 Estimation Results

we present tabulated results for models estimated with four
types of data -- each type pertaining to a different level of
aggregation. The results are summarized via statistics {e.qg.,
sample means) computed over all estimated models (not firms), the
number of which varies with the type of data used, and also over
all estimated models within each two-digit SIC group. {There are
17 such groups in our sample; the number of estimated models

within each group depends, once again, on the type of data used.)
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Some relevant averages for our entire sample are given in
Tables 3 and 4. Table 3 provides averages for the observed
adjusted coefficient of determination (ﬁz) and the observed
Box-Pierce statistic (Q(6)) for model adequacy based on the first
six estimated autocorrelation coefficients of each model's

disturbance. Table 4 deals with estimated values of the first
four autocorrelation coefficients,?; , i = 1,2,3,4, for each

model's disturbance.

We expected to observe some important differences among
these measures of model adequacy across different models and
across different levels of aggregation. But with the excgptions
noted below, the general picture seems to be one of similarity
rather than differences.11 Specifically, it is difficult to
detect any dramatic differences in the sample “"explanatory" power
of the alternative models for a given type of data (i.e., firm or
industry aggregates). Nor do there seem to be dramatic
differences in the explanatory power of a given model across
different types of data. For example, the sample ﬁz for the
(2,1,2) model is roughly the same for two-digit data as it is for
firm data. In terms of our earlier Jargon, it appears that if
there are gains to be had by alleviating specification errors,
they seem to be offset by equally important aggregation errors.
Alternatively stated, if there are gains to be had via

1l. Recall (from Section 4.3) that our computed ﬁz's for models
with d=0 and d=1 are directly comparable because for d=1 they are
computed for the implicit predictions of levels rather than

first differences.
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disaggregation, they seem tO pe offset by specification errors.

-2
JI course, using R a3 4 Jauge of model adegquacy presumes

that the models evaluated are well-specified. The estimation
results for 2{s) and;i, 1=1,2,3 and 4, are supposed to shed some
light on this issues.i? 1Ip attempting to interpret these
results, one should note that the asymptotic distribution of J{6)

from an ARIMA (p,d,q) model is that of v with 6-p-g degrees of

freedon. Conditional -n a s2rialiy uncorrela dlsturbance, the

I

I3

“large sample” mean and standar. deviation or - are,

[

respactively, -{n-i) and _{n-i}/n{m2)] "

With several exceptions noted pelow, tne results on model
adeyuacy Jo not point o any Jlaring inadegquacies of different
medels for a given type oOf data or of a given aodel across types

of data. And these sample measures of model adegquacy are

strikingly similar across models and types of data.l3 In any
l2. Jlearly, not every contemplated model can be corrsct. 5o
Sne nlynt argue that some models muss be inadeguan2. 3ut tnis
seems Sesitde the point when we are 25s2ntially testing hypotaesas
anodt model applicability. For sich an 2Xercise, a given body of
sample evidence can be consistent W#ith several conflicting
specifications.

Since we are dealing Wit scartiinur,-—ipver: 2 models, The

t. C-J.
corr=ct model IOr a given process is Ghidgusly ot
covarlance structure, so long as common factors «

see Box and Jenkins {1970; p. 198). Thus, our R r
alternative models applied to = Jiven process are oo

of those models' sample.% 5.

ined vy Los
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event, these results do not alter the inferences that we made

conditionally on our sample R

As indicated, there are several exceptions to the above

remarks on ?2and model adequacy. The exceptions are most
obvious in the results on Q(6) and the ﬁi's. On balance, the two

models that "stand out" are those with (p,d,q) equal to (0,0,1)

and {0,0,2). If the underlying inadequacies were of the type

whose importance could be altered via aggregation or
disaggregation, we would expect some relationship between the
level of aggregation and the estimated values of Q(6) and the

P 's. But this does not appear to be the case. RéiativeLy large
estimated values of Q(6) and the oi's are observed at each level
of aggregation. In a sense, these results for the (0,0,1) and
(0,0, 2) models are consistent with our other results, because
they too appear to be invariant to the level of aggregation.

They are exceptional only because they point to model

inadequacies, whereas our other results suggest that our sample

evidence is consistent with the adequacy of each other model.

We next considered the possibility that our overall results
"hide" interesting differences among industry groups. Thus, we
compiled summary results for each two-digit industry group.

These summaries are provided in Appendix B. The format and types

13. The 0.95 fractiies of the distribution of ;2 for degrees of
freedom egual to 2,3,4,5,6 are, respectively, 5.99, 7.81, 9.49,
11.10 and 12.60.
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Of results presented are identical to those of Tables 3 and 4.

Now, however, the results ip each table are averages for the
firms, four-digit industry groups, and three-digit industry
groups that constitute the two-digit group identified in the

table's headings, as well as for this two-digit group itself.

It is important to recall that some of our two-digit groups

have very few firms. For these groups, results pertaining to
"levels of aggregation” are close to meaningless -- because there
1s not much aggregation. Indeed, in some cases, the same entity
Oor entities underlie every level of aggregation. These extreme

cases are identified in Table B-23,

Of course, the magnitudes of the Observed values reported in
Appendix B differ from their counterparts in Tables 3 and 4,
because the latter are averages computed over our entire sample.
But the relevant issue is whether there are differences for a
given model across levels of aggreation or across models for a
given level of aggregation. Insofar as this issue is concerned,
the results summarized by two-digit groups are similar to the

overall summaries.

On balance, the sample explanatory power of each model seems
remarkably invariant to the level of aggregation in terms of ﬁz.
And the explanatory powers of the alternative models at a given
level of aggregation are roughly the same. Similar remarks apply
to the diagnostic results on Q(6) and thec.:i 's. The major

exceptions, as before, are the (0,0,1) and (0,0, 2) models, for

which the model adequacy results seem less acceptable. But even
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here aggregation seems to have surprisingly little effect.

Of course, since our results for different levels of
aggregation pertain to different random variables (e.g., firms'
EPS, two-digit groups' EPS, etc.), we cannot directly infer that
there are no gains whatsoever from aggregation or disaggregation.
It is, for example, possible that there are gains to be had by

estimating models with aggregated (disaggregated) data and then

using those estimated models to forecast disaggregated
(aggregated) random variables. This approach may provide
"better” forecasting performance than models estimated directly
with aggregated or disaggregated data. Tables 5 and 6 proyide
results from using this approach. These results are overall
summaries based on "within-sample" forecasts. Thus, the values
of R’ summarized here are comparable to those described in Table

3.

In effect, the results summarized in Tables 5 and 6 hold the
random variable of interest constant and vary the estimated
model -- in a way that indicates whether using aggregated or
disaggregated data has any effect on modeling the random variable
of interest. 1If an "aggregate model" is used, then we implicitly
impose a homogeneity constraint on all members of the aggregate
-- insofar as estimated models are concerned. If “disaggregated
models" are used to build up to the random variable of interest,
then we allow for heterogeneity within the particular group of

interest.
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If there were no computing problems {e.g., the convergence

problems associated wih nonlinear estimation), no degrees of
freedom adjustments, no stationarity problems, and no
invertibility problems, the model fitted directly to the data on
the random variable of interest would always seem "best" in terms
of a within-sample R®, In this case, results such as those in
Table 5 would just indicate what is "lost" by using a model other
than the "best fitting" model, so long as any of the alternative
estimated models could have been selected as the best fitting
one. This is not precisely the case at hand.l% So it is

feasible to observe an increase in R, which can be interpreted

as a gain from aggregation or disaggregation.

Each row-panel of Tables 5 and 6 pertains to a different
random variable of interest. The left-most column of results
deals with the model estimated with the data for this variable.
The next three columns describe results for this variable based
on the estimated models for various aggregates of which that
random variable is a component. Of course, in some cases the
latter set of models is empty. For example, there can be no
aggregate four-digit group consisting of three-digit entities.
Nor can there be an aggregate three-digit group consisting of
two-digit entities.

14, Another reason why this is not precisely the case is that
our model selection method does not entail just maximizing a
sample R . We use both Q(6)-statistics and R2‘s in our model
selection procedure. '
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The right-most set of three columns describes results based
on aggregating forecasts from estimated entity models. Consider,
for example, the results in the row panel for three-digit
industry EPS and the column for the aggregated four-digit
within-sample forecasts -- which are used to compute values of ﬁz

for three-digit EPS variables. These forecasts are for

three-digit EPS. But they are obtained, year by year, by

aggregating forecasts for the four-digit groups that belong to
each three-digit group. The latter forecasts are from the

best-fitting models for the four-digit data.

As can be seen from Table 5, using the alternative aggregate
and entity models for the given random variable of interest does
not seem to change much in terms of ﬁz. There is a slight
increase in R in one case -~ when the aggregate three-digit
estimated models are applied to the four-digit entities within
each three-digit group. With one exception, all other observed
values are moderately lower. The exception, and the largest
absolute decrease, is observed when the firm-by-firm estimated
models are used to "build up" two-digit forecasts. The observed

average R for the two-digit models is 0.7217: the corresponding
aggregated firms' estimated models provide an observed average §2
egual to 0.5645. Relative to what we expected from the
substantially greater variety allowed by the firms' models, this
difference does seem nontrivial. This particular combination of
models and random variables induced a less exceptional result, on

average, under our two alternative model selection procedures.

See, especially, Table E-1.
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Of course, the different values of R summarized in Table 5
and 6 are not independent drawings -- within column/row cells or
between cells. Thus, the forcefulness of our sample evidence is
not as striking as might be inferred from the number of entities
or alternative models underlying these tables. This may be one

of the major limitations of our work. In the end, the impact of

our results will probably be quite dependent on the strength of

the reader's prior beliefs about the effects of aggregation and
the consistency between our estimation results and our

forecasting results, to which we now turn.

5.2 Forecast Results

If there are any gains from aggregation, then we expect
estimated models for aggregate data to be more adeguate for micro
{i.e., “component") entities than the estimated models for micro
entities' own data, at least when performance at predicting "hold
out" data is used to assess adequacy. On the other hand, if the
homogeneity assumptions implicit in the use of aggregate models
are too inadequate, then aggregates of micro forecasts (based on
micro models) should perform better at predicting aggregate data
than do the models estimated on aggregate data. The results

summarized in Tables 7-12 deal with this issue.

The format of these tables is the same as that of the Tables
5 and 6. Now, however, we are dealing with predictions of

"hold-out" data (from the year 1972}, rather than the
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within-sample data used for estimation.l3 Also, we now use
statistics other than §2_ Specifically, we summarize values of:
(1) squared forecast error divided by the estimation sample
variance of the forecasted random variable; (2) absolute value
of forecast error divided by the estimation sample standard

deviation of the forecasted random variable; and (3) value of

forecast error divided by the estimation sample standard

deviation of the forecasted random variable. Scaling by sample
variance or standard deviation was used to make the different

entities' forecast performance Cross-sectionally comparable.

If aggregation -- and the implicit within-group homogeneity
assumption -- is on the route to more descriptive adequacy, one
should find that the best forecast performance for each random
variable of interest is among the results for aggregate models.
This is observed, however, for only one case: When the random
variable of interest is a firm's EPS. 1In this case, the best
observed forecast performance (in terms of scaled sgquared or
absolute forecast error) is provided by the estimated models for
four-digit industry groups. For the four- and two-digit
entities, the best observed forecast performance is provided by
those entities' own estimated models, by a margin that is more
substantial for the four-digit EPS. For the three~digit EPS, the

15. These are "hold-out" data in the sense that they were not
used for estimation. But, since EPS numbers are serially
correlated, the 1972 data are not independent of our estimation
data.
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best observed forecast performance is provided by using

disaggregation -- via the estimated models for four-digit groups.

Lest we be accused of superficiality, we hasten to add that
some of the results underlying our remarks do not differ by

substantial amounts. For example, the observed scaled squared
forecast error for two-digit EPS does not vary much across the
alternative models. And for three-digit EPS, the difference
between the observed scaled squared forecast error for the
three-digit model (1.671) and the disaggregated four-digit model
(1.533) is hardly earth-shattering. Perhaps the only impressive
differences are among the observed results in the row panel for
firms' EPS numbers, where the largest scaled squared (absolute)
error is 1.809 (.9530) for the firms' own estimated models and
the smallest is 1.291 {.8361) for forecasts from the aggregate
four-digit models. With the possible exception of this case,
therefore, the consistency between our forecast and estimation

results is fairly good.

On balance, our results do not point to any substantial
gains from using aggregate models to describe the behavior of
micro entities' EPS numbers or from using disaggregated models to
build up to descriptions of macro entities' numbers. For the
most part, the estimated models based on the entities' OwWn
numbers seem to be the more adequate models. This is what we
infer from our overall results. and upon examining the results
in Appendix C -- which are summarized by two-digit industry

groups -- we do not infer that these overall results are heavily
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dependent on extreme results for particular groups.
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6. Summary and Additional Remarks

This report attempts to add to the body of empirical results
that can be exploited in works dealing with
aggregation/disaggregation issues. Such issues arise in WOrks
on, for example, "line-of-business" accounting numbers, the
descriptive adequacy of "premier" models of firms' accounting
numbers, and on the adequacy of alternative proxies for
investors; expectations of accounting numbers (e.g., income or
earnings-per-share numbers). No direct contributions to the
theoretical frameworks pertaining to work in these areas was
provided. Thus, for example, we did not deal, at a theoretical
level, with the types of stochastic models that "should"
characterize "line of business" numbers or investors'
expectations -- along the lines of, say, rational expectations
behavior. We believe, however, that empirical results such as
ours will provide helpful building blocks for theoretical work of
this kind -- since such work will probably be based on

assumptions having empirical content.

We provide both estimation and forecasting results dealing
with several aspects of the same basic question: Are there any
dramatic gains (or losses) from aggregation in the modeling of
earnings-per-share numbers? Our results are conditional on
univariate linear time series models and
aggregation/disaggregation schemes defined in terms of industry
groupings. Our major inference is that, on balance, there are

neither substantial gains nor losses. This is consistent with a
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substantial degree of offsetting with respect to aggregation and
specification errors. This type of finding, if generalized, runs
counter to the predominant views on, e.g., "line of business"
numbers and "premier” time series models of accounting numbers;

5ee Sec. 2.
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TABLE 2
BREAKDOWN OF SAMPLE FIRMS INTO FOUR- AND TWO-DICIT INDUSTRY CLASSES

Pirps in Four-Digit Firms In Two-Digit
Four~Digit Clase Class
Industry Class Rumber Percent Nuzber Percent
1042 1 0.7 1 0.7
1311 1 0.7 1 0.7
2000 1 0.7
2052 1 0.7
2063 1 0.7 3 2.1
2121 1 0.7 i 0.7
2200 1 0.7 1 0.7
4600 i 0.7 1 0.7
2801 8 5.6
2802 2z 1.4
2803 6 4.2
2835 5 3.5
2836 5 3.5
2837 1 0.7
2844 2 1.4
2850 1 9.2
2899 2 1.4 32 22.4
2912 13 9.2
2950 1 0.7 14 9.9
3000 5 3.5 5 3.5
3210 1 0.7 1 0.7
3310 4 2.8
3311 9 6.3
3350 1 6.7 14 9.8
3430 1 0.7
3499 1 0.7 2 1.4
3511 2 1.4
3522 1 0.7
3531 4 2.8
3533 2 1.4
3540 5 3.5
355¢ 6 4.2
3560 6 4.2
3569 1 0.7
3570 5 3.5
3573 1 0.7 33 23.1
3600 3 2.1
3610 5 3.5
3622 2 1.4
3630 2 1.4
3670 1 0.7
3679 1 0.7 14 9.8
3711 1 0.7
3713 3 2,1
3714 6 4.2
3725 1 0.7 11 7.7
k1301 0.7
g2l 0.7
3861 2 1.4 4 2.8
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APPENDIX A
Sample Companies

HOMESTAKE MINING
SUPERTOR N1,
KELLQGG €0

HELME PRONUCTS
AMALGAMATED $HGARS
GEMERAL C16AR ¢0
COLLING alXMAn CO
SCUTT BAPER Cn
ALLIED CHEMICAL
AMERICAN CYANAmEID
CELANESE cOPR

00% CHEMICAL
nuPont

HERCULES

MONSAHTO

UNIGN CaRRINE
DIAMOND $HaAMRDCHK
ROMM HAAS

AlRCO INC
CHEMETRON

CROMPTON KNOWLES
INHONT COPR
KOPPERS CO
MACANDREWS AND FNRARES
AMERICAN HOME PRODICTS
MERCK CO

PFIZgR INC

SEARLE

SHITHXL INE

BRI&TOL

MILES LABQRATORIES
HORTOH NORWICH
RICHARDSOH MERRELL
STERLING DRUG €U
KENDALL CO

NL INDUSTRIES
GILLETTE CO
CONWOOD CORP

FERRO CoRp

ASHLAND OIL
ATRANTIC RICHFIELN
CITIES SERVICES
CONTINENTAL O1L
NKERR MCGEE
MARATHON OIL
PHILLIPS PETROLEU™
QUAKER STATE nIL
SHELL OIL

STANDARD NF luntana
$TANDARD COF QuIO
SUN olIL €n

UNIGN Q1L OF CaLtFnuk)a
FLINTKOTE
ARMSTRONG RUMPLDP
FIRESTONE TIRF

8 F GOODRICH
GOQNYEAP TIRE
UNIROYAL INC

PPG INODUSTRIES
ARMCO STEFL
BETHLEMEM STELL
IMLAND STEEL
REPUBLIC STEEL
ALLEGHENY LuDLyu“
CARPEMTER TECHNALNGY
COPPERWELD
INTERLAKE

ATEEL COMPANY OF CanaDA
BELNEN c0

CRANE £O
$I6MN00E
BARCOCK wilCny

COMRUSTION ENGIHEERING
ALLLS CHALMERY
CATERPTILLAR TRACTNHG
CLaRK EQUIPHENT

F¥g CORP

REXINORN

NRESSER TuD3
HaLLTRURTAN
CINCINNATY MTILACANN
MONARCH MaCHINE Trnp
SKIL CnRp

SUMDSTRAND CORP
WARNER 3waSEY

BLACK & NDECKER
Fx«CELLO pORP
MIDBLAND RpAS

OTTS ELEVATOR Crt
NUTADARD MARINE
USHMCORP

AMERICAN cHAIN CABLE
CHICAGE PNEUMATIC TOnL
BRIGGS STRATION
GARONER DENVER
THGERSOLL RAND

MESTA MACWIMES
STEAART WARNER
AUNPESSOGRAPH MULTT
RUKINFSS WMACHINE
NATIONAL CASH REGIRTER
PITHEY BQOWES

YERUYX

mONEYWELL

GENERAL ELECTRIC

RCA CnARP
WESTIHNGHOSE

EMERSON ELECTRIC
GLNHE yMTIpN

MERRAW EDTIDN

CHIO BRASS Cn
RELIANCE gLECTRIF
CUTLER HamMER

SOUARE D

MAYTAG

SINGER CO

FATRCHILD CAMERa
MALLORY Pr Co
GEMERAL MaTORS
FRUEWAUF cOPP
INTERNATINMAL HARVESTER
wHTTE MOTAR FLORP
“ARMER CORP

DAMA CRWP

EATON rORp

FENERAL MnGULL

KELSEY HayES

TIMKEN

PIPER AIRPRAFT
ROCKWELL wFG

GEMERAL S1GNAL COpe
EasTMAN ¥nDak
MINMESNTA MINING 3 Fh
MaMtOHEN PaRP
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