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Identification and Estimation
Issues for a Causal Earnings Model

BALA G. DHARAN*

1. Introduction

In this paper, I postulate a causal, or structural, model of corporate
earnings and present a theoretical analysis of various empirical issues
related to the identification and estimation of time-series earnings
models." The postulated model describing corporate earnings is derived
endogenously by specifying a model of the firm’s production and invest-
ment structure and its inventory accounting rule. The main characteristic
of this model is that the firm uses linear stochastic decision rules to
determine its production, inventory, and capital investment levels. Such
decision rules are frequently postulated in the economics literature. Using
the theoretical properties of the derived earnings model, I then address
estimation and forecasting issues in a general manner without actually
doing the estimation.

Starting with Dopuch and Watts [1972], much of the empirical research
in accounting on the structural (i.e., time-series) properties of earnings
numbers has first postulated a linear, stochastic, time-series model as the
underlying earnings-generating process, and then identified and esti-
mated the model using a sample of realized earnings numbers. These
accounting studies usually have the goal of estimating an expectation
model to generate “expected” or forecasted earnings. This type of end
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' The model is “causal” in that the factors determining, or causing fluctuations in
earnings are specified by the model.
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use makes the correct identification of the earnings model and the
estimation of the model coefficients relevant empirical issues for the
model designer, since any misspecification will increase the forecast error
variance.

Estimation problems generally depend on the characteristics of the
firm whose earnings are being analyzed and the number of observations
available. However, researchers usually know very little about the effects
of the firm’s characteristics on model estimation because the model of
the firm is not explicitly specified. Instead, they assume that earnings are
described by a linear, stochastic, univariate model, which in turn is
implicitly assumed to be the “reduced” form of the unspecified structural
model of the firm. Thus, the coefficients of the reduced form model are
unknown functions of the basic model parameters which determine the
firm’s characteristics. As a result, such studies cannot rely on a priori
information on the effects of model parameters on coefficient estimation.

In the causal earnings model of this paper, the firm’s decision charac-
teristics are explicitly stated and therefore the coefficients of the earnings
model are known functions of the firm’s parameters. Moreover, the
covariance matrix of the coefficients of the earnings model is also a
known function of the parameters and the sample size. Hence, by speci-
fying a set of values for the model parameters and by assuming a sample
size, it is possible to compute the ratio of each coefficient to its expected
standard error. Based on these likelihood ratios and other related statis-
tics, it is then possible to predict the model that may be actually identified
by an empiricist.

'The analysis presented here indicates that the derived earnings model
may be significantly more complex than the models that would be
identified and estimated by a time-series analysis of the observed earnings
numbers in sample sizes commonly encountered in accounting research
(e.g., 100 observations). In other words, the estimated models will be
more parsimonious than the derived model.? The effect of this misspeci-
fication is to increase the mean-square forecast error by a median value
of about 12 percent.

Earnings model estimation issues discussed in the accounting literature
are examined here in the light of these results. For example, it is likely
that an empiricist comparing the systematic properties of two accounting
earnings series will probably be unable to test for differences in the order
of the identified models, since limited sample sizes would restrict the
analysis to very parsimonious models in each case. Instead, the empiricist
is more likely to find differences in coefficient values. Similarly, it is the
observed variation in the quarterly earnings model structures identified
by various accounting researchers (e.g., Foster [1977], Griffin [1977], etc.)

* Time-series models are “simple” or “parsimonious” if they have only one or two
autoregressive and moving average terms. “Complex” models are those that are not
parsimonious in this sense.
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that is likely due to the specification errors caused by the parsimony
effect of sample size.

In the next section of this paper, the firm and its decision rules for
production and capacity are described, and the earnings model is derived
by adding an accounting rule for inventory valuation. Section 3 analyzes
the behavior of the coefficients of this model over a wide range of the
firm’s parameter values. The estimation problem is discussed in section
4 after the covariance matrix of the coefficients is computed. Section 5
examines the effect of misspecification on forecasting. The last section
provides some general implications for accounting time-series research.

2. The Firm and the Earnings Model

The firm described here is based on Gonedes and Dopuch [1979] in
that the firm’s stochastic earnings are the product of the joint action of
the accounting system and economic events. The accounting system is
represented by the firm’s inventory accounting rule. The economic en-
vironment is characterized by stochastic sales quantities and linear pro-
duction-investment decisions.?

The firm decides on a level of production in order to achieve a desired
level of ending inventory, and then decides on a capacity that will
accomplish this production. The actual production and capacity, however,
are determined by adjustment speeds that are less than one. The sto-
chastic model for the sales quantity is assumed to be a stationary or
“mean-reverting” process.? This assumption models the unit sales S; for
period ¢ as:

S =S80 + e, (1)

where Sy is the process mean and e, is the realization from a white noise
process with E (e;) = 0, E (ere;) = o%(e;) for t = s, and E (ee;) = 0 for
t # s. Note that expected sales in period ¢ are constant for all ¢.

Following Metzler [1941], let the desired ending inventory in period ¢,
I”, be a linear function of expected sales, §,+1, such that:

ItD = C§z+1 = CSO, (2)

where ¢ is a type of stock-sales ratio, 0 < ¢ < 1. The 0-1 range for c is
reasonable in most economies when a period is defined as a quarter or a
year.

The production quantity, g:, is chosen to maintain inventories at the
desired level. Let:

qt = gH—l + b(IzD - 1171), (3)

3 The main elements of the production-investment model are based on studies on
macroeconomic modeling of the U.S. economy. References to this literature are given later
in this section.

* This assumption facilitates the derivation of model equations. For other sales processes,
one may often have to use simulation to obtain model equations. See, however, Dharan
[1981] for simple extensions to a random-walk or seasonal sales process.
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where I,_; is the beginning inventory in period ¢, and b is the inventory
stock adjustment speed, 0 < b < 1. Equation (3) is based on the flexible
stock adjustment (acceleration) model of Goodwin [1948], also used in
studies by Mantell [1977] and Trivedi [1973].

The inventory balancing equation is:

L=+ q—S. (4)

Using (1) through (4), the decision rules or equations for production and
inventory are obtained. Let b; = 1 — b.° Then the decision rules are:

I[ = b]I[‘—] + bC‘So — €, (5)
and:
qe = b1qi—1 + bSo + be,_;. (6)

The desired capital stock in period ¢, K” is proportional to q;. This
assumption is characteristic of acceleration models as well as the neo-
classical model of Hall and Jorgenson [1967].° We will let K,” = q.. The
actual physical capital stock of period ¢ — 1, K;-; units, depreciates such
that (1 — d)K;-, is the capacity in units available in period ¢ in the
absence of new investment, where d is the physical depreciation rate,
0 < d<1. Let di =1 — d. The period ¢ capacity, K; units, is given by:

K, =dK, .+ a(KzD — d1Ki-1), (7)

where a (K — d1K,_1) is the new investment in period ¢ and a is the
capital stock adjustment speed, 0 < a < 1. The 0-1 range for a is
acceptable when one assumes that instantaneous capacity adjustment is
infeasible due to physical limits. Let a1 = 1 — a. With mean-reverting
sales, and using (6), (7) gives the capacity decision rule:

Kt = (bl + aldl)Kt——l - blaldth_z + abSo + abez_l. (8)

The firm is assumed to incur production costs in period ¢, given by
q{/S, dollars. This implies increasing marginal cost of production.” In
addition to this out-of-pocket cost, the “cost of goods manufactured”
used in the computation of accounting earnings is assumed to include a
depreciation expense. With appropriate normalization of the unit cost of
capacity, the depreciation expense will be K, dollars.® The cost of goods
sold (CGS) in period ¢ is then determined by how the inventory account-

® b is a subscripted constant; so are ai, di, and ¢; (used later).

% See Visscher [1978].

" The marginal out-of-pocket production cost is thus independent of capacity. Note that
the fractional adjustment speed, @, can also imply that there are quadratic capacity
adjustment costs. These costs are not considered in this model.

8 A new investment in period ¢, say X;, can produce a total of X,/d units in periods ¢, ¢
+ 1, ....If the unit cost of capacity is normalized as 1/d dollars, then the investment X,/d
dollars is to be depreciated over the X,/d total units. Under the units-of-production method,
period ¢ depreciation is X; dollars. By extension, capacity of K, units leads to a depreciation
expense of K, dollars.



