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ABSTRACT: One of the less predictable aspects of economic be-
havior confronting forecasters is the propensity of U.S. households to
acquire capital consumer goods such as automobiles and household
appliances at varyi ng rates over time. In thig study the authors examine
the question of whether survey measures of consumer anticipations,
including both plans and attitudes, contribute to the economist’s ability
to predict short-term consumer behavior with reasonable accuracy.
This use of data on consumer anticipations in combination with the
more traditional information On asset stocks and income flows com-
pose the integral elements of the optimal forecasting model. @ in
Section 1 the authors develop a nonanticipatory {objective) model of
consumer durable-goods demand that relates several aspects of pur.-
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chase behavior to stock demand. The model makes provision for the
lagged adjustment of the stock of durables to changes in the equilib-
rium level of stocks, for the expectational basis of stock demand, and
for the distinction between transitory and permanent influences on
demand. The permanent component depends on long-run expectations
and average adjustment lags, while the transitory component repre-
sents the immediate reaction to unexpected income flows. § Section
2 investigates the potential contribution of consumer anticipations
data to models of durables demand. Several models based largely on
anticipatory variables are developed. The authors conclude that the
anticipatory models, by themselves, are roughly comparable with their
best objective model, and that the residual variance of the objective
model is significantly reduced by the anticipatory variables. However,
the substitution of the anticipatory model for the fully specified objec-
tive model is most effective during periods when both purchase
expectations and consumer sentiment can be measured with reason-
able precision. During periods when purchase expectations are mea-
sured with relatively large sampling errors, a significant part of the
objective model continues to warrant inclusion in a consumer demand
model if maximum explanatory power is to be derived.

INTRODUCTION

The propensity of U.S. households to acquire tangible assets like au-
tomobiles and household appliances at varying rates over time remains
one of the less well understood and less predictable aspects of economic
behavior. In part, the explanation may be that consumption research has
tended to focus on real consumption (use) flows and not on consumer
expenditure and investment decisions. A second reason for the present
unsatisfactory state of knowledge, and for our inability to predict near-term
consumer behavior with reasonable accuracy, may lie in the failure of
most model builders to explore seriously the use of data on consumer
anticipations as an adjunct to the more traditional information on asset
stocks and income flows that models generally tend to emphasize. This
paper examines that possibility. First, we develop a nonanticipatory (objec-
tive) model of consumer durable goods demand, then we contrast the
performance of this objective model with one based largely on the use of
survey measures of consumer anticipations, and in the last section we
examine the characteristics of an optimal medel which combines both
types of information.

A commonly used framework for analysis of consumer behavior, the
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stock adjustment model, views households as attempting to adjust actual tg
desired stocks of assets. Within this framework, survey measures of cop.
sumer purchase expectations can he interpreted as a subjective estimate of
the difference between actual and desired stock, with reported purchase
expectations reflecting the speed of the adjustment process a5 well as the
underlying determinants of desired stock. And survey measures of con-
sumer attitudes (optimism, pessimism) might be interpreted as one of the
arguments in the desired stock function.

Demand models based on survey variables that measyre consumer
anticipations can be contrasted with models that exclude them and rely
wholly on objective variables like income, price, and the stock of durables,
as well as with joint models that incorporate both types of variables.
Although a number of studies have explored this question, none has done
so thoroughly or systematically. Typically, they have focused on examining
the usefulness of anticipatory variables in 4 more or less ad hoc context:
that is, objective variables have been introduced into demand models

Studies concerned with the specification of an objective model have not
ordinarily shown much interest in the potential uses of anticipatory data.

purchase behavior, and not with the possible forecasting uses of the
model.2 And even where forecasting uses have been an important element
in determining the structure of the model, e.g., in the consumer durables
equations of econometric models, only rarelv have the model builders
attempted to incorporate anticipatory data.?

For the purmpose of explaining consumer behavior, anticipatory variable;
like intentions or attitudes tend to muddy the coofficients of objective
variables like income and prices, hecause the two sets of variabies reflect
roughly the same economic phenomena. Thus, to estimate the influence
of, income, for example, on purchases in a model that includes both
income and buying intentions, it is necessary to estimate the inflence of
income on intentions and then add this to the measured influence of
income. In models designed for forecasting, the anticipatory variables are
often difficult to use, because they tend to cover a limited time span and
often have to be extensively processed before they can be effectively
utilized. Moreover, simulation of the model requires that future values of
the anticipatory variables be predicted. If they could be accurately pre-
dicted, one would not need them in the first place; and if the predictions
are poor, the simulation is unsatisfactory.+
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[1] THE OBJECTIVE DEMAND MODEL

Durable goods yield utility to consumers in the form of a flow of services
which continues until the product is fully depreciated. The analysis of
demand for consumer durables therefore focuses on the demand for
durable goods stock, and only indirectly examines purchases. In this
section, we develop a model that relates several aspects of purchase
behavior to stock demand. The model makes provision for the lagged
adjustment of the stock of durables to changes in the equilibrium level of
stocks, for the expectational basis of stock demand, and for the distinction
between transitory and permanent influences on demand.

Specification of the Model

In general terms, the model views consumers as having a "target” or
“desired” value of durables stocks to which they adjust gradually.s Net
investment is viewed as having a “’permanent’” or “‘planned”” component
and also an “unforeseen” or “transitory” component.t The permanent
component depends on long-run expectations and average adjustment
lags, while the transitory component represents the immediate reaction to
unexpected income flows. The transitory component accounts for the
volatile behavior of investment, because unforeseen economic phenomena
alter the time pattern of stock adjustments.

The partial adjustment model is applied to the planned component of
net durables investment, A$, as in (1) where 8 represents the average
speed at which households move to desired stock levels. S*, the level of
desired stock, is a target set by the household contingent upon its expecta-
tions about economic conditions.

(1) A% =B(5* —5_,)

Given expectations, there is some level of stocks that the household
would like to hold, and it plans to close some proportion of the gap
between existing and desired stocks during the current period.

Desired stock is a function of expected values of a set of economic
variables denoted by Z. The specification of variables in the Z function is
discussed below; the expectation is shown in (2). The Z function is taken to
be linear, and expectations are gererated by the uniform application of the
adaptive expectations hypothesis to all variables in Z.

(2) S*=2

The adaptive expectation model for the formatien of expectations by the
household is given in (3).

B) Z2-Z.¢f=pZ —Z_¢)
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The specification shown here is in the form of a discrete approximation to
a continuous tevision procedure, rather than a discrete version of the
model.” This difference determines whether the current or lagged value of
£ appears in the model. The interpretation of (3) is that the change in
expectations is proportional to the difference between current experience
and the previously formed expectation.?

The last element of the model is the transitory investment component {4),
a function, T, of transitory variables specified below.

(4 AT =7

Equation (5) defines net investment as the sum of its transitory, AY, and
permanent, AS*, components.

(5) AS =A% + A9

The reduced form of the model given by (1) through (5) is a second-order
distributed lag which describes the effect on durables stocks of the change
in an economic variable in the 7 and T functions.® The model, which
results from the convolution of two first-order lag models, is shown in
difference equation form as (6).

6) S=pBZ+ (1 -p) +(1 -pliis.,
(=BT =p)S, +T - (i -pT,

The lag parameters p and B are the coefficient of expectations and the
speed of adjustment respectively; however, the full model involves the two
lag processes concurrently, and individual estimates have no interpretation
even when identified. If expectations are formed instantaneously, p = 1,
and the model reduces to a first-order lag scheme. If adjustments are made
instantaneously, B =1, and the model reduces to a similar first-order
scheme. Thus, a first-order model can be derived from either lag model,
each being a special case of the complete model. A first-order model
would be suggested if the coefficient on S., is insignificant; otherwise
misspecification would result in sizable biases. Waud’'s Monte Carlo study
indicates that a partial adjustment model that ignores the adaptive forma-
tion of expectations produces a downward bias in the speed of adjustment
and an exaggeration of the standard errors.

The model actually estimated has net or gross investment rather than
stock as the dependent variable, and is obtained by subtracting 5_, from
both sides of (6) and rearranging terms to yield (7). This is the full objective
model, which we call AET (partial adjustment-adaptive expectations-
transitory change).

(7 AS =pBZ - pps_, + (1 ~ py(1 “BAS L T (- T,
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A test of this version of the reduced form is that the current and lagged
transitory terms are specified to be of opposite sign with the lagged term
smaller in absolute value because (1 — p) < 1.

The model can be readily translated from net to gross investment by
using the identity G = 8S_, + AS, where G is purchases and & is the
depreciation rate; this version is shown as equation (7.1)."

71 C=pBZ + B —pBS_y+ (1 —p)(1 -=BAS, +T -0 -pT_,
Simplified versions of the model are also tested. The reduced form (8)
(8) AS=pBZ —pBS_, + (1 —p)(1 - BYAS,

ignores the distinction between planned and transitory components of
net investment. This is the full model without the transitory change
component (AE). It can be estimated with permanent, current or both
permanent and transitory income as elements of Z.

A first-order adjustment model, derived by setting the coefficient of
expectations equal to unity, is also tested (9).

(9 AS=pBZ-BS,+T

This is the partial adjustment-transitory change model {AT). In gross
investment form (9.1), this is the model most commonly found in the
econometric literature. This model, without a transitory term, was intro-
duced by Suits, Chow, and others.

9.1 C=BZ+B-BS_, +T

Richard Stone and D. A. Rowe, and Hamburger, make use of specific
depreciation assumptions to derive a reduced form in lagged purchases
without any explicit estimate of the total stock.

Empirical Estimation of the Model

The models outlined in the preceding section are estimated for the period
1949 through 1967, using quarterly data. Equations with both net invest-
ment (N) and gross investment (G) as dependent variables are examined;
results are shown for total durables, and for automobile and household
durables separately (denoted by D, C, and H subscripts, respectively). All
variables representing value aggregates are deflated per household mag-
nitudes (1958 prices)."

The set Z is composed of the price and income variables that determine
the desired stock target. The relevant price variables are all relative prices,
the series being the respective implicit price deflators, P, relative to the
deflator for total personal consumption expenditure, Q.
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For the automobiles and total durables models measure of credit
availability or cost is also used. The measure we use, M, the maturity on
instalment credit contracts, has often been found to have 4 strong influence
on purchases. Contract maturity and unit price determine the amount of
the monthly instalment payment, which is an important factor in determin.
ing the number of credit purchases. The Maturity variable also reflects 3
price effect via its relation to the true marginal borrowing cost for consym.
ers subject to credit rationing. Results using the pure price of credit, the
interest rate, as an alternative credit variable are discussed in Appendix B2

The uniform application of adaptive expectations may be unwarranted
for the income variable. Therefore, permanent and transitory income
variables, Y* and Y!, were explicitly estimated_'? The models are estimated
with permanent or current disposable income, Y, as alternative income
variables in the Z function.

All regressions are estimated with a set of dummy variables thy repre-
sent abnormal supply conditions. Panic buying during the Korean War,
which resulted from fears of shortages, is treated in this way, as are the
three strikes which affected the automobile market. The Korean War
dummies (KD) are designed to minimize residuals in 1950-1, 195041V, and
1951-1. A uniform strike and poststrike recovery dummy (SD) is used for
1952411, 19591V, and 1964-1V. In the second-order lag models, abnormal
supply conditions affect not only the dependent variable but also bias the
cofficient of the lagged dependent variable specified by the model: in
these equations we adjust the lagged dependent variable for such supply
influences.'s

Alterative specifications of the transitory function, 7, are also tested.
Unemployed man-hours, (, as a general measure of cyclical conditions, is
preferred.’s An alternative specification is transitory income proper (Y?),
defined as the difference between current and permanent income. How-
ever, this variable appears to have only 3 very gradual impact on invest.
ment, which makes it difficult to interpret the lag structure of the model.

Tables 1A, 1B, and 1¢ present a set of basic regression results for hoth
net and gross investment in total durabies, automobiies, and nonauto
durables for the 1949-67 period- estimates are by ordinary least squares.
The fully specified net investment model (AET, equation 7 above), utilizes
the unemployed man-hours variable as the transitory function. The sign
and magnitude tests on the transitory and lagged transitory coefficients are
satisfactory.'s The transitory income variable proper (current less perma-
nent income) did not salisfy the tests: the results indicate 3 lagged rather
than immediate influence on stock change. Rather than complicate the lag
structure of the madel, this variable is used in the simplified function
(equation 8) described as AE-2.
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The AE-1 equation uses current disposable income as an explanatory
variable in a second-order model, while the last two rows provide esti-
mates of a first-order (partial adjustment) model with, respectively. current
income (A} and a permanent-transitory distribution of current income (AT).
The five equations are shown with both net and gross investment as the
dependent variable.

The calculated t-ratios for the regression coefficients are well above
acceptable levels in virtually every instance, and the lag structure in hoth
first- and second-order models are stable. The lagged stock coefficients in
the gross investment equations are at times insignificant, but there is ro a
priori reason why these cocfficients could not be zero—the adjustment
coefficients and the depreciation rate could be of approximately equal
size. For the first-order modlels, the Durbin-Watson statistic suggests that
there is positive serial correlation in the residuals.”

A closer look at some of the coefficients shows that the maturity variable
is not consistently significant in the durables equations. For automobiles,
which should be most sensitive to credit changes, the variable is always at
least twice its standard error. The coefficients of the price variables exhibit
some instability, especially when the unemployment variable is included.
probably because of cemmon trends in both variables.

The transitory income coefficient is always highly significant, whereas
the permanent income coefficient is not, especially for automobiles. The
magnitudes of the transitory coefficient in the durables equations are twice
that of the permanent one; for automobiles the ratio is higher, and for other
durables it is about one. Thus, there appears to be a strong transitory
influence on automobile investment, while nonauto durables are less
subject to transitory effects. The permanent income coefficients are always
higher in the purchase equations than in the corresponding net investment
equations. Transitory income, on the other hand, seems to effect only net
investment and not replacement demand, as the coefficients are un-
changed in net and gross investment eguations.

The equilibrium properties of the model can be examined by deriving
lang-run stock demand elasticities. Equilibrium is defined by unchanging
expectations and unchanging stock. The first condition implies that $* = Z
and the second implies that § = $*. The long-run elasticity (evaluated at
the mean) with respect to a particular variable Z; is the proportional eifect
on desired stock holding ard is given by:

_05* 7

€ = —
"9z, S

A measure of short-run reaction is given by initial-period purchase
elasticities. Using the reduced form for gross investment, the purchase
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clasticity, again evaluated at the mean, is defined as the impact effect on
purchases of a change in a variable Z; given by:

aG Z,

A

Both long-run stock elasticities and short-run purchase elasticities are
shown in Table 2. The mean depreciation rate over the sample period must
be estimated, then elasticities are evaluated at the mean leve| of stock
holdings.'® There is no transitory-income elasticity in the long run, since
variables in the transitory function do not enter the equilibrium or the
desired-stcck demand function.

In Panel A of Table 2 elasticities are calculated from fully specified
gross-investment equations (the AET model). The long-run permanent
income elasticities implied by the model are all about unity, indicating that
the household sector aims for a constant ratio of durables stocks to income,

TABLE 2 Elasticities of Durables Demand

Permanent Transitory  Relative
Income  Variable Price  Maturity

Panel A: Unemployment Transitory

Long Run (equilibrium stock)

Total durables 1.09 -1.31 .24
Automobiles .99 -1.14 .57
Other durables 1.1 -1.22

Short Run (impact on purchases)
Total durables 88 .22 -1.05 .20
Automobiles 74 39 -.86 42
Other durables 1.19 2 -1.31

Panel B: Transitory Income Proper

Long Run (equilibrium stock)

Total durables |.27 —-.84 A5
Automobiles 1.21 ~-.87 36
Other durables 1.35 -1.02

Short Run (impact on purchases)
Total durables 1.12 1.93 -.74 13
Aiitomiubiies 95 3.20 -~ .68 .28
Other durables 114 1.08 -1.05

NOTE:  Hasticities are calculated from the AET and AE-2 equations found in the gross-investment section
of Tables 1A, 1B. and IC.
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The equilibrium price elasticities all exceed unity, suggesting that the
relatively large secular growth in durable stocks over the last two decades
has been largely due to their relative cheapening. Other durables appear to
be more sensitive than automobiles to both price and income changes. The
unemployment response can be converted to a transitory-income response;
the transitory-income elasticities implied by this conversion are very large.
For these estimates, we converted changes in unemployed man-hours (the
transitory variable) into the equivalent change in income by assuming that
a 1 per cent change in employment produces a 1 per cent change in
income, an assumption that cannot be far wrong.'® The implied income
elasticities are 3.48 for total durables, 6.07 for automobiles, and 1.83 for
other durabies.

The short-run expenditure elasticities implied by the unemployed man-
hours variable are quite large, particularly for automebiles. The response is
most easily understood as the eifect on expenditures of a one point rise in
the unemployment rate: such a rise causes an expenditure decline of 6.86
per cent for automobiles, 2.11 per cent for other durables, and 3.86 per
cent for total durables.

In Panel B, somewhat different results are obtained for the AE model,
which does not explicitly take account of transitory investment. The direct
estimates of the short-run effect of transitory income proper is over three
for automobiles and about one for other durables. This specification of the
lag structure yields slightly higher permanent-income elasticities than those
in Panel A, and price elasticities below unity. We feel that the explicit
treatment of unplanned investment in the AET model (Panel A elasticities)
is the appropriate specification for estimating long-run or equilibrium
effects. In those equations, a solution for desired or planned stock, and the
elasticities, are obtained, holding transitory effects constant.

The maturity variable has an elasticity of about one-half in both the long
and short run with respect to automobiles. As indicated earlier, it may be
appropriate to interpret the maturity effect as a delayed income effect that
may explain why the impact elasticities of permanent income on au-
tomobile demand is less than unity.

The permanent-income elasticities in Table 2 are, of course, not the
same as current-income elasticities although we can approximate the latter
by adding together elasticities in the first and second columns. In the short
run, our model indicates that the transitory-income eifects are substantial.
A current-income elasticity comparable to that usually encountered in the
literature can be obfained from the AE-1 equation of Tables 1A to 1C,
where we show a madel with no transitory-income specification. Although
this is nui the best specification of the mode!, 2s the differences in
permanent- and transitory-income elasticities in Table 2 indicate, estimates
of a current-income elasticity may be useful for comparison. The impact
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effects of current inCome on expenditures, and the corresponding price

. - . and
maturity elasticities. are as foliows:

Income i .

Prices Malunly

—————
Durables 1.27 ~.b5 16
Automobiles l.1s ~.56 27
Other durables 1.32 =.96 -

The properties of the lag structure of the model are
solving the net investment equations for a distributeq |
rewrite (8) as:

AS =az +bs,, + ¢ S,

investigated by
ag in stock. If e

then the mean lag? is given by:

1+h-¢

="

-b

The mean jag measures the over-all logged offect of changes in the
economic variables (Z) on the stock of durable assets. The mean lag is the
time in which half the effect on total stock of 3 change in a 7 variable is
registered. Note that the mean lag can be obtained from the coefficients on
S-rand AS_, and does not require solving for explicit estimates of the lag
parameters.

The mean lag and 95 per cent confidence levels for the AET net
investment moclel are given in Table 3. The lags are fairly shor but the
ranges are wide, the usual result in these analyses. However, a glance at
the sampling limits indicates that there is liyfle likelihood that the means
differ significantly. This result may be due to the shortrun effect of the
Maturity variable, which i quite large, as credit expectations can bhe
immediately realized through purchases, while income expectations may
not be, .

As expected, the first-order model yields somewhat higher mean lags:
2.59 for durables, 3.00 for automobiles, and 2.61 for other durables *

TABLE 3 Mean Lags and 95 Per Cent Confidence Intervals
in Quarters

Mean 95 Per Cent Limits
—_——
Durables 1.26 3.73 39
Automobiles 89 345 12
Other durables 1.75 4.1 72

e ’
NOTE:  Caleulated from the AET pet investment Section of Tables 1A, 1B, and 1C.
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When the first-order model is a misspecification, there is a serious upward
bias in the estimated mean lags.

An additional descriptive measure of interest is the path toward equilib-
rium implied by the shape of the lag pattern. The first-order model yields
the familiar exponentially declining lag pattern, which cumulates to a
smooth approach to equilibrium. The second-order model yields more
interesting patterns, as the lag structure is not constrained to decline
exponentially. However, the patterns are the same for all the variables,
except the transitory variable.

The lag pattern for the AET net-investment model for total durables
indicates that the effect on total stocks of a permanent-income change rises
to a peak in the third quarter and then begins to decline. After the eighth
quarter, the effects are within 10 per cent of equilibrium as the model
overshoots the equilibrium and continues to infinity with oscillations near
zero. The cumulative approach to equilibrium is smooth. The overshooting
of the equilibrium is small when compared to the standard error of ihe
initial effect. The transitory variable enters the model with a different lag
structure, one which yields a pattern that declines from a large initial effect
to an insignificant level by the fifth quarter.

[2] MODELS WITH ANTICIPATORY DATA

This section investigates the potential contribution of consumer anticipa-
tions data to models of durables demand. Survey data on consumer
attitudes and buying intentions are available at approximately quarterly
intervals from 1953 on. The attitudes data (Index of Consumer Sentiment)
are a consistent series with the same analytical content and sampling error
over the entire period; there are some missing quarters prior o 1961, for
which values are interpolated. The intentions data, in contrast, are a
spliced series. The only source of such data from 1953 to 1959 is the
Survey Research Center (SRC) series, which has both relatively large
sampling error, and, in published form, some change in the treatment of
responses. From 1959 through 1966, either the SRC series or a conceptu-
ally comparable series with much smaller sampling error (the Census
Bureau's Quarterly Survey of intentions [QSIl) can be used. After 1966, a
conceptually different and presumably improved Census series (Consumer
Buying Expectations {CBE]) is available.?> We have constructed a continu-
ous series from these sources, using SRC data through 1959 and Census
data thereafter. The series used and its construction are found in Appendix
A.

Two general types of demand models that utilize consumer anticipations
data are specified. One model views anticipatory data as either substitutes
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for, or complements to, the set, Z, of variables in the desired-stock function
of the objective model. That is, anticipatory variables can bo viewed as
additional determinants of desired stock or as substitutes for Income,
relative price, and so on, as desired-stock determinants. An alternative
model views anticipatory variables, plans and attitudes, as a possible
substitute, not only for the desirecl-stock variables, but also for al| lag and
adjustment  processes  specified by the model. This suggests  the
specification of a pure anticipatory model as g replacement for the
objective model and will be discussed first.

Anticipatory Models as Substitutes

Purchase intentions are presumably a direct measure of the difference
between beginning-of-period stocks and planned end-of-period stocks,
hence they could, in principle, substitute fully for the planned investmen
part of the objective model. The role of the atitude variable is less clear.
One interpretation suggests that intentions are an imperfect measure of the
difference between planned and actual stocks, and that attitudes serve ta
modify or correct that measure.??

The pure anticipatory model (10.1. a 8ross investment equation) uses
intentions (p) and attitudes (A), and is designated as P. Given the
specification of the anticipatory variables, the appropriate dependent vari-
able is gross investment measured in physical units purchased, more
precisely, the purchase rate (x). The P model is shown as equation (10.1).

(10.1) x=a, + Hp + a,A

For the anticipatory model with a transitory component, we add U, the
unemployed man-hours variable; the full anticipatory maodel (11.1) s
designated PT.

(11.1) x = a, tap +aA+aU

Comparison of objective and anticipatory models will be facilitated by
including several variations of the former in addition to the partial
adjustment-adaptive expectations-transitory change (AET, equation 7.1)
model outlined above. As the explanatory power of the AET model may
only reflect the existence of serially correlated residuals in an adjustment
model, comparisons with the simpler partial adjustment-transitory change
model (AT equation 9.1) are also made. Another comparison of interest
involves the planned investment part of the objective model, that is, the
full model without the transitory change component (AE, equation 9.1),
against the comparable anticipatory model (P, equation 10.1). Since the
anticipations models yse objective purchase plans as one of the major
ingredients, this comparison answers the question: How well do subjective
purchase plans predict behavior relative. fe thers oo oe o
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Because the consumer anticipations data cover a shorter span than the
objective data, comparisans are not possible over the full 1949-67 period
used above. They can be made for two shorter time spans, however. The
first, 1953-67, involves the longest period for which we have reasonably
consistent measures of both consumer attitudes {(A) and consumer buying
intentions (p).?* The second period covers 196067, and is used because it
covers the only time span for which entirely consistent and statistically
reliable measures of both attitudes and buying intentions are available.?

The objective model is reestimated for each of the two indicated time
spans. The anticipations model uses weighted intentions from current and
two past surveys (p) and lagged consumer attitudes (A) to measure planned
gross investment; unemployed man-hours (U) are used to measure transi-
tory gross investment. Both models are estimated by ordinary least squares
although this procedure may not be entirely satisfactory for purposes of
comparison. The objective model includes income and price variables,
and the estimates are therefore subject to simultaneous equations bias; the
anticipatory model should be largely free of such bias.

The results in Table 4 are interesting, especially where the comparison
between objective and anticipations models is unaffected either by large
sampling errors in the anticipations variables or conceptual differences
between the dependent and independent variables. Both problems are
absent in the first two rows of Panel A, where expenditures on automobiles
are the dependent variable and the 1960-67 span (when QS| or CBE can
be used to measure intentions) is the fit period. The objective (AET) model
performs well in explaining a series with the amount of erratic quarterly
variation typical of automobile sales: it explains 94 per cent of the variance
{adjusted for df); the AE model, which dces not contain the transitory
investment variable, explains almost 91 per cent of the variance. But the
planned investment part of the anticipations model (P), consisting only of
buying intentions and lagged attitudes, has a slightly smaller standard error
than the comparable (AE) objective model; and the full anticipatory model
(PT) has a smaller standard error than the best (AET) objective model and a
substantially smaller error than the objective model without the lagged
dependent variable (AT). Thus, the much simpler anticipatory models
outperform their counterpart objective models.?¢ Both intentions and at-
titudes contribute significantly to the anticipations models, as does unem-
ployed man-hours.

The anticipations models do not fare quite as well in the longer
(1953-67) period. For the automobile data, the planned invesiment objec-
tive model is perceptibly better than the anticipations model (cf. AE and P},
and the inclusion of transitory stock change improves both models by
about the same extent. For the durables equations, the objective model is
superior in both periods. The anticipations model is a close substitute in
the 1960-67 period, especially when the transitory stock change variable



TABLE 4 Anticipatory Models as Substitutes for

Objective Models of Durable Goods Demand
——

Standard Errors

t-Ratios for

Anticipatory Anlicipatory
Anticipations Models Model Obijective Mol
Model and
Time Period P A U PT P ALT AT 4
— m—

Panel A: Autor abile Demand
P, 1960-67 4115 429 _ w3 - g,
PT, 1960-67 +3.6 +3.9 -3.4 15.5 — 16.5 20.3 —
P, 1953-67 Y27k2e — o ge, T 232
PT, 1953-67 +2.4 + 1.4 -5.9 38.4 — 19.3 259

Panel B: Durables Demand
P, 1960-67  +145 408 _ PR = S
PT, 1960-67 +5.2 +1.9 —47 25.7 — 19.9 22.1 —
P, 1953-67 +6.1 425 . — 734  _ — 260
PT, 1953-¢7 +7.0 +1.2 -6.6 54.0 — 214 294 —

NOTE:  The strike quarters are excluded from the sample period in order to make the standard errors of

the anticipatory and objective models comparable. The standard ©Ifors are in constant {1958
dollars per household at anrual rates. For the anticipatory models, the dependent variables are the
automobile purchase rate and a proxy for the durables purchase rate. The variables are both
defined as the respective reai per household expenditures divided by the average real car price,
The data are shown in Appendin A. The standard errors for the anticipatory models are adjusted to
the same basis as the objective medel, as discussed in footnote 26.

is included in both models. For the longer period, the objective models are
markedly superior. However, the significance of these results is unclear:
they are obtained using an intentions variable that is subject to large
sampling error during the 1953-59 period, and that measures only au-
tomobile, and not total durables, buying intentions. On the whole, given
the very high standard implied by the conten and empirical fit of the
objective models, the much simpler anticipations models provide remark-
ably powerful competition.

Anticipatory Models as Complements

A different but equally interesting question is whether the anticipations
variables improve j fully specifiad objective model, i.e., constitute a
significant subset of the desired-stock function. The answer, from Table 5,
is unambiguously yes: both buying intentions and lagged attitudes clearly
add to the explanatory power of the fully specified AET model in the
shorter (1960-67) period, both for automobiles and total durables; for the
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longer (1953-67) period, the joint contribution of the two anticipatory
variables is not significant although intentions would be if considere
itself.

Moreover, a modified version of the consumer attitude variable gives
better marks to the anticipatory data. Elsewhere, Juster and Wachtel show
that a filtered version of A appears to provide a better specification of the
role of consumer attitudes in forecasting models. The filtered variable,
designated WDA, uses the weighted change in consumer altitude only
when it shows either large or persistent change. The results in Table 3
indicate that the WDA formulation is generally superior to A, and that both
p and WDA, with one exception, make 3 statistically significant contriby.
tion to the fully specified objective (AET) model.

d by

Joint Objective-Anticipatory Models

The data in Table 5 suggest that the anticipatory variables make a
significant contribution to a fully specified objective modei, both in the
1960-67 and 1953-67 periods, and for both automobile and total durables
expenditure models. Examination of the regression coefficients in a model
which simply adds the anticipatory variables to the objective AET model
suggest that even stronger conclusions may be warranted.

In the shorter (1960-67) period, the only variables in the AET model
which retain a t-ratio in excess of unity, other than the two anticipations
variables, are unemployed man-hours and relative price; this finding holds
for both automobile and total durables equations. For the longer (1953-67)
period, the results are markedly different, possibly because expected
purchases are a linked variable containing a great deal of erratic variability
in the earlier (1953-59) part of the period. Here, both lagged stock change
and permanent income retain statistically significant coefficients in both
the automobiles and durables models, while lagged unemployed man-
hours is significant in some of the models. As was true of estimates for the
shorter period, the relative price variable lowers the standard error of the
model although its coefficient is never significant at conventional levels.

Although the relative brevity of the 1960-67 period makes it difficult to
draw firm conclusions on the matter, it is plausible to conjecture that the
optimum specification for 3 durable goods demand moclel might well
include only the two anticipatory variables, unemployed man-hours, and
relative prices. The other two variables that retain explanatory power in the
1953-67 period, permanent income and lagged stock change, are both
clearly known to the household at the beginning of the purchase period.
Hence, a precise measure of purchase expectations would, in principle, be
expected to eliminate the statistical influerce of these two, since purchase
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expectations shouid be capable of taking full account of both expected
income and all the expectational and adjustment lags specified by the
objective model. On the other hand, unemployed man-hours is an integral
part of the anticipatory model itself, since it reflects transitory invesiment,
and relative price might plausibly be included as part of the model as well.

The question is whether relative price movements are foreseen or
unforeseen at the start of the purchase period. Since the model involves the
demand for a class of items that are infrequently purchased, households
considering purchase might well be unaware of any recent change in
market prices until they begin an active search for the product. Thus, if
prices have been changing, households may generally tend to be ““sur-
prised” at discovering what prices actually are compared to what they had
been expecting.

Table 6 presents some regressions which incorporate only those vari-
ables which are the best candidates for inclusion in an optimally specified
model that combines anticipatory and objective variables.” Three equa-
tions are presented in each of the four panels: the first two equations are
basically partial adjustment-transitory change models (like AT, equation
9.1) with the anticipatory variables included in the desired-stock function:
the third assumes that all adjustment processes are represented by the
expected purchase variable, as in the PT model, equation 11.1, and an
additional objective variable is added to the transitory furction. The first
and second equations differ only in that permanent income is included as a
desired-stock determinant in the secend equation but not in the first. The
third equation includes only the anticipatory variables, with relative price
and unemployment as the transitory function.

The resuits support the view that relative prices warrant inclusion in the
fully specified model. The best specification for a combined mode! seems
to consist either of eliminating all the adjustment lags and letting expected
purchases carry the burden of the adjustment process, or including both
expected income and a partial adjustment process in the model: it is not
clear which alternative is better. When beginning-of-period stock is in-
cluded but expected income is not, the former usually has a positive
coefficient: the estimated adjustment coefficient, obtained by the subtrac-
tion of depreciation rates from the coefficient of beginning stock, implies a
very slow adjustment process. Inclusion of permanent income lowers the
beginning stock coefficient and therefore speeds up the adjustment to a
more plausible pattern. In the automobiie equations, elimination of an
explicit adjustment process as well as the expected income variable seems
to produce more sensible results than retaining both, while the reverse
appears to be true in the durables equations. Needless to say, these
conclusions are highly tentative and are in need of much more exploration.
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SUMMARY

On the whole, the evidence suggests that during periods when both
purchase expectations and consumer sentiment can be measured with
reasonable precision, the anticipatory model is virtually a perfect substitute
for a fully specified objective model, and that as good results can be
achieved with a simple two-variable anticipations modei as with a much
more complex model with a fully specified lag structure. In effect, survey
measurements of purchase expectations combined with systematic changes
in consumer sentiment seem able to replace the influence of income and
all the adjustment lags in a complex objective model although it does not
appear that the anticipatory variables reflect the influence on purchases of
movements in relative prices of durables—possibly because these are
largely unforeseen.

The evidence is markedly less convincing during periods when purchase
expectations are measured with relatively large sampling errors. Here a
significant part of the objective model continues to warrant inclusion in a
consumer demand model, and the simple anticipatory mode! falls consid-
erably short of the fully specified objective model in explanatory power.
One clear-cut need for additional research lies in the influence of relative
prices on purchase decisions in the context of the model which uses
anticipatory variables as the major determinant of desired stock. While
most of the evidence seems to suggest that the anticipations variables need
to be augmented with a relative price measure, the coefficients of the price
variables are erratic and the specification can undoubtedly be improved.

APPENDIX A: SOURLES OF DATA

Expenditure and Stock Data

The data series for real durables stocks used in this study were based on
annual estimates for the household sector prepared by Raymond
Goldsmith. In The National Wealth of the United States in the Postwar
Period, Goldsmith estimates stocks through 1962 by applying straight-line
depreciation to the expected useful life of each group of durable goods,
except automobiles, for which an assumed depreciation schedule was
applied. From these data, annual depreciation ratios were calculated for
the aggregate category total durables and for autos. Ratios for the
post-1962 period were extrapolated by regression. The change in the
depreciation ratio was regressed on the change in expenditures, a proce-
dure suggested by the fact that the depreciation ratio is a function of the
age distribution of the stock, tastes, and style. The depreciation ratios were
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applied to a benchmark stock figure for the en of 1948 (Goldsmygh
converted to a 1958 price base, and to purchase datg from the Nation
Income Accounts.

For durables, the gross investment data are Personal Consump(i()n
Expenditures on Durables (Table 1.2, survey of Current Businesy 1SCB)).
For automobiles, the personal tonsumption expenditures on new and ney
used autos (Table 2.6, SCB) is published quarterly, but the trailer compo-
nent is not. A quarterly estimate is obtained by adding an interpolateq
estimate of expenditures on trailers to the 8ross auto produchpersonal
consumption expenditure data (Table 1.1, SCB;.

A two-stage procedure was used to calculate the quarterly stock data. Iy
the first stage, purchases less depreciation (one-quarter of the annual ratio
times the last period stock) were added to the injtiaf stock figure for each
year. In this way, depreciation on the last quarter’s stock additions is
included. In the second stage, the quarterly depreciation figures are
adjusied proportionately so that they total the figure implied by the annual
depreciation rate, in order to insure consistency of the data.

Other household or nonauto durables are define as total durables less
automobiles. Data for stocks and for gross and net nvestment were derived
in the same manner a5 for automobiles. Al stock and purchase data are in
1958 prices and are on 4 per household basis. Real per houschold gross
investment, seasonally adjusted at annual rates, and real per household
end-of-quarter stocks of automobiles and total durables are found in Table
A-1.

The net investment series used in the Tegressions are the first differences
in real stocks deflated by the average number of householcs during the
quarter. These wil! differ from the first differences in the real per household
stocks, which are shown in Table A-1. The number of households was
interpolated qQuarterly from annual data in the Statistical Abstract of the
United States. The number of households in millions (H) is shown in Table
A-5.

Anticipatory Variables

The survey variables are of two basic kinds. The first variable, {A), is the
familiar Survey Research Center (SRC) Index of Consumer Sentiment
lagged one Quarter. The data are published in Business Conditions Digest
(Series Number C1, 435). The survey was not taken in every quarter prior
to 1962, and missing quarters are interpolated linearly. Since the survey is
taken at varioys times during the (uarter, the index s always used in
lagged form. The other survey variable, (p), the index of expected pur-
chases of automobiles, js a weighted variable constructed from SRC data,



TABLE A-1 Gross Investment and Stock of Durables and Autos

C,'; S[) C{' Sl'
1949-11 22859 569.2
193914 689.5 23421 265.0 3969
1949-1v 709.5 2401.1 265.2 6243
1950-1 731.6 2456.7 286.2 653.1
1950-11 7338 2517.6 297.2 685.1
1950-111 908.6 2619.6 358.9 730.4
1950-1V 792.3 2687 .3 3340 766.9
1951- 798.5 2762.5 307.3 799.6
1951-14 686.1 2803.5 270.4 819.6
1951-111 665.0 2837.5 2424 831.6
1951-1v 657.4 2868.6 2213 837.5
1952-] 660.8 2897.9 224.6 843.9
1952-11 673.1 2929.2 2346 853.1
1952-11 ©28.5 2948.1 185.5 849.6
1952-1v 729.9 29919 269.3 866.9
1953-1 763.3 3042.2 304.9 892.6
1953-11 760.2 3092.5 305.8 918.2
1953-ill 755.7 31399 307.0 942.6
1953-1V 7555 3185.8 3124 966.8
1954-| 7233 3216.7 285.9 981.5
1954-11 741.9 32471 295.7 997.9
1954-111 746.8 3277.4 294 .0 10121
1954-1V 7853 3316.7 315.8 1030.9
1955-1 852.8 3367.6 368.8 1060.7
1955-11 904.9 34279 410.7 1099.2
1955-ill 929.1 3491.4 421.0 1138.1
1955-1v 901.5 3546.6 3919 1167.4
1956-1 8473 3581.2 3386 1183.1
1956-11 836.2 3619.1 314.0 1194.5
1956-1H 816.6 3650.8 298.6 1201.6
1956-1V 841.8 3686.6 319.7 1213.0
1957- 856.6 37219 340.6 12271
1957-1 833.2 3750.0 327.2 1237.0
1957-iit 819.8 37733 309.9 1242.0
1957-Iv 814.6 3794.8 320.6 12495.0
1958-1 755.8 3796.8 261.8 1240.2
1958-1I 730.7 3791.6 244.8 1227.5
1958-1li 741.0 3789.4 241.7 1214.7
1958-1vV 759.0 3792.4 250.4 1205.5
1959-1 821.7 3803.8 303.7 1208.4

1959-11 857.4 3821.6 3213 12149



TABLE A-1 (concluded)
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__me
1959-111 867.2 3841.2 324.9 1221
1959-1V 825.2 3849.6 278.9 1216 2
1960-| 861.7 3874.0 326.4 12258
1960-I1 861.8 3901.5 325.0 12359
1960-1i1 847.8 39244 3240 1245
1960-1V 817.0 39394 298.6 12479
1961-4 780.7 3936.1 267.7 12409
1961-11 805.0 39359 2720 12344
1961-11 824.7 39409 285.4 12317
1961-1v 8533 39519 298.5 12322
1962-1 881.7 3976.1 324.4 12410
1962-1] 878.6 4002 .6 3306 12528
1962-11 905.6 4034.7 3389 12659
1962-1v 923 4 4070.6 350.8 12813
1963-| 946 .6 4104.5 362.6 1297 4
1963-11 957.9 41382 363.3 1312.7
1963-11 979.7 4176.0 369.1 1328.6
1963-1v 992.3 4215.] 369.6 13442
1964-| 1029.8 4255.0 380.8 1359.4
1964-1} 1055.0 42943 384.3 1374.2
1964-11i 1068.6 43353 398.0 13914
1964-1v 1032.8 4365.7 3536 1397 4
1965-1 11391 44228 477.7 1427 4
1965-11 11203 44751 461.7 1453.2
1965-1iI 11649 4536.2 477.7 1480.1
1965-1v 1207.3 4604.8 4739 i505.9
1966-1 1256.4 4679.4 498.0 1535.6
1966-1| 1188.6 4734.2 446.6 1551.7
1966-11 12293 4796.7 467 .4 1572.0
1966-1v 1218.5 4853.4 464.2 1590.2
1967-1 1197.6 4885.8 425.2 15915
1967-1 1246.7 4924 5 4719 1603.7
1967-11t 1219.9 4954 .7 453.6 1610.5

1967-1v 1218.4 — 445.6 —
NOTE: ¢, = Gross invesiment i censumer durables, 1958 dollars  deflated by number of
households. )
5% =End of period stock of Consunmer durables, 1958 dollars  deflated by number of

households,

Co = h(;(;podsss investment in 2utomobiles and trailers, 1958 dollars deflated by number of house-

5% =nd period stock of automobiles and trailers, 1958 dollars deflated by number of
households.



TABLE A-2 Anticipations Data

p A WDA
1953-H1 6.27 87.3 0.0
1953-1vV 5.66 84.1 0.0
1954-1 6.17 80.8 --1.65
1954-| 6.89 82.0 -1.65
1954-111 7.56 82.9 0.0
1954-1IvV 8.14 84.9 1.0
1955-1 7.79 87.0 2.05
1955-1 7.60 931 410
1955-1i 7.50 99.1 6.05
1955-1V 7.48 99 .4 3.15
1956-1 7.32 99.7 0.30
1956-11 7.42 99.1 0.15
1956-1l 7.64 98.2 0.0
1956-1V 7.91 99.2 0.0
1957-1 7.77 100.2 0.0
1957-11 7.74 96.6 0.0
1957-1it 7.44 92.9 -1.85
1957-1IV 7.03 88.6 4.00
1958-1 6.79 83.7 ~4.60
1958-11 6.55 78.5 =5.05
1958-1lt 6.52 80.9 —-2.60
1958-1IvV 6.53 85.9 2.50
1959-1 7.07 90.8 4.95
1959-11 7.37 93.1 3.60
1959-11l 7.36 95.3 2.25
1959-1IvV 7.20 94.5 1.10
1960-1 7.74 93.8 0.0
1960-11 7.74 98.9 0.0
1960-111 7.60 92.9 0.0
1960-iV 7.52 91.5 -0.70
1961-1 7.63 90.1 ~1.40
1961-11 7.60 91.1 -0.20
1961-1i 7.86 92.3 0.0
1961-1V 7.96 933 0.50
1962-1 8.04 94.4 1.05
1962-11 8.29 97.2 1.95
1962-11l 8.21 95.4 1.40
1962-1V 8.34 91.6 0.0
1963-1 8.39 95.0 6.0

1963-1 8.64 94.8 0.0



TABLE A-2 (concluded)

—

196311t
1963-1v

1964-|
1964-1i
1964-1i
1964-1v

1965-1
1965-il
1965-11
1965-1vV

1966-1
1966-11
196 6-11
1966-1v

1967-1
1967.1i
1967-1ij
1367-1v

2 pis the weighted p

12

8.84
8.81

8.97
9.15
9.05
9.40
9.55
9.57
9.62
9.60
9.58
9.46
9.47
9.58

9.35
9.13
9.09
8.00

foportion of households EXpECting to purchase

——— __m\\
A WDA
—\“\\‘\\\%\\/
91 .4 0.0
96.2 0.0
96.9 0.0
99.0 1.05
98.1 1.05
100.2 1.05
101.5 1.05
102.2 1.40
103.2 0.85
102.9 0.50
100.0 0.0
95.7 ~2.15
91.2 -4.40
88.3 -3.70
92.2 -1.45
94.9 0.0
96.5 0.80

A NeW car: A4 is the SRC Index

of Consumer Sentiment lagged one Quarter; and Wy | the filtered charge in 4.
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TABLE A-3  Disposabie and Permanent Income

Y yr Y y*
19491l 5419.9209  5514.0664 1959.1  6412.2295  6424.0273
1949V 5413.8945 5495 2246 195911 6482.3955  (464.9033
19501 5740.3349  5565.5214 :959":3 2393'2655 (6:;;'8;3?
195011 5640.0175 5592 3740 959- 07.48 1483.0703
1950-Il  5685.9228 5627 4404 19601 64305517  6495.2724
1950-IV  5708.8037  5656.7353 1960-1l  6448.8086  6510.9277
19511 5634.8144  5611.5478 ]ggg'w 6‘3‘;23%2 ESfo.zggg
1951- 5728.0146  5689.2480 1960- 6376.4257 65112
1951- 5727.1865 57095312 19611 6399.6709 65107822
1951-IV 57042304  5720.1748 196111 6479.4463  6531.0996
19521 56703535  5718.7890 ]961-:“ 6538.2978 65627724
19524l 5705.1396  5726.7207 19611V 6627.8388  6610.9472
19521l 5803.1435  5758.2529 19621 6646.7480  6652.204]
1952-1v 5854.6230 5796.3408 1962-11 6700.5234 6697.4775
19531 5903.4687  5838.4892 :963"{'/ 6715.1396  6734.8730
195311 5963.4316  5885.6113 9621V 6746.0468  6771.4873
19531 59235254 5910.9209 1963-1  6813.0713  6816.2461
1953-V 5909.5488  5925.7939 1963-l  6832.4785 68555459
19541 58827304 5929.8964 19631l 6899.4707 69031152
19540l 58484638 29244922 1963-IV  6964.3086  6955.5937
1954l 5892.1855 5931 9355 1964-1  7091.1338  7028.6796
1954V 5986.0195 5962 2243 1964- 72269873 71192402
195511 6022.3798 59949238 }ggj'l"\'/ ;ggg'zggf ;;g;fg;;
1955-11 6138.5771  6050.2998 ) " =
19551 6226.1494  6114.3935 19651 7372.2207  7348.9560
1955V 6281.8476  6177.8691 1965-l 74419306 74163154
gor e g | b A A
1956-  6287.8593  6261.7060 - : :
19561 6281.4892  6287.7314 1965-1  7826.3408  7733.4170
1956V 6354.2177  6326.3642 1966-  7808.5800  7801.6679

N

o o oo | S i T
1957-1 6342.4824  6370.9726 ) 792-£/7U2 :
19571 6353.1113  6389.2343 19671 8027.8300  8020.6845
1957V 6303.9023  6390.8066 19671 8057.5908  8082.4453
1958-1  6219.2509  6370.5781 }gg;:‘\'/ gg;;-??gﬁ g;zgg;g;
1958-1  6211.2422  6353.2226 - 5 -
195811 6319.4111  6368.0498
1958V 6371.9072  6393.5107




TABLE A-4  Dependent Variables for Anticipatory Models
——— -

— '\—-'\“"—-———-—__. -—-———-._\—\\

A X AC

1953.11 2915 11.84 2593
1953-1v 2940 12 2348
1954-] 2734 10.81 2644,
19541 27.74 11.2] 2675
19541} 2747 10.82 219
19541y 28.91 .62 2717
1955 34.50 14.92 2477
195511 36.76 16.68 2462
1955-1); 37.92 17.18 2450
19551y 35.83 15.58 2516
1956-; 3379 13.50 2508
1956-11 32.75 12.30 2553
1956-11 31.42 1149 2599
1956-1v 30.58 1161 2753
1957-] 30.04 11.94 2852
1957-11 29.04 1141 2869
1957.111 28.83 10.90 2844
1957.1v 28.61 11.26 2847
1958.) 26.36 9.13 2867
1958.11 25.36 8.50 2881
195811 25.49 8.32 2907
1958.v 25.95 8.56 2925
1959. 27.75 10.26 2961
1959.4 28.69 10.75 2989
1959.1) 28.94 10.34 2997
1959.1v 27.35 9.24 3017
1960-i 29.77 11.28 2895
1960-11 29.97 11.30 2876
1960-111 29.61 11.32 2863
1960-1v 29.05 10.62 2812
1961-] 27.80 953 2809
1961-11 28.43 961 2832
1961-11 28.9) 10.01 2852
1961-1v 2940 10.29 2903
1962-] 30.52 11.23 2888
1962-11 30.10 11.33 2919
1962-11) 30.95 11.58 2926
1962-1y 31.25 11.87 2955
19631 32.04 12.28 2954

1963-11 32.39 12.28 2958



TABLE A-4 (concluded)

X X ACP
1963-1it 32.81 12.36 2986
1963-1V 33.06 12.31 3002
1964-i 34.31 12.69 3002
1964-1 35.25 12.84 2993
1964-111 35.33 13.16 3025
1964-1V 35.06 12.01 2946
1965-1 36.72 15.40 3102
1965-1| 36.27 14.95 3089
1965-111 38.01 15.59 3065
1965-1V 39.38 15.46 3066
1966-1 40.85 16.19 3076
1966-1| 38.29 14.39 3104
1966-1 39.05 14.85 3148
1966-1V 37.85 14.42 3219
1967-1 36.69 13.03 3264
1967-1 37.76 14.29 3302
1967-1| 35.88 13.34 3400
1967-1V 35.16 12.86 3465

calculated (.32 for used cars, .54 for new cars). The two sections of the
SRC data were then linked on the basis of an overlap period.

Missing quarters were interpolated, and the series were seasonally
adjusted with the X-11 moving seasonal program. After adjustment, the
missing quarters were corrected to be interpolations of the seasonally
adjusted data. The SRC portion (1953-60) of the basic intentions series was
then linked to the level of the (3SI-CBE portion based on an overlap period.
The derivation of the QSI-CBE portion follows.

For 1960 through 1966, the Census Bureau’s Quarterly Survey of Inten-
tions is used; for 1967 on, CBE purchase probability data are used. First,
we construct a weighted measure of the basic QS! intentions data:
six-month definite, probable, or possible new-car plans are assigned
weights of .7, .5, and .3, respectively, twelve-month plans are assigned
a weight of .3, used-car plans a weight of .2, and “"don’t know’’ responses
a weight of .3. For CBE data, six- and twelve-month car-purchase prob-
abilities were given equal weights. The resulting variable was then re-
gressed on the purchase rate, seasonal dummy variables, and dummies for
the effect of interviewer training session and survey type (QSt vs. CBE). The
coefficients on the last two dummies were used to adjust the weighted plan



TABLE A-5 Explanatory Variables for Objective Models

M, M, U H

Kx\‘_\
1949-ilt 20,900 18.521 8.0100 42,639
1949.)v 20.900 18.638 8.3048 42.98)
1950-1 20.900 18.755 7.6847 43.325
1950-14 20.900 18.872 6.6860 43.741
1950-1t 20.900 18.872 5.6632 44.021
1950-1v 15.300 15.339 5.0702 44.300
1951-1 14.000 14429 4.2691 44.580
1951-1 14.000 14.312 3.7889 44.745
1951-IN [5.700 15.349 3.8793 44 961
1951-1v 16.500 15.954 4.1302 45177
1952-1 16.500 16.071 3.7375 45.394
1952-H 19.300 17.896 3.6559 43.608
1952-1n 20.900 18.989 3.9749 45.820
1952-1v 20.900 19106 3.4099 46.032
1953-1 22.000 19.894 3.2072 46.244
195311 22.200 2G.133 3.1743 46.433
1953-t 22.200 20.172 3.3127 46.577
1953-iv 22.600 20.377 4.5005 46.721
1954} 23.400 20.865 6.2932 46.866
1954-j} 25.000 21.802 6.9299 47.038
1954-ill 25.600 22.168 7.1959 47.266
1954-1v 26.000 22,412 6.4781 47 494
1955-| 26.000 22.373 5.6937 47.722
1955-11 26.900 22922 5.2823 47.959
1955-11 27.800 23.510 5.0133 48.216
1955-)v 27.900 23.510 5.0260 48.473
1956-| 28.500 24.015 4.8925 48.730
1956-1! 29.000 24.359 5.i617 49.031
1956-H) 29.400 24.603 5.0221 49.224
i956-tv 28.800 24.237 4.9927 49416
1957-j 28.600 24.115 4.9600 49.609
19571 29.800 24.847 5.1637 49.807
1957-11) 30.400 25.252 5.2611 50.007
1957-1v 30.100 25.147 5.9605 50.207
1958-] 29.600 25.003 7.6909 50.408
1958-1 30.400 25.369 8.6640 50.634
195811} 31.000 25.774 8.3153 50.875
1958-1v 30.600 25.608 7.3975 51.115
1959-| 30.800 25.730 7.0080 51.355
195911 31.300 26.074 6.1823 51.663



TABLE A-5 (concluded)
M, My, U H

1959-111 32.000 26.579 6.4160 52.004
1959-tV 31.600 26.374 6.6476 52.345
1960-1 31.500 26.391 6.2527 52.686
1960-11 31.800 26.613 6.4456 52.909
1960-111 32.200 26.896 6.6435 53.076
1960-1V 31.600 26.530 7.4331 53.243
1961-1 31.300 26.386 8.0904 53.409
19611l 31.700 26.630 8.2443 53.662
196 1-iit 32.100 26.874 7.9389 53.959
1961-1V 31.600 26.569 7.2341 54.256
1962-1 32.100 26.835 6.7813 54.553
1962-i1 32.300 26.957 6.5847 54.742
1962-1H 32.800 27.301 6.6735 54.876
1962-1V 32.100 26.913 6.5992 55.010
1963-1 32.400 27.135 6.4714 55.144
1963-11 32.600 27.296 6.3846 55.324
1963-111 33.100 27.601 6.2166 55.526
1963-1V 32.500 27.235 6.1497 55.727
1964-1 32.700 27.318 5.9893 55.929
1964-il 33.000 27.501 5.8577 56.206
1964-ill 33.300 27.723 5.6678 56.519
1964-1V 32.800 27.496 5.3975 56.833
1965-1 32.800 27.535 5.2571 57.147
1965-11 33.100 27.796 5.2193 57.391
1965-111 33.400 28.057 4.9619 57.602
1965-1V 32.800 27.730 4.4702 57.812
1966-1 32.900 27.830 4.0945 58.022
1966-11 33.900 28.479 4.4029 58.218
1966-11 33.900 28.557 43310 58.406
1966-IV 33.900 28.600 3.9669 58.594
1967-1 34.100 28.600 4.0995 58.783
1967-1| 33.700 28.700 4.0724 59.112
1967-111 34.100 28.300 4.3685 59.370
1967V 33,900 28200 4.3330 59.640

variable for those net effects. The entire series was then seasonally adjusted

with the Census X-11 moving seasonal program.

The resultant intentions variable is always used in weighted form and
draws upon three surveys of expected purchases. The current-quarter
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survey value and two lagged surveys are weighted 6, 3 and |1, respec-
tively. The current survey is included because the Census Bureay Surveys
are taken at the beginning of the quarter although they do not hecome
available until the middle of cach one.

The sentiment index is used in two forms. The first is 4 filtereq change
variable and the second is the lagged attitude index itself. The filtereq
variable is based on a dummy, (D), which is assigned a valye of 1 whep
there is a systematic change in A and assigned a value of g otherwise, The
decision rule is that the sentiment index must moye in the same direction
for three consecutive quarters before the move is considered persistent.
Interpolated quarters are counted in applying the rule, and 3 break in ,
series of upward or downward movements coes not necessarily mean thy
three more quarterly movements are needed 10 reintroduce the series. The
criterion is whether the next quarter after the break continues the previoys
pattern by registering a new local high (or low) value. If it does, the series
will only be interrupted by the quarter break; if it does not, the basjc
decision rule applies. The rule is relaxed in the case of two consecutive
changes that are both quantitatively large (defined to be at least 7 percent-
age points in the SRC index, which has a base of 19g3 - 100). The
decision rule can be summarized as follows: the filtered attitude vari-
able is given by

WDA, = 5D, (AA) + 5D, (AAL )

where
D, =1 if AA; forj = @, 1, 2 are of the same sign
orif [AA + 44, | = 7
orif D,, = 1 and D.;=0and fAA,[ > fAA,_,’;
D, = 0 otherwise.

The anticipations data are shown in Table A-2.

The dependent variables for the an(j Cipatory models are deflated expen-
ditures divided by unit price, or the purchase rate. The respective expendi-
ture variables (G,. and Gy} are divided by the dverage car price in 1958
dollars (ACP). The average car price, 3 weighted average of foreign and
domestic car prices divided by the Consumer Price Index for new cars, is
shown in Table A-2. The basic data were obtained from the Office of
Business Economics, The average car price is used as a proxy for the unit
price of durables, a5 discussed in the text. The purchase rate for au-

tomobiles, x,., and for durables, x,, are multiplied by 106 and are shown in
Table A-4.
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Prices, Maturities, interest Rates,
and Unemployed Man-hours

The price series are all estimated as P/Q, where Q is the implicit price
deflator for personal consumption expenditures. The implicit price
deflators for personal consumption expenditures on durables and for gross
auto product are found in Tables 8.1 and 8.2, SCB. For nonauto durables
the implied deflator is calculated from the ratio of current- to constant-
dollar purchases.

The mean maturity, seasonally adjusted, for new auto contracts was
obtained for 1947-62 from unpublished material provided by Robert Shay,
and for 1963-65 from J. Craig of the Brookings Institution. From 1966 on,
the data were estimated by formula from Federal Reserve Board seasonally
adjusted data on credit outstanding and repayments. For nonauto durables,
annual data from Juster, Househeld Capital Formation and Financing, were
updated and interpolated quarterly. The maturity variable for total durables
is a weighted average of auto and nonauto maturities. The weights of .39
and .61, respectively, represent average shares of total durables expendi-
tures. The maturity variable for automobiles (M) and total durables Mp)
are shown in Table A-5.

Two interest-rate series are also utilized as explanatory variables—a
general interest rate (the return on AAA corporate bonds) and the return on
household savings accounts. The latter series is a weighted average of
various time and savings deposits, and was obtained through correspon-
dence with M. Hamburger of the Federal Reserve Bank of New York.

Unemployed man-hours, U, used as a transitory variable in both the
objective and anticipatory models, is shown in Table A-5. The variable is
defined as the number unemployed times the average number of hours
worked plus hours lost due to involuntary part-time work as a per cent of
the total man-hours of the potential labor force. The basic data are
seasonally adjusted Bureau of Labor Statistics (BLS) series and are adjusted
for changes in the definition of the labor force which exclude fourteen and
fifteen year olds. After 1955 the BLS series, labor-force time lost as a per
cent of total potential man-hours, is the basic source. The earlier data are
constructed from the basic definition and are adjusted to this series.

Dummy Variables

Dummy variables are included in the regressions in order to explain two
types of supply restrictions. First of all, auto strikes in 1952-1 and 1964-1V
and a steel strike in 1959-1V distorted the observed demand patterns. For
the Korean War period (1950-51) panic-buying patterns were treated with
a dummy system. The design of the respective dummy variables is dis-
cussed in Appendix C. It is also necessary to adjust the lagged dependent
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variables for the influence of the dummy variable. The adjustment proce.
dure is discussed in Appendix C.

Income Variables

Two income variables are used: Y is real per household disposable income
and Y* js a constructed permanent-income variable.

The permanent income series s based on 3 discrete ApPproximation to
the continuous adaptive-revision mode| originally suggested by Friedman,
Estimates were constructed w i
tations, using postwar quarterly data. In addition, a trenc correction that
increases linearly with time was estimated by regression, This last step is
necessary because of the unusual growth pattern on income in the sample
(1949-67) period. A constant trend correction, ys; ng the compound growth
rate, yields consistently negative transitory income in the early years and
consistently positive transitories in later years.

The series used has a coefficient of €Xpectaticns of .3. Thic series seems,
on balance, to vield the highest explained variance jn different
specifications of the objective model. Real per household disposable and
permanent income are shown in Table A-3. Transitory income js defined as
disposable income less permanent income,

The quarterly coefficient of Expectation of .3 implies 5 mean adjustment
lag of 3.3 quarters. This contrasts with Friedman’s estimate of an annyga|
coefficient of expectations of 4 and a mean lag of 10 Quarters. However,
Mundlak has shown that the coefficient of expectations increases with the
length of the observation period. If adjustments are _made quarterly,
Friedman’s estimate implies a mean lag of 5.2 quarters.

followed by a comparison of the results with the durahles equations used
in various econometric models, Next, the Possibility of serial correlation
problems are examined, and CoOmparisons are presented using an estima-
tion procedure that corrects for first-order serial correlation. The final
section of thjs appendix presents 5 reformulation of the model in which the
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Additional Specifications

Several other variables were tested in alternative specifications of the
desired-stock function. First of all, interest rates may enter the model in two
ways: as the cost of credit, and as the return on substitute financial assets.2?
No loan-rate series is available so the corporate-bond rate was used as a
proxy. The bond rate is related to the rate paid by finance companies to
obtain funds and, thus, will affect the rate charged although with a lag. The
bond rate lagged five quarters is, therefore, used as a measure of credit
costs, and as a possible substitute for the maturity variable. An interest-rate
series that measures the return on savings deposits is used as an estimate of
the return on substitute assets. An increase in the interest return makes
other assets more attractive and should have a negative effect on the
demand for durables stocks.

For total durables the interest-rate series all have negative signs. For
autos, however, the coefficients are insignificant and positive, even though
the credit-cost effect should be stronger for automobiles. The permanent-
income and transitory-income variables are not sensitive to changes in the
interest rate and credit specifications. The relative-price variables are
unstable, indicating some collinearity with interest rates and a common
trend. Real rates of interest, estimated by correcting nominal rates for the
rate of inflation,>* were not significant in any regressions.

The interest-rate tests show fairly small long-run stock elasticities on
durables, as would be expected. For the lagged bond rate, the interest
elasticities are —.25 in the second-order model and —.27 in the first-order
model; for the savings rate, the eiasticities are —.09 and —.32, respec-
tively. The addition of interesi-rate variables tends to increase the price
elasticity to between —1.5 and —2.0. The permanent-income elasticity
remains just under 1, and a positive maturity effect of less than .5 is still
found in equations that contain the savings-return variable along with
maturity. For total durables, the results support the contention that there is
a small negative (nominal) interest-rate effect on durables stocks. For
automobiles, the results are less clear, possibly because there is less trend
correlation between interest rates and net investment. In the first-order
model, interest-rate coefficients are significant and have an elasticity of
about —.3; the associated price elasticity, however, is about —2.

The model was also estimated with the price of substitute goods as an
additional determinant of desired stock. Consumers can substitute service
expenditures for most durable-goods investments. Thus the relative price of
services should enter with a positive coefficient. The estimated coefficients
were positive but small, and the t-ratios never exceeded 1.5. A clearer
picture of this effect would require a better measure of the price of
substitute goods than the one that we used-—the aggregate deflator for
service expenditures.
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Comparisons with Earlier Studies

Several of the durable-goods demand studies mentione carlier provide
resulis that can be compared to those presented here. Although there are
differences among these studies in time period and in the 8ross-investmeny
series, the standard errors of estimate should he roughly Comparable, fqp
this purpose our model was reestimated over the 1953-67 period. This js
the period used by Hamburger, and it is cloge to the fit periods for the OB
model (1953-66) and the Brookings model (1 954-65). The standard-error
comparisans are in billions of 1958 dollars, thus requiring multiplication of
the Brookings results by the average population over the fit period, and
multiplication of our resylts by the average number of households. Table
B-1 shows that the resuits of the varioys studies are very close to one
another,

Previous studies of the demand for automobiles (e g Choyy and Suits),
have yielded considerably larger estimates of income elasticities, The
differences are due to a ny mber of factors. First, the Chow and Suits studies
are based on first-order adjustment models and, therefore, jf the present
model is correct, contain misspecification bigas, Waud shows that the
misspecification bias in q partial-adjustment model, when the expecta-
tional structure is part of the appropriate specification, will lead to the
overestimation of elasticities. Secondly, earlier studies were estimated over
the initial period of diffusion of many durables, in which 3 very high
income elasticity might be found. Also, as noted above, the treatment of
the maturity variable may tend to reduce the estimated income elasticity, 0

Serial Correlation Bias

The possibility of serially correlated residuals suggests that the least-squares
error specification js inadequate. In addition, if 4 disturbance term had
been specified pricer to estimation, the reduced form would have 3 serially

TABLE B-1 Standard Errors of Estimate

(billions of 1958 dollars)
—_—

Gross Investment

Autos Other Durables
XNN

OBE model 1.0 6
Brookings model 9476 -5006
Hamburger model .9249 2913
AET model 9402 4867
PT madel

1.2839

.5649
— -
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correlated residual. The model was reestimated by generalized least
squares with the assumption of first-order serial correfation in the distur-
bance. The reestimated model does exhibit a great deal of positive serial
correlation, but the coefficient estimates are iargely unchanged and appear
to be more stable.

In the second-order madels, the major effect of reestimation is to reduce
the lagged net-investment coefficient. The estimated parameter of serial
correlation is very small, except for other durables. The first-order models
exhibit a great deal of serial correlation and largely reduced standard errors
when reestimated. When reestimated, the AT models (Tables 1A to 1C, net
investment, show the originals) are respectively:

Np = .900 + 2217 Y* = 1012 P,/Q — .0445 M, — 3056 S,., + 2022 V"
(1.4) (4.0 (2.3) (1) (5.0) (3.4)
SEE =2429 w = .77
Ne =214 4+.0706 Y* = 328Po/Q + 1545 Mc — 2834 S0, + .1461 vt
(9 (22 (2.0 (.7) (3.0) (2.9)
SEE =2083 w=.74
Ny = 14.8 + 1695 Y* 2212 P,/Q — 3014 S,,., + .0847 V!

(1) (12.2) (1.5) (9.1 (3.6)
SEE. =970 w = .56

The dummy variables are omitted and ® is the estimated coefficient of
serial correlation.

Variable Adjustment Lags

The transitory term, a distinctive feature of the objective model, can enter
in either of two ways. In the objective model in the text, an additive
transitory term was used.

(1) AS=B5*-S)+T

In this formulation, the speed of adjustment (8) is constant and indepen-
dent of the transitory term.

An alternative formulation is to specify that transitory investment has an
influence on the speed-of-adjustment coefficient. In the AT net-investment
model, for example, the alternative hypothesis would be that the speed of
adjustment in (2) is not constant but is a linear function of the transitory
term (3). In both models the transitory phenomena effect the speed of
adjustment.

(2) AS = B(S* - S.,)
3) B=a+bT
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It is therefore not possible to test one maodel against the other. |f the true
madel is given by the reduced form of (2} and (3) with an interactive
transitory effect, the original objective model Can still show , significang
linear effect and vice versa. However, it js qf interest (g examine the
magnitude of the effect of the transitory term on the speed of adjustment i
(2)1.'he revised model is estimated by a two-step procedure. First of all, (2j is
estimated by ordinary least squares and the coefficient estimates are used
to generate an estimate of desired stock, and Consequently an estimate of
5* = 5.,), which is entered into 3 second-stage regression. In the second

B R?
Durables (Ny)

AT model .2783 8497
(7.9

Revised modef, first stage .34Q7 .7387
(7.6)
2980 + 006y’ .8287
(12.3) (6.1

Revised model, second stage 4154 — 0160y 7702
(11.4) (3. 1)

Automohiles Ny)

AT model .2503 7564
(5.1

Revised model, first stage 3126 .5969
(5.0)
2833 + 0010y 7237
8.8) (5.6

Revised model, second stage 4146 - 01760 6154
6.2) (1.8)

Other Durables (N,,)

AT model 2773 9278
(12.4)

Revised model, first stage 3137 .8887
t11.8)
2921 +.0001y! 8477
(17.9) (2.2)

Revised model, second stage 23343 - g10201 8640

(19.50 (3.7

——— —_—
NOTE: Numbers in parentheses are t-ratios,
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stage, net investment is regressed on the estimated difference between
desired and actual stock and an interaction term with the transitory
variable as implied by (3).

Table B-2 summarizes the results for both standard and revised partial-
adjustment models. The first stage of the revised model is an adjustment
model without a transitory term, which is clearly an unsatisfactory equa-
tion. The second-stage estimates utilize the estimated difference between
desired and actual stock and an interaction with either transitory income or
unemployed man-hours. The table presents the various estimates of the
speed of adjustment and the coefficient of determination for each regres-
sion. Although the two-stage revised model yields highly significant results,
as measured by the t-ratio of the interaction terms, the proportion of
variance explained is not as high as in the standard model with an additive
transitory term. The results do serve as an indication of the magnitude of
transitory effects on the speed of adjustment, even if the additive transitory
term is a more satisfactory explanatory model.

The largest effects on the speed of adjustment are those exerted on
automobiles. At the mean level of transitory income and unemployed
man-hours, the second-stage estimates of the speed of adjustment are
.2833 and .3145, respectively. An increase of transitory income, or a
decrease of unemployed man-hours, equal to one standard deviation in
each series would imply adjustment speeds of .3508 and .3397, respec-
tively. A two standard-deviation change would bring the estimates to .4183
and .3649. The response in the adjustment for total durables would not be
as large.

APPENDIX C: DISTRIBUTED LAG EQUATIONS
AND DUMMY VARIABLES

Equation systems in which one or more lagged values of the dependent
variable appear as independent variables are used extensively in estimating
econometric models. Such equations are conceptually appropriate
whenever there is reason to suppose that past as well as present values of
the independent variables have an influence on the observed values of the
dependent variable. In this appendix, we examine the statistical conse-
quences of using a common type of distributed lag formulation in equation
systems where, for ane reason or another, the dependent variable contains
one or more abnormal values which can be handled by use of a dummy
(1, 0) variable.

A standard case in point is an equation designed to explain either
purchases of automobiles or change in automobile stocks in the household
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sector. On several occasions during the past fifteen Years, strikeg have
curtailed the supply of automobiles for periacs ranging from gne 10 severy|
months. These effects usually spill over from ONe quarter to (he next,
inasmuch as the below-normal supply resulting from Strike during one
qQuarter is balanced by an above-normal supply during subsequent quar-
ters. Thus, the dependent variable is apt to be abnormally low (lun’ng the
strike quarter,» abnormally high during the quarter immediately following
and, perhaps, also during the second quarter following. If the desire stock
of automobiles is taken to be a function of current and past Jevels of income
and relative prices, for example, it will ordinarily be necessary ejthe, to
exclude quarters in which strike and poststrike effects show Uup strongly o
to insert a dummy variable designed to measure the pet influence of this
supply disruption on each of the quarters in question. Failyre to do so wiy
give biased estimates of the parameters in the demand function, and
exaggerate the residyal variance as well. Eliminating the offending quarters
is, in principle, Jecs desirable than permitting them (o remain and allowing
for their special influence by means of one or more dummy variables.

In models where the lagged value of the dependent variable appears, yse
of a dummy variable to reflect supply disruptions will inevitably distor
estimates of regression Parameters, of residual variance, and possibly of
serial correlation. Troubles arjse because the dummy s designed 1o handle
abnormal values of the dependent variable only. | biactice, if the depen-
dent variable proper has an abnorma| value, it nhecessarily follows that at
least one of the lagged dependent variables will a5 be abnorma, If the
model contains more than one lagged dependent variable, the problem js
magnified.

Itis easy to see that dummy variables which reflect abnormalities like
strikes will bias the regression coefficients of both the dummy variable and
any lagged dependent variable, and will €Xxaggerate the residyal variance,
Take the simplest case- an unforeseen strike occurs in Quarter ¢, reducing
supply, and this effect is fully made up in quarter ¢ + L. In quarter ¢ the
madel will function effectively: the variables reflecting demand, including
the lagged dependent variable, will 4 have normal vaives. On the
Customary assumption that demand and supply are in balance, the dummy
variable for Quarter t will have 4 Negative regression Coefficient equal 1o
the ditference between normal supply (= demand) and the below-normal
supply due to the strike. In Quarter ¢ + | substantive demand variabies il
83N have normai valtes: the dummy variable will have 4 positive
regression coefficient which retlects the difference between normal de-
mand and the above-norma| demand (= supply) resulting from producers
having made up the supply shortiall in t. But the fagged dependent
Variable, becayse It reflects ihe influence of the strike in ¢ will have an
abnormally low value and, hence, predicted demand will tend to be low.



Models of Durable Goods Demand 385

Moreover, demand in the next quarter, t + 2, will also be poorly predicted
despite the fact that the strike no longer has any effect whatsoever on either
current demand or current supply. The reason is that the lagged dependent
variable in t + 2 is the (abnormally high) level of purchases in t + 1.
Furthermore, if the lag structure involves not one but two lagged terms, this
adverse effect will carry over 1o one additional quarter, since the bias will
not be eliminated from the regression estimates until all lagged dependent
variables have ceased to be influenced by the temporary effects of the
strike.

There are a number of relatively simple solutions to this problem though
it is not entirely clear which one is optimal. One could estimate the model
without lag terms, but with all of the substantive independent variables,
including the dummy. The regression coefficients of the dummy variable
could then be used to compute a “"corrected” dependent variable series.
Finally, the equation could be reestimated with the distributed lag struc-
ture, using the corrected dependent variable both as the dependent vari-
able proper and as the lagged variable, but not using the dummy
variable(s).

Alternatively, one could estimate the model without lags in order to
obtain the regression coefficients for all dummy variables, and these
regression coefficients could then be used to estimate corrected values for
the dependent variable only when the latter appear as lag terms. Thus, no
adjustment would be made in the dependent variable proper, but the
dependent variable would appear in corrected form when it constitites a
lagged independent variable. Using the first procedure, the final equation
will not contain the dummy variable; the full effect of the supply situation
reflected by the dummy will already have been accounted for by the
corrected dependent variable series. If the alternative procedure is used,
the dummy variable will be included in the final model, since no correc-
tion will be applied to the dependent variable itself. Thus, the estimated
effect of the supply stringency, as reflected by the coefficient of the
dummy, will be different in the final equation from what it was in the
equation from which correction factors were taken. Presumably, the final
estimate will be better, since any association between the dummy variable
and the lagged dependent variable wili be permitted to influence the
regression coefficients in the final version. Intuitively, it would seem that if
there were zero correlation between the dummy variable and the lagged
dependent variable, both procedures would yield the same parameter
estimates and the same estimates of explained variance.’

The following procedure is used by us to correct lagged dependent
variables. Corrected equations are ohtained by (a) estimating the model
without lags to get a first approximation to the regression coefficients for
dummy variables; (b) using these estimated regression coefficients to




386 b Thomas Juster an Paul Wachyel
———__Vachtel

correct the dependent variable for any quarter in which the dumnyy
variables have a nonzero value; (¢) reestimating the mocle; with substantive
demand variables, dumny variables, anc| corredted values for the lagged
dependent variable. Correctec values are used only when the dependeny
variable appears as a lag term on the right-hand side of the equation. Thus,
the corrected equation fits all variables in their original form except for
lagged dependent variables with abnormal values.

Two kinds of dummy variables appear in the mocle|. First, there js 5
Korean War dummy (KD) designed to reflect the fact that changes ip
durable-goods stocks were abnormally high from the third quarter of 1950
to the first quarter of 1951. The above-normal volume of durable-goods
demand during both periods could presumably have been reflected by
some kind of anticipated price variabie, rather than being treateq 5 an
e€xogenous disturbance. This is not 4 practical alternative because ng
expected price variable exists. The KD dummy variable does not specify
that the abnormally high level of demancd from 1950- through 1951 is
associated with a specific pattern of abnormaily low demand in following
periods. The stock variable in the equation is permitted to carry the full
weight of the reaction; that js, abnormally high demand results in the
building up of an abnormally high stock of durables, and purchases jn
future periods tend to be lower because of this high ievel of stocks. 33

The quantitative scaling of the dummy js essentially arbitrary and muyst
be decided largely on empirical grounds. The following system satisfactor-
ily reduces prediction errors in the indicated Quarters and is used through-
out.

Household Total
Autos Durables Durables
(AKD) HKD) (DKDj
\\\* _
1950-i1 40 1.00 1.40
1950-1v .20 0 .20
1951-] .30 .50 .80

A different treatment is accorded the dummy variables for strike periods
and poststrike influence (D). Here, it is specifically assumed that strikes
cause only a displacement of purchases and have no net impact: a value of
—1is assigned 1o the period during which the strike took place, and values
of +0.75 and +0.25 are assigned to the pyo following quarters. In general,
strikes in the automobile industry have taken place around model
changeover time, and have haq their major inflyence during the fourth
quarter of the curren Year and the first quarter of the following one. The
strikes treated in this manner occurred in 1957 and 19641V In addition,
the steel strike of 19591V is given the same durnmy treatment.
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The fact that part of the dummy-variahle structure in these equations is
designed to reflect not only an abnormal change during a particular period
due to a specified cause, but also the reaction (opposite in sign) to the
abnormality, means that the equation itself is more sensitive to the sharp
up and down movements found around such periods. Thus, the period
around an automobile strike probably tends to be better fitted than the
average quarter in the period, and a large part of the burden for this better
fit is carried by the dummy variable in the absence of a “normal’’ value for
any lagged dependent variable.

The impact of the adjustments of the lagged dependent variables are
shown in Table C-1. Estimates of the AET model for total durables are
shown. The first equation is the fully specified AET model without any
adjustment of the lagged dependent variable in the poststrike and postwar
periads. The estimated coefficients of the dummy variables from this first
stage regression are then used to adjust the lagged dependent variable. The
model is then reestimated and these second-stage results are the second
equation shown.*

The most important difference between the first- and second-stage
estimates are in the coefficients of the distributed lag terms. The coefficient
of the lagged dependent variable rises by .12. Correspondingly, the
ceefficients of the determinants of desired stock decline. The coefficients of
the dummy variables themselves change slightly, but the transitory vari-
ables are hardly afiected by the adjustment.

It is expected that the explanatory power of the model should be
increased by the adjustment, which is the case. An examination of the
residuals shows very little change except in the periods in which the
dummy variable has nonzero values. The serial correlation in the residuals
is reduced for the corrected equation.
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NOTES

1.

[od

Eva Mueller, £. Scott Maynes, and F. Thomas Juster {1969a) fit mnto this general
framework, in that the main focus is on the performance of anticipatory variables in a
demand model. All pay only incidental attention to the structure of an objective model.
Examples of demand studies of this type are those by Gregory Chow, Daniel Suits, and
Michael Hamburger.

The cumnrent versions of the Brookings, Wharton, FMP, and OBE models use some form
of the stock adjustment process, and none contain anticipatory variables. Earlier versions
of the Brookings and Wharton models included the Index of Consumer Sentiment as an
explanatory variable.

A recent paper by Saul Hymans uses the Index of Consumer Sentiment in a model
designed to be smwlated, with an auxiliary prediction equation for the Index itself.
Adjustments are not made instantaneously partly because of decision and purchasing
lags, partly because the level of desired stock represents a target demand about which
there exists some uncertainty, and pastly because of transactions costs. Househoid
investment decisions are sensitive to uncertainty because res.-le markets are imperfect; a
decision to invest represents a commitment to consume a certain level of services well
into the future. Increasing marginal costs of investment are usually cited in the capital
investment literature as the source of adjustment lags.

In our model, the disctinction between permanent and transitory invesiment is the
length of the planning horizon that precedes the investment decision. Thus, “'transitory”
investment may come from an unexpected but permanent income change which alters
the rate of consumption and therefore the level of durable stock held.
The discrete model, in contrast, states that the current expeciation differs from the
previous expectation by some proportion of the error made in the last period. The
correct specification of this model is the continuous form (3°), as expectations are being
continually revised. The approximation to (3') is (3), which is the form used above.

¢4

3" _d(_er =plZ - I}

its only drawback is that it is not an ex ante explanation, since it requires curent
observations to explain current expectations. When a pure forecast form is required the
discrete error revision version (3”) of the model can be substituted:

G Z -2 =plZ, 2.0
The symmetry of the partial adjustment and adaptive explanations first-order lag models
has been discussed by Roger Waud.
The reduced form is derived by writing the model in terms of lag operators. We can
rewrite the identity in (5) in terms of stock, then substitute (1) and (4), all expressed with
the lag operator L to yield:

S-IS =85 - LS+ T
Using (2}, substitute for S* and solve for 5:

1
= e __ B+ T
s -1 - A 8 !
Similarly, (3} can be solved for Z¢ and substituted above to yreld the reduced form:
. .
_ B ) P 7+ T
T=( =g 1-{1-p1 1-0 -8

An alteative formuiation of the gross investment model specifies that a partial
adjustment to depreciated stock determines planned purchases {1).
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The reduced form of the model specified by (11,40, (3), 4, and (5 s Biven by (g7
@y ¢ =r
(57 €=+
8 G =fpZ + |1 - b - Bl =8)s |+ 10 - phit - 8y s AL ey \

which is identical 1o (8) except that the coefficients have q different interpretation, This
form would be preierred if supply restrictions or an absolute decline in wealth led the
household sector to delay replacment demand. There is no evidence that this eceurs in
the sample period. Net investment in total durables is never negative and the gy,
tomobile component is less than zero in only five quarters of the twenty-year periad
exanined,

The constructed data are discussed in Appendix A,

Consamer purchases are not ordinarily thought to be sensitive to changes in interest
rates per se, which often are not adequately reflective of conditions in credit markets, fn
terms of Ginancial flows, an increased interest cost s readily balanced oyt by a longer
malurity. This can be seen by looking at the value of a loan, v = 7l =+ ) iy,
where @ is the monthly payment, i the foar rate and Af the Maturity. The elasticity of v
with respect o A exceeds the elasticity with respect to 1 for the observed ranges. A
discrete approximation to the elasticities can be calculated with the gse of an annuity
table, The interest elasticity increases in absolute value with both Maturity and interesy
rates, and the maturity elasticity does the opposite. Thus, the comparison of g maturity
elasticity of .79 and an interest elasticity of =21 a1 3 Maturity of thirty-sjx montks and a
loan rate of 16 per cent does not averstate the case for using the matarity variabie. See
also, Juster and Shay.

Adaptive expectations with a trend correction and the Permanent Income Hypothesis
were used to generate the series,

A discussion of the adjustivent procedure is found in Appendix .

Unemployed man-hours are defined as the namber unemployed times the average
number of hours worked plus hours lost due 1o involuntary part-time woik, divided by
the total man-hours of the potential labor force.

An alternative hypothesis—that the first difference in unenmployed man-hours is the
correct explanatory variable in a model withaat an explicit transitory component—may
be equally plagsible.

This result is common in 4 quaiterly model without 3 lagged dependent model. For the
secand-order models, although the Durbin-Watson is biased towards 2, the results do
not prexclude the possibility of positive serjaf dependence. The model was reestinlated
with the additional assumption that the residuals foliow 4 pattern of first-order seriql
correlation. The results, which are basically the same as those shown above, are
examined in Apnendix B.

The mean depreciation rates are 2225 for adtomobiles, 1626 {or other durables, and
1814 for total durables.

Edwin Kuh estimates the elasticity of output with fespect e employment as 1.81 in the
current quarter, 1.27 after BWo quariers, and .82 in the long run

The mean lags are derived in 2vi Griliches’ articlo. A procedure for denving confidence
intervais for 6 was adapted from W, Fyller.

These resalts are calculated from the AT model. net investment. Tables 1A 1o 1C
The difterences dmong these series are described in Juster (1969h).

In previous research, it has been found that altitudes and lagged intentions were the best
predictor of purchase rates or households classed a5 nonintenders. Hence both inten-
tions and attitudes made  signiticant cantributions to an expianation of aggregate
purchase rates: intentigns presumably reflected variations in intender purchase rates,
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25.

26.

27.

29.

30.

3L

32.

33.

while attitudes picked up variations in the purchase rates of nomntenders. See Juster
{i969a).

The intentians variable refers only to automohiles althaugh it is alsa used in the total
durables function.

As noted above, the available intentions series have differential sampling reliability
hefore and afier 1960, while attitudes are nat available far every quarter priar ta 1061,
The standard erzars shown in Table 4 for the anticipations madels are actually abtained
from a twa-step procedure. Buying intentions are conceptually designed ta explain unit
sales rather than defiated per household experditures, hence we estimated the anticipa-
tions model with the dependent variable defined as deflated expenditures divided by
deflated unit price. This variable is the equivalent of the papulation purchase rate. The
proportion of explained variance and the standard error estimales in the table are not the
ones derived from this equation but, rather, statistics estimated hy multiplying the
predicted values fram the equation by the defiated price variable. This procedure insures
that the standard error estimates tar the anticipations medels are comparable with those
estimated far the objective model.

The durable goods equations are afsa estimated in the same way, even thaugh the
only deflated unit price variable that can be constructed is for automohiles. Thus, it is
assumed that movements in the deflated unit price of automahiles are identical to those
in the deflated unit prices of some weighted average of all durable gcods—an extreme
assumption but not necessarily a totally unrealistic one.

The joint models are estimated with gross expenditures as the dependent variabie. When
anticipatory variables are used, the appropriate dependent variable s the purchase rate;
hence, the models may econtain specification bias.

The tests of interest rates draw heavily an Hamburger. The use of the lagged corporate-
hond rate and the savings rate follow his discussion.

An eight-quarter weighted average of the lagged rate of increase in the consumption-
expenditures deflator is used.

The effect of a change in the specification on elasticity estimates is not small. For
example, an expenditure equation for a partial-adjustment model wvithout the maturity
variables yields current-income-impact elasticities of 1.91 for durables and 1.65 for
automobiles.

If the strike is widely anticipated, the above-normal supply period may preeede rather
than follow the strike period.

Other pracedures appear to be distinctly inferior 1a either of the abave. For example,
one could estimate the regressian coefficients of the dummy variables from an equation
which includes lagged dependent variahles. In this case, the caefficients of the lag terms
will be biased, and the hias is hound ta influence the estimated regression coefficients of
the dummy because the lag term will he negatively correlated with the dummy. Thus,
the correction factor applied to the rdependent variable series will be nonoptimal.
Alternatively, ane could estimate the regression coefiicients of dumrny variahles from an
equation which includes only the dummy and ne other substantive demand variables.
This also seems inappropriate, since in principle, one wants to isolate the effetts of
supply shurtages. taking account of whatever demand influences are present it that
particular guarter or set of quarters. Thus, it appears that in estimating the regression
coefficients of dummy variables, the model should be completeiy specified, except fist
the distributed-lag terms.

An alternative treatment is to account for periods of abnormally high demand by a
pasitive dummy variahle, allowing the dummy to take on negative values in later
periods ta reflect the reaction. Such an assumption is made for periods in which supply
shortages are caused by strikes. The best way to handle this problem hinges on whether
it is plausible to suppose that the pattern of reduced (increased; demand in the aftermath
of an abnarmal increase (decrease) is the same as the “typical” relation between stocks



192

b Thomas Juster ang Paul Wachiel

and Hows. if it 1 supposed that there (¢ o hange in flow, over and aboye
due to larger 1o smaller: Siocks, thy APOIOpLLate dusimy vanables nyggy h
NeRative (or positiye values syhich wholly Danly Ghset the POSitive (ne Alives cal
fepresenting the abnorm .| penids, B values
4. Ihese resulty difer slightly from the Cstimates of thee ALT mo
Thosw: estimates utilezt adjustments based on first-s(q

and an carlier specilication of the mudt and usef 3

a0y inflyen.
IV A serjey (f

del in the oy of the
BE equations wigh unreyvise
different ompyt,

Paper,
d data
dliong| routing.

REFERENCES

Chow. Gregory. Demand tor Automobiles in the United Stare
1957.

Friedn:an, Milton. A Theary of the- Consumption Function. Princeton: PUP fo NBER, 1957

Fuller, w. A “Estimating the Reliability of Quantities Derived From Empiric gl Production
Functione.” Journmal of Farm fconomicy 44 (February 1962).

Goldsmith, Ravmond W. 1he Navonal Wealth of the United State
Princeton: PUP for NBER, 1962.

Grilickes, 2vi, “Distrhuted Lags: A Survey” onomeltrica 35 Uanuary 1967).

Hamburger, M, . UInterest Rates and the Lemand for Consumer Durables. American
Economic Review 57 {December 1967).

Hvmans, Saul 4. “Consumer Durable Spending: Explanation and Prediction,” in Arthyr M.
Okun and George L. Perry., eds., Brookings Papers an Economic Activity 2:197().

Juster, T, Thomas. “Consumer Anticipations and Modeis of Dyrable Goods Demand: The
Time-Series Cross-Section Paradon, Re-examined,” in Jacob Mincer, ed., Economic
Forecasts and Expectations. New York: NBER, 1969a.

~=-—— "Consumer ANNCIpations Surveys: A Summary of U.S. Postwar Experience. Paper
presented to the 9th CIRET Conference, Madid, Seplember, 1969b.

———= Household Capital Formation and Finan('ing, 18971962 New York: NBER, 1964,

——— and Shay, Robert p. Consumer Sensitivity to Finance Rates: An Empitical and
Analvtical Investigation. New York: NBER, 1964.

—-——-and Wachtel, Paul. “Uncertainty, Expectations and Durable Goods Demand Models,”
in fHumen Behavior in Economic Aftajrs- Essavs in Honor of Ceorge Katona. Amster-
dam: Elsevier, 1972

Kuh. Edwin, “Measurement of Potentigl Outputl.”” American Economic Review 56 {September
1966,

Mavnes, E. Scott. “Consumer Attitudes and Buying Intentions: Retrospect and Prospect.””
Mimeographed, September 1966,

Mueller, Eva. “Ffiects of Consumer Attitudes on Purchases.” American Economic Review 47
(December 1957y

Mundiak, Yair. “Aggregation Over Time In Distributed Lag Models. International Economi
Review 2 (May 1961,

Okun. Arthur. “The Valye of Aaticipations Data in Forecasting National Product,” in The
Qualiv and Economi Signiticance of Anticipations Data. New York: NBER, 1960.

Store, Richard, and Rowe, . A “"The Market Demand for Durable Goods. Economietrica 25
tuly 1957,

Suits, Daniel 8. “The Demand tor New Automobiles in the United States 1929-1956.~
Roview of Economiey and Statistics 40 IAugust 1958). o

Waud, Roger. “Misspecification in the ‘Partial Adjustment’ and ‘Adaptive Expectations
Madels,” Intetrationa! Economic Review 9 (June 1968).

5. Amsterdam: Norlh-HoHand,

s in the Postivar Pericy.





