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I. Introduction

In economies dominated by private enterprise, changes in the levels
of inventory play a key role in explaining short-run cyclical movements in
the gross national product (GNP). While changes in inventories are small rela-
tive to many other components of GNP, the absolute errors in predicting
these changes by econometric models for up to a year ahead in the United
States have been several times larger than those for both housing and plant and
equipment expenditures and of the same order of magnitude as far consumption.] Since
changes in the levels of inventory average about one percent of consumption,
the percentage errors in estimating these changes are roughly 100 times
those for consumption. Errors in forecasts of changes in the levels of in-
ventory investment, which constitute the inventory investment componént of GNP

.

are perhaps the single most important barrier to improving short-run predic-
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tions of GNP.

In an attempt to improve the accuracy of forecasts of inventory
changes, the Bureau of Economic Analysis (BEA) of the U.S. Department of
Commerce began in late 1957 to collect anticipation data on inventories
from a large sample of manufacturing firms, Similar anticipation data on
outlays for plant and equipment {P&E) resulted in substantial improvements
in the accuracy of forecasts of such expenditures.2 While the initial
tests of the predictive wusefulness of these anticipations of inventories
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were promising,” subsequent tests were so discouraging that the BEA stopped

publishing aggregate data on inventory anticipations.h The Census Bureau



is still collecting and publishing these data, but only on an experimental basis.
Unlike the P&E anticipations, the inventory anticipation data have
only been analyzed comprehensively at the aggregate Ievel.5 Since analyses
at the micro or individual-firm level of P&¢E anticipations have led to sub-
stantial improvements in forecasts of aggregate PeE, it may well be that
similar analyses of the inventory anticipation data will reveal how to
use these data in forecasting. Before passing final judgment on the pre-
dictive value of the inventory anticipation data, these data should be eval-
uated at the firm level in much the same way as the P&E anticipation data have
been analyzed. It is the purpose of this paper to undertake this task.
After a description of the inventory anticipation data and the
steps taken to preserve the confidentiality of the responses, the pape} will
assess the usefulness of these data in predicting one and two quarter
changes in the levels of inventories for individual firms. This analysis
does indicate that these data are of value in improving the accuracy of fore-
casts of inventories at the micro level. In view of this finding, it should
be possible to use these data on anticipations to improve inventory fore-
casts at the macro level. The original design of this paper envisioned
the development of such macro forecasts, but unforeseen delays in obtain-
ing the inventory anticipation data at the level of the firm forced us to

curtail our plans.



itl. The Anticipation Data

In late 1957, the BEA began collecting data on anticipated inven-
tories every six months from a sample of about 1,250 to 1,400 manufacturing
corporation.6 This sample included most firms with assets of $10 million
dollars or more and a limited number of firms under that size.

in early 1959, the sample was expanded moderately and the survey was
changed to a quarterly one. Also in early 1959, companies were asked to re-
port actual inventories and prior sales and expected inventories and sales for
each of the following two quarters. They were also requested to characterize
their current inventories as "high'', "about right", or "Mow''. Although total
inventories were broken down into finished goods and other inventories, the
analyses in the next sections will only examine total inventories,

Subsequently, the survey was expanded to include anticipated inven-
tories three quarters ahead. |f the current inventories were characterized
as "high'' or "low'', the approximate imbalance was obtained. These imbalances
were not available to us for a long enough period of time to warrant the in-
corporation of these data in the subsequent analyses.

The BEA made available to us machine readable copies of the survey
responses of individual companies from the fourth quarter of 1964 (1V-1964)
through 1-1972. in order to preserve confidentiality, the authors were
made special agents of the U.S. Government, making them legally responsible
for any leakage. To be doubly certain, the BEA in addition deleted the
identification codes of the individual companies from the survey responses.

The analyses in the next section treated the period from IV-1964
through 1V-1969 as the base period in which the various inventory models
were fitted. The models were then evaluated as to their forecasting ahil-

ity over the subsequent quarters, 1-1970 through 1-1972. A firm to be in-



cluded in the analysis of one-quarter anticipations must have had: (1) at
least fifteen quarters of data in the base period and at least four quar-
ters in the evaluation periocd, (2) no substantial changes in accounting
methods or in the nature of its business, and (3) complete information

on all variables used in any of the analyses. Finally, any firm whose
anticipated inventories were always the same as their past inventories

was deleted. The same requirements were imposed upon the analyses of two-
quarter anticipations. The analysis of cne-quarter anticipations were
thus based upon 545 firms; and that of two-quarter anticipations, upon 505

firms,



111, The Models

All of the inventory investment models analyzed were of the form

o= Y=ty (1 =)+

MOy i Y0 =y 5l e~ Y,e T e

where Ij ¢ is the actual level of inventory for firm j at time t and
t’; f+i is the level of inventory planned for time t+i as of time t.

The models varied in the formulation of I;

: .. The constant . measures
tj,tHi j

the extent to which actual inventories adjust to pianned inventories
for firm j. The constant uj allows for any consistent bias over time

1
for firm j. The random variable Ej " is a mean-zero disturbance. To mini-

mize potential inefficiencies due to heteroscedasticity, equation (2) was
deflated by It before estimation. The deflated model, which formed the

basis of the models actually estimated, thus took the form:

. , - u. { I, .
(2) —dotX .t - + Y.Qf?iiiill -y, te
it J,t it
where . . is e /1, .
1.t Jst J,t

The inventory investment model as embodied in {1) gains economic

meaning from the formulation of I, .. Perhaps, the most naive formu-
t g,t+i

lation is to i, ] rrent leve f inventory I, _.
to set eyt equal to the cu t ! o n v it

Substituting for planned inventory, one obtains the naive model
|, . =L, U
(3) J,t+| J,t _ L + )
| | Iht
jst j.t

in a no-growth situation, by would be zero. Equation (3) thus leads to two

naive models depending upon whether the value of ut/!. " is set to zero or de-
J
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termined by the sample.

A more sophisticated formulation of planned inventory is

e
Fiy

4 I, .. = a, +b.S.
() £, tHi 3 J ]

s L
where the symbol S indicates quarterly sales and the subscript t indicates

the quarter ending at time t. Substituting (4) into (2) yields the esti-

matable regression

by e ! it
N .+ a. + .b. 2 - + g
5) L iy + 2 — waypy b ey
j,t j,t i,t

Model (5) can still be viewed as naive in that it does not include
expectational data ggj’except for possibly the functional form provides a valid
theoretical construct. It also represents the form which on the basis of past
research yields about as good a forecast of planned inventory as any which does
not use expectational data.7 With {4) and two forms of (3}, three naive models
can be constructed to evaluate the predictive value of the anticipations data.

The models using anticipation data to assess planned inventory

were of two basic types:

6) I . =c, + 1€
( t g, t+i J dj toj,tHi
and
15— e+ f, ¢
7 Jat+i G Joeo), ek
where the superscript "e'" connotes anticipated values. If the anticipated

inventories are identical to planned inventories, c. and d. would be re-
J J

spectively 0.0 and 1.0. |If anticipated inventories differed from planned

inventories only by a multiplicative constant, Cj would be zero. Both of

these special cases of (6) were examined by setting c¢., and in the first
f



instance, dj' to the appropriate constants.

To gain some insight into the potential interaction of inventory
models and a complete system, planned inventory was also given as a func-
tion of future sales assuming perfect foresight. |In this case, planned in-

ventory is given by

" = h.
(8) t'j.t+i 95 * S

J T,

Similarly to the derivation of (5}, substitutions of these several

formulations of | .
] t J,t+:

into (2) yield estimatable regressions. In addition,
regressions were estimated in which planned inventory was given as weighted
averages of various combinations of (4}, (6), (7) and (8). The weights were
determined by the appropriate regressions. Table 1 indicates symbolically

the several combinations examined by listing the variables used in the formu-

lation of planned inventory.



IV. One-Period Inventory Models

Each of the various regressions was fitted to each firm separately in
the base period, 1V-1964 through 1-1972, resulting in 545 distinct regressions
analyzing one-quarter anticipations and 505 regressions analyzing two-quarter
anticipations. The one-quarter regressions will be examined in this section.

The model fitting the data most closely in the base period was the one
in which planned inventory was an unconstrained function of the anticipated
levels and the actual prior levels of sales and inventories as well as the
actual sales in the anticipated period (Table 1). The average coefficient of
determination adjusted for degrees of freedom (R - squared) was 0.40. The
worst fitting model in the base period was the one in which planned inventories
were set equal to anticipated inventories. This case corresponds to equationw .
(6) with cj and dj set to zero and one respectively. The average R - squared
was only 0.08.

I f however ¢, and dj are not constrained, the average R - squared
for the model using only anticipated inventories increases to 0.27. This
average is slightly below those in which anticipated inventories are augmented
by  prior or anticipated sales. On the assumption that us in (1) is zero,
it is possible to derive estimates of Yj’ aj and bj for the model using only
anticipated inventories. Summaries of the distributions of these estimates
reveal the magnitude of these biases (Table 2). A critical question to be ex-
amined below is whether these biases are stationary over time, so that they can
be used to improve forecasts.

It has been found that percentage errors in anticipated plant and equip-
ment expenditures tend to be less for larger firms.8 To determine whether the
same phenomenon characterizes inventory anticipation data, the statistical

fit of the different models was examined separately for small, medium, and



large firms. A firm was considered large if its maximum quarterly sales in
the entire sample period was in excess of $25,000,000 and small if less than
$10,000,000. The remaining firms were classified as medium. There are no
substantial differences in the magnitude or patterns of the R - squareds
according to size (Table 1).  Thus, at least by this criterion, the accuracy
of anticipated inventories does not vary with the size of the firm, unltike P &
E anticipations data. |In fact, this finding is observed in all of the sub-
sequent tests and therefore only the results for the total sample will be
discussed in the text.

The test which really counts in evaluating an inventory model is not
how well it fits the data in a base period but how well it forecasts. On
the basis of the coefficients derived in the base period up to nine fore-
casts of (!j,t+i - Ij.t)/]j.t were made for each firm for each model from
1-1970 through 1-1972. The ratio of the mean squared error of the forecasts
from a specific model to the mean squared error of the forecasts from a naive
model is a measure of the predictive value of that model. A value of this ratio
less than 1.0 would imply an-Improvement in the forecasts over the naive model,

As mentioned above, there were three naive models: (1) future inven-
tories are expected to be unchanged from past inventories, {2} future inven-
tories are expected to grow at the same percentage as the average quarterly
rate in the base period, and (3) future inventories are given by (2} and

planned inventories are given by aj +b Irrespective of the naive

.S, .
bt
model, the inventary models which include only anticipated inventories per-

formed better than those which include some variable for sales. The best in-

ventory model is the one which assumes that anticipated inventories are un-

9

biased estimates of planned inventories, i.e. Cj=0 and dj=l. Depending upon
the naive model, this last inventory model makes improvements in from 60.2

percent to 69.4 percent of the firms,
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{t should be recalled that this best inventory model in the Forecastingm
period was the worst according the average R - squareds in the base period.
Moreover, the best model using anticipation data in the base period is the
worst in the forecasting period. Furthermore, adding some measure of sales
to the anticipation data appears to have improved the fit in the base period
but to have worsened the accuracy of the forecasts -- a strange situation.

What all this suggests is that the non-stationarities in the coeffi-
cients in the inventory models with some sales variable in addition to
anticipated inventory contribute more errors to the forecasts than the non-
Stationarities in the less complex models. The superior forecasting per-
formance of the model in which anticipated inventories are taken to be un-
biased estimates of planned inventories suggests that the nature of the bias
in anticipated inventories changes over time.

The prior analyses have been based upon separate regressions for each
firm. It might be argued that a more efficient estimation
procedure would be to concatenate the data from all the firms in the base

period into one regression., An example of such a pooled regression is
€.

E 4
b, 1 1
(9) L& Jst_ 4 ouo + 0.919 Lt 5 576 % = 0.50
Ij t (3.41) Ij ¢ {99.20) Ij " (-94.31)

where the numbers in parentheses are t-values. Based upon 10,715 observa-
tions,this regression is derived by assuming planned inventory is the same
linear function of anticipated inventory for all firms and then substituting
this function into (1), again assuming M and Y; are the same for all firms.
Some preliminary results, not reported in detail here, suggest that
the pocled regressions fit much more closely when confined to non-durable

manufacturers. The resulting R - squared for the same functional form as
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{9) is 0.74.

An important test of a pooled regression is its”predictive value.
Since we have not yet developed macro-forecasts using the individual firm
regressions and since any macro-forecast from a pocled regression would
require adjustment for missing firms, it would at this point be premature

to evaluate the pooled regressions on the basis of their forecasts.
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V. Two-Period Inventory Models

All the same analyses which were carried out for the one-period
models were also performed for two-period models. The comparative fits
of the various models in the base period and the comparative accuracy of
the predictions was roughly the-same. The major differences were that
most of the models fit less well in the base period and have larger errors
in the forecast period relative to the naive models.

The only regression in which the average R - squared increased was
the one in which planned inventory was given as a function of anticipated
sales and inventory, past sales, and future sales. The average R - squared
was 0.54, compared to 0,40 for the one-period model, All the other models
gave lower or at best the same average R - squareds, If the no change
model is used as the benchmark, the formulation that planned inventories
in {2) were equal to anticipated inventories--again the best predictive model--
improved the forecasts of 53 percent of the firms, compared to 60 percent

for the corresponding one-period model.



Table 2

Distributions of Estimated Values of Yj’ Cj’ and dj

=c, +d, _I€ in (1, .= 01.) =vy.( 1, =1 )+¢,
where 1o a1 T S5 T 4 0T e '"(J,tﬂ Jt) Yj(tj,t'ﬂ _]t) jt

Percentiles

Sample 10% Lo¥ 50% 60% 30%

A. Distribution of Yj

All Firms 0.06 0.50 0.60 0.72 1.06
Small Firms 0.12 0.54 0.62 0.73 1.08
Medium Firms 0.06 0.48 0.60 0.71 1.04
Large Firms 0.05 0.55 0. 64 0.73 1.08

B. Distribution of c

J
All Firms -5.29 1.96 3.42 5. 46 33.20
Smatl Firms -0.13 1.46 2.05 2.56 14.17
Medium Firms -3.44 1.87 3.29 5.15 21.84
Large Firms -26.81 8.52 16.90 23,89 137.16

C. Distribution of dj
All Firms 0.35 0.86 0.91 0.97 1.24
Small Firms 0.02 0.74 0.81 0.91 1.13
Medium Firms 0.35 0.88 0.92 0.98 1.34

Large Firms 0.57 0.89 0.97 1.00 1.18




Tabie 3

Distributions of Ratios of Mean Square Errors of Forecasts to Mean Square Errors of Naive Forecasts

For All Firms

ﬁ“;.n+_ Percentiles vMMwMManmsoﬁ
Naive Modal Given As a Function of 1v54 L0% 50% £0% 30% Ratioc < 1.0
A. No Change
mh.n 0.78 0.98 1.04 111 1.78 0. 44
ﬁ_w, “ 0.62 0.93 0.95 1.07 1.64 0.51
ﬁ_muni?puou 0.61 0.91 0.96 1.04 1.68 0.55
"_w,n.:nn_.uo.a_u: 0.63 G.92 0.97 1.00 1.25 0.60
n_m.ni. w;..ﬁ 0.61 0.94 1.02 .11 1.88 0.48
n_w,n+1 ﬂww.ni 0.62 0,94 1.03 .13 1.87 0.47
nnw.ﬂ.:. nmm‘?_. w;..n . 0,60 0.95 1.04 1.17 2.02 0.45
ﬁ_w.ﬁ,z. nmw.":. m_.‘n. mh..n.: 0.60 0.57 1.08 1.21 2,09 Q.42
B. Histerical Mean
Percentage Change
wu..ﬂ 0.69 0.92 0.98 1.04 1.54 Q.55
nf_.m.ﬁi 0.56 0.86 0.9z  ©.98 1.47 0.63
n_wuninnL.uS 0.560 8.90 0.95 0.39 1.22 0.65
H_w.ninnhuo.&.a: 0.45 0.8 0.86 £.93 1.24 0.69
n_w.n+d. mb.n 0.55 0.87 0.93 1.03 1.61 0.57
n_w.ni. mmw.ni 0.56 0.87 0.94 1.02 1.66 0.57
ﬂ_m cels .nwu.w.ﬂi. m.ﬂ.n 0.55 0.87 0.96 1.05 1.63 0.55
H_m\.ﬂi. ﬂmw.ﬂi. mh.ﬂ. J..ﬂi 0.56 0.88 0.95 .07 1.73 0.54%
C. Function of Current
Sales . . 0.52 0.58 0. 94 1.00 1.34 0.61
d_w.ﬂinnuuou 0.46 0.87 0.92 1.00 1.45 0.60
: u.w.n:nn\_..o_&.u: 0,42 0.80 0.88 0.54 1.25 0.67
nmwzi. m_..n 0.63 0.92 0.98 1.00 1.28 0.58
nmw.ﬁi_ nmw.ﬂi 0.56 c.89 0.94 1.02 1.47 0.57
ﬁ_w.ﬂi. ﬂmw.n:. m;..n 0.02 0.92 0.97 1.03 1.42 0.55
1 5¢ H 0.59 0.91 0.98 1.06 1.59 c.52
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VI, Summary

Though the results in this paper are preliminary, they do suggest
that inventory anticipation data may ultimately prove to be of value in
improving forecasts of inventory investment. It is clear that there
are substantial non-stationarities in the relationship of inventory in-
vestment to planned inventory investment within the confines of the simple
modeis considered in this paper.

Perhaps in a more complete model, these apparent non-stationarities
could be explained. In this regard, some tentative analyses suggest that
there may be seasonal biases in the anticipation data. Finally, no effort
has as yet been made to weight the anticipated inventories according to
the track records of the individual firms. In view of the results in this

paper, it would seem worth undertaking these more complicated analyses.



fable 1

Distrinalicay, of Cofliciina of Leo-rination Aljuted Jar fogiees afl Froodom
For Qoe-ipatot Toacntory Bodets Teplaining
l. 1
ettt
[,
i

A Mo Y eren
Tivin Ay g Fupctinn of b vation, 17 ax hits 90% Value
A AL Firas
'>}.t 545 ~0.05 7.09 0.15 0.21 G.hy 0.18
tl'j!)m 5hs -0.05 0. 14 .23 0.32 0.63 0.27
LI?’U_I(CJFU) ShY -0.05 0.0% 0. 14 0.23 0.66 0.23
tI‘J?,U_!(cJ.-——O,dj——I) ohs -0.33 ~0.03 0.02 0.11 0.60 0.08
:'(j:,m’sj,t oh; -0.04 0.20 0.29 0.37 6.70 0.3%
tlj?‘m. LS?,M AR -0. 04 a,21 0.27 0.35 8.72 0.31
S5 e SSen Sy 5hY -0.03 0.23 0.31 0.19 0.73 0.32
tI‘J?,tH' tsim, sj’t, Sj,t+1 545 0.01 0.32 0,39 0. h8 0.80 0.40
B. Small Firms -
ssj,t 106 0.01 0,17 0.21 0.23 0.53 0.25
tl;%,m 106 0,00 0.16 0.26 0. 35 0.76 0.32
15 e (e=0) 106 -0.05 0.1 0.19 0.25 0.76 0.28
t'ﬁ,tu(cf“’dj:” 106 -0.21 0.00 0,11 0.22 P} 0.18
t*f,us' sJ,t 106 0.03 0.24% 0.33 0.3% 0.76 0.36
e ts'j‘)m 136 0.5 0.23 G.30 u. 3B 0.78 U. 36
:'?,ul' [sj?’t_ﬂ. Sj't 106 0.05 0,20 0.33 0.43 0.73 0.38
tl‘j"'tﬂ, 15?,t+1’ T 106 G.04 0.31 0.39 0.h8 0.83 0.42
C. HMedium Firms i
5t 136 -0.06 0.08 0.13 019 0.4z 0.17
rl?'tﬂ 136 -0.06 0.13 0.22 0.30 0.65 0.26
L'f.m(cfo) 336 -0.05 a.07 0,12 0.23 Q.65 0.22
t|fl?.m(cj:0,dj=|) 336 -0.35 -0.06 ©.N0 0.06 0.60 0,06
5 e sj't 336 -0.0% 0.19 0,28 0.36 0.69 0.30
r'?,m' ts?,t+l 136 -0.04 0.20 0.26 o, 3h 0.70 G.30
t'f,m' LS?,H'I’ :-.J.'t 316 ~0.06 0.22 0.3 0.37 0. 74 0.32
t'j,m' r5§,:+:' sj‘t, Sj,m 336 -0,07 n, 30 0. 38 n. k6 0.80 .39
Large #ires
S5t 103 -0.07 v 0.08 n.13 0.33 9.12
t'(i‘.t*l 101 SO0 a1 0.20 0.29 0.59 0.25
‘}fi‘.m("i‘“) a3 -0.08 0.09 0.1h a.2h 0.57 .22
t|‘i"”|(:-i__0.\|jx|) 103 0. 43 -0.00 0.00 0.0 0.50 0.05%
L|‘lf‘m, S0y 103 ~0. 06 0.1 0.28 0. 32 Q.61 0.28
Il‘i“lw LSI.[H 0} -0, 08 013 0,25 0. 3h 0. A 0.238
REI (s‘f.‘“m, Si 103 0.7 .25 0.28 0.3y Q.65 0. 30
o O e bt el 14 0.06 0. 042 LN 0.78 0.2
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