v~

NBER WORKING PAPER SERIES

THE CONSUMER EXPENDITURE FUNCTION

Michael R. Darby#*

79
\‘> Working Paper No. __44

NATIONAL wnnu OF ECONOMIC RESEARCH, INC. |
' 261 Madison Avenue
New York, N.Y. 10016

March 1975

Preliminary; Not for Quotation

NBER vofking papers:are distributed informally and in
limited number for comments only. They should not be quoted

without written permission. ‘
This report has not undergone the review accorded official

NBER publications; in particular, it has not yet been submitted
for approval by the Board of Directors.

*University of California, Los Angeles and National Bureau of
Economic Research



(-

ABSTRACT

DARBY, M. R.--The Consumer Expenditure Function

A consumer expenditure function which integrates pure consumption and
household investment in durable goods is formulated and estimated. Because
of reduﬁed reliance on‘the official classification of commodities as durable
or nondurable, a considerable increase in ability to explain consumer expen-
ditures results as compared to multiequation models. Further empirical in-
vestigation providesvstrong evidence that: (1) private sector income is
significantly better than disposable personal income for explaining consumer
expenditures, (2) the Ml definition bf money is similarly superior to both
M

2 and M3 definitions, and (3) the weight of current income in permanent in-

come is about 102 per annum. Data appendix included.
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by
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I. Introduction and Summary

The functional rélationship of aggregate consumer expenditures to in-
come and other variables is one of the central elements of macroeconomic
dynamics. Yet some time back in the 1950's, consumption theorists seem
to have lost interest in this relation and began to concentrate on models
of the pure consumption of service flows. This is not ﬁurprising perhaps,
as explanations of pure consumption could be fairly directly derived from
intertemporal choice theory gnd are sufficient tovexplain the broad move-
ments of consumer expenditures.l But most cyclical variation in consumer
expenditures would appear to arise in the adjustments of the stocks of con-
gumer durable and semidurable goods and not in fluctuations in the growth
of pure consumption. So macroeconomists should be concerned with a con~
sumer expenditure function integrating the asset adjustment function and
the pure consumption function.

The usu#l apprdach of those few economists who have concerned them-
selves with these distinctions has‘been to formulate a model in which in-
vestment in consumers' durable goods is estimated in a separate equation
or equations from the dgéermination of pure consumption. Empirically con-
sumption is estimated as consumer expenditures lesé consumer expenditures

on durables plus the estimated rental value of the stock of durable goods.
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Such an approach depends critically upon the c;mpieteness of the empirical
definition of consumer expenditures for durable goods. To the extent that
goods which are behaviorally durable are in fact classified as nondurable,
the model will be misspecified and omit a portion of the cyclical varia-
tion in consumer expenditures. In my restatement of the permanent income
theory (1974), it was shown that on the order of half of the béhaviorally
defined durable goods are classified in the official data as nondurable
goods and services.2 So the standard approach indeed suffers from speci-
fication biases,

The most obvious appréach is to correct the definition of durable
goods so that the two or more equation approach can be directly applied.
As a practical matter such a correction is impossible because of both a
lack of finely disaggregated data and the generality of durability in a
behavioral sense. To take a simple example related to the concept of
human capital, surely a vacation is a durable good yielding benefits for
many years in the form both of memories and of inflicting slide shows on
relatives. A more promising approach followed in this paper is to formu-
late a model in which the role of specification bias is minimized. As it‘
happens, an integrated consumer expenditure function not only serves this
role but also refocuses attention on the basic macroeconomic concept.

The integrated consumer expenditure functién is derived in Section II
by inverting the standard theoretieal definitisn éf pure consumption so
that consumer expenditures are defined in terms of pure consumption, house-
liold net investment in durable goods, and the yield on the stock of dur-
able goods existing at the beginning of the period. This definition is
converted into a consumer expenditure function by substitutions based upon

the permanent income theory of pure consumption and a generalized stock
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adjustment model of‘household durables investment. Consumer expenditures
are determined primarily by permanent income, tranéitorv income. tie renl
money stock, and the stock of consumers’ durable poods with the lon~-ter™
interest rate anc relative price of durables playing minor roles.because
of their efféct on stock demands. The model provides expected signs for
iost of these variables and-explic#tes the relationships among their co:
~efficients.

‘Section III applies the model to postwar U.S. data with remarkably

favorable results. The estimated coefficients do not differ sinnificantly
‘from expectations and are consistent with the secular relation of consump-
tion té saying. The most syrprising finding is that the marginél propen-
sity to spend (excess) real woney balances is somevhat larger than tihe
rar~inal propensity to spend current income for A bne—year period. The
ti:eoretical model is shown to hold up well when disaggregated‘by use of

" estimated pure consumption and household durables investment. The explana-
tory pover of the integfrated model is considerably better than one‘bhsed

on separate consumption and household durables investment equations.

In Section IV, the consumer expenditure function is used té investi-
rate tiiree outstanding émpirical questions: (1) Is disposable personal
income or private sector income better at explainine consumer exnenditures?
(2) “hich of the money definitions—-nl, Mz, or H3—-is best at explaining
consurer expenditures? (3) What is the weight § of currént income in the
fornation of permanent income? These questions were studied simultaneously
Ly maximum likelihood estimation for each combination of income and moﬁey
definitions for both quarterly and annual data. The data provided the
followine answers: The private sector income and ”1 (currency plus demand

deposits) money definitions do sicnificantly better than the alternative



definitions. 'The likelihood function is rather flat for values of the t-
wveight between O and 20); per annum but falls sharply for higlher values of

z. so the B weight of 10X per annum previously éstimated for a pure con-
sunption model is_retained.

Concluding remarks and suggestions for future research are contained
in Section V. .The Data Appendix makes available to other researcliers a
considerable investment in constructing private sector income, permanent
income, and the stock of household durable goods from the national income

accounts as well as monthly M3 data on the Tederal Reserve definition for

1947 through 1958.
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II.' The.Theoretical Model

This section presents an elaboration of the integrated modellof fon-
sumer. expenditures presented in Darby (1975). First a genérai fr#nework
is deriyéd suitable'for integrat;ng ail three-equatioh modele of purél
consumption ci, househola investment in durable goods Adt’ and the (end- .
'vof-oeriod) stock'bf consumers' durable poods di. A specific~--but émpiri—
ca;ly quite'general—-ﬁodel is then substituted into this framework‘tb oh-
'tain the‘basic equafion used in the empirical investinationg. |

Ihe-reai stock d, of consumers foods (''the durableé stock') at the enq

of period t is computed by appiying a depreciation rate of & per period:

o g |
(1) d, = (1-0.58 ci+ (1-084d ),

where the coefficient of durable goods expenditures cg adjhsts for intra-

period depreciation on gross investment.3 It follows_directly that the

net investment in durables Adt is

gy d
(2) ad, = (1-0.58) ¢, -8,

The usual definition of pure consumption ci is total consumer expernditures
less the net investment in durables plus an imputed yield at the rate r

per period on the average durables stock for the period:

f

(3) c,=c, - Add +r0.5(d + d 1)
cEac®_ (1-0.50) A4+ rd .
t t ¢ t “t-1

Solving for‘c: shousbthat consumer expenditures equal pure consumption plus
net durables investment (adjusted for intraperiod yielda) less the yield

on the beginning dJurables stock:
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, , x _f
) Coef=c + (L-0.57) Adp - wd .

tquation (4) is converted from an identity to a tlieorv by substitu-
tinc behavioral functions in the right hand side. Since the real value
dt—l of the durables stock at the beginning of period t is predetemrained
bv past chances in the stock, functions must be specified only for pure
consunption ci and household investment in durable goods Adt.
Tor aggrepate time-series data, the strict permanent income hypothe-

sis has preat theoretical and empirical appeal as an explanation of pure

consumption:
(5) c, = ky, .

Pure consumption is assumed to be a constant fraction k of permanent in-
come V.. . The use of permanent income is preferred to the life-cycle
approach for two reasons: (l)lPermanentbincome apvears a more accurate
method for estimatins agprerate wealth (inclusive of human canital) in
time series anplications.5 (2) This specification allows further empiri-
cal studv of the reformulated permanent income theory presented in Darby
(1274). Lnethe; the life—c?cle approach might in fact produce superior
errirical results is an open iésue for future research.

The chan-ce in the stock of durable poods is of the nature of a port-

o

fclio adjustment problem. llouseholds will increase their hnldinwé of dur-
atle ~oods in response to the increase in total assets from normal savinge,
in order to nake up part of any remafning discrepancy between the desired
and heginning stocks, in response to unexpected saving due to windfalls
(transitorv income ¥

Tt)' and as a temporary response to disproportionately

large money halances:




-

A7) d: =q <+ a

‘ . _ o . o . ~. | |
(6) Adt (Adt) + Al(dt_ (Sdt) dt-l) + 52?Tt

- m*
o+ A3(mt mt)

The model'Captures the main elements that are generally sunposed to affect

changes in the stock of durable s:oods.6

The mbdel is combleted by'specifying the‘long-rﬁn_durables.stocﬁ de~
nand d:, the planned change in durahle goods (Adt)e, apd real money demana'
ﬁ:. Durables stock demand is assuméd to be a linear function of permanent

income, the relative price of durable goods PDg_, and the long-term interest

PY
rate 1t: o : . - NDt

P.

Dt
yo, ta, -+ a i .
0 1’pt 2 PNDt | 37t

The pl#nned change in durable goods through normal saving 'is approximately

pronortional to permanent income:
. e . '
(8) (Adt) = Nyp, -

The demand for real money balances is assumed to he a linear function of

permanent income, transitory income,7 and the lonp-term interest.rate:
e : * = + + + .
) T T Yo T YYpe e Y V5l

Substitution in equation (6) yields the consumers' durable goods investment

function

(10) | Ad = (Ao, - Ayvg) + 1A - A) n+ Ao - X3Y1]ypt
| : PDt
+ (AZ - A3yz)yTt + A3mt - Aldt—l + Aluz ;;;:..

+ (gag - dgvgdiL.




The coefficient éf real monéy balances is unambipuouslv positive and the
coefficients of the lagged real durable goods stock and the relative arice
of durable coods 1s unambiguously negative. The other coefficients are of
anbi~uous éign.

Finally equétions (5) and (10) are substituted into equation (4) to
obtain the consumer expenditure function:

P
Nt

(1) - cf = Sg * ByVpe * By b Bam b 8d L+ B, PK—D: + B,
here:

Bp = (1 - O.Sr)(AlaO - >\3Y0)

Bp = K+ (1-0.51) [(1-2)n+ Mey = gy

By = (1 - 0.51'.)()\2 - A3Y2)

By = (1-0.51) Ay >0

8= -T = (1-0.55) A <0

Bs + (1 ~0.5r) Alaz <0

Bg = (1 =0.50)(Ajay - Aq75)

Although unambiguous signs are assigned only to 83, 84, and 85, it would
ve surprising if the direct positive effects of permanent income ‘and transi~
tory income were completely offset by their indirect effects operating
tirouch the demand for money. Variations in the magnitudes of ABYO’ X3Yl’
X3y2, and A3y3 will cause some variation below in the estimates of BO’ bl,
62. and 66 for alternative money definitions.

In sum, equation (11) serves as a reasonably straipghtforward method of

incorporating standard notions about factors influencing pure consumption

and household investment in consumers' durable roods into a consumer
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expenditure function. Alternative routes could be used to derive the

same equation with somewhat different interpretations placed on the co-

efficients, but'the current approach seems the most atractive to this

author.
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III. Lstimation of the Model
Basic estimates of the model and a comparison with the multiequa-
tion approach are presented in this section. Discussion of some impor-
tant empirical issues with respect to the computation of permanent income
and the definitions of income and money is postponed for fuller considera-

tion in Section 1IV.

Data Definitions®

A major empirical findine of this paper is that data definitions of
durahle goods, income, and money make a real difference in the ability to
explain con5umér behavior. So it is necessary to devote particular atten-
tion to the precise definitions of data sources used. Some important data
series have been copstructed and are made available in the Data Appendix
for use by others.

Four basic series are available directly:

»

c, Personal consumption expenditures in constant (1958) dollars

(quarterly data at seasonally adjusted quarterly rates (SAQR)).
d

c, Personal consumption expenditures for durable goods in constant
(1958) dollars (quarterly data at SAQR).

m oney supply Ml (average of monthly data) deflated by the implicit
price deflator for personal consumption expenditures.

it Yield on long-term U.S. government bonds (average of monthly data).

The stock of durable goods at the end of the quarter t is computed

according to equation (1) for 6§ = 0.05, 509

d
(12) d, = 0.975c_ +0.95d_,.
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Annual regressions use the end of the year (fourth quarter) data extracted
from the quarterly estimates.

Two alternative current income measures are compared in Section 1V,
one corresponding to the accrual of purchasing nower and the other to cash
receipts. Lach is adjusted for an imputed 107 per annum real yield r on

the beginning durables stock.10 The basic accrual concept of income is

o
[e}

- . ) .
private sector income yL --see Darby (1976, Chapter 2)--which is the amount
(implicit in the national income accounts) available to the private sector
(ultimately consumers) for consumption or addition to vealth.11 The cash-

receipts concept is based on disposable personal income ygp. Both series

are deflated by the implicit price deflator for personal consumption expen-

ditures and quarterly observations are at SAQR. Thus, on the accrual defi-

nition current income is

yPS +rd

(13) Ye = Y, t-1°

where r = (0.10 for ‘annual data and 0.025 for quarterly data. Yhere the
cash-receipts definition is used, ygp replaces yzs in eqdation (13).

Permanent income is computed in the usual way as
(14) Ype = By, + (1 -8)(1+g) Yp,e-1 °

The implied neometrically declining weights were shown in Darby (1974) to
be implied by a perpetual invcntorylmndcl of total (human and nonhuman)
wealth where 8 1s the real yield on wealth and g is the trend growth rate
of income.12 The value of  is estimated by search over the interval

0 <8 <1 for the value which minimizes the sum of squared residuals in

'

the consumer expénditure regression.
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Transitory income is computed as the difference between the esti-

mates of current and permanent income:

The relative price of durable to nondurablé goods and services is
computed by dividing the implicit price deflatog for personal consumption
exnenditures on durable goods by the corresponding deflator for nondurable
roods and services. The latter unpublished deflator is derived as the
ratio of expenditures on nondurable goods and services in current dollars
to tiie expenditures in conétant (1953) dollars.13

For purposes of comparison with the multiequation approach to explain-
ing consumer expenditures, estimates of household investment in durable
goods Adt and pure consumption ci are based on the Cormerce Department

definitions of durable goods:

(16) Aut = ut - dt'—l‘
(17 of L ex 1.-0.5r) Ad_ + rd
(17) ¢ = t—('— .5r) d, +rd__;»

wiere the imputed yield on durable goods r is the same as used in estimating

current incone.

Istimates of the Consumer I'xpenditure Function

The consumer expenditure function (11) was estimated in both quarterly
\

.and annual versions for the entire period 1947-1973 for which complete data

was available. The basic estimates--—-for reasons.to be Jdiscussed in Section

IVo—are based on the accrual (private sector) income delinition and the

narrow (H]) money deiinition.
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The annual estimate 1314

(18) ¢y - -148.9 + 1.08y, + 0.406 y . + 0.681 m
(-2.57)  (16.69)T% (6.87) Tt (4.96)

- 0.376 d . +29.0 Tpt + 1.49 1

t-1 e
(0.80) P (1.11)

(-5.29) t” t

B = 0.15 [0, 0.23], S.E.E. = 1.98, R°(adj.) = .9996,

D-W = 2,39 .

Thie corresponding dUarterly regression is

(19) cf = -28.52 + 0.90 y, + 0.455y, + 0.189 m,
- (-3.21) (27.16) (12.67) (7.59)
. PDt '
- 0.062d 4+ 2,95 F—+ 0.37 1
(~4.39) (0.53) 'NDt  (1.66) t

& = 0.01 [0, 0.06], S.L.E. = .744, R>(adi.) = .9992,
D-W = 1,08

The two estimates correspond very closely when it is recalled that, in view

X

of the stock-flow relationships, e

> Ypeo and Yy, @re measured at quarterly
rates in the quarter}y regression.15 . The low quarterly.Durbin-Wataon sta-
tistic supgpests aﬁtocorrelation of the residuals not preseﬁt in the annual
regression, however. This autocorrelation may be due eitﬁer to correlated
data errors such as from the seasonal adjustment or else to an omitted
variable such as lagged transitory income which is not important at the
annual level. Since autocorrelation suggest overly optimistic standard

errors, the discussion below will emphasize the more reliable annual re-

sression,
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Because of the important trend element, the adjusted RZ is a meaning-
less measure of explanatory power.16 More useful is the ratio of the
standard error of estimate to the mean value of dependent variable. This
value is 0.58 percent for the annual regression and 0.86 percent for the
quarterly regression. If the consumer expenditure functions were conver-
ted to private saving functions by use of the identities (see Darby (1975),
equation (12)), the standard errors would be 5.0 percent of mean private
saving for annual data and 7.5 percent for quarterly data. Further the
annual standard error of estimates is only 34.0 percent of the standard
error for the naive model of footnote 16 and 50.5 percent of the standard
error for a Keynesian consurmption function.

In the annual regression, the coefficient of v exceeds unity be-

. Pt
cause the effect operating through the stock demand for durables is large
relative to the offset due to the demand for money. The long-run effect
of permanent income would include induced effects on the durables and
money stocks. Cf special interest are the implied long-run values for

the ratio k of pure consumption to total accrued income and the ratio ¢

of privatc saving to private sector income (exclusive of the imnuted

vicld on the durables stock). These values are estimated at 0.90 and

0.0$ respectively on the basis of regression (18).17 In view of the non-
linear transformations and auxiliarv information used in their computa-
tions, these values are better reparded as rough checls on the consistency

of the renréssion than as good estimates of k and o.

The short-run marrinal propensity to consume is given by

X X X
oy e _ 9 Wpe  der Yy
dy,  dyp, dy, - dyg dy,
t= (1.08)(0.15) + (0.406)(0.85) = 0,51 .
dy
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For the quarterly regression, the corresponding value is 0.46. The lower
quarterly value reflects the smaller impact of current income on permanent
income within a quarter as comparedvto over a year. The estimates of this
¢ weieht bracket the 0.1 per annum (0.025 per quarter) value which was
estimated in Darby (1974) on the basis of pure consumption. They will be
analyzed further in Section IV.

The coefficient of real money balances is quite sienificant in both
the econonic and statistical senses. Its high value would appear to sup-
port the substitution hypothesis of the real balance effect. This may be
interpretéd in two equivalent ways: (1) Bonds and durables are gsubsti~-
tutes in the household portfolio and the demands for both are affected by
an excess supply of money. (2) Yoney supply, riven its demand, is a good
»roxv for tlie unavailable real yiel&s on substitutes fdr durable goods.
nother possibly complementary liquidity hypothesis would stress the cri-
tical role of cash balances in providing down payments for the purchase
of consuners'durabie noods because of the illiquidity of other forms of
assets. A substan;ivc inplication of the effect of real money balances
on consumer expenditures is that--in terms of the Hicksiaﬁ-Ctoss——an
increase in the monéy supply shifts the IS (as well as thevLH) curve to
the ripht.

The negative coefficient on the real durables stock is significantly
larrer than the yield on the stock.‘ This indicates that both the direct
substitution of durables yield for nondurable goodsand‘sor§iccs and the
indircct adjustment of the durahles stock affects consumer expenditures.
Abnormally high durabléé sales during a boom imply a pcfiod of abnormally
low durables sales later while low sales during a recession imply high

sales later.
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The coefficient of the relative price of durable goods is insigni-
ficant and of the wrong sign. Although not surprising--given that apout
half of behaviorally defined durable goods are represented in the denomi-
nator--this result is disappointing. An unsuccessful attempt was made to
estimate durables stock and price series inclusive of clothing and shoes.
Although the relative price coefficient became negative, insurmountable
difficulties in estimating the initial stock and depreciation resulted in
a slighg deterioration in the standard error. Even were a definitionally
“"pure' estimate available, there would be two other factors making for an
insignificant—-or'even perversely signed--coefficient for the relative
price of durables: (1) The behavior of the relative price of durables is
dominated by a downward trend over the postwar period. Given the costs
of maintaining current price information on infrequently purchased items,
the price as perceived by consumers not actively in the market would be
better represented by a trend than by the actual price. Since permanent
income is trend-dominated, the high implicit coefficient on permanent in-
come in the durables stock demand will reflect not only the true income
effect but also the effect of the.negative trend in prices. (2) If--con-
trary to the usual macroeconomic assumption--the supply curve of durable
roods 1s not infinitely elastic at a given price, the relative price co-
efficient would reflect the interaction of demand and supply effects and
be of indeterminante sign.

The nominal interest rate coefficient 1is slightly positive. This
indicates that the positive effect (from decreasing the demand for money)
slightly outweighs the negative effect (from decreasing the durable stock
demand). Since no attempt was made to adjust for expected inflation, the

nominal interest rate would not be expected to have much effect in the
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durables stock demand. It is perhaps surprising then--1if money demand is
significantly interest elastic--that the interest rate coefficient does
not more substantielly exceed zero.

The early part of the period, say from 1947 through 1953, appeared
suspect for three possible reasons: (1) the constraint on durables goods
purchases during World War II, (2) possible inaccuracies in the starting
benchmarks for permenent income and the durables stock, and (3) the effect
on the demand fof money of the abandonment during 1951-1953 of pegged in-
terest rates on government bonds. The equations’ were reatimated for 1954~
1973, but there was no hint of a structural change or even a significant
change in any of the coefficients.18 So the entire period is retained for
ﬁhe statistical analysis.

It is customary to include in consumer expenditure functions--or rather
consumption functions fitted to consumer expenditure data-—the lagged de~
pendent variable. The usual justification is the Koyck transformation in
which lagged consumption serves as a proxy for lagged permanent income.
This justification does not hold for lagged consumer expenditures however,
since it has been seen above that short-run fluctuations in consumer expen-
ditures are due primarily to fluctuations in transitory income, real money,
and durables stock. Although estimation of regreesione such as (18) by
a maximum likelihood search routine is somewhat costly, the resulting
standard errors and Durbin-Watson sﬁatistics do not suffer from the biases
anticipated in regressions inclusive of the lagged dependent variable.
Where the precise estimate of the weight B of current income in permanent
income is not of concerh, regressions can be run conditionel upon a par-

ticular B8 weight.‘
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bisaggregation into Consumption and Durables Investment iquations

It serves as a useful check on thg derivation and interpretation of
the integrated consumer expenditure function (11) to estimate the under-
lying pure consumption function (5) and household durables investment
function (10). The difficulty in doing this is that the main reason for
using the intesrated approach is a lack of good data on household durables
investment and bure consumption. Nevertheless for illustrative purposes,
the official definition of durable goods was used to construct estimates
(as explained under "Data Definitions") of pure consumptioﬁ ci and house-
lhold durables investment Adt'

Table 1 presenté the regression results. Equatidn (5) is estimated
by regressions number 1 and 4 for annual and quarterly data respectively.
The previous indireét calculatibn of k as 0.90 corresponds well to the
direct estimate of 0.88. Since it was argued that a pure consumption
estimate based on‘the officiél durables definition would in fact include
considerable household investment in misclassified durables, regression 2
and 5 apply the consumer expenditure function to the estimated "pure con-
sumption." Renfcssions 3 and 6 apply the household durables investment
function (10) to the éstimated net investment in (officially classified)
durables good.

In comparing regressions 2 and 3, it is clear that the estimated net
investment contains on the order of half of total net investment in a
behavioral sense.19 The only signifiéant problem——notvpresent in the
auarterly regressions-—-is the larger coefficient on the lagged durables
stock in regression 2 than in regression 3. This apparently offsets a
slightly hieli estimated B weipght of current income in permanent income

wvhile the quarterly repressions 5 and 6 display the opposite bias due to
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a low 8 weight.zo The signs of the coefficients of the relative price of
durables are just the reverse of what would be expected, but not much can
be made of the statistically insignificant results for that variable.

In sum, the disaggregated version of the model is very much as would
be guessed from the derivation of the model and the estimates of the inte-
grated consumer expenditure function. The only significant divergence
between the annual and quarterly results--autocorrelation aside--are ap-
parently due to the use of a slightly too high value of B in the annual
regressions and slightly too low a value of B in the quarterl& regressions.

‘The disaggregation done in TaBle 1 takes advantage pf the estimated
B weight of current income in permanene income from the‘integrated con-
sumer expenditure function. A standard multiequation model would make
sepafate estimates of equations (5) and (10) and combine them by use of
the identity (4) if a prediction of total consumer expenditures were re-
quired. The B estimate of the durables investment function will be un-
- biased but imp;eeise because of the low coefficient of permanent income.
Since the estimates of pure consumption include elements of durables in-
vestment, the demonstration of upward bias of B from Daiby (1974) applies
directly. Nevertheless the biased permanent income estimates will provide

more accurate predictions of cf

¢ than regressions 1 and 4. In practice an

even more favorable estimate of C: based on the Koyck transformation would

likely be used instead of equation (5):

f f
(21) c. "8 + a,y, + ajc, -

Table 2 compares the root mean squared errors of these two disaggregate
estimation techniques with the root mean squared error of the consumer
expenditure function. The integrated consumer expenditure function does

much better than either disaggregated approach for the annual data. But
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1id

for quarterly data, the method utilizing the Koyck transformation does
nearly as well. The quarterly national income accounts data appear to
spread receipts and expenditures over adjacent quarters however, so that
the loyck transformation in this case displays a spurious accuracy.

The consumer expenditure function has been successfully estimated in
this section with no significant departures from expected signs or magni-
tudes of coefficients. The estimated coefficients are internally con-
sistent. The disaggregated estimates are consistent with the original
hypothesis that all coefficients other than permanent income enter because
of household investment in durable goods but that nearly half of durable
coods in a behavioral sense are included in the official data on nondur-
able zoods and services. Aé a result, disaggrerate estimates of consumer
expenditures derived from separate models of pure consumption and house~
0ld durables investment compare poorly with the estimates of the inte-

crated consumer expenditure function.




IV. Analysis of Three Empirical Issues

The consumer expenditure function is used in this section to investi-
gate further thrge empirical issues: (1) the definitioﬁ>of current income
which best explainé‘consumer expenditures: (2) the defiﬁiﬁidn of money
which best explaiﬁé consumer expenditures: and (3) the‘véiue of the weight
B of current incomelin the determination of permanent income.

The two income definitions which are compared are ;ﬁe:accrual con-
cept and the cnsh-rgceipts concept.21 These two definitions reflect the
two basic alternative conceptions of consumer behavior. Thé accrual con-
cept is harmoniéﬁ§ Qith a view of the consumer as a.rationﬁl decisioﬁ—
ﬁaker constraihéé ﬁy total wealth, Thé cash-receipts coﬁcebt is Qensible
if_consumer behaVior is more a matter of spending nearl;'éil that 1s re-
ceived. Until recently, the use of a cash-receipnts conégpf (disposable
personal income) was the standard, traditional practice. A number of
studies in thevlastfdecade have moved toward the accruai concept by adding
undistributed céfpbréte profits (as an estimate of accfued tapital gains).

There are many other competins income definitions which could be con-
sidered. Tor exaﬁﬁie, Barro (1974) and Kochin (1974) h;§e recent1y ar-
nued--following Dévid Picardo--that government bonds are ndf viewed by
the private sector aé net wealth. In that case an accrual definition of
income would be eésentially net national product less ngérnment expendi-
tures for goods;and'services plus the increase in high-powefed (base)
money.22 Feldstein (1974) on the other hand arpues for inclusion of an
e;timate of increésés in "social security wealth.' Another issue concerns
~ the transfer of purchasing power to the government thrdugh_inflation. This

would suppest subtraction of the rate of inflation times hipgh-powered money

and goverument bonds (if povernment bonds are net wealth). In view of the
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high estimation costs of dealing with many alternative income definitions
simultaneously with the other two main empirical issues, it was decided
only to compare the basic accrual and césh—receipts definitions, leaving
for further research comparison of finer differences conditional on a par-
ticular money definition and B weigpht.

Section III onlv discussed the Ml (currency plus demand deposits) de-
finition of monéy. Two other money definitions have received considerable
attention by nonetarv economists: M, (!

2

(MZ plus savinps and loan and mutual savings banl: deposits).

1 plus time deposits at commercial

23
banks™7) and M

3

These alternative money definitions are commared with M. in this section.

1

Thg Hz data used are an average of the monthly data deflated by the
implicit nrice deflator for personal consumption expenditures. Unfortu-
nately Tederal Peserve data for M3 is available only from January 1959
onward while the Friedman and Schwartz (1970) data contﬁin no series usine
the official H3 definition. Monthly estimates of M3 for 1947 through 1958
wvere nade on the basis of the Friedman and Schwartz data on savings and
loan and mutual savings bank deposits.24 The M3 data used in this series
are averapes of this monthly data deflated by the implicit price deflator
for personal consumption expenditures.

In Darby (1974), removal of the specification bias resulted in an es-
timated B weight of 0.1 per annum in terms of an essentially pure consump-
tion model. This section examines whether that estimate stands up for the
consumer expendiﬁure function under alternative definitions of income and

money. Were  not estimated for each combination it could bias the choice

of the best combination of income and money.

These three empirical issues are examined simultaneouslyv by the regres-

sions reported in Tables 3 (annual data) and 4 (quarterly data). The
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message of these tables is very clear: The accrual income concept and the
Hl money concept do>much better in explanatory power (as judged the sum

of squared residuals or standard error of estimate criterion) than the
alternative definitions. Further the B weight of 0.1 pér annum previously
estimated on the basis of pure consumption continues to hold up for the
consumer expendituré function.

Consider first the definition of income: For each money definition
and for both annualland quarterly data, the accrual definition of income
does better than tﬁe cash-receipts definition.25 The s@h of squared resi-
duals of the best cash-receipts definition rerression exceeds that of the
corréspondinu accrual definition by 41.8 percent for the annual data and
10.6 percent for #he quarter1y data.z6 It would have been‘surprising,
civen the succesé-of the model which 1is based on rational consumers faced
with a wealth constraint, had the accrual definition nét done considerably
better than the cash-receipts definition of income.

As to the empirical definition of money, the results #re similar. For
either definition df income, the Ml definition does be#;er than either Mz
or H3. Comparing the best Ml estimate with the best alternative (MS)’
the alternative dcfinition's sum of squared residuals is 32.9 percent high-
er for annual data and 11.1 percent higher for quarterly data. The coeffi-
cients of real moncy balances would be expected to decline in moving from
“1 to Hz to ”3 (because of the increasing absolute magnitudes), but the
fact that the standard errors decline less rapidly (so that t-values fall)
is suppestive that ”2 and H3 are properly irterpreted as proxies for Nl.
The fact that M3 does a bit better than Mz is sugpestive that consumers
find bank and nonbank time deposits much better suhstitutés for each other

than they find all kinds of time deposits for Hl.
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As alreacy discussed in Section III, the estimates of the B3 weight
bracket—wtﬁt in no case sipnificantly differ from--the previous estimate
cf 0,1 »er annum or .025 per cuarter. As discussed in footnote 20 above,
tae hi~h cgrrelation of the durables stock and permanent income for low £
weichts nalle precise estimation impossible.  iowever, it is clear from the
Lelavior of the 11Lélihood‘function that the actual {3 weight rnust lie in
the neighborhood of 0.1 per annum (0.025 per quarter). This is illustrated
in Findres 1 and 2 which are graphs of the sum of scuared residuals as a
function of the £ weight for annual and quarterly data, respectively. The
critical value of the sum of squared residuals for a two-tailed likelihood
ratio test at the 50% significance level is indicated in each figure by
Ssncrit.netween 0 and 0.2 for annual data and, ecuivalently, between ( and
J.US for‘quarterly data, the sum of squared residuals is rather flat so
that the minimizing B weipghts of 0.15 and 0.01, respectively, are little
Letter than any other value within that range. TIrom 0.2 to 0.6 per annum
(.05 to 0.2 per auarter), the sum of squared residuals rises very rapidly
to a much higher.plateau. So the estimation of 8 is imprecise within the
range from 0 to 0.2 per annum, but any value much above that range--in-
cluding Friedman's original (1957) biased27 estimate of 0.35 per annum--
can be easily rejected.

ller;ressions number 7 an& 13--presented earlier as equations (18) and
(19)--arc not ncceptaﬁle as final estimates of the consumer expcnditure
function since they have inconsistent § weiphts which bias upwards (in
absolute value) the durables stock coefficient in the annual version and
bias it downwards in the quarterly version. Since the average of the two
¢ weights is Y.57 per annum and there is no reason to reject the previous

107 per annum based on a pure consumption model, the final estimates of the
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consunmer expenditure function are based on a B weight of 0.10 per annum

and 0.025 per quarter. The annual estimate 1528

(22) k= -147.5 + 1005y, + 0446y, + 0.729m
C(-2.52)  (17.42) (7.98) 't (5.07)
: PDt
-0.289d , + 30.3 35— + 1.961
(~4.60) (0.83)'NDt  (1.47) *

B = 0.1, S.E.E. = 2.00, R>(ad4.) = .9996, D~V = 2.39.

The corresponding quarterly estimate is

(23) el = =30.47 + 0.971 Ype * 0.460 y. + 0.187 m
(-3.37)  (25.88) (12.85) (7.51)
- 0.065d .+ 2.76 —Y + 0.331

1

(-6.01) *°  (0.49)°NDt  (1.43) ©

g = 0.025, S.L.E. = .746, R>(adj.) = .9992, D-V = 1.07.

Strong évidgncé has been presented in this section for the following
eﬁpirical propositions: (1) The accrual (privgte sectof income) definition
of income explainé consumer expenditures better than the cash-receipts (dis-
posable personal'inédme) definition. (2) The narrow Ml definition of money
is an important determinant of consumer expenditures and significantly
better in explanntor& power than either broad definition.M2 or M,. (3)

The weight [ of current income in permanent income lies in the range from

0 to 20.. per annum.
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V. Concluding Remarks

The central theme of this paper is the empirical value of an inte-
grated consumer expenditure function in explaining consumer expenditures.
inhe theoretical value of the consumer expenditure function is that it con-
centrates directly on the variable of prime interest to macroeconomists.
sut the alternative treatment of household investment in durable goods as
a component of an enlarged definition of total investment does not lack
théoretical appéal either. The basic attraction is therefore the empiri-
cal one: The integrated approach is much less subject to biases intro-
duced by the essentially arbitrary classification of commodities between
durable and nondurable goods and services.

An empirical question can be answered only by examination of the data.
An unusually clear answer was provided by the research repbrted here: The
consumer expenditure function explains the data well and significantly
better than the multiequation pure consumption-household investment ap-
proach. The reason for this superior performance is found in the fact that
the official data on durable goods expenditures include only about half of
total durables expenditures as defined behaviorally.

The data also provided strong evidence that (1) an accrual (private
sector) definition of income better explains consumer expenditures than a
cash-receipts (disposable) personal income definition: (2) the narrow Nl
definition similarly does better than either M2 or M3: and (3) the B
weipght of current income in the formation of permanent income lies some-
where in the range from 0 to about 20% per annum. While there is no a

priori presumption about the best money definition, the results on the

income definition and the p weight reinforce the basic conception
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underlying the modél—-tﬁat consumers are rational decision-makers con-
strained by total (human and nonhuman) wealth as estimated by permanent
income. The rationality of consumers would certainly be questionable if
they responded to cash receipts rather than accrued 1nc§me; A B weight
of about 107 per annum—-which is the estimated real yield on toﬁal wealth—-
is certainly more,gcceptable than the higher weights eétimated in many
previous studies . 29 ,

The empiricﬁl advantages of an integrated consumer expenditure func-
tion seem clear. Future research might be directed at substituting a
1life cycle model for the permanent income explanation Qf’pure consumption
to compare theif'eiplanatory powers. Other areas for éossible improvement
would be either thé‘generalized stock adjustment hypothesis (6) or the |
underlying stock,&émand functions (7) and (9). A somewhat different line
of research would utilize the consumer expenditure function to examiné
finer definitions of accrued income adjusted for incre#sgs in government
debt, in social security wealth, or the inflaﬁionary taxvon base money

and possibly government debt.
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DATA APPENDIX

Several data series of general applicability were estimated in the
course of this project. In order to make them available for future re-
search by others in this and other areas, the most important are repro-
duced here with instructions for updating as revised data become avail-
able.

Table 5 presents annual data for nominal and real private sector in-
come, the current and permanent (real) income on the accrued definition,
the real durables stock, and the nominal M3 money supply. Table 6 con-
tains quarterly data for the same series. Table 7 presents the monthly
nominal M3 data through 1959 when they tie in with the Federal Reserve

System's published data.
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Table 2
Comparison of Prediction Errors

Consumer Expendigure'Function vs. Disapgrepated Estimates

Mean Prediction Frrors®

Estimation Appéoach Annual Quarteri;
Consumer Expenditure Functiohb 1.704 0.720
Equations (5) and (10)€ . 3.458 1.150

Koyck and equation (10)¢ 2,635 0.731

—— i - ——— - . -—

aSquare root of the mean squared error, 1947-1973
bRegression equations (18) and (19)

“Max1imum likelihood estimates of equations (5) and (10) combined by
equation (4)

dMaximum likelihood estimates of equations (21) and (10) combined by
equation (4).
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Table 5

Annual Data Series

(a) (b) (e) (d) (e) (£)

1946 163.22 —_— e 223.77 72.43 —_—

1947 17G6.05 225.96 233,20 232,43 91,33 172.71
1948 200,45 243,36 251.49 242,35 90.01 176. 74
1949 199,35 244,00 253,00 251,78 99,09 178,10
1850 215.17 259.67 269,58 262,24 112.21 183%.88
1951 235,42 265.77 276,99 272.76 119.75 191.82
1952 24G. 85 272.81 284,79 283.37 125.42 204,35
1953% 252,70 282.12 29L.66 294,27 134.05 215.89
1954 263%.97 285, 4F 298.87 0L, 88 141,22 279,78
1955 285,Nn2 307,21 321,33 217,04 154,10 240,53
19506 300.37 317.00 332.41 329,51 162,61 250.40
1057 314,90 322.48 332,74 301,79 169.93 261,83
1958 322,82 322,81 339,80 353,38 172.69 278.57
1959 © 345,65 341,29 358,56 366.08 180,20 295.62
1960 355.80 345,78 363.20 378,40 187.32 105.57
1961 369.60 355,63 374, 36 391,12 192.38 326,65
1162 392,97 374,70 393,94 4Ny, 29 201.22 350.86
1163 411,05 387.31 407.43 419,11 212.5L 380.07
1964 447,52 41€,86 438,12 435.4F 226,19 410,07
11R5 LR6,17 bk, 71 469, 36 453,87 244,78 byl 83
1066 526.20 471.67 496,15 473,75 264,24 476.19
1977 566,55 4LRF  LF 512.88 494, 00 221,17 511.7Q
1968 596,87 503,97 532.09 514, 84 302.65 550,49
1109 33,10 = 512,47 542.74 535,39 32%.88 £28.93
1070 £23.57 598,47 560,81 556.39 339,49 13,90
1171 744,15 553,84 587.78 578,72 360, 3N 92,55
1072 804,55 581.95 617.99 602.60 788.58 ~ 778.92
1973 905,25 620,52 659,37 629.06 419,04 862.13

Columns (a) through (e) based on final data through 1971, Federal Reserve
estimates of M, are subject to change back to 1959.

Notes:

a. Private sector income in current dollars (billions of dollars).
To update or extend: YPS = pet national product - governement
purchases of goods and "services - government surplus (NIA basis)
- statistical discrepancy (NIA) - Federal government transfer
payments to foreigners (net) - personal transfer payments to
foreigners.

b. Private sector income in constant dollars (billions of 1958 dollars).
To update or extend: y{s = Ygs deflated by the implicit price
deflator for personal consumption expenditures.
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Notes to Table 5 {continued):

C.

f.

Private sector income in constant dollars ad justed for the
imputed yield on the stock of consumers' durable goods (billions
of 1958 dollars). The accrual concept of income, To update

or extend: y{s Y = ygs +0.14d,,.

Permanent income based on yESPY and a B weight of O.I.Ebilliona
of 1958 dollars). To update or extend: Ypr = 0.1 yp +
0.9344862 yp, _; . |

Stock of consumers' durable goods at the end of the year (billions
of 1958 dollars). To update or extend: Fourth quarter data from
Table 6.

Money stock M3 in current dollars (billions of dollars). To
update or extend: Average of monthly Federal Reserve data
beginning 1959.
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Table 6
Quarterly Data Series

year & .YES Ygs YESDY Ypt de M3¢

quarter (5) (b () () (e) (£)

1946 &4 169.9 — — 227.17 72.43 ——

1947 1 170. 4 223.62 230.87 229.39 .74 .56 169.19
1947 2 172.0 223.96 231.41 231.58 76.76 171.88
1"h7 3 179.,3 228,99 276.67 733,908 79 .89 170,06
1947 &4 182.5 227.27 235,16 236.09 £1.33 175.72
1049 1 190.5 234,90 243,03 238,47 83.63 176.74
1ane 2 199,585 213,29 251.66 241,073 8c.83 176.27
1ane 3. 205.1 246,22 254,80 243,63 2e .02 176,9F
1anre 4 206,7 249,04 257.84 246,76 9n,n1 176.99
1949 1 201.1 244,35 '253.35 248.74 91,77 177.05
1on9 2 198.9 243,15 252.33 251.15 4,01 178.0L
1949 3 199.8 245,76 255.16 253,60 96,4 ° 178,34
1949 4 197.6 . 242,75 252.40 255.94 99,09 178.97
1a8n ] 209.5 257.69 267.60 258.63 101.86 1#0,.75
1980 2 209.7 256.67 266.86 261.25 104,59 183.50
1950 3 217.53 260,24 270.70 263.93 109.11 184,87
1950 &4 224.,2 264,08 274,99 266.67 112.21 126.42
1951 1 226.0 257.11 262.33 269.20 115.28 187.97
1051 2 234 .6 265,99 277.51 271.93 117.00 190.00
1751 3 40,0 271.1a 282.89 274,74 118.473 192.80
1081 4 241.,1 268,7° 280.63 277.486 119.75 196.50
1052 1 M1.9 26R,78 280,75 280,13 121.08 199.80
1nen 2 47,6 269.26 281,36 282.7¢% 1272.51 202.66
ja82 3 82,0 273.73% 285,93 285.51 123.40 205. 85
17524 754L.9 279.50 291. 84 288.33 125.h2 209,08
10953 1 258.0 202,58 295.13 291,20 127.75 211.72
1953 2 260,1 284,26 297.04 294,06 129.97 214,98
jnE3 3 259.6 22,17 295.17 296.°2L 132.08 217.26
1163 4 287.1 279.46 292,66 299.51 134,05 219.60
178" 1 260.6 281.42 294,83 In2.19 13°.F1 229,13
122 261.3% 297,18 295,74 204L. 86 137.34 225.62
1088 3 263.6 225,2°8 299,01 307.5F 130,n¢ 229,51
17¢t &4 270,14 7292,.9r " 3NFE,2R 310,42 141,22 232.87
1958 1 276.6 298,70 312.83 313,38 1t 08 236,60
1058 2 2°3,7 306.37 320,78 316,49 147,45 2390.40
1058 3 287.4 3n9. 3R 324,11 319,64 151,00 241,87
11055 & 292.4 314.41 329.51 322.88 154,10 244,27
19c8Ff 1 70%.9 313.99 329.40 326.06A 156.46 246,53
1956 2 297.8 315.80 331,45 329,74 158.63 249,10
195~ 3 3n?2,.3 317.21 333,07 332.41 160,50 251.50
195F &4 in7.5 320,98 337.03% 335.63% 162.61 254,47
19587 1 311.1 321.72 337.98 338,83 164,.8h 257.6%
1957 2 314,2 322.92 339,40 2,01 166,72 260,60
1957 3 318.0 324,16 340.87% 345,18 168,37 263.43
1157 & 316.3 321.12 337.95 348,22 169.93 265.67
1150 1 I1h .4 315.66 332,65 351,09 170,72 289,60
1958 2 317.6 317,60 334.67 353.96 171.20 276,47
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Table 6 (continued)

PS PS PSDY |

z:::t:r b Ye Ve Ype ) d, M,
1052 3 325.1 324,77 341,89 356.97 171.83  281.8%0
1958 &4 33,2 333.20 350. 38 360,14 172,69 28F .43
1959 1 339.8 337.77 355.04 363.38 174,35 290.90
1989 2 3h%,1 344,99 362.43 366, 7% 176,43 294,73
1159 3. . 345.3 " 339,86 357.50 369,95 178.60 297.27
1859 &4 Ing. 4 - 342,55 360.41 373.17 ~ 180.20 299,00
1960 1  354.1 Iu6.14 364.16 376.43 © 182,25 299.80
1960 2 - 356.9 347,52 365,74 379.68 184,26 302.07
196n 3 357.2 " 346.80 365,22 382,87 18¢€,.01 307.50
1960 &4 ~ 355,0 - 342 ,6F 361.27 385.91 187.3%2 312.93
1961 1 387.7 44,60 36%.3%h 388,95 108,11 319,27
10RY 2 3166.0 352.94 271,75 302.15 189,24 323.97
1961 3. 372.6 .. 38R .27 377.19 395. 44 190,62 329,43
1961 & IR2.1 - 366,70 3Rr5.76R 398,90 ©192.3%¢ 334,.9%
1962 1 386.9 370,24 IR9,he 402.3%9 194,18 343,047
1062 2 391.6 2374,.072 393,47 4ns.,03 . 10FR, 48 4r,33
1762 3 394,14 "~ 375.62 395,27 409, hF - 198,77 33,27
10R2 4 399,0 - 378.92 398,79 413,02 20,22 360,37
10n3 1 4n2.k ‘381,25 401.37 416,59 203,88 368.63
1053 2 -406.7 383.68 4oh,07 420,17 206.60 376.50
1063 3 bin,1 389,92 410.58 423,2¢ 209.5% 383.70
19634 420.8 394,38 415,.3% 427.60 212.54 391.43
1964 1 -h33,5 405,52 426,77 431,5¢9 215.95% 397.73
1964 2 bys,?7 ‘415,38 436.97 435,78 219.61 4ou,83
1964 3 453,.2 - 421,97 4y3.,9% 4byn,02 223,35 414,27
194 &  457.7 424,58 446,92 buy,31 .226.49 823,47
1965 1 469.0 433.4F 456,11 Lug,76 231.0% 432,20
19A8% 2 h77.0 - 38,402 461,52 h53,27 235,15 439,50
1965 3 493.6 - W52, 84 476,36 458,0°2 '239.79 Lug,37
196F 4 5n5.1 462,17 URrA,T10 4LE3, 07 24,78 459,27
1976 1 513.5 65,97 59N, 45 LER,OR 250.768 468.13
J9RE 2 520.0 467,21 492,23 473,0R 254,71 b74,77
10fA 3 - K29.6 h7%,28% 4LARr, 78 79,12 -?%9,FfQ L72,6%
1966 4 541.7 4gn,23 506.19 4g3,.29 2R4 .21 43,23
197 1 cuh .5 heo,5°? 5n7.01 4UPR, 40 T2RR,12 92,40
177 2 580.R 484,01 51n,82 493,53 272,75 505.17
1767 3 560.7 hee,ul 515.69 438,69 276,98 519,33
1967 4 £70.2 49?2, 83 520,52 LY X)) 281.17 529.90
1968 1 579.6 496.23 524,35 509,12 286,27 532,60
1nA78 2 595.,.7 50k .83 CE33.46 514,49 "291.45 She,13
19f2 3 fN2.3 506.90 53€.13 519,84 -297.21 558.90
19G8 &4 609.9 507.2% §37.55 5725.14 302,.R5% 572.3%3%
10 1 (£13,° ENR 4N 536.70 £30. 34 ‘XNB. 4K 582.90
1989 2 f26.5 510,59 shl.uh £35,57 314,00 SR9, %0
1nR0 3 K42 ,7 517,06 Sue. 45 540,90 . 319.02 590.73
1769 &4 6ha. I 515,81 S47.71 ShE.1? 323,08 592.80
1N70 1 660,06 518.12 5§50.51 551.3h 322,28 £o4,.87
197n 2 RB1.3 579,78 £62.61 RS8R, 77 332.78 604.30
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Table 6 (continued)

year & P PS PSDY

quarter YS Ve Ve Ype d M3,
1970 3 £95,72 536.01 569.28 562.29 337.01 619,60
1070 4 697.2 529.79 563.49 567.58 339,49 £37.00
19711 722.5 Shl, b6 578.41 573.15 44,38 E59.47
1071 2 7h1.4 552.87 587.31 578.86 2h9,19 685,43
1971 3 758.9 584,74 589,66 58,54 354,60 703.80
1971 4 763.8 563.27 598,73 590,36 360,30 721.50
1077 1 775.2 56A.67 602.70 €9f,10 3R6.AS hy,03
1972 2 791.4 574.73 611.39 602,14 372,42 765.97
1172 3 gn9,1 583,35 £20.69 602,23 3en,78% 790.67
1972 4. 842,5 603,08 f1.16 614,74 388,58 215.00
1973 1" 273.3 617.61 656.47 £21.53 297.72 235,87
1073 2 2n3,3 £19.06 658.83 628.27 L06.03 854,50
1073 3 915.1 622,52 663.12 635.01 "13.59 870.47
1073 4 939.3 622.8¢% 6hL.24 641,68 419,04 887.70

Columns (a) through (d) are at seasonally ad justed annual rates; divide by

4 to obtain the seasonally ad justed quarterly rates used in the text. Columns
(a) through (e) based on final data through 1971 4. Federal Reserve estimates
of My are subject to change back to 1959,

Notes:

Private sector income in current dollars (billions of dollars).
To update or extend: Ygs = net national product =- government
purchases of goods and services - government surplus (NIA basis)
- statistical discrepancy (NIA) - Federal government transfer
payments to foreigners (net) - personal transfer payments to
foreigners.

Private sector income in constant dollars (billions of 1958 dollars).
To update or extend: ygs = Ygs deflated by the implicit price
deflator for personal consumption expenditures.

Private sector income in constant dollars ad justed for the imputed
yleld on the stock of consumers' durable goods (billions of 1958
dollars). The accrual concept of income. To update or extend:
yEDY = yPS + 0.1 4, ;.

Permanent income based on ygSDY and 2 B weight of 0.025 per
quarter (billions of 1958 dollars). To update or extend:
ype = 0.025 yPSDY 4+ 0.9843473 yp, ;.

Stock of consumers' durable goods at the end of the quarter
(billions of 1958 dollars). To update or extend: d, = 0,24375 cg
+ 0.95 d._1, where cg is consumption expenditures for durable
goods in constant (1958) dollars as seasonally adjusted annual rates.

Money stock M3 in current dollars (billions of dollars). To update
or extend: Average of monthly Federal Reserve data beginning 1959.
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FOOTNOTES

. 4
This research was written during the author's Harry Scherman Research

Fellowship at the National Bureau of Economic Research but is not an offi-

cial report of the National Bureau. Nurhan Helvacian provided valued re-

search assistance.

1The old vaudeville joke comes to mind: First drunk--"Why are you look-

ing for your wallet here if you lost it over there?" Second drunk--'"The

light's much better here by the lamp post.”

2A rough definition of behavioral durability is responsiveness to

transitory income. Consumer expenditures for durable gbods and for clothing
and shoes are about gqually responsive to changes in transitory and perma-
nent income, but all other expenditures are only about one quarter as re-
sponsive to changes in transitory income as to permanent income. Thus the
official Commerce bepartment definition does appear to capture goods signi-
ficantly more durable than those classified as nondurable goods and ser-
vices (with the exception of clothing and shoes). Given the relative mag-
nitudes, however, the remaining durable elements in '"nondurable goods and

services" are nevertheless quite significant.

3In my earlier work (1972, 1975), this adjustment was neglected be-'
cause of the small difference from unity for quarterly data (with 6 = .05,
1 -0.5 6 =0,975).

aThis adjustment too is small for quarterly data. Using r = 2.5% per

quarter or 10% per annum, 1 - Q,5r = 0.9875 for quarterly data or 0.95 for

annual data.




5Darby (1974) demonstrates the interpretation of permanent income as

a perpetual inventory of wealth.

6Other possiﬁle influences have been omitted either here or below in
completing the specification because of the difficulty in obtaining good
data and the paucity of true degrees of freedom. The empirical results
that follow do not seem to have suffered much.

7The coefficient of permanent income will capture the effect of wealth

and of secular trends in institutions, payments technologj; and so forth.
‘The coefficient of tr&nsitory income reflects both effects of windfalls
on portfolio adjustment and of cyclical variations in transactions (see

Darby (1972)).

8Basic data series were all drawn from the N.B.E.R.'s data bank.

9This amounts to the usual 10-year-life, double-declining-balance

method. The initial value for December 31, 1946, was coméuted from Raymond
Goldsmith's (1962) data as 72.43 billion 1958 dollars. See Darby (1972,
pp. 931-32) for detaiis. This calculation requires th@t cg be measured at
quarterly rates in ofder to integrate flows into stocks.

10A theoretically more attractive definition would bise the imputation

on the average durables stock for the period d + 0.5 Adt' As thik.might

t-1
impart spurious correlation--particularly in the disaggregated estimation
of the Adt equation--this was not done.

llThat is, private sector 1income equals disposable personal income +

undistributed corporate profits + wage accruals less disbursements + cor-
poration inventory valuation adjustment- other personal outlays. For com-

putational purposes, an equivalent definition is net national product -
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taxes net of transfers (i.e., government expenditures + NIA surplus) -
government and private transfers to foreigners - statistical discrepancy.

12Th:l.s growth rate is implicit in saving plans. The required growth

rates and initial values Ypo (0 = 1946 for annual data and 1946-IV for
quarterly data) were estimated by a loglinear trend (see Darby (1974) for

details) as:

Income Concept é §P0
Accrual (annual data) .03832 223.773
Accrual (quarterly data) .00959 56.7934
Cash receipts (annual data) .04003 213,973
Cash receipts (quarterly data) .01001 54,3573

13Th:l.s series is the most problematical. It was pointed out in the

introduction that roughly half of behaviorally durable goods are included
among nondurable goods and services. Thus their prices will be included
in the denominator instead of the numerator.

14The t-values are given in parentheses. The square brackets indicate

a greater than 90 percent probability confidence interval computed on the
basis of the asymptotic distribution of the logarithm of the likelihood
function. For the annual regression, the values B = 0, 0.025, 0.050, ...,
0.975, 1.000 were searched for the weight of current income in permanent in-
come that maximized the likelihood function. For the quarterly regression,
the values B = o, .01, .02, ..., .99, 1.00 were used.

15See the analysis of the coefficients below equation (11). The annual

coefficients should be approximately four times the quarterly coefficients
except for those of Ype and Yo+ Only the amount by which Bl exceeds k 1is

multiplied by 4 for Ype© The coefficient'B2 of Yoe should be essentially
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unchanged as the lower quarterly value of A3 is offset by a higher value of
Y, 8o that the only expected change is due to the slightly higher quarterly
value of the (1 - 0.5r) adjustment factor.

16!‘or example, a naive trend regression shows a very high Rz for the

annual data:

- 4,72 + 1.054 c*

t (-1.14) (88.47) t1

where S.E.E. = 5.82, R%(adj.) = .9968, D-W = 2,13,

17The value of k is estimated on the basis of k -8 - (1 - #/3r)

The imputed yield r = 0.1 From regression (18),

1@ = A0+ e = A, -
By =1.085 X = =(8, + 1) / (1-0.50) % 0.29; A3 = B / (1 -0.3r) % 0.72.

The values of al’and ;1 are estimated by dividing the total sample period
change in the durables stock and real money stock respectively by the total
change in permanent income. So &1 % 0.79 and &2 % 0.087. The estimated
valae of n is computed as N = (Adt)e/yPt - °1(AyPt/yPt)e ~ &1[3/(1 +8))

¥ .029 where § = ,03832 from footnote 12 above. Substiéution_yielda K%
1.08 - 0.95 (0.021 + 0.229 - 0.063) ~ 0.90. The estim@te'of a is computed

by noting that in the long-run A PS . Ype = rdt-l and (1:-.0) - c:/yt

&
- Ype S X
5 . . Substituting equation (4) for . yields
Ve = Ty EE |
Ad d
l1-0= _1 7 K+ (1 -0/&r) o= - r =4y,
Ype Pt Ype

NS oo —h -
Taking dt-llyPt Nooay - nd 0.76, 1 - o = (1/0.924)

[0.90 + (0.95)(0.029) - (0.10)(0.76)} = 0.92. So G = o.ds.
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18The estimates of the B weight of current income in pefmanent income
were a bit closer to the value of 0.1 per annum estimated in Darby (1974).
The only other noticeable--though atatisfically insignificant——changes
were generally higher (in absolute value) estimates for the coefficients
of money and the durables stock. All these changes are consistent with
the hypothesized shift, but the standard errors of estimate actually de-
teriorated slightly in the truncated period.

19The smaller coefficient of transitory income Yore in regression 3

than in 2 reflects the larger offset due to the higher money coefficient.

Note that, rounding error aside, regressions 2 plus 3 less 0.1 dt- equal

1

regression equation (18). Similarly, regressions 5 plus 6 less 0.025 dt-l
equal regression equation (19).

201 am indebted to Tom Mayer for the observation that for low B

weights permanent income and the durables stock are closely related be-
cause of the high correlation between transitory income and fluctuations

in household durables investment. A high estimate of B applies too low a
weight to past transitory income and can be offset by a more negative co-
efficient on the durables stock. This correlation is the probable explana-
tion for the relatively flat likelihood function at the low end of the B
range as discussed in Section IV below. In regressions based on the B
weight of 0.1 per annum (but not reproduced here), the coefficient of

dt-l is -0.092 for the ci dependent variable and -0.102 for the Adt
dependent variable. Consumer expenditure functions for B = 0.1 per

annum and 0.025 per quarter are presented in Section IV.




- 47 -
21As explained in the first part of Section III, the accrual concept
is private sector income adjusted for the yield on the durables stock
while the cash-receipts concept is disposable personal income with the
same adjustment. The conclusions as to the relative merits of the two
concepts are not affected by omission of the durables yield adjustment.

22To be precise, transfers to foreigners and the statistical discre-

pancy should also be subtracted.

23Exclusive of large negotiable certificates of deposits.

, 24The monthly M3 data for January.1947 through December 1959 are re-

ported in the Data Appendix. Monthly savings and loan depoaits were inter-
polated between annual (1947-1949) and quarterly (1950-1954) benchmarks
by the use of mutual savings bank deposits. |

2s'l‘he quarterly sums of squared residuals are biaséd downwards by the

autocorrelation indicated by the low Durbin-Watson statiétics. Note that
this statistic is 1.08 for the accrual definition and 0;94 for the cash re-
ceipts definition (fegression 13 and 14 respectivély). :bnly regressions 17
and 18 for the quarterly M3 comparison are close to a dead heat. That pre-
éumably reflects some peculiarity in the data which also accounts for the
unusually high 8 estimate of 0.06 per quarter in regression 17.

26In comparing definitions such as these, the hypotheéee are not

strictly nested andvno generally acceptable significance test exists.
Consider the following, however. If the difference between the accrual
and the cash-receipts definitions were allowed to enter with a weight u
(to be estimated) between 0O and 1, the cash-receipts definition would be

nested (with the restriction u = 1) in the more general hypothesis that
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income 1is. the sum of the accrual concept plus p times the difference.

For this model, the sum of squared residuals could not be greater than

the sum of squared residuals for u = 0 (the accrual income definitiom).

If we suppose that this upper limit on the unconstrained sum of squares is
the actual value--which is favorable to accepting the cash-receipts defini-
tion--the likelihood ratio test could be used. The critical value at the

% significance level for the excess sum of squares would then be 15.3%

for annual data and 3.6% for quarterly data. So even on this apparently
generous test, the cash-receipts definition is significantly worse than

the accrual definition. The same argument and critical values would apply

to the money definitions discussed below.

27See Darby (1974, esp. pp. 233-34).

28The t-values are given in parentheses. The greater than 90X con-

fidence interval for B is [0, 0.23] for annual data and [0,0.06] for

quarteriy data.

29’I‘he analysis of this specification bias 1s contained in Darby (1974).
A 10% per annum 8 weight was estimated there on the basis of a pure con-

sumption model.




