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MICHAEL R. DARBY

National Bureau of Econamic Research
and University of California. Los Angeles

The Consumer Expenditure Function

ABSTRACT: A consumer expenditure function which integrates pure
consumption and household investment in durable goods is formulated
and estimated. A considerable increase in ability to explain consumer ex-
penditures —relative to multiequation models —results from reduced reli-
ance on the official dassification of commodities as durable or nondur-
able. Further empirical investigation provides strong evidence that
(1) private-sector income is significantly better than disposable personal
income for explaining consumer expenditures. (2) the M, definition of
money is similarly superior to both the M, and M, definitions, and (3) the
weight of current income in permanent income is about 10 percent per
year. A data appendix is included.

(1] INTRODUCTION AND SUMMARY

The functional relationship of aggregate consumer expenditures to income and
other variables is one of the central elements of macroeconomic dynamics.
Theoretical work, however, has been aimost entirely devoted to models of
pure consumption of service flows. But most cyclical variation in consumer ex-
penditures would appear to arise in the adjustments of the stocks of consumer
durable and semidurable goods and not in fluctuations in the growth of pure
consumption. So macroeconomists should be concerned with a consumer ex-

NOTE: This research was written while the author was Hamy Scherman Research Fellow at the National Bureau
of Economic Research. Helpful comments were feceived from Michael Hamburger, Thomas Mayer. Anna
Schwartz. Raburn M. Williams: the NBER Staff Reading Committee composed of Phillip Cagan. Lester
Taylor. and Pau! Wachtel; participants in workshops at Columbia University and the Federal Reserve Bank
of New York: and the members of the Board reading committee: Andrew E. Brimmer, Carl F. Christ, and
Henri Theil. Nurhan Helvacian provided valued research assistance.
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646 Michael R. Darby

penditure function that integrates the asset adjustment function and the pure
consumption function,

A few economists—most notably franco Modigliani in the MPS mode]—
have concerned themselves with the distribution between consumer expendi-
tures and consumption. Their approach has been to estimate separate equa-
tions for pure consumption and for consumers’ investment in durable goods.
Consumption data are estimated as consumer expenditures less expenditures
on durables plus an imputed rental value of the siock of durable goods. Expen-
ditures on durables are in some models broken down further—such as for
automobiles and for other durable goods. Such a multiequation approach de-

My restatement of the permanent income theory (1974), it was shown that on
the order of half of the behaviorally defined durable goods are classified in the
official data as nondurable goods and services." So the standard approach in-
deed suffers from specification biases.

The most obvious approach would have been to correct the definition of
durable goods so that 2 multiequation approach can be directly applied. This
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In section lll, the model is applied to postwar US. data with remarkably
savorable results. The estimated coefficients do not differ significantly from ex-
pectations and are consistent with the secular relation of consumption to sav-
ing. The most surprising finding is that the marginal propensity to spend (ex-
cess) real money balances is somewhat larger than the marginal propensity to
spend current income for a one-year period. The theoretical model is shown to
hold up well when disaggregated by use of estimated pure consumption and
household durables investment. Most importantly, the explanatory power of
the integrated model is considerably better than one based on separate con-
sumption and household durables investment equations.

In section IV, the consumer expenditure function is used to investigate three
outstanding empirical questions unrelated to the definition of durables:
(1) Which concept better explains consumer expenditures: personal income or
private-sector income? 2) Which of the money definitions—M,, M,, or M, —is
best at explaining consumer expenditures? (3) What is the weight (8) of cur-
rent income in the formation of permanent income? These questions were
studied simultaneously by maximum likelihood estimation for each combina-
tion of income and money definitions for both quarterly and annual data. The
data provided the following answers: Private-sector income and M, {currency
plus demand deposits) do significantly better than alternative definitions. The
likelihood function is rather flat for values of 8 between zero and 20 percent
per year but falls sharply for higher values of 8; hence, the 8 weight of 10 per-
cent per year previously estimated for a pure consumption model is retained.

Concluding remarks and suggestions for future research are contained in
section V. The data appendix makes available.to other researchers a consider-
able investment in constructing private-sector income, permanent income, and
the stock of household durable goods from the national income accounts as
well as monthly M, data based on the Federal Reserve definition for
1947-1958.

[11] THE THEORETICAL MODEL

This section contains an elaboration of the integrated model of consumer ex-
penditures presented in Darby (1975). First a general framework is derived suit-
able for integrating all three-equation models of pure consumption, d; house-
hold investment in durable goods, Ad; and the (end-of-period) stock of
consumers' durable goods, d. A specific but empirically quite general model is
then substituted into this framework to obtain the basic equation used in the
empirical investigations.

The real stock, d,, of consumers’ goods ("the durables stock”) at the end of
period t is computed by applying a depreciation rate of & per period:

W d=0—058c+1—8d
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where the coefficient of durable goods expenditures, ¢, adjusts for intraperiod
depreciation on gross investment2 It follows directly that the net investment in

durables. Ad,, is
@ Ad=1—058¢ —5d_,

The usual definition of pure consumption, ¢, is total consumer expenditures,
G, less the net investment in durables plus an imputed yield at the rate r per
period on the average durables stock for the period:

3 /=g —Ad +05rd, +d_,)
=¢ — (0 —050Ad +rd_,

Solving for ¢ shows that consumer expenditures equal pure consumption plus
net durables investment (adjusted for intraperiod yield®) less the yield on the
beginning durables stock:

4 g=cd+0-050Ad — rd_,

Equation 4 is converted from an identity to a theory by substituting behav-
ioral functions into the right-hand side. Since the real value, d_,, of the dur-
ables stock at the beginning of period t is predetermined by past changes in
that stock,* furictions must be specified only for pure consumption, ¢, and
household investrnent in durable goods, Ad|.

For aggregate time series data, the permanent income hypothesis is an ap-
pealing explanation of pure consumption:

(5) C{ = k)/p,

Pure consumption. is assumed to be a constant fraction, k, of permanent in-
come, y,. A nonzero constant on the right-hand side might be present without
affecting the form of the equation ultimately estimated below. The permanent
income concept appears tq provide a relatively accurate method for estimating
aggregate wealth (inclusive of hyman capital) as compared to direct estimates
nomally used in life-cycle models.5 This specification also allows further empiri-
cal study of the reformulated permanent income theory presented in Darby
(1974). Some other approach might in fact produce superior empirical results,
but that is an open issue for future research.

ds a temporary response to disproportionately large money balances:

© Ad = (Ad) + Nid® — (Adye — ] + Aeyn + Ny(m, — m)
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Standard models of stock adjustment in the form A(d* — d,_,) are strictly ap-
plicable only to a no-growth world since they otherwise imply that no one
ever leains to plan ahead. Given the definition of planned investment, {Ad),
below, the difference between the models is only one of regression coefficient
interpretation. Wachtel (1972) has a similar model of consumer portfolio bal-
ances inclusive of durable goods. The model captures the main elements that
are generally supposed in the literature to affect changes in the stock of dur-
able goods®
The model is completed by specifying the long-run durables stock demand,
d;’; the planned change in durable goods, (Ad)"; and real money demand, m®*.
Durables stock demand is assumed to be a linear function of permanent in-
come; the relative price of durable goods F,,/P,;,; and the long-term interest
rate, {7
PD! .
7)) d*=ag+ay, +t T +as,
Pap
The planned change in durable goods through normal saving is approximately
proportional to permanent income:

8 (Ad) =nyx

The demand for real money balances is assumed to be a linear function of per-
manent income, transitory income,® and the long-term interest rate:

9 m'=v+ ¥i¥n + Ya¥n + Vil

Substitution into equation 6 yields the consumers’ durable goods investment
function

(100 Ad, = A\jag — Ayy) +10 = Mg+ May — My lyy

+ A = AWy HAm — Mdo + Aoy %l + (Mg — My,
The coefficient of real money balances is unambiguously positive and the coef-
ficients of the lagged real durable goods stock and the relative price of durable
goods are unambiguously negative. The signs of the other coefficients are am-
biguous.
Finally equations 5 and 10 are substituted into equation 4 to obtain the con-
sumer expenditure function:

Pox .
(11 =8+ Biyn + Boyy + Bm +Bydiy + 5 P + Beiy

where

Bo =1 — 050\ 00 — Ayyy)
Bi=k+01—=050[1— \Nn+Aa — Ayy,)
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B, =01 =050, — Ay,
By={1—-050A>0
Ba=—r—1(1 —050h <0
B=0-050\ea <0

Bﬁ ={1— O.SI)H,C!; - A;')’))

Although unambiguous signs are assigned only to 3,, 8., and 5. it would pe
surprising if the direct positive effects of permanent and transitory income
were completely offset by their indirect effects operating through the demand
for money. Variations in the magnitudes of A,y,, Ay Ay, and Ay, will
Cause some variation in the estimates, below, of B By, B, and B, for alterna-
tive money definitions.?

In sum, equation 11 serves as a reasonably straightforward method of incor-
porating standard notions about factors influencing pure consumption and
household investment in consumers’ durable goods into a consumer expendi-
ture function. Alternative routes could be used to derive the same equation
with somewhat different interpretations placed on the coefficients, but the
current approach seems the most attractive one to me.

Equation 11 provides an alternative to the use of separate regression equa-
tions for consumption and consumers’ investment in durables, that is, to sepa-
rate estimation of equations 5 and 10. The great advantage of the integrated
equation 11 is due to the difficulty of trying to classify goods and services as
either durable or nondurable. |f equations 5 and 10 are estimated separately,
the half of behaviorally durable goods classified as nondurable goods and ser-
vices is not allowed to respond to such “durable” variables as transitory in-
come and real money balances. This misclassification problem does not arise in
the combined consumer expenditure function approach.

Some data problems and biases remain. Some classification is necessary be-
Cause empirical use of (11) stili requires estimates of the real stock and refative
price of durable goods. But the stock of officially designated durable goods is
likely to be a very good proxy for the stock of a| behaviorally defined durable

suits and once-in-a-lifetime vacations), but the bias from such a difference
would appear to be trivial. The only substantial problem arises in the relative
price of durables, where there is no reason to suppose price movements of of-
ficially defined durables to pe a good proxy for excluded durables; hence, this
coefficient will be biased toward zero. Thus, the importance of specification
bias and of bias due to errors in the variables is indeed substantially reduced.
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(111 ESTIMATION OF THE MODEL

Basic estimates of the modei and a comparison with the multiequation ap-
proach are presented in this section. Discussion of some important empirical
issues concerning the definitions of income and money and the computation
of permanent income is taken up in section V.

Data Definitions'®

A major empirical finding of this paper is that the way durable goods, income,
and money are defined makes a real difference in the explanatory power of the
functions used. Hence it is necessary to devote particular attention to the pre-
cise definitions of data sources used. Some important series have been con-
structed and are made available in the data appendix for use by others. Four
basic series are available directly:

¢; = personal consumption expenditures in constant (1958) dollars {quarterly data
at seasonally adjusted quarterly rates—SAQR);
¢ = personal consumption expenditures for durable goods in constant (1958) dol-
lars (quarterly data at SAQR);
m, = money supply, M, (average of monthly data), deflated by the implicit price de-
flator for personal consumption expenditures:
iy = yield on long-term U.S. government bonds (average of monthly data).

The stock of durable goods at the end of quarter ¢ is computed according to
equation 1 for 8 = 0.05 as follows:"

120 d,=0975c? +095 d,_,

Annual regressions use end-of-year {fourth-quarter) data extracted from the
quarterly estimates.

Two alternative current income measures are compared in section IV, one
corresponding to the accrual of purchasing power and the other to cash
receipts. Each is adjusted for an imputed 10 percent peryear real yield, r, on the
beginning durables stock.' The basic accrual concept of income is private-
sector income, y{* {see Darby 1976, chap. 2), which is the amount (implicit in
the national income accounts) available to the private sector (ultimately con-
sumers) for consumption or addition to wealth.”” The cash receipts concept is
based on disposable personal income, y™. Both series are deflated by the im-
plicit price deflator for personal consumption expenditures (1958 = 1.000),
and quarterly observations are at SAQR. Thus, on the accrual definition current
income is

(3 y =y +rd_,



652 Michael R. Darby

where r =0.10 for annual data and 0.025 for quarterly data. Where the cash
receipts definition is used, y2* replaces y* in (13).
Permanent income is computed in the usual way as

4 yu =By, +(0 = RO + gy, _,

The implied geometrically declining weights were shown in Darby (1974) to be
implied by a perpetual inventory model of total (human and nonhuman)
wealth, where B is the real yield on wealth and g is the trend growth rate of in-
come.™ The value of @ is estimated by search over the interval 0 < B=1for
the value which minimizes the sum of squared residuals in the consumer ex-
penditure regression.

Transitory income is computed as the difference between the estimates of
current and permanent income:

(15) Yie =Y, T Ya

The relative price of durable to nondurable goods and services is computed
by dividing the implicit price deflator for personal consumption expenditures
on durable goods by the corresponding deflator for nondurable goods and ser-
vices. The latter unpublished deflator is derived as the ratio of expenditures on
nondurable goods and services in current dollars to the expenditures in con-
stant (1958) dollars.’

For purposes of comparison with the multiequation approach for explaining
consumer expenditures, estimates of household investment in durable goods,
Ad, and pure consumption, ¢!, are based on the Commerce Department defi-
nitions of durable goods:

16) Ad =d, —d_,
7 c=c¢—01-— 0.5r0Ad, +rd,_,

where the imputed yield on durable goods, 1, is the same as that used in esti-
mating current income.

Estimates of the Consumer Expenditure Function

The consumer expenditure function (11) was estimated by ordinary least
squares in both quarterly and annual versions for the entire period 1947-1973
for which complete data were available. For reasons to be discussed in sec-
tion IV, the basic estimates are based on the accrual (private-sector) income
definition and the narrow (M,) money definition.

The use of OLS (ordinary least squares) regressions raises the standard ques-
tions of possible simultaneous equation bias. Leaving aside small-sample objec-
tions to alternative simultaneous equation estimators, | would argue that there
is little problem here anyway. It appears to me that the concurrent effects of
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the consumer expenditure function disturbance on the other right-hand-side
variables must be close to negligible. I base this judgment on two considera-
tions: (1) The disturbances in equation 11 appear very small indeed relative to
the exogenous shifts in the other variables. (2) Reduced form estimates of the
effects of government expenditures on income suggest at most weak
multiplier effects in the first quarter and the first year. Presumably, small
quarter-to-quarter disturbances in consumer expenditures would be met out
of inventories to at least as great an extent as in the case of government ex-
penditures. This judgment must ultimately be tested by embedding the consu-
mer expenditure function in a macroeconometric model.
The annual estimate is'

(18) ¢ =—1489 + 1.08y,+ 0.406y, + 0.681 m,

(—257) (16.69)  (6.87) (4.96)
Pn:
- 0376d_,+290 P’ + 1.49],
(—5.29) (080) "™ (111)
B =0.150,0.23}; SEE = 1.98; R:(adj) = 0.9996; D.W. = 2.39
The corresponding quarterly regression is
(199 ¢ =—2852 + 090y, + 0455y, + 0.189 m,
(—321) (716) (1267 {7.59)
PDI
- 0042d,_,+ 295 + 037,
(—4.39) {0.53) ™ (1.66)

ﬁ = 0.010,0.06}; SEE = 0.744, R2(ad}) = 0.9992; D.W. = 1.08

The two estimates correspond very closely when it is recalled that because of
the stock-flow relationships c, yn, and y;, are measured at quarterly rates in
the quarterly regression.” The low quarterly Durbin-Watson statistic suggests
autocorrelation of the residuals, but that is not present in the annual regression.
This autocorrelation may be due either 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 sug-
gests overly optimistic standard errors, the discussion below will emphasize
the more reliable annual regression.

Because of the important trend element, the adjusted R? is a meaningless
measure of explanatory power.'® More useful is the ratio of the standard error
of estimate to the mean value of the dependent variable. This value is 0.58 per-
cent for the annual regression and 0.86 percent for the quarterly one. If the
consumer expenditure functions were converted to private saving functions
by use of the identities (see Darby 1975, eq. 12), the standard errors would be
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5.0 percent of mean private saving for annuayl data and. 7.5 percent for quar-
terly data. Further, the annual stanclard eiror of estimate is only 34.0 percent of
the standard error for the naive model of footnote 18 and 50 5 percent of the
standard error for a Keynesian consumption function,

In the annual regression, the coefficient of Vi €xceeds 1.0 because 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 eifects on the durables and money stocks. Of special
interest are the implied long-run values for the ratio, k, of pure consumption to
total accrued income and the ratio, o, of private saving to private-sector
income (exclusive of the imputed yield on the durables stock). These values
are estimated at 0.90 and 0.08 respectively on the basis of regression 18.1 I
view of the nonlinear transformations and auxiliary information used in their
computations, these rather standard values are better regarded as rough
checks on the consistency of the regression than as good estimates of k and ¢

The short-run marginal propensity to consume is given by

de;  del dy, dcy dy,

20) — = L2 T
dy,  dyy dy, " dy, dy,

= (1.08)(1115) + (0.406) 0.85) =051

For the quarterly regression, the corresponding value is 0.46. The lower quar-
terly value reflects the smailer impact on permanent income of a one-quarter
change in current income as compared to a one-year change. The estimates of
this 8 weight bracket the value of 0.1 per year (0.025 per quarter) which was
estimated in Darby (1974) on the basis of pure consumption. They will be ana-
lyzed further in section Iv.

by an excess supply of money. (2) Money supply, given its demand, is a good
proxy for the unobservable real yields on substitytes for durable goods.
Another possibly complementary liquidity hypothesis would stress the critical
role of cash balances in providing down Payments for the purchase of consum-
ers” durable goods becayse of the illiquidity of other forms of assets.

To see whether the interest rate would pick up most of the explanatory
power of the real money supply —as suggested by the Keynesian approach—
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The negative coefficient on the real durables stock is significantly larger than
the yield on the stock. This indicates that both the direct substitution of the
yield on durables for nondurable goods and services and the indirect adjust-
ment of the durables stock affect consumer expenditures. Abnormally high
durables sales during a boom imply a period of abnormally low durables sales
later, while low sales during a recession imply high sales later.

The coefficient of the relative price of durable goods is insignificant and of
the wrong sign. Although not surprising —-given that about half of behaviorally
defined durable goods are represented in the denominator—this result is dis-
appointing. An unsuccessful attempt was made to estimate durables stock and
price series inclusive of clothing and shoes. Although the relative price coeffi-
cient became negative, insurmountable difficulties in estimating the initial
stock and depreciation resulted in a dight 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. This is probably due
to relatively rapid quality improvements in durables which mask the real price
changes and bias the coefficient toward zero. (2)If, contrary to the usual
macroeconomic assumption, the supply curve of durable goods is not infinitely
elastic at a given price, the relative price coefficient would reflect the inter-
action of demand and supply effects and be of indeterminant sign.

The nominal interest rate coefficient is slightly positive. This indicates that
the positive effect (from decreasing the demand for money) slightly outweighs
the negative one {from decreasing the demand for durable stock). Since no at-
tempt was made to adjust for expected inflation, the nominal interest rate
would not be expected to have much effect on the durables stock demand. It
is perhaps surprising then, if money demand is significantly interest-elastic. that
the interest rate coefficient is so low.

The early part of the period, say from 1947 through 1953, appeared suspect
for four possible reasons: (1) the constraint on durables goods purchases du-
ing World War li, {2) possible inaccuracies in the starting benchmarks for per-
manent income and the durables stock, 3) the effect on the demand for
money prior to 1951-1953 of pegged interest rates on government bonds, and
(4) the Korean War and associated price controls. The equations were re-
estimated for 1954-1973, but there was no hint of a structural change or even
a significant change in any of the coefficients.” So the entire period is retained
for the statisticai analysis.

Disaggregation into Consumption and Durables Investment Equations

To illustrate the value of the integrated consumer expenditure function ap-
proach, the underlying consumption function (5) and consumers’ durables in-
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vestment function (10} were also estimated separately. For this purpose, the
official definition of durable goods was used to construct estimates (as ex-
plained in “Data Definitions,” above: of pure consumption, ¢!, and household
durables investment, Ad,.

Table 1 contains the regression results. Equation 5 is estimated by regres-
sions 1 and 4 for annual and quarterly data respectively. The previous indirect
calculation 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 official durables
definition would in fact include considerable household investment in mis-
classified durables, regressions 2 and 5 apply the consumer expenditure func-
tion to estimated “pure consumption.” Regressions 3 and 6 apply the house-
hold durables investment function (10) to estimated net investment in
(officially classified) durable goods.

In comparing regressions 2 and 3, it is clear that the estimated net invest-
ment contains about halt of total net investment in a behavioral sense™ The
only significant problem —not present in the quarterly regressions—is that the
coefficient on the lagged durables stock is larger in regression 2 than in 3. This
apparently offsets a slightly high estimated 8 weight of current income in per-
manent income, while quarterly regressions 5 and 6 display the opposite bias,
owing to a low 8 weight.”? 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 what would be
guessed from its derivation and the estimates of the integrated consumer ex-
penditure function. The only significant divergence between the annual and
quarterly results—autocorrelation aside—is apparently due to the use of a
slightly too high value of 8 in the annual regressions and a slightly too low
value in the quarterly regressions.

The disaggregation done in Table 1 takes advantage of the estimated B
weight of current income in perrnanent income from the integrated consumer
expenditure function. A standard multiequation model would make separate
estimates of equations 5 and 10 and combine them by use of identity 4 if a
prediction of total consumer expenditures were required. The 8 estimate of
the durables investment function will be unbiased but imprecise because of
the low coefficient of permanent income. Since the estimates of pure con-
sumption include elements of durabies investment, the demonstration of the
upward bias of 8 (from Darby 1974} applies directly. Nevertheless, the biased
permanent income estimates will provide more accurate predictions of ¢/ than
regressions 1 and 4. In practice an even more favorable estimate of ¢! based on
the Koyck transformation would likely be used instead of equation 5:

Q1) =a+ay +taq-,
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The square roots of the mean squared error, 1947-1973, for the annual and
quarterly consumer expenditure functions fregression equations 18 and 19) are
1.704 and 0.720. The corresponding figures for the maximum likelihood esti-
mates of equations 5 and 10 combined by equation 4 are 3.458 and 1.150. For
the maximum likelthood estimates of eguations 21 Koyck) and 10 combined
by equation 4, the figures are 2.635 and 0.731. The integrated consumer ex-
penditure function does much better than either disaggregated approach for
the annual data. But for quarterly data, the method utilizing the Koyck transfor-
mation does nearly as weli. The quarterly national income accounts data ap-
pear to spread receipts and expenditures over adjacent quarters, however; so
the Koyck 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 magnitudes of
coefficients. The estimated coefficients are internally consistent. The disaggre-
gated estimates are consistent with the original hypothesis that all coefficients
other than permanent income enter because of household investment in dur-
able goods but that nearly half of durable goods in a behavioral sense are in-
cluded in the official data on nondurable goods and services. As a result, disag-
gregate estimates of consumer expenditures derived from separate models of
pure consumption and household durables investment compare poorly with
the estimates of the integrated consumer expenditure function.

[IV] ANALYSIS OF THREE EMPIRICAL ISSUES

The consumer expenditure function is used in this section to investigate
further three empirical issues: (1) the definition of current income that best ex-
plains constimer expenditures, (2) the definition of money that best explains
consumer expenditures, and (3) the value of 8, the weight of cutrent income in
the determination of permanent income.

The two income definitions compared are the accrual and cash receipts con-
cepts’ These two definitions reflect two basic and alternative conceptions of
consumer behavior. The accrual concept is consistent with a view of the con-
sumer as a rational decision maker constrained by total wealth. The cash re-
ceipts concept is sensible if consumers spend nearly all the money they re-
ceive. Until recently, use of the latter concept (disposable personal income)
was the stardard practice. A number of studies in the last decade have moved
toward the accrual concept by adding undistributed corporate profits (s an
estimate of accrued capital gains).

There are many other income definitions which could be considered. For ex-
ample Barro (1974) and Kochin (1974} have recently argued that government
bonds may not be viewed by the private sector as net wealth. In that case an
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accrual definition of income would be essentially net national product less
government expenditures for goods and services pius the increase in high-
powered (base) money** Feldstein (1974) on the other hand argues for inclu-
sion of an estimate of increases in “social security wealth.” Another issue con-
cerns the transfer of purchasing power to the government through inflation.
This would suggest subtracting the rate of inflation times high-powered money
and govemnment bonds (if government bonds are included in net wealth). In
view of the high estimation costs of dealing with many alternative income defi-
nitions simultaneously with the other two main empirical issues, it was decided
to compare orly the basic accrual and cash receipts definitions, leaving for
further research comparison of finer differences conditional on a particufar
money definition and 8 weight.

I section lll 1 used the M, (currency plus demand deposits) definition of
money. In this section, | compare M, with two other money definitions that
have received considerable attention by monetary economists: M, (M, plus
time deposits at commercial banks exclusive of large negotiable certificates of
deposit) and M; (M, plus savings and loan and mutuai savings bank deposits).

The M, data used are an average of the monthly data deflated by the implic-
it price deflator for personal consumption expenditures. Unfortunately, Federal
Reserve data for M, are available only from January 1959 on while the Fried-
man and Schwartz (1970} data contain no series using the official M, definition.
Monthly estimates of M, for 1947 through 1958 were made on the basis of the
Friedman and Schwartz data on savings and loan and mutual savings bank de-
posits.”> The M, data used in this series are averages of that monthly data de-
flated by the implicit price deflator for personal consumption expenditures.

In Darby (1974), removal of the specification bias resulted in an estimated 8
weight of 0.1 per year in terms of an essentially pure consumption model. In
this section | examine whether that estimate holds up in the consumer expen-
diture function under alternative definitions of income and money. Were g8 not
estimated for each combination it could bias the choice of the best combina-
tion of income and money.

These three empirical issues are examined simultaneously, using the regres-
sions reported in tables 2 annual data) and 3 (quarterly data). The message of
these tables is very clear: The accrual income concept and the 4, money con-
cept do much better in explanatory power (as judged by the sum of squared
residuals or standard error of estimate) than the alternatives. Further, the 8
weight of 0.1 per year previously estimated on the basis of pure consumption
continues to hold up in the consumer expenditute function.

Consider first the definition of income: For each money definition and for
both annuai and quarterly data, the accrual definition of income does better
than the cash receipts definition.?* SSR for the best cash receipts definition re-
gression exceeds that of the corresponding accrual definition by 41.8 percent
for the annual data and 10.6 percent for the quarterly data?” Given the success
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662 Michael R. Darby

of the model, which posits rational consumers faced with a wealth constiaint,
it would have been disconcerting to discover that the accrual definition of in-
come did not do considerably betier than the cash receipts definition.

As to the empirical definition of money, the results are similar. For either defi-
nition of income, the M, definition does better than cither M, or M, Compared
with the best M, estimate, SSR for the best alternative, M,, is 32.9 percent
higher for annual data and 111 percent higher for quarterly data. The coeffi-
cients of real money balances would be expected to decline in moving from
M, to M, to M, (because of the increasing absolute magnitudes). However, the
standard errors decline less rapidly (hence, the ¢ values fall), suggesting that M,
and M, are properly interpreted as proxies for M, In addition, M, does a bit
better than M, suggesting that consumers find bank and nonbank time de-
posits much better substitutes for cach other than they find alf kinds of time
deposits for M,

As already discussed in section I, the estimates of 8 bracket, but in no case
significantly differ from, the previous estimate of 0.1 per year or 0.025 per
uarter. As chiscussed in footnote 22 below, the high correlation of the durables
stock and permanent income for low B weights make precise estimation im-
possible. However, it is clear from the behavior of the likelihood function that
the actual 8 weight must lie in the neighborhood of 0.1 per year (0.025 per
quarter). This is illustrated in figures 1 and 2, which are graphs of the sum of
squared residuals as a function of the g weights for annual and quarterly data,
respectively. The critical value of SSR for a two-tailed likelihood 1atio test at the
90 percent significance level is indicated in each figure by SSR* Between zero
and 0.2 for annual data and, equivalently, between zero and 0.05 for quarterly
data, the SSR is rather flat; hence, the minimizing B weights of 0.15 and 0.01,
respectively, are little better than any other value within that range. From 0.2
to 0.6 per year (0.05 to 0.2 per quarter), SSRrises very rapidly to a much higher
plateau. So the estimation of B is imprecise within the range from 0 to 0.2 per
year, but any value much above that range, including Friedman’s originaf
{1957) biased estimate of 0.35 per year, can be easily rejected (see Darby
1974, especially pp. 233-234).

Regressions 7 and 13 (presented earlier as equations 18 and 19) have incon-
sistent @ weights. Since the average of the two 8 weights is 9.5 percent per
year and there is no reason to reject the previous figure of 10 percent per year
based on a pure consumption model, consistent estimates of the consumer ex-
penditure function were made based on a Bweight of 0.10 per year and 0.025
per quarter. The annual estimate js*

20 = 1475 4 1005y, + 0446y, 4+ 0,729 m
(—252) (17.42) (7.98) (5.07)

P,
= 0289d 4 303 = & 196,
i~4.60) 0.83) N (] 47)
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Sum of Squared Residuals as a Furniction of the 8 Weight:
Annual Consumer Expenditure Functions

1, SEF = 2.00; R*{adj) = 0.9996; D.W. = 2.39

The corresponding quarterly estimate is

(23) ¢’ =—3047 + 0971y, + 0460y, + C187 m,

(

g=o.

—3.37) (25.88) (12.85) {(7.51)

P
~  0065d_, + 276 == + 033
(—6.01) (0.49) "M (1.43)

025; SEE =0.746; R* tadj.) =0.9992; D.W. = 1.07

Strong evidence has been presented in this section for the following empiri-
cal propositions: (1) The accrual (private-sector income) definition of income
explains consumer expenditures better than the cash receipts (disposable per-

sonal income)
ant determina

definition. (2) The narrow, M, , definition of money is an import-
nt of consumer expenditures and significantly better in explana-

tory power than either broad definition, M, or M,. (3) The weight, 3, of current
income in permanent income lies in the range from zero to 20 percent per year.
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FIGURE 2 Sum of Squared Residuals as a Function of the B Weight:
Quarterly Consumer Expenditure Functions

(VI CONCLUDING REMARKS

The central theme of this paper is the empirical value of an integrated consu-
mer expenditure function in explaining consumer expenditures. The theoretical
value of the function is that it concentrates directly on the variable of prime in-
terest to macroeconomists. But the alternative treatment of household invest-
ment in durable goods as a component of an enlarged definition of total in-
vestment also has theoretical appeal. The basic attraction is therefore the em-
pirical one. The integrated approach is much less subject to biases introduced
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 reported here: The con-
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sumer expenditure function explains the data well and significantly better than
the multiequation, pure consumption-household investment approach. The
reason for this superior performance is that the official data on durable goods
expenditures include only about half cf 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 re-
ceipts (disposable) personal income definition; (2) the narrow, M,, definition
similarly does better than either M, or M,; and (3) the 8 weight of current in-
come in the formation of permanent income lies somewhere in the range from
zero to about 20 percent per annum. While there is no a priori presumption
about the best money definition, the results based on the income definition
and the B weight reinforce the basic conception underlying the model—that
consumers are rational decision makers constrained by total (human and non-
human) wealth as estimated by permanent income. The rationality of consu-
rners would certainly be questionable if they responded to cash receipts rather
than accrued income. A 8 weight of about 10 percent per annum, which is the
estimated real yield on totai wealth, is preferred to the higher weights esti-
mated in rmany previous studies.”’

The empirical advantages of an integrated consumer expenditure function
seem clear. Future research might be directed at substituting a life-cycle model
for the permarient income explanation of pure consumption to compare their
explanatory powers. Other areas for possible improvement would be either
the generalized stock adjustment hypothesis (6) or the underlying stock de-
mand functions (7) and (9). A somewhat different line of research would utilize
the consumer expenditure function to examine finer definitions of accrued in-
come adjusted for increases in government debt, in social security wealth, or
the inflationary tax on base money and possibly government debt.

DATA APPEMDIX

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

Table A-1 contains annual data for nominal and real private-sector income,
the current and permanent freal) income on the accrued definition, the real
durables stock, and the nominal ‘M, money supply. Table A-2 contains quar-
terly data for the same series. Table A-3 contains the monthly nominal M, data
through 1959, when they tie in with the Federal Reserve Board's published
data.



TABLEA-1  Annual Data Series, 1946-1973

o yl,s. )’f‘m You d[ ,’\/1“
r
M (2) (3) (4) {5) (6)

1946 163.22 - - 223.77 7243 -

1947 176.05 22596 233.20 23243 81.33 172.71

1948 20045 24336 251.49 24235 30.01 176.74

1949 199.35 24400 253.00 251.78 99.09 17810

1950 21517 259.67 269.58 262.24 112.21 18388

1951 235.42 265.77 276.99 272.76 119.75 191.82

1952 246.85 27281 284.79 283.37 125.42 204.35

1953 258.70 28212 294.66 294.27 134.05 215.89

1954 26397 285.46 298.87 304.88 141.22 22928

1955 285.02 307.21 32133 317.04 15410 24053

1956 30037 317.00 332.41 329.51 162.61 250.40

1957 31490 322.48 338.74 34179 169.93 261.83

1958 32282 32281 339.80 353.38 172.69 27857

1959 34565 34129 358.56 366.08 180.20 29562

1960 355.80 34578 363.80 378.48 187.32 305.57

1961 369.60 35563 37436 39112 19238 326.65

1962 392.97 374.70 393.94 404.89 201.22 350.86

1963 411.05 387.31 407 .43 419.11 21254 380.07

1964 44752 416.86 438.12 435.46 226.49 41007

1965 486.17 446.71 469.36 45387 24478 44483

1966 526.20 471.67 496.15 473.75 264.24 476.19

1967 556.55 486.46 512.88 494.00 28117 511.70

1968 596.87 503.97 532.09 514.84 302.65 55449

1969 633.10 512.47 542.74 535.39 323.88 588.93

1970 683.57 528.42 56G.81 556.39 339.49 61394

1971 744.15 553.84 587.78 578.72 360.34 692.55

1972 804.55 581.95 617.99 602.60 388.58 778.92

1973 905.25 620.52 659.37 629.06 419.04 862.13

\“\_\

NOTE:  Columns1 thiough 5 are based on final data through 1971 Federal Reserve estimates of M) are subjer t
to change back to 1959

Col- 12 Private sector income in billions of current dollars. To update or extend: )’:"5: net national product less
the foliowing: government purchases of gnods and servicos, government surplus (NIA [national income
accounts} basis), stat istical discrepancy INIA). feder| Rovermnment transfer payments to foreigners tnet),
personal transfer payments to foreigners

Caol. 2 Private sector income in billions of 1958 dollars. To update or extend- vfs = )’fs deflated by the implicit
price deflator for personal consumption expenditures '

Col. 3: Private sector income in hillions of constant (1958} dollars adjusted fox the imputed yield nn the stock of
consumers’ durable guods—the accrual concept of income. To update or extend: yf’m"' = y{'s
+01d,_,.

Col. 4: Permanent income based on yf‘m and a B weight of 0.1 thillions of 1958 dollars). To update or etend:
Ve = Gy S0V 4 0.9344862v,,_,.

Col.5: Stock of consumers’ durable g0ods at the end of the year (billions oi 1958 doflars) To update or extend:
Fourth-guarter data from Table A-2.

Col.6: Money stock, M. in biflions of current dollass To update or extend: Average of monthly Federal Re-

serve data beginning 1959



TABLEA-2 Quarterly Data Series, 1964:4-1973:4

yrs ylps yrsoY Vi d M,

m (2) (3) (4) (5) (6)
1946:4 169.9 - - 22717 72.43 -
19471 170.4 223.62 230.87 229.39 74.56 169.19
1947:2 1720 223.96 231.41 231.58 76.76 17188
1947:3 1793 228.99 236.67 233.88 78.89 174.06
1947:4 182.5 227.27 235.16 236.09 8133 175.72
1948:1 1905 23490 24303 238.47 83.63 176.74
16482 1995 243.29 251.66 24103 85.83 176.27
1948:3 205.1 246.22 254.80 24363 88.02 176.96
1948:4 206.7 249.04 257.84 246.26 90.01 176.99
1949:1 201.1 24435 25335 24874 91.77 177.05
1949:2 1989 243.15 252.33 25115 94.01 178.04
1949:3 199.8 245.76 255.16 253.60 96.48 178.34
1949:4 197.6 24275 252.40 255.94 99,00 178.97
1950:1 2095 257.69 267.60 258.63 101.86 180.75
1950:2 209.7 256.67 266.86 261.25 104.59 183.50
1950:3 2173 260.24 270.70 263.93 109.11 184.87
1950:4 224.2 264,08 274.99 266.67 12.21 186.42
195111 226.0 257.11 26833 269.20 115.28 187.97
1951:2 2346 265.99 277.51 271.93 117.00 190.00
1951:3 2400 27119 282.89 274.74 118.43 192.80
1951:4 2411 268.78 280.63 277.46 119.75 196.50
1952:1 2419 268.78 280.75 280.13 121.08 199.80
1952:2 2426 269.26 281.36 282.78 122.51 202.66
1952:3 248.0 273.73 285.98 285.51 123.40 205.85
1952:4 2549 279.50 291.84 28833 125.42 209.08
1953:1 258.0 28258 29513 291.20 127.75 21172
19532 260.1 284.26 297.04 294.06 129.97 214.98
1953:3 259.6 28217 295.17 296.84 132.05 217.26
1953:4 257.1 279.46 292,66 299,51 134.05 219.60
1954:1 260.6 281.42 294.83 302.19 135.61 22913
1954:2 2613 282.18 295.74 304.86 137.34 225.62
1954:3 2636 28528 299.01 307.56 139.08 229.51
1954:4 270.4 292.96 306.86 310.42 141.22 23287
1955:1 276.6 298.70 312.83 313.38 144.08 236.60
1955:2 2837 306.37 320.78 316.49 147.45 239.40
1955:3 287.4 309.36 324.11 319.64 151.00 24187
1955:4 2924 314.41 329.51 322.88 154.10 244.27
1956:1 2939 313.99 329.40 326.06 156.46 24653
1956:2 297.8 315.80 331.45 329.24 158.63 249.10
1956:3 3023 317.21 333.07 332.41 160.50 251.50
1956:4 307.5 320.98 337.03 335.63 162.61 254.47
195711 3111 32172 337.98 338.83 164.84 257.63



TABLE A-2 (continued)
Yf\ Y " yf“” Vi d! A'1!r
m (2) (3} {4) (5) 6)

1957:2 3142 32292 339.40 342.01 166.72 260.60
1957:3 3180 32416 340.83 34518 168.37 263 .43
1957:4 3163 321.12 33795 348.22 169.93 265.67
19581 314.4 315.66 332.65 351.09 176.72 269.60
1958:2 3176 317.60 334.67 353,96 171.20 276.47
1958:3 3251 324.77 341.89 356.97 17183 281.80
1958:4 3342 333.20 350.38 360.14 172.69 286.43
1959:1 3398 3377 355.04 363.38 174.35 290.90
1959:2 348.1 344.99 362.43 366.75 176.43 294.73
1959:3 345.3 339.86 357.50 369.95 178.60 297.87
1959:4 349 4 342.55 360.41 37317 180.20 299.00
1960:1 3541 346.14 364.16 376 43 182.25 299.80
1960:2 3569 34752 365.74 37968 184.26 302.07
1960:3 3572 346.80 365.22 382.87 186.01 307.50
1960:4 3550 34266 361.27 385 .91 187.32 312.93
1961:1 357.7 34460 363.34 388.95 188.11 318.27
1961:2 366.0 35294 371.75 39215 189.24 323.97
1961:3 3726 35827 37719 395 .44 190.62 329.43
1961:4 3821 366.70 385.76 398.90 192.38 33493
1962:1 386.9 37024 389.48 402.39 194.48 341.47
1962:2 3916 37402 39347 405.93 196.48 348.33
19623 394.4 37562 395.27 409.46 198.77 353.27
1962 :4 399.0 378.92 398.79 413.02 201.22 360.37
1963:1 402.6 381.25 401.37 416.59 203.88 368.63
1963:2 406.7 38368 404.07 42017 206.60 376.50
1963:3 4141 38992 410.58 42385 209.53 383.70
1963:4 420.8 39438 415.33 427.60 212.54 391.43
1964 :1 4335 405.52 426.77 431.58 215.95 397.73
1964:2 445.7 41538 436.97 435.75 219.61 404.83
1964:3 453.2 421.97 443.93 440.02 223.35 414.27
1964:4 457.7 42458 446.92 444.31 226.49 423.47
1965:1 4690 433,46 456.11 448.76 231.03 432.20
1965:2 477.0 438.42 461.52 45327 235.15 43950
1965:3 493.6 45284 476.36 458.08 239.75 448.37
1965:4 505.1 46212 486.10 463.07 244.78 459.27
1966:1 513.5 465.97 490.45 468.08 250.26 468.13
1966:2 520.0 467.21 49223 473.06 254.71 47477
1966:3 529.6 473.28 498.75 47812 259.60 47863
1966:4 541.7 480.23 506.19 483.29 264.24 483.23
1967:1 5445 480.58 507.01 488.40 268.12 492 .40
1967:2 550.8 484.01 510.82 49353 272.75 505.17
1967:3 560.7 488.41 515.69 498 69 27698 519.33
1967:4 570.2 492.83 520.52 503.90 28117 529.90
1968:1 579.6 496.23 52435 509.12 286.27 538.60



TABLE A-2 (concluded)
yf_; ny )/fsm' Ve d( M;,
{1) (2) 3 (4) (5) (6)

1968:2 595.7 504.83 533.46 514 .49 291.45 548.13
1968:3 602.3 506.99 536.13 519.84 297.21 558.90
1968:4 609.9 507.83 537.55 525.14 302.65 572.33
1969:1 613.8 506.44 536.70 530.34 308.46 58290
1969:2 626.5 510.59 541.44 535.57 314.00 589.30
1969:3 6427 517.06 548.45 540.90 319.02 590.73
1969:4 6494 515.81 547.7°1 546.12 32388 59280
1970:1 660.6 518.12 55051 551.34 328.28 594 87
1970:2 6813 52978 562.61 556.77 33278 604.30
1970:3 695.2 536.01 569.28 562.29 337.01 619.60
1970:4 697.2 529.79 563.49 567.58 33249 637.00
1971:1 7225 544.46 578.41 573.15 34438 659.47
1971:2 7414 552.87 587.31 578.86 34919 685.43
1971:3 7489 554.74 589.66 584.54 354.60 703.80
1971:4 763.8 563.27 598.73 590.36 360.34 721.50
1972:1 775.2 566.67 602.70 596.19 366.65 744.03
1972:2 7914 574.73 611.39 602.14 373.42 765.97
1972:3 809.1 583.35 620.69 608.23 380.78 790.67
1972:4 8425 603.08 641.16 614.74 38858 815.00
1973:1 8733 617.61 656.47 621.53 397.72 835.87
1973:2 8933 19.06 658.83 628.27 406.03 854.50
1973:3 915.1 62252 663.12 635.01 413,59 870.47
1973:4 9393 622.88 66G4.24 64168 41904 887.70

NOTE: Columns 1 through 4 are at seasonally adjusted anrual rates; divide by 4 to obtain the seasonally ad-
justed quarterly rates used 1n the text. Columns 1 throughk 5 are based on final data through 1971:4.
Federal Reserve estimates are subject to change back to 1959.

Cols. 1-3:  As defined in the corresponding notes to Table A-1. To extend or update, see Table A-1.

Col.4: Permanent income based on )g”sm’and a B weight of 0.025 per quarzer (billions of 1958 dollars). To up-

date or extend: ypy = 0.025y

*D 4+ 0.9843473ypy_

Col.5:  Stock of consumers’ durable goods at the end of the quarter (billkons of 1958 dollars!. To update or ex-
tend: d, = 0.24375c? +0.95d,_,, where ¢{ is consumption expenditures for durable goods in constant
1958} dollars at seasonally adiusted annual rates.

Col.6:  See corresponding note in Table A-1.
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NOTES

10.
11.

13.

A rough definition of behavioral durability is responsiveness to transitory income. Consumer
expenditures for durable goods and for clothing and shoes are about equally responsive to
changes in transitory and permanent income, but all other expenditures are only about one-
Quarter as responsive to changes in transitory compared with permanent income. Thus the
official Commerce Department definition does appear to Capture goods significantly more
durable than those classified *s nondurable goods and services (with the exception of
clothing and shoes). Given the relative magnitudes, however, the remaining durable ele-
ments in “nondurable goods and services” are nevertheless quite significant.

In my earlier work (1972, 1975), this adjustment was neglected because of the small differ-
ence from unity for quarterly data (with & = 0.05,1 — 056 = 0.975),

This adjustment, 100, is small for quarterly data. Using r = 2.5 percent per quarter or 10 per-
cent per year, 1 — 0.5r = 0.9875 for quarterly data or 0.95 for annual data.

I'am assuming 2 constant real yield, 1, here. in fact, r would vary over time — particularly
when the stock of durables is not at its long-run optimum. The observed willingness of con-
sumers to use durables to absorb transitory income shocks suggests that the actual real
yield variations are negligible.

Darby (1974} demonstrates the interpretation of permanent income as a perpetual inven-
tory of wealth.

Other possible influences have been omitted either here or helow in completing the specifi-
cation 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.

A real interest rate is correct here. If mr is the expected inflation rate and 1 the marginal tax
fate on interest (see Darby 1976, pp. 74-75), then the & term should be & {i ~{w/(1 —~ 1)).
Carrying through to equation 10, this implies that a term —(A,e;/(1 — 7] is omitted
from the specification. Since 1 and i are positively correlated and —Ajay/(1 -~ ) is posi-
tive, this imparts a positive bias to the estimated interest rate coefficient. The task of includ-
ing an estimated inflation rate is left for future research.

The coefficient of permanent income will capture the effect of wealth and of secular trends
in institutions, payments technology, and so forth. The coefficient of transitory income re-
flects both effects of windfalls on portfolio adjustment and of cyclical variations in transac-
tions (see Darby 1972),

Unfortunately, even given the value of 1, the oniy structural parameters that can be recoy-
ered from the regression coefficients are Ay, Ay, and @,. The other ten parameters cannot be
separately identified.

Basic data series were all drawn from the NBER data bank

This amounts to the usual ten-year-life, double-declining-baiance method. The initial value
for December 31, 1946, was computed from Raymond Goldsmith's (1962} data as 72.43 bil-
lion 1958 dollars. See Darby (1972, pp. 931-932) for details. This calculation requires that ¢
be measured at quarzerly rates in order to integrate flows into stocks.

A theoretically more attractive detinition would be to base the imputation on the average
durables stock for the period d_; +0.5 Ad,. This was not done because it may impart
spuricus correlation, particularly in the disaggregated estimation of the Ad, equation.

That is, private-sector income equals disposable personal income + undistributed corpor-
ate profits + wage accruals less disbursements + corporate inventory valuation adjustment
less other personai outlays. For computational purposes, an equivalent definition is net na-
tional product less taxes net of transfers (ie., government purchases of goods and services
+ NIA national income accounts] surplus) less government and private transfers to for-
eigners less statistical discrepancy.
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14 This growth rate s implicit in saving plans The teqaited growthrates and initial vadues Yo 10
= 1946 for annnual data and 194614 for quartery data) were estimated by alop-linear teeng
(see Darhy 1974 for details) as

Income Concept 8 Viv
Acaual Gnnaal data 00832 223778
Accmal quarteily data 000454 56 749144
Cash receipts Qanaal datad 004001 213973
Cash receipts woartely datad 001001 544573

15, This senies is the most prohlematical it was painted out i the introduc tion that roughly half
af behaviorally durable goads aze included among nondurable geods and services. Thus
their prices will be included in the denaminator instead of the numerator. Also, the durable
goods price deflator is genenally betioved hiased 1elative 1o the nondarables deflator be-
cane of more rapid quality improvements in the former

16 The tvalues are given in parentheses. The square brackets indicate the confidenc e interva!
fora prebabifity of mare than 90 percent computed on the basis of the asvmpiotic distriby-
tion of the logatithm of the fikelibood fundtion. For the anmal regression, 8 =0, 0025,
0.050...,0.97%, 1000 was searched far the value that maximized the likehhood function. For
the quarterly regression, ﬁ =0,.001.002..., 099, 1.00 was wsed.

17 See the amlysis of the cacfficients helow cquation 11 The annual coetficients shauld he
approvimately fowr times the quarterly ones except far those of y, and Y- Only the
amaunt by which 8, exceeds k is multiplied by 4 far yg. The coefficient 8, of y,, shauld bie
essentiafly unchanged, as the lower Quarterly vahue of Ay is affset by a higher vatue of ¥s:
hence, the only expected change is due 1 the slightly highe quarterly value of the (1
— 050 adjustrzent factar.

18, For example, a nawve first o der autoregiession shaws a very high R? for the annual data:

= —472 + 1054 ¢},
(=1.14) (88.47)

where SEF = 5.82- RI(.I(’i.) = 0.9968; and D.W. = 2. H.A

19 The value of k is estimated on the basis af k =8 -0 - ().SI)[(J‘ ~ A+ Aay
~ Ayl The imputed yieid r =01, fiom regiession 18, 8, = 1.08; A, = —(8, + /(1
—05) =029; i, = ﬁ,/ﬂ =051 =072 The values of &, and F, we estimated hy
dividing the total sample-periad change in the duables stock and the 1eal money stack, 1e-
spectively, by the ttal change in permanent income Sa @, = 0.79 and %1 = 0087. The cs-
timalm!ﬁvnlm of 3is camputed as ) = (Ad)*lyy = a, Byn/yp)" =&, g/ + 21 =0.029,
where g =0.03832 fram faotnote 12 above. Substitution yields k =1.08 - 095 (0.021
+0.229 - 0063) = 0.90. The estimate of a is campitted by noting that in the long-run v
=y = rdy_, and

1 Ad i,
Tmo=o——— k(1 -05p — -, &2
1—(!4_,/);.,) Yoy Vg
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20.

0.

22.

23.

24.

25.

26.

27.

Taking d_, /yp, = & — =076,
1= 6 = (1/9.924){0.90 + (0.95)(0.029) - (0.10)(0.76)] = 0.92

So T = 0.08.

The estimates of the 3 weight of current income in permanent income were a bit closer to
the value of 0.1 per year estimated in Darby (1974). The only other noticeable —though sta-
tistically insignificant —changes were generally higher (in absolute value) estimates for the
coefficients of money and the durabies stock. All these changes are consistent with the hy-
pothesized shift, but the standard errors of estimate actually deteriorated slightly in the
truncated period.

The coefficient of transitory income, yy,, is higher in regression 3 than in 2, reflecting the
larger offset in {3} due to its higher money coefficient. Note that, rounding error aside, re-
gressions 2 plus 3 less 0.1 d,_, equal regression equation 18. Similarly, regressions 5 plus 6
less 0.025 d,_, equal regression equation 19.

! am indebted to Thomas Mayer for the observation that for low B weights, permanent in-
come and the durables stock are closely related because of the high correlation between
transitory income and fluctuations in household durables investment. A high estimate of 8
applies too low a weight to past transitory income and can be offset by a more negative co-
efiicient on the durables stock. This correlation is the probable explanation for the relatively
flat likelhood function at the low end of the Brange, as discussed in section IV. In regres-
sions based on a B weight of 0.1 per year (but not reproduced here), the coefficient of d,_,
is =0.092 for the c dependent variable and —€.102 for the Ad, dependent variable. Con-
sumer expenditure functions for 8 = 0.1 per year and 0.025 per quarter are presented in
section IV.

As explained in the first part of section Ill, the accrual concept is private-sector income ad-
justed for the yield on the durables stock, while the cash receipts concept is disposable per-
sonal income with the same adjustment. The conclusions as to the relative merits of the two
cencepts are not affected by omission of the durables yield adjustment.

To be precise, transfers to foreigners and the statistical discrepancy should aiso be sub-
tracted.

The monthly M, data for January 1947 through December 1959 are reported in the Data Ap-
pendix. Monthly savings and loan deposits were interpolated between annual 11947-1949)
and quarterly (1950-1954) benchmarks by the use of mutual savings bank deposits.

The quarterly sums of squared residuals are biased downward by the autocorrelation indi-
cated by the low Durbin-Watson statistics. Note that this statistic is 1.08 for the acerual def-
inition and 0.94 for the cash receipts definition (regressions 13 and 14 respectively}. Only
regressions 17 and 18 for the quarterly M, comparisen are close to a dead heat. That pre-
sumably reflects some pecutiarity in the data which also accounts for the unusually high 2
estimate of 0.06 per quarter in regression 17.

In comparing definitions such as these, the hypotheses are not strictly nested and no gener-
ally 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,
#, (to be estimated) between 0 and 1, the cash receipts definition would be nested (with
the restriction g = 1) in the more general hypothesis that income is the sum of the accrual
concept plus u times the difference. For this model, S5R could not be greater than SSR for
=0 (the accrual income definition). If we suppose that this upper limit on the uncon-
strained sum of squares is the actual value—which is favorable to accepting the cash re-
ceipts definition—the likelihood ratio test could be used. The critical value at the 5 percent
significance level for the excess sum of squares would then be 15.3 percent for annual data
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and 3.6 percent for quarterly data. So even on this appatently genesous test, the cash re-
ceipts definition is significantly worse than the accrual definition. The same argument and
cntical values would apply to the money definitions discussed below.

28 The tvalues are given in parentheses. The greater than Y0 percent confidenc e interval for g
is [0,0.23] for annual tata and [0, 0.00] for quartery data.

29 The analysis of this specification bias is contained in Darby (19741 A 10 percent per yeas
B weight was estimated there on the basis of a pure consumption model
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