Yale University

EliScholar — A Digital Platform for Scholarly Publishing at Yale

Cowles Foundation Discussion Papers Cowles Foundation

8-1-1968

Money lllusion, Price Expectations, and the Aggregate
Consumption Function

William H. Branson

Alvin K. Klevorick

Follow this and additional works at: https://elischolar.library.yale.edu/cowles-discussion-paper-series

b Part of the Economics Commons

Recommended Citation

Branson, William H. and Klevorick, Alvin K., "Money lllusion, Price Expectations, and the Aggregate
Consumption Function" (1968). Cowles Foundation Discussion Papers. 486.
https://elischolar.library.yale.edu/cowles-discussion-paper-series/486

This Discussion Paper is brought to you for free and open access by the Cowles Foundation at EliScholar - A
Digital Platform for Scholarly Publishing at Yale. It has been accepted for inclusion in Cowles Foundation
Discussion Papers by an authorized administrator of EliScholar — A Digital Platform for Scholarly Publishing at
Yale. For more information, please contact elischolar@yale.edu.


https://elischolar.library.yale.edu/
https://elischolar.library.yale.edu/cowles-discussion-paper-series
https://elischolar.library.yale.edu/cowles
https://elischolar.library.yale.edu/cowles-discussion-paper-series?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F486&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/340?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F486&utm_medium=PDF&utm_campaign=PDFCoverPages
https://elischolar.library.yale.edu/cowles-discussion-paper-series/486?utm_source=elischolar.library.yale.edu%2Fcowles-discussion-paper-series%2F486&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:elischolar@yale.edu

Note:

pox 2125, Yale Station
¥ev Heven, Comecticwt

COWIES YOWNDATION DISCUSSION PAPER NO. 203

Cowles Feundation Discussion Papers are preliminary
mterials circillated to stimiste disewssion sad
eritiexl comment. Requests for siagls cepies of a
Paper will be filled by the Cowles Fowndation with-
in the limits of the supply. References in publi-
eations te Discussion Papers (other than mere
acknowledgeest by & writer that ha hss sccess to
sush unpublished material) should we elesred with
the suther to protect the temtstive cherscter of
these papers.

MONEY TILUSION, PRICE EXPECTATIONS,
AND THE AGGEEGATE CONSUMPTION FUROTION

Willisw N+ Brausen and Alvin K. Klaveriex

August 1k, 1968



MONEY ILLUSION, PRICE EXPECTATICNS,
AND THE AGGREGATE CONZSUMPTION FUNCTICH

#illiam H. Branson and Alvin K. Klevorick#*
“Princeton University and Yale University

I. Introduction and Background

A standard result of the theory of raticnal consumer
behavior in a monetary economy is that a consumer's demand func-
tions for commodities are homogeneous of degree zerc in money
prices, money income, and money wealth.l Raticnal utility-
maximizing behavior in a statlic world leads to commodity demand
functions which depend on the array of relative prices, real
income, and real wealth so that an equiproportionate change in all
money prices, money income, and money wealth would leave the quan-
tities demanded by the consumer unchanged. Patinkin has defined
this condition as the absence of money illusion. People whose
demands for commodities would be altered by an eguiproportionate
change in all money prices, money income, and money wealth are

said to "suffer”" from money illusion, .

* The regearch described in this paper was partially suppeorted by
grants -from the National Science Foundation and the Mobil Foundation.
Computation was done at the Princeton University Computer Center
using the program "TSP" written by Robert E. Hall, with angfilmen sub-
routine by Charles W. Bischoff, Research assistance was provided by
Raymond Hill and Michael Murphy of Princeton University.

loce patinkin [22, pp. 17-23, b403-405, and passim] and Samuelson
[2h, ch. v].
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Aggregating over all commodities purchased by the consumer,.
this standard theorem leads to the conclusion that an individual's
total real consumption demand is homogeneous of degree zero in money
prices, money income, and money wealth. Finally, aggregating over
211 consumers, this regult would imply ﬁhat the economy's aggregate
real consumpticn ghould be a function of aggregate real income and
aggregate real wealth, but not the price level.

lThere are, however, at least two plausible reasons for
expecting aggregate consumption behavior to differ from the behavior
predicted in the static model of traditional consumer theory where
rationality and perfect information prevail. The world we observe
is a dynamic one. It is also one in which irrationality may exist
and in which there are difficulties associated with the collection
and interpretation of reliable information and lags in the process-
ing of information. Suppose, for example, that prices have risen
in the current guarter and, say, in the previous two or three
quarters, with the valué of money income and money wealth increas-
ing proportionately. The pure theory of consumer behavier would
predict no change in the aggregate level of real consumption. But
if consumers extrapolate this price trend to the next guarter,
and perhaps beyond, they may well increase their present real
consumption in anticipation of the future price increase.
Alternatively, if they believe that the rate of price ilncrease
cannot be sustained for another guarter and hence expect the price
level to decline shortly, they may postpone real consumption.

On the other hand, real-world consumers may suffer from

money illusion, being different from their teoretical counterparts



in this respect. It may be that even in a gstatic framework,
congumers who generate the data we gather do not properly perceive
their real income and real wealth. They may see their wmoney incomes
or stocks of nominal assets as convertible into more or fewer real
goods and services than market prices actually allow. It is much easier for
them to perceive their money income and wealth correctly than it
is for them to aggregate a price index accurately for their con-
sumption bundles, present and future.
In a recent paper, E. J. Kane and A. K. Klevorick [14]
discussed the phénomenon of money 1llusion and its origin as a
metter of price-level illusion. The price level consumers use in
determining their consumpticn expenditures (PI) is, in this case,
something other than the "true" price level P. Consumers respond
to their perceptions of their real incomes and real wealths, Y/PI
and W/PI’ rather than to the true values of these guantities.
Kane and Klevorick show that even if one suspects that
consumers do suffer from such money illusion, it is not necessary
to fear that the "invalid dichotomy" lurks in the background. So
long as market participants' perception of the price level is sensi-
tive to the true price level, the invalid dichotomy is destroyed.
The fact that a determinate price level is observed in the real
world does not, therefore, provide prima facie evidence against
the possibility that consumers suffer from money illusion.
Specifically, Kane and Klevorick investigate a
parameterization of the misperceived price level in which PI = Pa
with O <@ <o, This parameterization permits replacement of the

dichotomous classification of complete absence of money illusion



(@ = 1) and presence of money illusion (@ = Q){by a continuum

of degrees of nmoney illusion measured by 1-&. It is then shown,

using this parameterization, that "it is not the complete absence
of money illusion (@ = 1), but only the absence of extreme money

illusion (& = Q)fwhich is necessary for prices to be determinate

and money neutrai."2

The proposition that consumers are free of money illusion
has not been subjected to systematic testing. Consumption functions
have generally been estimated using either money or real values of
the variableg. Rarely has any attempt been made to compare the
results obtalned when the same specification is used except for the
aubstitution of real for money Qalues or vice versa. Two exceptions
are R, Ferber's [1ll] encyclopedic cdmparison of the main statistical
gtudies of the assumption Tunctien that were completed pricor to 1951
and J. J. Arena's [5], [6] study of the role of net worth and capital
gains on that net worth in determining real consumption.

Neither of these studies Xiﬁlds any significant conclusions
about the presence or absence of money illusion. Ferber re-estimates
the parameters of all aggregate consumption function studies he
selected using 1923-40 or some ﬁbrtion thereof as the periecd of
observation and the postwar yéars as the period to be predicted,
and compares the predictive power of the deflated and undeflated
forms of the equations he estimates. He finds that, "Price

deflation generally improves predictive accuracy, but its effect

“Kane and Klevorick rih, p. 423].
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seems to depend on the accuracy ol the undeflated function.
Those Tunctions that were most accurate ... were less often
improved by price deflationn”3
Arena's results also fall to provide much insight into

the guestion of the presence of money illusion. The regults he
obtains for the deflated-values equation "are about the same,"

he writes, as those obtained for Lhe equation in money terms.

=i% specification assumes that the consumption-function cguation
has a constant term whether the variables are measured in real or
in money valucs. The pregence of the constant term in the latter
casc ilmplies the existence of money iliusion, but Arena's resulis
are nol conclugive in establishing that the constant term is

>

antly different frowm zero.

These inconclusive glimpses at the question of money
illusion's existence both come via an indircet route as side
observations from studics Lhal were concerned with other
questions. There has been no systematic stilempt to distinguish
emplricelly between the complete anscnce of money illusion

(@ = 1) and the presence of money illusion in the extreme (@& = 0),

errber i, p. 60].
i
'Arena rs, p. 1l0].

SArena's AER results arec somewhat ambiguous as to whether or not
the constant kerm is significantly different from zero. See his
Tzbie 1 5, p. 12€). On %he oiler hard, the resulis he tresents
in Table 1 of his YEE article [6, p. 274], as being closest to the
model he was trying to estimaie, seem to point to & significant
constant in the money-valucs equation, For a rather detailed

and damaging criticism of Arena's estimates, see Patinkin

Tee, p. éfr‘)C] f



There certainly has been no investigation of whether a "degree of
money illusion" (@ > O but @ £ 1) exists. Thus, Patinkin is led
toiconclude, at the end of his note on "Empirical Investigations
of-the Real-Balance Effect,” that "There are other basic gquestions
which have not been dealt with here. Thus it would be desirable
to carry out a direct test of the hypothesis that consumers are
free of money illusion ... n

This paper attempts to provide the direct test suggested
by Patinkin. More generally, it investigates whether the overasll
price level, as measured by the consumer price index {CPI), has an
independent effect on aggregate real consumption. The next section
presents some initial evidence on the existence of money illusion.
This relatively crude test generated sufficient doubt that consumers
are free of money 1llusion that a further investigation seemed
warranted,

In Secticon IIT we formulate a consumption function, in
the framework of the Ando-Modigliani-Brumberg (A-M-3) "life cycle"
hypothesis, that allows the general price level tc play an independ-
ent role in determining the level of aggregate real consumption.
Fitting this function to United States guarterly data from l955 I-
1955 IV in Section IV, we find that the CPI does, indeed, play a
significant role in determining the aggregate level Qﬁ real con-
sumption (of consumer nondurables and services plus thé gervices
of durableg). In Section V we test whether this price effect can
be imputed to price-expectationg mechanisms in which consumers'
expectationsg of future prices depend on the price levels or

inflation rates of the recent past, or whether at least some

6Patinkin [22, p. 66L],



degree of money 1llusion exists 1n the static Patinkin sense,.
We conclude that consumers do suffer from some degree of money
illusion. OQur results are shown fto be consistent with a model
which embodies a money-illusion effect via a distributed lag
adjustment to the price level or with a model which has the
money~-illusion effect combined with a dynamic or static price-
expectations mechanism. But the results are not consistent
with a model which hypothesizag the complete absence of money
1llusion,

Section VI investigates the degree to which cur
conclusions themselves might be illusory because of statistical
problems, Specifically, we examine the possibilities that our
results might be spurious because {a) we use time-series data
with all variables containing some elements of trend, {b) the
price effect may simply be acting as a proxy for business-cycle
effects such as an income-distribution effect that arises from
changes in the unemployment rates of poorer people with higher-
than-average marginal propensities to consume, or (c) there may be
simultaneous-equations bias in the consumption-function estimates.
Our conslderation of these possible statistical pltfalls leads to
the conclusion that a significant and substantial degree of money
illusion doesg exist in the U. 3. consumpticn function. The paper
concludes with a brief exploration of the implications of our
results for macroeconomic stability and for macro-labor-supply
functions, and a brief indication of the further guestions our

study's results would suggest should be examined.



IT. Bome Initial Evidence on the Existence of Money Illusion

The "life-cycle" analysis of rational consumption behavior
assumes a consumer who maximizes his utility function subject to the

7

constraint imposed by his resources. His utility function is taken
to have as its arguments the level of his aggregate consumption in
the pregent and in future periods, while his resources are the sum
of his current net worth and his current and discounted future
earnings over his lifetime. "As a result of this maximization,

the current consumption of the individual can be expressed as a
function of his regources and the rate of return on capital with
parameters depending on age. The individual consumption functions
thus obtalined are then aggregated to arrive at the aggregate con-
sumption functinn for the community.”8 Without making further
assumptions about the shape of the individual utility functions,

but using the same aggregation procedures as Ando and Modigliani
uge, one can obtain an aggregate real consumption function homogensous
of degree zero in money inceome, money wealth, and the overall price
level.9 Using the simplest assumption about the individual's
"average annual expected nonproperty income" in the future, namely,
that it egquals the individual's current nonproperty income, the
foliowing type of aggregate real consumption function is

obtained:

7See Modigliani and Brumberg [19][20] and Ando and Modigliani [4]
for the development of the '"life-cycle" hypothesis of saving.

8Ando and Modigliani [U4, p. 567.

9{&, p. 58]. Ando and Modigliani present a much more careful
derivation, based upon carefully enunciated assumptions, of their
linear "life cycle" hypothesis model. See pp. 56-62 therein,
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where £. real congumption (measured as the current outlays for

P
nondurable goods and services -- net of changes in the stock of
nondurables -- plus the rental value of the stock of service-

yielding consumer durable goods), Y is nominal nonproperty income
(measured by net labor income), W is nominal consumer net worth,
and P is the price level of consumer goods, Patinkin also finds
this form of the consumption function to be the one relevant to
his general equilibrium model.lo
Suppose that consumers suffer from money illusion so that
instead of applying the correct deflator P to their money-value
labor income and net worth in determining their real consumption,
they apply some 1llusory price level PI' In particular, assume

that their illusory price level is related to the "true" price

level by the following parameterization:

Opatinkin [22, pp. £58-663].



As a linear approximation, one would have

or if there i1s some direct intersction between income and wealth

in determining real consumption demand so that the marginal as well
as the average propensity to consume out of wealth (income) can be
changed by a change in the level of income (wealth), we have, as the

simplest approximation,

—
T3
—
—

e

) =p B (5 (L) (X))
t

o
<t
fas]
[ay
fas)
e
o
.

Equations (4) and {5) ignore, of course, many of the
nicetiesg of careful empirical work, such as distributed lag effects,
simul taneous-equation relationships and the like, to which we shall
return in the sections that follow. (That is the reason for des-
cribing this section's test as a "crude" one.) Nevertheless,
estimates of equations (4) and (5) may provide some initial evidence
on the presence or absence of money illusion and grounds for looking
more carefully at the gquestion of this deviation from the resuits
theory implies for a community of "rational" consumers.

Equations (4) and (5) were each fitted by ordinary least
squares, using various values of the money-illusion parameter @ .
The data used were real consumption, money net labor income, money

consumer net worth, and the consumer price index. These data will
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be described at greater length in Section IV and appear in the
Appendix. Table 1 reports the sums of squared residuals that
resulted from the estimation of equations (L) and (5) with
values of @ ranging from 0.00 to 1.50,

If current real consumption is a function of current
real net labor income and current real consumer net worth, then we
would expect to find the highesgt R2 and the smallest sum of squared
residuals for the regression in which « = l. If the sum of sgquared

residuals is smallest at some other value of @ ; then we may well be

observing money illusion. This assumes, of course, that the current

TAELE 1

SUM OF SQUARED RESIDUALS FROM ESTIMATION OF THE
"CRUDE" MONEY ILLUSICN CONSUMPTION FUNCTIONS

Sum of Sguared Residuals (x 10_2) from Estimation of

C ¥ C Y W
(W) (5 ) =88,(= (5) (5 )=BF B, (= )+B (=
(3 LCHESE @ ) | (3 )t o P @ ) TP @
LW Y W
| " Pl 2, iRl @, (g,
Value ol a ) v
.00 1.791 1,721
.25 1.758 1,711
.50 ; 2.188 2,157
.75 ' 3.378 3.365
1.00 5.819 5.819
1.25 10.3h0 10. 310

1,50 18,380 ‘ 18,120
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level of real consumption depends only upon concurrent values of the
independent variables, which may not be a correct specification of
the aggregate consumption functicn. TIndeed, the empirical work
reported in later sectlons of this paper lends strong support to

the position that this static hypothesis is ill-founded. HNevertheless
Table 1, even with its very coarse grid, indicates that the maxima of
the likelihood functions for equations (4) and (5) are far enough
from the point @ = 1 to warrant further investigation. The results
sumrarized in Table 1 suggest that a considerable degree of money
illusion exists in the behavior of consumers in the United States.
Only a more careful specification and examination of an aggregate
real consumption function can provide further insight and enable a
more reasoned Judgment to be made about money illusion’s presence.

It is to such a gspecification and estimation that the next sections

are devoted,

IIT. The Specification of a Money-Illusion Consumption Function

RBeginning with the "life-cycle” model of consumers who

perceive the price level as PI = Pa; 0

A

@ < oo 3 rather than P, we
obtain the aggregate real consumption function shown in equation {3)
of the previous section. Without more detailed assumptions about the
individual consumers' utility function -- as, for example, the ones
made by A-M-B and mentioned earlier -~ the only meaningful condition
we can assume about (3) is that it is homogeneous of degree zero
iny, W, and Pa.

Therefore, we shall specify the aggregate real consumption

function as a log-linear funciion,
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(6) {

gla
I
<
|
wblz

This specification can be justified by noting that beyond requiring
that the form chosen maintain a certain set ol characteristics, the
choice of a particular form for a consumption function is an arbi-
trary process. One should ensure the proper signs of the relevant
partial derivatives -~ a posifive marginal propensity to consume
out of labor income and out of wealth -- and the proper signs of
any possible substitution effects. Tt is also desirable to check
that the estimated function implies marginal propensities to consume
that are legs than unity, and so on. In the case at hand, one
should also ensure that the function is homogeneous of degree zero
in money income, money wealthn, and the percelved price level. The
gigns and magnitudes of the marginal propensities to consume and
the relevant suobstitution effects can only be checked ex post,
although we can assure the reader that the estimates we obtain
do meet these prior specifications and equation (6) obviously
does have the desired homogenelty property.

We should note briefly the main differences between our

specification and that presented in equation (4),

C W
O A - SATAC DR
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In (), increases in perceived wealth (income) can only affect the
average, hot the marginal, propensity to consume out of percelved
income (wealth). On the other hand, the specification in (6) per-
mits more of ar interaction hetwecn thege two determirants of real
consumption by allowing each to affect the marginal as well as the
average propensily to consume out of the other, although the
marginal propensities obviously carnndbt be affected ceferis paribus
without altering the average propensities at the same btime.
Moreover, it will ke recalled that the net worih variable is

mears Lo represent the property-income component of the
individual's income. That is the reason why, in fact, the scries
aepployed for ¥V is woney nel lahor income. Hence, one can lock
upon either equation (k) or equation {6) as presenting real con-
sumpticn as 2 function of Lotal income computed ag a weighted
quasi-average of labor and nonlapor inceme., In equation (4), tne
welghted averaging proccss is arithmetie; in equation (6}, it

18 geometric.

To develop our estimating version of (6), we will Ffirst
isolate %he price variable. The specification we will use will
enavle us to determine wnether uic overall price level nas an
independent effect on real consumption. After finding that it

does have an independent effect, we will ascertain the cause of

this effect -- money illusion and/or price expectations. Letting
¢ devole real consumption [ = % v, v denote real ret labor

2l
' I Y . a3 w derovLe 1L oo ~EY nes - At b ( -~ E
ineome (= p ) » 4nd W denote roa consumer net Wworln { %5 Vs

we rewrite (6) in the form
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b 1 b n 9] 3
(m oy = bulyg) T TR

or, in logarithmic form,

{8} ne =by ¥ b Iny, +b,lnw +b

t 0 o % 3 in P

With the consumption function written in this form, if there is
absence of money illusion in the Patinkin sense so that & = 1,

we have b3 = (0 and real consumption depends only on real net
labor income and real consumer net worth. On the other hand, if
@ # 1 so that the price level is mispercelved we have b3 % 0 and,
gpecifically, b3 >0 if a < l.ll Thus, the presence of money
illusion implies that b3 > 0 and, as equation (8) clearly shows,
a proportional increase in money net labor income, money consumer
net worth, and the price level then leads to an increase in the
level of aggregate real consumption,

The consumption function shown in (&) does lack realism
in one regard, There is no reason to expect consumers to react
"instantaneously,” that is, within one quarter, to changes in real
income, real wealth, or the price level. It is, in fact, much more

plausible to suppose that consumers react with a lag to changes in

Merom this point on we restrict the meaning of the phrase "the

presence of money illusion” to consumers' underestimation of the
price level, that is, @ < 1. (In the literature, the term money
illugion hag traditionally been applied to just this case --
consumers overestimating the true value of their resources or
Q< 1.)
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these independent variables., Alternatively, one aight think 1%t
plausible that in making their real consumption decisions inna
particular guarter, consumers consider an "average" of recent
experience with regard to the consumption-determining variables.

Thus, we will rewrite (8) to allow for the possibility of distributed
lag adjustments to income, wealth, and prices. The lag distributions
will be estimated using the flexible interpolation technique developed
by 8. Almon [3]. Using this distributed lag model, the "basic

eguation” to be estimated is the following:

I J K
= + . 1 . ) +
{9) 1n c, BO .? ?i ny, gt .Z BJ in wt-j )

Inp,  +€
520 =0 k=0 © t-

k t -

Before going on to the estimation of the money-illusion

consumption function (9), it will be useful to discuss briefly the

K
interpretation of the price term, Z nk 1n Pt-
k=0

K and to make clear

its role in testing the no-money-illusion hypothesis. The problem in
interpreting the price term i1s to distinguish the effect of static
money illusion from price-expectations effects, whether the latter

be due to "static" or "dynamic" price expectations. There are at
least three ways in which a price-level effect might make its
appearance in our basic equation. Let us examine each of these
effects, which are not mutually exclugive, in turn. It will be

helpful to have the baslic equation written in nonlegarithmic ferm

before we bhegin:
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The first type of possible price effect is the cage of
pure money illusion in the static Patinkin sense. Instead of basing
their consumption decisions on real income and real wealth,

I
consumers modify the deflating factors of income, T7' Pt s and
i=0 7

i
tlfk 7[1'

When prices, money income, and money wealth all increase proportion-

J b, K
wealtn, TT Pt_Js] , by multiplying their product by J7 P
=0 k=0

ately, consumers ''notice” the income and wealth increases more than
they do the price-~level rise, and increase thelir real consumption,

Hence, in the case of pure money illusion, we would have

K
by nk > 0: consumers exhibit money illusion via a distributed-lag
k=0

adjustment to the price level,

Suppoge, in contrast, that consumers do not suffer from
money illusion, but that there is a price-expectations mechanism
at work. That is, the real consumption function takes the form

e

(ll) ct = g(yt-i, Wt_jﬁ Pt ) b
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— —
where Ve i is a vecltor of recent real income experience, LA 3 is a

vector of recent real wealth experience, and Pte is a vector of

the consumers' expectation of future price levels. The hypothesized
behavior lying behind such a function is that if consumers expect
prices to rise in the future, they will restructure the time pattern
of their consumption by moving consumption from the future toward
the present. Then, if their expectations are realized, they would

—_—

reduce their consumption in the future., The Pte term thus acts as
a proxy for an intertemporal substitution effect.lg
The difference between what we have called “"static" and
"dynamic" price expectations rests with a difference in the
agssumption about how ;;e is formed. By static expectations we mean

that consumers derive their expectations of future prices from

recent price~level experience so that
(12) P = h, (P

—
where Pt K is the vector of recent price experience., In terms of

—_—

our log-linear consumption function Pte would have to enter into the

consumption decision in the form of a product of the Pt_k's,

o T .

77’ P with the weights summing to zero. The weights must
k=0

sulm to zero because in a steady state, with Pt I Pt for all %,

Pte must have no effect on the consumption decision as writlten

lgSee Power [23] for a further dlscussion of the role of the

intertemporal substitution effect, price expectations, and the
real-balance effect.
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in (11): prices will not be changing. Given a constant y and w,

¢ should not depend on the constant level of P, In addition, we

X 7N
would expect that the more recent prices in the product 77' tkk
g=0

would have positive exponents and that the more distant prices would

have negative exponents, This a priori expectation stems from the

purely allocative role of the price-anticipations mechanism. A

. . - ; . . . e
ceterlis paribus rise in today's price will increase Pt and hence

raise present consumption relative to consumption several periods

hence, Thus Pt must enter with a positive coefficient in the sum
¥

rmp 1n P
k=0 k

But as time passes and today's price becomes P

t-k’ tek*

with k¥ close to K, its sign must turn negative in accord with the

allocative effect P.° has in (11). 1In short, in the case of a

t
pure static price-expectations mechanism and no money illusion,
K
we would have £ 7 =0 andn_> 0 for k small, B, < O for k large.
k=0 © k k

The term dynamic price expectations, as we have used it,
is intended to convey the hypothesis that consumers form their
beliefs about future prices from recent observations of the rates

of change of the price level. That 1is,

— —
e
(13) P~ = by &P )
_) - - -
where APt Kk is the vector of receni price-change experience. In sum,

under the assumption of static price expectations, consumers project
the levels of recent prices to the future while under the assumption

of dynamic price expectations, they extrapolate recent rates of change
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of prices. With a log-linear consumption function, (13) suggests

that the functien takes the following form

k=0 t-k-1

B . KA1
W) ey = e (T ) (7T N ()
J:

The price ratios represent the rates of change indicated in
equation (13).

The assumption behind the dynamic price-expectations model
is. that if consumers have witnessed recent increases in the price
level, they will extrapolate these increases to the future and will
restructure their consumption stream. Real consumption today will
be increased at the expense of real consumption in the future --
when thelr expectatlions of further rises in the price level will
have been realized. This would lead us to expect that, similar to
the case of the time distribution of the nk's under the assumption
of a static price-expectations mechanism, the more recent price
ratios in the product will have positive exponents and the more
ﬁistant price ratins will have negative exponents., As can be geen

easily, a positive @  corresponds to a positive elasticity of

k
expected future prices while a negative Bk correspends to a negative
elasticity of expected future prices. The dynamlic price-expectations
mechanism tells us to expect a positive elasticity of expected future
prices for the most recent price changes and a negative one for the
price changes somewhat further back in the memory of consumers,

although still part of the information they process in making

their current consumption decision.
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Note, moreover, that the consumption furction in equation (14)
is consistent with the behavior we should expect in a completely
static or steady-state world. Specifically, if there exists a

steady state so that prices do not change from one period to the

next, the Pte argument should disappear from the fupnction in (11),

— —

and cy should depend on Vi and W alone, But this is precisely

what equation (14) indicates would happen since with Pt-l = Pt

Pox

Pt-k-l
J_ B,

c, = eBO (717' y:iIHTT wt‘zj)
3=0

for all t, each ratio would equal unity and we would have

The question remains as to what we should expect the price
term in equation (9) to appear as if, in fact, there is no static
money illusion but the dynamic price-expectations mechanism just
described exists. The answer is really quite simple., Writing (2L)

in logarithmic form, we have

T J X-1

(15) 1nec,=8+ Zv.lny .+ Z8.lnw, .+ %8
U0 ot T 0 Tl

(1np €

(1P m10Py p j )Y€,

But the price term can be written as

K-1 K-1

(16) kio 0,(In P, ,-InP . .} =6.1n P+ kil(ﬁk-Bk_l)lnP

Op_117Py x -

t-k
Therefore, if we estimate (9) and the true model is one of dynamic
price expectations and absence of money illusion, that is.(14),

we would have
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Kol

T =6.,+ »(8-6 ,) -8 =0,
0 k 9] k=1 k Yk-1 K-1

=

(17)

n ™

k

Thus, in the case of a pure dynamic price-expectations model and no

K
money illusion, we would have I U 0, and BK > 0 for K small
k=0

and BK < 0 for k large,

This discussion demonstrates that estimation of the basic
equation (9) will yield an unambiguous test of the no-money-illusion

hypothesis. If the true model has money illusion present to some

¥
degree, we should find = nk positive and significantly different

k=0
from zero., If, on the other hand, the true model is one in which

K
money illusion is absent we ghould find that £ e is not signifi-
k=0

cantly different from %Zero. We cannot, however, distinguish between
& model in which money illusion i1s present but there is neither a
static nor a dynamic price-expectations mechanism at work, and a
model in which money illusion is present but there is a static
and/br a dynamic price-expectations mechanism in operation,

With this interpretation of the price term in (9),

K
L n ln P
k=0 © t-

| @ as an unambiguous test of money illusion's presence,

we now proceed to the estimation of the basic equation expressing

the money-illusion consumption function.
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IV, Esatimation of the Money-Tllusion Consumption Iunction

The consumption function developed in Section IIT will
now be estimated using U. 8. quarterly data from 1955-T to 1965-IV.
Later sections will consider various potential problems of common
trends, simultaneity, and so on.

The data used for real consumption, ¢, are essentially
real consumption expenditures on nondurables and services plus
depreciation and imputed interest on durables, with this last
repregenting consumers’ use of durables' services. Real net labor
income, y, ls employees' compensation plus an imputed proportion
of proprietors’ income plus transfer receipts less employees!'
social insurance contributione and state, local, and federal tax
liabllities on labor income, deflated by the consumption deflator.
The wealth term, w,is the net worth of households, including liquid
sagetsa, consumer durables and housing. These three series, all in
billions of 1958 dollars, quarterly at annual rates, are updated
versions of the annual series used by Ando and Modigliani [L].

The consumption and income data were provided to us by
Harold Shapiro, and the wealth data were provided by Albert Ando.
The data are reproduced in the Appendix.

The consumer price index (1958 = 100} was chosen ag the
price variable, P, since it represents the set of prices most
relevant to the consumer's buying declision. The data are quarterly

averages of the monthly figures publizhed 1n the Survey of Current

Businegs. The CPI series is also listed in the Appendix.
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These data will be used in estimating the basic equation

I oJ K

(9) Ime =8+ Z yIny, .+ 8, 1nw, + ZpnlnP _+e€,.,
_ t 0 son 1 (] =0 J d wop k t-k t

An T guarter lag distributieon assigns non-zero values to the coeffi-
clents of the variable lagged 0,1,...,1-1, guariers and a zero value
to the coefficient of the variable lagged 1,1+1,... guarters. Since
the equation is linear 1in natural logarithms the estimated coeffi-
clents are, of course, estimates of the elasticity of real
consumption demand with respect to changes in y, w, and P.

Fach of the independent variables is entered in the form
of & distributed lag with current real consumption dependent on
current and past values of the independent variables. The digtri-
butions of the coefficients of these lagged independent variables,
which show the time-shape of response of ¢ to changes in v, w, and P,
will be estimated using the flexible Almon interpolation technique,l3
This method takes the lagged values of each of the independent
variables as a set and estimates a separate distribution of coeffi-
clients for each variable, subject only to the constraint that the
coefficients be interpolated from lLagrange polynomials of a
given degree.

Specification of a second-degree polynomial restrains the

lag distribution to have at most one critical (maximum or minimum)

l33ee Almon [ 3] for the basic theory. Almon, Bischoff [7] and
Modiglisni and sutch [21] have all used the Almon technigque
extensively.
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point except at the begirring and end. Trat is, the distribution
can firsv rise, then fall to zero; first fall, then rise to ZEeY0;
or begin with a maximum (minimum) and fzll (rise) monoctonically io
zero. Use of a third degree polynomial, on the other hand, permits
the distribution to assume two critical values, for example, rising
to a peax, ralling tarougn zero to a miniumum, azd then finally
rising to zero., Since this last sequence roughly describes the
shape of the lag distribution on the price terms that would be
expected 1 the purely allocative static-expectations hypothesis
discussed in Seclion ITD were correct, we will use third degree
polynomials in estimating lue coefficients of (9). MNore generally,
the additional freedom this accords to the shape of the distribu-
tiona of the income, wenltl, and price coefficients will ensure
that our results do not come from the imposition of monoionie lag
distritutions on the coefficients.

Since changing the lag lengtn on one variavle in (9) will
usuilly affect the coefficients of all terms, searching for the
optimal lag lenglh on all three variables is a fairly complex
procedure. In addifion, there can somelimes be a confiict
Letweer criterig for determining the beust lag length: overall
goodness of i, slgnificarice of tue lass coefficient, shape of Lne
lag distribution, and so on, We began by setting the lag lengths
I, J, and K in (9) all at ' gquarters, and then experimented with
changes in those lengths,

Wit T=J=K=k in fhe initiz) estimate of [9), the price
coeflicients were all positive witn a significant sum, Only She

current wealth coefficient was atl all significant, and the income



T

lag was ocbviously too short -- the coefficient of yt_3 was
gignificantly positive, We therefore lengthened the lag distribution
on income and shortened that on wealth until we reached the first
eguation shown in Table 2, in which T = 7; J =1; K = 4, Table 2
lists the coefficients of each equation horizontally, with the first
‘number for each variable giving the lag length and the second the

gum of the coefficients in the lag distributicn for that variable,
with the t-ratio of the sum in parentheses, Figure 1 shows the

lag distribution of coefficients of 1n y and 1In P 1in Table 2
equations 2-1 through 2-L4.

The regressions that led to eguation 2-1 from the initial
L-L-4 specification showed that while the current wealth term was
highly significant in all cases, lagged wealth terms were uniformly
insignificant, and always guite near zero, whenever the wealth lag
was extended beyond one gquarter. This is to be expected because
{a) the wealth series is highly autocorrelated, and (b) we would
expect a weighted average of past labor incomes to be collinear
with the wealth of very recent periods.

Equation 2-1 with the income lag at seven gquarters and the
price lag at four guarters shows that the coefficients of all three
explanatory variables are highly significant., The income lag, in
figure 1, is positive and monotonically declining, while the price
lag is positive in the shape of an inverted U. The long-run
elasticity of real consumption demand with respect to changes
in real net labor income is 0.678, corresponding to a marginal
propensity to consume of about .73 at mean ¢ of $333 billion,

and y of $309 billion., The net wealth elasticity is 0.149 giving



TABLE 2

Estimation of the Bisic Money-Illusion Consumption Funetion
Text Igquation (9)

Equation Tndepen:lenl Variables
Coilgtens ny 1n w in P RE SEx102 D
I Ty J B K o,
2-1 -1.609 7 0.670 1 0.149 L 0.530  .99gL L3090 1.686
{17.04) (16.38) (4.08) {10.58)
2-z -L.6hk8 7 0.691 1 0.138 5 0,536 aGak 3031 1.73%
(17.Le (16.67) (3.77) (10.91)
2-3 -1.@62 7 0.695 1 0.134 5 - 0.5k0 995k .2994 1.75L
(17.07) (16.97) ({3.69) (1111
o-k 1,857 7 0.584 1 0.135 7 c.5h2  Lggok .2588 1.TE
(17.63) (17.05) (3.77) (1L.14)
2-5 -1.6v7 8 0.692 1 0.139 7 0.535  .99gk .3009 1.757
{(17.28) {16,15) (3.92) (10.4%9)
2-6 -1.505 8 0,688 1 o.1k2 8 .539  .99sk 2989 1.767
(17.40) (16.01) (4,00} {10.59)
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a marginal propensity of .03 at mean w of $1693 billion. These
marginal coefficients can be compared with Ando and Modigliani's
representative values of .7 and .06 on income and on wealth.

The long-run elasticity of consumption with respect to
changes in the CPI is ©.530, indicating that an increase in the
CPI from 100 to 101 with y and w constant will raise ¢ by 0.53%,
or $1.76 billion at mean sample ¢ of $333 billion. This
coefficient is highly significant.

The fit of equation 2-1 is excellent, with an R2 of ,999k,
and a standard error $1.122 billion. The Durbin-Watson statistic
is a reasonably satisfactory 1.686, well above the range normally
encountered in this sort of time series estimation when there are
no lagged dependent variables,

Fxtending the length of the price lag gave us equations 2-2
to 2-4 of Table 2. The effect of lengthening the price lag, as can
be seen in Figure 1, was to change its shape from an inverted U to
a highly significant monotonically declining distribution, However,
as 1s shown in Table 2, the sum of the price coefficients riges
only slightly -- from 0.530 to 0.542, while the entire distribution
becomes more significant. Lengthening the price lag from four to
seven guarters leaves the income and wealth coefficients substan-
tially unchanged. It does, however, reduce the standard error of
the estimate of real consumption from $1.122 to $1.034 billion
and raises the Durbin-Watson statistic from 1.69 to 1.77.

When the lag in the wealth variable was extended in any
of the Table 2 equations, the coefficients of all wealth terms

hut the current one were completely insignificant and the t-ratio



- 30 -

of their sum was legs than that of W, alone in the unlagged

version, For example, with the income and price lags set at

seven quarters as in equation 2-L, a four-guarter wealth lag gave

the coefficlents shown in Table 3. The income and price coefficients
and the equation statistics for the regression on which Table 3 is
based are not significantly different from those of equation 2-4 and
the wealth lag t-ratio hag fallen, with only the coefficient of wt
at 211 useful, Thus from now on the wealth term only enters our
equatlions unlagged.

Equation 2-4 of Table 2 has been chosen as our best estimate
of the money-illusion consumption function on the basis of two sets
of considerations. First, while 1t is only marginally superior to
equationg 2-1 to 2-3 in a statistical sense, it does have more
significant coefficients in both the income and price lags, a
lower standard error, and a higher Durbin-Watsbn statistic.

Second, if our basgic theory is that real consumption depends on
present and lagged income deflated by a misperceived price level,
then the price lag and income lag should be roughly the same
length since the variable really moving consumption is mis-
perceived real income. This ﬁould argue that we should prefer
the equation with the seven gquarter lag on both income and
price, all other things equal.

Qur choice of 2-4 as the estimate of the money-illusion
consumption function is buttressed by the fact that when we extend
the lags on income and price beyond seven guarters in equations 2-5

and 2-6, the standard error rises again, and the t-ratios on both

the income and price lags fall. Furthermore, equation 2-6 with an
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TABLE 3

WEALTH COEFFICTENTS IN AN EQUATION
WITH I=K=7; J=b

Lag length Coefficlent of
(3) wealth term
0 0.129
(2.48)*
1 0,017
(0.33)
2 -0.021
(0.87)
3 -0,016
(0.32)
Y 0
Sum 0,109

t-ratio of the Sum (1.88)

* The numbers in parentheses are the t-ratios of the coefficients.

eight period lag on both price and income is better than
equation 2-5 which has a seven period price lag and eight period
income lag. This tends to confirm our judgment that the price and
income lag should be the same length,

The final equation for the money-illusion consumption

funection is, then,

7 7
(18) 1n cy= -1.667 + 571 lny, ,+0.135 1n Wt g N 1n Pt_k .
(17.63) (3.77)

R2=.9qw; S.E., =.002985 ; 4 = 1.766 ,

The standard error of predicted ¢ implied by (2) is only $1.03k

billion, compared with a mean ¢ of $333 billion.
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The coefficients of lagged income, }E, and lagged price,
nk’ are plotted in Figure 1 and listed in Table 4. The coefficients
of real net labor income lagged zero to six quarters sum to 0.69kL
in our final equation. This is the long-run elasticity of real
congumption with respect to changes in real net labor income. The
implied marginal propensity to consume is .75 at 1965-IV levels of
$41h billion for consumption and $384 billion for income. Similarly,
the real wealth coefficient and elasticity is 0.135, giving a marginal
propensity to consume out of real net wealth of .025 at 1965-IV

wealth of $2183 billion. It is interesting to note that addition

TABLE 4

COEFFICIENTS OF 1n Vi s and 1n Pt-k

IN EQUATION 2-4 OF TABLE 2, TEXT EQUATION {18)

Lag (i, k) Coefficient of
in yt-i 1n Pt-k

0 0.260 0.130
(5.65)%  (1.55)

1 0.153 0,110
(9.56) (3.67)

2 0.091 0.093
(4.13) (1.98)

3 0,061 0.077
(3.38) (1.97)

N 0.050 0.062
(k.17) (2.82)

5 0.0h5 0.0bs
(2.75) (1.55)

6 0.032 0.025
{1.68) (0.76)

7 0 0

Sum 0,694 C.5h2
t-ratio of Sum (17.05) {11.14)

* The numbers in parentheses are the t-ratios of the coefficients.
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of' the independent price term in the consumption function brings
out the significance of the wealth term. In contrast, deleeuw
and Gramlich, reporting the FRB-MIT model, say that, '"We have
experimented with wealth effects on consumption but were unable
to get usable results due to colinearity between wealth and
income." L

The more interesting coefficients are those of the
current and lagged values of the CPI. While the exact shape of
the price lag is not completely clear, as a glance at Figure 1
can show, in all the versions of the money-illusion consumption
funetion shown in Table 2, the sum of the price coefficients is
between 0,530 and 0.542 -- the difference of .012 is conpletely
insignificant, Iurthermore, the sum of the price coefficients
is highly significant in all versions of the equation -- the

t-ratio of T is never less than ten, Thus real consumption

e

rises when the CPI rises, real income and wealth being held

constant, with an elasticity of 0.542 in our final equation.l5

Tf the CPI rises by 1 percent (not percentage point) consumption

rises by 0.542%, or, at 1965-IV levels, $2.24 villion (in 1958 dollars ).
Finally it is interesting to note that with monotonically

declining lag distributlons of equal length on both price and

income, the money-illusion consumption function could reflect an

adaptive adjustment process with real consumption following

lLldeLeeuw and Gramlich [1C, p. 37].

lsThis positive value forbc]&p represents the presence of money
illugion in the sense of the traditional Patinkin experiment --
double all prices, money income and money wealth and see if real
consumption rises.
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misperceived real income in the manner suggested by Koyck [15].16
In such a model, desired consumption would depend on Y/Pa and
actual consumption would adjust by a fraction of the difference
between the actual and desired levels of real consumption.

Next we will examine the nature of the price effect on
real consumption implied by our estimate of the money-illusion
consumption function., In particular, we will consider the relation-
ship between the price effect and the price expectations hypotheses.
Then we will discuss the possibility that our conclusions are the

spurious results of various econometric pitfalls.

V. The Price Effect in the Money-Illusion Consumption Function

The results presented in Section IV showed that the price
level has a significant, independent, positive effect on the level
0f real consumption, When prices, money ilncome, and money wealth
rise in the same proportion, real consumption rises, This result
conflicts with the implications of neoclassical rational utility-
maximizing demand theory and we interpret it to mean that a significant
degree of money illusion exists within the economy. When prices, money
income, and wealth all rise, consumers "'notice" the income increase
more than the price lncrease and feeling richer, they increase real
consumption,

Ag the discussion in Section TII showed, though, the price
level might also affect the level of real consumption through a

price-expectations mechanism; there might exist a "static” price-

16

See Griliches [12] for a review of this and similar models.
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expectations mechanism or a "dynamic'" price-expectations mechanism
at work in consumer decisionmaking., But Section IIT also showed
that the conclusive test for the presence or absence of money
illusion in our specification of the consumption function was
whether or not & e == the sum of the price coefficients -- was
positive and significantly different from zero. The estimates in
Section IV can lead to no other conclusicon than that the sum of
the price coefficients in (9) is significantly positive. Hence,
our results are inconsistent with either a pure static price-
expectations model or a pure dynamic price-expectations hypothesis.
But let us look briefly beyond the test on the sum of the price
coefficients in Investigating the possibility that we are simply
observing a pure expectations mechanism at work,

Under the static expectations hypothesis, when consumers'
perceptions of the levels of recent prices lead to an increase in
expected prices, real consumption gets moved from the future to the
present. Present consumpilion increases above what it would have
otherwise been while future consumption decreases below its ceteris

17

Thus 1f we had data on price expectations spanning

Earibus level.

e . .
cne quarter, Pt’ we would expect a regression of ct on other vari-

e s s . €
;& positive coefficient and Pt-l

a negative coefficient with their sum egual to zero, if the expectsa-

e e .
gbles and Pt and Pt—l to give P

tions effect 1s only to reallocate consumption among time periods.

—

Since the static price expectations medel has Pte as a function of

the levels of recent prices, this reasoning would lead us to expect

l7It seems reasonable to require that an expectations function --
if long maintained -- shouid yield usually correct predictions or
elge it would be discarded.
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a regression of c, on current and lagged values of real income,
the current value of real consumer net worth, and P lagged zero
to K periods to give, as indicated in Section III, a lag distri-
bution with first positive and then negative coefficients,
summing to zero.

As 1s obvious from Figure 1, the price coefficients in the
estimated consumption function are all positive, no matter which of
the variants in Table 2 one might choose to inspect. The sum of the
price coefficients is at least ten times its standard error in each
cgse and there is no tendency for the coefficients at the end of
the distribution to become negative as the lag is lengthened,

It will be recalled that one of the reasons for using a third-degree
polynomial in estimating the Almon lag on prices was specifically to
allow such an effect to appear if it existed, Thus our results are
not consistent with the pure static price-expectations mechanism
described in Section TII.

Similarly, the pure dynamic price-expectations hypothesis
cannot explain our results. As was shown in Section IIZ, the
specification of the dynamic price-expectations hypothesis equiva-

lent to our logarithmic money-illusion consumption function is

I J K-1 Pix
(19) Inmec, =B+ 2y, Iny, . +58,.1lnw, +5 6 1ln ——= . +
t 0 o 1 t-1 o J t-J 0 k bekol

In that same section, we showed that if the correct specification

were (19), then T The in our estimated equation should be zero.
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But this sum is eleven times its standard error in cur estimated
equation so that the dynamic-expectatlons hypothesis is rejected.

To further explore the dynamic expectations hypothesis,
several estimates of (19) were prepared and are listed in Table 5,
which follows the same format as Table 2. Equation (19) was first
estimated with the same lag lengths as our final estimated
equation (18), The lag on the logarithms of the price ratios is
six quarters here since the price lagged six quarters in (9)
getsabsorbed in the sixth ratio in (19).

The first two equations of Table 5 essentially misspecify
our true function (9) by constraining the sum of the price coeffi-
cients in (9) to be zero, as noted above, The result of this
misspecification i obvious in eqguatiocn 5-1. The standard error
is more than twice that of our final equation (18) and the Durbin-
Watson statistic is only 0.8, indicating that an explanatory
variable has been left out. TFurthermore, the price lag is not
only insignificant, but the coefficients of all the price ratios
are negative. This means that if (19) were the correct specifica-
tion, when prices rise, with y and w constant, real consumpticn
falls permanently, guite different from the effect assumed by the
dynamic expectations hypothesis,

A search for the "best fitting" misspecified equation
yielded 5-2, with an eleven-guarter income lag and a seven-quarter
price lag. The eguation fits better than 5-1 but still has a
standard error higher than any of the equations in Table 2, a
Durbin-Waitson statistic less than unity, and negative coefficients

on all the price ratios.



TABLE 5

Estimates of the Dynamic Expectations Consumption Function,

Constant 1n ¥

T . 7

5-1 -0.681 7 . C.652
(9.91) (7.54)

5-2 -0.901 11 ©.91k4
(12.73) (10.98)

5-3 -1.651 7 0,691
(17.39) (16.50)

=

Text Equation (19

1n w

0.373
(6.05)

©.203
(3.56)

0.139
(3.78)

P

t-k
1n
Py k-1
K-1 »e
6 -0.501
(0.83)
7 -1.6Ck
(2.91)
6 =1.177
(

ln P

0.539

3.97) (10.93)

Statistics:

R2

9976

.93985

- 9994

SExlO2

L6232
L4925

. 3008

D

0.813

0.855

1.759

_QE_



That equation 5-2 is significantly inferior to the money
illusion consumption function, equation (18), can be seen from the
following analysis of variance., The sum of the squared residuals

3 3

in (18) is .3209x10 ~; that in 5-2 is .8732x10°°. With L4 observa-

tions and eight regression variables in each equation, we have

F(1,36) = 42%55575592 = 61.9 to test the significance of the effect
of the added restriction that » M, is zero in 5-2. Since

F(1,36) = 7.39 at the 1% level, it is clear that constraining

by nk to equal zero significantly worsens the explanatory power

of the equation,

In estimating equation 5-3 we removed the constraint on

the sum of the 1n P coefficients by entering 1n P

fok separately

t
into equation 5-1. This equation yielded the following coefficients
for 1n (Pt/Pt_l),.,.,1n(Pt_5/?t_6): ~b6, -.28, -.18, -.12, -.08, -.05.
Combined with the 1n P, coefficient of .5k, these give the following

implied coefficients for 1ln P,,...,In P, .: .08, .16, .10, .06, .0k,

£
.03, .05, with a sum of 0.54, which is similar to the sum of the
coefficients in the price lags of the consumption functions of
Table 2. 1In addition, equation 5-3 ig similar to the Table 2
equations in all other respects: the income lag and wealth coeffi-
cients are the same as are the eguation statistics.18 Thus, by
removing the constraint on the price coefficients we get back the
money-illusion consumption function of Section IV, as expected.
This confirms our earlier conclusion that the dynamic price
expectations equation (19} is, indeed, misspecified, and that

the correct function is the money-illusion consumption function,

18Particularly note the improvement in the Durbin-Watson
statistic between 5-1 and 5-3.
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equation (18).

We have shown that our results are not consistent with
what we have called the pure static price-expectations model or the
pure dynamic price-expectations model. There may be a price-
expectations mechanism at work in the determination of real
consumption., But, if there is, it is operating in conjunction
with the existence of money illusion in the static Patinkin sense.
In any event, we conclude that consumers do suffer from money
illusion, whether or not price expectations play a role in their
purchasing decisions.

Next we will turn to some potential objections that would
assert that our results are related to statistical problems of time

and timing -- the problems of trend, cycle, and simultaneity.

VI. GStatistical Problems of Trend, Cycle, and Simultaneity

This section reports several further tests of the money-
illusion consumption function, equation (18), which were conducted
to insure that our results are not seriously affected by trend
interrelationships between variables, cyclical factors in the

economy, or simultaneous-equations bias.

Trend Relationships Beiween Variables

In any time-series regression analysis there exists the
possibility that a spurious fit may be obtained due to the fortui-
tous presence of trends in both dependent and independent variables.
Our theory relating 00nsumpt16n to income, wealth, and the price

level implies, however, that consumption should be related to
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income, wealth, and the CPI, both along trend and when the variables
deviate from trend. While the high Durbin-Watson statistic of
equation (18) -- L.77 -- indicates that we have captured more than
& trend relationship, there exists a more direct test of the role
of time trend in ocur results. This test is obtained by regressing
the log of consumption deviations from trend on similar trans-
formations of the income, wealth and price variables. More
precisely, we first extracted a logarlithmic trend from each
variable by dividing it by its log trend value (e.g., consumption
deviation = ct/consumption trend, ctt), and then took the natural
logarithms of these deviation-from-trend variables as our
regression variables.

Equation 6-1, Table 6, shows the results of re-estimating
the money-illusion consumption equation (18) using deviations from
trend. The format of Table © is the same as that of Table 2 except
that, since lag lengths are fixed at I=7, J=1, K=7, they are not
shown., The coefficients of the income and price terms in
equation 6-1 are shown in Figure 2,

The deviations-from-trend version of the consumption
function, egquation 6-1, explains 95% of the variance of deviations
of consumption from trend (in log form)., ALl the independent
variables are highly significant with t-ratios of 9.7 on the sum
of the income coefficients, 4.9 on wealth, and 3.6 on price.

Figure 2 shows that the income lag has the same shape as that of
equation (18), shown in Figure 1, but that it has a slightly
smaller sum -- 0.59 vs. 0.69, This indicates that consumption
responds to income along trend a bit more strongly than in

deviations from trend.



TARLE 6

Tests of Statistical Problems of Trend, Cycle, and Simultaneity

Independent Variables Statistics
Dependent ’ . 5 o
Equation Variable Constant 1ny /7t 1n- /Wt nP, Pt R SEx10 D
5-1 1n(c/ct) -0.675 0.595 0.148 0.333 L9491 De%0L  1.8(3
(4.82) (9.70) (4.87)  (3.52)
Iny Tow, 1np Loy /yp
6-2 lnc -1.742 0.674 0. 140 0.574 0.032 .99%9h4 .3007 1.786
(12.06) (13.48) (3.80) (8.53) (0.70) ,
~ ~
lnyt lnyt_i lnwt lnPt lnPt-k | =
6-3 1ne -1.556 0.112 0.544  0.189  -0.105 ©0.582 .9993 L3406 1.735
(13.28) (L.07) (5.48) (L.50) (0.89) (L.56)
A
lnyt lnyt_i lnwt lnPt-k
&-4 1nc -1.594 0.181 o.k79  ©0.173 0.543 L9993 . 3486 1,71k

(1h.71) (1.93) (5.63) (L.15) (5.9%)
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The price lag in Figure 2 is shaped roughly similar to that

of equation (18) except that now the coefficient of 1n P, is only

1
glightly larger than that of in Pt 1’ and the sum of the nk coeffi-
cients is smaller -- 0.33 vs. 0.54., This decrease in the sum
reflects both the large difference in the in Pt coefficients and

slightly smaller coefficients of the P to Pt-6 variables in the

t-1
deviations-from-trend version. This would seem to indicate that,

due to trend, the current price term is more important in explaining
consumption along trend, while the lagged price terms play a more
substantial role in explaining consumption's deviations from, as

well as its movements aleng, trend,

The deviations-from-trend version of the money-illusion
consumption function thus strongly confirms the independent signifi-
cance of the price level in the determination of real consumption.
Prices are independently important in explaining both trend consumption

and fluctuations of consumption from trend. Next we turn to the

question of the influence of factors related to the business cycle.

Price Movements and the GNP Gap

Another potential source of significance of the price term
in the consumption function, besides the existence of money illusion
in the true function or price-expectations mechanisms, could be the
presumed correlation of price movements with employment and distribu-
tional factors in the business cycle. It might be possible, for
example, that as aggregate demand rises relative to potential output
and unemployment falls, prices rise. The falling unemployment rate
could increase the income of low-income families with higher-than-

average consumption propensities, shifting the aggregate consumption
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function (of income and wealth alone) up. If this movement were
generally associated with rising prices, and vice versa, we might
find prices significant in the consumption function due only to this
distributional effect associated with a diminishing GNP gap.

Two points can be made to counter this hypothesis., First,
balancing the increased income at the lower end of the income distri-
bution 18 the well-known tendency for the profit share to rise in a
cyclical upswing, shifting income to families with presumably lower-

19

than-average consumption propensities. Thus the expected direction
of' the congsumption function shift as GNP rises relative to potential
is ambiguous, depending on the relative importance of these various
shifts in income distribution.

fecond, the correlation between price movements and the
GNP gap (= actual/potential real GNP) is not all that clear in the
period over which our consumption function was estimated. The period
1955 v Lo 1990 11 veaw  actual/potential GNP fall from 1.05 to 0,94
while the CPI rose from 93.% to 100.0, a 7.0% increase, In the

period 1961 I to 1965 IV, however, while actual/potential GNP rose

from .94 to 1.03 the CPI rose from 103.9 to 11l.1, still orly 7%.20
To directly test the hypothesis that our price terms only

reflect cyclical effeects, we re-estimated the money-illusion

consumption function (18) adding the natural log of the ratio of

actual real GNP to potential real GNP.21 If the hypothesis is

lgSee Kuh [16] for evidence on the cyclical behavior of the
profit share.

QOSee Kuh [17] for a recent criticism of the Phillips' curve
explanation of price level determination.

glPotential GNP was computed following the Council of Economice
Adviser's formulation. See (9, pp. 60-63])



correct, the price term is merely a proxy for the GNP gap -- as
actual GNP rises relative to potential, the consumption function
shifts up and prices rise simultaneously. Inserting the gap into

the equation should then greatly reduce the price term's significance
and assign a significant coefficient to the gap term.

Eguation 6-2 of Table 6 givés the results of this test,
The variable y/&p is the ratio of actual real GNP to potential
real GNP. The rejection of the cyclical hypothesis should be clear.
The gap term has an insignificant coefficient with a t-ratio of only
0.70. The t-ratios of the other variables are somewhat lower than
they are in the money-illusion consumption function (18), and the
gtandard error of the equation is gsomewhat higher, The coeffi-
cients on income, wealth, and price are, however, not significantly
different from their equation {18) values. In fact, the price
coefficient is slightly higher, rather than lower as the cyclical
hypothesis would suggest.

One might conjecture that the cause of the insignificance
of the GNP gap in equation 6-2 is itscollineerity with the price
term. The fact that r2 between y/yt and the CPI is just 0.22 in
our sample period does not lend much support to this conjecture.

It seems clear that our results cannot be explained by
cyclical coincidence or trend correlation. The last test performed

in this section will search for possible simultaneous-equations bias.

Simultaneity Between Consumption, Income, and the CPI

Our consumption function is, of course, in reality part of

a simultaneous system explaining consumption, income, and price
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determination. The part of Lhe system that interests us here may

be written schematically as:

0
Hi

fc(y}W,P) + €

4 1t
(2Q Pt = fp(y,w,z,x) + €oy
= 4 o+
yt fy\cﬁz) €5t

Here the egquation for Ct Is cur cocnsumption function with y, w, and P
representing curréent and iagged values of labor income, wealth, and

price; the Pt eyuation makes price a function of demand, which in turn
depends on ¥, W, and exXogenous demend variables Z, and capacity, x, with
these symbols also represcnting current and lagged values of the variables;

finaelly, Ve ig & functicn cf cy and the set of exogencus demand variables,

Zz, which includes investmenv, government expenditure, and so on. The

error terms Ei arc independent random variables.22 All first partinl

t

derivatives of the £ functions are positive except for afp/ax which
is negative.

Given the zimultaneous model (20 a pesitive value of € will

generate a positive ¢, residual. This in turn will increase i and,

1

throush yt, increace P Thus the error term in the c_t equaticn may

e
be positively corrclated with the contemporaneous values of y and P

in that covation, vlasing upward the estimates of the coefficients of
these contemporansous Szrms end downward the estimates of all the other
coefficients. Roughly speaking, this bias appears because the con-

current and P terms seem to be "explaining" movements in ¢ which are
¥

25

actually due to the random error € -

[

2LThis model iz written only to illustrate the source of
simul tancous-equations bias and is obviously not meant to
describe the economy perfectly.

23or & compiete Treatment of the simunltaneity problem see
Malinvaud [18, Ch. 16]. Herc we are only trying to sketch briefly
the problem for the non-specialist.
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In our case, we would strongly suspect an upward bias in
the coefficient of 1n y, in the constmpfion function (18) because
of the close connection of cy and Vi through the third equation of
the simultaneous model, (20), presented above. The coefficient of
1n Pt is, however, less suspect because it is likely that prices in
this quarter are mainly determined nonsimultaneously by events in
previous gquarters, through mark-up pricing procedures and the like,
This would lead us to consider ln Pt as a predetermined, rather than
a simultaneously determined, variable. 1In other words, the coeffi-
clent of Y in the Pt equation may well be close to zero, breaking
the price-consumption simultaneity. Furthermore, there is no
reason to expect past income, past prices, or current wealth to be
détermined simultaneocusly with current consumption. Thus, the
only potential simultanecus elements in our model are those between

C yt, and Pt’ and probably the only serious element ig that

2h

between Cy and Vie

,t’

To test the extent of simultaneous eguations bias, we
must break the simultaneity in model (20). One way to do this is
by introducing into the consumption function regression extraneous

estimates of the concurrent values of the Vi and Pt variables sc

that the links from the equations for Vi and P, back to the consumption

t

function are broken, This can be done by regressing y and P on a set
of exogenous varilableg, called instrumental variables, and replacing

Yt and P, in the consumption function regression by the estimates 62

t

gulf the 61 term were serially correlated we would be concerned
about lagged simultaneity. But the Durbin-Watson statistic of

consumption function (18), 1,76, shows that this is not the case,
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and g; from these instrumental-variable equations.25 The
instrumental-variable equations relating y to current and lagged
money supply, government expenditure, investment, and net exports,
and relating P to current and lagged wage and profit rates are shown
in the Appendix. The actual form of these equations is irrelevant;
their only purpose is to break the link of simultaneity in (20).

Using our estimates of VA and Pt’ we re-estimated the money-
illusion consumption function first replacing 1n yt,...,ln yt—6 by

Ve
1n yt,ln yt_l,...,ln yt-6’ and similarly replacing 1ln P .. 1n P

£’ t-6

A
oy In Pt,ln Pt PRV o} Pt-6' The coefficients of income and price

-1

lagged t-1 to t-0 were estimated using the Almon technique while
A A

1n yt and 1n Pt were entered separately into the regression. This

estimate is equation 6-3 in Table 6, The coefficients listed

under 1n Vi and 1n P in 6~3 are the sums of the coefficients

t-k
of the variables lagged 1 to 6 guarters.

Tn equation 6-3 the sum of the coefficients of 1ln y is
0.656, slightly less than the sum C.694 in the consumption function
estimate (18). The ln.gl coefficient alone is 0.112 as opposed to
0.260 in (18). This comparison is not strictly legitimate since the
In y, coefficient in (18) is constrained by the Almon estimation
procedure while the coefficient of 1n Vi in 6-3 is not.

The sum of the price coefficients in 6-3 is 0.477, again
slightly lower than the sum of 0.542 of equation (18). The coeffi-

Fas

clent of 1n Pt is insignificant and negative, while that of 1n Pt

?Yee Malinvaud [18, pp. 604-608] for a discussion of the
instrumental-variable technique.



in (18) was insignificant and positive, The Tit of 6-3 is worse
than that of equation (18), and the Durbin-Watson statistic is
slightly lower.26

Thus our first test of simulteneous-equations bias
indicates that therc may be a sligat upward bias in tne 1ln Y and
in P, coefficients and also in the coefficient sums in (18). But
whatever blas exists is slight indeed with the coefficient sums in
6-3 both within one standard error of the sums in the basic
equatiocn [18),

Since we suggested earlier that the simultaneity between
P, and Cy may be guite weak, and since the coefficients of 1n Pt in
both 6-3 and (2) are insignificant, we performed a second test of
simultaneous-equations bias. Eguation -3 was recstimated with the
1n ?t veriable excluded and *the original price lag 1n Pt,...,lﬁ Pt-6
included, testing only income simultaneity. The result, in
equation 6-b4, is similar to that of 6-3.

The sum of the income coefficients in 6-% is 0.660, again
insignificantly less than the 0,604 of the original (18), while the
coefficient of In 9h ts ©.181, somewhet less than the coefficiert
0,260 or Iny, in {18). 1he sum of the price coefficients is in-
significantly larger in 6-4 than in {18), with a coefficient of
ln P, of 0,178 in 6-4 as opposed to 0.130 in (18). fThis is as might
be expected, since if P and y arc at all correlated, removal of 4he

gimultaneity between Ty and e would raise the Pt coefficient,

26Of course, the 32 and D statistics and all the standard errors of
6-3 are egual to those of the true equation only asymptotically,
since we are using y and P estimates wnich are onky asymptotically
equal to the true y and P values. Rut with R of .99+ on the instru-
mental variable equations, our standard errors are probably guite

cloge to correct,
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This test of simultaneity bias has indicated that there
may be a slight, but statistically insignificant, upward bias in
our estimates of the coefficients of concurrent income and price
in the money-illusion consumption function (18). But since the
blas appears to be so small as to be insignificant it can probably
be ignored guantitatively and certainly does not affect our principal
qualitative conclusion: the price level has an independent effect on
real consumption due to what is commonly called money illusion.

This conclusicn drawn from the Section IV estimates of the
consumption function has withstood the series of tests to which we
have subjected it in Sections V and VI. We now turn to the implica-
tions of this conclusion for macroeconomic stability and labor

market behavior.

VII. Conclusion: Some Implications of the Money-Tllusion
Consumption Function

The principal result of this paper -- that a significant
degree of money illusion appears in the aggregate consumption function
for the United States -- has a number of interesting implications for
macroeconomic theory and policy. Two issues upon which it has an
important bearing are the degree of stability of the economy and the
nature of the aggregate labor supply function. In this section we

examine the implications of our conclusion for these two guestions.

The Tmplications for Macroeconomic Stability

It is intuitively clear that the presence of money illusion

{(0<a<1linP_ = Pa) makes the economy less stable than it would be

I

in the absence of wmoney illusion. Consider, for example, an



autonomous inerease in demand with output fixed. Suppose that
consumers' behavior 1s marked by money illusion while investors' and
government's demands are free of money illusion. The autonomous
rise in demand will lead to a rise in prices. This price increase
will reduce the level of all real demands but it will not decrease
real consumption demand as much in the presence of money 1llusion
as 1t would in the absence of money illusion., Prices will have to
increase more than when there is no money illusion, and hence the
economy may be more prone to enter an inflationary spiral in the
presence of money illusion than in its absence,

To make the point somewhat clearer, consider a very
simple model of an economy in an inflationary process. Suppose
the economy is on a balanced-growth path with the full-employment
level of output, investment, and government spending all growing
at rate @ . It is assumed that government spending is entirely
for the purpose of public capital formation. All nonconsumption
demands, namely, the sum of goverrment and investment demands,
are met in real terms. By the assumed nature of government spending,
the sum of govermment and investment demands -- denoted z -- is the
net addition to the economy's capital stock. The consumption func-
tion 1s taken to be a linear life-cycle model with no constant term
but with the money-illusion parameter @ appearing as the exponent of
the true price level. TIndividuazls hold money only for transactions
purposes while the government follows a completely passive monetary
policy, issuing as much money as iz needed to support the economy's
demands for real output. The wealth entering the consumption

function consists of securities issued in a one-to-one correspondence
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with additions to the capital stock by goverrnment or the private
sector., The inflationary gap in the economy is egual to the demand
for output in real terms minus the supply of output in real terms,
Following the traditicnazl gap model, we assume that the increase in
the price level is directly proportional to the size of the
inflationary gap.27

The "story"” of the model then is as follows, Covernment
and private investors decide on an amount of investment and government
spending, z, which grows exponentially at the rate ¢ . Consumers
observe their perceived income and perceived wealth, and they decide
upoen a level of real consumption demand, c.28 The demands on output,
¢t+z, however, exceed the available output. Someone must be dis-
appointed, and it i1s assumed, in this model, that consumers' demands
are not met fully. Investment and government demands are met in
real terms and what remains of real output goes to real consumption,
At the same time consumers receive securities equal to the nominal,
or money, value of the net additions to the capital stock. That is,
the increment to consumers' nominal wealth is the nominal value of
ex post saving. The price level rises at a rate proportional to
the gap.

In equation form, the model can be summarized by

equations (21)-(25).

(21) Y, =P

27
28

We are using the same notational convention as above, with
upper~case letters denoting nominal values and lower-case letters
dencting real values.

See, for example, Bronfenbrenner and Holzman [8, pp. 604-605].
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(2) ey =B Bl G - Byt - ARt

(23} z, = zoecPt

(%) T6 = Moy + 2 w) = AR T BT ¢ 2o Py T
(25) W o p s =pze't

The first question one would want to answer about such a

model is whether or not there exists a constant equilibrium price Pe,

that isya Pe such that %% = (0. The answer is that there exists a

constant equilibrium price if and only if @ # 1 and it is then equal

to

R
) 1-a
Yo™%0

[ ZO .
Bvy * By

3
Unless there is some mispercepfion of the price level a constant
equilibrium price level deces not exist.

The next important question to be asked is under what
conditions will the economy's price level Pt approach Pe as time
approaches infinity, that i1s, under what conditions 1s the equilibrium
price level a stable one? Using a) the expression for the equilibrium
price in (20}, b) the fact that the real wealth of the economy,

accurately perceived, is



- 55 -

_ ¢ Pt
(27) W, = (f) z(T)AT =

=kl
~N
D

and ¢) the fact that if the economy is in equilibrium from T = ©

to T =t its aggregate nominal wealth is

it can be shown that

1-a

. dp . 1-a
(29) sign —p = sign [Pt - P ] .

Tt is not difficult to show, using (29) that if Py # P, then P

approaches Pe as t — « if and only if @ > 1?9

t
That is, if and only

if consumers overestimate the true price level, and hence understate
the true value of their real income and real wealth, will the economy's
equilibrium price level be a stable one in this very simple model,

For the relationship between the degree of money illusion,

measured by 1-@, and stability, we have from (24},

dpP
9( dat ) l-o -a
(30) —5g— = Pt{BlyOeCPt’Pt +BWPT ) <O .

As @ increases, the rate of change of prices decreases. Hence, the

more consumers underestimate the price level and overestimate the

29Our results of Section ITI are interpreted, in the simple model,
as showing that & is significantly less than one,
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true real value of their income and wealth, that is, "suffer” from
money illusgion, the faster prices increase.

Tt should be clear that the model we have just discussed
is a tremendously oversimplified version of any true model of the
Uu. S. economy.BO N1l stabilizing influences and cushioning features
have been omitted. TFor example, an active monetary poliéy would not
help to feed the inflation the way the monetary authority of the
model does, In addition, all interest-rate effects and all influ-
ences of world trade and the like have been omitted. Hence, our
conclusion is not that the money illusion consumption function we
found to fit the U. 8. data for 1955 I-1965 IV implies that the
economy 1s unstable. Rather our-conclusion only concerns the degree
of instability in the economy, and our empirical results taken in
conjunction with the theoretical results just pregented suggest that
the economy is less stable than a model with no money illusion in

the consumption function would suggest.

Implications for the Aggregate Labor Supply Function

Here we will briefly discuss the implications of the existence
of money illusion for the labor supply function and, in turn, for
the guestion of whether monetary and fiscal policy will affect eguil-
ibrium employment in a theoretical, static, general equilibrium
macroeconomic model, Tobin hag commented,
... if wage-earners are victims of a "money illusion®

when they act as sellers of labor, why should they be
expected to become "rational" when they come into the

30The same qualitative results obtain, however, if the model used
here is replaced by the type of model Ackley discusses [1,p.431]
in which there is no unsatisfied demand, but spending lags behind
the receipt of income.
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market as consumers? Most of the reasons which compel
them to behave non-rationally in making money wage
bargaing would logically compel them to act
"non-rationally" as consumers.31

If Tobin's observation can be inverted, it suggests that
the presence of money illusion in the consumption function implies
its presence in the labor supply function. In this case, the
aggregate supply of labor would not be a function of the real
wage, but would react differently to changes in wage rates and
the price level,

In a perfectly competitive static model with flexible
prices and wages, consistent savings and investment behavior, and
no liguidity traps, a labor supply function with no money illusion
fixes employment, the real wage, and output in the labor market,
leaving the interest rate and price level to be determined by
the commodity and money markets.32

If the labor supply function reflects money illusion,
however, the level of employment and output is determined simultan-
eously with interest rates and the price level, eliminating the
separability of the no-money-illusion model, and giving monetary
and fiscal policy a role in determining the eguilibrium level of
employment.

To make these points more clear, consider a simple static

33

model of equilibrium in the commodity, money, and labor markels,

31Tobin [25, p. 222].

3£This formidable list of assumptions permits us to focus on the
guestion of the nature of the labor supply function. It should be noted
that nowhere in the analysis does any "Keynesian' wage or price rigidity
appear. Throughout the analysis we will assume a stable static
equilibrium solution exists,

33This model is a composite of those pregented in Patinkin [22, Ch.XT]
and Allen [2, Ch. T7].
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Bquilibrium in the commodity market is described by

(31) q =c(q) +i(r) +g ,

where g is national income, c¢ is consumption expenditure, i is
investment expenditure, a function of r, the interest rate, and g is
34

government expenditure, all in real terms.

Money market equilibrium is described by

(32) M/P = L(r,q) ,

where M is the exogenously determined money supply and P is the
price level.35 Real output and employment, N, are linked by a

production function,

(33) q=q(N); g'(W) >0; g"(N) <O ,

which assumes a fixed technology and capital stock.

In a competitive economy, the demand for labor equates
the wage rate to the marginal revenue product of labor, so that
labor demand can be written as a function for the demand real wage

(that offered by the employers),

(34) W/ =qr ()

34

¥y was used above for labor income, so we use g here for national
income in place of the customary y. As usual, dc/dq > 0 and
ai/dr < 0.

35Equation (32) is a condensed version of Patinkin's equation (1)
[22, p. 252]. We assume @L/dr < 0 and 9L/Jg > O.
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where W is the money wage rate.

If the labor supply function exhibits no money illusion, then

the supply real wage is gilven by

(35) W/P = £(N); F£'(N) > 0.

Then equating the labor demand and supply wages gives

(36) £(N) = q'(N) ’

as the labor market equilibrium condition determining N and W/P quite
independently of (31) and (32). This fixes g through (33), and (31)
and (32} then determine the price level, the interest rate, and thus
the level of investment. 1In this model, as Patinkin has shown, a
monetary policy change in M will affect only the price level and =a
fiscal policy change in g will affect both the price level and
interest rate.36 But neither can change the level of employment,
which is fixed in the labor market.

Now if the labor supply function is replaced by a money-

illusion supply function giving the supply wage as

(37) W = h(N,P); 9n/dN and En/)P > 0,

then the labor market equilibrium condition equating the supply W

in (34), and the demand W in (36) is

3igee patinkin [22, Ch. X] and Allen [2, Ch. 6].
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(38) g(N,P) = Pa'(N)

Here the labor market has been linked to the commodity and
money markets (31) and (32) by the price variable, P. Substituting
q(N) for g in {31) and (32), we see that (31), (32), an' {38) now
are a truly simultaneous set of equations in the variables r, N,
and P, No longer is employment independently determined in the
lzbor market, and now monetary policy increases in M will raise
equilibrium N, as will fiscal policy increases in g.

Thus the introduction of meoney illusion into the labor
supply function changes the standard macroeconomic static general
equilibrium model from one with output fixed independently in the
labor market to a completely simultaneous model with the level of
output and employment affected by all the parameters of the system.

In closing, there are a number of lines of further
investigation that our results suggest might be fruitful to pursue,
First, it would bhe interesting to disaggregate consumption expendi-
ture and investigate such subaggregates as real personal consumer
expenditures on durables and real personal consumer expenditures
on nondurables and services using a money-illusion specification
of the respective demand functions. Second, it would be most
ugeful to introduce the money-illusion consumption function into
a complete simultaneous-equation medel, observe its performance in
such a model, and observe the implications for stability as viewed
through gimulation experimenis. The results presented in this
paper suggest that in constructing such macro-models greater

attention should be paid to the link between the price-wage
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sector and the expenditure sector. Last, it would be interesting
to investigate directly the presence or absence of money illusion

in other aggregate functions as, for example, the labor supply

function.
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Appendix: Instrumental Variable Equations and Data Listing

In Section VI the money illusion consumption function
wag re-estimated with instrumental variable estimates of the ¢onsumer
price index, Py

the actual series in the unlagged terms., While in principle the

, and real net labor income, Vs substituted for

form of the instrumental equations used to construct the estimates
should be irrelevant since the sole purpose of the technique is to
break the simultaneity between Crr Vi and Pt (and clearly not to

estimate a behavior function or structural equation for Vi or Pt)’

we will show here the estimated equations for Yy and Pt that were

?i. Then we will conclude with a listing

used to construct f% and "

of the basic ¢, y, w, and P series used in the study.

I. Instrumental Variable Egquations for y and P

The instrumental variable equation for real net labor
income, V> has Vi as a function of current and lagged values of
the money supply, real government expenditure, real gross private
domestic investment and real net exports. In linear estimating

form the equation is

T J K M

(A-1) v, = @ +£O Bth_i e let_j TEOBX hn oM €

J=0 k=0 m=0 t



where G 1s government expenditure, I ig gross private domestic
investment, and X is net exports, all in billions of 1958 dollars

from the Survey of Current Business, and M is the money supply --

currency plus demand deposite in billions of dollars -- from the

Federal Reserve Bulletin.

As it turns out, the estimated version of (A-1) used to
construct ?t includes only current values of G and X, I lagged
C, 1, and 2 quarters, and M lagged 0-12 quarters with the coeff-
clents estimated using a third degree Almon lag. The estimated

equation is

3 12

(A-2)  y, = -238.53 + 0.423 Gy +'Zo yth_j+ 0,838 X, +m§0 M,
(19.38)  (4.59) Y (5.23) -

R2 = .9976; S. E. = 1.78; Mean = $309.27 billion; D = 1.13.

Period of fit: 1955 I-1965 1V.

The yi coefficients of lagged investment and the nm

coefficients of lagged money supply are cghown in Table A-1. The
FAN

coefficients of equation (A-2) were used to compute Ve o-

The instrumental variable equation for P,, the CPI,

t)
has Pt as a function of lagged wage rates, W, the average hourly

earnings of manufacturing workers in dollars, from the Monthly Labor

Review, and profit rate, R, the average rate of profit on stock-
holders' equity from the Federal Trade Commission Quarterly

Financial Reports on Manufacturing Corporations., The estimated

instrumental variable equatiocn is



- A4 -

Table A-1l: Coefficients of I, . and M
t-J t-m

in Instrumental Variable Equation (A-2) for y

Coefficient of

Lag (j,m) I, Vi
0 0.423 0,582
(4.59)% (L.o1)
1 0.155% 0.290
(1.41) (4.33)
2 Q. 2ok 0,123
(2.16) {2.20)
3 0 0.054
. {(0.79)
L . 0,062
. (0.91)
5 . 0.1°1
. (2,16}
6 . 0.209
. (5,227
'f . 0.302
. (7-95)
8 . 0.375%
. (7.21)
9 . 0. 405
. (6.23)
10 . 0.365
' . (5.956]
11 \ 0,251
. (5.12)

12 0 0

¥ The numbers in parentheses are the f-ratios of the coefficicnt:.

(A-3) P, = 52.56 + 3.006 Wt 9.860 We o = T.973W
(58.14) (0.61) (2.31) (3.2k)

t-3

+ 2,851 w - 0.138 R
(0.77) (3,02}

t-1

R‘2 = ,9929; 8, E. = 0.47; Mean = 101.95; L = 0.83.

Pericd of fit: 1955 I-1965 IV.

A
The coefficients of equation (A-3) were used to compute the P

series used in the text.



+I. Data Listing

The following fatle ligts the basic conzumption, net
labor income, net worth of nousenolds, and 0PI dava used i Lo shudy.
The first column lists an identification number composed of the
last two digits of the ycar and the guarter. Column 2 lists real
congumption; column 3 lists real net labor income. These two series
are unpublished data of Yarcld Shapiro. Column 4 lists the real

ned wortn of houscholds, from Alvert Ando. Columns 2-4 are in

€

billions of 1958 dollars. Column 5 lists thc consumer price

index {1958 = 100).
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