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I.1

I. Monetery Influences on Consumption and Saving

In discussion of the effects on aggregate demand of monetary
polleles and events, investment spending has been the main focus of
ettention. Economlsts have devoted a great deal of theoretical and
empirical effort to tracing monetary influences on rlant and equipment
expenditure and residential construction. They heve paid relatively
less attentlion to monetary effects on consumption and saving. One
reason has been the wide currency of a simple Keynesian consumption
function, a mechenical relation of consumption to disposaeble income.

It has not been easy empirically to improve on the approximation thet
consumption is a constant fraction of disposable income, although the
short run volatility of this fraction is a major source of uncertainty
and error both in forecasting and -- as the unhappy memory of the 1968
surcharge remims us -- in policy.

In thils paper we consider various monetary influences on consump-
tlon and attempt to estimate thelr immortance. We do not have a new
aggregate consumption function to propose, and we cannot at this point
hope to explain the instability of the propensity to consume that has been
so troublesome to forecasters and policymakers. Our approach 1s semi-
realistic simulation. Instead of postulating a macro-economic consump-
tion funetion, we derive aggregate consumption explicitly from & model
of the decisions of individual households. We sirmlate a population of

households with semi-realistic demographic and economic characteristics.
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We acsume that these households make consumption decisions and plans
in accordance with certain rules of behavior and market constreints.
More specifiicelly, the households conform to a life-cycle model of
consumption and saving.

Each of our simiations generates a hypothetical path of con-
sumption and saving Tor the porulation as a whole. The simuistions
differ from each other in the econormic environment to which the house-
holds are adapting. Some of the environmental differences can be as-
sociated with monetary policies. Any change in monetary policy alters
the households' constraints and expectations, and its global impact is
pruged by the difference in the resulting similated aggregate rath of
consumption and saving.

The word “semi-realistic" means that the overall characteristics
of the hypotheticel population resemble those of the population of the
Umited States, and that parameters have been choser go that the magni-
tudes of aggregate variables have = familiar ring. But we cannot of
course begin to mimic the actual population in detail, and we have
necessarily made many untested a priori assumptions. Compared with
usual studies of consumption, our work contains a much grester and bolder
theoretical component and o much weaker component of conventionsl sta-
tistical estimation apd testing. We do not defend thils methodology here,
nor do we regard it as a substitute for customary econometric methods.
2ut the conventional methods have not Leen dramatically successful, and

we do believe that micro-economic similations can provide some interest-

ing macro-econcamic insights.



There are two major recognized channels of monetary influence
on consumption: (A} changes in wealth end in interest rates,
(B) changes in liquidity constralnts. We shall also address our-
selves to (C) changes in toxes, temporary and permanent. The thiud
would traditionally be reparded as an aspect of fiscal rather than
monetary policy. But the impact of a tax change depends, in our
model, on the monetary environment in which it cccurs, and for com-
rarative purposes it is instruetive to examine It within the same

peneral. framewvork.

I.A. Wealth and Interest Rates.

Wealth has, of course, freguently been prqposi? as an argurent in
1

theoretical and statistical consumption functions. Early in the
{eynesian controversy the wealth effect on the propensity to consume
became prominent as the vehicle for the "Pigou effect.” Currently
popular econometric consumption functions for the United States are

essentially, suppressing lags, of the form

C=aY, + bW (1.1)

vhere C 1s real consumption, Yﬁ real disposable Income, and W resl

net nonhuman wealth of households. With coefficients a and b of the

1/. See Ackley, 1961, pp. 554-561 for a good summary.
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order of .5-.T7 and .035-.05 respectively, and with W normally five

times

Yd s an equation of this kind is consistent with the observation

that consumption is normally of the order of 90% of disposable income,

At the same time, the equation implies & much lower merginel propensity

to consume from changes in disposable income unaccompanied by changes

1/

in wealth.“’ In this respect it appears to be consistent with the

abundant evidence that the marginal propensity to consume from income

2/

is lower in the short run than in the long run.

1.

Ando-Modigliani (1963) and Arena (1964) have estimated consumption
funetions of this form. The consumption functlon of the MIT-Penn-SSRC
econometric model 1s also essentlally of this type.

ne difficulty with the equation is that, although 1t requires a
W/Ya ratipof the order of 5 or more in order to obtain a reslistic

C/Ya

a wealth/income ratio. If the normal saving ratio is .10 and the growth
rate of the economy is .035-.04 the equilibrium wealth/income ratio is
only 2-1/2 or 3. The answer may be that household wealth growe by
capital gains, some of which reflect corporate saving, as well as by
personal saving as measured In the national income accounts. In prin-
ciple these galns should be included in the disposable income used

in the equation, but Arena'ls atterpts to do so were not successful.

ratio, it does not generate enough saving to maintain so high

Thils is not always true. 1In some cyclical fluctumstions, the market
value of household wealth has moved as much as, or more than, dis-
posable income. Stickiness of consumption must then be attributed to
inelasticity of income expectations rather than to stability in non-
human wealth.
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Monetary poliecy can affect household wealth by changing interest
rates and the market values of securities and other assets., Ividently
this mechanism was importent in the 1969-T70 decline in stock and bornd
prices, and in the 1971 recovery of these markets., In the MIT-Penn-SSRC
model, the consurption consequence of such asset revaluations 1s a very
important component of the power of monetary policy over aggregate de-
mand .

There is, however, some danger in epplying a consumption function
like (IQ) in this context. The historical variations of W which yleld
an empirical estimate of the propensity to consume from wealth have not
been solely or even principally the kind of varistions generated by
monetary policy. The historilcal path of household wealth resulis from:
(a) pleanned accurmlation, the consequence of the very saving behavior
that wealth is supposed to help to explain, (b) unexpected gains or
losses due to changes, actual or expected, In the capacity of the
economy's capital stock to earn income for its owners, and (e¢) unex-
pected gains or losses due to changes in the discount rates at which
the merket capitalizes prospective earnings, These sources of changes
in wealth should not be expected to have identical effects on consump-
tion., In particular, the changes engineered by monetary policy are of
type (e¢) and necessarily involve changes in Interest rates, while the
other types do not.

Interest rates determine the terms on which households can make sub-

stitutions between present ani fubure consumption. In theory & change iIn
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wezlth connected with a change in interest rates will have not only
"income effects” on consumption but also intertemporal "substitution
effects.” These are not included in equation (Il),and indeed econo-
metric studies of consumption and saving have been notably unsuccessiful
in detecting them%/ But in view of the formidable identificetion prob-
lems involved, we are not entitled to assume that they do not exist.

The model used in ocur simulations allows for a modest amount of inter-
temporal substitutlon. Therefore it is necessary and possible to specify
various packages of changes in interest rates and asset valuations and

to distinguish among thelr consumption effects.

The effects on current consumption of changes in wealth and in
interest rates may depend on the importance of liquidity constraints,
about to be discussed In section I.B. Capital gains which are realizable
In cash or in enlarged credit lines may permit households to escape from
constraints on their current consumption. In these circumstances the
apparent marginal propensity to consume from wealth will be higher than

in a perfect capital market,

I.B. Liquidlty Constraints

In macro-economics there has always been tension between "wealth"

and "liquidity"” theories of consumption and saving. Should the income

1/. As, for example, assumed by Ando & Modigliani (1963).
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varisbles in consumption functions be liguidity measures -- disposable
income, disposable income less contractuel saving, etc. -- or human
wealth nmeasures -- permanent or lifetime income? Should the stoek
variablies be ligquidity measures -- llguid assets -- or wealth

messures -- het worth?

In a theoretical perfect capital market, the consumption rlans of
hougseholds are constrained only by their wealth, human as well as none
lumane.  They can turn future income from the assets they own and from
their own labor into current consumption on the same terms on which they
can convert current income into future consumption. Within the bounds
of solvenecy, they can dissave and borrow at the same interest rates at
which they can save and lend. In such a worid, the weelth of house-
holds, ineluding the "permanent income" from their labor, is the only
relevant measure of thelr consumgble resources,

Additionsl constraints arise when households cannot substitute one
kind of wealth for another, or can do so only with a renalty. Human
vealth may be 1l1liquid because households are not allowed to have a
negative nonhumen net worth position even when it is offset by the value
of' their future labor incomes. Alternatively, they may be allowed to
borrow against prospective wages and salaries, but only at a penslty
rate. ‘The threshold at which liquidity constraints apply may indeed
be a positive level of nonhumen wealth. Borrowing is often possible,
or possible without penalty, only on a fraction of the value of real

estate, securities, and other assets, Mortgage contracts and retirement
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rlans typically require the household 4o bulld up its nonhuman wealth
at a prescribed rate. The market imrposes penmlties not Just for
dissaving but for saving at less than the contracted rates.

Monetary policy 1s one determinant of the tightness of such
liquidity constraints. Easy money conditions induce lenders to
liberalize their down payment and margin requirements, to reduce
renalty rates, to rake consumer credit svailable on easier terms,
to take more chances on unsecured personel IOU's. In tight money

periods lenders move in the opposite direction.

I.C. Permanent and Temporary Changes of Taxes.

The effects of tax changes on conpurmption depend on the importance
of ligquidity constraints. In the hypothetical world of perfect capital
merkets, increases of tax rates reduce human and nonhuman wealth by
lowering expected Incomes fram labor and property. They may also, by
lowering after-tax interest rates, have substitution effects in favor
of present consumption against future consumption. Terporary tex in-
creases diminish wealth calculations very little and will have weak in-
come effects.

The situation is quite different for texpayers whose current con-
sumption is constrained by liquidity. An inereasse in texes withheid or
required to be paid in cash will have a powerful effect; in prineiple

the marginal propensity to consume will be 1.0. This will be true
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wicther the tax inerease ls vermanent or temporary, a distinetion
that 1s much less irportant in a "liguidity" theory of consumption
than in & "wealth" theory.

One of the difficulties of aggregation that confronts macro-
economic specifications of the consumption function is tha+t there
are undoubtedly both Lliquidity-constreined and liquidity-unconstrained
households in the economy, in proportions that vary from time to time.
The younper and poorer households are more likely to be liquidity-
congstrained. One adveniage of the mlcro-economic simiiation method
of this paper ic that differential incidence of liquidity constraints

can be systematically introduced arnd its consumption effects cal-

culated.
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I1I. The Life-Cycle Model as a Framework of Analysis

OQur framevork for amalysis of the questlons raised in section I
is the life cycle model of household consumption.l/ We begin with a sim-
plified exposition of this model, in two stages. Many of the essential
points can be illustrated by the familiar textbook example of & con-
sumer with a two-period lifetime. This is done in section I1.4;
section Ti.E sketches the extension of the model to mlti-period

consumption and saving decisions; section II.C points out some of its

aggregative Implications.

Ii.A. Two-Period Consumption Decisions

Consider a consumer with a two-period lifetime. In Figure 1 the

horizontal axis measures first period consumption co and the vertieal

axis second period consuwiption cl. Labor incomes in the two periods

are (yb’yl)’ rerked as point y . Coordinete axes are also shown with

origin at y . On these axes, Wb is the value In first period con-

sumption of the consumer's nonhuman wealth, and Wi Is 1ts wvalue in

second period consumption. WQ and Wi are related by the one-period

interest rate: W, = Wb(l+r) . 'The point (yo,yi + wi) ; lzbelled W, ,

l/. The basic idea goes back to Fisher (1907, 1930). Its modern elab-
oration beglns with Modigliani-Brumberg (1954). Our approach in
this paper is a sequel +to Tobin (1967).
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represents one feasible consumption combination, one involving zero
current saving. In the assumed perfect capital market, the household
can move In either direction from this point, on %ferms of 1+r units
of deferred consumption for one unit of initial consumpiion. The

point YO measures the present value of total consumsble resources,

Bt "1
equal to Yo +'—_EEF__ =¥yt 17 + wb . The point Yl is the wvalue

of total resources in terms of second-period consumption. The consumer

can choose any point on the opportunity locus YOYl « In the illustra-

tion he chooses point ¢ .
A liguidity constraint would be illustrated by a kink in the oppor-
tunity locus. For example, if the consumer could not consume in period

C more than Yo *+ Wb ; the locus would be vertical from point WO to

the horizontal axls. If he could exceed Yo + Wb only by borrowing at

& rate Ty > r , the locus YinL would heve a steeper slope,

-(l+rb) instead of -(1+r) , from W, to the horizontal axis at L .

The kink could occur further to the left if the consumer were required
to carry a positive amount of wealth iInto periol two, or penalized to
the extent he did not.
The consumer 1s assumed to have a preference ordering of consumption

points (co,cl) with the usual properties, and to choose a point on the

highest attainable indifference curve. In the later sections of the

paper we have represented these preflerences by a particular utility
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function, and we wlll introduce that representation here. We assume
that the consumer's prospective utility U 18 & discounted sum of

utilities of amounts consumed in each period:

a* ‘1 i
U=z, u(ci)(?i:g;> (II.1)

The same one-period utility function u sapplies to every period; the

marginal utility u'(ci) 1s positive and declines with ¢ Future

i -
utility is discounted at a subjective rate § , the pure rate of time

preference. In Figure 1, for example, the slope of an indifference

uf(eg)
curve 15"'GTT€97 (1+8) , and in particular it is -(1+8) for
1

¢, = ¢y 5 l.e., along the 45° ray. The curvature of the indifference

curves is related to the substlitutsbility between consumption in dif-

ferent periods. We take for merginal utility
' - -p '
1 (ci) = Be, p>0 (II.2)

so that -p is the elasticity of (undiscounted) marginal utility with

respect to ¢, + The slope of a (co,cl) indifference curve is then

1

0
%o (1+8) . The larger the value of p , the faster the slope of
c
1
the indifference curve changes as the ratio cl/co moves to the left or
right of the 45° ray. A high velue of p means high curveture and low

intertemporanl substitutability. Following Fellner (1967) and others, we
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1/
take p = 1.5 in our calculstions below.

In a perfect capital market, a consumer meximizes U subject only

to the budget constraint

¥*
a8
Z (e -yy)dy = W, =0
1=0 171 0
* * (1I.3)
8 a
Zed, - 2 y, d, -W,. =20
120 i1 =0 i1 0
wvhere the 4 1 are the market discount factors that convert consumption
and income in period 1 +to present values. In the two-period illius-
tration 4. =1 and 4, = = « The first order conditlons of the
(o] 1 I1+r

constreined maximum are:

i
u'(ci) (’(’i%g)) - M, =0 i=0,1, 2, N (IT.4)

where A , the Lagrange multiplier, is the marginal utility of consumable

i
resources. If market interest rates are constant, so that di = (l-]f:r) ,

we have

wleg, ) [1as)
) (1)

1/, Tobin (1967) mssumed p =1 , as would follow from a logarithmic
utility function. Ando & Modigliani, (1963, p. 59), on the other
hand, assumed perfect complementarity, 1.e., L-shaped Indifference
curves with the cormer on the 45° line,
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From (6) we know that undiscounted marginal utility must rise, fall,
or remain constant with age according as & 1s greater than, smaller
than, or equal to r . If, for examplé, the market interest rate r
exceeds the subjective discount rate & , second-period consumpiion
mist exceed first-period consumption. The chosen combination will be
to the lert of the 45° line, as in Figure 1.

For our specific utility function, condition (II.L) becomes:

L
NERETAY *
¢y ={ 3 dim)-i) i=0,1, 2, 442 (11.6)

1
1+r\ 3

For example, in the two-period case ¢, = %3(3;3 P . The elasticity of

L

cl/co with respect to 1+r 1s 5 or .67 for our numerical assumption.

This means roughly that a 100-baslis-point rise in the interest rate will

increase ¢y relative to 5 by two-thirds of one percent.

An increase in consumable resources with no change of Interest rates
would be represented in Figure 1 by a parallel outward shift of the budget
constraint. On our assumptlons it would lead to s proportionate increase

in e, and Cq

because the slope of an indifference curve derived from
(IX.2) depends only on the ratlo of the two consumptions, not their eb-
solute amounts. The same implication -- proportionate shift in agll c's --
holds for the multi.period case.

A f8ll in the interest rate will tilt the opportunity locus counter-

clockwise and lead to intertemporal substitution. In general an interest
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rate decline wlll also have an income effect, enlarging the opportunity
set Tor dissavers and restricting 1t for savers.

Both income and substitutlion effects are different if liquidity
constraints are operative. So long as the consumer is at a kink in
his opportunity locus, he will consume Immedistely 100 percent of any
increment in currently available resources. The substitution effect,
however, will be zero for smell changes in Interest rates.

As our discussion in section I.A indicated, chenges in wealth
induced by monetary policy are assoclated with interest rate changes,
while other changes in wealth need not be. In Figure 1 the shift of

locus from Yin o YéYi reflects pure caplital gein, with no change

of Interest rates. Wo and Wl increase 1n the same proportion, to

t H bt -
Wy amd W . However, the shift of locus from Y.Y, +to YaYl , in

volves the same capital galn from WO to Wa but provides no increase

in Wi .

In the first case, the income effect 1s positive, and proportionately
of the same magnitude whether the Initial consumption cholce was ¢ or

any other point on the budget constraint YbY1 « In the second case,

vhether the income effect is positive, zero, or regative depends on

whether the initial consumption cholce was to the right of Wi s at

Wi s, or to the left of Wi « Only if the initial choice was to the
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rignt of W, ,

inveolving dlssaving in the first period, does the
Income effect work in favor of current consumption. In the illustre-

tion of Flgure L ¢ was to the left of _Wi and the Income effect is

negetive. But while there is no substitution effect in the case of
pure capital gain, the reduction of the interest rate in the second
case always favors current consumption.

Obviously there are other possibilities, In the second case,

(YSY{) , wealth consists entirely of claims thaet mature in the second

period, claime that do not outlive the household. To the extent that

claims are longer-lived, a smaller reduction of the interest rate will

suffice to sccomplish the glven gain in Initial wealth W5 - Wy o and there
¥

will be a positive inecrement In Wi . The two-period example does not

rermit us to exhlbit the opposlte case, where wealth consists of claims
which mature short of the household's horizon. There will be some

ariods for which W, 15 reduced -- as 1f the budget'constraints cut

i
below Wl in Figure 1., Saving for consumpilon 1n late pericds 1s less
fruitful becsuse of the low yield at vwhich maturing claims mst be re-
invested.

A case similar to the shift of opportunity locus to YSY{ arises

when asset revelustions in security markets are regarded as temporary.

1/. If wealth takes the form of consol-like claims the new discount rate

W, Wy (L+rt)WY WB/Wb +r .
? o —— — = »
s rt = WB , and Wi Ti+r)wo e In this case \

increases almost in proportion to Wb .
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This means that they are associated with temporary rather than permsnent
changes in discount rates. Consider, fr example, consol-like claims
that rise in value becsuse of a decline In the interest rate connecting
period zerc and period one, whille subsequent rates remain unchanged.
These claims will revert to their old value after period one. The

value of the household?s wealth in current consumption is increased,

but its value In future consumption is not.

It is possible that capitel gains may accompany incresses in
interest rates, so that substitutlon effects oprose, while income
effects favor, current conswmtion. This combination would be the
result not of monetary policy but of optimistle revisions of expected
future profits.

Finally, the modelling of iax changes in the two-perlod illustration

is obvious. A permenent tax on labor income reduces both yo and yi s
while & temporary tax lowers only Yo - The income effect on current

consumption is obviously greater for the permanent tax except when the
household is liquidity-constrained. TaXes on property income are like

interest rate reductions.
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II.B. Multi-pericd Lifetime Conswation Decisions

Conslder a household at the beginning of its career, antici-
rveting & sequence of labor incomes and deciding on a sequence of con-
sumption rates within the limits set by its income prospects. In
Figure 2 an expected Income sequence is illustrated, and along with
1t & chosen consumption plan. Both the income sequence and the con-
sumption plan are pictured in two weys, in current real dollars
(dashed curves) and in dollars discounted to the decision date (solid
curves).

The consumption plan 1s shown as smoother than the Income sequence.
The spirit of the life-cycle hypothesdis is that consumers prefer steady
consurption to fluctuating consumption. The one-period marginal utility
of consumption, like (II.2) above, is declining. Households save and
dissave in order to smooth out their income paths. Saving for retire-
ment is the clearest example of such behavior, but certainly not the
only one. Another example is debt filnsncling by young people to obtain
a standard of life beyond their current means but consistent with their
occupational status and income prospects. Of course the household is
not free to choose any paths for ¢ that it deslres. It is limlted
by its income sequence. Specifically, the sum of the differences be-

tween discounted ¥y and discounted ¢y == the present value of 1ts

savings and dissavings from labor income, must add uwp to zero over the
lifetime, (as in equation (II.3) above.)

Figure 3 provides the same information as Figure 2 in different
form. The curves are the integrals of the "discounted y" and

"qiscounted ¢" curves. The Y curve shows for each age the cumilative
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total of labor income earned until that age, discounted to household
age zero. OSimilarly the C curve shows the present value, as of
aege zero, of consumption through age a . At the terminal age a*
Y and C mneet. This is the budget constraint: the present value
of lifetime consumption must be the same as the present value of
lifetime income. Actusl consuntion, cumileted at current dollers,
will generally exceed actual labor income surmed over the whole life.
The househeld will earn and consume some interest.

From the incore and consumption paths the weelth profile of
the household can be easlly derived. In present value terms, nonhuman
wealth W 1s just the vertical difference, positlve or negative, be-
tween Y and C ., These differences are shaded in Figure 3 snd plotted
in FPigure b as "discounted wealth.' By putting the discounting process in
reverse, this present value wealth profile can be converted iInto a
current dollar wealth profile -- the dashed curve "setunl W " in
Figure 4. If the household's expectations are reaslized, this is the
course 1ts wealth wlll follow as its plans are carried out.

This account has assumed that the household can save and dissave
In a perfect capital market -- in particular, that the household can
borrow agalnst fubture labor income at the same interest rates at which
it can save. The only constraint has been the lifetime budget constraint.
Terminal wealth must not be negative, a restriction that limits total
lifetime consumption but not its allocation among ages. In Figure 3
curve C rust start at 0 and end at Y* s but In betweern it may have

any shape the household desires.
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Consider, on the other hand, a simple liquidity constraint, that
nonhuman wealth W can never be negative. The hest the household, so
constrained, can do is to consume its cash income in early years until
a' and then follow the dotted curves c¢' amd C' in Figures 2 ard 3.
Correspordingly, in Figure L, discounted W will be & until age =af
and then follow the dotted path. The less drastie constraint of a
renalty borrowing rate, finite instead of Infinite, would move the
household iIn the same direction. In general, as the example illus-
trates, liguidity constraints raise the household's wealth profile.

Ir the illustration, the household begins and ends with zero
veglth. The model can easily accommodate other assumptions. TFor
a household beginning with inherited wealth, the Y amd W curves
of Figures 3 and 4 will start with positive intercepts. Inheritances
anticipated at later ages would he shown eg jumps in the Y curve.
Similarly any plamned or required beguest at a* would be Indicated
by a positive difference between Y* and C at a* .

The plan made at age zero can be reconsidered and remide In the
sme mapnner at every subsequent age a . If external constraints and
market interest rates conform to original expectations, and if the
household's preferences are unchanged, the new decisions simply con-
{irm the old, ard the original plan will be executed. Dut if conditlons
and expectatlions change, the household will meke s new plan for the

remeinder of its life.
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In this introductory exposition of the model for e single house-
hold we have ignored some complications which we have to face in the
applications of the model described later in the peper. These include
allowance for life cycle variation of the size and composition of the
household, as children are born, grow up, ard leave, and actuarisl

aliowance for mortality.

11.C. Iacro-economic Implications

ie life cycle model has interesting implications for the economy

as a whole. The Income, conswrmption, saving, and wealth of a household
depend on what profiles it is following and on its age. Aggregetes of
these variables can be obtained by summing over all households. House-
holds differ both in profile and in age, but of course their age differ-
ences are mich easier to observe. Specific results can be obtained by
calculating the aggregate income, consumption, saving, and weelth of s
population of households of different ages, all following essentially
the same life-cycle profiles. The aggregate value of any variable is the
sum of the profile variables for different ages, weighted by the number
of households of each age. The aggregates will change fram year to year
as the population grows and its age distribution changes.

Allowance can also be made for steady growth of labor productivity.
The expected income profiles of Figures 2 and 3 take general gains in
labor income Into account, as well as increases vhich are simply related

to experience and seniority. A similar household starting a year later
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would face z higher income proflle, shifted upward, as a flrst approxi-
mation, by the proportion 7y at every age. With everything else
equal, the model of consumption choice implies & similar proportionate
shif't in every other profile of Figures 2-4. The income, consumption,
saving, and wealth of 10-year old households in 1975 will all be

(1+y) times as large as those of the 10-year old households of 197h.
The aggremate consequence ls that all the macro varilables will grow at
the rate 7 per year, plus any changes that may occur because of
changes in the population of households of varilous ages.

In 2 demographic "golden age,” the population is growing at s steady
rate n per year and its relative age distribution 1s constant. Conse-
quently the number of households of each age 18 growing at rate n .

If it is also an economié "golden age,' interest rates are constant

and so likewise 1s the growth of labor productivity » . The model then
implies that all the aggregates are growing at the rate n + y . Since
this is the natural growth rate of the economy, the life-cycle model
provides an explangtion of saving behavior which is consistent with a

neoclassical growth equilibrium,l/

1/. See Tobin (1967).
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ITII. Descrivtion of the Similetions

In this section we describe more specifically the modeling of
+the consumption decislon and the veriables which Influence 1it. The
appendix contalns a more camplete mathematical treatment and indi-

cates our date sources.

IITI.A. Demographic Assumptions

We distingulsh among individusls by only three characteristics.
The first of these is age, the central varlable of the life cycle model.
The second distinguishing characteristic 1s sex. Realistic calculations
require some recognition of family structure and of the work habits and
consumption regquirements of different famlly members.

Finally we have divided the population into two income classes.
The relative proportions of the population in the groups are those that
existed in 1963 between the populatlon above and below the poverty line.
It different income groups face different opportunity sets (e.g., dif-
ferential ease of access to caplital markets), then aggregate consumption
may depend on the income distribution. We have assumed that the two
income classes differ only in the relative levels of their income pro-
files, not in the time shapes of the profiles or other demographic and
economic circumstances.

The basic behavioral unit is the cohort, which consists of all
adult females of a given age plus assoclated adult males and children
of various esges. All cohorts are actuarially average. There are no

unattached individuals or families of larger or smaller size.
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An Individual lives with his parental family until age twenty-one
(in the case of males) or eighteen (in the case of females). Any
income earned as a teernager is contributed to the household, which
in turn makes provision for the child's consumption needs until he
leaves the household. At éighteen the femmles form the nucleus of a
new cohort, to which a complement of meles, Including newly matured
twenty-one year olds, are assigned. As the cohort ages it will gein
some adult males from each new group of twenty-one year olds. Some
of the current crop of twenty-one year old males is, in turn, assigned
to older cohorts.

With a minor exception discussed in the appendix, the cohort loses
its adult members only by death. Each cohort is disbanded when the
females become eighty-five. A specifie, unchanging, perfectly antici-
pated mortality table 1s assumed. All people expect to die before age
elghty-five. The cohort will include some adult males who are youngear |
than the females and thus outlive the cohort. These men are assigned
to new cohorts. No children are reassigned in this manner since the
last age at which females bear children -- forty-nine according to the
birth table assumed -- i8 such that all children have matured and left
the cohort before it disbands. It 1s assumed for convenience that
women do not bear children before age elghteen. The blrth vector has
been adjusted accordingly.

Although a number of demographically unrealistic simplifications
have been made, none of them is quantitatively significant. The sim-

plifications are necéssary to make the computational burden manggesble.
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I1I.Bs. Income Expectations and the Consumpiion Allocation

In making its lifetime consumption plan the cohort is constrained
not to allocate more than the present value of its lifetime rescurces.
These total resources consist of human and nonhumen wealth. The
former is the accumilated savings -- including capital gaing -- of

1/
the cohort; the latter is the present value of future lsbor income.

The eveluation of both sources of weaslth involves expectations
about their future income streams. For a number of reasone these in-
come streams may be expected to vary with time.

Because of age-related differences in participation rates and in
productivity, labor earnings vary with age, generally rising to about
age forty or fifty and then declining. For women, on the average,
there 18 a slight decline related to reduced participation in the pri-
mary chilld-rearing years. We assume that the labor earnings of an in-
dividuael of a given age and sex in any year will be a constant propor-
tion of the labor income of a forty year 0ld male in that year. Thus
the relative Income profile by age, for both men and women, will be
assumed constant over time,

The absolute level of the profile, however, will change. We
assume lebor-augmenting fechnological change st a constant annusl rate
y » Although factor rewards might be expected to be influenced by
variations in the cspital-labor ratlio, we have not assumed an expliecit

production technology and such effects will not be considered.

1/. Inheritances end bequests are ignored.
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A final source of varlation in income streams will be changes
in tax rates, both on property and on labor income. It is disposable
labor income which is to be allocated to consumption or to saving,
and it is after-tax property yields which are relevant to this allo-
cation.

Heving estimated the present value -- at current and expected
rates of discount -- of its lifetime resources, the cohort then allo-
cetes these resources among all its members for all the yearsthat
they are expected to live.

The optimal allocation will be one for which the prospective mar-
ginal utility of a unit of consumption is the same in every year, so
that total utility canno{ be increassed by shifting a unit from one
year to another. We assume, of course, that the margingl uwtility of
consumption in & given year declines with the amount of that consump-
tion. That is why the household seeks to avoid large differences in
consumptlion between years. The marginal utility of a unit of consump-
tion will also vary with the year in which it 1s to occur: we sssume
& pure rate of time preference of § . Thus the value of a unit of
utility from consumption +t years hence has only 1/(1+6)% +times
the value of a unit of utility today.

The utility of consumption will also vary from year to year with
household size and c&mposition. This varlation reflects economies of
scale In household life and differences in the needs and priorities
of varlous household members. To allow for these phenomens we weight
the utility of consumption for children and teenagers differently from

adults. In this calculation of household size, adults receive a welght
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of wa = 1.0, while the weights for teenagers and children, W£

and wc » are .5 and .2 respectively. Thus a consumption-year for
& child ie equal to v, = .2 "equivalent adult years." ;/

Barring the complications discussed in section (III.G), the
cohort maximizes its utility if it allocates its consumption --
discounted by a transformation of the difference between the ex-
pected interest rate and the rate of time preference -- so as to
equalize consumption per equivalent adult year, where the equivaslent
adult years, too, are discounted by transformstions of the interest

rate, the rate of time preference, and birth and death rates.

ITT.C. Capital Gains and Interest Rate Changes

In the two previous sectlons, ITII.A and III.B, we have explained
our model of the household sector of the econcomy. The households mske
the consumption decisions, and our purpose is to see how those de-
cisions are affected by monetary policies and other events exogenous
to the household sector. In Part II we discussed in general terms the
rolicy and environmental changes of Interest, and now we explain how
we have modeled these "shocks" in our simulations. In this section we
discuss capital gains and interest rate chenges. In the two sections
following we discuss how we have modeled liquidity constraints and

thelr relaxation or tightening, and how we have modeled tax changes.

;/. For our purposes teendgers are deflned as those children who earn
incomes, aged 15-17 (femmle) or 15-20 (male).
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As we pointed out in Part II, capitsl gains and interest rate
changes are intimately bound together. It is not possible to trace
the effects of shocks of this kind without being explicit about the
nature of the assets whose ylelds are assumed to change, and about
the expected asset prices and interest rates.

We are assuming that the wealth of the household sector consists
of various direct and indirect claims on the economy's capital stock.
Monetary policies and events can change the valuastion of the stock, and
so can changes In the real earnings of capiital due to technologicsl
or mecro-economlc developments. But In the long run adjustments In
the size of the capital stock or in monetary interest rates, or in bhoth,
keep market valustions of capital in line with reproduction costs. We
do not provide a model of those adjustments, but we assume that our
households know that they will occur and we provide them accordingly
with & plausible mechanism of expectations.

The present dlscounted value of the earning stream of papital per

dollar of reproduction cost is

e (=] <]
lee +R2 a P + sae + R: p a + s
(l+rl) (l+rl)(l+r2) (l+rl)(1+r2) cee (l+rn)

where Ri is the expected net earnings 1 years hence and ri 1s the

expected one-year rate of interest in the ith year. The Rz are net

of deprecistion and operating costs.
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For a finite-lived plece of capital directly owned the Ri become

zero at some point. If the Ri represent earnings on equity shares in

a firm, however, they may not be expected to be zero. Rather it may be
expected that the filrm's shares will yleld earnings in perpetuity.

In the special case in which both Ri and ri are expected to be

constant forever at R and r , respectively, we know that g =

Hlw

In long run equilibrium q must equal one, i.e., the market
value of & unit of cepital stock must equal its reproduction cost.

Both Ri and ri represent expectations sbout the future. For

generating expectations we have assumed a mechanism which distinguishes
between long run and temporary phenomena. Essentially, expectations
are assumed to be regressive in the short run and adaptive in the
long run., Suppose that rates of return have been constant for some
time at a level r . This r will come to be regarded as a normel
level. Suppose, however, in some period, r rises above r .

Tt might then seem reasonable to believe that r will stay above r
for & while but will eventuslly decline to r : expectations in the
short run are regressive. If r continues to exceed T for some
time, however, it will be less reasonable to expect a return to r .
In fact, r will no longer be regarded as the normal level, and es-

timates of the normal level will be revised upward.
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If earnings on equities (the capital stock) R diverge from
what has been a normal level, an entirely anslogous mechanism
operates. The two processes are linked, in fact, since as we have
noted above, long-run equilibrium requires R=r =R=7 (i.e., q= 1).
Thus the normel level of earnings on capital and the normal level of
Interest rates must be identical.
We will assume that R and r , if they differ from R , will
be expected to converge geometrically to R with eighty-five percent
of the remaining difference expected to be eradicated in each year.
We assume an adaptive mechanism for s Where eighty percent of the

weight is on ﬁ_ and ten percent each on the current levels of R

1
and T
R = F + oL(r - R) | (III.1)
25 =%+ & (r-F) (111.2)
R= (1-M-1) B, + MR+ Nr, (III.3)

where we assume QR = Br = 85 and ﬂR = ﬂr = .10,

Actual falues of R and r are assumed to be known and to be
exogenously determined. Monetary policy will influence r in the
first instance, vhile changes in R will be due to capital-augmenting
technical change and other factors affecting the earnings of firms.
Such effects are dynamically inter-related, as both affeet T and

hence each other. In part because they are inter-related, differences
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are viewed as temporary, since there exist natural forces in the
economy causing R and r to reconverge to each other. As we have
Indicated above, however, there may be times when a permanent change
in the esrnings on capital is expected. This corresponds to a shift
in R over-riding the adaptive expectations of equation (III.3). In
our simulations we will investigate the effects of changes in R

a3 well as of changes Iin R and 1r .

I1T.D. Liguidity Constraints

Monetary policy will affect consumption through its effects on
borrowing conditions and liquldlty constraints as well as through its
influence on wealth. The monetary authority's ablility to affect such
credit conditlons will be parametadzed in two varisbles in our simu-

lations. One of these willl be a borrowling rate r

b charged on funds

borrowed., In general Ty

{lending rate for individusls)}. The second instrument will involve

will exceed r , the market rate of interest

quantitative restrictions as discussed below.

Foreseen dissaving, for example in the retirement years, presumably
does not pose a ligquidlty problem, there having been sufficient time to
reallocate the portfolio to provide necessary ligquidity. It is in the
younger years that liquidity constraints may be of consequence, forecing
the household to save more, or dissave less, than 1t desires.

For the purposes of our simlations it will be assumed that a

echort undertakes at age u, = 25 an 11liguid investment of amount A,
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financed by debt on whiech the cohort commits itself to make annual
payments of principal of A/T in each of T consecutlve years.i/
Cohorts are not permitied to make advanced payments on their contracts.
Both the illiquid invesimeni and the debt bear the market rate of
interest.

We introduce the concept of contractual saving, ; y saving re-
quired of the cohort In a given year. The éontractual paynents of
principal, A/T , are one source of obligatory saving, but not the
only one. If irn some year the cohort wishes to save less than ; s, it
will have one borrowing option availaeble to it. It will borrow at a

-~
penalty rate 1r,_ , the principal to be reduced In T equal payments of

B
1/T +times the amount borrowed. We have used T = 5.

s may differ fram A/T , the amount due on the initial agreement,
for two reasons. First, if any secondary borrowing has occurred In
the past % years, the current obligation is the sum of the amounts
due on the primary and such secondary oblligations. Note that any
borrowing in the last % of the T years of the initial contract ex-
tends the period in which the cohort 1s susceptible to saving constraints,
since the secondary obligatlons are subject to the same stipulations as

the primery contract.

1/. A will be assumed to be $30,000 per adult femnle for new group 1
cohorts and $7500 for new group 2 cohorts in the first year of the
simlations. It wlll be assumed to grow at the constant rate 7y ,
the rate of growth of per capita income. The simulations assume
T = 20.
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The second reason s may differ from A/T is related to s
second credit rationing instrument. Suppose E , possibly zero, is
the currently due amount at secondary loan repayments, so that the
totel due is A/T + E . Lenders may require that only a fraction o
of the amount due actuslly be peld. Equivalently, lending institu-
tlons meke avallable loans at the market rate of interest r 1in the
amount (1-¢)(A/T + E) .

¢ cannot exceed one If advanced prepéymnt camnot be required.
On the other hand, in order not to be a constraint under any circum-

stances, ¢ must equal negative infinity, or else r,

mist equal the
market Interest rate r . For ¢ > « @, any borrowing in excess of
(1-0)(A/T + E) occurs at the penalty rate T -
Monetary policies opernte on consumption through these two

parameters, the penalty rate for borrowing Ty

and the range of its
applicability ¢ . Presumebly by altering policy mix and institutional
gstructure the two parameters can be varied relative to one another. In
our simulations, such varlations create a wide range of credit market
opportunity loci facing cohorts, Borrowing can be prevented altogether
with o=1 amd Ty
still prohibitlvely high corresponds to direct quantitative

set prohibitively high. Algebraically smeller o

with Ty

1imits on borrowing. A lower Ty, will permit price allocation beyond

(1-9)(A/T + E) .
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The discussion has been in terms of a liguidity constraint
Taced only in the current period, and this is the basis on which our
calculations have been made. But very likely s household expects
also to be bound by similar constraints in the future. Calculation
of the truly optimal consumption plan would then require explicit
recognition of all possible future constraints and their costs.
Indeed the timing of the undertaking of large illiquid investments
should also he endogenous. The solution of such a nonlinear dynsmic
programning problem, however, 1s not computationally feasible for the

rresent investigation.

ITII.E. Tax Rate Changes

A final element of the economic environment which affects con-
sumption deecisions 1s tax policy. All of the Income streams above,
both property and labor, are after-tax disposable incomes. We will
consider uniform percentage reductions in incomes from each source
separately and from the two together. We also examine the effects of
temporary and permanent taxes. In both ceses it will be asssumed that
the timing of the tax changes are perfectly anticivated. Interest
payments are assumed tax deductible. Capital gains are taxed on an

Y
acerusl basis.

;/. For computational convenlence, taxes on future labor income of
teenagers are not anticipated, though such taxes are imposed at
the time the income is actually earned.



IV. Results of Specific Simmlations

In this section we discuss the simulated effects of changes in
Policy instruments and of changes in expectations about the earnings
stream of capital. Simlation 1, termed the "neutral"” case for
shorthand reference, represents the standard against which the other
cases will be compared. The various simulations are defined in Table 1
and their differences relative to simulation 1 are noted. The ac-
tual time paths of r, R, ¢, and R for those cases in which they
vary are presented in Table 2. The resulting time pathse of aggre-
gate consumption (C), aggregate wealth (W), and the personal saving
ratio (S) are presented in Table 3.

The simuietions are hypothetical even though they are labelled
with real calendar years. The first year corresponds to 1969. In
particular, actual disposable Income of historical 1969, $631.6 billion,
will be disposable income for our 1969 as well, except in those simm-
lations where tax surcharges are imposed. The eleven periods of each
similation are labelled 1969-1979.

™Mme paths for C and S are graphed for selected similations in
Figures 5 and 6. In examining these, it should be recalled that gen-
erally we have simulated both halves of a cycle in whatever exogenous

varigeble is being changed. Thus in case 2, r first declines, then



IV.la

rises. In deriving estimates of various marginsl propensities and
elasticities, however, only the first period in which & change occurs
is of interest to us, since it is only in that period that ceteris
paribus really obtains. By the next period people have begun to
react to the changed environment.

It 1s assumed that in the years prior to the start of the simula-
tions r and R have been constant at .0525 long enough for .0525 to
be regarded as the normal level for both. Hence K = .0525 and q = 1
initially. With regardé to the obligatory saving required of younger
cohorts, 1t will be assumed that all previous payments have been made

on schedule and that no secomdary borrowing has occurred.
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TABLE 1l: Descripiion of Exogenous Changes Defining the Vardous Similations

Similation Description
1 "Neutral." r = R= R= .,0525, ¢ = 1 throughout.
Ty = 07, ® = 1.0. DNo tax surcharges,
2 Interest rate changes. Starting in fourth period r

declines, then rilses back to Initial level by ninth period.

3 Profit rate changes, short run. Sterting In fourth perlod
R rises, then declines to initisl level by ninth period.

L Profit rate changes, long run. Same short-run movement of
R as In case 3. In addition, in sixth period long-run
expectations change, R rises.

5 Hased liguidity constrant., o = .5.

6 Differential liquidity constraints, ¢ = .5, ry = .07 for higher
income group. o = 1.0, Ty = +10 for lower IncOme zroup.

7 Tax surcharge plus capital gains. Five period Incresse in
taxes on all Income, reducing disposable income by 2%,
coupled with an increase in R in the second period, later
followed by a return to its Initial level.

8 Termporary labor income tax surcharge. Labor income reduced
by 2% for five periods.

3 Temporary property income tax surcharge. Property inccue
reduced by 2% for five pericds.

10 Temporary lncome tax surcharge. Combination of cases 8 and 9.

11 Permanent labor income tax surcharge, of same size as in case 8.

12 Permanent property lncome tax surcharge, of same size as in
case 9.

i3 Permanent income tax surcharge, of same size as in case 10.

1k Eased iiquidity constraint. © = 0 .

15 Temporary labor income tax surcharge, of same size as in case

8, plus eased liquidity constraint. ¢ = O.

16 Interest rate changes, same as case 2, plus eased liguidity
constraint. © = 0.

17 Profit rate changes, same as case 35, plus eased liquidity
constraint. 9 = 0.



TABLE 2: Time Paths for r, R, q, R in the Simulstions
where They are not Constant,%

Simulation Varisble Year

L S~ < B - | HT= p

fev] |

Q-

2o |

el

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

-0525  .0525 .0525 L0425 .0%25 ,0%25 .0%25 LOk25 L0525 L0525
1.0 1.0 1.0 1.043 1.089 1.089 1.090 1.044 1.0 1.0

.0525  .0525 .0525 .0515 .0ko7 .QuB3 LOb71 .okT2 L0483 ohol

-0325  .0525 .0525 .0625 ,0725 .0725 0725 .0625 ,0525 ,0525
1.0 1.0 1.0 1.0k2 1,085 1.08% 1,083 1.041 1.0 1.0

-0525 .0585 .0525 .0535 .0553 .0567 .0579 .0578 L0568 .0559

0525 .0525 ,0525 .0625 .0725 .0725 .O725 .0625 .0525 .0525
1.0 1.0 1.0 1.0k2 1.082 1.082 1.082 1.041 1.0 1.0

«0525 .0525 .0525 0535 .0625**.0625 0625 0615 .0597 .0583 L0571

.0525 .0625 0725 ,0725 .OT25 .0625 .0525 .0525 .0525 .0525
1.0 1.0%2 1,083 1.08% 1.08% 1.0h1 1.0 1.0 1.0 1.0

L0525  ,0535 .0553 .0567 L0579 .0578 .0568 .0559 .0552 L0547 0542

¥ In other simulations these variables have the constant values they
have in simiation No., 1, namely r =R =R = <0525, q = 1 , except
that in similations 9, 10, 12, 13 after-tax ylelds are 98% of .0525.

*¥* Represents a change in long-run expectations other than as represented
by the adaptive expectations mechanism of equation (III.3).



TABLE 3:

Time Paths for Aggregate €omsumption (C),

Market Value of Wealth (W), and the

Saving Ratio (S), for Various Simulations

W.k{a)

Simulation 3 b 5 6
Number
and Type Neutral Fasy Caplital Gains-- Capital Gains-- Easdd Differential
Money Short Run Long Run Liquidity Ligquidity
Constraint Constraints
¢ W C W C W C W c W c W
S S 8 s S S
Year ]
'69 592.5 18g4.8 p92.5 1804.8 %92.5 1894.8 592.5 1894.8 506.82 189L.8 l§92.o 189L4.8
.061 061 061 061 .056 062
70 607.9 1933.3 HO7.9 1933.3 607.9 1933.3 607.9 1933.3 61h.3 1930.1 607.2 1934.0
066 066 .066 066 05T 068
71 62k.2 1976.3 p2h.2 1976.3 62k.2 1976.3 fp2k.2 1976.3 633.0 1967.L4 |23.5 1978.2
Neyal 0T 071 Nekal .059 OT3
72 641.3 2023.8 Pps55.h 2111.2 $50.6 2108.6 650.6 2108.6 652.1 2007.0 BUQ,7 2027.5
- L.0T76 054 089 .089 .061 079
'"T5 660.1 2076.3 pB7.2 22435 $81.3 2258.9 |676.2 2256.1 671.8 20kg.2 [659.7 2082.1
.0T9 .038 .103 .109 063 .083
"Th 683.4 2133.2 [06.2 2271.k JO5.6 2336.k 701.7 23%9.53 693.4 209k.k B83.0 2141.5
078 0b2 101 107 LO6h .081
75 T0T.6 2190.8 {29.5 2302.9 [30.7 24k15.8 727.7 2423.6 715.9 21k1.6 |707.2 2202.1
076 .0ko .101 .105 .06k .080
"76 732.1 2249.2 738.5 2234.8 fhh,9 2h02.0 Tho. 7 2h1hk.4 733.3 2190.7 [731.8 2263.5
Q075 057 .088 .092 .065 079
"7 756.8 2308.6 [4k8.3 2184.5 §58.0 2376.0 756.4 2391.8 763.2 2241.8 {756.6 2326.3
075 .076 OTT .080 065 079
'78 781.5 2%9.8 [72.5 2246.0 [f82.7 2k33.1 781.6 2u457.6 787.8 229k.9 |781.5 2%91.1
075 OTT OT7 080 .065 .0T9
'79 806.8 2h433.1  |796.6 2310.4 BOT.9 250k.L 807.2 2525.3 B12.9 2350.1 807.. 2us58,2
075 079 OTT .080 066 079




TABLE 3 (continued)

.k (b)

Simulation 1 8 10 11
Kumber
and Type Neutral Temporary Surcharge Temporary Temporary Temporary Permanent
Plus Labor Property General Labor Income
Caplital Geins Income Tax Income Tax Income Tax Tax
c W ¢ W C W o W c W c W
] S S s 8 S
Year |
‘69 592.5 1894.8 590.0 189%.8 589.5 1894.8 $93.0 1894.8 [590.0 189k.8 |58L.6 180k.8
.061 046 .050 057 0khé .058
70 607.9 1933.3 612.9 2002.9 6ob.4 1925.6 J608.1 19%.8 |fOh.5 1923.1 [599.5 1930.6
.0 .066 .05k 063 .051 .063
'T1 624.2 1976.3 637.4 2127.2 620.3 1960.4% b2k.0 1971.4 |620.1 1955.5 |615.3 1970.7
o7l .08k .059 .068 .056 .068
72 641.3 2023.8 654.9 2185.7 637.0 1999.1 [6k0.7 2016.8 [636.h 1992,1 [631.9 2015.k4
076 .089 .063 073 060 073
73 660.1 2076.3 6745 2250.1 654.4 20k2.1 |658.7 2067.h 1653.3 2033.2 [649.6 2065.0
079 .093 067 .078 .065 077
"Th 683.4 2133,2 692.6 22%0.9 678.7 2089.8 [682.2 2122.9 |677.5 2079.1 [672.1 2119.h4
.078 .092 .081 079 .082 076
"5 707.6 2190.8 706.4  2209.7 702.9 21kg9,7 [706.5 2181,3 (701.7 2139.6 {695.7 2175.0
076 078 079 OT7 080 075
"76 732.1 22kg.2 731.0 2269.8 728.1 2210.5 [731.2 2240.2 |727.0 2201.0 |719.7 223.3
075 077 078 076 .078 OTh
7 756.8 23%08.6 755.4  2331.0 753.5 2271.8 |756.0 2300.1 |[752.6 2263.0 |Tk4.0 2288.6
»OT5 077 076 075 077 073
'78 781.5 2%9.8 780.0 239k.1 778.9 233h.2 |780.8 2361L.7 |778.1 2325.9 |768.2 2347.5
075 077 .076 075 076 073
' SR, Qo= o shsn £ fokos 2u58.2  1806.1  2k25.3  1B0R.S Tl k08 L

;
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TABLE 3 (continued)

W.k(c)

Simulation 1 12 13 14 16 17
Number
snd Type Neutral Parmanent Permanent No No Liquidity No Liquidity No Liguidity
Property General Liquidity Constraint, Constraint Constraint
Imcome Tax Income Tax Constraint Labor Tax Easy Money Capltal Gains
¢ W c W c W c W c W c W ¢ W
S S S S ] S S
Year ‘
'69 592,5 1894.8 $94.3 189hk.8 EBS.} 1894.8 pB97.7 1894.8 {595.2 189k.8 |[597.7 1894.8 1597.7 189L4.8
061 .055 052 .05k - .0kl 05k 054
*70 607.9 1933.3 609.h 1929.5 [600.9 1926.8 K17.0 1928.7 [6lh.k 1920.6 |617.0 1928.7 (617.0 1928.7
.066 060 057 .053 .00 .053 .053
7L G2k.2 1976.3 625.5 1968.6 [616.5 1963.2 p37.0 1963.4 J634.3 1946.L [637.0 1963.4 [637.0 1963.k
071 065 062 .053 .00 .053 .05%
r72 641.3 2023.8 6k2.3 2012.3 [632.8 2004.0 B57.7 1998.9 |654.9 1972.% [675.7 2085.2 |665.5 2082.6
076 070 067 053 038 027 068
73 660.1 2076.3 60,0 2060.8 [649.9 2049.6 K79.0 2035.h |676.1 1998.5 [71T7.3 2196.3 }[69h.8B 2216.3
.079 075 072 053 .038 -.002 084
'Th 683.4 2133,2 $B82.6 =211k.4 |671.5 2100.3 [700.9 2073.1 |697.9 2025.0 |[Th0.2 2195.k [717.0 2279.0
.078 075 LOTh .053% .05k -.005 .085
TS 707.6 2190.8 [06.2 2169.6 |694.4 2153.0 [123.5 2112.1 |720.5 =206k.k |763.4 2192.6 |ThO.2 2345.1
.0T6 LOTh 072 .053 +05L4 -.006 .086
76 732,1 2249.2 [%0.9 2225.8 |718.2 2206.9 [T46.8 2152.5 |743.8 2105.h [766.7 2095.5 |755.6 2322.5
075 072 0T} 053 .054 .019 073
“TT 756.8 2%8.6 [155.7 2282.8 |7h2.7 2262.1 [fr0.7 2194.5 [767.T 2147.9 |[768.2 2021.8 |T71.6 2287.3
075 071 .070 054 .055 J0ké 058
78 781.5 23%9.8 {780.6 2341.2 |[767.0 2318.3 [r95.2 2238.2 |792.1 2192.3 |790.9 2059.0 |[T797.3 2335.0
075 LOTL 070 054 .055% L0h9 057
"9 806.8 2433.1 PBos.7 2kol.k {791.7 2376.3 [Be20.2 2283.6 817.1 2238.3 81L.5 2099.3 823,3 2383.4
075 072 070 .054 055 ,050 057
|
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Camparisons of certain of the similations below will permit us
to obtain a.pproxima.ﬁe estimates of the marginal propemsity to consume
from total resources and its components. For reference we have cal-
culated the average propensity for 1969 in our simuations. This
average, the ratlio of aggregate t_:onsmr@'bion to the present value of
aggregate total Llifetime resources, is ,055. In a world from which
i1iguidity constraints are absent, the marginal and average propen-
sities are equal for a life-cycle model.

An exsminmation of simulations 1, 2, and 3 indicates that both
lower interest rates and higher capital incomes stimilste consumption.
In the former case (2) the actual disposable income of individuals has
not changed (relative to case 1). Income streams from cepital and
from labor have not changed, though they are discounted at s new
interest rate., In the latter case (3) disposable income has in-
creased, since R , the earning stream from capital, has risen,

In both cases there has been an unanticipated increase in W,
having a positive income or wealth effec;b on present consumption.

The substim'fion effect works in opposite directions in cases .2 and
3, favoring current consumptlon in the former where r dJeclines and

Y
working against current consumption in the latter case where r rises.

;/ » Recall that because expectatlons are such that equilibrium will be

re-established with R=r = R, and because R is influenced by
R, r is expected to rise even in the case where 1t is R +that
has changed initially.
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Because we have observations on the two different cases we can
derive gpproximate magnitudes for an sggregate marginal propensity to
consume from weslth and for an interest-elasticity of consumption.

Our technique as demonstrated in the appendix indicetes that the mar-
ginal propensity to consume from wealth is of the order of .09 to
17,

This is our second estimate of the marginsl propensity to consume
from total resources. It is considerably higher than our finding
above, affirming the theoretical reasoning about the effects of
liquidity constrainis. Some caution is required in attaching signifi-
cance to the megnitude of the difference, however, since the current
estimgte, for reasons Indicated In the appendix, 1s perhaps the least
precise we have attempted. The Indicated interest elasticity of con-
sumption is between -.02 and -.43.

In an =ttempt to evaluate the influence of liquidity constraints
on the marglaal propensity to consume from wealth, we have repsated
similations 1, 2, and 3 in simulations 1k, 16, and 17 with the liquidity
constraint relaxed sufficlently to insure thal no cochorts were con-
strained in the years 1969-1972. Repeating the calculations described
in the appendix, we find the probsble values of the marginal- propensity
to consume out of wealth to be brecketed by .08 to .14. The interest

elasticity is -.04 Lo -.72.



IV.T

The changes in r and R in cases 2 and 3 occur in two equal
steps in 1972 and in 1973 in the simulations. The percentage capital
gains, measured by Aq/q » are roughly the same in both cases and
roughly equal in the two years. Consumption als§ is inecreased in
two roughly equal steps, but more in case 2 than in case 3. The
consumption increments over the neutral case are 14.1 billion for
1972 and 27.1 billion for 1973 for case 2; 9.3 billion for 1972 and 21.2
billion for 1973 for case 3. As ¢ declines in two steps 1In 1976 anmd
1977, the excesses of C over the neutrsl case alsc decline. Why
does simulation 3 exhibit a smaller impact on consumption? The 4if-
ference is in the direction of the substltution effects. It 1s shown
even more dramatically by the saving ratios (.103 in 1973 for case 3
as ageinst .038 forcease 2.} The correspondingly greater capltal for-
mation In case 3 eventuslly leads to greater consumpition there despilte
the substitution effect favoring saving.

Similation 4 differs from 3 only in that in 1973 long-run profit
expectations change. The substitution effect favoring current sgaving
is greater, but certainly more moderate than the difference heiween
the long-run profits rates (72 basis points in 1973) might superficially
indicate. The explanstion lies in the fact that the current levels --
and hence the expected levels for the immediately following years -- of
R and r are the same in the two cases (R = .0725, r = .0525 in 1973).
Since the expected rates in the near future have more influence than

those further distant, the effects on consumption are not too dissimilar.
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Similations 5, 6, and 14 examine the influence of changes in the
instruments affecting liquidity. Case 5 differs from case 1 only In
that ¢ is .5 in the former rather then 1.0. In case 14, ¢ 1is
zero. That is, 1t is possible in case 5 (1hk) for individusls to borrow up
to half (the entirety) of their contractually required saving at the

market rate of Interest r rather than at a penalty rate r In

-
case 1 all of the borrowing Incurs the penalty rate. The result in
case 5 is to increase consumption by four to eleven billion dollsrs in
various years, wlth wealth accumilation suffering a concomitant de-
crease ($8% billion over the ten year period). In ease 1! consumption
exceeds that of case 1 by $5.2 billion to $18.9 billion. Accurmlated
wealth 1s less by $149.5 billion.

In simlation 6 the two income groyps face different liquidity
constraints. As In case 5, the higher income group is assumed to be
able to forego half of their required saving costlessly (¢ = .5)
and to be eble to borrow beyond that at a rate of seven percent
(rb = ,07). ‘The lower income group may not borrow costlessly
(v = 1.0), and they must pay more for the funds they do borrow
(ry, = .10). Relative to those in case 1, the credit market condi-
tions are eased for the higher income group and are more siringent
for the lower income group. The negative incentive on the consumption

of the poorer group has a stronger influence, as aggregate consumption

declines slightly relative to case l.
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The savings ratios are better indicators of the effects in +he
later yeers. By then greater dispossble income due to more caplital
accumlation permits more absolute consumption. By 1979 wealth in
case 6 exceeds that in case 1 by $15.1 billion.l

A comparlson of cases 8-13 with case 1 indicates that s labor in-
come tax reduces consumption, a property income tax increases it, and
a general Income tax -- a combination of labor and property income
taxes -- decreases consumption, but less than the labor income tax alone
initially. In these simulations the time paths of other variables,
including the before-tax rates of return, r, R, and R , are the same as in the
in the reference simulatlion, case 1. The variable q remsnins at par,
in the face of the tax on property incame, because 1t 1s assumed thst
R and r are lowered in the same proportion.

The taxes on lakor income have only wealth or income effects on con-
surption. They do not affect rates of return, do not have a substitution
effect. The property income tax has both, with the substitution effact
in favor of current consumption (since after-tax rates have declined)
being stronger than the effect of the income lost in tex payments.

In principle a tax surcharge that 13 expected to be temporary
shoudd have little effect on current consumption, the effect being
spread over the remslning years of life. Comparing cases 1 and 8

for 1969, we find consumption reduced by $3.0 billion. The aggregate

;/. Most of thls, however, reflects an artificiality in the simulations.
In our caleculations, not only reduced consumptlon but also reduced
penalty interest payments permit greater accumlation. The institu-
tions engaging in lending are considered exogenous to the household
sector. Hence dlsposable income equals not just consumption plus
saving, but rather consumption plus saving plus penalty interest pre-
miums or: loans. We intend in further caleulations to redistribute
these payments as incomes to wealth-owners,
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expected reduction of lifetime resources 18 47.8 billion (not shown).
Thus our third estimnte for the marginel propensity to consume from
total resources is .063.

To test our theoretlcal proposition thaet operative ligquidity
constraints may increase this marginel propensity, we have duplicated
the comparison of cases 1 and 8 with a relaxed liquidity constraint
(p = 0) 4n cases 14 and 15. We find a reduction in first pericd
consumption of $2.5 billion, indicating that the tighter credit
market conditions of simulation 8 enhance the effectiveness of the
tax inecrease by about twenty percent. The corresponding marginel
propensity to consume 1s .052, close to the average propensity (and
theoretical unconstralned marginal propensity) of .055 and somewhat
lower than the ligquidity-constrained .063 found in simlations 1 and 8.

In simuation 11, in which labor income streams are reduced
uniformly for all years, a 162.4 billion decrease in total resources
leads to a $7.9 billlion decrease in first period conswmption. The
correspording marginal propensity, which is roughly the merginal pro-
pensity to consume out of total resources, 1s .049.

As we noted sbove, & general iIncome tax Increase does not
initially lower consumption as much as a labor Income tax alone
hepaugse of the disincentive effect on saving of lower expected rates
of return. The decreased capital accurmlatlon eventually leads %o
a reversal, however, with more consumptlon occurring in the case of
the labor income tax alone. It must be recalled, however, that we
do not attempt to take into account the system-wlde response of before-

tax rates of return to variations in the size of the capital stock.
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ne of the explanations offered Tor the apparent ineffective-
ness of the tax surcharge of the 1960's is that capital gainm en-
Joyed by individuals had a more than offsetting effect on consumption.
We have found results consistent with this explanstion in simulation
T. There we have imposed a temporary (five year) reduction of two
vercent on all income as in case 10. The corresponding tax revenue
is $12.6 billion for 1969. In addition, we have assumed increases in
capital earnings starting in the second year as indicated in Table 2.
In the first year, before the first increments to wealth, consumption
is less than in the standard case by $2.5 billion., With the first capital
gains, however, conswpilon inereases by $5.0 billion, and ultimately

by $1k.k billion, relative to case 1.

In the discussion of the use of temporary changes In taxes as sta-
bilization policies, a consumption tax hae been suggested as a more
powerful alternative to an income tax.i/ A temporary consumpticn tax
contains, as an income tax does not, an incentive to postpone spending.

It has & substitution effect as well as an income effect. For illus-
tration, we have simulated (but not tabulated) the results of a flat
rate consumption tax, unexpectedly imposed and known to last only one
year. As expected, this tax is much more effective than an equivalent in-

come tax in discouraging current consumption. Comparing equal yield

1/. Tobin, J., "In Defense of the New Economics,"” Fortune, Oct. 1969,
pp. 211-212.
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($14.5 billion) one year consumption and income taxes, we found the
former reduced consumption by $13.2 billion (relative to case 1) while
the laiter was only one-eighth as effective, cutting consumption by

only $1.7 billion.
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V. Conclusions

1, The method is promising., The model generates aggregstes which
are realistic and plausible In magnitude and in their simidated time
paths. Ve are certzinliy not entitled to conclude that American house-
holdr are actually conforming to the life-cycle model, much less to
our specialization of it. But assuming that they are doing so gives
reasonztle results. In Turther work more atitention should and can
be paid to sources of differences among households other than age,
to the eflects of uncertainties on consumption and accumlation plans,
to the diversity of assets available for saving, and to other features
of the "real world" that the model of the present paper omits or over-

simplifies.

2. Revaluations of nonhuman wealth do, according to the model,
have important effects on consumption and saving. Dut these effects
depend significantly on the nmature of the revaludtion, in particular
on the concomitant changes in current and expected interest rates. In
our "easy money" simulation (2), a reductlon of interest rates brought
about by moretary policy increesed consurmtion by 16.1% of the in-
crease in weaslth it accomplished. In simulation 4, wealth and con-
sumption both rise because of a nonmonetary shock: profits and ex-
vected profits rise. The increase of consumption is 8.8% of the in-

crement of wealth.

%, Liguidity constraints make a difference. In our simulatlons

they are binding on younger and poorer segments of the population. In
their absence, the marginal propensity to consume currently from an in-
cregse in econsumable resources -- current wealth plus the present value

of labor income -- would be the same as the average, about .055. Our
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simulations indicate the marginal propensity to consume from current
wealth 4o be .09-.12. The excess 1s attributable to the role of
realizable capital gains in relieving liquidity constrainis on current
consumption.

For the same reason, the marginel propensity to consume from cur-
rent disposable income is higher than it would be in a perfect capital
market. Our simulations of tax chenges give permanent changes 2.6
times as mich effect on current consumption as temporary (five-year)
changes. This difference is in fhe expected direction, but in & model
without liquidity comstraints it would be larger, 3.4 times instead of
2.6 times. These comparisons would be more striking if our ™emporary”

tax rise lasted a shorter time.

4. Monetary policies tighten or relax liquidity constraints.
Changes in those constraints, including the differentlal between
borrowing and lending interest rates, have Important effects in
themselves, as compai‘ison of simulations 1, 5, 6, and 1L indicates.
Moreover, the tightness of ligquldity constreints helps +to determine the
effectiveness of other policy instruments. A temporary tax increase,
for example, is 1.2 times as powerful in the tight credit simmlation
(8 relative to 1) as in the easy credit simulations (15 relative to 1h).

To construct a complete story of the linkages of monmetary policy to
the propensity to consume, 1t would be necessary to specify how glven
Federal Reserve operations simultaneously change Interest rates, capital
valurs, and liquidity constraints. We have not attempted to provide

those links In the chains of causation.
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APPENDIX

Data Sources and Initial Conditlons

The initial population was that of the United States on July 1, 1969
ag estimated in Curreak rapula;ion Reporcs (Series P-25, 1970, Table 1, p.
12} for ages (-84, The estimated 1.29 million people aged eighty~five and
ebove were ignsred. The birth rates by single age of mother were infer-
polated from prouped data for 1967 reported in the Statistical Abstract
of the United States (1969, p. 48). As noted in the text the birth rates
for women younger than eighteen were set at zero. To compensate, birth

rates for agaes 18-21 were increased :

ra

2iightly.

Hortality raten for 1267 for rges 0-69 also came from the Statistical
Aborrnot (108%, p. 54). TFor eges 70-04, mortallty rates were interpelated
frum evude Ceath rates caléulatué from preouped data in Demogrvapitile Yearboolk
of the United Dationg (1%62, pp. 169%, 603), The interpolations from the
Liro nourecs were constrained to he continuous at age 69.

The simulations reauived the assigning of all males and of femalzs

youngor than elightesn to cohoris. Fo direct obServations vero avallabie
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i given by

Nrm(x: a) = ﬂ’m(xy a)'Nm(a) .

Hote E}%Jm&)szmg&a%ﬁgw

= Em(a) Eﬁm(x, a) w Rm(a)

since for the frequency distribution wm(x,a) the sum o nﬁ(x,a) =1 .
g T

Thz nm(x,a) ware interpolated fror tables grouped both by x and by
a in Current Populatien Reporte (Ssries P-20, 1969, Table 17, p. 83).

The dictributions fer children and teenagers were interpolated from
tables in Current Population Repovus (Series P-20, 1969, Table 6, p, 51)
wateh sfrictly applied only to age distributions of youngest children.

This distortion was gomowhat offeet, however, by the faet that the dia-

tribations o5 used were ssovmed to upply to the age of the mother (cohiort

age) while the reported distributions were by age of head of housshold.

seplies to the derivation of the inltial

- " -y R AT 1. o - . e g e oan g - - .
ola forales, and of the wales surviving the disbanding

B g h Mg £y P i . - S O - -~ B - o I g ¥ Ed .
“Logy o wear old eatiort, TR ds ogonosed that the dnitial distci-




bution of 21 year old males, "m(x’ 21) applies in all future years as
well, Similarly, the new cohort forming with eighteen year old females

is assigned nf(a)va(IS) = Nﬁm(ls, a) males where the T are comstant
over time and are interpolated from Current Population Reports (Series P-20,
Table 17, p. 83).

the implication of assigning to the new cohort a full complement of
males of varicus apes is that some males originmally assigned to one cohort
are reassigned to a younger cchort. A more realistic model of household
formation would of course resolive the problem, but such completeness is
not feasible. The current s8implification has only minor effects and only
on the-younger cohorts,

The two income groups correspond to groups above and below the
Laevel i‘Poverty iLine ag defined in Prmﬁector and Weiss (1966, p. 37)
{roughly $5GGO for a family of four in 1963). The indication there, and
the asgpumption we have used, is that seventy percent of the population is
in the higher income group and that theilr income ig four times as great
as that of individuale of the same age znd sex in the lower income group.
After approximate adjustment for omitted items (life insurance cash balances,
pension righte, anmuities) the average net worth of group I was also about
four timas that of group II.

The setusl wealth profiles by age used ag Initial conditions were
intevpolated from Projector (1968, table 817, p. 316), then cgealed up to
give ¢ wealth-dignosable incoms vatie of 3.0 for the first year simulated.
Tae fowr~to-one voatdo Deiweon neb worih of ibndividuale in the two groups
was mointeined,  In dotevpolasine, net worth of zeve for cohovts aged

g P S A Eai 4 W e v e e
ciohteen sud gl hiy~filve wran zanumod,



In a similar manner, Interpolated labor earnings by age for 1967
from Projector and Weiss (1966, pp. 162-6) were scaled up to $532.1 billion.
This is the labor share of disposable income in 1969 consistent with the
wealcth-disposal income ratio and rate of_return on capital assumed. Again

the four-to-one ratio between the earninge of the two groups was maintained.

Thus & male aged 1 in group 1 (j =1, 2) earns B?i-yl;l 40 and a female
3

earng -ﬁii-y:i 40’ vhere y?, 4o TFepresents the labor income of a forty

m I m
ar ¢ld male in the first group. We have B e and
ve e - grous P, 1 =% Pyy

£ _1.m m
Py g " Py g+ The B

y? 4o Brows exponentially at the rate 7 :
i

f .
and f° are assumed constaut over time, while

m T -
yl, 40(t+'1) = (l‘t'7)Y1’ 1+0(t) .

Indexiving the §3m and Bf from Current PopulationReports (Seriéz—; P-GO,. 1969,
Table 3, p. 26), themedian incomes reported there were multiplied by the percentage
of the ege~sex greup receiving income to account for participation rates. Since the
estimates do not exclude property income, we have the set B?i s Bil fer 1>65

equal to zero,

Bevivation of en Allocaticn Bule: Ho Liouidity Constraints

ror esse of ewpliecation we shall present the analys‘ia of this section
In terws of a behavieral unit counsisting of a single individual, The grand
utilivy funcition of a cohiert will be a sum of individual utilicy functions,
weldchted by appropriste egulvalent adult weights,
Y for am individuzl

| % PP . FRE U S .
We ansime tho utdility fenction 11(6-9, cl, taay ca“h‘—-x

aged = has the speelfic form



a*

-X
u(co, 2 ers) = izou(ci)(1+ﬁ)-i Eé%g%l. (A.1)
where u(ec) = A - Bc;p+1 (A.2)

and a* is the last age to which individuals survive given the mortality
table assumed, § 1s the pure rate of time preference, 8(x) is the pro-
bability of surviving from birth to age x, A and B are arbitrary
constaats of no consequence (except that B wust be positive), and “p
is the (constant) elaétiéity of marginal utility. We assume -gp = -1,5 .
(Assuming a form for u of wu(c) = log ¢ as.in Tobin (1967) is equivalent
to choosing p =1 .)

Assuming first a world of perfect capital markets with no constraints
on disesaving and no divergence between the borrowing and lending rate,

the optimal consumption plan regults from maximizing the Lagrangean

L mue, ) (148) ™t i‘-é%;%l ARl + 4 - gci(1+'i"i)_i %) . @AY

W dis the market value of non-buman wealth

o .
W= (s R:(l-i-?i) YK = g, (A.&)
i=l

*wooi multiplied by (}+r0} since in this discrete model there 18 a dis-

tinction between beginaing of period and end of period stocks. W iz inter-
preted as the beginning of pericd stock and thus carns row in the current

pericd. The model {8 recursive rother than simultapecus: first production
cccury, veing the baginning of peried capiltal stoek, then the savings de-
ciginn allocares ocuiput between consumption and investment,



and Wh is human wealth
a*-x -1 a§x+iz
Wh = iEoyi(1+r0) s (x) (A.5)

The expected labor income 1 years hence is Yy . '?i is the expected

1 period rate of interest

(1+7)" = QL+ +r5) oo (1415) (A:6)

e

J
Differentiating (A.3) and eliminating A from the resulting first-order

where 7t is the expected one period rate of interest j periods hence.

conditions yields

i
4 g
1'+ri W(1+r0)-+Wh
Ci = ]-4_5 . -1 (Ao?)
( gl 1
~ ¢ s (x+)
= _(1 +ri) - (lﬁ)p (%)

The second factor on the right of (A.7) is a constant independent of 1 .
Conéumption‘per person~year in the ith 'year exceaeds (is the same as,
is lessz than) o if '?i > 8 (?i =8 , ’?i < §) . 8Since recalculation
occurs every vear, only the first year ¢f the consumption plan need he

actually realized,

Perivation of an Allocation Rule: Uith Liquidity Constraints

Let & represent the amount of saving the individual is obligated
to do in-the current period. As indicated in the text, § will equal a
fraction 8 of A/T plus any payments due on secondary loans undertaken.

R X . r's : .
If an individusl wishes to save leze then 8§, he has only one option.



He may borrow at a rate r paying back by making equal payments against

b’
the principal of 1/% in each of the next T yeara,
Let ¢ be the amount of consumption which would result if exactly

8 were saved out of current income, Then the Lagrangean is

Lt = satey) (14e) 7 EEH) *1(3’*‘“h - (eg = BE(ry - v BL @yt
T

. gci(l-+?1)-i 5&%5%%) (4.8)

+ )\.z(co - c) »

e, i -i-1

The term (c0 - 3)2(rb - ri) -——-(1-#?}} -repreSents the net interest
%

loss on new borrowing, ¢ - ¢ . The comstraint associated with the
multiplier hz insures that individuals cannot lend at the higher borrowing
rate r_, i.e. co - ¢ must be non-negative. Differentiating and solving

for the g yields

1
L P W+ W +SQ (4.9)
" Tg PO PE S Tl
8{x+.) ~oy P e p
TS L) T R |+ 1) 1
or ey = e ’ hz >0,

whera

N e AR
Q= E(rb - 1i) n (1-+ri) .
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An Approximate Estimate of the Marginal Propensity to Consume from Wealth

and the Interest Elasticity of Consumption

Let us summarize the influence of ri, rg, soay r:, +s. On aggregate

consumption by a single variable & . Similarly let us indicate the impact

of the Rfr by R® . lLet W denote aggregate wealth., Then we can write

current aggregate consumption as

¢ =cw@s:, %), % . .. (A.10)

m s the current aggregate earnings on capital enter separately because,

as noted above, W as a valvation of the earning stream from non-human
sources does not include earnings in the éurrent period. We need not specify
the other variables affecting consumption since they will be held constant

in obtaining our estimates.

Differentiating (A.10) with respect to R® s r® y, and ¢ yields

E e e
dc¢ CW(wRdR +'Wrdr ) + Cﬁdn 4 Crdr (A.1L)

where Cw 5 Wk s WE 3 CTT B Cr represent partial derivatives of the

functions ¢ and W with respect to the subscripted variables. Now
Qﬂ = CW since an extra dollar of market value of wealth and an extra dollar
at income--income in the present perlod only--both command the same consump=

tion value tcday and hence both augnent the present value of cohort lifetime

respurces by the same amount,

Asauwe that the various partial derivatives C(, etc. are approximately

W

constant in the neighborhood of variation of the valueg ¢f C¢c, W, mn,

r® , and r® involved in our simulations. Then we may apply equation



A-9

(A.11) to the non-infiniteqimal changes in variableﬁ between twoe of our
simulations for which all other variables are unchanged. The 1972 values
of the variables for simulations 1, 2, and 3 meet this criterion. Thus
dC 1s the difference in the 1972 values of aggregate consﬁmption between
cases 2 and 1: dC = 655.4 - 641.3 = 14,1 , For case 3, dC = 9.3 . The
expression (wRdRE +-wrdr°) is dw, and is 87.4 and 84.8 for the
two cases respectively. dr 18 zero for case 2 and 20.3 (not showr) for

case 3, Since q" = C_  we may write

W
4,1 = 87,4 C_ + Crdr; (A.12)
9.3 =105.1¢, + C dry | (A.13)

where drg and dr® are the changes in r® from case 1 for cases 2 and

3
3 respectively.

The dr: are unobservable, but we can bracket their values, From
table 2 we see that in case 2, the current interest rate in 1972 is ,0425,
which 18 less than that in case 1 by .0l, R, the normal rate to which
futu?e rates are expected to return, 18 less in case 2 than in case 1 by
+001 = ,0525 - ,0515 . fThe differential between the two cases in expected
one period rateg of return in 1972 {3 nearly -.01 for early periods and is
clogser to -.001 for later periods. drg is some welghted average of these
differentials, and is thus bounded by -.01 and -,001. Similarly drg is
a weighted average of 0.0 (differential between cases 1 and 3 in r )
and 0,001 (differentisl in R ). Solving the two equations (A.12, A.13)

by using the four sets of boundary values dr; = (-,01, -,001),

drg = (0, .001) ylelds the solutions for cw and Cr'% presented in the

text. 1In converting to the interest elasticity values of r and ¢ for

1972 in simulation 2 were used.
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