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Long Run Tax Incidence and Variable Labor Supply Revisited

Recent contributions to the theory of taxation have stressed the
importance of considering the long-run incidence of factor taxation within
a growth theoretic framework.l This literature has demonstrafed that
long-run incidence of a factor tax may differ substantially from short-
run incidence; indeed a factor tax which is unshifted in the short-run
may be shifted by more than 100 percent in the long-run. An interesting
corollary to these findings is that the factors which determine short-run
incidence may be irrelevant for long-run incidence. For example, Feldstein
(19Tka) presents a growth model in which the long-run incidence of a
factor tax on capital or labor is independent of the elasticity of labor
supply. However, with the exception of Diamond (1970), these contribu-
tions have relied on ad hoc formulations of the determinants of individual
saving and labor supply decisions. The life cycle defermination of savings
and labor supply and the interdependent responses of these.choices to
taxation have not been addressed.2

"This paper extends the analysis of long-run tax incidence by
. considering the burden of capital and labor income taxes in a model where
both human and physical capital accumulation as well as labor supply are
determined by lifetime utility maximization. We thus extend Feldstein's
and Diamond's enalyses of long-run tax incidence by incorporating variation
in the labor supply response to taxation over the life cycle as well as
the choice and timing of human capital accumulation. We show that the
result on the irrelevance of the labor supply elasticity to long-run

incidence requires an identical labor supply response at all ages. In
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the empirically plausible case where f;ctor taxation affects labor supply
differentially over the life cycle, the "elasticity of labor supply"” again
emerges as an important determinant of long-run tax incidence.
Traditional incidence models have treated labor supply as unidimensional;
- workers supply one quality of labor for differing numbers of hours. Labor
supply is, however, a far more complicated phenomenon. Workers choose the
proportion of their lifetime devoted to work, schooling, and on the Job
traihing; they choose how much effort to put forth, where to locate, how
hard and long to search for alternative employment opportunities, as vell
as how many hours to work in a given time period. These other choices
that workers make may have important implications for tax incidence. For
example, the "Extended Life.Cycle Model" of consumption described by
Feldstein (1976) and Kotlikoff (1977a) suggests that retirement age has a
significant effect on lifetime savings patterns. In the "Extended ﬁife—
Cycle" formulation, the savings of the young respond to the expected length
of the retirement period. Hence the long-run supply of capital depends
on the supply of labor. Taxes which alter the age of retirement will affect
the steady state per capita levels of both capital and labor, so ultimate
incidence will depend critically on the elasticity of this type of labor
supply response. Econometric evidence indicates that retirement decision
may be qpite sensitive to economic variables.3 A wage tax which encourages
retirement and raises saving will therefore be shifted at least partially
onto capital by increasing the steady-state capital 1ab§r ratio.
Human capital accumulation is another important dimensions of labor
supply choice that has received little attention in studies of the effects

k .
of taxation. The omission of human capital may be of substantial import.
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Recent estimates place the human capi£él stock of the U.S. at 997 bil.
compared to a business capital stock of 1090 bil.5 Heckman (1976) has shown
that tax effects on human capital accumulation may differ greatly from
those 6n either hours worked or physicgl capital accumulation. 1In parti-
cular, Heckman demonstrates that an interest income tax will actually pro-
mote human capital accumulation while it reduces incentives for physical
capital accumulation. However, he does not consider the effects of human
capital taxation‘within a general equilibrium framewofk.

Section II outlines the basic model, which generalizes the overlapping
generations model of Samuelson (1958) and Diamond (1970) to allow for human
capital accumulation and variable second period labor supply. In Section
IIT we consider the incidence of wage and capital taxes in turn. Section

1V surmarizes our findings, suggests some implications and concludes the

paper.

Section II: The lodel

In this section we first consider the individual optimization problem
and then turn to the calculation of the general equilibrium steady state
prbpefties of the model. Individuals live for two periods, consuming goods
and leisure in period 2, and goods only‘in pariod 1. During the first
period, an individual's time is divided between training and work. Train-
ing occurs only in the first period; the second period is devoted to work
and leisure. We assume no first periéd leisure in order to highlight the
importance for tax incidence of the timing of the laﬁor supply responses.
As we demonstrate below the inclusion of firstléeriod leisure would not

alter the conclusions provided the compensated elasticity of labor supply

vhen old exceeds that when young.



First period consumption Cl’ second period consumption 02, and second
period leisure £, are chosen to maiimize an inter-temporal utility function

c

%) subject to C, + —=— = E (1)

u(c 1 l+r
n

1’ 2’
where E is the present value.of an individual's lifetime earnings and T,

i{s the net rate of interest.

' The optimization problem can be divided into two parts. First given
%, the individual chooses an optimal proportion S of the first period for

training in order to masximize E where:

W H(s)(1-£)

= _ n
Wh(l s) H + T (2)

Here W is the net wage rate, H is each 1nd1vidual's initial endowment

of human capital and H(S) is the human capital production function with assumed
positive first and negative second derivatives. A worker with human capital
H(S) is equivalent to H(S)/H° untrained workers. For simplicity, it is

assumed that the only input into human capital formation is the worker's

time. The measure of human capital accﬁmulation, S, can be thought of as
either the proportion of the first period spent in school or the proportion

of time devoted to on the job training. Maximization of E for given %,

Wh, and r, yields the first order condition (3) and the demand for training

relationship (4).

_ H(s)'(1-2)

Ho T 1l+r (3)
n

S = S(l,rn) ' o (%)

Differentiating (U) implies:7

ds as
— < 0 —_— <
0, T5<0,

(5)

%‘ib’i
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Reducing second period leisure iﬂéreases the amortization period for
human capital investment and leads to more training. Similarly a fall in
the interest rate raises the present value of the return and increases the
optimal level of human capital accumulation. Since a change in the net

. wage varies both the costs and the return on human capital investment'in
equal proportion it has no effect on the optimal level of training. Sub-

stituting for C, from (1), (2) and (4), the consumer maximizes (6) over

C1 and 2.

U(Cl,Wﬁ[(l—S)Ho(l+rn) + H(S)(1-2)] - cl(1+rn)z) (6)
First order conditioﬁs are:

Y

(1+rn) U,

Us

W_H(S) U,

Evaluation of tax incidence requires a standard of comparison. In
what follows we consider the incidence of compensated tax changes. This
is equivalent to assuming that the government spends tax revenues by giv-
ing lump sum rebates. The same results hold if we impose the requirement
that government spend (or save) the revenues in exactly the way the tax-

payers would have. In the appendix, we derive formulae for changes in Cl’

C. and £ arising from compensated changes in the tax ratesvtw and tr. The

2
compensation tekes the form of a lump sum rebate of tax proceeds in the

same period as the tax is incurred. Under the assumptions outlined in
the appendix, we record the compensated tax change derivatives in (7) where

¢ stands for compensated.8

ac ac '
1 a%
c <0, X o . (7)

dtw dat ' dt dt
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A labor income tax when compensated increases leisure in the second period

vhile lowering consumption in both periods. Since savings are given by

Yl - C. vhere Y. is earnings in the first period, it follows from (7) above

1 1
that a lebor income tax raises savings. The effects of an interest income

tax are more complex. This tax increases human capital‘accumulation,
making second period leisure less attractive. The resulting increase in
E leads to increases in both Cl and 02' The compgnsated interest income
tax reduces saving both because C1 rises and Yl falls due to the increase
in S.

At the macro level, the physical capital stock is determined by the
savings of the young. Letting g be the population growth rate, physical
capital per young person, k, may be written as:

W (1-8) B - C) + T '

- 1 1
k = Tre (8)

Tl is first period lump sum rebates of taxes. Human capital per young

person, h, is:

H(s)(1-2)
e (9)

= - +
h = (1-8) H,

Combining (8) and (9) the economy's steady state capital-"effective
labor" ratio k* is simply:

w(1-8) Ho - c1
“"h " (1-5)H_(1+g) + (H(s)(1-%)

=

(10)

k*

In (10) W is the gross wage rate and we have made use of the fact that
T, = t, w(1-8) H, .

Expression (10) gives the capital-labor ratio k* determined by
individual choice of Cl’ C2, L, S for given gross factor returns and tax

parameters. We assume a constant returns production technology ¥y = £(x),

with factor price frontier:



W= ¢(r), ¢'=-k* ” (11)
Steady state equilibrium requires that the gross factor returns W and r
determining k* be consistent with the W and r dictated by the production
function at k*. Thus we close the model with the condition: '

Cw(-s(2,r ) B - Cy(r W)
k¥ (r W) = (Tg)(-8(%,r,)) B, + K(8) (1-2(r, W)

(12)

We assume below that steady state solutions are unique and stable.

Section III: Tax Incidence

Before considering the incidence of a wage tax in our model, it is
useful to describe the special case considered by Feldstein. His result
on the irrelevance of labor supply elasticity to long-run incidence is
{rmediate with a slight modification of (10). In the absence of human
capital formation and allowing leisure in both periods, k¥* is:

WL, - C
1”1
* =
k Ll(l+g) v 1, (13)

vhere L1 and L2 are period 1 and 2 supplies of labor respectively. Assum-

ing that indifference curves are homothetic, so that the savings rate is

independent of the wage, we can write:

wntz T,
Cl = g(rn)(WnLl + -iTI—‘—. + Tl + -i-_i_-r—') (lh)
n n
vhere:
T. =t WL,
1 v (WL. -C. )t_°r
T =t WL # —a—2F (15)
2 w 2 1+rn

Using (15) we may rewrite the expression for 02 as:



tr WL

g(r ) (L, (1 + 1frn) + -l-;ffn)
¢ = 1rn)trlf (16)

l+g —-——-——l+r
n

Examining (13) and (16) it is clear that any compensated tax change which
alters L1 and L2 by the same pr0portion will éhange Cl by the same proportion
leaving k¥* in (13) unaltered. Under this assumption of equal labor supply
elasticities, the long-run burden of a compensated wage tax will fall
entirely on labor since gross factor returns are dictate& by the produc-
tion function end k* is unchanged. An interest income tax will, on the

other hand, change gross returns but any induced equiproportionate changes

jn L, and L, will have no impact on ultimete incidence. Thus an interest

1 2
income tax may be shifted, but labor supply factors play no role.

From the preceding discussion, it should be clear that the irrelevance
of labor supply for long-run tax incidence requires very special assumptions.
Given the ubiquituous 40 hour work week on the one hand; and the substantial
variation in individual working lives on the other, the case for dispro-
portionate labor supply response over the life cycle seems compelling. We
therefore cohsider wage tax incidence in the general model we have outlined.

While our model assumeé no fifst period leisure, this feature of the
model is not critical to the qualitative results. Equations (13) and (16)
imply that if L2 falls by proportionately more than Ll the capital labor
ratio will rise shifting the tax burden onto capital. Similarly if labor
supply is more responsive to taxation when young than when old, the net

impact of the labor supply response is to shift more of the tax burden

onto labor. The qualitative results we describe below remain true even
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with variable first period leisure asulong as the compensated elasticity
of labor supply of the old exceeds that of the young.

The requirement of equal compensated labor supply elasticities at-
each age is fairly stringent and requires more than simply homothenticity
of the utility function. For example consider the utility function

logC 10322
+ 1032.1 + —]_-IF-’

U = log C1 + 1+p

where 21 and 22 are first and second period leisure respectively and p is
the rate of time preference. While this utility function exhibits completely
inelastic uncompensated lebor supply curves, the compensated labor supplies
are elastic. Indeed the compensated elasticity of labor supply vwhen old
will exceed that when young provided r > P; for r = P the two are equal,

and for r < P the relative magnitudes reverse. The condition r > P entails
increasing consumption of 1eisure as one ages, presumably what we observe

in the real world.9 Even assuming identical compensated supply elasticitﬁes
at all ages, our model is useful for thinking ebout the incidence of a
progressive labor income tax. Since the rate of taxation of human capital
would be higher when old, the percentage reduction in labor supply when old
would exceed the reduction:when young, yielding thé same type of shifting

we now Iinvestigate.

In order to find the incidence of a wage tax, we totally differentiate

the steady state condition (12). This yields:

ac
x*[(-wH_+ kx*(H (1+n) - 5 (1-2))52 + w3 4 1
[} () ag dtc (]
LI ¥ M a7)
ats B +m, +k*m
W T ml 2 3

11

where
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- an o (ds , ds o
s ¢'Ho(l-S) - WHo (dr R Ql)

ac ac

_ 1 - _ 4L ., . 42
m=ag ¢t Q=aw ¢ *ar

' as . aS _
[(H'(1-L) - Ho(l+n)] (dr +. M Qg,) HQ,

3
Ve evaluate the derivative at t =1, that is at the no tax equilibrium.

ac ac
Assuming that substitution effects dominate, aﬁl-> 0 and a;L < 0. Hence

all terms in the denominator of (17) are unambiguously negativeuexcept for m, .
Stability requires that the denominator be negative, otherwise the wage
would rise or fall without bound if perturbed away from the equilibrium level.
We therefore assume that my is small enough to insure stability.

Turning to the numerator of (17), we first consider the case of no
human capital accumulation, (s =o0, %%-= 0). In this case the numerator

is

ac
_K*H slic_ + k* ——%— <0 (18)

dtw dtw
with the inequality following from (7). Hence a labor income tax
unambiguously raises the gross of tax wage. The economic riechanism is
simple; earlier retirement raises the savings rate, increasing capital
intensity. In addition it reduces the steady state per capita labor supply.
These effects may increase the capital labor ratio by enough to leave a
higher net of tax wage in the post-tax equilibrium. The greater the retire-
ment elasticity and the smaller the elasticity of substitution in production,

the greater is the shifting of the wage tax onto capital.



~1)-~-

The second special case we consider is that of fixed leisure (retire-
ment) and variable human capital accumulation. In this case labor bears

exactly 100 percent of the tax; the numerator of (17) vanishes except for

dC :
EEL . However, since & is fixed and %%— = 0, lifetime earnings are fixed
v W
dCl
and e 0. Thus human capital bears the entire burden of a wage tax,
dat
W

despite being variable. This result therefore extends Feldstein's original
results on the irrelevance of variable labor supply to another form of labor
supply, i.e., elasticity of human capital supply function is not a sufficient
' 10

condition for shifting of a labor income tax.

When both S and % are free to vary, labor will always_Shift some part
of the tax as long as r exceeds n in the initial equilibrium. Fron (3)

it follows that
H°(1+n) ~H'(1-2) <0 ifr>n (19)

Now, %% < 0, so the entire numerator is unambiguously negative. Hence

part of the tax will always be shifted in the "normal" case where no "capital
glut" exists. The economic logic is clear. The reduction in second period
labor supply leads to a decrease in first period consumption raising k.
This effect is magnified by the increase in period 1 earnings caused by the
reduction in training. In addition where r > n there is a decline in the
steady state labor force per young worker, h, because of the shorter train-
ing period s. We see that in a life cycle model, accumulation of human
cepital indirectly affects labor tax jncidence .when the length of the
amortization period changes.

Could these effects be significant? There is little empirical evidence

on taxation's effect on human capital accumulation so not much can be
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said about training effects. The evié;nce regarding retirement effects
is mixed. At the macro-level, there is certainly no simple correlation
between the historic aggregate savings rate and the age of retirement.
Between 1900 and 1971 the participation rate of men over 65 fell from 63.1
percent to 25.5 percent.11 At the'same time the U.S. aggregate savings
rate remained roughly constant, averaging 17.7 percent between 1898 and 1916
and 15.8 percent between 19%9 and 1969.12 Of course, many other things vere
changing during this period. Most notably socialvsecurity was introduced,
possibly offsetting any effects of increased retirement.l3 Feldstein's
(1977) international regression analysis of savings rates finds a substantial
effect of retirement age. The estimated coefficients imply that a 20 per-
cent decrease in the proportion of those working over age 65 would lead to a
40 percent increase in the savings rate. In the lbng run, this would lead
to an equal change in the capital/labor ratio. At the micro~level, Kotlikoff
(1977) regresses net-worth accumulation against variebles including the
expected age of retirement and finds that an additional 3 years of retire-
ment raises net-vorth accumulation by close to 10%. He suggests that this
is likely to be a lower bound. Significant shifting is implied by these
estimates. With a Cobb Douglas technology, a 20% change in the capital/
labor ratio leads to about a 15% change in the interest rate and a 5%
change in the wage rate. Hence if a 257 wage tax leads to a 207 decresse
in the number of economically active over 65, about 20% of the burden will
be shifted by labor even ignoring human capital considerations. With a
less elastic production function even more of the tax will be shifted.

The incidence of an interest income tax can also be studied in our

model. The results generalize those of Diamond (1970) by allowing for
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life-cycle labor supply as well as consumption decisions. The procedure

is the same as in the wage tax case. Differentiating the steady state

condition yields:

dac
(-m, §5 + wem] S L S
dt dt dt

dr - r r r (20)

c h
dat —_— - + m, + k*m

r fll ™ 2 3

where
= — * - ~ [

m), [w}xo k (Ho(l+n) (1-2)H")] > 0 (21) |

and is unambiguously positive as long as r > n. The denominator of (20)

is the same as in the wage tax case.

Again, we first consider the case without human capital accumulation:

dc
o . 7
ar dtr dtr
T % : (22)
—_— - *.
dtr fll m1 ¥ m2 tk m3

Using the restrictions found in (7) it is easy to see that the gross interest
rate is}increased by a capital income tax. It is even possible for the net
interest rate to rise; In addition to reducing savings by encouraging first
period éonsumption f§f a fixed earnings stream, the tax encourages second

period work effort. If we append the additional condition that g&z'= 0, our

at
r
model reduces to Diamond's (1970) model in which the same results hold.
Second, if # is fixed; but S is free to vary and r > n, some of the

tax burden will be borne by labor. In this case we have:

! o 88
c Tk _.c
ar ) dtr dtr
¢ h
d - - + *
Fr f11 m1 m,, + Xk m3
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Thus, unlike the wage.tax,.the incidence of an interest income tax is
affected directly by the elasticity of human capital supply. The more
sensitive is human capital accumulation to changes in the net interest
rate, the greater the shifting of the tax. This shifting arises, in part,
from an increase in the steady state human capital stock wvhen r > n and,

in part, from a decline in earnings and thus savings when young. The
implication of these results is that capital need not bear an interest
income tax even in the long -run. Even, if as is frequently assumed, con-
sumption is completely jnsensitive to the interest rate, part of the burden
of the interest tax will be shifted to 1aﬁor through human capital varia-

tion. Unfortunately little is known about the dependence of human capital

investment on interest rates.

Section IV: Conclusion

This paper calls attention to the economic implications for long-run
tax incidence of viewing labor supply as multi-faceted. We have demonstrated
that allowing for variable retirement and hurman capital accumulation alters
conventional conclusions regarding long-run tax incidence. In particular
the responsiveness of retirement age and training duration to the taxation
of wage income plays an important role in shifting a wage tax.onto capital.
Secondly, the interest income tax may be shifted onto labor even if con-
sumption is unresponsive to the interest rate through induced changes in
humen capital accumulation. Only more realistic models and empirical
estimates of key parameters will permit evaluation of the importance of

these effects.

The enalysis has obvious relevance to the design and study of social

security. Social security represents an example of differential taxation
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of labor income in different periods. .ﬁ;nce the effects described here

are likely to be magnified. The results suggest that the heavy taxatioﬁ

of post-retirement benefits may have at least one virtue. The induced early
retirement is likely to raise the equilibrium real wage. Tt would be fruit-
ful to generalize the analysis to consider the effect of allowing diffgrent
tax rates on:laborers at different wages, such an analysis would shed light
on the consequences of a progressive tax system with only very limited
income averaging. In addition extending the model to allowing for less than
perfect substitutability between skilled and non-skilled vorkers would
permit more realistic modelling of the general equilibrium distributional

effects of human capital taxation.
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Appendix: Utility Maximization

The first order expressions given in ( ) are:

(A.1) L, =0, - (i+r(1—tr)) U,

1

L

p 3 Uy - (1—tw) wH(S) U,

Letting t° stand for either of the two compensated taxes, t. and t_, 2nd

Tl and T2 for compensation periods one and two respectively, we totally
differentiate (A.l) with respect to C, end 2 to obtain (1 and 2 stand for
derivatives with respect to Cl and £ when associated with L and C1 and C,
when associated with U):
ac, _ BLl } aLl 9Ty ) 3L1 ar,
L L atS ot 3'1‘1 ot 3'1‘2 at
(a.2) - w1 = 3L, 9L 9T, 9L, T
Lyy Lo/ |4 __2 I % %
PAL 3t BTl at | 3T2 ot
where
= - 2
Lyy = Uyy = 20,00, ) + Uyp(24r) )
Lip = Uy WH + Uz + U, win(1+rn) - 023(1+rn).
= 2 dai
Lyp = Upp ¥ H- - 2y3 Wl + U3z - Uy ¥ 12
= J(Y -
A w(1 s)Ho
T, = &, W(1-2)H + (w(l—s)no-cl)rtr

From (A.2) and (A.3) it follows immediately that:

dcC WHL

(A.4) 1c = D12 <0
dtw
ae  _ UVl 50
[ D

dtw
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atr’ P

We evaluated the above expressions at initial taxes of zero. Assuming

conditions for a maximum are satisfied, L11 <0, L22 < 0eand D= Lll L12

2 s 0. In (A.k] gﬁ;;-is unambiguously negative, a compensated wage tax

- L
12 dtw
. dC1
jnduces greater second period leisure. The sign of p depends on the sign
dtw
T = = > i is’
of L12. If we assume U12 U13 0 and U23 > 0, then L12 is negative as 1is
dC1
" These assumptions are in accord with the standard separable intertemporal
dtw
ac
utility functions used in growth models of this kind. The signs of and
dtr
aL dC1
- are also unambiguous assuming L., < 0. The sign of —— reflects the
atr® 12 atr®

substitution avay from the now more expensive second period consumption as

well as the increase in consumption in both periods due to the greater supply

ag

atr’

of labor when old. The negative sign of results from the higher price

of leisure induced by greater human capital accumulation. In addition the
price of second period leisure rises relative to first period consumption

and means a substitution away from leisure towards first period consumption.
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FOOTNOTES

1See, for example, Feldstein (19Tka,6), Diamond (1970), Kyzaniak (1967),
Sato (1967).

2Typica.lly, Kaldor's assumption of aifixed savings rate out of each
source of income has been made. We find this assumption implausible; if
workers save any of their income, they must accumulate some capital. It
is then hard to see vwhy the same individual would save at different rates
out of different income sources.

3For a survey of the growing evidence on the determinants of retirement
behavior, see Campbell end Cémpbell (1976) and Pellechio (1978).

hThe principal exception is Heckman (1976).
5Freeman, R.B., "Investment in Human Capital and Knowledge," in Capital

for Productivity and Jobs, Prentice Hall, N.J., 1977T. This comparison under-

states the importance of human capital as all human capital derived from non-
school sources is ignored.

6In eddition, zero first period leisure seems a ressonable assumption.
Primary workers typically do not vary their participation much until retire-
nent years. While there is some variation in the labor force, this is
primariiy due to differing training choices.

7These results depend on the assumption thet time is the only input
in the production of humen capital. If goods as well as time are inputs
the effects on S of changes in r, and £ remein the same. Increases in W
will lead to higher levels of s however.

8Letting Z stend for Cl’ 02, or %,

aT oT

az_ _dz , 92 ‘1 92 "2
dat

c ot Tl at T2 ot
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4

wvhere t represents tw or tr'and Tl and”’l‘2 represent first and second period
compensation.

9iihen one adds human capitel to the analysis the condition of equal
proportionate reduction in labor supply is less likely to hold. In the case
with no human capital accumulation equal compensated elasticities of leisure
leads to an unequal elasticity of labor supply if the initial level of leisure
when old exceeded that when young. Adding human capital makes the elasticity
of labor supply’when young even smaller, since the reduction in labor supply
when old leads to a shorter training period when young and hence more labor
supply when young; i.e., even for equal percentage reductions in leisure in
the two periods, there is a substitution of labor foritraining when young
due to the shorter amortization period. |

loIt should be emphasized that this result depends on the assumption
that time is the only input into human capital production. If goods also
enter the human capital producticn function ds/dtw is positive assuming
the expenditure on goods is not expensad.

llMunnell (1974).

12havid and Scadding (1974).
135.e Feldstein (1976a); Munnell presents time series evidence thet

holding Social Security constant, early retirement alone increases the

savings rate.
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