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I. Introduction

In a world with only unskilled labour and physical capital, a comprehen-
sive income tax generates two distortionary effects on resource allocations. It
distorts the intratemporal leisure-consumption tradeoffs and the intertemporal
saving-consumption tradeoffs. The intratemporal distortion is created by the
labour income component of the comprehensive income tax, while the intertem-
poral distortion is caused by the capital income component. In the presence of
investments in human capital the income tax generates additional distortions.
First, since the capital income tax component does not apply to investments in
human capital, it discriminates against investments in physical capital. On the
other hand, since. investments in human capital improve the earning capacity
of labour, then the wage tax component reduces the net-of-tax rate of return
on investments in human capital and thus discriminates against this kind of
investment relative to investments in physical capital. Therefore, it may lock
as if the two components of the comprehensive income tax {when applied with
equal rates) ofiset each other with respect to the choice between the two forms
of investment. However, this conclusion is valid only when human capital lasts
forever (i.e.. people are infinitely lived). When people are finitely lived, human
capital depreciates to zero at death or even earlier {at retirement). Unlike the
case with physical capital, this depreciation of human capital is not commonly
tax-deductible. In other words, the wage tax applies to both the vield on and
the principal of an investment in human capital, while the capital income tax
applies only to the yield on an investment in physical capital.

In this paper we analyze the efects of these distortions on overall savings,
the composition of savings between investments in human capital and physical
capital, and the pattern of economic growth. Section II deals with the asym-
metric treatment of human and physical capital by the income tax. Section III
develops a stylized overlapping generations model which is used for analyzing
the long-run effects of income taxation on invesiments in human and physical
capital. Section IV extends the analysis to include a productivity efect, exter-
nal to the individual, associated with investments in human capital. Section V
provides some concluding remarks.



H. The Income Tax: Differential Treatment of Investments in
Human and Physical Capital

Assume an individual who is considering an investment in kumaen capital
or in physical capital. Suppose that by investing H shekels in human capital
(education, training, ete.) an individual increases her earning capacity in each
period in the future by a factor g(H), where g(0) =1, ¢ > 0, and ¢” < 0
(namely, there is a positive, but diminishing marginal retura to investments in
human capital). That is, a unit of her labour time is worth g(H) in units of a
standard labour input, priced at w shekels per unit. Alternatively, if she invests
in physical capital she earns a return of r shekels per unit at each period in
the future.! As she allocates her total investment between physical and human
capital so as to maximize future returns, it must be the case that she earns at
the margin the same return on both forms of investment.

If she lives indefinitely, then the net present value of investing an additional
unit in human capital is wg'(H )/r. The net present value of one shekel invested
in physical capital is, by definition, one shekel. Thus, rate-of-return equalization
impiies that:

(1) wg'(H)/r = 1.

In this case, if labour income is taxed at the rate # and capital is taxed at the
rate T, equatioz {1) becomes:

(1 - 9)1” '
——g(H)=1.

A-=7)r ACH

Thus, the tax - on capital income discriminates against investments in physical
capital, while the tax # on labour income discriminates against investments
in hurnan capital. In the presence of a comprehensive income tax levied on

! 1t shouid be noted that in a case where a firm borrows from the individual in order to
invest in physical capital, r will be equal to the marginal product of physical capital less
deprediation.



all forms of income (i.e.,, # = ), the two distortions offset each other and
the tradeoffs between human and physical capital investments are not affected.
(Of course, there still remain the intratemporal leisure-consumption and the
intertemporal saving-consumption distortions.)

However, when people are finitely lived, then their human capital depreci-
ates to zero at death or even earlier (at retirement). Since this depreciation is
not tax-deductible, the income tax is levied essentially both on the investment
(principal) and on its return. A person who invests an additional unit in her
human capital T + 1 years before retirement enjoys an additional net-of-tax
return in present value of:

oomiE iz -] (i) |

e}

The present value of the returns on an additional unit of investment in physical
capital is, by definition, one. Hence, maximization of the present value of the
net-of-tax returns from all kinds of investments requires:

(1— 8w 1 n_
@ G=myr? ) [1'(m) ]_1'

In this case, a comprehensive income tax with equal rates applied to labour
income and capital income (i.e., § = 7) still disioris the trade-offs between
the two kinds of investments. Since the term in the square brackets of (3)
is smaller than one, it follows that the distortion created by the income tax
works against investments in human capital relative to investments in physical
capital. Notice that the distortion diminishes the longer the life horizon of the
individual [because the tarm in the square brackets of (3) approaches one]. It
vanishes altogether {as we have seen earlier in equation (2)], at the limit when
T approaches infinity.



IOI. The Long-Run Effects of Income Taxation on Investments in
Human and Physical Capital

The long-run effects of income taxation on investments in human and phys-
ical capital are analyzed in a stylized overlapping generations model.

A. The Model

Suppose that each generation lives for two periods. Consider the generation
which is born in period ¢. In order to simplify the notation, assume that there
is just one individual in each generation (i.c., zero population growth). She
consumes ¢) and cz¢ in the first and the second periods of her life, respectively.
Her preferences are given by the conventional utility function u{cyy, c2¢). She
possesses an initial endowment of one unit of a standard labour input in each
period of her life. However, by investing H, units of the consumption good in
the first period, she augments her effective labour supply in the second period
to g(H,) units of a standard labour input, where:

(4) 9(0) =1, ¢'(0) = oc;
FH)>0, ¢'(H) <0 forall H>0.

{Equivalentiy, we may assume that investments in human capital are done by
foregoing a fraction of the labour supply in the first period.) She can also
invest I; units of the consumption good in the first period and receive I,[1 +
{1 — T¢41)7141] in the second period. where r.; is the return to physical capital
(i.e., the real rate of interest) and r,.; is the tax rate on capital income in
period ¢ + 1. Thus, the budget constraints in the firs: and second periods are,

respectively:

() e+ Hi+ 1 =(1~8)w+ T,
and
(6) c2e = (1 = fppy )1 9(H ) + L {1 + (1 = Trg1) Feaa] + ey
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where:

w, = wage per efficiency unit of labour in period t,
8, = tax rate on labour income in period t, and

T;: = lump-sum transfer to generation ¢ in the tth period of its life (i = 1,2).
Ignoring corner solutions, constraints (3) and (6) can be consolidated into a

single present value budget constraint:

(1) exsteae[l+ (1= Tegr)ren]  =(1 ~ 9:)"_"! + (1~ 8¢y ) Wi
1+ = me41) 1"t+1]_1 g(H) - Hy
+ T+ Toe[1+ (1= re) rea] ™

Maximizing the utility function u(eiy, ca¢) with respect to Hy, ¢3¢, and ¢3¢
yields the rule for an optimal human capital investment:

(8) (1 - b)) wesag (He) =14+ (1= 1) reat

[the T = 1 version of equation {3)], and the consumption demand functions:

(9) cit = C; {[1 +{1- 1':+1) "H-l]—1 ' Mt} ,» 1=1,2,
where M, is life-time net-income of generation £, given by:

(10) Mi=(1-8)we+ {1 =81} w1l + (1 =7ea) "=+1]-1 g(H.)
—H 4+ T+ Tt + (1 = reg) reaa] "

H, is solved implicitly from (§) to vield:

(11) Ho= B {1~ b wens [+ (1 = 7egn)rema] "}

]



Notice that equation (8) can be rewritten as:

(8a) (1 =81} wers + (1 = irr) Wi (9°(He) = U = 1+ {1 — meg1) mema.

This version of the rule for optimal investment in human capital clearly demon-
strates the discrimination against human capital investment that is caused by
a comprehensive income tax: while the capital income tax r applies only to the
vield (r) on the investment in physical capital, the labour income tax 4 applies
to both the principal (- 1) of and the yield [0+ 1- (¢’ — 1)] on the investment
in human capital.

Turning to the production side of the economy we assume a standard
constant-returns-to-scale production function:

(12) | Y = P&\ Ae),

where:
Y: = output in period ¢,

K, = physical capital stock in period ¢, and
A = effective labour in period ¢.

The amount of effective labour in period ¢ consists of the sum of effective skilled
labour of generation ¢ — 1 and the unskilled labour of generation #:

(13) Ar=g(H1) + 1.

Denoting the capital-effective labour ratio by:

(14) ke = K/ A,

and the output per an efficiency unit of labour by:
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(15) f(kl) = F(k,, 1),

the marginal productivity (profit maximization) conditions are:

(16) 7y = fi{k)
and
(17 we = flke) = reke.

Solving {16) for k, as a function of ry,

(18) ke = K(ry),

and substituting {18) into (17) vields the factor-price frontier:

(19) we = o(re),
where
(20) o'(re) = —k(re) < 0.

(Notice also that " = —k'==1/f" > 0.)

Savings of generation t that are not channelled to investments in human
capital form the supply of physical capital in period ¢ + 1, which at equilibrium
must be equal to the demand by the firm (K,y;). Using (5), {13), and (14},
this yields: :

(21) (1 = 8)we + Tie ~ ey¢ — Hy = koga[1 + g(Hy))-

7



To focus on the distortionary effects of income taxation, we make the con-
ventional assumption {in works on excess burden of taxes) that the government
does not redistribute income across generations but rather returns in a lump-
sum fashion to each person the taxes paid by her in each period, i.e.:

(22) T‘jg = 6:?.0“
and
(23) T2t = Oep1Wenrg(H:) + rerrerr ke [1 + 9(He))-

Employing (9), (10), (21), (18),"(19), (21), (22), and (23), the dynamics
of the model reduces to just one first-order difference equation in the rate of
interest:?

(24) o(r) -G [[1 +{1 = req)resa] ™,
@(re) + @(res){l + (1 = 71 )ren] ™
: S’(H{(l =B le(r)+ (1 - "'t+1)r=+11—1})
— B{(1 = 81 )o{re1 )1 + (3 = Tesr)resa] 7}
+ T [l + (1~ fi+1)7't+1]-;‘k(ft+1)
(14 g(H{(1 = B Jo(rep)[1 + (1 = T=+1)f:+1]—l})]]
—H{(1 = b1 )p(reer )1 + (1 = 7o 1)resa} )
= k(ree)[1 + g(H{(1 = a1 Jo(res1)
1t - 1':+1)"1+1]-1})]-

B. Steady-State Analysis

Suppose now that the tax rates do not change over time, i.e., § = & and
7y = r for all t. (Notice, however, that the lump-sum transfers, T}, and T3,

? This method was first used by Dismond (1965).
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will generally vary over time outside the steady state because the tax bases do.)
The long-run steady-state equilibrium of the economy is defined by the dynamic
equation (24) when r; = ry4; = r". Having solved for the steady-state rate of
interest, one can solve for the steady-state values of all other variables: equation
(18) defines the capital-effective labour ratio &°; equation {19) defines the wage
rate w"; equation (11) defines the stock of human capital H"; equation (9)
defines young-age and old-age consumption, C] and Cj, respectively; and so
on.

Now, iet us examine the effect of income taxation on the long-run (steady-
state) equilibrium of the economy. We assume that initially no taxes exist, i.e.,’

d=7r=0.

We first empiov a small labeur income tax. In order to find the effect of
this change on the steady state, substitute ry = rey = r” into (24), then totally
differentiating with respect to & and evaluating the derivatives at § = v = 0
vields:

(25) — =

where m > 0,8 < 0, b > 0. and a + & > 0 (see the Appendix). Hence,
dr"/df < 0. Thus, we conclude that a small wage tax decreases the rate of
interest. Hence, such a tax increases the capital-effective labour ratio. This
implies that the wage tax discourages investments in human capital relative to
investrments in physical capital.

Next, consider a small tax on cepite! income. In the Appendix we show
thas:

dr* n
(26) AT}
where n < (. Hence, dr*/dr > (. We therefore conclude that a small tax on
capital income increases the rate of interesi. This means that such a tax lowers
the capital-effective labour ratio. That is, the capital income tax discourages
investments in physical capital relative to human capital. Observe that the tax
on capital income affects the capital-effective labour ratio through two channels.

9



The first, and standard one, is the negative effect of the tax on savings (the
so-called “double taxation of savings”). The second is the positive effect of the
tax on invesiments in human capital through lowering the alternative rate of
reiurn.

Now, consider the two components of the comprehensive income tax to-
gether, so that 8§ = r = 8. In this case:

- dr* mTn
&0 ﬁ T Ta+b
_ Ew (14 k) )
B a+b
1+ )G + Cualw'g + E°(1 + g1 +r7)]}
a+b :

The first term in the expression for dr*/df is positive, while the second is
negative (assuming gross substitutability). Thus, the sign of dr*/df cannot 2
priori be determined. Consequently, the effect of a comprehensive income tax
on the capital-effective labour ratio (k*) cannot be generally established. Even
though we observed in the preceding section that an income tax discriminates
against investments in human capital vis-a-vis investments in physical capital,
nevertheless, since an income tax discourages total savings, its effect on the
ratio k™ cannot a priod be determined.

We therefore resort to numerical methods in order to examine the effect of
an income tax on the capital-effective labour ratio.

C. Quantiletive Sensitivity Results
C.1 The Household

To arrive at closed-form analvtical solutions for the decision variables enter-
ing the microeconomic optimization problem, we employ the following specifi-
cations for the human capital production function ¢{H:) and the lifetime utility
function u:

(28) gH)=3i(r+H), O0<y<y

10



and

(29) u=aloge + (1l ~a)loge, 0<a<l,

These simple functional forms are consistent with all qualitative requirements
of the preseat model and are chosen for expositional convenience only. Max-
imizing u with respect to Hy, ¢),, and ¢y, subject to the consolidated budget
constraint (7) yields the optimal human capital investment and consumption
demand functions:

1
(L= Qppt)weer {1-7
30 H, = -
( ) ‘ 1+ (1= 1p1)res

(31) Ci: = aM;,

and

(32) Coy = (1 ~a) [1 +(1- Tr+1)’t+1]-Mn
where

Me = we = weg [1 +(1 - f:+1)fl+1}—19(3t) — H;
+ Teg1Tep1 Kot [1 + g(H:)] [1 +(1 = Tes1)rea1 -

M, is caleulated from (10), (22), and (23), and denotes life-time net-income of
generation t.
C.2 Production

Utilizing a common specification for the standard constant-returns-to-scale
production function ¥:

(33) i=KfAl"%, 0<e«l,

entails the following closed-forms for the factor-price frontier wy = @{r:) and
the capital-effective labour ratio k, = E(r,):

11



(34) we=(1—¢) (3)7‘,

and

(35) ke = (:_:) = .

C.3 Steady-State Solution

Given the above solutions for w,, k;, H;, g( H.), and Cjy, the basic dynamic
equation (24), i.e.:

wy = Cye = He ~ ke [1 +9(H:)] =0,

can now be solved for the steady-state rate of interest r*, assuming that 8, =
Besy =0, 1y =14 =71, and r; = ryy = r for all t. This is done by numerical
methods.> Having established the steady-staie rate of interest, the long-run
equilibrium values of all other endogenous variables of the economy can be
determined in a recursive way. Thus, we obtain r* (implicitly) from (24), the
wage rate w® from (34), the capital-effective labour ratio k¥* from (35), human
capital investment H* from (30}, physical capital investment [* from:

(36) I = kc+1[1+9(3=)]:

overall savings S* from §* = H* + I*, young-age consumprion Cj from (31),
old-age consumption C5 from (32}, and, finally, output Y* from:

(33a) Y= K {1+ g(H o).

} The algorithm used is based on Broyden’s secant method. See Dennis and Schnabel
{1983, Chapter 8} for details.
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C.4 Quantitative Analysis

For the results reported in Table 1, we choose as a benchmark parameter

set:

(37) f=7=02 v=05, a=086, £=0.25

To allow for a direct comparison of the different orders of magnitude, the
comparative-static equilibrium effects are presented in elasticity-form.

< Table 1>

Main findings:

¢ The effects of income taxation on the long-run equilibrium of the economy
can be seen from the first three columns of Table 1.

- Asalready noted in (25) and {28), a higher labour income tax decreases
the steady-state rate of interest, while a higher capital income tax has
the opposite effect; thus, the overall impac: of a comprehensive income
tax could not be determined a priori [see {27)]. The sensitivity results
of Table 1, however. reveal that the wage-tax elasticicy of the steady-
state rate of interest, - g, is much larger (in absolute terms) than the
r-elasticity of the interest rate. In fact, the positive effect of a higher
wage tax on the capital-effective labour ratio clearly outperforms the
negative effect on k* of a higher capital income tax. Consequently, a
comprehensive income tax lowers the equilibrium interest rate, rasses
the capital-effective labour ratio. and hence discourages invesiments
in human capital relative to investments in physical capital. Note that
even though total savings 5 decline with (= 6 = r), the ratio k°
increases; the negative impact of the comprehensive income tax § on
human capital investments K~ is simply too strong,.

Irrespective of the tax considered. the effects of tax changes on hu-
man capita] investments are always more pronounced than those on
physical capital investments. A one percent increase in § entails a
drop in H= by about 1.3 %, and a rise in I* by 0.02 %; a one percent
increase in 7 leads to a rise in H" by about 0.06 %, and to & fall in I*
by 0.01 %. The direction of these charges might bave been expected

13



from the analysis of Section III.B. However, the sheer magnitude of
the difference between the respective effects is quite surpnising the
relative impact of a change in earnings taxation on H* is more than
30 times larger tharn that on I*; in the case of capital income taxa-
tion, the (indirect) effec: on H™ is about six times the effect on I'* {in
absolute terms). Of course, these ranges bear upon the steady-state
impact of a comprehensive income tax: a one percent rise in 5 di-
minishes the steady-state level of human capital invessmenis by 1.2 %
and augments the steady-state level of physical investments by 0.01 %.
Thus, the distortions created by a comprehensive income tax clearly
work ageinst investments in Aumen capital relative to investments in
physical capical.

- All tax elasticizies of voung-age and old-age consumption are weakly
positive.

~ The steady-state output ¥'* declines with # and increases with 7. A
comprehensive income tax reduces the equilibrium level of output.

» A rise in the human capital production paramezer + has a strong negative
effect on H* and a slight positive effect on I". The steady-state levels of
the incerest rate, consumption, and output all go down; the capital-efective
labour ratio increases.

A greater preference for young-age consumption affects the long-run equi-
libdum of the economy in the expected way: human and physical capital in-
vestments both decline, firsi-period consumption increases, second-period
consumption falls, so does the level of output. The. a-elasticity of the
capital-effective labour ratio is negative.

Finally, enhancing the production elasticity of the capital-input distinctly
raises the steady-state rate of interes:; nevertheless, since r* and ¢ operate
on %* in opposite directions. the z-elasticity of the long-run equilibrium
level of the capital-effective labour ratio is small. Human and physical
capital investments react inelastically to a greater relative share of capital
in total output. Y™ goes up.

14



IV. External Productivity Effects

It is often the case that investments in human capital add not only to the
individual investor’s earning capacity, but aiso rather add to the genercl state
of technological knowledge and know-how. This effect may be formalized as
improving the overall productivity level of the economy.*

We therefore add a productivity term B, to the production function (12),
which now becomes:

{12a) Y, = By F(K\, Ar),

where 0 < v < 1, and F exhibits, as before, constant returns-to-scale. [Notice,
however, that the overall produciion function BYF(K, A) exhibits increasing
returns-to-scale in B, K, and A, the magnitude of which is determined by v.]

Formally, we assume that the level of productivity at time ¢ is equal to the
depreciated level of productivity at time t — 1 (at rate §) plus the investment
in buman capital made in pertod { — 1. That is:

(38) By =(1=8)Bi-y + He-,

where 0 < d < 1.5

The new modified production function (12a) gives rise to a modified rela-
tionship between the capital-effective labour ratio and the rate of interest:®

{18a) ke = k(ry, Be),

1 See Hirofumi Uzawa {1965), Assal Hazin (1972), Paul Romer (1986 and 1989), and
Robert Lucas (1988). For a recent empirical corroboration see Adams {1990).

5 Chbviously, this spillover effect of the human capital investment intreduces an external
economy, thereby making the competitive equilibrium pareto-inefficient. Efficiency can
be restored by a Pigouvian subsidy scheme; see Lucas (1888). This issue is not deait
with here.

 The functions () in (18) and E{) in (18a) are reiated to each other by E{r.Bi)=
k(re/B).

13



and to a modified factor-price frontier:’
(19a) we = @(ry, By).

With these modifications, the basic dynamic equation of the previous case
(24) now becomes:

(248) $(re,B) = Ci[(1+ (1 = Ireaa] ™

@(re, Br) + F(rear, B 1 + (1 = Thresa] ™
-g(H{(1 = 0)3(rea1, Bear)[1 + (1 = T)resa]™'})
- B{(1 - 8)3(ree1, B )1 + (1 = mhreqal ™'}
+rrpfl + {1 — T,rg+|]'1z(rg+1,.9;+1)
{1+ g(F{(1 - 8)¥(res1, Bisr)
1+ (1= ) D)

~B{(1 = 9)¢(ri+1, Birt )1 + (1 = T)resa] '}

= k(reer, Bra} (1 + (B {(1 — 6)@(rea1, Brar)
{1+ (1= ]I

Equations (24a) and (38) describe the dynamics of the new productivity-
augmented model. In models of this tvpe a steady state is reached when the
endogenous variables of the economy (i.e., ry, we, k¢ Hi, By, €11y €2() gTOW
at constant rates. In general, some assumptions about preferences (such as
homotheticity of the utility function) and about the magnitude of v (which
determines the degree of increasing returns to scale) are necessary for sustaining
a steady state. In our case (without any further assumptions) one obvious
steady state is reached when the level of productivity stays constant over time.
That is, the investment in human capitai {F") at each period is just sufficient
to cover the depreciation of the existing stock of 3%

(39) H* = H{(1-8)(", B )1 +(1-7)"]"") = 68"

T The functions w(:) in (19) and ¢{-)} in {19a) are related to each other by @(r . Bh)=
Byw(r /B/}.
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The steady state is then determined by (39) and (24a), where ry = rqpy = r*
and B, = B* are substituted in.

‘We resort to numerical methods in order to examine the effect of an income
tax on the steady-state productivity level B=, the capital-effective labour ratio
k* = k(r*,B*), and the long-run equilibrium values of all other endogenous
variables of interest.

At the househald side of our medel, nothing has changed; the corresponding
analytics of Section III.C remains formally the same.

The production side, however, is affected as follows. Combining the new
productivity-augmented production function (12a) with the previous specifica-
tion (33) gives:

(40) Ye=B/R{Al™%, O<vc<l.

This leads to modified closed-form expressions for the factor-price frontier we =
@(rt, By) and the capital-effective labour ratio k, = k(ry, B,):

(41) w= -8 (£26)7,
and ‘
(42) ke = (if‘i)r

The steady-state solution of the productivity-augmented model is found
by solving the two basic equations (24a) and (39), i.e.:

we — Cre = Hy = kg [1 +g(H,)] =0,
and
Hg —63: - 0,

simultaneously for r* and 5", given that §, = 84y = 6, 74 = Tyqy = T,
re = 741 =7, and By = Byyy = B for all ¢&. This, again, is done by numerical
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methods. Having determined in that way the steady-state rate of interest r* and
the steady-state level of productivity B*, the new long-run equilibrium values
of all other endogenous variables of the economy can be established along the
lines of Section III.C. Thus, we obtain the wage rate w" from (41), the capital-
effective labour ratio &* from (42), human capital investment H* from (30)
[taking into account the modified function (41)], physical capital investment
I" from (36) [noticing (41) and (42)], overall savirgs 5* from §* = H" + I,
young-age consumption C7 from (31), old-age consumption 3 from (32), and,
finally, output ¥* from:

(40a) Y, = B!k [1 + Q(H:-1)].

For the quantitative results reported in Table 2, we select as a benchmark
parameier set:

(37e) P=17=02 v=03, a=06 =025 »=003 &§=02

Again, the comparative-static equilibrium effects are presented in elasticity-
form. :

< Table 2 >

The main findings of our simulaiions are:
¢ Long-run equilibrium effects of income taxation:

— The interesting new endogenous variable is the steady-state level of
productivity B”. As can be seen from Table 2, the equilibrium level
of productivity reacts elastically 1o wage-tax changes, but inelastically
to variations in the capital income tax: a one percent rise in & reduces
B by 1.6 %, a one percent rise in r increases B" by only 0.07 %.
Thus, a comprehensive income tax lowers the steady-state level of
preductivity.

- The factor-price frontier and the capital-effective labour ratio both are
aflected by the new productivity-augmented produciion function. In
fact, the wage-tax and comprehensive-tax elasticities of w* are sub-
ject to a reversal of sign: whereas an increase of § or 8 raised the
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steady-state wage rate in the basic model, it now (i.e., including the
impact on B") diminishes w*. The tax elasticities of k™ do not chaage
sign, but significantly change in absolute terms; the comprehensive-
tax elasticity of the steady-state capital-sffective labour ratio, ny. s,
goes up by 35 %.

- Since in the productivity-augmented model investments in human cap-
ital play a double role (i.e. adding to the individual investor’s earning
capacity and increasing the general state of knowiedge, thereby im-
proving the overall productivity level of the economy), it comes as
no surprise that H* now responds substantially stronger than before
to parameter changes. The negative impact of a comprehensive in-
come tax on equilibrium investments in human capital is reinforced
oy 26 %. As before, comprehensive income taxation severely discrim-
inates against human capital investments relative to physical capital

investments.

- The wage-tax elasticities of voung- and old-age consumption both
change sign in the productivity-augmented model: sieady-siate con-
sumption now falls as & goes up. In the main responsible for this sign
reversal is the new sign of 7,-: taking into account the tax effect
on the overall productivity level B*, the equilibrium wage w* declines
with #; so does /", the steadv-state level of life-1ime net-income.

- The negative impact of a comprehensive income tax on the loag-run
equilibrium level of output is magnified by more than 100 % in the
productivity-augmented model.

» The modified production function (122} or (40) exhibits increasing returns-

to-scale, quantified by v. Raising this parameter leads to a higher steady-
state level of productivicty as well as to a higher interest rate; consequently,
the overall impact on the capital-effective labour ratio is weak. Investments
in human capital react positively, investments in physical capital negatively.
Consumption and output go up.
There is another new parameter: the rate of productivity-depreciation 4.
A higher depreciation rate lowers the equilibrium leve! of productivity, the
steady-state rate of interest, the wage rate. human capital investments,
consumption, and output; physical capital investments, total savings, and
the capital-effective labour ratio slightly increase.
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V. Conclusion

This paper analyzes the implications of tax policy for the accumulation of
human and physical capital and for the overall productivity level of the econ-
omy. A comprehensive income tax, applying to both labour income and capital
income, discriminates against investments in human capital relative to invest-
ments in physical capital Hence, it has an adverse impact on human capital
accumulation. Taking into account a positive external effect of investments in
human eapital on overall productivity, the adverse effect of income taxation on
buman capital investments is significantly magnified.
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APPENDIX

In this Appendix we prove (25) and (26). Totally differentiating (24) yields:

(A1) adry + bdriyy + mdf +ndr = 0,
where
(A2) a= —k.[l - Cu,),

(A3) b= (1+7") 2 [Cru+ (Crag + B + kg H'Yf + £°)| - {1+ ¢),

(44) m=Huw'{l+r )14+,
and

(45} n= —r*(14r")"{Cpy + Craju g+ "1+ @)1 + ) + H'w (1 + k*¢")};

Ch1 is the gross cross-price derivative of first-period consumption, and C); is the
income derivative of first-period consumption.? Thus, by setting dr, = dry g =
dr® and dr = (), we conclude that:

dr" m
(48) & oy

which is (25).

Notice that 0 < Cj2 < 1 is required for both first-period and second-
period consumption to be normal goods, an assumption which we maintain.
This implies that a < 0. Now assuming that first-period and second-period
consumption are gross substitutes (i.e., C1; > 0), we conclude that b > 0
(recall that k' = 1/f" < 0). Next, we look at the local stability of the steady
state. For this purpose, set df = dr = 0 to conclude that:

'1n deriving the above equation we make use of (8).
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dr +1 a
(AT) _3':-7. = —E > 0.

Assuming that the steady state is locally stable requires [in view of (A7)]:

drisy a

(A8) dr, = —E < 1.
The latter implies:
(A9) a+b>0.

To prove (26), substitute dr, = drey; = dr” and df = 0 in (Al).
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Table 1

Comparative Static Analysis of the Long-Run Equilibrium

Basic MODEL

(Ceteris-Paribus Elasticities: 7,,; = fr2)

z Nz Na,r N1,8 M,y Nee ;h,z
r* -0.115 0.012 -0.103 -0.379 0.075 1.419
w” 0.038 -0.004 0.034 0.193 -0.025 0.077
x* 0.153 -0.016 0.137 0.773 -0.100 -0.008
H* -1.289 0.057 -1.232 -1.693 -0.183 -0.003
I* 0.023 -0.010 0.013 0.088 -0.119 -0.008
S 0.002 -0.009 -0.008 0.059 -0.120 -0.008
cy 0.011 0.072 0.084 -0.339 0.965 0.118
(054 0.005 0.059 0.064 -0.391 -1.531 0.196
Yy -0.092 0.002 -0.090 -0.491 -0.044 0.410

Benchmark Perameter Specification:

84=02 r=02
¥=0.35 a=0.6, £¢=025.



Table 2

Comparative Static Analysis of the Long-Run Equilibrium
PRODUCTIVITY-AUGMENTED MODEL

(Ceteris-Paribus Elasticities: 7., = §£2)

% a0 n‘ﬂ' q"’ n::'f q’nﬂ' Ul,l q:,l 71,6
r* -0.234 0017 -0.216 -0.724 0.059 1.414 0.020 -0.085
B -1.621 - 0.072 -1.548 -2.041° -0.234 -0.020 0.062 -1.301
w* -0.030 -0.001 -0031 0105 -0.035 0.075 0.011 -0.053
k* 0.204 -0.018 0.185 0.82¢ -0.094 -0.006 -0.008 0.040
m* -1621 0072 -1.5348 -2.041 -0.234 -0.020 0.062 -0.301
I 0.03¢ -0.01r 0.023 0.102 -0.119 -0.008 -0.002 0.009
S* 0.006 -0.010 -0.003 0.065 -0.121 -0.008 -0.00% 0.004
Cy -0.068 0.076 0.008 -0.460 0.953 0.1153 0.013 -0.0864
c3 -0.081 0.063 -0.018 -0.500 -1.544 0193 0.014 -0.070
¥ -0.19¢  0.007 -0.193 -0.622 -0.060 - 0407 0.018 -0.086

Benchmark Parameter Specification:
=02 =02
*=0.5, a=0.6, £ =0.25;
v=0405 §=02



