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1. Introduction

In a world with only unskilled labour and physical capital, a comprehensive
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 intertemporal 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
investment in human capital and thus discriminates against this kind of investment,
relative to investment in physical capital. Therefore, it may look as if the two components
of the comprehensive income tax (when applied with equal rates) offset each other with
respect to the choice between the two forms of investment. However, this conclusion is
valid only when human capital does not depreciate (or become obsolete). In particular,
when people are finitely lived, human capital must depriciate 10 zero 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 yield on, and the principal
of, an investment in human capital, while the capital income tax applies only to the yield
on the investment in physical capital.

In this paper we analyze the effects of these distortions on overall savings,
the composition of savings between investments in human capital and physical capital, and
productivity. Section II deals with the asymmetric 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 investments in
human and physical capital, productivity and welfare. We assume some productivity effect,
external to the individual, typically associated with investments in human capital. Section

IV provides some concluding remarks.



N, The Income Tax: The Differentinl Treatment of [avesiments in Haman and Phyrical
Capiial

Asgume an individual who is considening investments in Auman or in
physical cupltal. Suppoge thal by investing H ECUs In human capital {(education, training,
etc), nn Individual increases ber earning capacity in cach period in the future by a factor
@H), ¢'> 0, and ¢'' > 0 (oamely, Lhere is & positive, but diminighing, marginal return 1o
jnvesiments In baman capital). That le, s unit of her 1sbour time ig¢ worth o{H) in units of
a vlnndard labour inpul, priced at a w ECUs per enit. This specification of {nvestment in
human capiial follows the model of optimum income {axation developed by Sheshinski
(1971) and Atkinson (1973). The specification focuees on the money outlays (e.g. Luition)
neccssary for investment in buman capital rsther than on forcgone labor income.
Altercatively, if the individual snvesis in phyzical capital, she eame a tetorn of r ECUs per
unit, at each period in the future. Ag she allocates her total inveslment beiween physical
and hnman capilal 50 as (o maximiee future returps, {4 must be the case that she exns al
the margin the same return on both forms of invesimant.

Suppose penple work for T perioda. Then their human capital depreciates 10
z210 At retirement. Since thia depreciation is not tax—deduciihie, 1the income tax in levied
essenlinlly both on the {nvestment {principal) and on its return (yleld). A person who
inverts an additional unit ia her human capital enjoys an additional net—of—tax retuen in

present values of:

(1-u} ]f_ {1-€)u(14) g’{H)[l-! L.y ]]T

T
M (1-B)uy H)D - {(1-T)r +p 1+ (1-1)r

=141 4 (1-1)r
where ©and v are the tax vates on labor income and capital income, respectively, and p is
the rale of deprecistion (or ohsolecente} of human capital.’ The prescnl value of the

returne on an additlonal unit of investment ia physical capital is, by definition, one, Hence,

For simplicity, we ahstract from the issue of the deprecation of physical capifal becanae
this depredalion {2 tax-deductible.

maxirieation of the present value of the net-of-tax retvrns from all kinds of invelments

requires:

(2) (1-9)u(1 ) o H) [1 [ 1-p ]T] o

(I-7)r +n 1+ (l1)r

If human capilal does not depreciate (u = 0) and il people work indefinitely (T - o), then

wg'{H){r= 1, so thal the distorlion disappears when 8 — 7. However,

{2) redaces to (
(1-v

whenu > 0 and T < e, then a comprehensive income tax with equal rates applicd to labonr
income and capital income (h.e., = 7) alill distoris the lrade-oils between (he two kinds of
jnvestments. Total differentation of (2) with respect (o the income tax parameter (1 = 6)
reveals that the income tax diecriminatea agatnst invesiments in Auman capilal, relstive (o
investmente o physical capital.

Here we [ocug on the out-of-pockel element in the cost of education
(lovestment in hnroan capital). If we were to introduce aleo time cost of investmeol in
human capital (pamely, foregone income during schooling), the distortion created by the
comprebensive income tax id further magnified. This le because in a typical (progressive)
jncome tax system the [oregone income is taxable at 8 much lower rate than the extra

income generaled by the inveslment (a human capital.?

1. Ao Ovelappiog Generaiions Model of Investments in Human and Physical Capital
The long-run effects of income taxmtion on investments in buman and
physical capital are annlyzed in a stylized overlapping generations model with production
(see Diamond (1885)). The unique feature of the overlapping geocrations model is related
to tbe fact thai the newborn gemeration in each period lacks any human capital because

buman capital {a not translerable from parents (0 children. Thus, avery generatico has to

For this resson, we maintain thal it is inappropriate o model investment :n buman capital
in & framework in which all of the cost ts 1o the form of [oregone income and the (ax rale s
proportional. Qbvloualy, in the later {unrealistic} case a propertional laber income tax has
ao effect on investament in buman capital.



acquire ita own haman caplial. Mowever, investmant in human capital has usually sn
exiernal effect o that it wdds to the gemeral (economy-wide) siate cf hnowledge or
konow.how, and the stock of knowledge in oot fully perishable Knowledge iv transferstle
with eome deprectation {or obsolecense) from one genersticn to another. A special case of
the mode!l ja when the stock of knowledge is fully perishsble, {n which case no
intevgenerational transfer of human capital, directly or indirectly, v posaible.
IM.]. The General Model

Suppose (bhat esch generaiion lives for (wo periode. Consider the gencratlon
which 1s born in pericd L In order to simplify the notatlon, menme thal thete ia fuat one
individual ln esch generslion {i.e., cero population growih). She consumes ¢yp dod o, in
the firat and the second periods of her life, cespeciively. Her preferences are represented by
o ulility function e,y ). She is born wilk an initlal endowment of N units of the
condarnpllon gond. She does not work In the finit period of her life. She spends her time
scquiring human enpltal, which requires aleo out—of—pocket expenses. By investing Ji,
ucits of the consumption good in ibe fizal period, ahe sugments hey effective labour supply
in the second period to g(H‘,Ht) A units of & standard lsboor inpul, where 8, is the
general state of knowledge, We wssume that ¢ is & Cobb-Douglas, constant -return to acale,

funcuion:?

c — gt
(3) A =dH.BY= 17877
The funclion ¢ s simply the producticn functicn of humao capital. Since A ia the effective
Isbour, tben B, Is the driviug force behind 8 Jabour~sugmenting technical ¢hange Note
that B, s external (given) tc the individual.
She can aleo invent ‘KHI umnits of the consnmption good in the Grst pericd

aud recelve ‘KH! [1 + (1 - Y'+1) IEH_!] in the wexond period, where sl is the retum Lo

1Since some wind of homotheticily 18 needed for the meady-state analysis that {ollows, we
hare ¥imply aumed Cobb-Douglas funcilonal forma throughout.

physical capital {ie., the real rate of intarest) and T4y /6 the 1ax rate oa capital income in

period 141, Thoa, the budget cocatrainse In the firnt and setond periods are, cespectively:

() Cy gt Ht Ky = M

and

() o= (1= 8py) wygy 6(BB) + Ky [+ (1 -7y ) ] + Ty
where:

w, = wage pet effidency unit of labour in pertod &

©, = tax cale on labour income in periode & and

T2l = lump—durm tranefer to generation ¢in the second period of its life.
Naturally, K, lo the capllal stock ia period t+1. Conmstralnts (4) end ($) can be

consolidated Into a single, present value budget consiraint:

(6) et oy [1 +(1 -YH_I] 1"‘_“]_1 =N-1 {1 _BHI.] LT
[+ =) ] a(TeB) 4y, 14 (0 -rpy) 7 = g

A Maximisalion of M, with respect o H, yicde the rule for an oplimal hnman capital

investment:
1
Hy (1-8) w1 I o7
(1) N2 —=
¢ L4 (- v nip J

Awuming Cobb—Douglas preferences (u = alog o + (1 - a)log ‘21' we alea find the
mosumplion demand functions:
() {a) fe=0 M‘

() gy = (U—ayar, {1+ (17 )]

Turning to the peoduction side of the etoncmy, we sasume & Cobb—Douglas,

ooostant—zeturug—io scale production function:



1-€
(6) Vy= F(KpA) = Ky 475,
where l"l in output In period t.
Denoting the capital—effactive Inbour ratio by k‘ = K, / A, and the ountput per efficlency
unit el Inbour by y, = ¥, / Ay we have:

(10) v =4

The marginal productivity (profil mwdmication) conditions aze:

(11) = Ay !
and
(12) wy = (1-6) &

To focus on the distarsionary effects of income Inmalion, we make the
conventlonal assumption (ln the literature on excess burden of taxation) that the
government does nol redistribule lncome wcroms gemerations hul rather returna in a

lumpsom fashlon to ench person the 1axes pald by her, fe.;
(13) Tag = Oy Yegy KHEBY) +700y regy Koy -
Subetituilng (13} into the definition of wealth (namely, H‘ in equation (8)), we abtain:

_ 0
(14) My=N-h B+ hTB [L+(1-7 )]

-1
7o T K t+(r ~7eat) jr!+I] ’

where wge was made alin of equation (3).

The economy—wide resource constrpint at period ¢ is given by:
{15) c“+c2'H+H‘+K‘+I—Kl=lv'l+N.

This constraint aimply states that total conpumplion {(of old and young), plunr iotal
investments {in buman and physical capital] must equal tetal culput, plus initial
endowment . ¢

Finally, the evoluticu rule for the glock of knowledge in npecified by:

(16) By =B,(1-8)+H,,.

That is, the stock of knowledge deprecistes al the rate of § and accumaulates through the

investraent in human capital,

111.2. Steady State

Given the Gxed amount of the Grst—pericd endowraent (per capita), #§ follwe
that the only possiblc atcady ntate is with rero per—capita growth of output, cougumplion,
investement, etc. Rewriting (16) in propartional rate of change terms we conclude that at
the steady siate:
{18") hysh—§

The other steady—slate equalions then follow by rewriting (7}, (11}, (12), (14) and {15) 1n

tieady—state formy:

1
- be [y T
(114) r=exfl

$The reader can check tbal the rcpource constraint follows from the {ndividual ard the
government budget constraints (Walras law).
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(124) w=(1-¢) &

(14) m = n— A+ 6hT [1H1-n)d e A1 SA) 14 —r)]
(159 mia +(1—a)2H{I-NA(1—5) 1+ A +RAT—b4b) —&EAT —n— 0,
where m & M/B and n = N/B, and where uee s made of (8) snd (10).

1¥. Effects of Income Tamudion

We oow rzsort 10 aumerical simulation methods in order t0 analyze the
¢ffects of the income tax pazametess on the productivity level (@), the physical tc human
caplial ratio k), and welfare.} Note that the (no—iax) steady mate equilibtinm does not
necessarily follow the Golden Rule (e g. Diamoad (1870)). Inderd, In our case it does nat
follow the Golden Rule, becanse populalion ie statlonary. Hence, taxes have two effects,
possihly conflicting, on steady state wclfare. On the one hand, they may distort the
marging of thoice belween present and future congumption and between human and
physical capital Investmenta. Cn the other hand, they may lower or increase the 1ste
interest, therehy hrioging the economy cleser 10, or farther cat of, 1he Gelden Rule.

For our pusmeter values, we have chosen a = 0.727, which coresdponds to s
aubjective rate of time preference of € ® per year under the smnumption that the two
periods are separated apazi on average by 23 yean. Following the calcalations performed
by Lucas (1890) for the external elfect of human capital accumnlation, we sasumed that
7= 0.48 (correspending to a Hicks—ncutral technological change coefficdent of 0.38 in his
calculations). The share of capital in oulpul, &, is sasumed 1o be 0.25. The rate cof
depreciation of the stock of knowledge, &, is assumed to be 0.533, which correapands o an

annual rate of depreciation of 3 %

Hn & similar model (soe Nerlove, Raxin, Sadks and von Weieakeker [IWJ)& we were ahle 10
provide alio analytical resuits cn the effeet of income taxalion on the physical 1o human
capiial atio.

Tahle 1 describen the effocts of the income tax on the physical 1o human
capital ralic (k). As expecied, moving in this table along any line from leit to Fght (that
is, raising the labor income tax rate, while keeping conatant the capital income tax rate)
resulty in an iocreate In the phygical 1o buman capital ratic. Thel is, the wage tax
discourages investment in humas cspital, rdstive lo physical capital. The cpposile is true
with respect to the capital income lax: it encourages invesimenl io human eapHal, reallive
0 phyical capital, Moving along the diagonal (v = @) of the yshle (that [s, along an
incresse lo the comprehensive fgcome tax rate), we confirm cur intuitien thay the
comprebengive income iax disciminsles aganst investment in human capilal, rcative to
physical capital. The effect of the jacome tax on kis significant: A 50 % comprehenzive
income {ax ralses &k by 1340 % over its no—tax levell The pronounced clfecy on & {s due to
the magnifying effect of the endogenous productivity (8} oo human capital,

Table 2 demongteates the effects of income taxation on productivity. The
wage 1ax lowers productivity, while the capilal income lax raises il. Here 100, the effects of
the 1wo laxes are not symmetric and do oot offsct esch other. The tahle confirms our
intuitlon that all in all the comprehenrve income tax (¥ = @) lowers predactivity. A S0 %
comprehensive income tax decresser produclivity by over 60 %!

Of rpecial interent in the effect of the income tax on wdlfare (the wiility of the
representative generalion fo the ateady siate). We measuce thia effect by the propotlicnal
change in the pre—tax (v = @~ 0) levels of c; and cy that will bring the pre—tax usility
level up to the post—tax uiflity leved. Since utllity is homothetie, thiu is a consistent welfare
measure. Even though taxes are distortlonary, they are not pecessarily steady state
wel{sre—reducing, because they may bring the cconomy doser to the Golden Rule. Jaodeed,
table 3 osuggests that the deminant faclor determiniog Lhe effect of taxation on
Heady—atate wellare is the proximity 1o the Golden Rule When s tax hrings the ceouomy
cloger 10 the Geldea Rule (hy increasing & and lowering 1), then it improves welfare fn apile
cf ive distoriionary effers cn the marging of choice betwoen present and falure coaaumpiicn
and between iovestments in humaa sod physical capital. Sioce the comprehengive jncame

tax i¢ bissed mgainst invesiment in human capital rclative to physical capital (that i, it



10

talsen k and lawers r}, it follown that il impravea welfare quite significantly. The effcct of
the income lax on k and bence on weifare in magnified by the external economy sssociated

with prodoctivity.

V. Cencludon

This paper snalyzea the implications of tax pclicy for the accumulatlon of
homan capital (aa specified by Usaws (1095), Rarin (1872) aed Adams (1800}), the
accumulstion of physical caplial and the overall productivity level of ike economy. A
comprekenslve income tax, applying both to Jabor and capiidd income, ditcriminales
agalnst {nvestment In homan capital, relalive to investment in physical capital. Taking
Inte acconnt a posillve external effect of Investments In human capital on overall
productlvity, the adverse effeet of income laxation on kuman capital investmerls is
sigoilcantly magnified.

The paper sseumed that there ia no public subsidy to investment in human
capital {an educstion wubsidy). Of course, il the government uses the proceeds from the
wage—income iax Io order to subwidize education, the dielortion of this 18x ¢ould be
mitigated. It |# noteworthy thai a subsidy may be called for on Pigouviam grounds na well,

because of the positive externalily of investment in human capitdd on productivily.
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