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I. Introduction
Cholce of lelsure, savings and the asset mlx are examples of primary

decisions (along with say, education and bequests) that each household faces.
Traditionally, these have beesn treated geparately in analytical work on
taxation (e. g., the text by Atkinson-Stiglitz, 1880). Everyone recognizes
the highly Interdependent naturs of these declsions, yet, to our knowledge, no
existing snalysis explores the effect of taxatlon in a framework where these
decisions ware made Jjointly. Evidently, this is due to the risk of
complicating the model such that it ylelds little insight. This paper
presents a simple two-period life-cycls model whers the supply of effort,
savings and the cholce betwesn safe ahd risky asssts are all endogenous. All
savings are for futurs consumpticn and hance thers are no bequests. For
simplicity, we allow work-leisurs cholce in period one only implying a
constant skill level (i. ., no learning). The resulting snalysis is
tractable, and sheds new l1ight on many 1sgsues.

In amalyzing the allocative effects of taxation it 1s important to declde
how the revenue collected is spent. Glven the ultimate interest 1n comparing
alternative policies, we start off by consldering the Hicks compensated tax
perturbation whereby lump-sum {non-random) transfers are msds to the housshold
such that expected utility remains unchanged. Thus the loss of utility for
sll taxes compared 1z set at zero.

The above procedurs may be contrasted to a balanced budget analysis
where, for each tax, the actual revenue collected is returned in s lump-sus
{stochastic, where appropriste} manner to the taxptyor.l However, under
conditlons of certainty, It can be easily seen that, for smal]l tax changes,
this mechanism involves 'ho deadwelght loss and the resulting analysis is
strictly equivalent to the Hicks compensated process noted above. Given
uncertainty, there iz an important difference. Risk-sharing by the state gets
elininated, as already noted by Gordon (1885), even when, in principle, we
have a full loss-offset tax policy. Thus there would indeed be soms loss of
utility even for small changes in the tax rate. It turns out that the
amalytics of a balanced budget analysis are easily recoverable from the Hicks

compensated exercise; hence wa ars able to report these additional results

! For example, Kotlikoff and Summers (1579) and Gordon {1985) follow this
approach.

rather conveniently. Evidently, the utility compensated analysis retains,

vhere relevant, the risk-sharing element which we believe to be an important
aspect of the tax code in most countrlel.z

Flpally, we move on to discuss the specific (or, uncompensated) effects
of taxation, where the implicit assumption !s that the tax revenue ias spent on
pure public goods that introduce no new distortion. Mosgt existing analysis of
taxation 1is of this latter variety which would make it somewhat eagler for us
to compare the results with the lltenturu.3

We consider four broad based taxes (namely, wage, consumption, wealth and
income) and arrive at several new results of significance. Foremost is the
effect of taxation on risk-taking. The standard ]iterature based on sinple
portfolio choice models (e. g., Atkinson-Stiglitz (1880), Stiglitz (18969)
gives the impression that risk-sharing by the state (vis loss offset policies)

* 18 responaible for the well known result that risk-tsking may increase due to

increased taxation of (capltal) income. With endogenous savings, we need to
distinguish betwesen the total demand for the risky asset (1. e. total
risk-taking) and the proportlon of savings held in the risky form. Should the
latter, call it portfollo riskiness (or, proportionsl risk-taking), be taken
to mensure risk-taking, we find that |t typically rises due to increased
taxation. Significantly, however, this need not have anything to do
with risk-sharing by the state. Incressed wnge taxstion, for example, leads
to a portfolio at least as risky as befors. Since wages are non-random, there
is m total absence of risk-sharing on the part of the government; the result
obtalns as tmxatlon lowers the risky asset demand relatively less than
savings. This result holds for all prefarences described by non-decreasing
relative risk-aversion (NDRRA) and for all three types of analysis (namely,
utility compensated, balanced-budget and gpecific).

Total risk-taking, the other measure, is seen to be typically discouraged

2 It may be argued that the government does not ultimately bear any risk nor
should it be willing to do so. In practice, presumably it shifts the rigk of
random capital income revenue on to other agents by adjusting its other
disbursements (or, indeed by borrowingl. Whatever the mechanicm, tha fact
resains that sn Individual facing s capital risk is able, glven loss offset
tax policles, to transfer part of the risk on to other agents via the state.

Income effects, indeed, cannct be ignored in the discussion of tax reform.
A gliven dollar of revenue would have different income effects depending on
whether 1t 15 raised as an income tex or as a consumption tax.



by taxation {at the uncompsnsated, and, a fortiori, at the balanced-budget
levels). The uncompensated result is contrary to the standard result in the
literature (e. g., Atklnson-Stlglitz, 1880, p. 107). Focusing on the
baianced-budget analysis, our finding is also In contrast to Gordon {1985} whoe
reported that taxation of income arising out of the corporate sector (agnin,
in a model without leisure cholce) had no effect on total risk-taking.

The significance of the inter-linkage of markets becomes immediate once
we analyze wvage tnaation. Incressed taxation renders both current consumpt ion
and savings (including its risky and sals components) relatively expensive
vig-a-vis leisuwre. Thus a ﬁtluty compensated tax increass not only allows
more leisure, we slso witness s lower level of current consumption, savings
and risky ssset demand. Since all remalning taxes alsc involve effective
taxation of earnings, these distortions are retained throughout which alter
the subsequent analysis in a fundamental way. For sxample, we find that
current consumption is discouraged by a Hicks compensated increase in the
consumption tax. Absent leisure behaviour, the latter analysis 1ls known to
leave the net consumption path unaffected.

Insofar as the specific effects are concerned, the results obtained here
for the consumptlion and income taxes differ significantly from ths literaturs.
For constant rslative risk-aversion (CRRA) preferences, the income tax has
been known to discourmge both savings and total risk-taking while the
consumption tax leaves them unaffected (Ahsan; 1989, 1880). Given endogencus
leigsure, we now find that the consumption tax ltself encourages both savings
and the risky asset demand for plausible values of the CRRA parameter while
the income tax dlscoursges these incentives for low to moderats values of the
sane statistic. Thus, at least in the latter scenarjo, the preference for
consumption over income taxation remains intact if savings incentive is taken
as a critorlnn.‘

The paper is organized as follows, The underlying cholce model 1is
discussed in section II where we present some results on risk-aversion and
wealth elasticities relevant to the expanded framework adopted hers. Utlilty
compensated and balanced-budget analysis of taxatlon are performed in section
III, while the following section reviews the specific effects. Some

4 We should note that endogenous labour supply In the context of a medel of
husan capital accumulation may give rise to a different result (as already
alluded to, among other, by Hamilton).

concluding remarks are offered in section V. The relatively more technical
aspects of the derivation are grouped together In an appendix at the end of

the paper.

1I. The Model

In this section we provide a brief description of the cholce model in the
absence of taxation and discuss some comparative static results relating
A5 explalned in the introduction,
individuals choose labour supply (L) in perlod 1 mlong with the saving (S) as
well o5 the asset composition (a2, &} of thelr portfolle. Second period
consumption equals investment proceeds (principal and returns). The budget
equations are therefore

wealth effects and risk-aversion.

(2.1) ¢ = {y - w(Lo - L)~ (a+nm)

(2.2) ¢ - {(1 +rM{Y - w(L' -L) - C‘} + az)

where (wL‘ + B) is denoted by Y (“full incomes"”) mnd B may be taken to
represent either a lump-sum component of work compensation or, more commonly,
the endowsent of non-human capltal. L‘ is the human capital stock which is
sxogenous. The rates of return are r on the safe agget, x (with z = {x - r}
measuring the net rate) on risky asset and w, the wage rate. The random
variable x is assumed to possess a well defined distribution function with x «
(-1, =),

Agents arrive at life-cycle work, saving and wealth allocation decisiona
by molving
(2.3) max Eu(Ll, c, C) = f(L - L) + g(C) + EhiC}.

e .o 1" Ta o 1 2

In n cholce framework as genersl as this, additive separabllity is necessary
for tmtablllty.s Throughout the paper we shall assume {ndividual

preferences to be guided by decreasing absolute and non-decreasing relative
risk-aversion (DARA and NDRRA, respectively) hypotheses. Solving the

Even authors who set up the problem in the general form usumlly find it
hecessary to Impose condlitions of a similar (or often more restrictive) nature
when it comes to evaluating comparative static results. See, for example, the
paper by Kotlikoff and Summers.



maximization problem where G, is glven by eq. (2.2) leads to the following
first-order conditions (FOC's):

(2.4) (-) £ + wil +r)Elh’} =0
(2.8) g -0 +r)EN} =0
(2.8) E{zh’'} = 0

with rispoct to (wrt) lsbowr supply. currsnt consumption and demand for the
risky asset, respectively. Thess conditions have a straightforward
interpretation. The second-order conditions (S0C's) wre discussed in the
sppendix (section A.1) whers we find that given DARA and NDRRA prefersnces,
concavity of f, g snd h functions sre sufficient for the former to be
satisfied.

Undsr thase prefersnces, it is well known that both the demand for the
risky asset and consumption in each pericd are norsal goods. Adding
work-leisure choice, the same conditions guarantee that leisure too is norsal
(appondix, section A.1).

For the class of NDRRA preferences, it is also possible to ocbtaln some
additional restricticns on wenlth effects, Even with CRRA, given that there
are three distinct parsmseters (nsmely, the elasticity of marginal utilitles),
wa do not necessarily assume them to be the same. Evidently, the sharpest
results occur when ilndeed they do coincide. Denoting these elasticities 8'.
¢' and 0'. respectively, for lelsure, current and future consumption, the
appendix (section A.1) gives a brisf outline of the following result.

Theorem 2.1
(a) Given NDRRA preferencess,

ey Ea ey
(with the strict equality holding if CRRA obtalns);
(b) For the specific case of CRRA,

1) should @' = ¢° = @,

-
LN ﬂ;l“.-‘}
2) further, if @ = @"

(i) W =g3=1; and

(10 {(-l(l—f!}ln"} -1

where u denotes the wealth elasticity (1. e., wrt Y), and the superscript

identifles the appropriate cholce variable. The elasticity 2°, for example,
refers to current consumption and 7 denctes an arbl trary posltive rnumber.

In the context of preferences described here, it is more reasonable to
believe that o = 92. but they differ from o~ The interesting aspect of the
above result is that even when 6 » B’. we &till obtaln nice bounds on the
magnitude of wealth elasticities, and it can be viewed as & new result. Part
(b){2), on the other hand, iz a generalization of simllar results available in
nodels of pure consumption allocation over time.

Naturally the above resu}t is quite powerful and helpa the discussion of
the comparative static effects of taxation. Indeed in much of the llterature
on risk-aversion, the connection between hypotheses on the former and the
implied restrictlon on preferences become evident from the snalysis of wealth
effects. It iz of interest to note, by contrast, that cholce under certainty
generally lack a theory of wealth effects.

A final remark on the results relating wealth effects is in order. While
the actual terms of the simple wealth effects vary from one tax regime to
another, it may be easily checked that the elasticity results (namely, theorem
2.1) holds In its exact ferm for all tax regimes.

I1I. Compensated Effects of Taxation

In this section we consider both the utllity compensated ms well as the
balanced budget effects of taxation. Lump-sum compensation in the Hicks sense
provide individuals with non-random transfers eliminating income effects, and
thus sallows us to focus on the substitution effects assoclated with price
distortions created by the tax policy.
A. The wage tax. If a proportional tax on wage at the rate (t') were to
apply also to the lump-sum element, B, say measuring the value of fringe
bensfits, we obtain

(3.1) c1 = [(1 - l_){Y - w(Lo - L)} - (a+m).

Consequently,

(3.2) C =1 +r){(1=-2¢)lY-wlL =-L))=-C} + az]
2 - L] 1

The new FOC's are:

(3.3) (=)' + w(l - t_)(l + r)E(h'} = 0;

(3.4) g - (1 +r)E{n} =0,




(3.5) Elzh’} = Oy

where evidently the (g’) and (h’) function’s are deflned over c’ awd G, us
glven by (3.1) and (3.2). Totally differentiating this system, the
cosfficient of the changes in the exogenous variables (namely, t' and Y) when
transferred on the rhe (with dependent varisbles arranged on the lhs) wppesr
as follows. From each of (3.3), (3.4) and (3.5), respectively, we obtain

@.8) ¢, = {tr)C 1= )70 1= £)0 e 0By - vt - L1E" fae,
- 10001 - ¢ )% & o) Bl

(3.7) a = (-){u 1Y - WL, - umm}az_ 101 - £01 + rEH AT

(3.8) "a = {[1 + )iy - v(l.. - LllE(:h‘}}dt- i{1- :_)u + r)E(zh”}JdY

From (3.2) and the FOC's 1t follows that for expected utllity to remain
constant, the lump~sum transfer required by the wage tax ls glven by

(3.9) ar = {(1 - ¢ )71¥ - wiL, - L)lat )

On substitution of this condition in eqs. (3.6) - (3.8), we cbtain the new rhs
vector relevant to the analysls of utllity compensated effects of wage

taxation:

(3.10) M- o o
These derivatives appesr as fol l|:m||:a

8L 1 - =1 a2, . 2
@ &l {‘(—r} [{(r')u —t) }{r E(2)%h*) + (1 + 1) m}] <0;
w'Eu Diw .
(3.12) | . m“rl twi1 « x| < o;
N FT] v W r H
w!En
da 1 ] " ¥
@13 - |- [-){w} [(w(l + PIHE ) (g Elzh }] <o

where D(w) < 0 is the deterainantal value of the appropriate Hessian matrix
and {K} > 0 (s explained in the sppendix, section A.1).

§ A brief outline of all important derivations 1s given in the appendix.

From (3.1}, we also recognize that:
(3.14} S=(a+am=[{1- t Y -~ wiL, - L) - Ctl
In view of (3.9)

(3.5) 2

ac
Iu {w(l t')n: £u 3t_'|n] <o

which 1s generally amblguous. However, substituting (3.11) and (3.12), the
above becomes determinate in sign:

(3.18) 5%? - {53(;,-} [{v)(r')(wmz}’n'}] <o
Clearly the wage tax makes lelsure more affordable and hence the labour supply
declines {eq. 3.11) which 1s well known. In the present context, we also
obgerve that along with labour supply, current consumption, saving and even
risk-taking are all discouraged by taxation. An intuitive explanatlon would
proceed as follows, Examining the budget aquations (3.1) and (3.2}, we note
that increased lelsure affects both current and future consumptlon negatively.
Now, {3.2) may also be restated as
{3.17) ca = [{1 + r)S + az],
and thus with C, both 1its components, risk-taking and aggregete savings,
decline. It is interesting to note that savings undergo two opposing forces;
increased leisure tends to depress savings directly whlle reduced current
consumption pulls it the other way (see eq. (3.15)). Evidently, the former
dominates [compare (3.11) and (3,12)).

Denoting the share of risky assets in the portfolic by A{= [arS]), it
would appear that ai\f,at“!;u would be amblguous since both risk-taking and
savings decline due to taxation. However, note that

(3.18) g-"tt - [—é ]"' [sg—;:lu- . %Lﬂ].

and given (3.13) and (3.18B)

S| = e fla ) ’} [u + PISE{zh"} + .s{(z)‘n')].
£a ()2p(w)

Further, 1In view of c, [given by (3.17)1],




A | o -y [ gD }s(zc n"} =20
wley (5)*ptw) 2

In the appendix 1t was seen that E{zC,h")} & O for NDRRA, snd hence
proportional risk-taking cannot decrease dus to wage taxation In the present
fnleuork.-’ Thus even though the volume of the risky ssset and savings both
decline, the riskiness does not go dowm. In effect this is due to the fact
that under NDRRA, the relative decline in savings is mors severe compared to
the demand for the risky asset.

The wage tax therefore, under expected utility compensation, leads to an
incressed value of utility of lelsure, f, which, to bs fully offset, requires
both g and the E{h} functions to decline. To recapitulate the discussion so
far, we may state the following:

Proposition 3.1 (a) An expected utility compensated increase in the wage tax
leads to decreased levels of labour supply. current and future consumption.
Since the latter is effected via savings and risk-taking, they both declins as
well.

{b) The optimal (Gl/cz) path is alsc distorted except when n: = u: (e. g
CRRA}.

{(c) The above tax iIncrease also leads to a portfolio at least as risky as
before.

We should also note that if the tax merely applied to wages (namely, wi),
the budget equations would modify slightly, but the comparstive static results
highlighted hers appear exactly as above.

B. The Consumption Tex. With a proportional tax on consumption in each
period (at rate tc). we obtain

(3.19)

(3.20) c, =1+ :c)" (¥ - wiL, ~ L) - (a+m],
and
(3.21) C, = {1+ :cr‘ (1« r) Y - WL - L)} + az] - (1 +1)C}

Combining these two constralnts,

(3.22) fc, +c (1 + 0 =1+ t°)'1 [(r ~wiL - L)) +az(1+ r)"]:

we observe that the tax effectively falls on labour income (inclusive of B) as

7 Elsewhere this measure was introduced and called proportional risk-taking
(Ahsan; 1889, 1880).
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well as the present value of the net return from risk-taking ("capital
galn/loss”). In terms of the effects of taxation, we would thus expact the
results of the wage tax to reappear, along with the risk-sharing aspects of
the tmation of net return to risk-taking. The latter 1z known to induce
individuals to hold a riskier portfolio, a result originally due to Domar and

Musgrave (1944). Since the intertemporal terms of trade remains unaffected,
ws do not expect any additional distortlon in the consumption alloeation
decision.

Given {3.21), the FOC's sre modified only slightly:

(3.23) ) e ws 27 (14 DERY =0
(3.240) g - (1 +r)Eh'} = 0;
(3.25) (1+t)" Ezn'} = 0.

Yhen we differentiate the above system, the relevant rhs vector comparable to
(3.8) - (3.8), now. mppears as follows. From each of (3.23) - (3.25),
respectively, we have o

(3.28) 4, = [{u + )7y o {mu + 1701 4 r)’} [r -wL - :.)]s{n-)
s U0+ £+ r))E{zh"}]dte
(-)[{(vl(l . 7204 1Y ew)]m

@.21 4, = (=) [{u s 10720, r)’} [r -, - u]m-)
+ {a(l R r)}E{:h'}]dt;[{l st rn? E{h"}]dY;

(3.28) d_ = [{u s ). r)}[Y - wL, - L)]E(zh'}
* {-(1 + te)'a}E{(z)'h'}]dtc[-)[{(1 + t‘)"u + r)}E{zh“'}]dY.
From the budget equations and the FOC's, 1t can be verifled that for expected

utility to remain unchanged in the face of rising taxes, the required lump-sum
compensation is

11



-3 -
(3.28) ar - {u o 1) }[r - e, L)]dcu
Given the modified vector of d's (in light of 3.28), compensated effects

themselves are:
' 8L 1 =3 8 .
(3.30) ol . {b‘ﬁ'} [u .t) (r‘)}(."S{(z) he}
olka e ¢

+(1+ r)’m}] < 0;

.e

(3.31)

{m} [u .t 17w ¢ r}'wlm] < 0;

{mu .t )"} {m} [{u £ £ 700 r]}

e ez} o.
Savings are defined by (3.20):

{3.32)

(3.33) Sm= Y - HU.. -=L)-(1+ te)cll.
thus (using (3.29) and the above derivation)

.30 F-| = st 10 o {oks} 1o+ et o

where D(c) denotes the determinantal value of the appropriate Hesslan (see the
axpression Ad.1 in the appendix}.

Interpreting the above results, we note that the impact of the
consumption tax on lebour; supply and current consumption 1s essentlally
identical to that of wage taxation. The fact that an expected utllity
compensated Incresse in the consumption tax would decrease current consumption
is somewhat counter—intuitive. But svidently, such intultion is derived from
our familiarity with models of fixed labour supply. Indeed, analyzing the
consumption tax in a consumption-saving framework with fixed labour supply,
Ahsan (1888) found the compensated effsct to be zero for current consumption.

Turning to the effect on risk-taking we find that a positive term, namely
the Domar-Musgrave phenomenon, adds ambiguity to the negative effect operating
t.hrougl"n increased lelsurs. Note that the risk-sharing via tmation, by
I1tself, ylelds the effect such that the net of tax amount of the risky assest
demand (i e,, [a/(1 + t=)1) resains unchanged due to increased taxation.

12

On surface, savings sappear to be affected by increased consumptlion

taxation much llke the risk-taking equation. On a closer examinatlon |t
sppears that risk-sharing is not the explanation.

avidently 13 due to the effective taation of earnings under the consumption

The negative effect

tax. The positive effect arises due to the fact that net consumption, absent
work-leisure choice, does not change in response to the tax. From (3.33), It
follows that

(3.35) C, = LY - wir, - L)} - 531 + ¢ )™

In other words, u' c were to remain constant net earnings also remain

‘eonltent dus to expected utlllty compensation (see 3.29) and thus savings must

adjust in the manner of eq. (3.34) (the first term) so that net savings remain

unaltered.
From (3.21), it is also seen that

GE(G’J
LI 7

-1 -1
h' (-)(1 + tu) E(ca) + (1 + tc) E(Z]Fc-

Substituting in (3.32) and (3.34), the sbove expression simplifies to

BE(C,) (ase* .
(3.98) —g72-| = {mma—} [0 + newnE @t e - s

shich is e.lueye negative, It 1a thus of Interest to note that even though we
are, in general, unable to determine the sign of the risk-taking and savings
functions, future consumption 1s expected to decline.

Further note that should 8" = § > 1, both risk-taking and savings would
ba encouraged by the tax increase. In such an event,

O T T T e T
om B

Evidently for @ > 1, the standard impact of consumption taxation dominates the
component arising out of adjustment of work-leisure choice. (Note that the
coefficlent of (1/8") is always strictly less than unity).

Turning to the riskiness of the portfolio, following (3.18) we evaluate

13



(1 + ¢t )" Nwr' ) g™

B = {—= -} 1st1 + etant + axth)
folea (5)%bte)}

Again, from (3.20) and (3.21), we note that

-1
c, = (1 + te) [{1 +r)s + az],

or,

1+t ) 3 (wr ) (g")

a P 1 -

{3.38) = (-l{( E{zC_ h"} = 0.
13 P (1 otey J 2

Thus even if we were unable to deteralne the direction of change In savings
and In total risk-taking, portfolle riskiness is not discouraged by an
expected utility compensated incresss In the consumption tax. Focusing on the
CRRA casme, in light of (3.37) and (3.38), we obmerve that for any valus of 0‘.
portfollo riskiness remains unchanged. Interestingly enough, oven when both
savings and risk-tsking rise (e. g. when e" = 1) thay do so in equal
proportions and thus riskiness cannot change.

To summarize the discussion of the consumption tax, we may stats the
following.
Proposition 3.2. a) An expected utility compensated Increase in the
consumption tax leads to a decline in labour supply, current and expected
future consumption. The fcl/.t:(cau path is actually distorted, except in the
case of CRRA.
b) The effect on risk-taking and savings are ambiguous in gensral; for the
case of CRRA with 6" = @ > 1, however, they are both encouraged.
¢) The asset-mix, howvever, remains at least as risky as before.
C. The Vealth tax. A proportional tax on labour income (inclusive of the
lump-sum component, B) us well as the net return to risk-taking, it uas noted
in the introduction, may be described as a “wealth” tax. " Such » tax l1s
equivalent to a consumption tax in the sense that they lead to identical
1ifetine budget sets. In the former, savings wsre deductlible, 1. a.,
cash-flows are taxed, while in the wealth tax case, savings are made out of
net-of-tax earnings but subsequent capital Income (except capital
galns/loases) are tlx-exelpt.a .

Denoting the tax rate by t.. the budget equatlions are given by

8 Ahsan (1890), discussed these two texes in the context of the debate on
cash-flow vs. pre-payment versions of expenditure tax 1in the tax-reform
literature. .
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€, = [(1 =~ t )Y - wL - L))~ (a+mi:

c, - I - th)((l + Y - ir{l'.-. = Ll) + az} - (1 + r)ct]; or

(3.40) [C, + €1+ )™ = (1= ¢ )UY - WL, - L)} + azl1 «+ 1)7).
Comparing (3.40) with (3.22), the equivalence between the consumption and
wenlth taxes become apparent. The relative price distortions are identical to
thet of the consumption tax. The time-path of tax revenues is different
however, which implies that even though the consumption profile remains intact
between the two taxes, savings are generally higher in the consumption tax.
To an extent, individusls save in order to pay future taxes. Indeed this is
what we find happening once we axamine the comparative statics.

Since the Impact of the tsx on the three primsry variables are
practically identical to those of the consumption tax, we merely note

ac,
aL 1 >
(3.41) | <9 | <O | 9
blee LU P Elew ©

The explanation is also identical. For savings,

(3.42) S= 101~ MY -wL - L) -
ac
(3.43) os | . [m -] - ’Ih]
LI . B, BT,
or,
(3. 44) g:ln- {m‘n-} twt1 = ¢ Mg IE(z)*h"} ] < 0.

In obtaining (3.43) we make use of the fact that expected utility compensation
requires

(3.45) (1 - tn)‘ﬂlm' ly - w(L. - L)]dth.
Evidently, savings decline under wealth taxatlon. Comparing (3.44) and
(3.34), we note that even though the consumption tax had an ambiguous impact
oh savings, there was a positive force (the first term in (3.34))
counteracting the negative influence u'ln'ing out of Increased lelsure. The
latter is common to both taxes. Simllarly to the consumption tax, expected
future consumption is slso decreased by the wealth tax. This reinforces the
earlier remsark that the consumption-path is similar between the two taxes.
What about portfollo riskiness? From (3.40)
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c, = {1+ th)az + (1 + r)s),

and

(3.48)

-t ) ) (g") K
BIE) }E‘Izcah ] > 0.

RECIEERE
i, G T n

This is rather intuitive; riskiness did not decline in the consumption tax
case sven when savings was higher. Now, under wealth taxation, savings ars
discouraged unamblguously while total risk-taking is affected identicaily.
Portfolio riskiness thersfore goes up. Note that this is true even If CRRA
holds. In the latter svent, Jjust ss in the consusption tax, the total demand
for the risky asset might even be higher (for " > 1). For otber values of

RRA, or, indeed if increasing RRA holds, total risk-taking, if it declipes, 1t

doos so less than proportlonately vis-a-vis savings.

We tharefore observe the following.
Proposition 3.3 a) Increased taxation of wealth thal preserves expacted
utility at a given level Induces increased lelsure and decreased levels of
current and (expected) futurs consumption, and savings.
b} Total demand for the risky asset may go elither way. Hhen it declines, It
does so less than proportionately compared to savings, and thus porifollo
riskiness strictly rises.
D. The Incoms Tax. This is tha final of the four broad-based taxes
considered in this paper. Letting ta denots the rate of tsx on both labour
and capital income, and with full loss-offastting, we have

(3.47)
and, thersfore,

€ = {(1 -t )Y ~wll -1 - (a+ad),
1 » [ ]

(3.48) C-((l+r)l(l-t)(Y-v(l.-L)}-Gl+¢z)

whers we have dennt.ed t and T the net of tax yields on lnvestment (1. e., Fe
i1 - ta)r} and z = {{i - t.lz}l. Rewriting (3.48), the allocation of
disposable labour income 1is seen to equal

(3.48) {1 - ¢)Y-wlL =L ={C « (1 717, - (1 + P17 (Da).

From this expression we evidently recognize the distortion of the
intertemporal terms of trade (the price of future consumption belng increased)
Since net risky income is a means
1t also undergoes a re-valuation;

brought on by taxation of capital Income.
of trunsferring consumption to the future,
not only is the net return (gain/loss) reduced by the Income tax, when
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convarted Lnto consumptlon units, it is worth even less. In terms of economlc
affects, therefore, we have tc contend with a host of complexitles. Twmation
of all income, regardless of source, has the direct effect of distorting the
work-leisurs choice and that of the asset-mix. The indirect effects work via
the discount rate in altering the time path of consumption and discoursging
risk-taking. Absent wssset behaviour,
interest income) taxation would be lost.

The relevant FOC's are:

this latter aspect of Iincome {or

(3.80) - (r') + (W + DIE(R'} = 0;
{3.81) (g') - {1 + FIE(N) = 0;
(3.52) E((Z)n'} = 0;

shere we also define ¥ as the net wage rate,

Total differentiation of these conditions, given (3.48), allows us to
{dentify the coefficients of the exogenous varlablex ms follows (transferred
to the rhs):

(3.53) d = [u - tn)"(f'){li + 201 + 7Y
+ {W(1 ¢ FRER"IQL + 2P)(Y - w(L - L)} - rC, + lz]}]dta
- {1 - ¢ )01 + P E"}H Y

(3.50) d, =~ [(u ¢ P1Ne) ¢ (1 s PRSI ¢ 2PHY - WL - L)}
- rc, + .zn]ac_ + 10 - £)01 + FIEhH Y

{3.55) d, = [z{(E)h'm $ 2EUY - WL - L)} -G, azl}]dtn

(1 -t )1+ r)E{(Z)h*}dY.

To see the expected utility compensated effects of tmxation, we impose

(3.58) (1-1¢)(1+ Fldy e {1+ 2rily - w(L = L)] - rCdt
n

on these d-terms above (eq. (3.58)
transfer), and obtain the following.

defining the appropriate lump-sum
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(3.57) T
n'Eu

aL | . { (£) } [(1 + 2701 + F)HgMEU(EY 0"}
li - E.’blni
+ (10 (R <0;

ac,
{3.58) T

1 ~ ‘s
- {m (1 + B)fve HB

- (rg*)(1 + PTNEMENE N G 0;

ds a 1 - ~ ¥
(3.58) o | o[- ] - {ﬂ—,}m + Z5) (vt Mg ) E (D"
n'Eu [ N n

+ (e LB (DAY 0

The expressions {K} > O and Din) < O are defined by egs. (AS.2) and (AS.1),

respectively, of the appendix.
From (3.47) and (3.49), the effect on savings is seen to equal

il e R A,

rS 1 ’ 2% ™
- [1 £ ;] . {m} Hwt’ ) (g )EC(E)%h")

as _ o,
at - Fi:

or (given the above),

(3.80) -

+ (e} ¢ DTN+ (DPEIEE ) 0

Comparing the effact of incoms tax on labour supply with that of a wage tax,
we note the absence of any influence other than the one introduced by the
reduced net wvage. Thus, as is intuitive, labour supply declines.

Current consumption becomss Indeterminate as thse increased price of
future consumptlon now induces additional current consumption (the second term
on the rhs of (3.58)). As usual, we also retain the direct effect of a
reduced wage via increased jelsure that discoursges consumption.

In the risk-taking equation ws observe thres distinct forces. The
stimulative effect (the first term in (3.59)) is due to the Domar-Musgrave
phenomenon brought on the direct taxatlon of capital income. Hage taxation
also has a negative effect on risk-taking a8 encountered emrller (the first
tern within aquare brackets). Finally s second element that also dizcourages
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‘simllar to the consumption tax case and arises as follows.

- pisk-taking iz the indirect effect working through the increased price of

future consumptlon.
Turning to savings behaviour, the first term encouraging savings is

Comparing the
budget equations it 1s evident that the income tex 1s simllar (indeed,
for the distortion in the
intertemporal rate of time preference. Thus abstracting for n moment {rom
this as well as the work-leisure adjustment, an expscted utility compensated
increase 1n proportional taxatlon of consumption in each perlod induces a

equivalent) to a consumption or wealth tax except

savings behaviour necessary to retain the net-of-tax value of the consumption
path unchanged. We may refer tc this effect as the pures effect of effective
taxmtion of consumption in sach period. The combined influence through labour
supply (1. e., direct effect of wages being taxed) and current consumption
{both direct and indirect) is however negative. This 1z evident by examining
terms withln the square brackets In eq. (2.80), which 1s positive. The
overall outcome becomes anbigucus,

In order to evaluate the effect on proportional risk-taking, we first
note that the teras within square brackets in (3.80) may be rewritten as

(3.81) (1 + 28001 + r) " Nwe? M g") EL(Z12R")

+ (rg’ )1 + B)HeMEUE) )
Thus, given (3.54) and (3.860),

a 1]2 =y -1
@6 §-| - [ tasna - pu e

<UD + g )T ¢ (1 0 2?)(vf'lt'}t{§c'h‘}]> o
While there sre more terms, this !s comparable to the result of the wealth tax
(see eq. (3.46)). Even though the general outcome on both total risk-taking
and savings Is ambiguous, portfollc riskiness is higher with incremse income
taxation. The intuition is ss follows. Riskiness rises dues to two distinct
forces, the first being the dominance of the Domar-Musgrave effect over the
pure effect of the “consumption tax element” of the income tax. This is
evident from a comparison of the first term in each of (3.58), (3.60) and
(3.62). The second effect arlses such that the resalning distortions (via
labour market and rate of time preference), though lowering both total
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risk-tsking and saving, lowers risk-taking proportionately less. This 1s

captured by the second ters in (3.62) which is non-negative in the present
model, the first being strictly positive. The second sffect, mlso sppesared in
the case of consumption and wealth taxes. It ls l_nt.arosting to note that the
additlons] distortion of time-preference does not upsst the earlier finding.
From the budget eguations we find
EC) = [(1+7)S+ E(2) al

or

65(021
at

J

+ E(Elg{—
]

(3.83)
Lu

- {1+ apan v 0 v PR
Ex »
On proper substitution and simplification,

8E{ Gal
(3.64) .1
n

1 ~ " ‘.
L‘- [{m} (01 + 200wt ) (™) + (rg’ LI}

(EC(Z)%n") - E(E}E{G)h'}l] <0

Once again even though savings and risk-tsking, taken separately, respond to
incoms taxation in en ambiguous manner, expected future consumption,
effectively a sum of the two, actumlly declines! From (3.63), (3.59) and
{3.60) 1t 1= evident that the direct effect of a tax incresse on future
consumption, {(-)IrS + aE(z}]}, cancels out the positive elements in the
risk-taking and saving functions (namely ths Domar-Musgrave and the pure
effect of consumption taxation, respectively). Thus the terms appearing in
(3.84) mutually reinforce the negative elements of risk-taking and savings
functions. The principal finding for the income tax analysis then is as
follows.

Proposition 3.4 (a) An expected utility preserving increase in the rate of
Income tax leads to & decreased supply of labour and a reduced level of
expected future consumption;

(b) It has an asmblguous effect on total risk-taking and savings,
portfollo riskiness actually rises.

E. Balanced Budget Effects of Taxation. Should the government return the
incremental revenue (dus to the tax increase) to the taxpayer as a lump-sus
rebate, the risk ultimately remains within the private gector. This 1s the

but
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The rebate is given in sach period to
it is
(see e.g.,

principal attraction of this procedure.

-+*pateh the revenue obtained in the same perlod.

" wkandard to evaluate the derivatives at zero Initial taxes

" Notlilkeff and Summers, 1979). Civen the preceding analysis, it can be saslly

* yorified that under the new procedure the analysis of the wage tax Is left
unchanged as the revenue base In question ls risk-free.

.- For the consumption tax, the tax perturbation removes the D-M affect from

~ the risk-taking equation and also the positive element 1in the. saving
incentive. The latter phone_n_enon arises since in the new transfer mechanicm,
savings resain unchanged in order to maintain the fixed net consumption path.
Consequently, both risk-taking and savings decline. Not surprisingly, the
sbsence of risk-sharing alsc renders the behaviour of risk-taking in the
wealth tax case fully analogous to the consumption tax. Indeed, given the
4{dentical outcome on labour supply from the earlier mnalysis, we observe that

» ‘tmnder the balanced budget exercise the allocative effects of consumption and

¢!imealth taxes are {dentical.

- Much like the analysis of the consumption tax,
incose also leads to the ellmination of the positive elements in both
-risk-taking and savings equations. These effects also imply obvious changes
in the effect on portfollo riskiness. Ve summarize the main comcilusion am
follows.

Proposition 3.8 (a) A balanced budget increase in the tax rate discourages
labour supply, total demand for the risky asset, savings and expected future
consumption for all tax bases analyzed here;
(b)
again, for all taxes;
(e) The allocative effects of the consumption and weslth taxes, unlike the
Ricks compensated analysis, are identical.
F. A Sumup. Before concluding this section let us draw some inferences
based on » comparison of the four taxes analyzed above and attempt to put them
in the context of the existing literature.

(1) On Tax Equivalence. The presumed equivalence of consumption and
wage taxation does not hold once asset choice is modeled. This points ocut the
ssparate role of capital market risks as opposed tc alternative mources of

In such a context,

increased taxation of

Portfollo riskiness 1s at least as high as before the tax increase,
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risk such as the wage rate (or indeed the return to human cnplul).g

Tha wealth tax, as pointed cut by Ahssn (1888, 1880), ls indeed
squivalent to a consumption tax even in the expanded framework of this paper.
His earlier finding that both these taxes lead to an identical consumption
path but due to differing time-path of revenue cbligations, savings are lower
undsr wealth taxation, 1is again conflrmed.

{i1) Effect on Labour=-Supply. All broad-based taxes discussed here
involve effective taxation of wage earnings, and hance the distortlon is
identical in nature. Our result that the coapensated labour supply desclines
dus to incressed taxation is standard in models with a known wage rate.
Although many authors do not carefully identify compensated and uncompensated
effects, Kotlikoff-Summers (1878) effectively report a result similar to ours.

(111) Riskiness of the Portfolio. Perhaps the most significant result
of the preceding exercise 1s that increased taxatlon generally leads to a
riskier mssat-mix. The traditional literaturs on taxation and risk-tsking
with & fixed level of savings gives the impression that this was essentially
dus to the risk-sharing by the state through loss-offsst tax policles (the
Domar-Musgrave phenomanon). In an intertemporal world with endogenous
savings, we find the earlier assertion to be false. Focusing on the wags tax,
with no evident risk-sharing, riskiness is at least as high with incressed
taxation. The explanation, as we saw, that given NDRRA the labour mwarket
distortions produced s smallsr relstive decline in total demand for the risky
asset compared to savings. Interestingly snough with a tax on interest
income, the new distortion alsc created an identical pattern of relative
decline in these functions. The income and wealth taxes, however, alsc
lntroduce the Domar-Musgrave slesent and hence allow sn unambiguous incresse
in portfollo riskiness even If CRRA holds.!® Ve wish to emphasize that even
with risk-sharing, especially for the class of increasing RRA preferences,

riskineas would be higher in all cases (including the analysis of bulmcodL

budget perturbation).

PR pi
oinilar tax perturbation.

8 Contrast the present formulation with Hamjiton.

1o In the case of the consumption tax, the Dopar-Musgrave effect is exactly|
offset by a component of the savings incentive thus ylelding the weaker
verslon of the result.

22

{iv) Total Risk-Teking. Recall that Congumption, wealth and income
taxes anll invelve risk-sharing by the state. Should this be 1gnored (as, for
oxanple, would occur if we implemented lump-sum rebates that matched the
revenue due to increased taxaticn), the totml demand for the risky asset would
decline in =ll cases. This 1s in contrast to models that ignore endogencus
jeisure where it is geen that only the income tax led to a decline, while
gensumption and wealth tll:o;el left the risky asset demand unaffected under a

(v) Consumption and Savings. In some cases we were not able to
deternine the direction of the compensated effect without further
restrictions. However, for the general case of NDRRA, it was of interest to
find that expected future consumption declined in all cases. HRecall that the

" lutter 13 the sum of gross savings (principal plus interest) and net risky

incone. Generally speaking this result is due to the dominance of the
magative 1nfluence of taxation in both savings and in the total demand for the
rlsky asset over other terma the Domar-Musgrave effect in
risk-taking, and the effective taxation of consumption in each period In the
savings function). In other words, even in cases we are unable to determine
vhethor savings actually declined (e. £. the consumpticn and income taxes), we
know that savings plus interest actun]lly declined due to utility compensated

{(such as

tax increases. Likewisme, the valus of the capital galn (loss) declines due to

the tax even when actusl demand for the risky asset remains uablguous.

IV. Specific Effects of Taxation

We now review the specific effects of taxation such that no transfers are
made back to the tax-payer. Implicitly, however, we assume that government
Spends the revenue in providing a pure public commodity which does not cauge
any further distortion in behaviour. Most treatment of the allocative effects
of twation, ss It happens, are of thisg type. Hence we should be able to
€ompare our results to the existing literature somewhat better than in the
preceding section.
A. The ¥age Tax. From section A.2 of the appendix we find that the specific
effects are of the fors:

11
Sew Ahsan (188g, 1880) for details.
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where X = L, cl. a, and S, and

-1 -\
ron = [o - 07 - e, - o] 5l -
In other words, T(w) is the rate st which lump-sum transfers would be requi

for expected utility compensation (ses eq. (3.8) sbove). In particular
have
8L > oa < oS <0
(4.2) ﬂ—zo 3—<D.n— OIMW
L ] L

(see eqs. (A2.8), (A2.9), (A2.10) and (A2.11) in the appendlx). Although the
eoffect on labour supply 1s amblguous in general, for CRRA preferences (with @
= g), oq. (A2.8) reveals that

-
“.3 o f° '-o-n-l
]

The sbove result is an extension of a similar smalysis in the simple
one-period work-leisurs cheice model presented in Atkinson-Stiglitz (1880, pp.
35-35). Evidently, for @ > 1, the income effect dominates ths substitutlon
effect (lelsure being a normal good in the present model). From (A.2) it is
also evident that future consumption also declines unambigucusly with
increased taxation.

In order to see the effect of wage tax on portfolio riskiness, note that
simplifications srise since the compensated effects (egqs. (3.13) and (3.18)
are actually proportional to simple wealth sffects (egs. (A2.3) and (A2.4)).

We obtain

(4.4) - {57} [{n—_""-t—w-} - r{w)](n‘

] “
Thus for the general class of NDRRA, by theorea 2.1 (a),
(4.5) g:— 0

L J

For CRRA, however, regardless of the values of {8, 8"} there lz neo change. In
eq. (4.4}, the first ters within square brackets arises out of the
substitution effect. Thus, given the sign of (g" - u’). both substitution
and income effects reinforce each other in thelir influence on A.
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w0 He thus obtaln
Freposition 4.1 The speciflc effects of increased taxation of wage income are
(a) a decrease in.the levels of current and future consumption, In the demand
p the risky asset and In savings;

w labour supply, given CRRA, rises or falls as the RRA parameter exceeds or

" falls below unity;

“tc) the portfollio mix remains as least as risky.

!_., The Consumption Tax. The derivatlon of the Slutsky equations are outlined
in the appendix (section A.3):

- T(c)a%]

where X again denotes the choice variables (L, C, a and §), and

(4.8) = |5

-1 day
T(c) = {u st 7Y - i - m} -9

LR i
(dwee 3.28). Note that the wealth effects are gilven by (A3.3) - (A3.8). From

- the dlscussion of the compensated effects, we observe that current consumption
. deelines unambiguously due to Increased taxation (mee 3.31 and A3.4):

ac%
(‘- ks 31—: <0

Another straightforward result turns out to be the effect on portfollo

riskiness. Combining (A3.5) - (A3.68) with (3.32), (3.33) and (3.34)

we G-~ {s} { - ttakn - ah o
The result at the compensated leval therefore holds hera too. It is also
evident that both the income and substitution effects reinforce each other.
In other words, income effects that lead to m decline in both savings and
Flsk~taking does so relatively more for savinge. The latter phenomenon !in
turn 1s explatned by at least ag high a wealth elasticity for savings than for
the risky asset demand.

The labour supply effect, 1in 1light of (A3.3), (3.30) and the
simplification of the type ocutlined for the wage tax {appendix eqs. (A2.7) -

(A2.8)), appears as follows:
R
b =8
aL 8L R
(4.9) _J {‘ T }{(1 +¥y (-0 )}
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For CRRA, therefore, we obtaln the identical conclusion ss that of the wage
tax which need not be surprising, given the identical nature of the labour
market distortlon induced by these taxes.

The effect on risk-taking differs significantly due to the emergsnce of
the Domar-Musgrave (D-M) element under consumption taxation. Combining

(A3.13) with (3.32) and (A3.5),

8a -1 ) wl )
{4.11) ﬁ: = ta(l + tc) ]{(1 *+q) + (YF)(I ] hl}
A number of inferences follow from the above derivation. First, we have:

8a > R >
tlzn

(4.12) FE—'EDISQ

-]

This resuit arises (say, " > 1 > %°) a5 the parsmetsr values ensure that (a)
the positive stimulus of D-M effect outweighs part of the Income effect (the
negative component), and (b) the resalning element of the Iincome effect
(measured by the coefflclent of the " term in 4.11) that encourages
risk-taking aiso offsets the substitution effect arising out of the labour
market distortion. When risk-taking declines both srguments are reversed (1.
., If o <1< ).

Perhaps the sharpest case would be that of CRRA (with o" = @) since 7"

Al v

now becomes unity;

(4.13) - Zomez1
(-]

Comparing the mbove expression with the analytics of the vage tax, we observe
that this s effectively ons part of the effect of wage tmxation on
risk-taking. The missing part (the component of Iincome effect discouraging
risk-taking esqualing (-)»") Is eliminated by the D~M phanomenocn given CRRA.
The condition on the RRA parameter lmplies that if the remaining substitutlon
effect dominates (i. e., 8 < 1), Increased consumption tax induces additional
snjoyment of lelsure and this leads to a reduced demand for the risky ssset.
Evidently such an interlinkage of markets are typically assumed away in most
existing analysis.

Investigating the effect on savings closely, by a similar process we
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ebtalin
(4.14) - [sn . :c)"]{u R [vf’]“ . e'ln'}
Maturally,
a5 > AR>, >
(4.15) u—g;o-;a zlzn';
R
e =9
as > >
(4.18) al—t: z0aso 1!

and an ldentical explanation would also apply to this case.
Since we have already seen expected future consumption to decline at the
compensated level (3.38), with the addition of Lncome effects, this is
a-fortiorl so. To sum up the analysis of the consumption tax, we state the
¥ ‘fol lowing.
o Jyoposition 4.2 (a) The uncompensated effects of Increased taxation of
b.muau in each peried include a reduced level of both current and future
consumption while the effects on labour supply, risk-taking and savings are
ambiguous In general;

(b) For the class of CRRA preferences (with 9" = ), labour supply, total
savings and the total! demand for the risky asset rises, remains unchanged, or
falls ag the RRA parameter exceeds, equals or lies below unity;

(c) Riskiness of the portfolio, however, remains at least as high In all
cases.

C. The Wealth Tax. It can be easily checked that the specific effects of a
tax on wealth are rather similar to that of the consumpt ion tax., Indeed, the
analysis is identical insofar as labowr supply, current and future congumpt fon
and risk-taking are concerned. One notable change occurs in the savings -
behaviour; 1t declines unambiguously. We had already seen {section III) that
the compensated effect was to discourage savings. Presently the income effect
merely reinforces the same phenomenon. The explanation for this result is
8180 identical to the one appliable to the compensated analysis, namely, the
differing time path of revenue obligations between the consumption and wemlth
taxes.

One consequence of this result on savings 1s that proportional
Fisk-taking strictly rises due to Increased taxation:
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ax a __®
(4.17) ?i:- = l.'] [SY] [-(T—_—t-T(—r}—- T(h]] (n 7) >0,

-1 L ay
whore T(h) = (a - tnl &y - WL, - L} 3‘J;|,. Conpared to the

compensated
effect, we recognize that the

encouragesent of proportional risk-taking under wealth taxation.
To summarize therefore, we state the following.

Proposition 4.3 While the wealth tax affecis the time path of consumption,
labour supply and risk-taking behaviour identically to the consumption tax,
uniike the latter, it leads to an unambiguous decline in savings and an
increase in relative risk-taking.

D. The Incoms Tex. The Slutsky equations for the income tax case ars given
in the appendix [eq.s (A5.12), (AS.15), (AS.18) and (AS.18)). Evidently, in
thelr standard form, they reveal little in the way of how taxation affects
This is largely due to the ambliguity in the compensated
Simplificatlon is also hard glven the complexity of

income effacts further strengthen the

various incentives.
effects analyzed earller.

the coefflclent of wealth effects, namely, the smount of lump-sum transfer

needed to malntain constant expected utility.
Labour Supply. First we rewrite the compensated effect {(eq. 3.57) in light of

(A5.4) and (AS.7):
8L f’ 8L r as
{4. 18) i'i:lm- {II_:T.TF} {{1 + W W} + [1 N F] E? < Q.

Alsc recognize that the lump-sum transfer ralevant for utility compensation
(3.55)) may slso be restated:

Tn) = ;—-I [1——] {” -wit, - D)+ [ ,]}

Substituting {4.18) - (4.19) in (AS.12), we obtain

" {W'_%W} {[lL ‘ [1—f£] "'LH“"J] s (1 - e

T e

However, 1f CRRA prevails (with @ = 8"},

(see eq.

(4.19)

(4.20)

which is evidently ambiguous.
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{4.20a) {ﬁ'}[[i + Vay] ~T5 (1 - &Y.
(1 + F)Y
sdfaince
-ark CRRA
(4.20b) |l Zomsetl1

[

%lvcn the obvious similarity between (4.18) and (4.20a), we observe that for
m CRRA case the total effect of the income tax on labour supply is
proportional to the compensated effect. For high o" (1. in excess of

so 8.,
the income effect dominates, the factor of proportionality becomes

unity),
negative, and labour supply increases.

Consumption. In light of (4.19), the effect of the income tax on current
consumpt ion may be written as (ses AS.15)

o e e o 2l

-‘ﬁxt we note that the compensated effect may alsc be recast using the

expression for wealth effects (sees eqs. (3.58), (A5.5) and (A5.7)):

(4.22) rg’

(1+ )01 +"r)(g“)}"7_ '

el b=t} o

These two expressions may now be comblned to obtain

ac
(.23 X wi?
: o=t} [t o - ) o
) - rg's } (] 0]
- n -en).
. {u - 1)1+ PN e

It can be verified that the first term on the rhs (1. e., 8C./3Y and its
oeafficient) arises out of wage taxation implicit in the income tax, which we
~.-b8ve already seen to be negative,

Here both income and substitution effects
reinforce each other.

o o1 The second term obviously is due to the distorted rate
o Wme-preference which 1s ambiguous in slgn due to the evident conflict
tween the income and substitution terms.

(Note that the term 1nvolving %"
Weasures the relevant substitution effect.)

A sufficient condition for the

S4CO,
m: expression to be also negative appears to be Interpretable I1f CRRA with
@ =8 holds:
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CRRA

ac

1 da
(4.24) F‘ <01if sl 1.

28a) Fcoifa’s1andant
-]
Since in this case %" = 3° = 1, larger than unitary value of 8, guarantees the

e .
fﬁddﬂntlv. under these conditions the expression within the first set of
domlunance of the second income effect over the corresponding substitution

- W brackets becomes negative,
f"" A slightly weaker set of conditions is obtained If we rearrange [(4.28) &
e 1Y

L2

term, and, overall, current consumptlion declines.
Futurs consumption alsc declines. We have already seen that the negative
impact of an incressed price of future consusption (dus to the income tax) at ;
da a - V(L. - L]} 14 ~,
the compensated level. Tha Income effects only exacerbate thls tendency. {s.27) Tl 1—-_-T] [(1 -9 « [ ¥ ] {l - [ fr] LT:T] }_n.
Risk-Teking. In order to sisplify the expression for risk-taking, we first » " - 1+r
rewrite the compensated effect (eq. 3.58) in light of (A5.8) as:

- B 2o ]

aa a 1 Therefore
@) e | 2] —t—)
n'Eu 1 tu {1 - tu)“ +r) : »
1A aTa) F<01f8 <y pa(l, 2) ando 2
rg’ ~y fwr’)] 8a " ~ -
{[[;i-] + {1 +2r) [f—.]] [ #ate we have defined p = {(1 + 2F)(1 + F)"'] which lies In the open interval

T whe cus

2). Elsevhers we have mrgued

Combining the above with the income effects (ses A5.18), snd with some piy 'I ‘e rather le. 12 th:: such & range for the RRA parsseter es
and reasonable.

rearrangement we obtaln: Eay be seen that lmposition of CRRA

yields 1ittle except that 3" belng unity drops out as & condition.

oa . wiL, - L) R " Savings. The derivation of the effect of taxation on savings is analogous to
{4.28) fe . [TZT] [ - {1 - ["““7—] [1 - ;7]}11] that of risk-taking. We obtain
n n x5
. (¥ wiL, - L) c, . s R €4.28) g.f_. [I‘f—t’] [[ FJ -{ ) [wu.. —Ll] [1 ) _1]}".
) o 52 6 et )+ e D R - F 63
Note that the terms within the first set of curly brackets times the asset B : - [ F ] { wiL - L) 1 c, 4 s .
demand elasticity 1s positive for all values of 8" and measures the effect of . 1+7 [ ¥ ] L—n] * [IT"-‘T:)‘Y] [E] * TI’-'-"Q‘?}"']

wage taxation implicit in the income tax (the substitution and income terms
reinforcing each other). We had earlier seen that this slement discourages
risk-taking. The expression snclosed by the second set of squars brackets 1s
unasbjguously positive, and 1t represents the combined forces of distorted (4.28a) as

. where the various components may again be Interpreted as above., Naturally, by
further rearrangement, we get a similar conclusion as for risk-taking: -

§r<°lfﬂ<¢mdn'=1.
discount rate and part of the effect of capital income taxatlon (again, both n
incose and compensated aspects). This latter element siso discourages ::tl::lgh conditions (4.27a) and (4.28a) are identical, we note that the latter
risk-taking. The lone stimulus to incremsed demand for the risky ssset comes ghtly wesker since it is easier for 7" to st least equal unity than for
from the other aspect of capital income taxation, namely the D-M phenomenon.
A set of sufficlent conditions of the latter to be upset by the disincentive 12 Ahgan (1989) discusses varlous estimates found in the 1literature.

Ind
due to wage taxation component of the income tax 1s given by a v:‘f::i?::.':ﬁ,;hﬁu:yvﬂ;“b:fl’ lbet"::;l 11 and 2 is rather reasonsble, while
mplausibly low.
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3" (see theorem 2.1).

Proportional Risk-Taking. Glven the result that portfolio riskiness rose
under an expected utllity compensated increase In the incoms tax, we would
expect the same conclusion to hold given the addition of income effects. The
latter being proportlonal to the relevant wealth elasticities are such that
total risk-taking declines proportlonately less than does savings (as 9" = °

under NDRRA). Comblning the various eiements, we obtaln
o _{ a s} [1 N [1] (" - ") {(1 . 2;)[.,;-]
o la-nash Y Ll

+ [%] R Rt F)r(n)}] > 0.

The principal findings for the income tax then are as follows:
Proposition 4.4 &) JIncreased rate of taxation of both labour and capital
income leads to a decreased level of future consumption and an increased

(4.28)

degree of riskiness of the portfolio;
b) Given CRRA, labour supply responds positively or negatively depending on
whether 6 exceeds or lles below unlty;

¢) Both the total demand for the risky asset and savings are also seen to
decline If the constant RRA parameter lies in & moderate range.

E. Significance of Regults. The preceding mnalysis of specific Incldence of
taxatlon allows us to make a number of interesting ocbservations.

The significant result is indeed the impllcation of the presence of
sndogenocus labour supply on the resaining decisions, namely consumption-saving
and the choice of the asset nlx. In particular, the analysis of the
consuzption tax is now drastically altered, Absent leisure behaviour, it has
been shown that the consumption tax leaves both savings and total demand for
the risky asset unchanged given CRRA preferences (Ahssn; 1888, 1890). For
plausible values of the RRA parametsr (1. e., in excess of unlty) we now find
them both higher.

On the effect of income taxation, it has been earlier shown that both
savings and total risk-taking declines unambiguously for all values of the
CRRA parameter.
large values of 9, the outcome is amblguous.

Given endogenous labour supply, this 1s no longer so. For
These outcomes may have an
important bearing on the choice of the tax base. Certainly for moderate
values of the RRA parameter, preference for the consumption tax (over the
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- Lncoms tax) may indeed be based on stronger grounds than encountered in models
t ignors lelsure behaviour, especially If savings is included as a

eriterion.

A

;:'"5.‘“- ., Conclusion

. We belleve the addition of leisure behaviour in a model of household
isions to be an Iimportant one, and one that lesds to nontrivial
-“bllcﬂ.lom for the remalning choice variables.

Evidently, an aven richer

description of this choice, possibly embedded 1n a theory of human capital

aocumulation, would bs Insightful. Glven the relative tractability of the
mnt exercise, this further extension should be worth pursuing.

i A second concluding resark refers to the analysis of differential effects
of taxation and the choice of tax base. At the ut1lity compensated lavel, if
‘--u choose savings as a criterion, the consumption tax would be preferred (at

¥With the balanced budget tax perturbation, it

Wt in the CRRA case).
. l1lows that the wage tax is guperior as it allows zero loss of welfare (for

small taxes). Naturally, the question of the globsl deairabllity of = tax

.mh.. can only be ancwered in » framework of differential analysis of tax
alternatives such that discrete changes in elther expected utility, expected
fevenue or some other benchmark remaing constant. This latter exercise calis
for eoxplicit closed-form sclutions of all decision variables and related
maximm value functlons (utilities, revenues, etc.). Such an exercise is
feasible for the CRRA case (see Ahsan, 1989) and should be a useful complement
to the qualitative analysis.
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Atkinson, Anthony B., mnd J. E. Stiglitz, (1889), Lectures on Public Economics
{(McGraw-H111).

om.
Domar, Evsey D. snd R. A. Musgrave (1944), "Proportional Income Taxation ard : i J i
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Azs = Agz = —(1+ r)E{zh"}
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(4{ It would also prove convenient to write out the principal minors of the Hessian
for later reference. Given Ay; as above, we denote the principal minor of the ijth
slement Dy, and obtain the following

Dy = [AzaAas — (A3s)?],
= (#"E{(=)*h"} + 1+ P (K};
Day = Dy = [A12433 — A1sAas),

{ = (-{w( +r*HK};
¥ Dy = Dya = [A124Am — Az Al
| - = (=){w(1 + g ) E{zh");

Daa = {A11 Ass — (A1a)%)
= (FNE{(zh"} + {(w)* (1 + Py HK};
Daz = Das = [A11 Az — An A1)
= (=)}(1+r}(f")E{zh"}
D3 = [AnAn — (412)*
= {(f"Ng")} + (1 + r)2[(f") + (w)(¢")E{R"}

1
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where the quantity {i} used frequently above is given by
(AL1) (K} = (E{h"}E{(z)*A"} - [E{=h")P)-

Given the above it is evident that the determinantal value of the Hessian may be
obtained as

D= Ay -Du—An-Dn+An-Da
D= [(f)"E{*A"}+ (1 + PP + (w)(e"HKN
The SOC's are therefore:

(AL2) eor

(41.3) Ay <0, Dya>0, and D< 0.

Concavity of f, g, snd A is sufficient for the first two of these conditions to be
satisfied. The last can be guaranteed if we also assume that J be nonnegative.
Elsewhere the author has shown that under NDRRA, K is indeed nonnegative
(Ahsan, 1977). '

Simple Wealth Effects. Before examining the wealth effects we also note another
elerentary result. Under DARA, the present model suggests that
{Al.4) E{zk"} > 0.

(Given that {(—)(h"/h")} measures ARA in the present context, the above is eesy
to verify.)
Differentiating the FOC’s [equations (2.4)~(2.8)] wrt Y, we obtain

sLjoY\  ((H@)+rVIEW
(A1.5) [4y) | 0CL/0Y | = (1 +7)2E{h"} .
8a/8Y (=)t +r)E{zh"}

where we would often refer to the elements of the ths vector by d; (i = 1,2,3).
Evaluating (A1.5), we immediately obtain the simple wealth effects:

(416) 8 - {FHmas xRy <o

wn L= {FHaereun >0

(A13) 2 = {3} aenueBEn >0
2

rom equation (2.1}, we obtain
.
- _?i_ aC, ar
- ay*{“w’f'”w}-

L

substitution of -(Al.ﬁ) and (A1.7), and in light of (A1.2), the above simplifies

8 _[1 : |
&= {3} ueesewse
. (ﬂnu ev-ident that giver DARA and NDRRA, all the wealth effects are signed
gh that leisure, consumption, the risky asset and savings are all normal goods.

Bpltcasions of CRRA: Theorem 2.1.

'_?u-t (8) of the theorem follows immediately from the well-known lemma that
DRRA

D) E{(2)C2h"} L 0.

’ .
the expression for C; (equation 2.2) and dividing through by D (< 0), we

' - Y- Y- 8s AT "

j @UE 572 S0 e g
or 7 2t
By definition, savings comprise the two assets, i.e.,

‘ﬂ-lz) (a +ﬁ)n3 =an® + ﬂnm'

'hro @ and § are the shares of g and m in Y. Combining (Al.11) and (A1.12),

20 20" 2T (say)

ﬂelh is part () of the resuit. Q.E.D.
_ Proof of part (b) is much more laborious and requires restating the model
L #te all choice variables are expressed as shares in a suitable manner.

r

The budget equations (2.1) and (2.2) are now written as:

{41.19)
{A1.15)

b={l-w(l--(a+A)}
Ca=(V)(1+rM{l-b-w(l =2} +eoz}

3
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where b = (C/Y), ¢ = (L/Lo) and w = (wLo/Y). Agents now choose {¢,5, and
a}. Using the definitions

R = ((=)Lo(1 = UMW)
(A1.16) ' 8! = [(-)Ci{g"){d,

82 = [(-)Ca(h")/(A")]
and letting 8 = 83 = 8, the rha vector to s system of equations similar to (A1.5)
becomes:

, dy = ({oLof YY) - {(w)*(1+ )3 (1 - Y E{R"})
(A117) dz = {(W)(1 + 7)*(1 - HIYIE{R" D)
dy = (-){(w)(1 +r)(1 = HUY)E{zA"]).

In this reformuiation, the relevant Hessian matrix is also modified in an ap-
propriate way. Evaluating the new system we cbtain’

i o7 () ([N (152 o),

CRRA
(A1.19) g%l = {%} (8 - OB)@)(1 + (Lo WYPLEN
and ‘

CRRA
(A1.20) g—; =(=) {_15} [(g - aﬂ)(u)(l + r)(Lof')(Y)’(g")E{zh”}] ;

where we still use D in a generic sense to denote the determinantal value of the
new Hessian.

From (A1.19) and (A1.20), it follows immediately

o fal < S g
(41.21) {av'ay} S0 m 8300
Or, equivalently,

A1.22 o7 S S o°

( ) {'l] ,ﬁ} 3 1l as 0) é )

which establishes the first half of part (b) of Theorem 2.1. Finally, given 8% =0,
from (A1.18) and (A1.22), the rest of the result also follows immediately. Q.E.D.

4

M Having encountered the complexity of the model where the choice variables
shates, we return to the earlier formulation from here on. The ths expressions

.18)-(A1.20), as appearing above actually locked much more cumbersome in
absence of the CRRA specification.

The Wage Tax.

In order to economize on notation, in the appendix we shall continue to denote
7 FOC’'s by A; (i = 1,2,3), and hence the elements of the appropriate Hessian
._ Ay and its determinantal value by D for all tax regimes. Since we discuss each

tax separately in one section, this need not be confusing. In the text, however,
* ghnca we often compare different taxes in a given section, we need to identify them.

< Wouith Effecrs.  From Equations (3.6)~(3.8) we can cbtain the simple wealth
:{"‘eu by setting d? = 0 similar to the exercise in the preceding section. These

oL
1) 7 = () {%} [{w)(1 -1+ He"HEY] < 0

= aC,
by e {FHa-oaermm) o

: <}
| @y Z-o{Fha-na+numeneem>o

(" Again, from Equations (3.14), (A2.1), (A2.2), and (A2.5),

85
(42.4 5 ={ B} la-0ununEers >o
. Note that here the relevant D is given by:
(A28) D =[(f"}¢")E{(2)*h"} + (1 + P*[(/") + {w(1 - P (¢ K] < 0.

The utility compensated effects reported in the text are obtained by treating
| 0'10’) as the rhs vector in a system of equations obtained by differentiating the
POC’s. The second-order terms Ay are modified from those presented in the
Bo-tax world in a straightforward manner. Hence the details are being omitted.

x‘{k Effects.  Next, we discuss the uncompensated (or, specific) effects of
tion where no transfers are made back to the individual. These are obtained

5




e

by setting d¥ = 0 in expressions (3.6)-(3.8). Given the structure of the new

[4ij]-matrix, we find

%t{" = {%} [d1 D11 — d2Day + daDal,

where D;; are also derived in the manner postulated in the preceding section.

Thus oL
2L _ {11 [ -0 B K Y+ (o (K]
+ (w1 =0+ Y = w(Le — DIEHE,
or, using (3.11) and (A2.1)

(A2.8) %—f = %}2 - — 1Y = w(lo — L) %‘-"f 2 0.

Equation (3.11) may also be restated in view of (A2.1):

wn et e #

where it may be verified that [L+ (w)3L/9Y] > 0 from the budget equations given

our assumptions on risk-aversion. It turns out that the income term

¥ — ke 1% = (Ot~ D [o3E - (72) 7]
and should % = 8, by theorem 2.1(b),
= (-NLa~I) [1 +uls].

Therefore,

(42.8) %‘:‘-'nﬂ ={(1—:f;—)f,7} [{ +w—}(1 sﬂ)] 20

Turning to current consumption, we obtain

aC. i

ot, simplifying,
% { L)@+ nticor) -1 - (ko= DIUIHET <0

6

o (3.12) and (A2.2),

oc, _ [86,
=17 <0.

_{Y—w(Lo- L)\ 8¢y
- 1-t Y
Similacly, for the risky asset demand,

Oa

] { } {dy D13 — d3 D23 + dy Das]

) 1+
SR NI £ s - I - uLo - DUNEEBENY < 0.
gin using (3.13) and (A2.3),
_[Y ~w(Lo~ L)} Ba
Eu { (1 -:) }W <o

L “Yo determine the effect on savin
‘ gs, we return to equation (3.14), and gi
p above derivation, obtain (3.14), and given

fa fa

0 ik

P s
14 w-{ }[{( £~ ¥ = w(Le — LI} ") E{(=)*h"Y
l.ﬁven (3.11) and (A2.4),
WA, 85 _[88] _[Y-w(lo—L)| 8
e =[5 - (a5 2 7 <o

f. The Consumption Tax.
H
5 Given (3.21), total differentiation of the FOC's [equations (3.23)-(3.25)] yield
&m‘a dl::t: of ;he new Hes‘sia.n, the A;-terms, as coefficients of the choice variables
:_ by t.he :h, an T:a}. The .consta.nt’ terms d¢ and dY with their coefficients appear
g . The expressions {3.26)-(3.28) are the rhs so obtained for each of the
FOC’s, respectively. From the new A;;-terms, we can compute the minors

T
&
md * » 3
i u:vel::tually the determinantal value of the Hessian. This can be seen to

wepy D= KA+ D EE)
+ {(1+)72(1 + )PHUF) + (WA + ) (K-

7




The compensated effects reported in the text (Equations (3.30)-(3.32)] follow im-
mediately given (3.29).

Wealth Effects. In order to evaluate the wealth effects, we return to (3.26)-(3.28),

set di = 0, and obtain

=(w)(1+t)~3(1 +r)*E{(h"}

aLjoY
(43.2) il scvey [ =] a+wta+nrEn
dafoy |\ (1410721 +PB(R")
Consequently,
Wy {5} Hwa+oasnenm) <o
wey Lo {Fhasotasrenw) o
Wy = {5} HararasnunEIEEY >0

Also from (3.33) and the above expressions, we obtain the effect on saving

(430) 22 = {3} a0 eI >0

Compensated Effects under CRRA. The simplification of the risk-taking and saving
equations as reported by (3.37) and (3.38) is cbtained as follows. First we recognize
that part of the utility compensated effects (those working via adjustments in
labour supply) are indeed proportional to wealth effects. Thus from {3.32) and

(A3.5)
= {a(1+8)7'} [1 + (;’;:,) ] .

Now we can restate the terms within [] as

[-{=5=2HEH

Should #® = @, n* = 1 (= n®) and we obtain Equation (3.37). Savings
equation is obtained similarly.

da
(A7 —
) B g,

Effects.  Specific, or uncompensated effects of taxation are obtained by
o dY = 0in (3.26)-(3.28). Still referring to the modified set of rhs expressions
, we obtain

+

oL 1
F = {—5} [dlDu =daDa + d!-DSI]-

| ) % = { 11;} {HA+ 0 (FHEE( A} + (1 + (K]}

+{(w)(1+ )51 + r)*}Y - w(Lo = L)](s")}{K}] .
_In view of (3.30) and (A3.3),

aL { aL
at|g

39) -(1+t)-1nf-w(co-m1§—,’:} 20

milarly, we obtain

% {1!).} {1+ 1+ Hwr)

~[ = w(Le - D(f)}{K}] < 0.

RA3.12) ‘3,—“ = [{.:(_1 +1)7'} - {Eli} {1+972q +r>[(wf’)

Y

=¥ - wLe — LD N g")E{zh"}}]
",

ﬁj o fa 8a
: {." Turning to savings, from (3.33), (A3.8) and (A3.10),
&.zq &

(43.15) %5 = {

=1+ Y — w(lo— L)]g;-} e 0

= {50+ 07+ { F HA+00(wr)
~ (¥ = w{Lo — LU EL=AT)

® Eu-uwr‘rr—wao-zn%} 2 0.
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A.d. The Wealth Tax.

The analytics of the wealth tax, being rather similar to that of the consump-
tion tax, will be treated very briefly. First let us note the form of the determinantal

value of the Hessian in this context.
(44.1) =[(1 =)~ NgIE{(=)*h")
' +{(1 =L+ N + (W)’(l Y (¢" K }] <0.

Specific Effects. We now go on to state the specific effects of taxation. For the
primary choice variables, we obtain:

B {5} G -0UMMEE ) + (4 PR
+{(w)1 - A +PHY — (Lo - D(s"{K}] 2 0.
or
(442 E= [% (1= (e L)]}%] 20
&Cy 1
| % = {3} twt -+ (ED
| ~{( - 1+ )Y —w(Za - DI HEY] <0. .
‘ or
wy =[5 (-0 -ee- 00
Eu
fa 1 " "
% - (SH{(EZ) - wa-vu+ iz }}
+ (=00 + Y = w(Ea - DIFNEEER"]
or,
e 2= -ta-0y - wtze- Dy 7 2o

From equation (3.42) of the text, and (A4.2)~{A4.3) above, we find the effect on
savings:

®- {%} [(1 - 3 (wf g E(() k")

(1~ Y - w(Lo = DI Ne"E{(2)*")] <O,
10

.'_ (3.44)

asa_s

Bt 3t |5 -{(1-9)~'fy - w(Lo-L)l}aYS]<0

The Income Tax.
nom the FOC's [equations (3.50)-(3.52)], the elements of the Hessian and

apa.l minors can be obtained in the usual way. The value of the Hessian
inant is given by:

D = (f")g"VE((2)*h"} + (1 + 7*((/") + (&) (s"){ K}

¢
g

) {KY=(E{A"}E{()°h"} - (E{)A"Y'],

AF, 10, and F} are evidently the net of tax values.
]

- In obtaining expressions (3.53)~(3.55), it is necessary to refer to the differential
ture consumption quite frequently:

3)
4Cs = (1+ F){(S)dL = dC1} + (£)da]
.. _ —[(1+ 2°)[Y = w(Lo — L)) = rCy + az] dt + (1 = )(1 + F)dY.

h Effects. Setting di = 0, given (3.53)=(3.55), and the [D}-marix, we obtain

po g5 = {5}l-@asmenk] <o
15.5) ‘;‘;} { -_.} [ - 00+ H2miE)] >0;

3 A
9 6; =) { } {(1-01+ A" )" )E{26"}] > 0.

g Aleo, trom (3.47),

7 8s {

of =

77 = {5} la-auansE@wy >o
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Compensated Effects. Imposing (3.56) on (3.53)~(3.53), the vector of d’s become

dylg, = [{(1+ 271+ #F HH(A - 1)~
. + (a)(1 = ) (@)1 + F)E{Zh"}
dalge = —[{(1+ A7 (rg" )} + {1+ AL - )T E(AY]
dslg, = [(a)(1 - ) E{(2)*A"}]
Given (A5.8), the compensated effects of taxation described by equations (3.57)-

(3.59) can be obtained in the usual way. Some simplifications make use of the fact
that

(45.8)

(45.9) (f) = (@){g"), [fom (3.50)(3.51)},

and

(45.10) (1429 +A" =+ @+

Specific Effects. In otder to obtain the specific effects of taxation, we return to
(3.53)-(3.55) and set dY =0, and work with the new vector of d’s so obtained.
Given the [D]-matrix, we obtain

2-{3H(EE) ta+ma+a
(E{ENY +(1+ FPEY}
U1 L@+ A Y - wlle - D} ~rGlHED |-

Given (3.57) and (A5.4), we may restate

oL _ [ 8L
(45.12) E'{ =\

{1~ (14 D)+ Y — ulLe - D} = rCIFE}

For consumption and risk-taking, we have, respectively,

8 {%} [+ PR Y - (0 + A g NP ELE )

(4513) O |
(1 + A+ 2 - wllo - 1)} - rG(FHE s

12

fa 1
&= {5} [tar- 07101 - a4 BT

— (rg) (/") E{z6"}}
(142 ~ w(Lo - L)} ~ rC:l(f")(y”)E{(f)h”}];

s the derivation of wealth and compensated effects, we may also write

,16)

- {1’3? = {0- 00 +9}A+ 2 - u(le - 1)} R }
5 (% _ — {114 7Y+ 20 - (o= D)} =Gl sl

. Yor uﬁngs. given (3.47), (A5.11) and (A5.13), we obtain
¥ ' '
b = (149769 + {5} {a+ 971+ 290

+ (e YFE{EA")
— (14711 + 29{Y = (Lo — L)} - rCs](f")(y")E{(5)’h"}]-

- Wi {a-Da+ F)}"E(} +2FY ~ w(lo — L)} - :-0113—5} '
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