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                         Abstract

     This paper considers the effects of a proportional consumptlon tax

with the same rate over time on the real growth path of a monetary

economy. The anaiysis uses a variety of stylized monetary growth models

in which individual's eonsumption-saving decision is based on

intertemporal utility maximization, such as the rnoney--in-utility,

transaction-costs, and cash-in-advance models. The first key result is

that the neutrality of the consumption tax may or may not be true,

depending on the nature or the role of money in the respeetive modeis.

The second is that the consumption tax ls geReraUy superior to the

infiation tax (i.e.,the monetary growth rate) in terms of steady state

welfare when raising a given amount of revenue.



1.rRtroduction

   '
     A number of prominent economists, e.g., Fisher(1939), Kaldor(1955),

Summers(1981), have proposed a consumption tax (for instance, an

expenditure tax, general sales tax, or VAT) as aR a!ternative to the

existing tax system on the grounds that a change in a proportional

consumptlon tax with the same rate over time would not directly dlstort

intertemporal consumption-savings behavior. Indeed, it ls a widely

accepted view that a reform towards the consumption tax would promote

capital accumulation and thus improve social welfare.

     Recently this conventional wisdom has been rigorously investigated

by a number of authors using two types of dynamic general equiUbrium

models with solid microeconom!c foundations: the life-cycle growth model

with overlapping generations [Suvarners(1981), Menchik and David(1982),

Seidman(1983), Batina(1987)] and the infinSte}y-lived representative

agent (or the single dynastic family) model [Schenone(1975), Sinn(1982,

1987), Abel and BlaRchard(2983), and Itaya (1991)1.

     In the former, Summers showed that a change in the proportlonal

consumption tax with the same rate over time does not affect savings

because of fixed labor supply and homothetic utility, despite tax revenue

is not rebated to consumers. In contrast, Seidman showed that incorporat--

ing a bequest motive into summer's model undermines such neutral!tyl

Menchik and David pointed out that the consumption tax is neutral in the

sense that the marginai rate of substitution between consumption aRd

bequests ls not distorted if bequests as well as "fetime consumption are

levied at the same rate. Batina extended the Becker-Barro altruistic

model to contain both cash bequests and human capital investments and to

allow for endogenous fertility decisions, and concluded that neutralSty

almost always fails ln spite of fixed labor supply.
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     In contrast the latter authors have reaehed more elear-cut                 '

¢onclusions; namely, abstracting from labor-leisure choice, such a

consumption tax does not affect the capitai stock either along the growth

path or in the steady-state as long as tax revenue is fully rebated to

consumers. Furthermore, if an increase in the consumption tax is

accompanied by a corresponding decrease in other distortionary taxes

(e.g.,profits or wage taxes) that general}y hurt capital formation, it

would augment savings, foster economic growth, and thus improve social

welfare.

     However, these analyses have been all carried out within the

framework of a non-monetary model in which money neither plays any

essential role in economlc actlvlty nor ylelds lntrinsi¢ utUity. Such a

restrictive structure limits the validity of their results, not only

because it may be misleading as a description of actual economies where

everyone would hoid money for a variety of reasons, but also because if

savings take place iR the forrn of money in addition to real assets

(i.e.capital), alternative rates of the consumptien tax may distort the

consumption-savings decisions through the portfo2io adj'ustment effect,

thereby potentially invalidating neutraiity. Therefore, the main purpose

of the present paper is to reexamine the neutrality of the consumptlon

tax in dynamic general equilibrium models of monetary gro;gth where a

representative consumer undertakes intertemporal optimlzing behavior. We

shall carry out the analysis using three recently developed models which

highlight different hypotheses of the roles of money: the money-in-the-

utility-functlon (lif{UF) model, the transaction--co$ts (TC) model, and the

cash--in-advance (CIA) model. In order to separate the effects on

consumption-savings behavior from those caused by the distortion

associated wtth leisure-labor choice, I retain the assumption of
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 'inelastic labor supply, except for the shopping-time model in whSch the

supply of labor and the demand for money are determined jointly by the

time constraint. Even though inelastic iabor supply is assumed, I shall

show that the neutrality of the consumption tax may or may not hold

true, depending on the role or the nature of money in the assumed model.

     Moreover, I study the welfare 1mplications of the consumption tax

and monetary policy on efficiency grounds. Inflation as caused by

expansionary monetary policy may also be regarded as a tax on reai

balances (1.e.,an inflation tax) ln the sense that a rise in nominal

prices reduces the real value of money for purchases. It is also weH

known that the welfare costs of inflation are relatively smaller compared

with those of other distortionary taxes. Despite these similarities, most

of the public finance l±terature have focused on the efficSency of labor

and capital income taxes, whUe the monetary growth l!terature has

exclusively discussed the effects of monetary growth on macroeconomlc

aggregates or welfare costs. Thus, this paper attempts to bridge this gap

by considering them together as a resource of revenue. It wUi be $hown

that the consurnption tax is generally superior to the inflatlon one in

tervas of steady state welfare.

     Section 2 anaiyzes the effects of the consumption tax on

macroeconomic aggregates and steady state welfare in the MUF model.

Section 3 and 4 perform the same task in the TC (i.e.,the shopping--

costs, the money-･in-the-production-function, and the shopping-time) modei

and the CIA mode2, respectively. Section 5 summarizes three main

conclusions by comparlng the results obtained in these models, and

discusses briefly the extension of the respective raodels to involve

endogenous labor supply.
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2.The Money-In-The-Utility-Function Xodei

     Following Sidrauski (1967), let a representative infinitely-lived

consumer w!th perfect foresight determine its optimal paths of

consumption, capital accumulation, and real money baiances by solving the

followlng lnterteraporal optimization problem:

       max l:u(c(t),m(t))e'-6tdt, ("

subject to

       .       a(t) = f(k(t)) + x(t) ･-- Tc(t) - na(t) -- K(t)m(t), (2b)

where u(c,m) is a time-invariant instantaneous utiiity function, moRotone

increasing in (per capita) consumption at time t, c(t), and (per capita)

real money balaBces at time t, m(t), stri¢t!y coRcave, and twSce

cohtinuously differentiable; x(t) is (per capita) 1ump-stun traRsfer from

the government equal to sm(t)+(T-1)c(t)2; k(t) is the stock of (per

capita) capital at time t; a(t) is the stock of (per capita) non--human

wealth allocated between capttal and real balances; K(t) is the inflation

rate at time t; f(k) is the (per capita) constant--returns-to-scale

neoclassical production function satisfy!Rg the Inada ¢ondltions; 6, e,

T, and n are (positive) coRstant rates of time preference, monetary

expansion, proportionaj consumption taxes, and population growth,

respectively. I a$sume that both consumptlon and real balances are normal

goods and that there is neither depreciation nor technical changeF

     Straightforward appUcation of Pontryagin's MaxSmum Principle leads

to the following necessary conditions for an interior optimal path4:

4



   ' [CUuCcC] Ci -nv- (n+6)-f'(k)-[M:CcM] Mm' , (3a)

         M=e+f'(k)--n- M, {3b)
                                  c

         .

         }im u (c(t),m(t))a(t)exp G6t) m O, (3d)
              c         t--)cp

where u. (u..) denotes the first--order (second--order) partial derivat2ve
           lj       2

of u w.r.t. argument i " and j). It may be noted that if real balances

do not have any utility (1.e.,u =O), which corresponds to a non-monetary
                               m

economy, then the consumption tax rate drops out of this system, so that

a permanent change in T leaves ali reai variables unchanged along the

transition as well as iR the steady state paths.

     In the steady--state, setting 6=o, k=o, and fu=o gives:

           "

           "" "f       u(c ,m )/u (c ,m)= (e+6)/T, (4b)        mc
          " **

where the starred variables pertain to the steady state values. Eq.(4a)

determines solely the steady state capital intensity, because the fixed

discount rate of the representative agent is unaffected by a change in T.

                    "
Having deterndned k, the steady state 2eve} of consumption is given by

(4c). Thus they are both independeRt of T; namely, the consumption tax !s

neutral in terms of these steady state real variables. Finally, (4b)

means that the marginal rate of substitution (henceforth MRS) between

consumption and money equals the nominal interest rate divided by the

consumption tax rate (i.e.,the opportunXy ¢ost of holdlng money in terms
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                                 "*
of･consumptSon foregone). Given k and c , d±fferentiating (4b) w.r.t. T

yields

           x uu         dm mc         dT -- T(uu -uu) >O･
                    mcm cmm

That is, an increase in T means a rise in the effective price of

consumption goods (or a reduction in the opportunity cost of money) at

every instant in tivae, thus raising the steady state deraand for money.

     This steady state neutraMty resuit and its reason coincide with

Sidrauski's superneutrality result of money. Thus the basic reason for

neutrality ls the fixity of the steady state discount rate, which is

unaffected by var2ations in real money baiances. Once the modified golden

rule condition (4a), therefore, is aiiowed to depend directly oR real

                                    5balances, neutraMty fails to hold. It should be also noted that the

effect of an increase Sn T on real baiances is opposite to that of a

higher money growth rate, reflecting their opposlng effects oR the

oppprtunity cost of holding money. As showR in Table 1, this feature is

more manifest in the model of recursive preference with money !R tl}e

utllity function, in which the effe¢ts of these two taxes on all

macroeconomic aggregates are opposite. This further indicates that the

consurnption tax is Pareto superior to the inflation one in terms of

steady state welfare when raising a glven amount of revenue, because

utility is an increasing function of consumption and money. Insteacl of

the eliminatioR of the inflation tax (called Friedman's optimal quantity

of money rule), therefore, increasiRg the consumption tax lead$ to a

Pareto improvement in steady state welfare as well.

     Next, to see whether or not a ehange in the consumptlon tax affects

the transitional dynamic path of this model, we obtain the fo!lowing

iinear approximation of (3a),(3b) and (3c) around the steady state:
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                  *"      6 TSJIucmTlliJ2ucm'i"(uc+M*ucm) C-C-
                  cc cc cc
      M=-TMJI -wTmJ2 mf`" m--m,(5)

where Jl=-(ucmuc-umucc)/(uc)2>O and J2=-(ummudumucm)/(uc)2<o.

     Under the constant relative risk averse (CRRA) utility functioR6:

                  (cct,fB)1"-or

       U(C,M): 1..7 , 7>O, ct+B51, (6)
the characteristlc equatSon of the system (5) is given by:

   w.{x,T) -- -A3 + A2[6 + (e+6) 2-l[IIIIi71Eii7) ] - A[6(e+6)-i- Ll(i2igl(i-}Erict'(i)(i or)

                                   "            .ftt." l;E(,Igl]+ fl'g.[2!2] -o. (7)

Since neSther the consumptSon tax rate T nor real balances appears Sn

(7), its unique negative root Z is invariant to alternative rates of T.

Con'sequentiy, the paths of capital accumulatlon and of consumptSon remain

unchanged, whHe that of rea! balances is affected although the effect is

ambiguous7 A permanent increase in T reduces the opportunity cost of

money, thereby stimulating the demand for money at all times. However,

owing to both the constant IRtertemporal elasticlty of overail
consumption (cctmB) and the homogeneity of consumption and money, the own

elasticity of the marginal utility of consumption (cucc/uc) and the cross

elasticity of the marginal utUity of money (mucm/uc) are constant, and

the linearized ¢oeffScient of (Tu /u ), evaluated at the steady state, is                                mc
Sndependent of m as weH as r, $o that the growth path of consumption is

unaffected by changing T. This contrasts sharply with the case of

monetary policy sghere, even under the same preference except for 7=1,

changing the inflation tax affects the transKion paths of consumptlon,
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through variations in iii/m, and thus that of capital accumulation [Fischer

(1979)].

     However, such neutrality is not robust to other utility fun¢tions.

For example, with the constant abso2ute risk aversion utility function,

it follows not only that such neutrality fails to hold, but also that

capital formation is adversely affected, as shown in Appendix A. The

reason is that increasing T affects negatively both elasticities

appearing in (3a) due to increased reai balances, thereby lowering the

growth rate of consumption. By coRtrast, if preferences are separable in

consumption and real balances k.e.,ucm=O), neutrality wouid return, for

(3a) depends on}y on cucc/uc that is uninfluenced by the level of reai

balances, Nevertheless, we may conciude that the consumptlon tax rate

would affect the transltion paths of those real variables on the grounds

that, with the non-separable utility function, cucc/uc and mucm/uc are

generally functions of real balances.

3.The Transaction--Costs Model

     Money would provide `shopping services' in the form of reducSng

transaction costs or freeing resouyces (real commodities or time) from

transaction activities for either personal consumption or production.

Assume first that traRsaction costs reduce the effective level of

personal consumption, which may be referred to as a shopping-costs model.

Thus, a representative consumer maximizes

       f:u(c)e-6tdt,

subject to (2a), (2c), and

       .       a=f(k)+x-ic-v(c,m)-na-am, (8)
which replaces (2b)F The transaction costs function v(c,m) stands for the
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fraction of reai resources that are necessary for facSiitating

transactions? We assume that v>O, v atO, v<O, v >O, v <O, limv ma-co,
                                                   mm cm m-),om                               c cc m
                                            "v(O,m)=O, and lim.v=iim.vc=lim.vmscO where m is the satiatioR level of
               rn--)rn M"rn rn->rn

money.

     In a similar fashion as in the previous section, we obtain the

following equations characterizing an optimal path:

     [i+cr(c).CV.3C.]2=ff(c)[f'(k)-(n+6)l-if(c):¥S::, (ga)

       .       M =e+ f'(k} -n+v(c,m}, (9b)
       .       k= f(k) -c- v(c,m)-nk, (9c)
where cr(c) is the intertemporal substitution eiasticity.

     In the steady state, we have (4a),

            "" "       -v (c ,m)rn e+ f' (k )- n, (10a)         m

          ** ** "       f(k )=c+ v(c ,m )+ nk. (10b)
Eq.(10a) means the equalXy between the marginal benefit of economizing

on transactioR costs and the opportunity cost of holding money in the

steady state. A change in T affects neither the capital stock,

consumption nor real balances in the steady state, because the

consumption tax does not appear in these steady state conditioRs. This

neutrality is stronger than the superneutrality of money in the sense

                                     * **that a change in e does not affect k but does c and m. Although these

effects are generaliy ambiguous, we obtain

                                10provided rvE-vmcvm+vmm(1+vc)>O. The resulting negative effect on

consumption reflects the waste from increased transaction costs due to
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decreased real balances. A comparison of (11) and the above neutrality

result reveals that under the assumptlon of stable saddlepoint the

consumption tax is superior to the inflation tax in terms of steady state

welfare because utility is an increasing function of consumption.

     Since (9a) involves the second derivatives of the utility and

transaction costs functlons, making comparative dynamics exerci$es reMes

on stiR-higher derivativesli I assume both the CRRA utUity function and

v(c,m)=cv(m). AppendSx B shows that with this formulation an increase in

                                                                 "T leads to a fall in the speed of capital accumu!ation for k(t)<k , whSle

the transitional responses of consumption and money are ambiguous. The

no-arbitrage condition between raoRey aRd capital, --vm=f'(k)+n, is

unaffected by alternatlve rates of T, so that the portfolio of savings

remains unchanged, whereas the effective price of the consumption good at

every instant in time, "v(m(t)), and thus the maS between consumption at

two. points is distorted by ¢hanging T. More preciseiy, suppose that the

leve} of real balances i$ monotonically increasing over time, that

effective prSce monotonically declines. Hence, a permanent and uniform

increase in T raises the future effective pri¢es by a greater percentage

than the initiai one, thus derivlng up intertemporal relative prices.

Consequently, inltial consumption goes up, and thus the speed of capital

accumulatlon as well as savings fall.

     AKernatively, Drazen(1979) and McCallum(1983) have provided the

so-called shopping-time model in which a consurner must spend time in

transacting (i.e.,shopping), iRstead of real commoditles. Rence, he must

allocate (fixed) H uRlts of tlme among lelsure z, labor 1, and time spent

on transactions s(m) at each instanti2:

where it is assumed that a higher stock of real baiances reduces time
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spent on transactions, s'<O, and s">O.

     Suppose that a representative consumer maximizes

           f:u(c,z)eM6tdt,.. ' (13)

subject to (2a), (2c), (12) and

       .
       a= f(k,1) ÷x- Tc-na-rrm, (14)
where the instantaneous utility functlon u(c,z) has the same properties

as u(c,m)}3except that m is replaced by z, and f(k,D is the (per

capita) neoclassi¢al production function satasfying the Inada conditions.

     The steady state conditions are given by:

           as *

            *me* *** x*       Tu.(c ,H-1 -s(m )) = u.(c ,H-2 -s(m ))f2(k ,2 ), (15b)

            * xva       -s'(m )fl(k ,1 )=e+ 6, (lsc)
                                                    '           rkX * M

The steady state comparative statkcs results aTe stated in Table 1. These

results imply not only that the neutrality of the consumption tax fails

to hold}4 but also that these two taxes affect real balances ln opposite

directions. Tl}e latter property can be explaiRed ln the same manner as in

the Sidrauski model; namely, combining k5b) and (15c) yieids the

following }dRS conditioR betweeR consumption and real baiances:

           *x- x x ee x       u (c ,H-1 -s(m ))[-s'(m )]/u (c ,ff-1 -s(m )) = (e + 6)/T,

vihich is very similar to (4b) in that model.

     Non-neutrality is mainly due to the presence of endogenous labor-

leisure choice35 An iRcrease in T leads to a lower opportunity cost of

holding money, thus raising real balances. This then reduces a
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transaction effort and thus increases labor supply. At the same time, a

higher rate of T depresses consumption but stlmulates leisure, thus

reducing labor supply. Because the former effect on labor supply is

dominated by the latter one, labor supply falls, as does steady state

capital under factor complementarity fkl>O. Since steady state leisure

rises but consumption falls, the effect on steady state welfare is

ambiguous. In contrast, a higher money growth rate is unarnbiguously

associated with a lower level of steady state weifare. By reducing real

balances it increases time spent on transacting and thus reduces time

spent on lelsure.

     On the other hand, money may enter directly into a production

te¢hnology, which corresponds to the lv!PF framework developed by Fischer

(1974). Money ±s held by firms to facilltate production as a

complementary factor in such a way that it frees labor and capital from

getting intermediate or investment goods or from delivering final goods.

Thus the modei is identical in most respe¢ts to the shopping-costs one,

except that both f(k) aRd v(c,m) are replaced by the single productlon

function f(k,m) in (8).

     With this rnodification, the dynamic equations of an optimal path are:

         .         c         . "c(c)[fk(k,m)-(n+6)], (16a)
         .         m         m me+fk(k,m)-fm(Ic,m)-n, (16b)

         .         km f(k,m)Lc --- nk. (16c)
It is immediately seen from (16) that the consumption tax disappears and

hence neutrality emerges in either path. More precisely, a chaRge in T

affects neither the MRS of consumption at two points in time Ror the

Ro-arbttrage conditioR between iRoney and capital, fm=fk+n. Therefore, the
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presence of real balances in the production function does not neeessariiy

destroy the neutrality of the consumption tax, while it does the

superneutrality resuK of money [Fis¢her(1974)]. A h!gher rate of the

inflation tax reduces the net return on money, fm-e, thereby loweriRg

real balan¢es. This causes in turn changes in the return oR capital, f                                                                        k'

through money in the production function. If the productioR function is

                           16strictly concave in k and m , and fkn>O, we get:

                    mklc clm kk dk im    dc               km    de "- r <O; de"r<O; de =-r<O'
where rf='fn2mfkk-(fkn)2>O･ Hence, steady state weifare faHs with e so

that the censumption tax would be superior to the inflation tax.

4.The Cash-In-Advance Model

     In this section, we analyze the effects of differing the ¢onsumption

tax on the economy with a bindiRg CIA constraint. In this economy money

must be heid for a fixed period of time before traRsactions take place.

     We shaH first formuiate the following discrete-time optimization

problem:

               co     max Z(1+6)'tu(ct),
               t=o

subject to

     Tct"F(1+n)[kt.1+(Mt.1/Pt)]=f(kt)+kt+(Mt/Pt)+xt, (17a)

     Tct + (1+n)kt.1- kt s (Mt/Pt) + xt, (17b)

where M is nominal balances which evolves according to Mt+1xx(1+e)Mt and P

is the money price of homogeneous output. Eq.(17b) implies that the

purchases of the consumption good as well as the investment good can be

made only by iasing money.

     Assuming that the CIA constraint (17b) is blBding aiong an optimal
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path, the first order necessary conditions caR be obtained as:

       u'(ct) = T(qZ + q9),                                                                 (18a)

       [f'(kt.i)÷i]qf.i + qe.i - (i+6)(i+n)[qf + q9],                                                                 (18b)

       (qf+i"q9.i)/Pt.i = (i÷6)(i÷n)(qf/pt),                                                                 (18c)

where qa and qb are the Lagrange multipliers associated with (17a) and

(17b), respectively. Some manipulation yields:

                           ) + (1+6)(1÷n)(1÷e)f(k                    )u' (c                                                   )u' (c            )ft (k      f(k                                                           )
                        t+2                 t+1                                                t÷1         t+2                                                        t+1

                            = "+6)2(1+n)2(1+e)u'(ct), (19)

which together with ct+i:f(kt.i)-(1+n)kt+1.i+kt+i Qxl,2) goverRs the

behavior of capitai. It is 2miviediately clear from (19) that the

coRsu}nptioza tax is neutral in either path. A change in the consumptioR

tax does Rot affect the above no-arbitrage condition, owing to the same

                                    17                                      This results differs significantlyrate of the coAsumption tax over time.

from the non-superneutrality resuX of money in Stockman's 0981) and

Abel's (1985) models. A higher money growth rate raises the cost of

purchasing the additional unit of capital due to the higher opportunity

cost of holding moRey, thus lowering the return to capitai. Consequtently,

steady state capital falls, as does steady state welfare.

     The Reutrality result can also be obtained even if the consumption

goods are decomposed into cash goods cl aRd credit goods c2, iR which

money is required oRly for the purchases of cash goods [Lucas aBd Stokey

(1983,1987)]. That is, a representative consumer maximizes

        co               -t                 U(Clt}C2t)'        Z (1+6)
        t==o

subject to

 T[clt + c2t] ÷ O+n)[kt.1+ (Mt./Pt)] = f(kt) + kt + (Mt/Pt) + xt,

                                14



     Tclt S (Mt/Pt) + Xt･

     Manipulation of the resulting first order condltions yields

     Clt.IUI(Clt.yC2t.1)=(1+6)(1+n)(1+e)u2(clt,c2t)clt, (20a)

     [f'(kt.1)+llU2(clt.1,c2t.1) = (1+6)(1+n)u2(clt,c2t), (2ob)

where ui is the partial derivative of u w.r.t. ciU=1,2). SiRce all the

purchases of the cash and credit goods are levied at the same rate over

time, the )fftS between the consumption of credit goods in two different

periods is unaffected. To interpret (20a), substituting Clt"()It+1/TPt+1)

into the utility function gives the nvF model; conseqtiently, (20a)

exactly corresponds to (4b). However, unlike the Sidrauski model, the MRS

between credit goods and money (i.e.,cash goods) is not distorted by the

consumption tax, because money is also levied at the same rate.

                                                                    *     Since steady state capital is determined accordlng to f'(k )+1=

(1÷6)k+n), it is indepeRdent of a change in e. However, the effect on

steady state welfaye is ambiguous, because the level of total consumption

is unchanged, while both of the two coBsumption goods move in opposite

directions.

5. Further Discussion

     The resuks of the analysis are summarlzed in Table 1. A variety of

results derived from alterRative modeis are primarily the refiection of

different hypothesis about the functions of money. Three conclusions can

be drawR from Table 1.

     Mrst, uRder the assumptioR of fixed labor supply, we obtain the

long run neutrality of the consumption tax, either if the modified golden

rule condition does not depend on real balances, or if the }fftS condition

between consumptioB and money is unaffected by the coRsumption tax. In a
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sense, the neutrality of the consumption tax is more robust than the

superneutrality of money so long as the supply of labor is fixed.

     Second, in the steady state the consumption and inflatlon taxes

affect lnversely real balances, if money enters directly or indirectly

into the utility function. Money can be alternatively treated as a

consumer (or final) or a producer(or intermediate) good. For the former,

money directly yieids utility as an instrument of portfolio

diversification or by increasing leisure to the exteRt that moRey and

labor are substitutes in transacting. Therefore, in the nvF and shopping-

tlme raodels the MRS between consumption and money (or via a shopping-time

te¢hnology) is distorted by these two taxes in opposite directions

becattse of their opposing effect$ on the opportunity cost of holding

money. Moreover, in the shopping-time model alternative rates of the

consumption tax create another distoytion associated with a labor-leisure

choice. HeRce, the overall effect on soclal welfare depends on the

relative sizes of these two distortions. For the latter, money eRables

the economic unit to acquire (or produ¢e) an additional amount of goods

or to expand its opportuntty set by reducing transaction costs, although

lt does not generate direct utUXy. In this case, the portfoiio of

savings betweeR capital and money is determined by the no-arbitrage

condition between thern. Since the consumption tax is always ievied on

flnal goods, its change leaves the returns on capital and money

unchanged. This is because coRsumers must ultlrnately pay the same tax

when purchasing goods, regardless of the form in which they wish to hold

their wealth, so that the returns on both assets and thus the no-

arbitrage coRdition are unaffected by the tax. Thus in the shopping

-costs and MPF modeis neutrality wouid emerge. OR the other hand, in the

CIA model moRey plays a role of an intermediate good in a way that it
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serves to transforra a variety of income that they receive into either

consumption or Snvestment goods.

     Third, the consumption tax IR generai dominates the inflatlon one in

terms of steady state welfare, except for the overlapping generations

model. This would also provide another justlfication for the tax reform

toward consumption taxation. However, thls welfare ranking hinges heavlly

on the assumption of fixed labor supply. Allowlng labor supply choice to

be endogenous, tt follows Rot only that neutralSty fails in all monetary

models discussed here, but also that the overall effect on steady state

welfare generally depends oR the relative sizes of the two distortions

associated with the portfolio and labor-leisure decisions. In particuiar,

in the }reF model with labor supply, the comparative statics resuXs turn

out to depend on the cross derivatives of money with other arguments in

utility, so we cannot get definitive conclusions without knowing these

sings18 If we adopt the shopping-time model as microfoundations for the

MUF model, doing so leads to the same result as in the shopping-time

model. By contrast, in the CIA model with labor supp2y, higher rates of

the consumption tax unambiguokisly reduce steady state welfare.

     Although these conclusions seem to indicate that dynamic IRcidence

and welfare consequences of the coRsumption tax depend crucially on what

we assume about the role and the nature of money iR a Reoclassicai

monetary model, it remains an open question concerning a quantitative

assessment of the distortion associated with alternative rates of the

consumption tax through this channel.

Appendix A

     URder the constant absolute risk aversion utility fuRctioR,

       u(c,m)=-or-lexp[-7(cctmB)], 7>o,ct+Bsl, (Al)
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                                                        'we obtain the foilowing characterSstic equation:

  ut.(x,T)--A3+A2[6÷(e+6) i::9igig2;,`X4B']-x[6(e+6) iiE:ffl;gg:;gm,"B)

            +fttc" }2(,}#:;¥21]+ ,-:'ic,l;g;2:.,,-e･ (A2)

                                                                'Dlfferentiating (A2) wlth respect to T to obtain:

  glla .m. "ct."B g;: [tctx3.{{e+6)(.+B)+6,,}A2÷{f"cB-(e+6×ct+B)}x]>o, (A3)

        "
where 0m /aT>O in the steady state and A is a unique negative root.

Since dA/d'u :-(aWa/6i)/(aei./6A) and OWa/eA<O [Fischer (1979)], it follows

from (A3) that the increase in T makes A greater (i.e., smaller in

absolute value), thereby reducing the speed of captta! accumulation.

Similarly, one can easRy che¢k that an iBcrease in e makes the speed

rate of capital accumulation faster.

Appendix B

     With the assumptions imposed oB u(c) and v(c,m), the linearized

system of (9) is given by

    6 -oc*¥lsv')2-oc;l$Xv'v" cc*f"(i-:;vv'] c-c*

                                                                    (Bl)

The characteristic equation of (Bl) is

  g(A,T) . -A3 + A2[6+cXm'v"-- ffc;{:;(v')2 ] + A[6 crc;f:;(v')2 cxmeef.v,-

                           x    6c*m*v"-ffcXf"(i+v)(2-TM+¥')]+ac*2mXf"[-(v')2+a+v)v"]=o. (B2)

             sc* xNoting that k ,c , aRd m are all independent of a chaRge in T, we can
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show that

eg
aT

  *"crC m (vt) 2(A2--6A) m ec"f"(1+v)  "   tmv
    2(T+V)      2(T+V)

A> O (B3)

for the unique negative root A. Foliowing the $ame reasoning as before,

it is easy to show that dA/d't>O. Accordingly, the increase in T makes A

smaller in absoiute value.

Footnotes

1.The neutrality of the consurnption tax usuaHy implies that its change
does not distort the marginal rate of substitution in consumption in two
diffeyent polnts in time. However, I use this term in the stronger sense
that its change affects neither such a }([RS condition nor ali real
variables in general equilibrium.
2.Such a fu21y compensated transfer scheme will be,maintained throughout

the paper, s±nce the introductioR of fixed government spending leaves our
discussions unaltered. Note also that, in the absence of labor-leisure
choice, the lump-sum tax can be regarded as the tax on labor income, and
therefore an increase in the consumptioR tax is equivalent to a switch
from the non-dlstorting wage tax to the consumption one.
3.I retain most of the asswnptions made in this'section throlighout the
paper (unless lndicated otherwise), except for the assumption of fixed
iabor supply that will be relaxed in the shopping-time model.
4.The analysis wili assume away corner solutions. Although 1 hereafter
do not iist the transversaXty condition associated wtth each lnter-
temporal optimizing problem, the appropriate transversality conditioR
wlll be satisfied throughout the paper.
5.To see this, consider the following variaRts of the }rfUF modei. First,
suppose that a representative iRfinitely--lived coRsumer with recursive
preferences dependlng on consumption aRd moRey maximizes
           ee        - foe-Zdt,

subject to (2a),(2b),(2c),

        '        z -- 6(c,m),

        z(o) = o,

where 6 is twice continuously differentiable and exhibits 6 >O, 6 >O,
                                                               cm
6cc<O) and 6nun<O･ As shown in Epstein and Hynes(1983), the steady state

conditioRs are given by (4c),

            * *x        f'(k ) =n+ 6(c ,m ),

            Xge *X k        6 (c ,m )/6 (c, m)= (e + f'(lc )- n)/T.
         mcUnder the Rormality assumption, the steady state comparative statics
resuKs are stated in Table 1, which implies not only that the
consumption tax is not neutral, but also that the effects of the two
taxes on real balances are opposite. Intuitiveiy, an increase in T
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(T-1)C2'F 1+n M ･ All goods are normal ones.

     The first order necessary conditions are:

       uz(c:,m") - -l,lfl-u"g g(c>･

       Tui:(c:,m") = [1- a.g;17i..) jug(c;,m").

                                        "*Solving the first order coRditions for c and m,

   *x *f(k )-k f'(k ), we have

             ***x **       (2+n)k = ;v(k ) - %(k,T,e) - m (k,T,e)

whose RHS represents a steady state savings
w.r.t. T to obtain:
                              xx         dk" (ecl/6r) + (em /eT)

reduces the opportunity cost of holding money, and thereby raises real
balance$. The steady state rate of time preference is therefore increased
because it is an increasing function of total assets k+m. Consequentiy,
steady state capital and consumption fall, while the effect on the steady
                 f"state welfare 6(c ,m ) is given by:

            x" ""        d6(c ,m )/dT : f"(k )(dk /dT)>O.
Since hlgher inflation is welfare reducing [Epsteln and Hynes(1983),
Hayakawa(1992)l, the consumptaon tax is still superior to the infiatlon
one.
     Next, consider the standard two-period overlapping generations model
with no bequest motive. I further assume that money enters directly the
first period's utillty function. In the steady state, each agent when
young maximizes a Mfetime utili£y function given by:
         * x"        v E-: uY(cl,m ) + Tllli;ii-6--uO(c;),

subject to

         * *f       Tcl=w-(1+n)k -m+xl, (i)
                               *         *"                              m
       Tc2 = (1÷r)(1÷n)k + 1.n + X2,
where uYand uO denote the first and the second period's utiiity fimction,
                                                               *respectively; ci consumptioR in peyiod i "on1,2); xlsc(T-1)cl, and X2=

      ee e*

                   +and noting that w(k )tu

  '

fuRction.

             ai)

Differgntiating "D

         dT i+n+(ac:/ok")+(om"/ak")+k"f"<O'

where the denom!nator and the numerator are positive due to the static
stability condition in the Hicksian sense and the normality assumption,
respectively. In contrary to the neutrality result in the Sidrauski
modell steady state neutrality breaks down, and moreover an increase in T
leads to a fall in the long run capital stock. An increase in T reduces
the opportunlty cost of holding money, thereby raising reai balances.
Therefore, the pure substitution effect should cause the young to switch
from capital to }Roney hoidings. Since the incorae effect on capital
holdings is negative [Drazen(1981)], these two effects work in the same
direction, and thus unambiguously depress individual supply of capital.
This derives the real interest yate up to keep equilibrium in the capital
market, leading to a reduction in k; coRsequently, the wage rate and
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savings further fall. Moreover, differentiatiRg the steady state welfare
 "
;/ w.r.t. T results in:

        g.W --u.{el".9[glll+g,M 6,.k]-giflk"f"(k")g.k                                                             }･

whose sign is arnbiguous in general. Posting the assumption e=O, the
           *effect on ;l is unambiguously negative as long as r>n. When the economy
is initially in the steady state with eptO, the directions of changes in
steady state capital and welfare are opposite to those caused by higher
inflation [Weiss(1980) and Drazen(1981)], and hence the welfare ranking
of the two taxes would be reversed as compared to that of the Sidrau$ki
model.
6.0therwise we need information on the third partial derivatives of the
utility functioB.
7. Since the path of real balances is given by
                                        *        .(,)..*. B. T(621i)Ifgk'g {,(,)-,*],

we ¢annot determine the sign of dm(t)/dT. This ambiguity has been also
observed by Fischer (1979) in the case of changes in the money growth
rate.
8.Whether the transaction costs v(c,m) are levied or not may alter our
in¢idence results of the consumptlon tax. I assume here that these costs
are exempt from T on the grounds that they may be thought of as search
and information costs.
9.Alternatively, even if transaction costs depend on total output instead
of private consumption [i.e.,v(f(Ic),m)], then our results remain
unaltered. This follows becattse this model is identical wlth the MPF one.
10.This condition is a necessary one for the steady state equilibrium to
be a local saddlepoint. The saddlepoint assumption may be defended om the
grounds that our comparative statics analysis should be limited to the
same type of steady state equilibria for comparison, and that the
possibility of multiple stable equUibrium paths (or the indeterminacy of
equtlibrium) can be ruled out. Note also that v(c,m)=s(c/m)c and v(c,m)=
s(c/m) satisfy this condition.
11.However, if v(.) is additively separable k.e.,v =O), the transition
                                                    cm
paths of c and k are insensitive to eXher a change in e or T.
12.Wang and Yip(1992) have analyzed the effects of the money growth rate
using the more general shopping-time fuRction such as s(c,m). To avoid
unnecessary complications, I do Rot use it here.
13.Since, by substituting (12) lnto u(c,z), we obtain an indirect utUity
function given by
         w(c,1,m) E u(c, H-1-s(m)),
w(.) can be regarded as a generalization of the utUity functions in the
}{fUF and MPF models. Indeed, if the consumer derives utility from
consumption and leisure but labor supply is fixed, the above utiiity
functioR becomes identical with Sidrauskl's utility function. On the
other hand, if leisure is fixed but labor supply and shopping time are
endogenolisiy determined, we obtain the MPF model.
14.If a constant-retuyns technology is assumed, the capital/labor ratio
and real baiances both remain unchanged.
15.To show this, coRsider the following Ron-monetary model with
endogenous labor supply: A representative consumer maximizes (13) subject
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to

       .       k ut f(k,1) +x- Tc - nk,
       ff :z+L
The steady state conditions then consSst of (15a), (15b), and (15d),
despite s(m) is omitted from the utility function. By the assugiptions of
                                                         *"normallty and factor complementarity, we can show that dc /dT<O, dk /dT
          "
<O, and dl /dT<O. Hence, steady state welfare unambiguously falls.
16.This ls a necessary condition that the steady state equilibrium is a
saddlepoint.
17.There are three important extensions of this model. The first is that
only a fraction of investment goods is subject to the CIA constraint, in
which one verifies immediately that neutrality holds. The second is that
such a fraction is allowed to depend on the lnflation rate, and the third
is that the money holding period, that is, the transaction frequency that
is the inverse of the optimal time between trips to the bank, is an
endogenous decision. In the last two cases, so iong as these variables
depend only the inflation rate, neutralXy remains true.
18.If the instantaneous utilXy function has the form u(c,m,D, we can

show that dc /dT<O, dm /dT<O, dk /dT<O, and dl /dT<O, provided u                                                                   <o,                                                                 c2
u >O, andu             >o.            Im cm
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TABLE1 Comparison between the effects of the

          consumption tax T and the inflation tax e
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Stocknan's Cl[A

e 7
)
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    cm               e
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o o

o

o

o
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?

1)The CRRA utility function is assumed.

2)I assume that the iRitial growh rate ofmoney supply equals zero, tLhatis, e=O.

3)The CRRA utiliry function and the transaction costs function v(c,m) :cv(m) are assumed.

4)Thesteadystateequiiibriumisassz}medtobeasaddlepoint.

5)The production fuRction fVk,in) is assllmed to be .fi4 rn>O and strictly concave in k and m.

6)Mie production fuRctionf(k,l> is assurned to be .Ckl>0 and srdctly concave in k axi l.

7)The CRRA utility function and the Cebb-Douglas production function are assumed [Abel (1985)] .
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