
No.14

   Consumption Taxation and Tax Prepaydient

Approach in Dynamic General Equilibriufi Models

           with Consumer Durables

JuR-ichi Itaya

March 1995

  DepartmeRt of
Otaru University

Economics
 of Commerce



Consumption Taxation and Tax

   General Eguilibrium Models

Prepayment Approach in

 with Consumer Durables

Dynarnie

"

March 1995

        Jun-ichi Itaya

Associate Pro£essor o£ EceBcERics

     Department of Economics

   Otaru University of Commerce

         Otaru, JAPA)l

Address for Correspo;idence:

Department of Eeonomics
Otaru University of Commerce
3-5-21 Midori, Otaru
Hokkaido 047, jAPAN

"l wouid like to
responsibility.

thank Prof.S.Nishiyama. Any remaining errors are my



                         - Abstract

     This paper reexamines the dynamic 2mpacts of the proportional

consumptlon tax ln a perfect foresight model of gelteral equilSbrium wSth

noRdurable and durable consumption goods as well as productive capitai.

In contrast to the previous 11terature, it ls shown that the eonsumption

tax is not neutral with respect to the ¢onsuraptlorv'savings decSsiens,

even if labor sttpply is fixed and if the tax revenues are fully returned

to consumers in a lump-suta way. Moreover its increase reduces the overall

welfare defiRed aloRg the transitioRal path as weU as in the u!tlmate

steady state equilibriun. A!though how the consumption tax affects the

speed of capital accumulation along the transitional path depends on the

form of utUity functions, in a rnodei with plausible preferences and

reasonabie parameter va!ues, aR increase in the consumption tax adversely

affects that speed, i.e., savlngs.



1.Introductien

     A number of prominent economlsts, e.g.,FSsher(1937), Kaldor(1955),

aRd Feldstein (1978), have proposed consumption or expendlture taxatien

as aR alternative to the existing lncome tax system on the grounds that a

consumption tax would not directly dlstort intertemporal consumption/

savings decislons. Indeed, there is widespread beMef that a reform

toward consumption taxation would promote capital accumulation and thus

improve social welfare. Recently this convent±onal wisdem has been

positlvely confirmed by several authors using dynamic general equUibrium

models with soMd microfoundations for an Sndividual's intertemporal

behavior as long as iabor supply is flxed [Schenone"975), Sumrners(1981),

Sin (1982, 1987), Abei and BlaRchard (1983), Itaya (1991)]!

     Most prevlous studies de not explicXly inc!ude consumer durable

goods. While the assumption of a homogeneous consu}nption good is a

simplifying abstraction, expendStures on durables and consumption of

nondurables have qulte differeRt dynaraic behavior. Many durable goods

come in large, lumpy, and expensive units, so that durables must be

purchased Sn discrete uRits and thlls ¢oRsumers wiU not make smooth

adjustmeRt over time. In rnacroeconomic time series data, it is well-known

that durable expenditures wUi be highly serially correlated compared to

noRdurable consumption and display much more volatillty over the business

cycle than do nondurables. Since consumer durables comprise a significant

fraction of total consumption in national lncome accounts [for example,

the share of durable expenditures (inciudSng semi-durable goods but

excluding housing services) in totai consianxption is approximately 23

perceRt in Canada, 19 percent in JapaR, 26 percent in U.K., and 21

per¢ent iR U.S.A. in 1991], the behavior of durable expenditures plays an

important ro}e Sn deterrninlng the macroecoRomic aggregates of consumption
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and savSngs.

     Furthermore, the raost popular way of treatSRg coRsumer durables is

to introduce such goods into the utillty function directly. The inclusion

of the stock of durables in the consumer's utility function stands for

various beRefits or pleasure to the holder, such as prestige, power,

bequests, insurance against certaiR klnds of risks, and certain psychic

consumption benefits (art, jewelry, etc.). Despite these apparent

dlfferences between the two types of consumptions, insufficSent attent!on

has been paid to the role of durables in the iiterature of dynamic tax

lncidence. At least two papers have tried to remedy the relative neglect

of durables; Brerman and Nellor(1982) and GriesoR and Musgrave(1985) have

investigated the effects of consumption taxatlon on sav!ngs behavior in

the two-period partial equUibrium vaodel which incorporates wealth into

the utiHty function. They showed that, in the presence of psychic

returns from the holding of wealth, the consumption tax is not neutral in

the sense that its change affects intertemporal relative prSces, aRd

moreever encourages savings. Unfortunately, the restrictive structure of

their medels iimits the general vaMdity of thelr resultsF

     Since the purchase of a durab!e good can be regarded as savings

under the cash-flow approach to the consumptSon tax, it would be exempt

from the tax. However, the services yielded by the durable good over time

should be included as i`consumption", and hence added to the tax base. How

can one measure the annual flow of services produced by a house or a

refrigerator? Proponents of a ¢onsumption tax suggest a tax prepayment

(or yield exemption) approach for durables te deal with this prob!ern.

When the origina! durable investment Ss undertaken, it Ss taxed as if it

were consumption. No taxes are levied on the imputed yields genera£ed by

such a investment ln su¢ceeding periods. Hence, imputation problems are
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avoided. Moreover, the tax prepayrnent approa¢h indeed yleids the same

amouRt in preseRt value terms as wou!d have been collected as annual

taxation. For these reasons, it is argued by those who support the

consumption tax that this tax would be adm!nistratively simpier thaR the

income tax. Nevertheless, none of the existing literature has rlgorously

demonstrated whether, under the tax prepayment approach, changes iR the

consumptioR tax may or may not affect the coRsumpt!on/sav!ngs decisions

within a general equilibrium framework.

     Therefore, we shail construct a simple dynamic general equUibrium

model ln which consimier durabies enter the utUity function directly'and

are a substitute for productive capital as a store of value. By extending

individuai's horizon to infiRity, it enables us to analyze the effects of

consumptioR taxation on the transStional dynamics bf eapStal accumulatlon

and on the overall welfare accrued during the entire path of adjustment

to the new steady state equilibrium. It is shown that, under the tax

prepayment approach, changes Sn the proportional (flat-rate) consumption

tax may distort the individual's consumptioR/savings decisions by

affecting elther the marglRal rate of substitution between nondurable and

durab2e consumption or the portfoMo between durabies and productive

capita!, even if labor supply is fixed and if the tax revenues are fuUy

rebated to consumers in a lump-sum ;,ray. Thus the resulting distortSons

!ead to a faSlure of the neutrality in the macroeconomic aggregates,

being determined by market--clearing ¢onditions, in a dynamic economy.

     Section 2 const:ucts a basic model and analyzes the effects of the

consuigptlon tax on macroeeonomic aggregates and welfare in the steady

state. SectioR 3 analyzes Sts transitional effe¢ts oR the speed of

capita! accumulation in a Rumerical model with a constant relative risk

aversion utility functlon (CRRA) of the composite Cobb-Dougias bundle o£
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Rondurables and durab!es as well as a variety of models with dSfferent

preferences. Section 4 analyzes its welfare impUcations by comparing

between the welfare iR the inltia! steady state equilibrium and tthe

welfare accrued along the transitionai path as well as !n the ultimate

steady state equillbrSum. Seet!on 5 analyzes the d!fferential incidence

of consumption taxation by comparing it with iRcorne taxat!on in the

steady state, when 1ump-sum taxation is not available. Section 6

summarizes the main conclusions and discusses possibie extensions of the

model.

2.The Model

     Consider a representative consumer who is lnflniteiy lived and has

perfect foresight. He eRjoys utUity from his current fiow of the

nondurable consumptioR good, c, and from the servlces flowing from his

stock of the durabie consumptSon good, h. His utility functional ls gSven

by:

where u(c,h) is an increasing, strictiy concave Sn c and h, and twice--

¢ontinuous!y dlfferentiab!e function, and p is the coRstant subject rate

of time prefereRce. {he stock ef durables eRters his Snstantaneous

utility functioR dipectly, because services are assumed to be

proportional to stocks.

     The consumer caR hoid his wealt!} in the form o£ capital, k, and

consumer durable goods. Thus his budget constraint can be expressed by

    (1+T )(c + fi) +k+ 6(k + h) =f(k) + x, (2a)
       c

   h(e)=ho >e and k(o)=ko >o, (2b)
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where Tc is the proporiional consumptloR tax rate, x is a lump-sum

transfer £rom the goverrment equal to Tc(c+fi), ho and ko are respectively

the lnitial stocks of durables and productive caplta!, and the dot

denotes the time derivativeF

     Output is produced using a stock of productive capita! and

inelast!cally supplied labor, ac¢ording to the constant-returns--to･-scale

neoclassical production fun¢tion f(k). Output may be used for three

alternatives: consumed as nondurable coRsumption goods, added to the

stock of durabie consumptioR goods, and added to the stock of productive

capStal. Since all these goods are assumed te be perfect substStutes in

production, theSr before-tax relatlve prices are fixed at unity. For

simplicity, we further assume that both nondurables and durables are

normal goods, that both durabies and productlve capital deprecSate

expoRentially at the same rate 6, and that the populatlon growth rate is

    4'zero.
                                               '
     The represeRtative consumer choo$es the time paths of his

consumpt!oR and asset holdSngs to maximize (1) subject to (2), taking the

time paths of wages aRd interest rates, tax rates, and transfer paynents

as given. Denote A and # as costate variables of the current Hamiltonian

associated with (2a) and the s!ack variab!e identlty, z=i. Assuming an

interior soiutioR, straightforward app!ication of Pontryagin's Maximum

Principle yields

        cc
        x

           mp+6 -- f'(k), (3b)       )t

       " .6 Uh(C,h)
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           --       c+h+k+ 6(k+h)-f(k)=O, (3e)

       Mra X(t)k(t)exp(-pt)mO, (3f)
       t-)a,

       llm ii(t)h(t)exp(--pt) ur O, .' (3g)
       t-)ce

where ui denotes the first-order partial derivative of u wSth respect to

argument i. Eqs.(3b) and (3c) are the evolution equations of the shadow

prices ef capital and durables, respectively. Eq.(3e) is the goods market

clearing condition. It may be noted that if durables nelther have any

utillty (i.e.,uh=O) nor depreciate at all (i.e.,6=O), theR the

¢onsumptioR tax rate dreps out of this system, so changes in Tc ieave all

real variables unchanged along the transitionai path as well as in the

     In the steady-state, setting X=O, P :O, k=o, and fi=o gives:

           "

       uh(c",hSluc(c',h"}=p+ 1: , (4b)
                                    c

          l" ""

where the starred varlables pertain to the steady state values. The

modified golden rule condStion (4a) solely determines the steady state

capltal stock, because of the fixed discount rate of the representative

agent. Hence, the steady state capital stock is Sndependent of changes in

the coRsurnption tax. By contrast, the steady state levels of nondurable

and durable consumption are affected by the consumption tax. This occurs

because the con$umptioR tax affects the marginal rate of substitutioR

(henceforth !6RS) between nondurable aRd durable consumption through the
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 impliclt rental price of aurab!es, 6/(1+Tc), in (4b).

             "     Given k, differentiating (4b) and (4e) wSth respect to T and
                                                                    c

rearranging yields

           " 62u " 6u                                             -1 c                 -1 c        dc                                       dh
            me -J                            <O and                                           =j                                                                    (5)                                                         >o,        dTc tt..r)2 dTc a+T)2
                        cc
where Jes6(uchuc"uhucc)/uc-(uhhuc-uhuch)/uc>O due to the normalsty

assunptlon. Moreover, we can show that

     i 6u2
   g¥c xJ-i"+TC)2(p+iiTc-6)iO ac¢erdingasp+STci6, {6)

                  c

        f "lwhere u =-u(c ,h ). An increase in Tc leads to a fa!l in tke impiicit

rental price of durables (or the user cost of durables), thus stlrnulatlng

the steady state demand for durables while depressing t!}at for

nondurab!es. A2though both goods are subject to the same tax, the tax

base does not include the depreciatSon of durables, and thus the rental

price of durable$ becomes cheaper with Tc relative to nondurables.

                  6                      is greater (smaller) thaR 6, steady state welfareMoreover, if p+                 1+T
                    c
                        6rises (falls), for p+ 1+T and 6 can be interpreted as the utillty gain
                          c

in terms of the margSnal utility of nondurab}e consu;nption and the

opportunlty cost in terms of foregone nondurabie consuiaption by holding

an addltSonal unit of durables, respectively.

     However, the invarianee of the steady state capStal stock is not

robust. Once the raodified goiden rule condition (4a) is allowed to depend

directly on nondurabie and/or durable consumption, the neutraiity in

terms of steady state capital fails to hold. For example, if the discount

rate depends on durable as weli as nondurable consumption, steady state

eapital is affected by alternative rates of the consumption tax through

variations in the endogenous discount rate;6 alternatively, if the stock
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                        tt                        .
of produ¢tive capital enters the utHity funetlen ln addStion to

durab!es, the modifSed golden rule coRditSon depends on the stock of

durables also.70n the other hand, in the overiapping generations model

that incorporates durables into the utllity function, the lifetime

consumption pattern is determiRed together with savings decision and

portfolio choice when the young solves their optimSzatioR probl6m. Slnce

this pattern in turn determines individuai savings and thus the demand

for capital, changes in the consumption tax induce them to alter the

portfollo between capitai and durabies, thereby affecting steady state

capitalF

     AtterRatively, if depreciation deductloR is aHowed for durables

only, then the budget constraint must be amended to

                                                 A                 --      (1+T )(c +h- e6h) +k+ 6(k + h) su f(k) + x, (7)
          c

where e (Osesl) Ss the share of the economic deprecSatSon to be deducted

    Aand x=T {(c+fi)-e6h}. Then condition (3c) becomes
       c

        il =p"(ik."e)6- S2[k21･ (s)

whUe the other conditSons remain unchanged. Observation of (8)
      '
imuiediately reveals that noRneutraHty stlll holds exeept for e=11(1+Tc).

It should be noted that, eveR if true economic depreeiation (eas1) is

ailowed, Reutrality does not emerge except the case where the initial tax

rate equals zero. This nonneutralSty result stands in shape contrast to

the weli-knowa fact that allowing true econonic depreciation for busSness

capStal in conjunction wlth ailowlng interest deductability implies that

the corporate income tax is neutral with respect to the investmeRt

decisions of flrms [see Samuelson (1964)].

                  ), the budget equation (7) is reduced to     When e=11(1+T
                 c
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      "+T )(c + fi) +k;6k = f(k) + S}.

          c

By substituting e=11"+Tc) into {8), we see that the consumptlon tax

disappears and thus is neutral along the transitional path as weM as in

the steady state. !n this case, both nondurables and durables are taxed

synimetrically in the sense that all expeRditures on durables as.well as

nondurables are subject to the tax by deducting certain fraetlon of the

depreciation of durables frora the tax base. Hence, thelr relatSve price

G.e.,the impiicit rental price of durables) becomes p, and t2}us ls not

distorted by the consumption tax. If the tax authority adheres to

implementing the pol!cy of neutra! taxation, St needs informatSon on the

size of the true economic depreciation of durabies, 6h. However, it is

generally very difficult to know the exact va!ue of such depreciation,

because of the absence of the perfect resale markets for ali used durable

goods ln actual economies. Therefore, such a policy would require us to

give up one o£ the administrative advantages of the consumptioR tax iR

that it is not necessary to access the magnStude of depreciatioR.

3. Transitiona} Analysis

    In this section we shall anaiyze how a change in the consumption tax

affects the transitional dynamic path of capltal accumulation in this

model. Differentiating (3d) with :espect to time and substituting (3b)

and (3c) }nto the resulting equation, we obtain

        gh[Ccllll.fi(k)-s+ 12T. (g)

We solve (9) for h in terms of c and k, and differentiate the

expression for h with respect to time to get

        ---

9



                       ttt                        .
where ht U=c,k) is the partSal derivatSve

corresponding argument. DiffereRtiating

substituting (3b) and (10) into the

substitut!ng (10) lnto (3e), we can rewrite

      . cucc+cuchhc cuch -1
                   u uk                    cc

     k hc 1"hk
     Assuming the CRRA utility functien

                 (ccthl-ct)1in7

       u(c,h)= lw '

       u(c,h) = ctlnc + (1-ct)lnh,

we obtain the followSng iinear

the steady state:

    c (7-1)af"h""5hc)-(1'hk
       #A-1

    '    k 7(1+6h)                    c

where Aesf"h"
(p+ i2Tc)ntlct7+(i-ct)}-'7<o, hc

>O. Following Fisher (1979), in order

effect of the consumption tax on the

have to know the sSgBs ef the

determinant of the matrix appeariRg oR

T. However, these signs are opposite,
 c

speed ambiguous. The maiR reason for

foilows; A permanent increase in T
                                 c

durables, thereby stimulatSng the
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approximation

        ""     )f"c -{7-1)otf"h (p-6h
                         k

        "      f"h -7(p-6hk)

         ""       =h /c >O, and hk='-'{th

        to investigate

      speed of capital

derivatives regarding the

       the R.H.S of "2}

        thus maklRg the

     this amblguity can be

   reduces the implicit

   demand for durables,

   of h(c,k) with respect to the

   (3a) with respe¢t to time,

     resultlng expression, and

    these equatSons.as

 c{(p+6)--f'(k)} .
                       '
                      . (11)

f(k)-c-6{h(c,k,T                 )+k}
                c

of the form:

      for 7>e, pt1,

      for cr=1,

      of the system (11) around

   "2

aRa!ytScally

accumulatlon,

  trace

 with

 effect

    explained

rental

 but

    "
 c-c

       '
    "
 k-k

     (12)

         "f"1(1-ct)c

        the

        we

   and the

 respect to

   on that

        as

  price for

 depressiRg



that for nondurables. Thd lmmediate reductlon in nondurable eoRsumption

discrim!nates in favor of the accurnuiation of productive capital through

 (3e). In additioR, since the total weaith stock (i.e., k+h) is

instaRtaReously fixed, the rise iR the demand for durab!es leads to a

faN in the demand £or productive capital, thereby iowerlng the total

output f(k). f?ie fali in output depresses the rate of･capital

a¢cumulation through (3e). Since these two effects are in opposite

directSons? the overali effect on the rate of capital accumulation rnay be

positive or Regative depeAding on the relative strength of these two .

effects.

     To gain some idea of the magnltudes involved, we solve Rumerically

the effects of the coBsumption tax on the negative roots. To calibrate

further the model specified above, we assume a Cobb-Douglas production

function with capital's share of total income 25 percent and that an

annual depreciation rate of the capStal stock is 4 percent of total

income. These values can easUy be obtained fyom casuai examination of

national Sncerne ac¢ownts. OR the other hand, Bernanke (1985) found that

the annual depreciation rate of durables ls about 20 percent. Since we

have appMed the common depreciation rate to durables and capitai, the

appropr!ate value lies between these two values, so that two va!ues of

the depreciatSon rate are chosen; 10 and 15 percent. I?}e rate of time

preference is set equal to 4 percent. Most of other studies have used

vaiues between 1 percent and 4 percent for the rate of time preference. A

relatively higher value of 4 percent is choseR so as to o£fset the bias

caused by the infinite horizon assumption on the grounds that a higher

rate of time preferenee is equivalent to a shorter time horizon. There is

considerable econometrics evidence on the intertemporal elasticity of

consumptioR, 1/7, but the raRge of these estimates is qulte large and
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there is no consensus on its value. Therefore, we allow values of the

intertemporal elasticity of coRsumption to range between .1, .5, .8, 1.0,

2.0, 5.0, and 10.e. The share Qf nondurables ln total consurRptien ln

Rationai income accounts for the parameter ct may be smaller thaR the true

value, because some of nondurable expendStures are included- ln the
                                                                  '
category of services (e.g.,rnedica2 and educational expenses). Since there

is such uncertainty about the size of this pararneter, three values of ct

are ¢onsldered; .6, .7, and .8.

     Table 1 lists absolute va!ues of the unique negative roots over a

wide range of values £or ct, 7, and Tc. From tabie 1, two things should be

noted. First, for most vaiues of ct and 7, an increase in the consumptlon

tax rate would depress the speed of capital accuxnulation on the

transitional path. In other words, this negative effect on the rate of

capltal formation ls extremely robust within a wide range of values for

the parameters of the individual's tttility fuRction. It would be fair to

say that lncreaslng the consumption tax discourages savings in the

presence of durable goods. However, this highly likely result is opposite

to that of Brennan and Nellor "983) in which the imposition of the

¢onsumptioR tax would encourage savings. rhe main reason for this

difference is that both the purchase of wealth and Sts coRsumption

benefits are exempt from the tax in their mode!. Such a favorable tax

treatment of weaith (i.e.,durables) would iead to an increase in savings

compared to income taxation. Secondly, when the intertemporal eiasticity

of consumption is lower (1.e., .1 and .5) and when ct is relatively iower,

it is likely that larger absoiute values of the negative roots are

associated with higher rates of the consumption tax. The smaller the

intertemporal elasticity, the stronger a deslre for a smoother the

consuinptioR path, and the lesser the rate of change of consumptlon for a
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given value of the excess of the marginal product over the discount rate;

consequentXy, the lesser the rate of change of durables through (10),

creating the posslbillty that k may rise. eR the other hand, the smailer

the value of ct, the less sensitive the marginal of substStution between

nondurable and durable eonsumption, and the less the rise in durable

consumption to the response ef aR increase in Tc. In consequence, the

induced reductloA in productive capital causes output to fall by a lesser

proportion in Rondurable consumption, so that the rate of capStal

accumuiatSoR may be iRcreased.

     In contrast, if nondurable and durable consumption are perfect

                                   .
complements, Sncreasing the consuniption tax makes the speed of capitai

foymation faster. To ascertain this resuit, we assvufie that u(c,h)iEu(g),

where g=min["/v)c,h]. rn this case, the ISnearSzed system is given by

                 O -Af"       A

       k -h)L(y+6)pg-Ah){jf"-hk(v+6)

                  -1           hA=(u") {(v+p){1+Tc)+6}<Owhere

Differentiating both the trace, Tr, and

matrix on the R.H. S. of (13) with respect

                                    '                           a(Det)      O(Tr)
             <O and                                   = o.
                           OT      OT

That ls, an iRcrease in T makes the
                           c

vaiue. There is Ro substitutioR effect

consurfiption, while the negative income

levels to fall. Although the

some extent this negative effect, the

demand for durables, ieading to a rise in

heRce ln output. Consequently, the
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･

k

and

the

 to

   -
-A
      '
- k"

     hk={u")

determinant,

T leads to
 c

-1
  ft,A

 Det,

    (13)

"
 (1+T )>O.
     c

 of the

        negatlve root larger in absolute

          between nondurabie aRd durable

          effect causes both consumption

redistributed transfer Sncome offsets to

          net effect is to decrease the

           that for productive capital and

          rate of capltal accurnulation



unambiguously goes up.

     On the other hand, if we assurne

that is, u(c,h)=-u{c)+h, we have the

       ]iL {u')'-i o

       fi f'-(u')'1-ck-'6 -'6

where c is the derivative of c with
       k

easily calculate the eigenvalues of thSs

is -6, which is unaffected by changes

the consumptlon tax do not affect the

increase in the consumption tax reduces

raSses that for durab!es owing to the

to a fall in that for productive

redSstributed transfer income goes

lmplies a rise in the demand for

productive capital. The Snduced

fal! in nondurable consuinption, thus

4.Dynasnic Yelfare Analysis

     In thSs section we shall make

implications of a permaneRt increase

presence of consrllner durables. For

begins at the steady state, so we focus

steady state with the entire path of

fo!iowing the tax increase.

     The dynamic welfare loss (or

discounted sulii of the difference

equllibrium path and utility flows

                                  14

   the forrn

corresponding

      respect

         system.

       in

       speed

         the

       substltution

      capltal.

   entirely

     durables

reduction

     leav ing

        an

        in

    simpiicity,

        on

      adjustment

     gaiR)

    between

       on the initial

       ef quasiMnear utSlity,

        linearized system:

      f
 k -- k

         , {14)
 h-h

    to k. In this case, we ean

       The unique negative root

Tc. This means that changes Sn

   of capita! accumuiatlon. An

   demand for nondurables, but

          effect, thus leading

     OR the other hand, the

  to durable consurnption, whSch

     but a fall in that for

in output is just offset by the

  k imchanged.

      '
  assessment of the welfare

  the 'consumption tax in the

      suppose that the economy

 the compartson of the initial

       to the new steady state

  is defined as the present

   utiiity flows on the new

(steady state)



equillbrliim path. It caR be written as

           co     AU :fo [u(c(t),h(t)) - u(co,ho)le"-Ptdt, "s)

where co and hc are the initial steady state ievels of consumption and

durables, respectively. Substltuting the £lrst-order approxSmatSon of the
                                                               '                                                               'instantaneous utiiity funct!on:

   u(c(t),h(t))=u(co,ho)+u.(co,ho){C(t)-co]"Uh(Co,ho)Ih(t)-ho],

into (15) ySelds

   Au=u.(co,ho)f:[c(t)-co)]e-Ptdt+uh(co,ho)j'll[h(t)--ho)]e-Pt. tt6)

                            "" ""By inserting cCt)-co=c(t)--c +c -co and h(t)-honvh(t)-h +h -ho into the

integrals in (16), respectively, and Roting that fli[c(t)-cSle-Ptdt:o

[see Fig.21, (16) can be rewritten as

   AU = uc{co,ho)f[;[c'-cole-Ptdt + uh(co,ho)fll[h"-ho)]e-Pt

         - uh(co,ho)f:[h"-h(t))e-Ptdt.' (!7)

The first and second components of each welfare effect represent

respectively the steady state effects given by the difference between the

two steady state values of nondurable aRd durabie consunptlon, while the

third term represents the transitional effect accrued during adjustment.

Note also that the transltional effect adversely affec£s the overaH
weifare. Furthermore, substituting h"-h(t)su(h"-ho)e-6t into (27) and

rearranging, we have

                    "     Au =uc(co,ho) CphCO [i-(p+ ilc )(p+6)-'i] < e. (is)

     When aR iRcrease in the consumption tax takes place, the steady

state level of capitai remains un¢hanged, but nondurable consumptSon
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                        '                         th
drops instantaneously to the steady state levei and durable consumption

gradually approaches the steady state level, as illustrated in Figs.1 and

210As can be seen in these figures, it turRs out that dc(e)/dT <O. !t
                                                                c
                                                            6follows from (18) that AU<O, regardless of whether p+                                                               -6<O or                                                           1+T
                                                              c
    6
p+ 1+T -6>O. In other words, irrespective o£ the response of steady state

weifare, the overali welfare which ls composed ef the steady state as

well as transStional welfares unambiguously falis with Tc, except the

case where its initial tax rate equais zero. Moreover, the higher the

initial tax rate, the larger the weifare loss, while the higher the

depreciation rate, the faster the adjustrneRt speed of durabies, and the

less the welfare loss because the (negative) transitional effect in

absolute value becomes smaller as a result of the shorter adjustment

period.

S. Consumption Taxation versus Income Taxation

     IR this sectioR we modify the original model presented in section 2

to Sncorporate (comprehensive) income taxation instead of luinp-siun

taxatSon, sin¢e ,liuftp-sum tra.nsfers (or taxes) are not available Sn actual

econornies. The governmeRt is assumed to substStute consumptioR for SRcome

taxes, keeplRg the government budget ba!anced. Without loss of

generality, we assu;ne that goveriunent expenditures equa! zero, so its

budget constraint can be expressed by

      yc
where T Ss the income tax rate. The indlviduai's budget constraint then
       y

becomes

                i-     (1+T )(c + h) +k+ 6(k + h) = (1-T )f(Jc). (20)

With these modifications, the optinization conditions are the same as
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 (3a)-(3g) except for (3b). In the steady state, we have (4b), (4c), and

                 "            }f' (k) rm p+ 6. (21a)       (1-T
           y

       Tf(k) rcT
        yc
     Straightforward ¢omparative statics exercises on (4b), (4¢), (21a),

and (21b) lead to

   g¥l ,. 3-1[f,.(6-f,)UhhUs:Uh"ch - Titl]i:;2}leUc)2] , o, (22a)

   g¥i ..3--i[-ftc(6-ft)UchUucc-UhUcc+ c x+f,T.(6-ft)}llle,(22b)

                                                           '
   gTkc" ., 3-'i[f,c(6UchUuciUhUcc-.IlhhUucc-UhUCh) - (illcC)2fiTc] ii o, (22c)

      Awhere J=-M{6(uchuc-uhucc)/uc-(uhhUc-uhuch)/Uc}-(6-f')f'Tc(UhhUc-UhUch)/Uc

<O due to the norma!lty and saddlepoint assumptions, M=-(1-T )ff"+T (f')2
                                                          yy
<o?i Moreover, it follows from (22a) and (22b) that the effect on steady

state welfare is ambiguous. Under the saddlepoSnt assumption, nondurable

consumption falls by a greater proportion than does that in the case

where lump-sum taxation is avaiiabie, while the effects on durable

consumption as weli as on steady state capital are indetermSnate. The

source of this ambiguity is that the induced fali in nondurabie

consuinptioB leads to a fall in the tax revenues, thus creating the

possibi!ity that the income tax rate may be increased in order to keep

the govern;nent budget balanced, for an increase iR the lncome tax has a

detrimental effect on all real variabJes. In short, an increase in the

¢onsumption tax accompanied by compensated changes in the income tax may

not encourage savings iB the steady state.

6. Concluding Coanents

                                  17
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     The main results obiained in this paper are sumrnar!zed as follows.

First, in the durables-in--the-utUity-function model, we obtain the

neutrality of consuiftption taxatieR in terms of the long-run capital

lntensity even if labor supply is fixed and if the tax revenues are

returned to consumers as a lump-sum transfer. This neutralSty, however,

breaks down with any of the following condit!ons: (1) labor supply is'

fiexible, (2) the discount rate depends oR the stock of durabies, (3) the

stock of productive capital enters the utility function. In this sense,

the steady state neutrality of consumption taxation is not robust in more

general mode!s. The consumptlon tax, on the other hand, affects

Rondurable and durab2e consumptioh in opposSte directions. Neutrality

holds either if all expenditures on eonsumer durables (including

depreciation) are levied, or if certain fraction of true economic

depreciation is deductibie from the tax base.

     Secondly, the neutraiity in terms of capital accunuiation during the

transitional path Ro longer holds except for quasilinear utility.

Accordingly, in the presence of durable goods, the neutrality with

respect to the consumption/savings decisions is generaUy invalid despite

the £act that the price of future in terms of today's (nondurable)

consumption is unaffected by the tax rates. How the consumption tax

affects capital accumulation depends on the form of utilSty functions.

Nevertheless, uslng the spe¢ific model with the CRRA utility function of

the compcsSte Cobb-Dougias bundle of nondurables and durabies and with

reasonable parameter vaiues, St is highly likely that the lower speed of

capital accurnulation is associated with the higher ¢onsumption tax rate.

     Thirdly, when consumption may induce non-separabillties over tlme

because of habit formation, the history (or the stock) of past

consumption wUl affect the marginal utility of curreRt consu;r2ption. In
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this case, however, neutrality holds because neKher additions to the

stock of accumulated past consimipt!on nor the stock ltself is subject to

the consumption tax12 In other words, the introduction of a stock

variabie into the utiiity function is not sufficient to destroy

                                'neutrality. In additioR, the asymu?etric tax treatment across diffeyent

goods or ¢oRsu!nptions in the seRse described Sn section 2 is needed to

produce tl}e dlstortions in iRtertemporal consumption choices.

     Fourth, the oveTall welfare defined aloRg the transitional path as

well as in the steady state unambiguously falls, even if steady state

welfare is improved. In the presence of durable goods, both the failure

of neutrality in intertemporal consui;}ptioR cho!ces and the adverse effect

oR the overali welfare wouid provide counter justification for the tax

reform towards consumption taxation. In additXon, our slmuiation result

provides a counter example to the coRventional wisdom which suggests that

the coRsumption tax would promote capital aecurnulatioR. Therefore, the

case for preferring consLmiption to Sncome taxation is more fragile than

one might infer from reading the modern tax literature in the presence of

durables.

     The importaRt extension is to introduce transaction/adjustmeat costs

in durable purchases due to its illiquidKy or i"divisibility, Snstead of

our frictionless intertemporal optimizing rnodel. As a resuit, the dynamSc

path of durables may be characterlzed by frequency and ampiitude of

purchases, which may be affected by changes SR the consumption tax.

FootRotes

1.Seidman (1982) showed that incorporating a bequest motive into Sumer's
model undermines such neutrality. Menchlk and David(1982) further pointed
out that in the bequest-as-consumpt!on mode!, where the bequest itself
enters the parent's concave utility functioR as a separate argurnent, the
consumption tax with the same rate over time is Reutral in the sense that
the tax does Bot distort aRy of the marginal rate of substitution
conditions, as long as bequests as well as lifetime consumption are
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 levied at the same rate. !n additSon, if the tax revenites are fully
 rebated in a 1unp-sum way to consumers so as to get rid of the !ncome
 effect, neutralXy obtains in the general equilibrium's sense also. On
 the other hand, in Barro's altruistic bequest model, where the
 offsprSng's utlllty functlon enters the parent's utility function as a
 separate argumeAt, the consumptloR tax together with ful!y rebated
 transfers ls neutral in either sense. On the other hand, Batina(1987)
 extended the Becker-Barro a!truistic model to contaln both cash bequests
and hiMnan capitai investments and to ailow for endogenous fertility
decislons, and concluded that neutrality a2most al;,rays fails in spite of
fixed labor supply. Further argu!ftents are found in BatSna and !hori
 (1991) using the overlapping generatSons model of an open economy.
2.The rneankng of neutraiity in this paper is siightiy different from that
of Brennan and Neilor "982), Grieson and Musgrave (1985), and MenchSk
and David(1982), in which changes in the consumption tax do not affect
any of the IRdividual's marglnal rate of substitution conditions. Our
Reutrality implies that its change affects neither those MRS coRditions
nor all rea2 varlables that are deterraiRed by market-cleariBg conditions.

3.Note that, ln the absence of labor-ieisure ¢hoice, the lump-sum tax can
be regarded as the tax on labor income, and therefore an increase in the
consumption tax is equivalent to a switch from the non-distortlng wage
tax to the consumption one.
4.0ur conclusion is not affected in any essential way but calculations
becomes complicated, if we adopt the heterogeneous rates of depreciatSon
between capital and durables.
5.However, in the case of progressive consumption taxation, the
consumption tax ceases to be neutral along the transitional path even if
the stock of durables neither depreciates at ail nor enters the utUity
function, although steady state capltal remains unaffected.
'6.Suppose that a representative infinitely-Hved consuraer wlth recursive
preferences depending on consumption and consmner durables maximizes

        - f:e-¢dt,

subje¢t to (2a),(2b),
         .        ip = p(c,h),

where p is twice continuous!y differentiable, with pc>O, ph>O, pcc<O, and

Phh<O･ The steady state coRditioRs are giveR by (4c),

            " ""        ft(k } an 6 + p(c,h ),

            "l lf ""        ph(c,h )/pc(c.h ) = p(c.h ) + 6/(1+Tc).

     Under the normality assumption, steady state comparative statics
excises result in:

                  dh    dc                      > e.        <O and                  dT    dT

Moreover, it is shown that if p(crh") + 12T er 6,

    dk soand dP(C ,h).fts dk at o.
                 dT                                dT    dT

7.In this case, the representative consumer maximizes
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     J: u(c,w)e"ptdt,

subject to (2a) and (2b), where Vach+k. This formulation may be regarded
as an lnfinite versSon of Brennan and Nelior's model(1982). We can solve
this optimization problem in a sinilar fashSon outllRed ln the text. In
the steady state, we have (4c),

           " "l""       f'(k ) + {1+Tc)uw(c ,Y )luc(c ,V ) = p + 6,

           "" "e       uw(c ,W )/uc(c ,Y ) ---- p + 6/(1+Tc).

These conditions clearly imply that the steady s£ate capital stock is
affected by changes in the coRsunpt!on tax.
8.Consider the following sSmp!e two-period overiapping generations model
with Ro bequest raotive. In the steady state, each agent wheR young
maximSzes a lifetime utility function given by:
        w"=- uy(c;,h5 +-iilisntup O(c5), ･

subject to

              " l"       (1+Tc)cl =w-k -h+ xl,

              "l       "+Tc)c2= "+r)k + x2,
where uY and uO are the first and the second period's utiiity function,
respective ly, r is the real in£erest rate, ci is period i's eonswrtption,

and xi=Tcci, i=1,2.

     The first order necessary condltSons for an interior soiution are:

       uZ(c:,h") -- -l;p' .O(c!},

            '       (i+Tc)uX(c;,h5 = [i-- ilr ]ug(c;,h").

                                       "" "Solving the first order conditions for c and h, and noting that w(k )--

   "" lf(k )-k f'(k ), we have the steady state savings functlon:

        l"-t ""       k = w'(k ) -- cl<k,Tc) - h (IC,ic)･

     DiffereRtiating this equation with respect to Tc to obtaln:

                            ""         dic" (Ocl!eTc) + (sh /oT.)
         dTc "'- i+(6c;/ak5+(6h"/ek5+k"f" <O'

where the denominator aRd the numerator are positive due to the stability
condition Sn the Hicksian sense and the normaiity assur}ption,
respectively. Intultively, an increase in Tc reduces the opportunity cest

of hoiding durables, thereby raising the demand for durabies. Mierefore,
the pure substitution effect induces the young to substitute durables for
capitai. Since the incotue effect on capital holdings is negative, these
two effects work in the same direction, and thus unambiguousiy depress
the young's demand for capitai. Moreover, differentiating the steady
              istate weifare V with respect to Tc results in:
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       ,d".l -u.[÷ili,-{ gh.li+ ,eh," ,ak.li}- ,ii. k"f"(k') ,ek.l]<o.

 9.Since the growth rate of consumptioR ls govern by

      c = (1/7)[p+6-f'(k)-{(1-ct)"-7)h/h}]c,

                                                    . the !nstantaneous reduct!ons in c and k cause c to fall, while the
 lnstantaReeus increase in h causes 6 to rise, so that the effect of

                  -- Sncreaslng Tc on c and hence on h through (10) are amblguous.

 10.Since the path of coRsumption is given by

            t"    c(t) =c + (p - to)(k(t) -k ),
differentiating this eevation with respect to Tc at time O and noting

that dk(O)ldTc=9 and dk /dTc=O yields

    dc(O) dc
          =    dT dT'       cc 11.This is a sufficient condition for the steady state to be saddlepoint
stable. The saddlepoint stable assumption may be defended on the grounds
that a meaningful comparative statics analysis should be limited on
stable steady state equiiibria, and moreover that the possibSlity of
multiple stable equUibrium paths (or the indetermlnacy of equllibriun)
should be ruled out.
12.IR the presence of habit formation, the consumer maximizes

    f: u(c(t),z(t)]e-Ptdt,

subject to

     (1+T )c(t) + k(t) + 6k(t) = f[k(t)] + x(t),
        c
    2(t) -- cr[c(t) - z(t)],

    z(O) = zo>O, and k(O) = ko>O,
              twhere z(t)--ffJ-.c(s)eP(S-t)ds is a weighted average of past consumption

levels {see Ryder and Heal (1973)]. In this case, it is easy to show ehat
the consumption tax Ss Sntertemporally neutral, that is, the consumption
/savings decisions are unaffected by changes in the consumption tax.
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Figure 2 When the economy is initially in the

steady state, nondurable consumption immediately

faIIs, but the stock of durables gradually reaches

another steady state
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