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Abstract
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revelation of demand conditions by altering output.
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"We conclude .. that the choice between the tweddke. an ad valorem and a specific
tax) is a matter of indifference under competitiah (Musgrave 1959, p. 305f)

"In a world of perfect competition, and in whictethature of the product being sold is
immutable, the balance between ad valorem and fgpéakation is a matter of no

significance. For the essence of perfect compatitgothat firms ... take the price at
which they can sell their product as given, ... .e€K 1998, p. 4)

1. Introduction

The relative merits of an ad valorem tax and a ifipe@.e. unit) tax on output are a
longstanding issue. As the above quotations inéjdat a perfectly competitive market the
two taxes are regarded as equivalent. Cournot (1838t least implicitly — and Wicksell
(1896) clarify that this equivalence does not haléi monopoly. Suits and Musgrave (1953)
show that tax revenues resulting from a unit tax lawer than from an ad valorem tax,
assuming tax rates which induce a monopolist tdyre the same output. Skeath and Trandel
(1994a), furthermore, make clear that the ad valot@x Pareto-dominates a specific tax of
equal yield. The analyses have been extended topodistic competition (Cheung 1998;
Schréder 2004), oligopolies (Delipalla and KeenZ,99enicold and Matteuzzi 2000), and to
frameworks in which firms can become informal antll thhen not pay taxes (Delipalla 2009a,
b). In general, an ad valorem tax welfare-domina@especific tax of equal yield, welfare
being the sum of consumer and producer surpldewever, this ranking is reversed for a
monopsonist (Hamilton 1999) and may not hold inegahequilibrium settings (Grazzini
2006; Blackorby and Murty 2007), in differentiatedmultiproduct oligopolies (Anderson et
al. 2001; Hamilton 2009; Wang and Zhao 2009), ie fnesence of externalities (Pirttila
2002), or in two-sided markets (Kind et al. 2009).

Virtually all contributions to the debate assumggits to be certain. Such simplification will
generally not affect the evaluation of a tax refafmsk-neutral firms are unable to react to
the realisation of, for example, uncertain demamaddions; that is, if there is — what we call
— ex-post uncertainty. In this paper, we also assume riskrabty but ex-ante uncertainty
instead of ex-post uncertainty, implying that thesigon of the demand curve becomes
known before output decisions are made. We investigate howanbed-budget substitution
of an ad valorem tax for a specific tax in a pdijecompetitive world of ex-ante uncertainty
about demand conditions affects expected output aeldiare. Accordingly, the analysis

! See also Bishop (1968). There is a closely relkte@ture on the use of ad valorem and spedificfs in trade
policy in models of imperfect competition. See, éoample, Helpman and Krugman (1989, Chap. 4), tBkea
and Trandel (1994b), Jargensen and Schroder (2008)e (2006), and Shea and Shea (2006).



pertains to products, such as regular consumptiaagy for which demand does not vary too
frequently, relative to the duration of the prodoctprocess. Furthermore, we assume that tax
rates are set prior to the revelation of the stdteemand. This is a particularly relevant
setting since consumption tax rates and the taxctstre are altered only sporadically (cf.
OECD 2008).

The basic analysis takes the number of firms asmgi¥n this short-run perspective, firms
make profits because they are assumed to prodwter gonditions of decreasing returns to
scale. The substitution of an ad valorem tax fapacific tax of equal expected yield can
result in higher expected output and a Pareto-ingrent from an ex-ante perspective. This
finding contrasts with Musgrave's and Keen's asgextfor a world of certainty in which
firms are price-takers, as quoted above. The intufor the superiority of the ad valorem tax
is as follows: since the ad valorem tax constitatésaction of the demand price, substituting
it for a specific tax lowers the after-tax pricerigdility, holding constant the expected tax
payment per unit of output. This reduction induttessfirm to raise expected output since the
cost function is strictly convex. Nonetheless, tak in the variability of after-tax prices
lowers expected net profits because of the (stdot)vexity of the profit function. If the
government is to hold constant expected tax revgribe quantity expansion requires a fall in
the expected tax burden per unit of output. As @Bsequence, expected net profits go up. If
expected output and profits rise, the shift towaadsvalorem taxation can be a Pareto-
improvement. In the long run, entry and exit ofrfir can be argued to ensure constant
expected net profits and it is shown that in thastipular case the tax structure becomes

irrelevant again.

An income tax which allows for the deduction ofdes can induce risk-averse agents to
perform more of a taxable activity with uncertaimeammes than in the absence of taxation.
The findings outlined above may, at first sigheréfore be based on this so-called Domar-
Musgrave effect (1944). However, our analysis pmessi risk neutrality. Moreover, firms

benefit from uncertainty because of their assuntglityato respond to price variations and

the convexity of the profit function. Accordingli,is not the role of the government as an
implicit insurer against risk which induces thergase in output but the interaction of lower

expected costs, the ensuing rise in production tlaadall in expected taxes per unit of output.

A comparison between ad valorem and specific taxesperfectly competitive market of ex-
ante uncertainty has not yet been undertaken. Asguax-post uncertainty, Fraser (1985)

obtains ambiguous results for strictly risk-avefgens, whereas risk-neutral firms are



unaffected by a substitution of an ad valorem taxd specific tax, as mentioned above.
Dickie and Trandel (1996) investigate a settinghvak-ante price uncertainty and a negative
(production) externality. Dickie and Trandel congpulhe specific and ad valorem tax rates
and the output quota which minimise the expectelfaneeloss due to the externality. In the
absence of the externality — the case consideresl heoptimal Pigouvian taxes are zero
because the government does not face a revenugainhsAccordingly, Dickie and Trandel
(1996) do not investigate the relative welfare e&feof equal yield ad valorem and specific
taxes. In a further contribution related to ourdstigation, Kotsogiannis and Serfes (2010)
show that the relative superiority of ad valoremetain a Cournot oligopoly may no longer
hold if marginal costs are uncertain. Finally, gsabk of settings with endogenous quality
choices are relevant to our study. This is the t@sause the equivalence of ad valorem and
specific taxes in competitive markets vanishes @003; Delipalla and Keen 2006) since the

two types of taxes affect the firms' incentiveslier quality and output levels differently.

The remainder of the paper is structured as follolsSection 2, the model is set up,
assuming a given number of firms. Section 3 ingaséis the output effects of raising the ad
valorem tax rate and lowering the specific tax,dim constant expected tax revenues. For
expositional reasons and to convey the intuitiontfe result as succinctly as possible, a
horizontal inverse demand curve is assumed. Subs#dguin Section 4, a downward-sloping
demand curve is derived explicitly from the houddlsooptimisation behaviour. It is shown
that under mild additional conditions the findirgstained for the horizontal inverse demand
curve continue to hold. Furthermore, Section 4 @iates on the long run in which the entry
and exit of firms ties down the level of profitsecsion 5 analyses welfare effects, while
Section 6 summarises the findings. Some calculstawa relegated to an Appendix.

2. A Simple Model

The analysis takes a partial equilibrium perspectwmd focuses on one market. A given

number of risk-neutral, identical firms produce@rtogeneous commodity. With probability
zH, 0 < H < 1, the pre-tax output pricé i high, p = pH, whereas with probabilitylzthe

output price is low, b= pt, where ¥ + 21 =1 and 0 < b < pH, i = L, H. Firms are price
takers and use production technology exhibitingesing returns to scale. Accordingly, the

cost function C(b Is strictly convex and marginal costs d:)'(are positive and increasing

with the quantity i(produced by the (representative) firm in stat@# C(0) < C'(J(), C"(xi).



The inverse demand curve is horizontal (initiallyiyms learn about the price before deciding

about outputdx-ante uncertainty). They have to pay a specific taxaéet, 0< 1, and an ad

valorem tax t, &t < 1, defined as a fraction of the demand priceWe assume that tax rates

are set prior to the revelation of the price arelgetermined in such a manner that the after-

tax price will always be positive i((El —t) —t > 0). A representative firm's net profits in state

can, hence, be expressed as:

n(x') = 0 @- ) -1x -c(x) (1)
The firm maximises expected net profitgxH, xL) = ZHz(xH) + ZLr(xL). Since the firm
knows about the state of the world when makinglésision, it chooses output in each state
optimally, yielding (1 — t) —t = C'(X). This implies:

'axi —p axi
pl _ P _

e o) ==, <0 2

For simplicity, the number of firms is normaliseal unity. In the presence of a horizontal
inverse demand curve, equation (2) then also descthe change in the equilibrium quantity

owing to a variation in tax rates.

The government incurs a fixed expenditure and wastioned above — has to set tax rates
prior to the revelation of the state of demandsTimplies that actual tax revenues are likely
to vary with the price, for a given tax structusecause output levels adjust. Accordingly, the
guestion arises what the appropriate definitioa bilanced budget is, which then determines
the extent to which one tax rate can be substittae@nother. One possibility would be a

restriction of constant revenues, irrespectivehefdtate of the world. Keen (1998), however,
shows that this requirement uniquely determinestaiestructure as a function of the price

elasticity of demand. A further option would be stamt revenues for any tax structure in a
given state of demand. A third possibility would d@nstant expected tax revenues. This is
the definition of a balanced budget employed in ¢aelier contributions on the optimal

commodity structure under uncertainty by FraseBf)@&nd Kotsogiannis and Serfes (2010),

and it will also be applied here.

For a given expenditure, the government will inausudget deficit (surplus) if tax revenues
are low (high), However, if the government couldrba and lend at the same interest rate,
constant expected tax revenues would ensure a demlabudget in the long-run. An

alternative justification for using the conceptaoinstant expected revenues as restriction for



tax policy could be the assumption that there aa@yrmarkets, such as the one considered

here, and that shocks are idiosyncratic. In corsecg) ¥ can be viewed as the probability
that a particular market is in state i, and aggeetex revenues will, hence, be constant if the
number of markets is sufficiently large. Furthersmdhe requirement of constant expected tax
revenues can be the appropriate one if the governaaanot insure against variations in tax
revenues, either indirectly or directly, but theughof risk born by each individual tax payer
is sufficiently small (cf. Arrow and Lind 1970). &isming, therefore, that any tax reform must

leave expected tax revenues unaffected, implies GBwhere B is given by:
s=gH+Bl =szH(tpH+T)+zLxL(tpL+T) (3)

Note, finally, that if the sequence of decisiongevdifferent and the government decided on
tax rates after the state of the world had beeealed, the tax structure would not affect
output. Put differently, as long as the governnuwamnot perfectly condition tax rates on the

output price, the subsequent findings continueold.h

3. Output Effects of Commodity Tax Reform: Simpledé|

Assume that the government marginally lowers theciig taxt and raises the ad valorem
tax rate t, holding constant expected tax revemi€bo calculate the feasible decline in the

specific tax rate, we totally differentiate equation (3):

H H L.L
dr __Bt__Brp *Brp , where (4)
dt|dB:O BT B'll'_| + B'lf_
o i B (. . i
B'T::aizi.ai::—.t:zI '+[p't+r}ai ,fori=L, H. (5)
ot pI ot pl ot

We assume a positive budgetary effect of a riseitimer tax rate. CIearIyB'T, Bit > 0,

Bt, By > 0, and B = 0 will hold if tax rates are zero eféfore, starting from a tax rate level of

zero, a rise in t ot will ensure an increase in expected revenues.rihdu rise in tax rates
will have a less pronounced positive budgetaryctffeecause the tax base, ceteris paribus,
shrinks with the decline in output. While, therefptheoretically further increases in tax rates
may eventually reduce tax revenues in the spiritaoLaffer-curve-type relationship, a

government facing a budget constraint will neveoade tax rates in such a manner that



Bt < 0 or B, < 0 hold. If the government had (accidentally) elao, it could lower the
respective tax rate, thereby increasing expectgdniees, and also raising output in both

states of the world becaugali/or, oxi/ot < 0 (cf. equation (2)). As a consequence, the
guestion of whether the government should substituie tax rate for the other to increase

output and welfare will only make sense {f B; > 0 holds?

The change in expected output X, X Bx1 + Z-xL, owing to the (marginal) substitution of

the ad valorem tax for the specific tax is deteediby:

H . H L .L
dx _ZHFX Lo ]H{ax Lok o } ©

E|d|3:o_ ot ?aszO ot or a|d|3:o

Replacing the quantity adjustments and the requia@drate variation in accordance with

equations (2), (4), and (5) and simplifying, weabbt

dx 2" {BerH+BerL_pH}+ 2 [BerH+BerL_pL}

dtjas=0 c'x™)| Y +BF c'oM)| BE +BY

_ oM -phytat
B.C'(x)c (xH)

[C“(x“)xH ~cr(xbyxt -t —pL)} @

The first term in equation (7) is positive sincEl p p-, B, > 0, and C'(® > 0. The

expression in square brackets will unambiguouslpdstive if marginal costs C'(i() are not

too concave and the ad valorem tax rate t, weighyettie price differencelp— p- > 0, is not
too high initially. In general, the term in squdm@ackets will be non-zero, irrespective of the

extent of uncertainty, that is, the difference begw 5! and p-. Therefore, we obtain:

Proposition 1:

Assume a given number of risk-neutral, profitabten$, (some) ex-ante uncertainty
about the demand price, a perfectly competitivgpuiumarket, and a positive initial
specific tax rate.

a) The substitution of an ad valorem tax t for ecHc taxt, holding constant expected

tax revenues, alters expected output.

2 Other contributions have approached this issuovitng the approach pioneered by Suits and Musgrav
(1953), by looking at what Delipalla and Keen (1p@all a P-shift, namely a substitution of one fax the
other, holding constant tax revenues per unit givan price; that is, ignoring the budgetary repssions of
guantity and price adjustments.
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b) If marginal costs are (weakly) convex, the idtrotion of an ad valorem tax t and a
reduction of the specific taxsuch that expected tax revenues remain constdnmage
expected output.

Assume, initially, linearly increasing marginal t4C"() = C"(¢) > 0 = C™"(})). One
rationalisation for part b) of Proposition 1 focase a setting in which the tax reform does
not affect the expected output level X. Anothersible explanation takes constant expected
tax payments per unit of output as its startingnpof tax reform not affecting expected
output X will raise expected tax revenues sinceitisecase in revenues from the ad valorem
tax more than compensates for the loss resultomg the fall in the specific tax (as shown in
Appendix 7.1). This is the case because the risaximeceipts from the ad valorem tax t in the
high-price state is greater than in the low-pri@ges not only because of the output difference
but also because of the price differential. Théifakax receipts owing to the decline in the
specific tax rater, however, is unaffected by the price differentléithe firm produces the
same expected output while tax revenues go up,landed-budget tax reform requires a

reduction in at least one tax rate, inducing aneiase in output.

Turning to the second explanation, assume thatsgezific tax is lowered while the ad
valorem tax is raised to such an extent that expetax payments per unit of output

(zHpH + ZLplL)t + 1 are constant. The fall in the specific tasaises the after-tax price in both
states of the world by the same amount. The ademldax t, however, lowers the after-tax
price in the high-price state by a larger absolateount than in the low-price state.
Accordingly, the firm reduces output in the higheprstate and increases it in the low-price
state. Given a strictly convex cost function, expdoutput rises. As the profit function, too,
is strictly convex, the reduced difference in aftet prices lowers expected net profits.
However, the increase in output causes a budgplusuand the tax payment per unit can be
reduced. This induces the firm to expand expectgdub further and guarantees an increase

in expected net profits This reasoning will apply without limitations iheé product of the

initial tax rate t and the price difference/{p- pb) is not too large. The greater the price
difference, the larger the fall in expected outpegulting from a given increase in the ad
valorem tax rate. The higher the initial ad valor@x rate, the more pronounced the decline
in tax revenues will be due to a given reductioexpected output. An initial ad valorem tax

rate of zero rules out such a tax base effect.

% See equation (11) below. Clearly, the increas@ipected) output will also arise in the presettirsgif the
output market is not competitive but characterisedgexample, by a monopoly. This will be the casee the
uncertainty and market power effect reinforce eattler.



In Figure 1, quadratic costs (CHtx= Cc"() >0 = C"'()i)), a horizontal inverse demand
curve, and i = ZL = 0.5 are presumed. In the absence of taxes, bwifitbe xH (xL) if the
price is high (low) and equal$ip(pl). A specific tax causes a downward shift of botrerse
demand curves by an (identical) amowntesulting in after-tax price;a'{| and plf, where
pH/pk > pHipL. The output level in both states of the worldsially the same amount to
xTH and xlf, implying X - xTH =xL - xlf > 0. The ad valorem tax t shifts the inverse
demand curves downward by the same fraction ofrttial price (p{"/p't- = pHipL). The
new equilibrium quantities arg{'I and x{- , where X1 - x!{' >xL - x{- > 0. Since the tax
reform reduces output by less in the high-pricéedtiian it raises output in the low-price state
((xH - x!{') - (xH - x'{') = xTH - x{" < x{- - le), expected output increases. In addition,

the ad valorem tax yields higher expected tax regsthan the specific téx.

Figure 1: An lllustration

p A

pH =pH -1
p{* =pHa-v)

p't‘:pL(l—t) --------------------------------------------------- B EECEEETEE EEy
plf =DL -1

xlf x![‘ x- X:-' xTH xH
If marginal costs are strictly convex (CHx > C"(d) > 0 < C™(%)), at least in the
neighbourhood of the initial output levels, the ipws output effect of the balanced-budget

tax reform will be strengthened. As pointed out\ehh@ high initial ad valorem tax ratand

* As an example, supposblF 16 = 2, C'(x) =2 + 0.5x, i = ZL = 0.5, = 2 and t = 0.15625. We then have

xH=28 k=12 x8 =24 =t xc=2)=16,B¢=2)=32,p] =135=2}, x{' =23 xF =95,

X(t = 0.15625) = 16.25 > X(= 2) , and B(t = 0.15625) = 0.5(23 x 2.5 + 9.5.25) = 34.6875 > B(= 2).



a high price differencefp- pb make it less likely that positive output effectzior. However,
it is unlikely that both effects exactly cancel .08t long as there is some uncertainty of the

ex-ante type, the tax reform alters expected ougsuPart a) of Proposition 1 indicates.

4. Output Effects of Commodity Tax Reform: Parkagjuilibrium Setting

The analysis has thus far been based on the syimglihssumption of a horizontal inverse
demand curve to provide a clear intuition for tlo@+equivalence of equal expected yield ad
valorem and specific taxes in a competitive outparket with ex-ante price uncertainty. In
this section we show that the same finding can lidaimed in a setting in which demand is
explicitly derived from the households' optimisatidecisions, while price variations result
from shocks to preferenc#\ccordingly, the demand function is downward stmpand the

prices o1 and B¢ are no longer exogenous but determined endogenasslequilibrium
outcomes.

Suppose, therefore, that the representative holgsghuility function is quasi-linear. Overall
utility is increasing and strictly concave in thidity aiu(xi) from consuming the good under
considerationaiu'(xi) >0 >aiu"(xi), and linear in a second commodity, the price biclv is

normalised to unity. The parametér i =L, H,aH > ol > 0, captures shocks to preferences
which induce ex-ante uncertainty about the positainthe demand curve. Given an

exogenous income and assuming an interior solutl@demand for the good is implicitly
determined byxiu'(xi) - pI = 0. Therefore, the inverse demand function isrmeard sloping,
its slope being given b&pi (xi)/6xi = aiu"(xi) < 0. Furthermore, the inverse demand function

pH(xH) is located abovelfxL) for any given quantity. Normalising the number pofce-

taking households and firms to unity and incorgamatthe firm's first-order condition
pi(l -t) -1 = C'()J), the market equilibrium can be defined by b'@(r -(1- t)uiu'(xi) =0.
For Q(x1) = C"({) - (1 - tpiu"(d) > 0, the impact of a shock to preferences on the

equilibrium quantity kis found to be positive:

axi_ _a- t)u'.(xi) -0

aa’ Qxh ®

Accordingly, the equilibrium pricei [@lso rises with the parametﬂr

® We are grateful to an anonymous referee for suggeshis explicit derivation of the downward-slapi
demand curve in the context of a proper and selfained partial equilibrium model.
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dp' () _ d@'w () _ iy 4 gy 2 0DC D g o
da’ da' aa' Qxh

Equations (8) and (9) clarify that the inequalitié$ > xL and g1 > pk also hold in a proper
partial equilibrium setting, implying that the sikfjgations underlying the model of Section 2

are consistent with a more elaborate analyticatifipation.

The change in equilibrium outpuit ®@wing to a rise in either of the tax rates is dateed by:
ik pledy o
p(X)——=- =

o o <0 (2)

The decline in the specific tax raterequired to balance the budgetary impact reguftiom

a marginal increase in the ad valorem tax ratedetermined by:

sH H, 5L L
BTp +BTp

dt ~t
a o -t , where (4
dt|dB= B BH +BL
dB=0 1 BT +BT
EiT and Ei[, I =L, H, are given by:
. g (.. . i A
Bl=—t =7{x'+ p' (x')t+r+d—p.txI o (5"
T i [ ot
p(x) dx

In equation (5'), dgdxi describes the change in the equilibrium pricnstate i due to a tax-

induced variation in the (equilibrium) output levél To distinguish the effects arising in the
partial equilibrium setting characterised by thevdward-sloping demand curve from those

occurring in a world with a horizontal inverse demaurve (cf. Section 3), we use a tilda (~)

for the relevant variablesﬁ'r and B'T, for example, differ because, first, the outpuarules

(8xi/8r) of a given tax rate variation are not the sam#, aecond, the tax rate change will
induce price effects only if the demand curve isvaward sloping, as the comparison of

equations (5) and (5') clarifies.

Once again, we assume tr—éi and Et are positive. If this were not the case, the govent

could lower the respective tax rate to increaseeebgul revenues. Since, moreover,
equilibrium output levels decline with the tax a{ef. equation (2"), substituting one tax rate

for another will only represent a viable tax polmytion if lowering a tax rate is costly to the

10



government. Following the same procedure as irdémvation of dX/dt, i.e. substitutinéT

for B; andQ(xi) for C"(xi) in (7), the variation in expected aggregate o'utﬁudue to the
introduction of an ad valorem tax (so that theiahiad valorem tax rate t is zero, t =t 0)
can be calculated as:
dX _ M) -ptxby2t
dt |gB=t!= 5 LyorxH
dB=t =0 B.Q(x7)Q(x")

[Q(XH)XH —Q(xL)xL} (10)

If the marginal cost curve is (weakly) convex (@&* > C"(xL) > 0), while the inverse
demand curvei(xi) is (weakly) concave (u"'b(f 0), Q(xH) > o(xL) > 0 will apply. Under
this restriction, expected output will continuerige with the balanced-budget introduction of
an ad valorem tax for a specific tax becaude>xx- holds (cf. equation (8)). In consequence,
the result summarised in Proposition 1 continuespjaly. The rationale for this is as follows:

If the inverse demand curve is downward sloping stnittly concave, the reduction in the
output differential in the two states will raisetaverage price received. Therefore, the effects
of a given tax rate change on output are strengtheln terms of Figure 1, a downward shift

of a negatively-sloped inverse demand curve redtloesequilibrium quantity in the high-

price state — characterised by a greater absolope ®f g1(xH) — by less than in the low-
price state. As a result, the fall in the quanbmv - x!{' becomes less in relative terms and
the positive expected output effect of the tax mafts enhanced.

The assumption of a strictly convex cost functisrertainly plausible in the short run. In the
long run, however, entry and exit of firms is likeb take place so that firms are producing at
minimum expected average costs. The question theesaas to whether the non-neutrality of
the proposed tax reform also applies in a competiivery) long-run setting. To answer this
guestion, we continue to assume a downward-slapiweyse demand curve and the following
sequence of decisions: initially, the governmert$ see tax rates; subsequently, firms enter
the market and, given the entry decision, the dytpiage will be revealed; finally, firms select
output. In such a setting, expected output will lneaffected by the balanced-budget
introduction of an ad valorem tax for a specifig thentry (and exit) of firms allows for no
variation in expected profits (see Appendix 7.2 tlog proof). The intuition is as follows: If
expected net profits and tax revenues are to b#aated by the tax reform, expected gross
profits must remain constant. This will only beddxe if output in both states of the world is

left unchanged by the tax reform. Effectively, #ssumption of constant expected net profits
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rules out the possibility that tax reforms altepested costs and, therefore, induce firms to

change the expected output level.

5. Welfare Effects of Commodity Tax Reform

To analyse the welfare consequences of the sutistitaf an ad valorem tax for a specific
tax, suppose that expected output rises, implyad) €ntry and exit of firms is not feasible at
a sufficient rate to rule out a change in expegtdits. Initially, a horizontal inverse demand
curve is considered. Since quantities are chosémalty, following the same procedure as in
the calculation of the output effect, will yieldettsubsequent expression for the variation in

expected net profitsl if marginal costs are assumed to be linear anteasing (C"(k) =
c"(xH) > 0):

dan = _HyH| H Lar _Zbxb| pt Lar
dt |dB=0 dt|dB=0 dt|dB=0

@ —phyHat
B.C"(x)

[xH<th+r)—xL(th+r)} (11)

If the ad valorem tax is introduced, that is, ipeession (11) is evaluated at an initial tax rate
t=tl =0, expected net profits will unambiguously risesuming identical households, their
utility can be argued not to change with an ougxjansion if the inverse demand curve is
horizontal. Since the budget is balanced in expetaens, the tax reform represents a Pareto-
improvement from an ex-ante perspective.

However, the picture becomes more opaque in theepoe of a downward-sloping inverse
demand curve as derived in Section 4. Since expeatgregate outpuf( increases by
assumption, while i rises and K declines due to the tax reformLizH < oxHoxL =

-zL/zH + ¢ < 0 results for > 0. For d* > 0, the change in expected consumer suréus

S := AHoHuxH) + ZLalu(xb) + y — ApbxL — HpHxH, is, usinguiu'(x) = g, found to be:

ds = LyL dp" +HyH M S
dt ‘dB:O dxL dxH axL | ot ot dt‘dB:o

=dxL /dt
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X Z
dxH dx- dt d H dt

H L L L
:ZL{dp H_dp XLJdX _HyH, dp axX= (12)

Based on the convention used in equation (S'j/ddip in equation (12) captures the

adjustment in the pricei pesulting from a reduction in the equilibrium qtila;nxi due to a

rise in a tax rate. Furthermore, we can write treiafion in expected net profits
N = H7xH) + Z7(xL), where Ti(x1) = (1 - Hp(x}) + ©)xi — C({), as the sum of the
variation in profitsIT resulting in the setting with a horizontal inverdemand curve,
11 = HmxH) + Zn(xL), and an additional term which turns out to beractfon of the
variation in expected consumer surpFﬂsTo do so, we use, first, the definition of ldidt, as
employed in equation (12) and, secoddH/ot = (@ExH/oxL)(oxL/at), where oxHioxk =

-zL1zH + ¢ < 0 fore > 0, as defined above.

dni __HyH| H b IV NI 3
dt [dB=0 dt|dB=0 dt|dB=0

L L L
+1- t){ Hy Hdp o +zbxt dp }{GX +6x at N J

dx acH 6XL dXL ot ot dt‘dB:O
L
AN 4ol 2Mx H dp™ ox" Sy Ldp dax (13)
dt ‘dB 0 dxH GXL dx L dt
__ds

To determine the sign offd/dt, it is helpful to note that if the initial acadorem tax rate t is

zero (t = t = 0), the first term in the last line of equatid@3) will be given by:

dn :HHpHdT LLpLdT
dt laB=t'=0 dt|dB=0 dt|dB=0

:(p|_| )szLT{ xH B xk- ] (14)

B, oxb) o)

A sufficient condition for the term in square bratkin equation (14) to be positive, given
pH > pb, B >0, and & > xL, is Q(xH) > Q(xL). This (weak) inequality will hold, as
13



outlined above, if the marginal costs curve isdingémplying C'"()l) = 0) and marginal utility
is weakly concave (such that u’(x 0> u™(x)). Putting equations (13) and (14) together,
observe, finally, that B /dt + dS/dt = dT/dt > O for an initial ad valorem tax rate t of aer

(t=t =0)and @& = 0. Therefore, the welfare impact of the balarisedget tax reform can

be summarised as follows:

Proposition 2

Assume a given number of risk-neutral firms, lin@aarginal costs, (some) ex-ante
uncertainty about the demand price, a perfectly patitive output market, and the
balanced-budget introduction of an ad valorem fax & specific tax which is positive
initially.

a) If the inverse demand curve is horizontal, the teform will be a Pareto-
improvement.

b) In the partial equilibrium setting with an ingerdemand curve explicitly derived
from the households' optimisation behaviour, then sof expected consumer and
producer surplus will increase if expected outpsés and marginal utility is weakly

concave.

6. Conclusions

This paper has shown that the substitution of amadmrem tax on output for a specific (unit)
tax of the same expected yield will raise expedtetput in a perfectly competitive market in
the presence of some ex-ante uncertainty if firmesresk-neutral and can respond to price
variations by output adjustments, marginal productcosts are increasing and weakly
convex, the inverse demand curve is weakly coneencethe initial ad valorem tax rate is
sufficiently low. This increase in expected outpmoiplies higher welfare and may also
represent a Pareto-improvement from an ex-ante.viagordingly, an ad valorem tax can
not only be superior to a specific tax of equaldjim imperfectly competitive markets but
will be so — based on plausible assumptions —donapetitive setting. This effect is due to the
strict convexity of the cost function, ensuringtttize fall in after-tax price variability raises
(expected) output. The positive output effect afhéft towards ad valorem taxation will no
longer occur if aggregate output is determined byeeo expected profit condition or if
marginal production costs are constant. Howevenpdel with constant expected profits can

be viewed as a limiting case of a set-up relevanfpblicy advice, because such a long-run

14



equilibrium will — in the spirit of Keynes' (1929, 65) famous obiter dictum that "... this
long run is a misleading guide to current affalrsthe long run we are all dead" — never
actually be attained. Given this interpretation daliowing Keen's (1998, p. 4) assertion
guoted at the beginning that " the essence of gecfampetition is that firms . take the price

at which they can sell their product as given", fihdings summarised in Propositions 1 and
2 constitute valuable policy information becauseytlsuggest that even in the absence of
market imperfections an ad valorem tax may be pabfe to a specific tax.
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7. Appendix
7.1 Change in Expected Revenues in Simple Model

The change in expected output X Bxd1 + Z-xL owing to a rise in the ad valorem tax rate t

and a decline in the specific tax ratéf. equations (2) and (6)) will be zero if:

d_X:ZH _pH - 1 g +ZL _pL - 1 E =0 (Al)
dt cxHy crxHydt c'ixby okl dt

Assuming linear marginal costs (CHx= C"(x-) > 0), the required decline infor dX/dt = 0
to hold equalsddt = - (ApH + zLpL) < 0, since B + Z- = 1. Using the fact that BiT = Bit

from equation (5), the change in expected reveBjehie to a marginal rise in t and a fall in

1, SO that expected output X is unaffected, is givgn

drt

dB HdT+BL—+BH+BL
T dt t t

il :B -
dt g:—(szH +szL) T dt

dt

:—(BT|'| +B|T-)(2Hp|'| +z|-p|-)+(B|T_|p|'| +B|T‘p|‘)

H L
= (" —pL)sz{xH +(|o“t+T)—a§T -xt +(th”)%}

H_L
=M -ph 2 et b e -ph | a2
CII(X )

In the derivation of (A.2) we have made use of ¢éigna (2) and (5). Evaluating the last line

of (A.2) at an initial tax rate t of t 2 £ 0 clarifies that the budget experiences a sarplu

7.2 Long-run Model

With the exception of the modifications mentionadhe main text (cf. the last paragraph of
Section 4), the analysis is based on the framewaortkned in Section 2. In addition, we
assume the inverse demand function to be downwagping, as derived in Section 4. To
simplify the exposition, we normalise the numberfioins to unity and do not explicitly

model the entry decision. Given that entry takemceluntil the net expected output price
equals the minimum of expected average costs,ffaete of entry and exit can be captured
by calculating the variation in the expected outlavel of the representative firm, which
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takes the output price as given. Expected net tsrafgual M (xH, xb) = H7(xH) +
zL7i(xL). The change in outputi owing to a marginal rise in the specific taxcan be
calculated by differentiating expected net profitgxH, xL) with respect to ikandr.

_ H L
dI'I:szLdexH+zLdedeL—(szH+zLxL)dr (A.3)
dxH dxt

Setting d1 = 0 because expected proflﬁs(xH, xL) are constant due to entry and exit, and

solving for the change in output in state i dua tise of the specific tax rateyields:

i H_H L L
T |dMN=0 Lo
| Jixi 99
dx!

In equation (A.4), d"pixi)/dxi < 0 depicts the change in the equilibrium pricengmo an
increase in output in state i, i = L, H (see equail5’) as well). To simplify the subsequent

exposition, we define the following variables:

. L L H H
x¥ :=ii<0 (A.5a) xTHL = z X v <0 (A.5b) leH =2 X 1 <0 (A.5c)
dp" ,H, Hadp Sl Ldp
' H L
dx' dx dx
Substituting these definitions into (A.4), we ohbtai
[ H H L, L , .
Ui g T g XX <O 4.6)
T [dM=0 .o .o
‘ z'x'd—p. z'x'd—p.
dx! dx'

The change in ixdue to an increase in the ad valorem tax ratenthea calculated in an
analogous manner, using the variables defineduatemns (A.5), and is given by:

dx HoiH , LiL
_ = X +p %X <0 A.7
dtlafizo P (T TPTX (A7)

The effects of a rise in the tax ratesind t on the budget, again evaluating the resgecti
terms at an initial tax rate t £+ 0, are — making use of equations (4'), (5")6J/nd (A.7) —

given by B_ and B, where the (") indicates that the respective dities are calculated for

the restriction @ = 0:
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. H L
Bt:zH pHxl'| +de - +zL pLxL+TdL ~
dt |dii=0 dt |gi1=0

zzH(pHXH +TpHXIT-IH +TpLXIT—|Lj+ZL(pLXL +TIOHX|T_H +TpLX-|[_L)

:ZH(pHXH +TpH(XTHH+XTHL)_TXTHL(pH_pL)J
+ZL(pLXL rrpb (xEH s xLly s pylH (pH_pL))

= pHI:%TH + pLélT- —T(pH —pL)[szTHL —zLXIT‘H} (A.8b)

=T
Following the argument made in the main text, weuase the derivativeét and I:%T to be

positive. The change in expected out@ﬁt is determined by a modified equation (6).

Substituting in accordance with (A.6) and (A.7) daking into accountwdt = -étléT from

equations (A.8) together with the assumption that initial ad valorem tax rate t is zero

(t=t = 0), yields:

X H[ X o By fxE _axt By
dt ‘déz o dt  dt B dt  dt B
B B

:ZH!pHXIT-IH #plHL HH ét xHL ét}

T T

42| pHyEH 4 plyLl _yLH By _ LL By (A9)
T T T B-[ T B-[
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Extracting ér in the denominator of (A.9) and substitutiéﬁ| +I§|T' for ér and p I§|T'| +

pl I§|T' - T for ét in the numerator (cf. equations (A.8)) gives:

dax A = AT [ZH(XHH+XHL)+ZL(XLH +xLLﬂ
dt ‘dB:tlzo B, T t T T
DH—pL L H HH L,LH sH( _H_ HL L,LL
+é—[BT(z Xp FZTXL )—BT (z Xy tZ7Xg ﬂ (A.10)
T
Substituting for B, i=L H (cf. (A.8a)), noting that "7><LX|T_IH = ZHXHX'T_IL and

zZLxL x'T'H = AxH x'T‘L (from the definitions in (A.5)), and collectingries, we obtain

dX /dt = 0.
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