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JEL-Codes: D010, D110, H200.

Keywords: demand for a group of goods, compound commodity, unit and proportional costs,
income and substitution effects, Slutsky equation, Giffen goods.

Junichi Minagawa Thorsten Upmann
Faculty of Economics Bielefeld University
Chuo University Faculty of Business Administration and
742-1 Higashinakano Economics, Postfach 10 01 31
Japan — Hachioji, Tokyo 192-0393 Germany — 33501 Bielefeld
minagawa@tamacc.chuo-u.ac.jp TUpmann@wiwi.uni-bielefeld.de

August 17, 2016



1. INTRODUCTION

In the classic demand theory, it is accepted as fundamemtad that the substi-
tution efect of an increase in the price of a good always decreasesthardl

for that good. However, in practice, price changes freduertcur for a group

of goods rather than for a single good, and therefore it maydedul to ana-
lyze the substitutionféects caused by simultaneous price changes for a group
of goods. In particular, by considering two types of simudtaus, parallel price
changes, we find that the above property for the demand offesiood does not
generally hold for the demand for a group of goods in econaltyicneaningful

situations. Thus, we face a serious aggregation problem.

Clearly, aggregation is a significant and long discussagkiss econom-
ics, and may be traced back, at least, to Hicks: when the ¢sfanditure on
a group of goods can be treated as a single good, this grogfeised to as a
composite commodity—a result well known as Hicks’ (1988)mposite com-
modity theorem The fundamental condition for this theorem to hold is tiat t
prices of these goods change proportionally in such a wayhkeaelative prices
within this group are kept constantYet, non-proportional price changes are,
as we shall argue, a common phenomenon, even if such chaegds from
common cost components included in all of these prices.hEurtore, little is
known about how the total demand (rather than the expemrdifar a group of
goods is #&ected by simultaneous price changes, especially by thosshwah
ter relative prices. Therefore, in this paper, we exploeedfects of parallel,

non-proportional price changes on the total demand for agod goods.

The basic idea of our arguments is as follows. A per unit cdded to the
prices of two goods decreases the relative price of the mqrersive good and

hence leads to a relative increase in the compensated ddorahdt good. This

'There are many studies which have formalized, generalaeditested the composite com-
modity theorem (see, e. g., Samuelson, 1947; Katzner, 10m¥kn, 1976; Deaton and Muell-
bauer, 1980; Carter, 1995; Lewbel, 1996; Moro, 2001; andH2003).
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observation was first made by Alchian and Allen (1964, pp.7B3—Then, hold-
ing the unit cost unchanged, a proportional cost added to fpates increases
the relative price of the more expensive good and hence keaaselative de-
crease in the compensated demand for that good. This irtipho&as suggested
and tested by Hummels and Skiba (2004). In the literaturéemtchian—Allen
theorem, both cost components are variously specified: dheron unit cost
component is interpreted as a per unit tax, a transporté®na wage (oppor-
tunity cost of leisure), etc., whereas the common propoaicost component is
interpreted as an ad valorem tax, an iceberg transportatisty a mark-up rate,

etc?

While these substitutionfiects forrelative demand provide valuable in-
sights, the substitutionfiects induced by changes in the common unit and pro-
portional cost components for the total demand of a groupoofdg also have
important implications. It is already known that thi@eet of an increase in the
unit cost on the total compensated demand for a group of goasthe substi-
tution efect of a unit cost for total demand) is non-positive (seee8bbrg and
Suen 2001, pp. 335-336). In this paper, we show that fileeteof an increase
in a proportional cost component on the total compensatethdd for a group
of goods (i. e., the substitutiorifect of a proportional cost for total demand) is
basically opposite to that of a unit cost. (We also refer #ottital demand for a
group of goods as thgroup demangd In particular, both substitutiorffects are
unambiguously opposed either when all goods are subjettetainit and pro-
portional cost components or when a group of goods and theg gtods are ‘on

average’ not substitutes.

This general implication has also practical relevance gf@mple, for tax

policies. Governments often aim at reducing total consionif demerit goods

*Further details and development on this topic can be foupel.ig., Minagawa and Upmann
(2015).
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such as cigarettes and alcohol, or environmentally harprodiucts; or at in-
creasing total consumption of merit goods such as sporiitigitees, or con-
sumption of cultural goods. (The concept of (de)merit goads introduced
by Musgrave, 1959, pp. 13-14.) Our results then suggedtshdaubstitution
effects induced by a higher unit tax imply less group demandgvthe substitu-
tion effects induced by a higher ad valorem tax lead to more group nién@on-
sequently, provided that incoméects can be neglected, a government aiming
at reducing (or increasing) group demand always has a $itak instrument
at hand, assuming that both unit taxes and ad valorem tagasstitutionally

feasible.

The positive substitutionfiect of the proportional cost is surprising at first
sight, but is in fact quite intuitive. Suppose that there @mly two goods, both
of which are subject to unit and proportional costs. Themgesian increase in
the proportional cost increases the relative price of theenexpensive good,
a consumer substitutes the less expensive good for the mpengve good.
But then, because of the exchange rate, the consumer giveseupnit of the
more expensive good in exchange for getting more than oneofithe less
expensive good; therefore, this substitution leads to amrase in the sum of the

compensated demands for the two goods.

In a second step, we extend the analysis by taking into atdooome
effects. We show that since unit and proportional cost compsrieduce ba-
sically opposite substitutionfiects, the presence of incomgeets strengthens
the negative fect of the unit cost component, but mitigates the posititece of
the proportional cost component, provided that the goodsiarmal. We also
demonstrate that thefects of both the unit cost and of the proportional cost on
group demand can be additively decomposed into a substitatid an income
effect, and thus may be written in the form of the familiar Slytsguation. Thus

we have the two versions of the Slutsky equation for groupatem



This result sheds new light on the law of demand, especiallthe Giten
phenomenonin this field, it is common to treat a good with varieties (ehygh
guality apples and low quality apples) as a single, aggesganhmodity (apples),
and then to consider pricefects on this aggregate commodity. In this case,
the Gifen phenomenon can arise only when the commodity is an imfgoiod.
However, that analysis disregards the intra-group suwittit among varieties.
Our analysis shows that if we take account of such an intergdnferiority is
no longer necessary for a commodity (with varieties) to reaveipward-sloping
demand curve. Thus, the concept of the Slutsky equationrépydemand may

revise the traditional understanding of prideeets.

To illustrate this, consider the following example. Follag the approach
of Hildenbrand (1983), Baruch and Kannai (2002) providedseovhere a nec-
essary condition for violating the law of demand, namelypadition that the
average incomefiect term is negative, is satisfied; in particular, they fotivat
in Japan in the 1980s, shochu, a Japanese distilled alcdielerage, meets this
condition (that is, shochu might be aftg&n good in the standard senseyet,
since shochu is a generic commodity with varieties, it isiratto consider si-
multaneous price changes for the varieties of shochu, simesconsider one
variety of shochu only. With several varieties of shochum#tters whether for
each pair of those varieties the relative price of a more esige shochu for a

less expensive shochu increases or decreases.

We may apply this shochu example in the framework of commyadita-
tion. Given the plausible assumption that alcohol is a cemgint to leisure, the
untaxed good, our results show that the substitutiece of an increase in an
ad valorem tax for shochu is positive. Then, together wighaimpirical inferior-
ity of shochu, mentioned above, it follows (from Propositi®) that the demand
curve for shochu must bepward-slopingwhen price changes are caused by a

common ad valorem tax. This means that an increase in thd@a@ratax leads

°For a survey on the law of demand, see, e. g., Jerison and QQaB)(

‘For a recent study on &en goods, see also Jensen and Miller (2008).
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to a higher public revenue. This result can be applied to afgrior good (with
varieties) complementary to leisure, and thus seems to Ipduhéor both an

explanation of the Gien phenomenon and for the design of tax policies.

As a conclusion, we suggest the importance and necessg\ioftinto ac-
count intra-group substitution, namely substitution kewvarieties of a generic
commodity, for it may lead to qualitatively fierent implications from the con-
ventional analysis of pricefiects where those varieties are treated as a single

(aggregate) commodity.

The rest of this paper is organized as follows. In Section Zeteup the
model. We then analyze the substitutidfeets of both the unit cost and of the
proportional cost on group demand in Section 3 and the incgffeets in Sec-
tion 4. We next apply these results to commodity taxationaaoti®n 5. Finally,

we conclude in Section 6.

2. SETTING

Consider the standard expenditure minimization probleth wigoods. We de-
note the commodity vector by := (X3, X, . .., X;) € R]. Suppose that the firkt
goods are categorized into a fixed group of goods. We may tfitikis group
as a set of similar goods the quantities of which can all beesged in the
same unit of measurement; for examplefatient varieties of the same basic
good can be suitably aggregated in this way. Accordingly,may refer to
such a group of goods asceampound commodityas opposed to, but in anal-
ogy with, the notion of a composite commodityAll goods of this group are
subject to a unit cost > 0 and a proportional cost > 0. Lettingp, > 0

be the (net) prices of the goods, the gross consumer prieegian byaq;

5Since the case df = 1 is trivial, we focus only on the case kf> 2. For convenience, we
speak of a compound commodity even in the cade-oh, where all goods are categorized into

a single group.
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TP+t ..., Ok = TP+t Owi = Prets ---» On = Pp, OF iNn vector nota-
tion, g := (Ou,..., O Oests - - -, Gn).® Assume that a consumer has continuous,
locally non-satiated, and strictly convex preferencepresented by a utility
functionu : R? — R. We then denote the compensated (or Hicksian) de-
mand function, as a function of the pricgsand the utility levelv, by x*(q, v),

and define the compensated demand function for the compamdodity as
Z(9.v) = X% (@, )

We are interested in thefects of the unit costand the proportional cost
on the compensated demand for the compound commadityt, 7), v). Our in-
terest is thus dierent from Hicks’ (1939) composite commodity theorem where
a “composite commodity” refers to the toetpenditureon a group of commodi-
ties,zik=1 pi X (in our notation)’ To avoid confusion, we use the term “compound
commodity” forz!‘=1 X. Subsequently, we focus on interior solutions, assuming

the continuous dierentiability of the compensated demand functions.

3. SUBSTITUTION EFFECTS

We define the expenditure function B{q, v) := q - x*(q, v), or as a function of
the unit cost, the proportional cost, the prices of thé — k non-grouped com-
moditiesg_x = (Gks1, - . . » Gn), and the utility level by E(t, 7, q_x, V) := E(zp1 +
t,..., TPk +t,Oksts - - ., Ony V).B Similarly, rewrite the compensated demand func-
tion asxX (t, 7,9k, V) := X(tp1 +t,..., 7P« + t, Oks1, - . ., On, V). Thus, denote the
compensated demand function for the compound commoditi(tas, §_«, V) :=

Yk, X(t,7,0-, V), and denote the total net (or “before tax”) expenditure on

6Although we simply callr a proportional cost, it is in fact a factor of proportionastaand

an additional cost is imposed on the group of goods only wher.
’For this theorem, see the literature listed in fn. 1, and &ldberberg and Suen (2001,

pp. 332-335).
8For convenience, we drop the net prices, (.., px) as explicit arguments. And in view of

Propositions 1 and 2 and Remark 1, this practice turns out tjuiite natural.



7

the compound commodity as the functierft,r, g, v) == Y5, P (t, 7, G-k, V).

Then the functiorE has the same properties as the expenditure fun&ibas®
Proposition 1. The expenditure functiok has the following properties:
(i) E(t,,qx V) is non-decreasing ir,(r, q_y).
(i) E(t, 7, gk V) is homogeneous degree 1 i q_y).
(i) E(t,7,q V) is concave int( 7, q_y).

IE(t, 7, 0i, V)

(iv) S = 2 (LT G V)
M = é*(t, T, q—k’ V)’
or
OE(t, T, 0i, . i
%:X?(t,T’q—k?v)’ J:k+1”n
Proof. See the Appendix. .

Using Proposition 1, we can derive fundamental propertigeedocompen-
sated demand for a compound commodity, which corresportetproperties of
the compensated demand for a single gtfodo this end, we define the substi-

tution matrix by

oo o
ot or OQks1 o 0
o0& o0& o0& o0&
ot or OQks1 o 0
S(t, T, q—k, V) = a)’lel af%l (9)’2;;1 o (9)’2;;1
ot ot 8qk+l aQn
0%, 0%, 0% 2
ot or 01 O,

Proposition 2. Demand for the compound commodity and the associated substi
tution matrix have the following properties:

9For the standard properties of the expenditure functioa, seg., Propositions 3.E.2 and

3.G.1in Mas-Colell, Whinston, and Green (1995).
1%0r the standard properties of the compensated demand ifogla good, see, e. g., Propo-

sitions 3.E.3(i) and 3.G.2 in Mas-Colell, Whinston, and &r¢1995).



() z(, 7, 9.k V) and€(t, T, g_x, V) are homogeneous degree O0tiyr(qg_y).
(i) S(t, 7, gk V) is symmetric.
(i) S(t, 7, gk, V) is negative semidefinite.
(iv) St 7,0 V) - (t, 7.9-)" = 0.

Proof. This is proved in the usual way: (i) By Proposition 1(ii) and).( (ii)
Using Proposition 1(iv) and applying Young’s theored&: /dr = 02E/dtot =
OPE/otdr = o0& /ot. And similarly for the other entries &. (iii) By Proposi-
tion 1(iii) and (iv). (iv) Given (i) and the fact thad'(t, 7, g_«, v) are homogeneous

degree 0 int{ 7, q_x), applying Euler’s theorem yields the desired results. o

Remark 1. Propositions 1 and 2 suggest that our model boils down to aghod
with 2 + n — k goods, with quantities z, e, amdy = (X1, ..., X), and prices t,
7, andq_ respectively. This is since the functiBnwhich can also be expressed
asE(t, 7, Gk, V) 1= tZ(4, 7, Gk, V) + T8 (L, 7, 0k, V) + Siliesr GR(L, 7,0k, V), iS @N

expenditure function.

We see from Proposition 2(iii) that the diagonal entrieshef substitution
matrix S are non-positive. This means, in particular, that the stubsn effect
of the unit cost componenton the compound commaodity is non-positive (i. e.,
0Z'/ot < 0). This corresponds to the result presented in SilberbedySuen
(2001, pp. 335-336).

Proposition 2(iv) yields the relationship between the sitiifon effects of

the unit cost component and of the proportional cost comipione

Corollary 1 (Hicks’ “third law” for a compound commodity).

n

a"zk t’ s Y—K>» 6? ta » M1—K» 6? ta » 1—K»
G780V, (TCIkV)T+Z (Tq”)q,-:o.
at ot Lo

Assume that > 0. Define the elasticity of the compensated demand for the
compound commodity with respect to the unit dostbee}, := (t/Z'(t, 7, 9, V))
(0Z(t, 7, g_x, V)/0t) and define the elasticity of the compensated demand for the

compound commodity with respect to the proportional edstbes;, = (r/Z(t,
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7, -k, V))(0Z'(t, 7, 9_k, V)/O7). In addition, defining the elasticity of the compen-
sated demand for the compound commodity with respect torthesgriceg; to
bes;. = (0;/Z(t, 7, 9k, V))(0Z'(t, 7, 9k, V) /0q;), We also get an elasticity version
of Corollary 1:

Corollary 2 (Hicks’ “third law” for a compound commodity in elasticitpfm).
Ept+Ey + z”: &= 0.
j=k+1

Acknowledging thak;, < 0, we see from these corollaries that the substi-
tution efect of the proportional cost componeanbn the compound commodity
is non-negative (i.eg; = 0) either when all goods are subject to the unit and
proportional cost components (i.&,= n, so thate}, + &;, = 0) or when the
compound commodity and the other goods are ‘on average utstisutes (i. e.,
Y1855 = 0). Inthis sense, the substitutiofiet of the unit cost is basically
opposite to the substitutiorfect of the proportional cost These results imply,
for example, that a higher unit cost component results imatalemand for the
compound commodity, while a higher proportional cost congrt results in a

higher demand for the compound commodity.

The positive substitutionfiect of the proportional cost seems to be a
paradox at first glance, but it is not. It is in fact quite ititte. To see this,
suppose thak = n = 2 and thatp, > p,. Then an increase inreduces the
relative price of the more expensive goagd/d,, while an increase i raises

this price, provided that> 0:*

d 1 7(P1 — P2) t(p1 — P2)

— =t 7)== ————2 <0, ——(t,7)= ——=

otgp ) (02)? Ot 2 ) (02)?
Consequently, an increaseimmakes the consumer substitute good 2 for good

> 0.

1; but then, since good 1 is more expensive than good 2, imgplyiat the mar-
ginal rate of substitution at the original optimal choiceswaeater than 1, the

HNote that wherk = n, the substitution @ects of the unit costand of the proportional cost
7 on the compound commodity both vanish either if the unit éseéro or if the net pricep; are

all identical. This is simply because in these cases neith&rcomponentfiects relative prices.
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consumer requires more than one unit of good 2 to be compahiatsacrific-
ing one unit of good 1. Therefore, this substitution leadaridncrease in the
sum of the compensated demands for goods 1 and 2. From a gaopuent
of view, since the budget line (and thus the ffielience curve at the optimal
choice) is steeper than the iso-demard+ x, = constant) line, an increase in
01/0p, caused by an increase inleads to a North-West shift ok{, x;) above
the iso-demand line passing through the original optimalad that is, a shift

onto a higher iso-demand line (see Figure 1).

X2

Xs!

X1
Ficure 1. Effects of an increase in the relative priggd, (> 1)

on the compensated demand, ).

4. INCOME EFFECTS

Consider the standard utility maximization problem. Weaterthe ordinary (or
Marshallian) demand function, as a function of the prigeand the (money)
incomel > 0, byx°(q, 1), and define the ordinary demand function for the com-
pound commodity a’(q, ) := &, ¥°(q, I).
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In what follows, we assume the continuouffelientiability of the ordinary
demand functions and analyze thi&eets of the unit cost and of the propor-
tional costr on the ordinary demand for the compound commod®y(t, 7), I).
Similarly to the case of the compensated demand functiomritee the ordi-
nary demand function ag(t, 7, g, ) ;= X°(rpr +t,. .., 7P + 1, Q1 - - -5 O, ).
Thus, denote the ordinary demand function for the compouwmdneodity as
2, 7,9.xl) = Z!‘zl X°(t, 7,9k |). Moreover, denote the level of the ordinary
demand for the compound commaodity By.= Z!‘zl x® and the level of total net

(or “before tax”) expenditure on the compound commodityeby= Z!‘zl Pi X

Proposition 3. (The Slutsky equations for a compound commodity).

620(t7 T, q—k’ I) _ aik(t’ T, q—k7 V) _ azo(t’ T, q—k7 I)Zo

ot ot ol ’
02t 7,94 1) _ 0Z(t7,0-,V)  02(t 7,0k, I)eo
or B or ol '

Proof. This is proved in the usual way: We obtain from a familiar éyaiesult
the identityZ (t, 7, g_i, V) = 2(t, 7, 0, E(t, 7, 0, V)). Differentiating both sides
of this identity with respect toyieldsdz* /ot = §2°/t+ (62°/91)(OE /8t). Apply-
ing Proposition 1(iv) and using the above identity, we abtaie first equation.

The second one is similarly derived. m|

Remark 2. Suppose that the consumer has a positive endowment in ableas
good, i.e., I= 3, giw; + m where thev;’s are non-negative initial endowments
for the n goods and m is a positive money income. Then, Pro@o$& can be

rewritten to accommodate endowmeffeets in addition to incomefects??

Since the substitutiorfiact of the unit cost is non-positive by Proposition 2,
Proposition 3 shows that if the ordinary demand for the campocommodity
reacts positively to an increase in income, that is, if thepound commodity is
a normal good (or if the considered commaodities are ‘on ayasnaormal goods),
the total éfect of the unit cost is negative. In this sense, the subistitaffect of

the unit cost is reinforced if we take incom@exts into account.

For the Slutsky equation with endowmelfiteets, see, e. g., Cornwall (1984, p. 749).
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If, however, the ordinary demand for the compound commadiigts nega-
tively to an increase in income, that s, if the compound camity is inferior (or
if the considered commodities are ‘on average’ inferiordg)pthe total fect
may be either negative or positive. In the latter case, timpomund commodity

may be regarded as af@&n good-*

On the other hand, basically, the presence of incoffex&s does not rein-
force but mitigates theffects of the proportional cost component characterized
by Corollaries 1 and 2, provided that the compound commaslaynormal good.
Since a proportional cost component may have a positfeeton the compen-
sated demand for the compound commodity, and higher catitseg¢he income,
the income #ect counteracts the substitutioffiext if the compound commodity
is a normal good. Thus, the totdfect may be positive even when the compound
commodity is a normal good. This suggests that inferiostpat necessary for
a compound commodity to have an upward-sloping demand c@wy if the
compound commaodity is an inferior good does the incoffecework in parallel

with the substitution £ect provided that the latter is positive.

Assume that > 0. Define the elasticity of the ordinary demand for the com-
pound commodity with respect to the unit cosd bee,, := (t/2°(t, 7, 9, 1))(02°
(t, 7,9k, I)/0t), and the income elasticity of the ordinary demand for theco
pound commodity to be,, := (1/2°(q,1))(02°(qg,1)/01). Moreover, define the
share of the unit cost for the compound commodity in incomieetg,, := tz°/I.
Similarly, define the elasticity of the ordinary demand fioe tompound com-
modity with respect to the proportional casb bee,, := (7/2°(t, 7, g_x, 1)) (02(t,
W n, at least one element of the (finite) seri®s= (6/6I)Zij=l x‘J’ i=12,...,n
must be positive. This may be verified as follows. Supposepgha p, = --- 2 pn. Setdp; =
(pi— pi+1), 1 =1,2,...,n=1. Thengi (i=1,2,...,n— 1) can be expressed Eé,‘;ildpj + On.
Now, differentiating both sides of the budget constraiilt, gx° = | with respect td yields

N, Gi(0x°/a1) = 1, which can be written asy,";' 4p; ij:l(ax;?/al) + O X1 (0x3/01) = 1.
Sincedp; =2 0 andg, > O, all of Z'j:l(ax?/al),i = 1,2,...,n cannot be non-positive. This
means, whek = n = 2, if the sum of the ordinary demands for goods 1 and 2 reagistively

to an increase in income, then the more expensive good cheraot inferior good.
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7,0_x, 1)/07). Moreover, define the (gross) share of the proportional fowghe
compound commodity in income to kg := 7€°/1.1* Then, as a convention, we

get the elasticity forms of the above two formulae:

Corollary 3 (The Slutsky equations for a compound commodity in elasgtici

form).

*
Ezt = €z — Nzt €zl
— *
Ezr = & — Nz &1

These equations suggest that th&edence between the uncompensated and
compensated elasticities of the demand for a compound caityrnvaith respect
to each cost will be small, ceteris paribus, if either thersha each cost for
the compound commodity in income is sm&lbr if the income elasticity of the

ordinary demand for the compound commaodity is small.

5. APPLICATION

There is a conventional wisdom in economics that taxing algeduces its con-
sumption (see, e. g., Cournot, 1838, Chap. VI); more spadifithe substitution
effect of an increase in the price of a good, caused by an incredages, al-
ways decreases the demand for that good (see, e.g., StkfdD, Chap. 19).
While one may believe that the standard tébeets on a single good carry over
to the case of a group of closely related goods, our resutkeiprevious sections

suggest that such a presumption is misguided.

To see this, consider excise (or commodity) taxes on speguiicls such
as gasoline, cigarettes, alcohol etc. Most of these goods Hiferent vari-
eties, e. g., grades of gasoline, brands of cigarettesitiggabf wine etc., and
those varieties are, from an economic perspective, clagtdyed in consump-
tion (usually they are close substitutes); also, they goe@jly measured in the

14The term “gross” means that the numeratet includes the net expenditure on the com-

pound commodity. See also fn. 6.
5This is analogous to a common argument of a vanishing madmitéithe income term in

the Slutsky equation. For this argument, see also Vivesq)198



14

same units, and may thus easily be subsumed. For these sedgtarent vari-
eties are commonly treated in the same way by tax laws, artienefore subject
to the same tax rates. Accordingly, changes in the rulesxatitan (i. e., in the
tax rates) #ect all of those varieties in parallel. Then, by specifying tinit and
proportional cost components in our price specificatjoa 7p; +t as unit and ad
valorem taxes respectively, we can see that all the resulteiprevious sections
directly apply.

Since no a priori restrictions are placed on the sign of ineaffects, we
summarize the substitutiofffects of the unit tax and of the ad valorem tax in the
following. Assuming that both unit and ad valorem taxes aes@nt, we obtain:
() the substitution ffect of the unit tax on the compound commaodity is non-
positive, and (ii) the substitutionffect of the ad valorem tax on the compound
commodity is non-negative either when all goods are subgetite unit and ad
valorem taxes or when the compound commodity and the othaalgyare ‘on
average’ not substitutes. Moreover, if there is no commaih ta, we find:
(iii) the substitution &ect of the ad valorem tax on the compound commodity
is zero when all goods are subject to the ad valorem taxesit @dgain non-
negative when the compound commodity and the other goodema@verage’

not substitutes®

Finally, it should be noted that in some countries (such as)t, Germany,
and Japan) an ad valorem tax (such as the sales tax, the \@Eptisumption
tax, etc.) usually applies to the full selling price inclagiunit taxes. Then,
the tax specification can be expressed in our notaticp ast(p; + t). In this
case, the substitutiorffect of the ad valorem tax on the compound commodity
—again—is zero when all goods are subject to the ad valoreestand it is non-
negative when the compound commodity and the other goodem@erage’
not substitutes. Our specification, i.€,,= 7p; + t, is dfective, for example,

8while the former implication that ad valorem taxes inducesnbstitution &ects is well
known in economics (cf. fn. 11), the latter one seems to beeumtgnized but may be important:
it means, for example, that a higher ad valorem tax on gooaptmentary to leisure (untaxed

good) results in a higher demand for the compound commaodity.
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in case of gasoline in Michigan where the sales tax does muy &p the state
excise tax, and in case of diesel fuel in Japan where the ogotsan tax (ad

valorem tax) does not apply to the diesel fuel transactirrfuait tax).

6. CONCLUSION

If a single good is subject to both unit and proportional spsicreases in the
unit cost and in the proportional cost both lead to an inaéashe relative price
of that good; therefore the own-substitutioffieets of the unit cost and of the
proportional cost are both non-positive. On the other hdradgroup of goods,
namely a compound commaodity, is subject to both unit and qtagnal costs,
these cost component#fect relative prices dierently: for any given pair of
those goods an increase in the unit (respectively, prapuat) cost decreases
(respectively, increases) the relative price of a more esipe good for a less
expensive good. Accordingly, the substitutidfeets of the unit cost and of the
proportional cost for the compound commodity may have cairily implica-

tions.

Since the substitutionfiect of the unit cost for a compound commodity
is non-positive, the compound commodity has the properta single good,;
hence, regarding the compound commodity as a single (aggegommodity
is justified, as argued by Silberberg and Suen (2001). Onttiex band, since the
substitution &ect of the proportional cost for a compound commodity may be
non-negative, a compound commaodity generally does not tievproperties of
a single good. Therefore, when variations in proportiomat components are
considered, a compound commodity cannot simply, i. e., autlgualification,

be treated as a single (aggregate) commodity.

Consequently, when we consider tHeeets of simultaneous price changes
on a compound commodity, it is imperative to inspect the gaduchanges in
the relative prices. Ignoring this inspection and simplglgring the compound

commodity as if it were a single (aggregate) commodity mayl I seriously
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flawed conclusions and interpretations. Actually, pricargdes #&ect the rel-
ative prices even if these prices share a common cost companehange in
which modifies all prices simultaneously. A change in the cmn cost compo-
nents, such as taxes or transportation costs, modifies/egpatces. In particular,
changes in unit or ad valorem taxes imposed on all variefiesgeneric com-
modity dfect the relative prices among these varieties. Yet, thenptbperties
for the demand of a single good do not generically hold fordamand for the
compound commodity. Thus, we should be careful about aggjeegwhen ana-

lyzing price dfects on a generic commodity with varieties.

APPENDIX

Proof of Proposition 1. This is proved in the usual way: (i) Suppose that
2 t, 7t 2 7, andq’, 2 q,.Y Then Et",7",q".V) = XK. ("p +
)R 77 4 V) + Diear G K77, Q70 V) 2 S (T P+ )R (7, 77, 0 V) +
INRY S (G KARY) = oY Cof 2 O DR Y KD WY § S\ S YY)

= E(t,7.q V). Thatis E(t",7",q".V) = E(t,7,q V). (i) Foré > 0,
E(6t, 67, 60, V) = Z!‘Zl(efpi+9t)>?i*(9t, 07, 00, V) + X1 00 % (61, 07, 09, V) =
S0P + DX (LT 00 V) + D1 0GR (L 7,94 V) = 0E(t, 7,4 V). That
is, E(6t, 01,60, V) = 0E(t,7,q.,V). (iii) Set thatt’ = 6t + (1 - O)t”, 7°
o' +(1-6)7”, andq’, = 69’ +(1-6)q”, whered € [0,1]. Then,E(t', 7, q,, V)
TGP+ VX700 V) + T X (7,07 V) and (7, 77,97 V) <
S PR (X1, 0 )+ s 67K (7, 77, 0, V). ThusOE(L, 7/, 0, V) +
(L-O)E®", 77, 9% V) £ O[S (@ PiH)K (1, 77, 0 )+ S G % (7, 7% 9%, V)]
+(1- 9)[2:(:1@” i +t7) K (t%, 7%, qﬁk, V) + Xtk q’x (t?, 79, qﬂk, V)] = 2!(:1(79 pi +
YR (7, 7%, 90 V) + Dl X, 70, oY, v) = E(t, 7%, %, V). That is,0E(t, 7,
q,.v) + (L-0EL,7,q".V) < Et’,7%,9’,,v). (iv) The Lagrangian for the

I\

expenditure minimization problem IS(x, A;t, 7,9k, V) = q - X + A[V — u(x)].

By applying the envelope theorem to this problem, we hafggit = dL/6t =

e writeq”, 2 q" Whenevelq’j’ 2 q, j=k+1,..., n.
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YKL % =2 anddE/dr = dL/dr = YK, pik = &. The final property is imme-

diate. O
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