%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Taxes and Quality: Theoretical Results from a Market-Level Analysis

Jennifer S. James

Department of Agricultural and Resource Economics
University of California, Davis

January 15, 2000
Draft: Please do not quote

Paper presented at the 44th Annual conference of the Australian Agricultural and Resource
Economics Society, held in Sydney, January 23-25, 2000.



The typical analysis of agricultural policy assumes that the commodity of interest
is homogeneous, and that the nature of the commodity does not change as a result of the
implementation of the policy. In many cases, these may be appropriate assumptions. In
a number of instances, though, commodities are quite heterogeneous. Most agricultural
commodities have at least two characteristics, such as their agronomic variety and time
of year when they are available, which vary over different units of production. In fact,
many products have several relevant characteristics, including producer, geographic region,
appearance, distance from market, size, ripeness, freshness, uniformity, grade, and packaging.
Each of these objectively-defined characteristics can be thought of as a dimension of product
heterogeneity, some of which are defined discretely, while others are defined continuously.
If there are n characteristics, then it may be helpful to think of a unit’s position in the
n-dimensional characteristic space as reflecting that unit’s quality.

An assumption that all units of a commodity are of identical quality is quite restric-
tive. While most economists recognize that commodities are not perfectly homogeneous,
the assumption is rarely mentioned or justified in studies of commodity policy. In some
cases, the homogeneity assumption may be based on the belief that quality effects are not
important, so that modeling the market for a commodity as if it were homogeneous closely
approximates reality. In other cases it may be believed that quantities and prices are prop-
erly aggregated to reflect the distribution of quality, or some “representative” quality, and
that this is sufficient to accommodate quality issues.

Whether the assumption is one of homogeneity or one of perfect aggregation meth-



ods, representing a commodity as if it were homogeneous fails to account for changes in the
distribution of quality (or average quality) that may occur as a result of the implementa-
tion of policy. Alchian and Allen (1964) and Barzel (1976) make persuasive arguments for
the existence of such quality changes. Furthermore, many instances may be found where
quality varies and has responded to policy. Nevertheless, quality responses have yet to be
incorporated formally into the analysis of agricultural commodity policy. Rather, economists
have presumed implicitly that explicitly modeling quality responses to policy is unnecessary.
However, it is impossible to determine how closely a homogeneous goods model approximates
the actual policy impacts until a more complete model has been developed and implemented.

This paper accounts for quality responses in a very simplified framework, where a
commodity is available in two qualities: high and low. The focus here is on taxes, though
the results may be easily re-interpreted as applying in the context of production quotas and
subsidies. Subsidies, of course, are the equivalent of negative taxes, so that the effects of
per unit and ad valorem subsidies are simply the negatives of the effects of per unit and ad
valorem taxes, respectively. The effects of a per unit tax are directly analogous to those of a
quota, provided that it is freely transferable. As is the case with a per unit tax, quota rent
per unit is the difference between the consumer price and the marginal cost of production
at the quota quantity. Here, to represent a quota, the quota rent per unit generated from a

fixed quota quantity is specified, rather than the quantity itself.



1 Quality Responses

The Alchian and Allen theorem was introduced in 1964 as an heuristic example of the law
of demand, but has since been coined as the third law of demand (Bertonazzi, Maloney, and
McCormick 1993). The theorem postulates the effects of transportation costs on the relative
consumption of high-quality and low-quality goods. The original example given by Alchian
and Allen (1964) concerned “good” and “bad” grapes grown in California, with good grapes
selling for a higher price than bad grapes. They noted that the cost of transporting grapes
to, say, New York is the same for all shipments of grapes, regardless of their quality. From an
individual consumer’s perspective, prices are fixed so that the price of each quality of grapes
increases by the same amount for consumers in New York. Thus, good grapes become
relatively cheaper for a consumer in New York, and hence, a New Yorker will consume a
larger proportion of good grapes relative to a person in California with identical preferences.

While the Alchian and Allen theorem is intuitively appealing, it is theoretically prov-
able only under very restrictive conditions. Gould and Segall (1968) showed that when the
same per unit cost is added to the prices of high- and low-quality goods, the individual
consumer unequivocally increases relative consumption of the high-quality good only in a
two-good world with no income effects. Introduction of either an income effect or a third
good renders the change ambiguous. Borcherding and Silberberg (1978) argued that while it
is possible for the Alchian-Allen theorem to be negated with the introduction of a third good,
unless the high- and low-quality products have very different consumption relationships with

the third good, the standard Alchian-Allen result will hold.



The typical per unit cost introduced to produce the Alchian-Allen effect is a trans-
portation cost. The hypothesized increase in the consumption share of high-quality goods
could occur as a result of many other types of per unit costs. Umbeck (1980) discussed
the nature of these costs, and pointed out that many examples proposed by Borcherding
and Silberberg (1978) to demonstrate the Alchian-Allen effect fail to do so because of the
nature of the per unit costs considered. The primary criteria for a per unit cost to gener-
ate the Alchian-Allen result are that the cost does not change the good itself, and that it
does not have any inherent economic value in and of itself-i.e., it acts just like a per unit
tax. Because the analysis is at the individual consumer level, though, prices are exogenous.
When either transportation costs or per-unit taxes are introduced at the market level, these
costs are shared by consumers and producers, and theory has little to say about the relative
changes in production and consumption of low- and high-quality commodities. While the
Alchian-Allen effect has not been proven theoretically at the market level, it is a convincing
empirical regularity (Bertonazzi, Maloney, and McCormick 1993). This suggests that the
Alchian-Allen effect may be more compelling as a conjecture about market-level relationships
than it is regarding individual behavior.

Barzel (1976) addressed a similar phenomenon at the market level in his alternative
approach to taxation. Barzel noted that every commodity is more or less a bundle of char-
acteristics. Because an ad valorem tax applies to the commodity’s entire value, it essentially
taxes all of its characteristics. In contrast, if a per unit tax is imposed, the tax statute will

use a subset of characteristics to define the commodity, assuming that an exhaustive descrip-



tion is either impossible or very costly. As a result, the per unit tax is actually taxing the
defining characteristics. In maximizing their profits subject to the tax constraint, produc-
ers may alter the characteristics included in their units of production in order to minimize
their costs of the per unit tax. Barzel (1976) showed that a predictable outcome is that the
quantity of the defining characteristics (specified in the tax statute) will decrease, and the
additional characteristics, which are not subject to the tax because they are not specified in
the statute, will increase on a per unit basis.

While the work by Barzel (1976) addresses quality changes resulting from taxes at the
market level, his approach does not lend itself to empirical application. He defines a single
demand function for a single characteristic of a commodity. This approach assumes that the
single characteristic defines the quality of the commodity of interest, and that consumers
are indifferent to how the characteristics are packaged into physical units (i.e., n physical
units with one unit of the characteristic each are a perfect substitute for a single physical
unit with n units of the characteristic). This paper allows for a more general definition of
quality by adopting a multi-market framework. The commodity of interest is assumed to be
available in two qualities, low and high, which are related in consumption and production.
The relationship between the markets allows for some substitution (not necessarily perfect
substitution) between the two qualities, both in demand and supply. Conditions under which

the Alchian-Allen result exists at the market level are shown and discussed.



2 A Two-Market Model

The previous section presented several arguments for quality responses to taxes. This sec-
tion develops a simple model of such quality responses. The effects of taxes are modeled
by specifying an equilibrium displacement model, as used by Muth (1964), Buse (1958),
Perrin (1980), Alston (1985), and others (see Piggott (1992) for a review). A two-market
model is specified for the case of high- and low-quality products related in consumption and
production.

A supply and demand function is specified for each market. Because the two qualities
are related in consumption, the quantity demanded of each quality will depend on its own
price and the price of the other quality. Similarly, the quantity supplied of each quality
will depend on its own price and the price of the other quality. Other demand and supply
shifters, such as income, demographic variables, production technology and input prices,
are assumed fixed, and are therefore not included as arguments. These supply and demand

relationships can be written in general form as:

Qr = QPP (1)
Qr = Qi(P],Pg) (2)
Qn = Qu(P., Py (3)
Qn = Qu(P,Pg) (4)
where () and P denote quantities and prices, subscripts I and H denote quantities and

prices in the low- and high-quality markets, and superscripts D and S denote quantities and



prices along the demand and supply curves, respectively. The market-clearing conditions

are:

Q. = Q; (5)
Qn = Qg (6)
Py = Pr(1+1.) (7)

Py = Pa(l+1is) (8)
where ¢, and ¢, are proportional taxes in the low- and high-quality markets, and are initially

equal to zero. Increasing either ¢; term creates a wedge between the consumer price P” and
the producer price P? in that market. Positive values for {; correspond to taxes, while
negative values represent subsidies.

Totally differentiating equations (1) through (8) yields:

dinQ® = n,.dinPP + n,,din PP (9)
dinQ° = €, dInP? + ¢,ydInP: (10)
dinQ> = nydinPP + nyydin PP (11)
dinQ% = emdinP? + eudinPs (12)
dinQ” = dinQ* (13)
dinQ” = dinQ° (14)
dinP? = dinP’ +1, (15)
dinP? = dinP: +1t, (16)
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where dinX = dX/X, denoting a proportional change in the variable X. For instance,
din@Q, = dQ,/Q, is the proportional change in the quantity sold in the low-quality market.
Coefficients on the dinP, terms are elasticities: n;; is the elasticity of demand for quality
¢+ with respect to the price of quality j, and ¢;; is the elasticity of supply of quality ¢ with
respect to the price of quality j. Equations (9) through (16) implicitly define the eight
endogenous variables, the proportional changes in quantities demanded and supplied and
the proportional changes in consumer and producer prices in each of the two markets, as
functions of the two exogenous tax rates, ¢, and t5.

Imposing the market-clearing conditions in equations (13) and (14), the superscripts
on the proportional quantity changes may be dropped, and the remaining six equations may

be specified in matrix notation as:

(1 0 —nuw —mwm 0 0 77 dinQ, T 0 7
0 1 —nm —Nam 0 0 dinQ 0
1 0 0 0 —€1,  —€rm dinP? | | 0
0 1 0 0 —€gr —€pm dinP? | | 0 |’
0 0 1 0 -1 0 dinP; i

1 0 0 0 1 0 -1 | | dinP; | |ty |

or AY = X. Inverting the coefficient matrix A and pre-multiplying both sides of the equation
with the inverse, A7, yields an expression of the endogenous variables as functions of the
exogenous tax rates and elasticities, i.e., ¥ = A7' X. Because each element of the first four
columns of the inverted matrix will be multiplied by the zero terms in the right-hand side
vector X, they may be eliminated, along with the first four rows of X.

Thus, the solution for the endogenous variables is:



[ dinQ,
dinQ
din PP
dinP?
din P?

dinP;

where:

el

ULH(GLLGHH - 6LH6HL) - 6LH(TILLUHH - 77LH77HL) 1
TIHH(GLLGHH - 6LH6HL) - GHH(ULLUHH - 77LH77HL)

TILL(GLLGHH - 6LHGHL) - 6LL(77LL77HH - ULHTIHL)
TIHL(GLLGHH - 6LHGHL) - 6HL(77LL77HH - 77LH77HL)
6LL(6HH - 77HH) + 6HL(ULH - 6LH)
Nur€rr — Nin€on
77LL(6HH - 77HH) + 77HL(77LH - 6LH)

L Nar€rr — Ni€ar

Neag€ug — Nue€rr
ly
6HH(ﬁLL - 77LL) + eLH(nHL - 6HL)
Neag€ug — Nue€rr

nHH(eLL - nLL) + nLH(nHL - 6HL)

D = (GLL - nLL)(éHH - 77HH) - (GLH - ULH)(GHL - 77HL)

In order to determine the direction of change for each endogenous variable, the signs, and
in some cases, the magnitudes, of the supply and demand elasticities must be determined.
Determining the sign of the own-price elasticities is straightforward. The cross-price elas-
ticities may be estimated empirically, but a strictly theoretical approach would leave their
signs unknown (since they are Marshallian, and include income effects). More importantly,
the link between the results from this two-market specification and a single-market repre-
sentation that assumes a homogeneous good is unclear. The next section develops a means

for simplifying the terms in the above matrix and for linking the two-market results to those

from a single-market representation.
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3 An Armington Approach

Many of the problems with analyzing the results from the model presented above can be
alleviated by interpreting the results in the context of an Armington model. This model
was originally designed to represent the demand for internationally traded commodities.
Armington (1969) noted that a single commodity may be produced in many different coun-
tries or geographic regions, but the nature of the commodity would vary, depending on the
country of origin. If each of m countries produces and consumes n commodities, and each
commodity-origin combination were modeled as a distinct product, then m®n demand func-
tions would have to be estimated. By imposing some restrictions on the relationships among
commodities of the same type but different origins, Armington (1969) reduced the number
of demand parameters to be estimated.

The Armington model, while less restrictive than a homogeneous-goods model, im-
poses two important restrictions. First, the marginal rate of substitution between any two
commodities of the same type and different origins is independent of the consumption of
other commodity types. This restriction implies that commodities of the same type com-
prise a weakly separable group of products. The second important restriction is that the
aggregation functions are homogeneous of degree one-Armington specified them as constant
elasticity of substitution (CES) functions." These assumptions imply that the budgeting

process may be represented in two stages. In the first stage, total utility is expressed as a

'The function used to aggregate quantities can also be thought of as a sub-utility function that is max-
imized in the second stage of the budgeting process, subject to the expenditure allocation from the first
stage.
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function of aggregated quantities of commodity types, and the budget is allocated among
the commodity types. In the second stage, the expenditures for each particular commodity
type are allocated among the quantities of that commodity from different origins.

The relationship of the Armington model to the problem at hand is relatively straight-
forward. Rather than differing by country of origin, the commodities considered here are
of the same general type, but vary in quality. If the high- and low-quality varieties of the
commodity under consideration meet the conditions specified by Armington(1969), then in
the first stage of the budgeting process, the consumer maximizes utility derived from con-
sumption of the aggregate commodity and all other goods, subject to the budget constraint.
This determines the quantity aggregate,  (the absence of a subscript denotes aggregated
quantity or price). In the second stage, total expenditure on the commodity is allocated
between the high- and low-quality varieties. Thus, demand functions for each quality can be
expressed as functions of the prices of the low- and high-quality goods and expenditure on
the commodity group (a function of the aggregate price).

Imposing the assumptions described by Armington (1969), the elasticities of demand

for the individual qualities with respect to individual prices can be expressed as:

N = 511 — S0 (17)
Nig = SH(W + U) (18)
Nur = SL(77 + U) (19)
Nuw = Spl) — $.0 (20)

11



where s, = P]igi is the value-share of quality :. Demand responses to a given price change

are clearly comprised of two effects. The scale effect is given by the n term, where n < 0
is the overall elasticity of demand, defined as the elasticity of the aggregate quantity with
respect to the aggregate price. The substitution effect is given by the o term, where o > 0
is the elasticity of substitution between the two qualities. Thus, for example, when the price
of the low-quality good increases, the quantity demanded of the high-quality good increases
through the substitution effect, since o > 0, and decreases through the scale effect, since the
increase in P, increases the aggregate price.

A similar representation of the individual firm’s profit maximization problem can be

specified in order to derive expressions for the supply elasticities:

€, = S,€E— SyT (21)
€r = Sule+T) (22)
e = Su(e+7) (23)
€gy = Sp€— S.T (24)

These elasticities can be interpreted similarly to the elasticities of demand. The first term
in each equation gives the scale effect of supply responses to price changes, where € is the
overall supply elasticity, or the elasticity of aggregate quantity with respect to aggregate price
(e > 0). The second term gives the substitution effect of supply responses to price changes,
where 7 < 0 is the elasticity of transformation in the production process. When the price

of the low-quality product increases, the quantity supplied of the high-quality product will

12



increase through the scale effect and decrease through the substitution effect.

The differentiated goods model laid out above provides a means of relaxing the as-
sumption of product homogeneity while limiting the number of parameters to be estimated.
In addition, the explicit modeling of the two-stage budgeting process clarifies the conse-
quences of aggregating commodities. As described above, a change in the price of one quality
will change the aggregate price of the commodity group. In the first stage of the budgeting
process, the change in the aggregate price will alter the consumer expenditure allocated to
the group of commodities (which is also the producer revenue from that commodity group).
These first-stage effects are the scale effects represented by the overall demand and supply
elasticities. In the second stage of the budgeting process, the individual price change alters
the relative prices of the commodities within the group. As a result, consumers will change
the mix of commodities consumed, and producers will alter the mix of commodities produced
(providing they are not produced and consumed in fixed proportions). These second-stage
effects are the substitution effects represented by the o and 7 terms discussed above.

An aggregate analysis of a group of commodities would only account for the first
stage of the budgeting process, ignoring the substitution effects in the second stage. Thus,
treating a group of commodities as if it were a single commodity is equivalent to setting
those substitution effects equal to zero, i.e., 0 = 0 and 7 = 0. Setting either one of these
parameters equal to zero imposes that the two qualities are produced and consumed in fixed
proportions.

Substituting the expressions for the elasticities of demand and supply into the solution

13



of the two-market equilibrium displacement model yields the following solution:

dinQ,

dInQ
dIn PP

din PP
din P?
dinPs

where:

spen(oc — 1)+ sgor(e —n) sgen(oc — 1) — syor(e —n) |

spen(oc — 1) — s,or(e —n)
spe(oc —71) — spr(e—n)
spe(oc— 1)+ s,7(e—1n)
spn(oc — 1) — spo(e—n

( ) -

)
n)

(
sn(oc—71) 4 s,o(e

D =

sgen(oc —7) + s,om(e —n)
sup€(c —T) + spT(e —n)

( )

( )

sp€(oc — 1) — s,7(e — 1)

san(oc —7) 4 spo(e—n
( ) -

(e=n)
~sio(c—n) |

sgn(oc — T

(e=n)(o—7)

This substitution achieves three goals. First, it reduces the number of parameters appearing

in the solution matrix. The eight elasticities of supply and demand are replaced with five

parameters: a value share (s, noting that s, = 1 — sy), the overall elasticity of demand (n),

the elasticity of substitution in consumption (o), the overall elasticity of supply (€), and the

elasticity of transformation in production (7). Second, all of the parameters are of known

sign. Third, evaluating the expressions as either o or 7 approaches zero yields the effects on

prices and quantities that would result from a single-market approach.

4 Price and Quantity Effects of a Tax

Using the solution to the equilibrium displacement model specified above, the proportional

changes in the quantities and prices resulting from proportional taxes of ¢, in the low-quality

market, and ?5 in the high-quality market are:

14

SyOT

€
€—n g —T
€ S;.0T
danH = 1 (SLtL + SHtH) + = (tH - tL)
€—n a—T

(25)

(26)



dinPP = - _6 U(SLtL + suly) + JSiTT(tH —t5) (27)
dinP? = - _6 U(SLtL + Suly) — USiTT(tH —t;) (28)
dinP; = - j U(SLtL + saly) + JSiJT(tH — 1) (29)
dinP; = - . n(sLtL +osply) — JSL_JT(tH — 1) (30)

In examining each of these effects, it is useful to note that in a single-market model (as can

be seen by letting one of the shares go to zero), the effects of a 100t percent tax are:

dinQ = ;_”nt (31)

dinP? = — 4 (32)
€1

dinPs = 1y (33)
¢—1)

where tildes ( ~ ’s) denote that the result is derived from a single-market representation.
Given equations (31) through (33), it is clear that the first term in each of equations
(25) through (30) is analogous to the single-market effect, where the single-market tax rate
is a value-share weighted sum of the individual tax rates. Thus, when the second term
in each equation is equal to zero in each of equations (25) through (30), the quantity and
price effects in the market for each quality will be the same as would be predicted by a
single-market model using ¢ = s, ¢, 4+ spty. All of these second terms will equal zero under
either of two conditions. The first condition is that the tax rates in the two markets are
equal (i.e., if t, = tg), as would be the case if a single ad valorem tax were imposed in
both markets. The second condition is that the two qualities are consumed and produced
in fixed proportions (i.e., if o = 7 = 0). When the second terms are not equal to zero, they

15



adjust the single-market result (where ¢ = s,t, + syt,) for the differential tax rates and for
substitution in consumption and production.

Using a single-market model to represent an aggregate of products of multiple qualities
implicitly assumes that the quality of the aggregate is constant. Suppose the quantity of
high-quality product divided by the quantity of low-quality product, Q5/Q,, is used as
a measure of average quality. The difference between the proportional quantity changes,
din@) g — din@),, measures the change in the average quality resulting from the tax policy.
In order for average quality to remain constant, the quantity of each quality must change by
the same proportion, i.e., dinQ, = dinQ, = dinQ (which will be true if either of the two
conditions described above is met—when the tax is specified on an ad valorem basis or when
the two qualities are produced and consumed in fixed proportions). If din@Qy — din@, > 0,
then the quantity would be reduced by a larger proportion in the low-quality market than
in the high-quality market, and the average quality would increase as a result of the tax. If
the inequality were reversed, then average quality would have decreased. Similarly, the price
premium for high quality can be expressed as the ratio of the price of high-quality product to
the price of the low-quality product (i.e., Py/P,). Thus, the proportional change in the price
premium will equal the difference between the proportional price changes, din Py — dinP,. 1f
this difference is positive (negative), then the price premium for high quality would increase
(decrease) as a result of the tax.

The differences between the proportional quantity and price changes are:

dinQ, — dinQ, = (lu—t,) >0 if tg<l, (34)

g —T
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dinP? — dinP? = — by —1) <0 if  dg<t, (35)

dinP: — dlnP® = — (le—1,) >0 if tyu<l, (36)

The changes in average quality and the quality premiums hinge on the relationship between
the two tax rates and the substitution parameters. In the case where the tax rates are equal
for the two qualities (i.e., a uniform ad valorem tax), there are no changes in average quality
or in the quality premiums. Similarly, if ¢ and 7 both equal zero, there will be no changes in
quality or the quality premia. If the tax rate in the high-quality market is smaller than that in
the low-quality market (i.e., t; < t,), average quality would increase, the consumer’s quality
premium would decrease, and the producer’s quality premium would increase, relative to the
no-intervention case. The directions of the quality changes are reversed when the tax rate
in the low-quality market is smaller than that in the high-quality market. These changes in
the distribution of quality and the quality premium would not be taken into account in a

single-market analysis.

5 Per Unit Taxes

The results in the previous section show that an ad valorem tax leaves average quality and
the quality premia unchanged. Because there is no change in quality, there are no errors
caused by assuming product homogeneity. This is not the case, however, when taxes are
specified on a per unit basis. When a tax of 7' per unit is imposed on products of both high
and low quality, the quality-specific prices must be used to convert the tax to proportional

terms. Thus, the two tax rates are specified as ¢, = % and t5; = %, where P, and Py

17



are the initial prices, and P” = P?, so the superscripts may be dropped. In this case, the

proportional taxes differ, so that the second terms in equations (25) through (30) no longer

vanish. The proportional changes in the quantity and price in each market for this type of

policy are:

dinQ,,
dnQy
dinP?
din PP
din P

dinP;

using;:

€n Z_SHO'T T (
e—nP o—17P Py
en T spor T (
e—nP o—17P. Py
T T
€ T SyT (
e—nP o—17PFP Py
e T s, T (
e—nP o—17P Py
T T
n T SyO (P,
e—nP oc—17PFP Py
T T
n T SyO (P,
e—nP o—717P Py
T
Sty + Sply = F
T
ty —t, = — Py —P
H L PLPH( H L)
P PLQL—I_PHQH

QL+ Qn

PH_

PH_

PH_

PH_

P.)
P.)
P.)

P.)

Here, P is the average unit value of the two qualities at the initial equilibrium, and the

aggregate quantity Q is defined as a simple sum of the quantities of each quality.

As in equations (25) through (30), the first term in each of equations (37) through

(42) is equivalent to the effects found in a single-market model for a per unit tax of 7' and an

initial price of P. In contrast to the ad valorem tax, though, when the same per unit tax is

18



imposed in the two markets, the adjustment terms (the second terms in each equation) are
no longer equal to zero. By definition, the price of the high-quality good is larger than that of
the low-quality product, so the price difference in parentheses is positive. All other elements
in the adjustment terms are of known sign, and it is clear what adjustments must be made
to a single-market result to allow for the different tax rates and the substitution possibilities
in production and consumption. The quantity reduction in the low-quality market is greater
and the quantity reduction in the high-quality market is smaller than those predicted in
a single-market model of a homogeneous good. Similarly, the consumer price effect in the
low-quality market is larger and that in the high-quality market is smaller as a result of
the adjustment. A similar pattern holds for producer prices: the producer price of the low-
quality good decreases by a larger proportion and the producer price of the high-quality
good decreases by a smaller proportion than the single-market model would indicate.

What happens to the average quality sold in the two markets when a per unit tax is

imposed? The differences between the proportional quantity and price changes are:

oT T

- L+t H
b b T T
- L+t H
dinps —dinps = —7 L (p._p) >0 (45)
A r (0-_7-) PLPH " g

The proportional quantity reduction in the high quality market is smaller (in absolute terms)
than that in the low-quality market, indicating that average quality increases as a result of

the tax. The proportional increase in the consumer price in the high-quality market is
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smaller than that in the low-quality market, indicating that the consumer’s quality premium
decreases. Finally, the producer price decreases by a smaller proportion in the high-quality
market than in the low quality market, so that the producer’s quality premium increases.
The effects on the consumer and producer quality premiums are intuitive. If average quality
increases as a result of the tax, consumers require an incentive to consume higher quality: a
lower quality premium. Similarly, producers require an incentive to producer higher quality:
a higher quality premium.

These results prove the Alchian-Allen effect at the market level, under the specified
demand and supply conditions. In addition, they confirm the quality change predicted by
Barzel (1976) while allowing for a more general definition of quality. In order to determine
how robust these results are, the solution is derived under more general elasticity decompo-

sitions next.

6 Results with a More General Separability Assump-
tion
While the Armington decompositions used above are simple and manageable, they are fairly
restrictive. Namely, they impose homothetic separability, a special case of weak separa-
bility in which the elasticity of demand for each quality with respect to expenditure on
the commodity group is equal to one. Intuition suggests that this assumption may not be
appropriate: the demand for a high-quality is likely to be more responsive to changes in ex-
penditure than its low-quality counterpart. Thus, a less restrictive representation of demand

and supply conditions seems necessary. The assumption of weak separability is sufficient
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for the second stage of budgeting to exist. In addition, if the price indexes used for the
commodity groups are invariant to income, then the budgeting process may be represented
in two stages. These conditions are clearly met for systems of demand functions that are
not homothetic. Here, the group price index is a weighted average of quality-specific prices,
where the weights are the original (undistorted quantity shares). This price index is invari-
ant to income, as required, along with weak separability, so that the two-stage budgeting

representation is appropriate. The demand elasticities can therefore be decomposed as:

M = S — Su0 (46)
Me = su(yn+0) (47)
M = si(vun +0) (48)
Nuag = SaYul] — S.0 (49)

Similarly, the elasticities of supply can be decomposed as:

€1, = SLPLE— SyT (50)
e = sulpuet7) (51)
e = sulpwe+7) (52)
€gr = SpPu€— SLT (53)

where ~; is the elasticity of demand for quality ¢ with respect to group expenditure, and
p, 1s the elasticity of supply of quality 7 with respect to group revenue. The link between
these decompositions and the Armington decompositions above is clear. When ~, = v5 =
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1, equations (46) through (53) reduce to the Armington decompositions in equations (17)

through (24). Recall that the Armington decompositions were functions of five parameters:

n, € o, 7, and sy. These less restrictive decompositions only add two more variables, v4

and py, since by Engel aggregation of the second-stage elasticities, s;v, + szyg = 1, and

sppr + sups = 1. Note that the elasticity decompositions can be re-written fairly simply as:

Nrr
New
Nwr

Nuw

where

Under these more

= SLT]L_SHO- 6LL = SL6L_SHT
= SH(nL + U) €tg = SH(GL + 7')
= SL(T]H + U) €. = SL(GH + 7')
N = 70 €. = prc
NMe = Y=l €n = Puc
general separability assumptions, the new solutions for the eight

endogenous variables are equal to the solutions laid out in equations (25) through (30) plus

some adjustment terms. Using hats ( * ’s) to denote the new solutions for the endogenous

variables, they can be written:

dinQ, 1 T dinQ, ]
dinQy dinQy
dinP? | | dinPP
dinP?2 | | dinP?
din Ps dinP;
dinpPs | L dinP; |

ne
D/

[ —su0(pn — 1) + sa7(ys — 1)

s.0(pu — 1) = s.7(yn — 1)

su(pr — V)
—s.(pr — V)
su(pr — vu)
—s.(pr — V)

—sgo(1 —pr) + sam(l —7,) ]
spo(L—=pu) —s.7(1 —71)

—su(pL — Y1)

sp(pr —7z)

—su(pr —7z)

sp(pr —7z) i

Not surprisingly, the expenditure elasticities on the demand and supply sides are the primary

determinants of the adjustments made to the results presented in the previous section. The

proportional changes in each endogenous variable are omitted to avoid clutter. The changes

in average quality and the quality premia are:
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oT ne

dinQy — dinQ, = + (ty — 1) (54)
(c—7) (e—n)
‘|‘% [U(thL - thH) - T(’YHtL - 7LtH)] (55)
dinP? —dinPF = -— T (ty —1,) — 1~ (prr — vm)(scle + Suly) (56)
H L (0_ — T SLDI
dinPs — dinPf = —— 7 (ly — 1) — —L—(pr — ) (5:Ls + Srrls) (57)
H L (0__7_) H L s, D P — Ya)Sily uly

In this case, even for a uniform ad valorem tax, there will be induced changes in
the average quality produced and consumed, as long as the expansion effects of a given
quality differ in supply and demand (i.e., as long as py # g, which in turn implies that
pr. # 7). This is a somewhat unexpected result: even an ad valorem tax can distort
incentives to produce and consume quality when more general (and realistic) supply and

demand conditions are incorporated in the analysis.
7 Concluding Remarks

The differences between the relative changes in quantities and prices in the two markets,
summarized in equations (34) through (45) and (55) through (57) are implicitly assumed to
be equal to zero in a single-market model for a homogeneous good of constant quality. If
these quality effects are relatively small, then the policy effects from a single-market model
for an aggregate good may reasonably approximate the actual policy effects in markets for
heterogeneous products. However, the larger are these quality effects, the less accurate will
be the results from a model of a homogeneous good. The magnitudes of the effects on average
quality and the quality premiums increase as the amount of the per unit tax increases, as

the difference in the prices of the high- and low-quality products increases, as the degree
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of substitutability in consumption or production increases, and as the supply and demand
expansion effects become increasingly disparate. In other words, as T, (Py — P.), o, | T |
and | py — vy | increase, the magnitudes of the changes in average quality and the consumer
and producer quality premiums increase.

While the assumption of product homogeneity is convenient, it is important to rec-
ognize that it may not always be appropriate. In particular, the implementation of some
policies will induce changes in the relative prices of different qualities, and thus in the qual-
ity mix of units produced and consumed. The simple model presented here contrasts ad
valorem and per unit taxes when demand and supply conditions are characterized by ho-
mothetic separability in order to demonstrate such policy-induced changes in quality. In
this case, an ad valorem tax leaves the relative prices of different qualities unchanged and
reduces the quantity of each quality by the same proportion, so that average quality does
not change. In contrast, the same per unit tax imposed in the two markets amounts to
different proportional tax rates, so that the relative prices of the different qualities and the
mix of qualities sold change. These Alchian-Allen types of effects have been discussed in the
literature at length in the context of the individual consumer or producer. However, one
shortcoming in this literature is the ambiguity of the change in quality when income effects
or other goods are introduced. Under these Armington-type assumptions, which may be
empirically very reasonable for some agricultural commodities, the quality response to per
unit taxes (or other like policies) is unambiguous at the market level, where scale effects are

incorporated and the different qualities of the same good comprise a weakly separable group.
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The unambiguous nature of this result is contrasted with the result from the more general
specification, where the assumption of homotheticity is relaxed. In this case, quality effects
result from either tax policy, ad valorem or per unit.

As the degree of quality responses increases, the accuracy of policy effects derived
from a single-market model as an approximation of true policy effects diminishes. Similar
quality responses can be expected from other policies, such as quotas and target prices. In
cases where quality responses are important, they should be incorporated in estimates of
quantity, price, and welfare effects of introducing or changing a policy. This paper provides

a first step in the means to that end.

25



8 References

Alchian, A.A.; and W.R. Allen. University Economics. Belmont, California: Wadsworth
Publishing Co., Inc., 1964.

Alston, J.M. The Common Agricultural Policy and International Trade in Poultry Meat. Fo-
rum Reports on Current Research in Agricultural Economics and Agribusiness Management.

Kiel: Wissenschaftsverlag Vauk, 1985.

Alston, J.M. and D.A. Sumner. ”A New Perspective on the Farm Program for U.S. Tobacco.”
Mimeo, 1988.

Armington, P. S. 7A Theory of Demand for Products Distinguished by Place of Production.”
International Monetary Fund Staff Papers 16 (1969): 159-178.

Barzel, Y. 7An Alternative Approach to the Analysis of Taxation.” Journal of Political
Economy 84 (1976): 1177-1197.

Bertonazzi, E.P., M.T. Maloney, and R.E. McCormick. ”Some Evidence on the Alchian and
Allen Theorem: The Third Law of Demand?” Economic Inquiry 31 (1993): 383-393.

Borcherding, T.E. and E. Silberberg. ”Shipping the Good Apples Out: The Alchian and
Allen Theorem Reconsidered.” Journal of Political Economy 86 (1978): 131-138.

Feenstra, R.C. "Quality Change Under Trade Restraints in Japanese Autos.” The Quarterly
Journal of Economics 103 (1988): 131-146.

Foster, W.E., and B.A. Babcock. "The Effects of Government Policy on Flue-Cured Tobacco
Yields.” Tobacco Science 34 (February 15, 1990): 4-8.

Gardner, B. "Efficient Redistribution through Commodity Markets.” American Journal of
Agricultural Economics 66 (1983): 225-234.

Gould, J.P. and J. Segall. "The Substitution Effects of Transportation Costs.” Journal of
Political Economy 77 (1969): 130-137.

Grennes, T., P.R. Johnson, and M. Thursby. The Economics of World Grain Trade. New
York: Praeger Publishers, 1978.

Johnson, P.R. and D.T. Norton. "Social Cost of the Tobacco Program Redux.” American
Journal of Agricultural Economics 65 (1983): 117-119.

26



Muth, R. F. ”The Derived Demand Curve for a Productive Factor and the Industry Supply
Curve.” Oxford Economic Papers 16 (1964): 221-234.

Perrin, R.K. ”The Impact of Component Pricing of Soybeans and Milk.” American Journal
of Agricultural Economics 62 (1980): 445-455.

Piggott, R.R. "Some Old Truths Revisited.” Australian Journal of Agricultural Economics
36 (1992): 117-140.

Seagraves, J.A.”The Life-cycle of the Flue-Cured Tobacco Program.” Faculty Working Paper
No. 34, Department of Economics and Business, North Carolina State University, March

1983.

Umbeck, J. ”Shipping the Good Apples Out: Some Ambiguities in the Interpretation of
"Fixed Charge’. Journal of Political Economy 88 (1980): 199-208.

27



