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Introducing Quality Into Demand Functions

Hew wa discuss
some of the modelling fssues that arise when one attempts to
incorporate quality attributes into demand functioné for

we assuwi ot
recreation sites. Lﬁ decision . been made as to
whether objective or subjéctive measures of site quality are
wa {oouA oa denvramd (et
used. Also, for simp?icityLa single site.
A onnad st
#o. extension of oo tddan L to a2 system of demand functions for many
sites is straightforward.
Our starting point is thus the ordinary demand function for
a recreation site, x = h{p,y) where x is the number of visits to
the site by an individual, p is the cost of visiting the site
(possibly including time costs), and y is the individual's
income, the last two variables being measured relative to the
price of a numeraire good. We represent the quality of the site
by the variable b which we shall treat as a scalar, " although
in practical applications
it almost certainly will be a vector. The question at

hand is: how should b be introduced into the demand function

hip,y)?

The simplest procedure is to add b to h{p,y) in a fairly
?.u‘\nn?: 55 Mawaj PR coe&ﬁumh: 6\\/\{'\) © iuv-CHW\ a b,
arbitrary manner,\ For example, if h{p,y) = o« + Bp + yy, One

could now write
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(1) x = hip,b,y) = o + Bp + vy + 6b a,8>0; B<C.

The advantage of building b directly into the ordinary demand
function in this manner is that one ¢an immediately discern the
behavioral implications for consumer choices. In the case of (1)
for exampie, an increase in quality shifts the graph of the
demand curve in price-quantity space outward, in a parallel
manner: demand increases by the same quantity regardless of
price or the individual's income. The disadvantage of
incorporating quality in this manner -is that one cannot easily

discern the implications for consumer preferences. It is not

true, for example, that if quality is introduced into the demand
function in a way such that 3ah/3b > D, this necessarily implies
that the consumer's welfare is increased by an improvement in
quality {(i.e. 3du{x,b,z)/3b > 0, where z is the numeraire
commodity and wul+) 1is the direét utility function).
Conversely, if ph/3b < D,Wi?dmw not necessarily precilude

3u/db > 0.] Twss in the case of (1), if y < 0 (i.e. the
commodity is an inferior good) while § > 0, it turns out that
su/ab < 0. The consumer's welfare is reduced by an increase in
qualtity. This occurs because, as shown by LaFrance and Hanemann
(1964}, the direct utility function which gives rise to demand

function {1) is

5

(2) ulx,b,z) = (ii;g;gj exp [rio ;x6$~; Yz - x)y

Fven if y > 0 se et . 3u/3b > 0, the seemingly innocuous
formulation (1) contains a peculiar implication about the consu-

mer's preferences. For, as shown by Hanemann (1980, 1982b) and
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Hausman (1982), the indirect utility function corresponding to

(1) is
(3) vip,b,y) = e YP [y 4 ~%~ (gp + ~%-¢ a + 6b) 1.

It follows from (3) that the compensated demand function,

x = gl+), 1s independent of quality.z Moreover, the

compensating and equivalent variations for a change in quality

from b° to bi, , defined respectively by

(4) v(p.bt y-C} = vip,b%, y)
and
{5) v(p,b‘,y) = v(p.b°,y+£)

have the property that
(6) c-e--£ (b! - b%);

j.e., there is no difference between the amount thgt the

{fndividual would be willing to pay to obtain the change and tﬁe
amount of compensation he would require to forego it.3

To some extent, these results flow from the special
structure of preferences associated with the linear demand
function {(1). Thus, for exaﬁp1e, if one employs a semilog demand

function of the form

In x = a + gp + yy Or In x = g + gp + yln y, g < 0, and
makes the constant term, q, & function of b in such & way that

ah/2b > D, 1t can be shown that C ¥ E and au/3b > (. However,

if one wses the log-log demand function x = apayY or a demand
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function of the form x = apBe 7Y and makes o a function of

quality 1in such a way that 9h/3b > 0, it turns out that, while

C # E, sign (3u/3b} = - sign (1+48); thus if B »>-1 (i.e., the
good is essential), 3du/3p < 0. &
Our point 1s that mere inspection of the demand

function h{p,b,y) does not always provide a reliable indicatign of
how quality affects the consumer's preferences. A procedure

which avoids this uncertaintyiﬁ?art with a utility furiction
u{x,z) or v(p,y) and incorporate quality directly to obtain
some formula. u{x,b,z) or v(p,b,y), from which the ordinary deman¢

function h(p,b,y) can be obtained in the standard manner. T} Wa rouke

{Sowd s can  siwepy,  make the coefficients of

ul{x,z) or vi{p,y) functions of b or, alternatively, one can
employ what might be called the “transformation method." In this
method, one replaces the argument x {or 2z} in G{x,z) with some
function f(x,b) to obtain u{x,b,z) = ﬁtf(x,b},z]. The
advantage of this method is that, for various transformations
fix,b), the resulting demand function h{p,b,y) can be directiy
related to the demand function

hi{p,y) associated with t{x,z). Also, the implications for
preferences ost radily dinamed.

The simplest example is the transformation flx,b) =

V{b}*x where ¥{*) 1is some increasing function, which is known
as the “scaling” or "repackaging" transformation. This was first
introduced by Fisher and Shell {1971) and has been widely
employed in the literature on quality and demand analysis.

However, the utility function ul{x,b,z)} = u{¥(b)>x,z} has
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somewhat unusual implicaticns which have not always been
recognized by those who employ 1t. These stem from the fact that
quality is a direct substitute for quantity in this

formulation: & doubling of the quality index, ¢ , has exactly
the same impact on the consumer's welfare as a doubling of
quantity, x. The consequences of this assumption may be observed
in the ordinary demand function for x and the indirect utility

function, which take the form

(73} h(P,b..Y) """W%‘B‘T ﬁ(’_‘p‘(‘g‘j’! .y]

v ey v

Defining € as the elasticity of demand for x with respect to

(7b) vip,b,y)

#

its quality (Bh/Bb)(b/x),cp, as the price elasticity of demand

(~3n/3p){p/x), and 1 as the elasticity of the ¥ function with
respect to b, (¥'(b)=b/Y), it follows from {7a) that

£b=5n(1-tp).
Thus the consumer's response to a change in quality is linked to
his response to a price change, but in a somewhat peculiar
maﬁner. ‘Even though we explicitly assume that utility is
increasing in quality (i.e. n > 0},

if
£p< 1, then 8h/3b < 0 -—te., if demand is inelastic an increase

in quality reduces consumer's demand.

An alternpative transformation with somewhat more plausible
behavioral implications is Willig's (1978) “cross-product repack-

aging" transformation wu{x,b,z) = b [x,z + ¢(b)ex]. In this case
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{8a) hip,b,y) = hlp - ¢(b),y]
(8b) vip,b,y} = v [p - ¢ib),yl.
Hence,

ah = - ' —Q.Elo

557V (b) 5

Thus, as long as x is not a Giffen good (i.e. as long as

ah/3p< 0), an improvement in quality raises the consumer's
demand for the good, the response being proportional to the size
of the price elasticity of demand. If demand is fairly inelastic
{e.g. x is a necessity}, a change in quality has a small effect,
while if demand is very elastic, it iszﬁgry responsive to
quality changes.

Another common transformation is f{x,b) = x + ¢{b), which

is known as "transliation". 1In this case
u{x,b,z) = u{x + P{b),z) and

(9a) hip,b,y) = Rlp,y + py{b}] - (b}

(9b) vip,b,y) = vlp,y + py(b)]ls

It follows from (93} that the effect of a change in quality on
the demand for x is tied to the effect of a change in income:

ah/3b = $(b) [cey - 1]

where €, js the income elasticity of demand for x, {ah/ay) ly/x},

and o is the budget share of x, {px/y}. Thus while it is still
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true that 3u/ab > 0, the demand function is increasing or
decreasing in quality according to

3h > > 1
(10) -.é—B-(O as Ey (T'

In this context, it might be more convenient to apply the
translation transformation to the numeraire good, and write
ulx,b,z) = ulx,z + y(b)). This generates the following demand

function for x and indirect utility function 5, 6

]

{11a) h(p.b,y} h Ip,y + ¢(b)]

(11b) vip,b,y}

v [p,y + ¢(b)l.
Hence, au/3ab > 0 and
! > ' >
ah/ab = ¢ (bl-[ah/ayl, O as ah/ay O,

i.e. if x is a normal good, an increase in quality raises fts
demand, the increase being proporticnal to the income

responsiveness of demand.’

while. the

method of transformations {s a convenient procedure for
generating general utility functions that incorporate quality
and has the advantage of immediately exposing the implications for
both the structure of consumer preferences and the nature of
consumer choices, we do not mean té suggest that it
must always be employed in preference to other methods of
introducing quality into models of consumer demand. In the ltast
analysis, the issue of the best formula for a demand function
that includes quality variables, h{p,b,y), is an eﬁpiricai

- question that can be resolved only by testing alternative

ﬁ}formuTaténns against data on actual choices in the presence of

quality variation.
1=\



One final issue should be addressed before concluding this
section: The role of the structural property of consumer

preferences known as “weak complementarity", that was introduced

by Maler (1974):
{12) x =0 => aufab = 0.

Maler employed this property in order to derive a relation

between the welfare measures C and E, defined 1in (4) and (5), and

areas under compensated demand functions. If ulx,b,z) does not

satisfy this property, the area

p*
(13) Jp[g(p,bl,uo) - g(p,bo.uoﬂdp

understates the quantity C, where W = v(p,b?y) and ﬁ*is the

cutoff price (possibly infinite) at which max [g(pibl,u®),
g(ﬁtbo,uo)} = 0. If u(x,b,z) does satisfy the property, the area
in (13) measures C exactly. However, regardless of whether C and
E can be measured by areas under compensated demand functions,
the property {12) has considuretbale BRSNS

appeal as an axiom of consumer behavior! (t implies
that the consumer does not care about a change in a good's |
quality when he is not consuming the good. Both the scaling and
the cross-product repackaging transformations possess this
property, while the two “translation” transformations do not.

As shown in Hanemann (forthcoming), Maler's analysis was
based on the implicit assumption of a “"smooth” relation between
quality and welfare in the utility function u(x,b,z). If this
smoothness assumptionris dropped, the link between weak
complementarity and the equivalence of welfare measures with
areas under compensated demand functions changes. Suppose that,

instead of
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(14) ulx,b,z) = ulx + {bl),z],

one writes

(15) ulx,b,z) = alx + g{x) (b}, zI

where [{x) 1is a switching function: Elx) = 1

if x > 0 and E{x) = 0 if x = 0. Then {(15), unlike (14},
satisfies weak complementarity, but the change in the area undur
the compensated demand function implied bj {15) sti11 understates
the quantity C. The only difference between (14) and {15) occurs
at the boundary of the non-negative orthant, where x = 0; in the
interior Qhere x > Ozthe two indifference maps coincide. Thus
over the space for which h{p,b,y) > 0 the behavioral implications
of {15} are identical to those of (14) (e.g., the ordinary demand
function generated by (15) satisfies (1o ).

In short, by means of the simple device used in (15), any
demand function which on its face appears to violate weak comple-
mentarity can, in fact, be reconciled with this property. More-
over, the only way to test empirically whether the use of this‘
device s justified is to obtain data covering cases where x is
not consumed at a11.8  1f one only has data for cases where a
positive quantity of x is consumed, it is impossible in practiée
to determine whether weak complementarity holds: one cannot dis-
criminate between {(14) and (15) as the true preference
structure. For this type of data set, weak complementarity is a

costless assumption.
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FOOTNOTES TO CHAPTER 7

i. On this point see Proposition 2{d) and 3 in Hanemann {1982a)

and the accompanying discussion.

2. When g{p,b,u) s independent of b, Proposition 2{(d) in
Hanemann {1982a) implies that sfign {(au/ab) = sign
{ah/ab) « sign {ah/ay); this is why y < 0 and § > 0 in
(1) leads to gu/ab < 0. It is important to emphasize that
the mere fact the g{p,b,u) is independent of b does not
preclude the existence of significant positive benefits to
the consumer when quality improves; see the discussion of

weak complementarity below.

3. It is worth noting that if, instead of (1), the demand
function were h{p,b,y} = o + gl{p/b) + yy the same result
that C = £ would arise, but not if hip,b,y} = o + gp * yyb.

4. Although a ¢losed form expression cannot be obtained for the
direct utility function which generates some of these demeand

functions, the indirect utility function can be obtained--see

Hanemann, 1982b - and the sign of au/ab can be deduced from

twis because, as shown in Prop lc of Hanemann 1982a, sign

{3u/ab)= signlav/ab)

5. The construction of the demand function (1) from
F{p,y) =a+gp + yy s in fact an example of this type of

translation where w¥{b) = gb/y.
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Note the implication of both (9b) and (11B) that C = E. In
the case of {9b), € = E = pi@{bl) - u(b®)1;in the case of

(11b), € = E = o{b'} - yv(p°). Another implication of (11b),
but not (9b), is that the compensated demand function for x

is independent of gquality.

ks Gorman (1976) has pointed out, the scaling and transliation
transformations can be combined to generate more complex
transformations in which the sign of 3h/3b depends on the

signs or magnitudes of both price and income elasticities.

This argument is spelled out in more detail in Hanemann

{forthcoming).
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