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RELATIVE PRICE EFFECTS AND THE DEMAND FOR IMPORTS®

1 Introduction

Estimation of import demand functions has received a great deal of atten-
tion in the empirical literature of international trade. In most studies, the
quantity of imports is taken as a function of the price of imports relative
to domestic prices, and of some activity var%a%¥%a§ Such & ?&?F@ﬁ&ﬁ@ﬁif&ﬁ can
easily be derived from production theory or utility theory, depending on
whether imports are viewed as intermediate goods or as @ﬁﬁ“@?@@ﬁ&ﬁﬁﬁ It should
be noted, however, that this ifreatment of imports differs substantially from
the viewpoint inherent in the Heckscher-Ohlin-Samuelson (HOS) model of inter-
national trade theory in which (i) foreign goods are perfect substitutes for
domestic goods, (i1} commodities are necessarily end-products, and (iii) they
can all be divided between importables and exportables.

We have examined elsewhere the trade theory that is implicit in much of
the empirical work on the demand for %mﬁﬁrtsvz In this paper we want to dis-
cuss some of the issues that arise in empirical applications and that are
related to the choice of explanatory variables. Which data should be used
to measure domestic prices, domestic activity? Should the same domestic price
series be used to deflate import prices and domestic activity? The theory
provides 1ittle guidance on this subject. Relatively Tittle attention is
devoted to these questions in empirical work; description of variables being
used is often relegated to a footnote, while availability plays a major role
in the selection process. Amongst the variables that have been used in the

estimation of aggregated import demand functions one finds: (3} domestic

prices -wholesale price, GNP deflator, domestic factor rental prices; and,
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(i1} activity - GNP, naticnal income, gross outout, domestic factor utilization.
The issue of data selection is important when a53@§§%&§‘@§%§m&ﬁﬁd price

and quantity effects. These are only meaningful insofar one does not disso-

ciate them from the framework within which they were defined. For example,

an own price elasticity of demand indicates, ceteris paribus, how the quantity

demanded is affected by variations in the corvesponding price. It merely
indicates a partial effect; as to the total effect, the result might be quite
different. In order to assess meaningfully a partial elasticity, it is essen-
tial to bear in mind what the "other things being held constant” actually are.
Although the reader might feel that this qualification is obvicus, it tends to

be overiooked when estimated elasticities are used to assess the effacts of

4

changes in exogenous variables in a partial eguilibrium framework {e.qg. to
evaluate the effect of a change in import tariffs on the quantity of imporis),
or when elasticity estimates drawn from different sources are compared with

3
each other.”
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n this paper we examine how various definiti
gquantity elasticities derived from the zame structural model can meaningfully
be compared with each other. We find that large differences between the
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various elasticities are possib
jg%a%ﬁg is large. One cannot rule out the possibility of the own partial price
elasticity of imports being positive in certain cases, even if the under-
lying wodel is well behaved. gﬁ alse examine whether some specifications are
more relevant than others for economic analysis.

Throughout this paper imports are treated as intermediate goods being
inputs to the domestic technology. This treatment is in accordance with
the fact that most internationally traded goods are intermediate goods;
moreover finished fmports are generally still subject to domestic handling,

transportation and retail changes before reaching final demand.



The model we use 1s & relatively simple one, and it allows us to
distinguish between only a limited number of price and as%é?éty variables.
We ignore the effects of taxation, the possibility of market disequilibrium,
or the existence of a nontraded good sector. The model is nevertheless
sufficiently flexible to draw a distinction between several of the most
important price and quantity variables being used in practice. Qur
approach is entirely deterministic, that is, we do not discuss any of the

istical problems that might be Tinked toc some of the specifications. For
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simplicity we assume that the home country is & small open economy, i.e. it
faces infinitely elastic foreign import supply and export demand functions.

This permits omission of foreign demand and supply considerations from our

model; this assumption is invoked, at least implicitly, in most of the empi-

as follows. In the next section
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we examine the case where the technology exhibits constant returns to scale
this enables us to show in 2 simple context how the various elasticities we
define are related to each other. ¥e turn to the more complex case of variable
returns to scale in section 3. Some concluding comments are given in the

tast section.

2 {onstant Returns to Scale

We assume that imports arve inputs to the technology. They ave used in
conjunction with 2 composite domestic primary factor. In this section we
exhibils constant returns fo scale. lmport

4
decisions are assumed to be taken by profit maximizing firms operating under

Let the technology be given by the following aggregate production

-
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where c{-} 1s the unit cost function of gross output.
The demand for imports and for the domestic factor can be cobtained by

differentiation of C{-}, a result implied by Shephard’s {1953} Temma:

qy = 8C{-}/apy = [oc(-)/apylay = cylpy. pp)ay (6)
ap = aC(-}/8py = [Bel-)/epplay = cplpys byl gy {7)

where the subscripts attached to functions indicate partial derivatives
with respect to the corresponding argument. Under linear homogeneity and

competitive behaviour we also have:
v = 8C{" ;f%ag ﬁ{@%? gQ} . (8}

Differentiating (6)-{8) logarithmically and using matrix notation, we

get:
e | | e
dingyl  CaPw/9  OpPp/9n  Cwy@y/Oy; (dinPy
dinap = CpwPw/9p  CppPp/9p  Cpvay/9p| |dinpp (9)
dinbyl CyuPw/Py CypPp/Py Cyy@y/pyy |dingy

' 7
where ﬁﬁﬁ = g-C{- }fﬁ%ﬁﬁégg} and s0 on.

]
From the Tinear homogeneity of C{-} with respect to gross ocutput it

follows that:

i 4 = 7 k| =
CayOy/ay = 1o Cpyay/ap = 1o Cyyay/py = 0
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From (6)-(8) 1t follows that:
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Let us denote Q%?§%f§% by (Tea) Expe Sy < i %a%;ng yse of {10)-(13), (9)

H

can be rewrititen as:

- “ “
. - . £ gff;ﬁ bt & T =
ém% (1o} Exp4 (1-a) M HERL1 APy
ég%’%@i} &= “@{3“@4}&?&&% @{?“&}ﬁgﬁﬁ ,% iégﬁ?i} {%{%}
dinpy o Tegy 0 iding,; .
i A
Thus, once that all prior information has been taken into account, the
number of unknown parameters reduces to two (o and gﬁﬁ}@
Had we used (2} instead of (4} to represent the technology, the inverse
input demand functions could have been derived as follows:
py = 3RU-J/8gy = Tylay. ap) py {15}
. mEVE % Fe " I P T
év}%; = KL “ﬁfﬁ%g‘; = f g’{v’?ﬁ; Upi Py (16)
and obviously:
o w&@}f@‘wg} = Fig % f??
ly iAoy Vg Hpl i/
Logarithmic differentiation of (15)-(17) yields:
A1 X i y fy G e o I BN s
Aoyl Ruy/Pu Rupfp/Pw RuyPy/Dy) [4indy

)
s
s

dinppi = \Rowiw/Pp  Rppip/Pp RpyPy/Pp| [4indp) (
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where Ry, = %2R{~}5{§Q%EQ§} and zo on. In view of (14}, (18) is equal to:
dinpy §%%u§ Mg@ﬁwﬁ 17 dingy
dinpy| = -ey o/ (1-a) e 0/(1-a) 1| |ding, (19)
j:ﬁ gy “ o Teg 01 |di ﬁg,%yd .

Comparing (14} with (19}, one clearly sees how the direct cwn price
elasticity of the demend for imports is related to the corvesponding inverse
elasticity; we have:

-1

b

(20}

fo

e Y e 2‘” ¢
ﬁfﬁ?ﬁiﬁﬁg Gy Py)/31ngy = {1-at) i%EﬁQ%{§%§ Py qg}fééna%ﬁ

(6} and (15} are two examples of how the demand for imports can be modelled,
and (20} indicates how the corresponding price elasticities are related to

s {15},
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each other. In what follows, we ignore inverse formulations such
o

and we concentrate instead on direct formulations.” Even then there 15 a

targe number of possible specifications. We examine the following ones which

are particularly relevant to empivical work:

Iy = GuiPys Ppo Gy) I

W = P> Py» 9p) H
Ay = Aylbys Pps 9p) 11
Gy = AylPys Pys Gy) 1y
Ay = GulPys Pys ag) v

Gy = ulpys Pys Gg) V1
G = ulPys Pg» Gg!) Vil

where 9y = {p¥@% - p%%§}f@¥ is real national income

real national product {conventional

7%

domestic value added), 9e = Gy -~ Gy i
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where § = qu/q, = @{&Yfﬁ%E > G ' the quantity (a-8) thus is a measure of the

extent to which the current relative price of imports differs from its base pericd

The various partial price and guantity elasticities can be read directly
from (21}-{27). Several comments ave in order. First, it appears that all

&

demand functions are homogeneous of degree zevo in prices; it is therefore legi-

timate to include the two price variables as a ratio. Secondly, under constant
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also becomss clear: it is equal to the

own price elasticity of the demand for imporis for the second specification.
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One can easily see that if & = o, formulation (¥I} becomes equivalent fo
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formutation (11}, and (VII} becomes identical with {111}, This is becauss in
that case 9 = aps and Pg = Pp- Real national product in this model is simply

an index for the guantity of the domestic composite factor, and the national
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product deflator is an index for the rental
forms that are being used to construct A and Pp {direct Laspeyres and direct

y poor indexes for Eh and
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Py if Py varies substantially from p,, f.e. if § very different fromo.” As a
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result, the price elasticities corresponding to (VI} and (VII} might differ
substantially from those of (11} and (IIl}; actually, one cannot rule out the
possibility {for § sufficiently larger than o) of the own price elasticity of
imports being positive should real national product {conventional measure) be
used as the activity variable, sven if the underlying technology is well
behaved, %;@h even if cost function (4) is concave.

It is not possible in general to rank according to size the price elasticities
corresponding to the different specifications. Ranking depends on the values of

Eyps O and 6. Since 0 < o < 1, however, we can assert that:

RIS 1 SN U2 P § SO .
S < Evm T S < Bmm < U5 S < S L28)

possibility that egﬁ > 0. Regarding g and Exm . they can take any value
between -« and +w

One question that comes to mind is which one of the seven formulations we
have considered is the most meaningful. In a deterministic framework, it makes
no difference which specification is retained since any six can be obtained from
the seventh one. A1l seven specifications describe egually well the same techno-
logy. One might argue, however, that some formulations are more useful than
others in the sense that the elasticities yielded ave readily usable for economic
analysis in a partial eguilibrium framework, without further manipulations.
Estimated import price elasticities are often used to assess the effect on the
guantity of imporis of an exogenous change in their price. For a small open
economy ~ a price taker in the markets of its imports and exportables - with fixed
domestic factor endowment and operating at full emplioyment, it would seem best
to treat the price of ocutput and domestic factor utilization as exogenous next

11} is our preferred specification.”

oy

s,

to the price of imports. In that sense

The own price elasticities of imports derived from the other specifications would
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only indicate the partial effect of a change in import [
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G could hardly be expected to remain constant in such an instance. Correct

assessment of the total effect would require some calculations and knowledge
of o. The same holds if real national product is used as the activity varia-
ble if & # o as may well be expected.

It is also apparent from our analysis that no matter which specification
is used, the import demand equation that is obtained is part of a system of
three equations: = two direct and one inverse demand or supply equations
such as equations (6)-(8). It is most efficient then to make use of all infor-
mation available, and to estimate the entire system rather than the import
demand equation in isolation as it is usually ﬁﬂﬁé&Eé

e

To conclude this section, it might be useful to say a word about tech-

nological change. Assume that the aggregate production function is given by:

where g, is now the augmented quantity of the domestic composite factor, dp is
a4 L
the measured quantity, and t is time. It is convenient to assume that techno-

Togical change is disembodied and occurs at constant exponential rate. In

that case:

” N s w3t ~
n = dneft, p = e, w0 (29
C%{’g in % ) i 5 w2 LLZ ]

where u is the rate of technological change, and pg iﬁg} is the implicit

(measured) rental price of D. (29) can be substitutes into (I}-{III} ¢t

eliminate the unobservable variables I and/or p.: time then appears as an
i

additional explanatory variable
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Yariable Returns to Scale

He now turn to the

somewhat more o ?ig‘fﬁéi’ﬁ case where

o
]

(-} can no longer

be taken as linearly homogenecus; f{:) may not even be homothetic. Variable

v’é

returns o

perhaps the omission of an input or an output,

cale might occur for a number of re
)
i

a
2

sons, the most ohvious be

ing

© The case of variable ra-

turns to scale is somewhat more complex than the case examined in the pre-

vious section because it can generally no longer be ass

tion takes place in all markets, and it is no Yonger

%

]

umed that optimiza-

matter of ipndiffe-

rence whether one chooses to describe the ted ogy by a

\é».

RN

function

such as (4}, a revenue function such as {2), or yet another representation.

If the aggregate technology exhibits variable returns to scale, and if the

economy Taces less then

functions, it is genera

input(s) does this equal
mines the form by which

We have argued in t

operating at full employment and with fixed factor endowme

infinitely elastic input supply and output

i1y break down. The answer

sy

the technology can most adequately

the previous section that for

equals its price in equilibrium. One must therefore a.k oneself

for which

be represenied

demand
f each input

to this question deter-

small open economy

priate to take Py Py and Gy s exogenous; the producer’s

maximize variable profits

nal factor endowment 9

following variabie profy

Wi?ﬁ& Dy s %55

H

Feypn T B N
fou g}%% py > 0 and %i} >

cally increasing in pe nondecreasing in Py s nopincreasing in p

The technology can thus be

t function:

= Bar [ Dy = D00
gy say PrOy T P Oy =
0. Given our assumptions on

1

L8

geneous of degree one and convex in prices.

.,»

o "v@

given the price vector {QQ? 0y ) and
¥

problem is fo

ixed natio-

represented by the

{Q'%g@& Cﬁgj}:« %yﬁ Qa;g

M‘;
L

\,

s monot

Pl

;s and h

O (30

4

z}g’?%m

H

(R



Lok

The profit maximizing demand for imports and supply of output can be

obtained by differentiation, a result impiied by Hotelling's (1932) lemma:

Gy = - an(<)Bpy = - mylpys Pys dp) (31)
gy =3n(:}/Apy = mylpys Pys Gp) - (32)

In addition, if the composite factor is mobile between firms:
(33)

Py = T(Pys Pys Apl/ag

i.e. the domestic factor rental price is determined residually by use of the
national account identity Pyly = Pyly = Pplp- Thus the totality of variable
profits {nominal national income) is allocated to the domestic composite
factor.

The modus operandi would have been quite different had we used (4)

instead of (30) to represent the technology. Under variable returns to scale
and for output set at an arbitrary level, the marginal cost of output is
generally not equal to its price (as determined by the accounting identity),
and hence input prices are not equal to the corresponding marginal products.
The first-order conditions for a solution to (4} only imply that the ratio
of the marginal products of the two factors 1s equal to the ratio of thelr
prices. The same would be if (3) were used to describe the technology assu-
ming that factors are mobile between firms.

We now proceed as in the previous section, but using the variable profit

function as our starting point. Logarithmic differentiation of {31)~(33) yields:

dingyl  [-ma@w/9y TPy 9 “Twpdp O] [9TMPy
ﬁ% ﬁﬁ? = ?{%{?ﬁ‘ﬁg@%‘f{g%’ X%?}%?,;%? ’aﬁgf{%{é {};{Q‘{ fﬁ ?ﬁ}? { 35?}
di npy “ai/{ T} 1/{1-a) ’é‘?ﬁifﬁ;%“’ 1 é"ﬁﬂgg

where Ty = 3gﬁ{”}f{§§%%§?} and so forth; o is defined as before.



Linear homogeneity in prices implies:

wPW O TPy Iy T O TPy F TyyPy/Gy = O (35)
and
ouPw Pp * TpyPy/Pp = Tp/ Py - (36)

In addition it follows from the symmetry of the Hessian that:

Fes  wm oo £ kv
TywPi Gy = O TyPy/ Gy - (37)
Let Sy = Ty %§@fg% < O, Ny = mﬂga@ﬁ}q% > 0 and Ny = ‘¥§q§fgg > 0; Eppy 15
again the own price elasticity of the demand for imports holding Py and g
constant; Ny and ny are the elasticities of the demand for fmports and of the
supply of output with respect to domestic factor endowment for comstant prices.

Making use of {35)-(37}, (34) can be rewritten as:

dinqy 2Ty Sy | [dInpy
ding, | = A -0y ny| (dinpy {38}

dinpy ~of (1o {10} i ﬁ@%gé

where u = - {&f{%m&}éﬁ% + ?f{gwazry - 1. It can be seen from (38) that ali
price and quantity effects can be captured by four parameters (o, Cupe Ty
and ag}»

The import demand price and quantity elasticities corvesponding to the
various specifications can now be derived. For formulation (11}, the elasti-

cities can be read directly from (38): we have indeed:

s
fad
AL

o

d?ﬁq% = aﬁgééﬂp% ~ zﬁﬁﬁémﬁ? + ﬂﬁﬁiﬁqg .

The elasticities corrvesponding to the other specifications can be obtained



from {38) by substitution; they ave reported in table 1.

Several comments can be made. First, &11 import demand ?uﬁat%ﬁﬁg emerge
yet again as %ﬁmﬁg%ﬁ@ﬁuﬁ of degres zero in prices; cross elasticities are
therefore not reported, being equal to minus the corvesponding own price elas-
ticities. One can also see that each formulation g@ﬁewa%§y yields a different
set of elasticities, some of them being rather complex expressions. It appears
that for most formulations one cannot rule out that the own price elasticitly
of the demand for imports is actually positive: this is a definite possibiiity
if formulations (I}, (Iv), (¥}, {VI} or {VII} are used, even if € is negative
as ?eqa%réé by the convexity of ={-}. It does not seem that this has ever been
recognized in empirical work. A positive estimate thus does not necessarily
imply that the estimating equation ought to be rejected.

It is not possibie in general to rank the various price and gquantity
elasticities as wost of tham depend not only on €y and Thggs but also on a,

Y

ynction ig

dy

ny and &. If ng = ny = 1. however {u = 0 then), the production

o

linearly homogeneous, the elasticities simplify to their values in (21)-{2

enf

Py,

-

o

and (28} s again valid. Of interest also is the case where f{.} is homogeneous

of degree n. We then have the %@%E@w%ﬁgzgg
SR B T Ao B e fred b T - FET . Afy°
Y?M i &1 %}ﬁ?@@és ?;v%g fi i s%ﬁa%%%g ] &1 E};{% {:g} . {ig@’g

% "] 5

Gy = aa" Withn=a+8, 0<a<1,B>0, (41)
The variable profit function is then equal to:

, _ waf {T-a)  1/{1-a)_ 8/{1-a} Y

w{pys Bys ap) = YPy { "Py }@;ﬁ s vy > 0, (42)

. . 15

from which one can easily see that:

%3??%5% e Eﬁ{%”{}v}g 'ﬁ%@{ e !5\‘”’5‘ = S;{’?“’&:} & {5{%3}



The various import demand price and guantity elasticities corresponding to the
Cobb~Douglas functional form ave set out in table 2. There are still substan-

&

tial differences between the various formulations, especially for o large.
ATT price elasticities, with the possible exception of giég tend to under-
estimate Exm in absclute value; as we have argued earlier, Emp is probably
the most useful measure of the price elasticity of the demand for imports.
For example, if o= & = .3 and B = .5, the price elasticities range from

-.63 to -1.43 {the value of @%Mgﬁ and the activity elasticities range from

LAY to 1,75,

P

4 Concluding Comments

What one would Tike to do at this stage is to take the various price
and quantity elasticities reported in the literature to which we referred
eariier, and translate them into the same framework for comparison purposes.
?;

This is unfortunately not possibie since the necessary information is generally

not available. Given the published elasticities, one would require the values

oy

of a, Ty and possibly 6 to be able to construct estimates of E and My An

.

average value for o could be constructed without much difficulty in most cases.

£

Knowiedge of the data normalization used, however, is of crucial importance

]

or the calculation of &. This information is often not at hand. The major

%

ifficulty though stems from the fact that nearly all estimated import demand

ke

functions are single equation estimates: hence no information on Ny i3
16

avaitable. This means that in most instances, and unless one has a rather

intimate knowledge of the actual studv and of its data base, the estimates

. .17 .
obtained are of Timited usefulness for economic analysis. ' In our judgement
fes it

specification (II) is probably the most helpful since the elasticit

yields are usable for a variety of purposes without any further manipulations,



woveend
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5

pplied in & large number of studies,

ich has been a

Specification {(VI}, wh

might be our second choice, since it is equivalent to (11} if o = 8. The
validity of this assumption, however, is guestionable. Many countries expe-
rience large changes in their terms of trade over time: in recent years,
especially, most oil importing countries have been subject to sharp increases
in the relative price of their jmports. As 2 result & is Tikely to deviate
considerably from o, and real naticonal product becomes a poor index of
economic activity.

Among the elasticities that we have defined, there is none that is
superior to all the other ones. From a strictly deterministic point of view,
they all represent the same model, and hence are equivalent, even if some
are wmore readily usable than others. In applying these elasticities, it is

only indicate celeris paribus price and

S

essential to keep in mind that they
guantity effects, and it is crucial to be aware of what are the other things
that are being held constant. Without this precaution comparisons of elasti-
cities drawn from different sources are meaninagless. I one wishes to recon-

cile different estimates, one does Tind, as even our simple model reveals,

information than wight

43]
]
3]
s
4%
[g4]
b
£
s
P
=%
=t
<
5
g
]
Y

that this is a complex exerci

actually be availahle.



(2]

o 5 =
= s
W 3 s W
i L
s g, ho
b w ww
wm { ﬁwva
as e . Bl
L or - D g = o
s i [ Mﬂ. . St s
= = + J el I
[+ N e Ly et LI B u 3 j
Lo P, b o B I I - B A I o [ &
= - = B & % ool I ol R g |4 WS | et
LT99 % = 43 H i g o w g L— S P
s 44} e gosier 2 e H st ¢
%] B s T i =) = p @
G [ B ol o b e
wpsn [t 2% H BN P B T e
g s H g , Wy H find Mm
g Jee) e L pg § P
L2 e o o o e 3 S
By s St % i
L= ¢ ]
W %W d
o e B QMM
st 4 e
Lid = -
o [ o] @
o o F o) o L
et et i S = o
oyt . [ o, g =N ap 43
e e = 5 e M S . . bt i ot 3
£ o 3 s = . - B i &= & &,
] | o - P [o) ! [l B S g b
= r— : & i 3 8BS & @ b4 &
¥ gl sl 4 = o § i [ o P © 5]
S, i et = [ g | ool e g e =
v o St s W PN S S [ S 5 L3 L2
& » e, = = = [ E e
i) i 23 ¥ 3 &= = “D o1
- H S iy e & R ol §od
&4 L L R 3 i Gt Fuad
i3 =4 et 3 = o, Wy o
e " b » ) Wy w5
- on = W o B e o
2 ey o) [} o
) H [ e
oy g e
&8 Y [
o e
Fedi= N fd
) 3
e, g o, oD, e, ey o L foe
e [ [ et I A3 o (el
w or or &F - o [ o5 s gn
: ) [
o & ® s ,m, & S # S oy £
L ] e o e o S 55 S S
o N fo R [ [ 3. £ ok oy
A CEEE R
; Find 9,& a..:. & o am\e w # 4
e L3 = = =Y = b L - WO e pd 0B I e
s | g L [} 5 [=% L3 o) £3. D S B v S« S o S o A T <
m e Fouat e M St g e Pt
Lt e as
i P &
£13¢ 443 Bt L 3
ﬁgw fa Yo o e oot ot i
fos | 7 o o et e

Flator

a3

£

product 4



TABLE 2: Import Demand Price and Quantity Elasticities for Alternative
specifications, Cobb-Douglas Functional Form.

Q % %
{g%{mg%ﬁﬁg}%xs d<a<i,g>t

Specification 3ingy(-)/31np, 3lngy(+)/31ng
I Pz %;% %‘«{} - g/ (e + B) o + ﬁ%;?
11 (o , - 1/ {Tee) B/(1-a)

T (pys Pys Gp) -1 Bla + B}/ {1~a)
1Y {yﬁ, Pys ﬁg} - 1 1
Vo Apys Pys Gy -1 1
VI {pys Pys o) - 1/(1-8) 1
VIT (py. pgs ag) -1 1

where g = ys Gps Gy OF g as the case may be.
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