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This paper examines alternative functional forms for consumer import
demand functions for multi-country trade models. Two variants are
estimated and compared.

The point of departure is the use of a system of demand equations,
based on two assumpticns: imports are not perfect substitutes for domes-
tic goods, and consumers' demands for imports are distinct from the demand
for imports by other agents in the economy. While this approach has much
in common with that of Armington (1969), and Hickman and Lau (1973), on
the one hand, and Burgess (1974a), (1974b), on the other, it will be
shown to be distinct from each of those.

First, a general discussion relates the demand system approach to
the problems involved in constructing multi-country trade models. Two
functional forms are considered, estimation problems and results are dis-
cussed for the two systems: the S-Branch and Rotterdam models. The
models are implemented for annual data over the period 1954-1970 for

Belgium, Netherlands, France, Italy, and W. Germany.
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I. Why Consumers' Demands for Imports? Why Demands by Country of Origin?

Consumer demand systems that distinguish goods by country of origin
were motivated by the construction of a multi-country trade/macro model
designed to examine the multisectoral impact of discriminatory (as in a
customs union) tariff changes and of exchange rate changes. The multi-
sector input-output accounting system used in this model involves a two-
way classification of all flows: by origin (industrial sector and geo-
graphic) and destination (to interindustry purchases or final demanders),
as in the upper panel of Figure 1. Total purchases from all origins by
any demander are obtained by summing the appropriate column, and total
uses from any origin are the sum of the corresponding row.

Thus, total imports classified under a particular industrial sector
are the sum of all intermediate sales from that sector, the sum of im-
ported plus private consumption over several categories (food, clothing,
etc.) originating in that industry, plus other imported final demands
(see the row of matrices aligned with B in the upper panel). Total pri-
vate consumption expenditures for say, food, are equal to the sum of all
industrial sectors' contributions from the various geographic origins
(middle set of matrices in the upper panel). Of course, the sum of total
food, clothing and other consumption expenditures equals total private
consumption.

This accounting system was used for the model mentioned above in
order to empirically capture the implications of imported intermediate
and final goods that are close, but not perfect, substitutes for simi-

larly classified domestically originating goods. Intermediate import



Figure 1

INPUT - OUTPUT ACCOUNTING SYSTEM FOR COUNTRY k, k=1,2; £=1,2; k#i
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“*Domestic output equals exports plus domestically produced total uses of good k.

FIGURE 1 INPUT-OUTPUT ACCOUNTING SYSTEM AND RELATION TO TRADE MATRICES
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demands are considered to be factor demands, and therefore have different
funétional forms from consumer demands. When prices of imports rise be-
cause of a tariff change, for example, and intermediate inputs become
more expensive, the increase in the cost of producing domestic goods may
partially offset the price advantage conferred on them by the tariff
change--a result well known from the effective protection literature.

The same is true for a devaluation. In fact, intermediates comprise as
much as 75% of total imports. Thus, it was judged necessary to distin-
guish consumers' demands for both imported and domestic goods from those
of producers;

To distinguish goods by geographic origin was judged necessary since
price as between imports and domestic goods differed. A distinction
between imports from EEC partners and the rest of the world (ROW) is the
minimum necessary in the presence of tariff changes that discriminate
in favor of the former.

Armington (1969) proposed and Hickman and Lau (1973) (HL) estimated
demand systems that follow this goods-by-origin principle. In imple-
mentation, HL delete domestic origin goods, while the present system
retains them. No distinction is made in either case between intermediate
and final demands for imports. Burgess (1974a, 1974b) treats imports as
inputs in the production of final demand, finessing the intermediate-
final distinction entirely. No country-of-origin distinction is made in
his model. An advantage of Burgess' approach and the one used in this
paper is that prices of imports enter the demands for domestically

originating goods, and vice~versa. This ensures that the shifts in



demand from imports to domestic origin "importables" accords with that

hypothesized in the theory of tariff and exchange rate changes.

II. Functional Forms

Two functional forms are employed: the S-Branch system of Brown and
Heien (1972), and a block-additive relative price version of the Rottefdam
model (see, for example, Theil (1975)). The S-Branch system is also
block-additive. Five categories of goods are distinguished: food, clothing,
shelter, durables, and other. Given the three origins for each good
(domestic, EEC, ROW), a system of fifteen equations must be estimated.

Block-additivity (or strong separability) is imposed a priori to
restrict the number of parameters to estimate. This restriction is based
on a two level budgeting or utility tree view of the decision-making
process: total expenditure is first allocated among goods, then expend-
iture for each good is allocated among products. This assumes that
products from a given origin are homogeneous. For example, given the
three origins, a Frenchman is assumed to distinguish a Renault from a W
and each from an Austin. Yet Mercedes, VW, Ferrari and Fiat are part
of the same homogeneous product.

It has been argued that it would be more useful to distinguish pro-
ducts by quality class, following Lancaster (1966), rather than by
country of origin. The approach taken here implies that these two
classifications are related very simply; i.e., 1:1. Unfortunately,
the characteristics or hedonic approach is impossible to implement for
a complete macromodel, and more important, the phenomenon of interest
is that prices differ and are changed differentially according to

geographic origin.



The S-Branch demand functions to be estimated are
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where X, = jgs (bs'/psj) s Py
n, = the number of products in a goods class (here = 3),
S = the number of goods classes or branches (here = 5),
9, = quantity demanded of product i in branch s,
Pyy = corresponding price,
m = total expenditure

b., 8., 0, c and ¢ are parameters to be estimated, and
Sl S1 S )

us is a random error term.
As detailed by Brown and Heien and Deaton (1974), this system allows
within-block complements, unlike its progenitor, the linear expenditure

system (LES), but only if all products within a block are complements

to each other.

The block-additive Rotterdam model estimating equations are
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As explained in Theil (1975), this version of the Rotterdam model
permits either (specific) substitution or complementarity between pairs
of goods within a block. As with the S-Branch model, substitution be-
tween goods is represented by a single parameter: o in the S-Branch model

and ¢ in the Rotterdam model.

III. Estimation Results and Within-Sample Comparisons

The S-Branch estimates (done by FIML) almost always yielded elas~
ticities of substitution O and ¢ significantly different from both 0O
and 1 at the 5% level, implying the inadequacy of the LES for these data.1
However, supernumerary expenditure (the quantity in the last bracket

of the second line in (1)) was not infrequently'negative at the sample

lThanks are due Murray Brown and Dale Heien for their version of
the estimation program.
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means, which violates the assumptions of the utility function from which
the system is derived, and gives rise to negative income elasticities,
as will be seen. The results are available from the author, but not pre-
sented here.
Space limitations prevent the inclusion of all but a sample of the
Rotterdam model parameters, which were estimated using both iterated
GLS and mixed estimation.l Given the converged GLS sample estimates,
priors and standard errors are assigned to the marginal budget shares
in the form of income elasticities. These are generally less than unity
for domestic‘origin products, and greater than one for imported products.2
The sample and mixed estimates for Germany are presented in Table 1.
The introduction of prior information on the marginal budget shares, ui,
does not drastically change their magnitudes, but it does substantially
reduce their standard errors. As a result, the standard errors of the
derived parameters, vii’ the own price coefficients, are reduced as well,
in view of (8). The compatibility test statistic is too low to reject
compatibility between the simple and prior information (see bottom of
Table 1).3 The share of the precision of the mixed estimate attributable

to the prior estimates is only .14.4

1Thanks are due John Paulus for providing his estimation
program, modified by the author for this study.

2See Chapter IV of Berner (1975) for details on the priors. See
Paulus (1975) for details on the estimation procedures.

3See Theil (1963) for the derivation of this statistic, together
with the derivation of prior and sample shares.

4Ibid.
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In two instances for two other countries, not presented here, sample
marginal budget share estimateé were negativé, and the imposition of
prior By that are positive résults in positive mixed estimates of these
parameters.l Paulus (1975) has evidence at the goods level of strong
specific substitution between durables and shelter and of strong specific
complementarity between clothing and other for the Netherlands, one of
the‘problem countries. Hence, the block-additive model must be a mis-
specification for the Netherlands. However, an advantage of the Rotterdam
model is that off-diagonal blocks of coefficients may be added to the
model without major surgery. Each would involve nine additional para-
meters in the present case, assuming symmetry, for a total of eighteen
additi;nal parameters. This will be done in the near future.

As seen in Table 2, the Rotterdam model wins the performance race
based on information inacquracy2 (coluﬁn I in Table 2) over both the S-

Branch model and a naive model of the following form:

-~

(1) Yie T Vie-1

where the hat denotes predicted. Equation (11) corresponds to an auto-

regressive version of the linear Engel curve through the origin model:

-

(12) Qe = Viem1 * T Py

1This occurred for France and the Netherlands for imported shelter,
which is largely fuels and electricity, where the budget shares (sample
mean average) are extremely small--even smaller than those marginal
shares for Germany in Table 1.

2See Theil (1967), Chapter 7.
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' The Rotterdam model loses, however, based on an R2 on levels cri-
terion. The habit formation specification of the S-Branch model (see
(1)) and the changing budget share of the naive model account for this
phenomenon. This says nothing about the predictive ability of these
models outside the sample--a comparison that will be made in
the context of the abovementioned macro/trade model.

It should be mentioned that all criteria are adjusted for degrees

of freedom according to

(13 k= (n~-1T/[(n~ 1)T - m]
where n = the number of equations (15)
T = the number of observations (17)
m = the number of estimated parameters.

Since m = 0 for the naive model, k = 1, and the naive model has an imme-
diate advantage. For the S-Branch model, m = 40 and for the sample
estimates of the Rotterdam model, m = 30.1 Following Paulusz, m is

redefined to be asn1in the mixed case, where o is the sample precision

share. The new m '"plays the role of the number of unconstrained parameters

1For the S-Branch model, there are 15b ., 156 ., 4a , 50_, and
one o. This differs slightly from the origigal Browh=Heien speci?ication,
in which a b was dropped. Dale Heien has convinced me that an o should
be dropped instead, as in the present formulation. In the Rotterdam
model, there are 14 u,, one ¢, and 15 v,. (3 v,. in each of five blocks,
. sk ol ij
assuming symmetry); s€e equations 8-10 above.

2(1975), pp. 128-130,
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in the correction for loss of degrees of freedom after stochastic prior
information is introduced."1 For the German data, e m= 25.8. Thus,
without this correction, the sample estimates would win the performance
race using the information inaccuracy criterion. It should be obvious

that some experimentation with off-diagonal price coefficients is in order.
Given the same dependent variables for two versions of the Rotterdam
model, F-tests become appropriate for measurement of the significance

of additional price terms.

To conclude, Table 3 presents a comparison across countries of income
and own price elasticities or sample means for the Rotterdam model (mixed
estimates) and for the S-Branch model for Italy (under Italy-S). These
appear reasonable, and illuminate some substantial differences between
elasticities for the two import origins, marking them as distiﬁct pro-
ducts. While the income elasticities réflect the prior estimates, the
own price elasticities reflect these only partially, in view of (8).2
In the case of EEC shelter for the Netherlands, both elasticities are
dominated by the introduction of a rather high prior income elasticity.
However, the marginal budget share here is miniscule. Again, experimen-

tation with non-block additive models is the next order of business.

Lbid.

o gwnzprice)?iaft:c;tieﬁ :r?/gi = (vii(l - ui) - uiwi)/wi =
i . ij i i'i i*
jeng
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