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"ABSTRACT

‘The Armington trade model distinguishes commodities by country of origin
and import demand is determined in a separable two-step procedure. This
framework has been applied to numerous international agricultural markets with
the objective of modeling import demand. In addition, computable general
equilibrium (CGE) models commonly employ.the Armington formulation in the
trade linkage equations. |

The purpose of this paper is to test the Armington assumptions of
homc;theticity and separability with data from the international cotton and wheat
markets. Both'parametric and nonparametric tests were performed and the

empirical results reject the Armington assumptions. This has important

implications for international frade_modeling and CGE modeling.

Kéy Words: Armington, separability, homotheticity, nonparametric tests, wheat,

and cotton.




WHITHER ARMINGTON TRADE MODELS?

. The responsiveness of import demand to international price changes is an
. important topic in applied international agricultural trade research. Elasticities of
import demand are‘.iis;éd coinmox;ly to estimate the effects of trade barrieré and to
examine trade policy options. There was renewedV interest in the topic during the
1985 debate over the U.S. Food Security Act. In fact, the price responsiveness of
import demand for U.S. agricultural sales became the single most important issue in
the policy debate (Thompson, 1988). Ultimately, the U.S. government decided that
the import demand for U.S. agriculturél exports (such as cotton and wheat) was
price responsive: Foreign import demand elasticities in excess of unity were then
used to justify lowering US loan -rates-(i.e., floor prices) as a means of attempting to
regain market shares in the international markets (FAPRI; Myers). |
Empirical estimates of irﬁport demand elasticities are predicated on the
specification chosen for the trade' model. A number of different model
specifications have appedred in the literature and these are well documented in two
separate surveys by Sarris (1981) and Thompsoh (1981). The Armington model is
one specification which has been ;rery popular. It is a disaggregate model which
distinguishes commodities by country of origin with import demand being
determined in a separable two-step procedure. The Armington approach permits

the calculation of cross-price elasticities between imports from all sources using

_estimates of the aggregate price elasticity of demand for imports, a single elasticity of

substitution and trade shares. The ease of use and flexibility are two reasons why
the Armington model has been applied so often to international agricultural
markets. Of course, another important reason is that the Armington model often

gives results which are judged to be successful because of both plausible parameter




estimates and statistical significance.‘ The Armington approach has been applied to
modeling agricultural trade by Abbott and Paarlberg; Babula; Figueroa and Webb;
Grennes, Johnson and Thursby; ]ohnsoh, Grennes, and Thursby; Penson and
~ Babula; Sarris-(1983); and Suryana. In addition, it has been accepted as the
 appropriate way in which to model trade flows in a computable general equilibriufn
(GGE) model '(de"Melé ‘*a'nd Robinson, 1981 and 1985) and has been used extensively
in CGE models of international trade in agricultural products (e.g., Adelman and
Robinson). The Armington model assumes that import demands are hofnothetic
and separable among import sources. Thus, within a market, trade patterns change
only with relative pi'ice changes and the elasticities of substitution between all pairs
of products (e.g., bétween United States and Canadian wheat) are identical and
constant. These are strong rés’trictions on demand. Iﬁ this paper we test these
restrictions using data from the interha’fional cotton and wheat markets.

Three approaches are used in our empirical work. All three approaches test
restrictions on a country's system of import demand equations for a product (cotton

or wheat) from different sources. The maintained hypothesis is that imports of the

product from different countries comprise a weakly separable group so that we are

cbnsidering restrictions on the second stage of a two-stage budgeting process.

First, nonparametric methods (from Varian 1982, .1983) are used to test (a)
whether the data are consistent with a stable system of well-behaved import
demand equations and (b) whether Armington restrictions hold. The appeal of this
approach is that it provides' a complete test of the hypothesis in question with no
additional asqumptions.concerning functional form (Varian 1983, p. 100). The
principal drawback is the unknown power of the tests and tﬁe possibility of false
rejections due to measurement error (Varian 1985, Chalfant and Alston). .

Second, the Armington model is estimafed and tested as a nested model

defined by a set of pararhetric restrictions on a double-log import demand model




incorporating the complete set of relative prices. This provides a direct test of the
Armington model but the drawback is that we are testing against an alternative that
cannot be fully compatible with the adding-up restrictions from demand theory

~ unless preferences are restricted to be homothetic (e. g., see Deaton and Muellbauer
1980b, pp- 17-18).

Our third approach follows W1nters The Almost Ideal Demand System (AIDS)
of Deaton and Muellbauer (1980a) is used to estimate the parameters of the import
demand equatlons and Armington restrictions are tested parametncally As with
the nonparametnc approach this approach tests necessary conditions for
Arrnington restrictions to hold in a model in which other theoretical restrictions
(symmetry and adding up) can be 1mposed it does not test the complete set of
restrictions (including functional forms: for demand) that make up the Armmgton
model. This approach avoids the drawbacks of the nonparametric approach
(unknown power) and that of ‘the direct approach with the ad hoc double-log model.
However, it does involve the imposition of tlte AIDS functional form to be tested as
a joint hypothesis with the Armington restrictions. That is, it tests whether import
demand equations are separable and homotheti_c under the maintained hypothesis
that they are of the AIDS form.

The three approaches are complementary The alternate methods yield

different results on particular restrictions but we find that all three approaches

comprehensively reject the Armington model. In every country each approach

rejects the restrictions implied by the necessary conditions that the demand
equations are both homothetic and separable. Thus, we conclude that the

Armington trade model is inappropriate for cotton and wheat.




Two-Stage Theoretical Models

In general, a two-stage budgeting procedure assumes that consumers allocate
their total expenditﬁres in two stages (Deaton and Muellbauer, 1980b). In the first
stage, total expendlture is allocated over broad groups of goods, while in the second

stage group expend1tures are allocated over individual commodities. It is well
known that weak separability of the direct utility function over broad groups of
goods is a necessary and sufficient condition for the'second stage of a two-stage
budgeting procedure. However, weak separability imposes restrictions on consumer
behavior. First, the marginal rate of substitution between two goods from the same
group is indepeﬁdeht of the consumption of goods in other groups. Second, the
substitution effects between goods in different groups are limited. A price change of
a commodity in one group affects the demand for a commodity in another group

only through the group income effect. Third, separablhty implies a restrictive

relationship between price and income effects. More specifically,

ogi _ql
ax,ax

Sl) =HGH
where Sj; is the compensated cross-price affect, uGH is a constant depending on
- -groups G and H, g;j and qj are quantities of the ith and jth goods where i and j belong
to different groups and x is total expenditure.
In the context of a trade allocation model, the two-stage budgeting procedure
can be explained as follows. In the first stage an importer's total imports of a

particular commodity can be expressed as:

M = M(Y, P, Po, Z1)




where M is total imports of the corﬁmodity (e.g., cotton), Y is the importer’'s national
income; P is an index of the import price of cotton, P is a vector of the prices of all
other goods, and Z1 is a vector of other explanatory variables.

* In the sécond stage, total imports of the commodity are divided up amongst the

" various suppliers of the product to yield:

M; = MiM, Py,...,Pn, Z3), i=1,...,n : (3)
where M; represents the imports of cotton from éountry ii=1,...n), Pj represents
the 1:mport pricé of cotton supplied by the jth export nation and Z; is a vector of
other exogenous variables. _

- How does Armington's model relate to the above two-stage budgeting
procedu&‘e? The first two stages of Arfnington's framework are, in general,
equivalent to those described above. That is, in the first stage the importer decides
how much of a particular commodity to import (equation (2)). In the second stage
(equation (3)), given the total amount impor.ted, the importer decides how much to
import from each s'upplier. Thus, the implications of weak separability apply to the
possible substitution effects among commodity groups. In addition, the Armington

model uses a CES within-group specification. That is,

wi = b7 (%)(1-@ - : @

‘where wij is the market share of imports from source i, b; is a constant, P; is the price
of the commodity from the ith source, P is the import price index depending only on
the within-group prices and o is the constant elasticity of substitution parameter.

The CES specification implies weak separability between different import sources.!
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Further, as is clear in the CES specification of equation (4), the Armington.
approach assumes homotheticity of the sub-utility or within-group utility functions.
This implies that an importer's market shares are independent of group
expenditures. Consequently, all expehditure elasticities within a group are equal
and unitary and im'porf market shares change only in response to relative price |
changes.' Thus, thelArmington framework implies that in the second stage (within-
group allocations) market shares do not vary with expenditures and that different
import sources are separable. To test the Armington model, we focus on the
properties of the s.e‘condv stage and test the implied restrictions of homotheticity and
separability.2 B
Data

. Wheat imports were ahalyzed for five importing nations: China, Brazil, Egypt,
U.S.S.R! and Japan. These countries 'ac'eounted fo? approximately 51 percent of

world wheat imports in 1984/85. Annual data for prices and trade flows were

obtained from the International Wheat Council, World Wheat Statistics. Prices
were f.0.b. quotations, basis the e&porting country. The number of observations for
each of the importing regions varied based.on the availability of data and irhport
developments for that particular country. For Japan, the estimation period covered
the years 1960/61-1984/85. Brazil imports whea& from three sources: Argentina,
Canada and the United States. However, Brazil started importing wheat from
Canada only in 1970/71 and therefore the estimation périod for Brazil included the
years 1970/71-1984/85. Egypt has three primary import sources: Australia, the EEC,
.and the United States. ;I‘he data included the period 1971/ 72-1984/ 85. Imports of
wheat by the Soviet Union varied dramatically over the years. The United States
became a major source for the Soviets during the 1972/73 marketing year.
Argentina, Australia and the EEC became major wheat exporters to the Soviet

Union during the early 1980s. Canada has been the only major foreign source of




wheat supply to the Soviet Union since the 1960s, although the quantity imported

varied considerably from year to year. The data used for the U.S.S.R. included the
period of 1972/73-1984/85. The same period of analysis was used for the People's
Republic of China (PRC). Although Australia and Canada have been exporting
" wheat to the PRC since the 19605, the United States did not export wheat to China
until the early 1970s. * '

Cotton imports were analyzed for five leading importing nationS' France, Italy,
Japan, Taiwan and Hong Kong. In 1983/84 these five countries accounted for 37

percent of total cotton imports. Annual data for prlces and trade flows were

obtained from World Cotton Statistics published by the International Cotton
Advisory Committee Prices were c.i.f. Liverpool, England. As with wheat, the
number of cotton observanons vaned for each 1mport1ng region. For Italy, Hong
Kong and France the time period stud1ed was 1969/70 - 1983/84. Data for Japan and
Taiwan were not available for.1983/84 and thus the equations were estimated using

data from the 1969/70 - 1982/83 period.

Nonparametric Tests

The nonparametric approach-to demand analysis uses the results of revealed
preference analysis to derive algebraic conditions on demand functions
(Varian 1983). We can use these conditions to test for the compatil;ility of data with
the existence of a utility function that "rationalizes the data", to use Va;ian's
terminology. We can also test for the compaﬁbility of data with the existence of a
utility function that is homothetic, separable, or both homothetic and separable (as
is implied by the Armington model).

-Varian spells out the relevant conditions succinctly. First, compatibility of the
data with the existence of a utility function is necessary if we are to conduct demand |

analysis and the required condition is that the data satisfy the Generalized Axiom of




Revealed Preference (GARP). Wheﬁ this condition is not violated the data are
consistent with having been generated by the maximization of a utility function by a
representative consumer.3 Second, for data sets that satisfy GARP we can proceed to
test compatibility of the data with restrictions on the utility function.

Satisfaction of the Homothetic Axiom of Revealed Preference (HARP) implies
the existence of a homothetic utility function thait rationaiizes the data. Thus, to test
the Armington restriction of homotheticity, we check whether the data satisfy
HARP. A necessary condition for (weak) separability of a subgréupA(of a group of
goods that satisfies GARP) is that the subgroup also satisfies GARP. This is only a
necessary condition, the sufficient conditions require that the data satisfy both GARP
and the Afriat mequalltles (Vanan p- 105); however, Barnett and Choi (also see
Belongla and Chalfant) suggest that the use of the sufficient condition biases the
non- parametrlc test towards re]echon of separablhty Thus, a conservative approach
(erring in favor of the Armington model) is to use only the necessary conditions.
Finally, for data that satisfy separability we can test for "homothetic separability”
which holds when demands for goods withiﬁ a separable group are homothetic.

Varian has deVeloped computer programs to test these conditions. Our testing
procedure uses these programs as follows. First, _._we test each data set with GARP.
Next, for data that satisfy GARP, we apply HARP to test for homotheticity, and we
test for separability of each impdrt source from the_rest. Then, for zlmy data set that
satisfies all of these tests, the homothetic separability test is applied. Oniy sets of
import data (prices and quantities by source) that satisfy all of these tests are

‘completely compatible with the Armington assumptions.

The results of the nonparametric tests are summarized in Table 1. First, most

of the data sets satisfy GARP. The exceptions were Brazil's wheat imports, Hong
Kong's cotton imports, and Taiwan's cotton imports. Of course these violations

might be due to measurement error. Following Chalfant and Alston, we checked to




see how much of a measurement error would be needed to have caused the
violations of GARP that we observed. In the case of Brazil's wheat, only a very
-small measurement error (about one percent of prices or quantities) in one year

(1977/78) could have accounted for the violation. Similarly, a very small

measurement error in 1983/84 may have caused the violation of GARP in the case

of Hong Kong's cotton imports. In the case bf—Taiwaﬁ's cotton, larger measurement
errors (say 5 percent in 1970/71 and in 1976/77) would be required to account for the
violations. To conduct other nonparametric tests using thes':e data sets that violated
GARP we eliminated one observation from the Brazilian wheat data (1977/78) and
the Hong Ko.ng cotton data (1977/78) and two observations from the Taiwanese
cotton data (1970/71 and 1976/77). With these observations eliminated, the
remaining data satisfy GARP .This procedure is justified if we believe the violations
were caused by measurement errors. An alternative procedure would be to
experimeﬁt with adjustments to the Aata until GARP was satisfied. To the extent
that they satisfy GARP we may treat imports as a separable group and proceed to test

homotheticity and separability as within;group restrictions.4
~ (Table 1 about here)

The second test was for homotheticity. All ten of the data sets violated HARP
at every observation. Thus, homotheticity is rejectéd for every systém of import
demand equations being studied.

Third, we tested for separability among import sources by excluding each source
of imports in turn and testing whether the remaining sources make up a separable
group by applying the necessary condition, GARP. In the case of China's wheat
imports and Taiwan's cotton imports, separability was not rejected for aﬁy source

country. However, for the other four wheat importers and the other four cotton
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importers separability wés rejecfed for one or more of the source éountries. For
example, for France's cotton imports, the United States was not separable from the
other sources.although each of the 6ther sources was separable from the group
‘comprising the rest including the ﬁhited States.

Finally, bec#use 'all of the data violate HARP, the test for homothetic
separébﬂity is redundant. None of the data satisfy the necessary conditions of the
Armington model, homothetic separability.

Armington Estimates

Consider the following double-log specification of the "within-group"”

allocation of expenditures among n sources (i) of imports within a country:

. PP ..M
In Mj =aj + _ZlYijlnl_n'l;'*ﬁilnﬁ
]:

where M; is the quantity imported from source i, Pj is the price of imports from
source j, M is total expenditure on imports of the good from all sources, and P* is

Stone’s (geometric) price index for impdrts of this good.

Cn
InP* = ¥ wygIn Py
© k=1

where wy is the expenditure share of source k in total imports.5

This model is fxomogeneous of degree zero in all prices and total expenditﬁre.
However, it is not possible in general to impose the theoretical restrictions of
symmetry and adding up (e.g. see Deaton and Muellbauer, 1980b). The Armington
model of equation (4) is nested within this model under the restrictions that Yij =0V

j# 1 (i.e., weak separability means that only the own-price and group pfice are
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included), i =1V i (demands are homothetic), and v;; = ¥jj = -0 V i,j (i.e., equality of
the own-priée coefficients). Under these restrictions the system of demands does
satisfy tﬁe theoretical restri'cti’ons of symmetry and adding up and v;; = -0 is the

' elas.ticity of sﬁbstituti_on for the system.

| We estimated this model for the 10 cotton or wheat importers and tested the
Armington restrictiéné of separa};ility (Yij = 0 V j # i), homotheticity (Bi=1V i), and
equality of own price coefficients (yii = v} V ij). The estimates were obtained using
iterative seemingly unrelated regressions (SUR) techniques and the parametric
restrictions were tested using the likelihood ratio,procedure for which the test

statistic is:

2Di-M ~ 20 | ~— @)

whereé Ay is the log-likelihood -for the unrestricted model and A, is the log-likelihood

for the model with J parametric restrictions iAIiilposed.6

The results of these estimations and tests are summarized in Table 2. The
Armington model does seem to fit the data ;feasonably well and the estimates are
plausible with the exception of Egypt's wheat imports for which the elasticity of
substitution is negati\-/e and sigr_lificant? Outcomes such as those in Table 2 help to
explain the popularify of the Armington approach—. However, the Armington
restrictions are comprehensively rejected with the chi-square tests. While we could
not reject homotheticity in four of the cases, éeparability, homothetic separability,
‘and the Armington model were rejected in all ten cases. The full Armington

restrictions were rejected in all ten cases when the models were corrected for first

order autocorrelation as well as in the OLS -estimation.

(Table 2 about here)




The drawback here is that we have rejected the Armington model in favor of a
model that we cannot require to satisfy the theoretical restrictions that we would
like to impose (and which the nonparametric tests indicate can be imposed) on the
data. These restrictions can be imposed in the AIDS model and we can test
separability and homotheticity restrictions subject to symmetry and adding up as

maintained hypotheses.

AIDS Model Estimates
In an AIDS specification (Deaton and Muellbauer 1980a, 1980b) of import
demand, the budget share of imports from source i is given by:
. n ’ ’ .

wi =04 + 3% Inpj+ Bi In(M/P), i=1,...,n
=

where the log of the price deflator is

> 1
InP = o + Zog Inpi + 5 > Yxj Inpk Inpj,
k _ jk

M is total expenditure on imports and pj are prices of imports from source j.

Adding-up, homogeneity, and symmetry respectively require that

Zai=1, Lvj=0and Xpj = 0; L vij = 0; and ij = vji.
i i i i




The aggregate price deflator in (9) can be approximated by Stone's index from

equatioﬁ (6).8 Having made this substitution, the AIDS model can be seen to be
identical to the double-log specification in equation (5) except that expenditure
‘shares replace logarithms of quantities as the dependent variables.

The test for homotheticity in the AIDS import share equations is equivalent to
testing that all the Bi are zero. This implies that the import shares are independent
of the total import level (see equation (8)). To test for separability between import
sources, we follow Winters and test whether the price from a particular import
source contributes anythmg to the otherw15e complete allocation model. This
condition is a necessary consequence of separability. In general, one of the
implications of separability over groups is that the within-group demand functions
coﬁt?.in only prices of commodities.Within that group. Thus, for each import source
we estimated an AIDS excluding it and then téstéd whether its price had aﬁy
influence on the included -import shares.?

The import demand models of equaﬁion (8) were estimated by iterative SUR
techniques with symmetry and homogeneity restrictions imposed. Due to the
adding-up conaition, the contemporanébus covariance matrix is singular.. Thus, the
standard procedure of arbitrarily deleting an equation was employed. The SUR
estimators have the same asymptotic properties as maximum likelihood estimators.
The estimates are invariant to the equation del;eted_(Barten). .SAince the primary
focus of the paper is to examine the usefulness of the Armington m.odel, only the
tests of separability and homotfieticity are"reported.

In half of the cases a'nalyzed imports are supplied by only three sources (wheat
into Brazil, Egypt and Japan and cotton into Hong Kong and Taiwan). In these cases,
when we exclude one source to test for separability, and then delete a further
equation for estimation because of the singular residual covariance matrix, we are

left with a single equation model to be estimated by OLS. The single equation for
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the expenditure share of importg from source k represents the demand for imports
from two sources (k and j) as a function of their prices and total expenditure on
imports from the two sources. To test for separability of a third source (i) we use a
t-test on the coefficient of the logarithm of the price of imports from that source (5xi)
in the share equation for source k. To test homotheticity in the reduced model
(including only two of three sources) we use a t-test oﬁ the coefficient of the
logarithm of real expenditures in the share equation of source k (Bx). To test the
joint restriction of sepérability of source i and homotheticit}; within the reduced
model (8 = 0 and Bk = 0) we use a standard F-test. In all cases we estimate a system
of equations to obtain unrestricted estimates, and to test for homotheticity alone,
using iterative SUR. In»these' multiple equation models we use likelihood ratio
tests of the v:arious paran{etric' restrictions implied by homotheticity, separability, or
hon{otheticity and separability. ’fhé test statistic is the %2 defined in equaﬁon (.

In tﬁe interests of brevity not all of the test statistics are reported here. Instead,
only the values for Japan are reported in detail and those for all other importers are
tabulated and reported in summary forrﬁ. All of the values for all countries are
available from the authors. Japan was singled out because it is a major irn‘portef of
both cotton and wheat. Tables 3 and 4 reporf the detailed Japanese test results for

- wheat and cotton, respectively. In every case, the first column of each table contains
the import source which is being tested to determine whether it is separable from

the other (included) import sources.

(Tables 3 and 4 about here)

First, consider the homotheticity constraint. Initially we test this restriction

alone without any separability restrictions on sources of imports within the group.

The last entry in the second column of Tables 3 and 4 reports the test statistic. For




Japan the restriction is rejected for béth wheat and cotton in the full model
including all sources. Consider Tables 5 and 6 which summarize results for all
countries. In the last column of Table 5_(for wheat) it can ’be seen that homotheticity
is réjected at the 5 percent level of significance in two countries (Japan and USSR)

) and is not rejected for the others (China, Brazil, and Egypt) when all sources are
included. The homotheticity constraint in cotton (see Table 6) is not rejected in
Taiwan and Italy but is re]ected for the other three countries (Hong Kong, France
and Japan). The other entries under "homotheticity” in Tables 3, 4, 5 and 6 refer to
tests for homotheticity within a reduced model where one of the sources has been
excluded to test for separability.. This restriction is rejected in 2 of 3 cases for
]apanese wheat 1mports (Table 3) and 1 of 3 cases for Japanese cotton imports (Table
4). Lookmg at all of the countries studled the restriction is rejected in 12 of 18 cases

for wheat (Table 5) and 5 of 20 cases for cotton (Table 6).

(Tables 5 and 6 about here)

With respect to separability over import sources, consider the third column in
Tables 3 and 4. The coefficient, dy;, is the log price coefficient on the import source
(i) being tested in the share equation for an included source (k). For each import
source being tested the AIDS was estimated excludfng it and then tested to
determine whether its pricé had any influence on the remaining imporf shares. For
Japanese wheat imports (Table 3), in all three cases, separability is not rejected. For
‘wheat in total (Table 5) separability is rejected in 9 of 18 cases, in 4 of the 5 countries.
Turning to cotton,. separébility\ was comprehensively rejected for ]apanese imports
(Table 4). As shown in Table 6, overall, separability was rejected in 16 of 20 cases,

and at least once in each of the 5 countries.




Finally, in the last column of Tables 3 and 4, homotheticity and separability
were tested jointly. The joint test is the critical test of the Armington assumptions.
In évery importing country these joint constraints were rejected at least once. In
‘Tables 5 and 6 it is found that the joint constraints were rejected in 14 of 18 cases for

wheat and in 17 of 20 cases for cotton.

Synthesis of Results

Table 7 summarizes the results from the three alternatlve approaches to testing
Armington restrictions on 1mport demand equatlons for cotton and wheat, A "+"

indicates the restriction is not rejected while a "-" indicates the restriction is
rejected. Homotheticity was fejected in 10 of 10 countries by the nonparametric

method 6 of 10 countries in the double-log approach, and in 5 of 10 countries using

the AIDS model, 21 of 30 times in total. Separability was rejected in 8 of 10 countries

using the nonparametric approach, all 10 countries using the double-log model, and
in 9 of 10 countries using the AIDS modef. That is, the"necessary conditions were
rejected in 27 out of 30 cases. These necessary conditions are relatively weak
restrictions corhpared to the Armington separability restrictions. In the
nonparametric and AIDS tests we consider whether each source in turn is separable
from the rest. The Armington model requires that all sources of imports are jointly

separable. This restriction was rejected in all countries using the double-log model.
(Table 7 about here)

The joint test of homotheticity and separability is the critical test of the
Armington model. On this criterion the results are quite unequivocal. With all
three approaches and in each country the Armington restrictions were

comprehensively rejected.




Implications

- Armington model estimates are commonly used in counterfactual policy
-simulations. In such contexts, the acid test might not be whether the Armington

restrictions are réjectéd by the data but, rather, whether the resulting elasticity

estimates are significantly biased. That is, how important is the finding that

Armington restrictions do not hold in terms of. the practical problems for which the
estimates are being made? |

We can pxjo‘vide a partial answer to this question. In the context of the double-
log model, the application of the Armington separability restriction when it is
inappropriate:amounts to émitting relevant explanatory variables. The omitted
explanatory variables aré'prices of substitutes which are likely to be positively
correlated with the own price var'ia'f;le that is included. When the omitted prices are
prices of substitutes (positive cross-elasticities), the own-price parameter estimate
will be positively biased so that the own;price elasticities will be underestimated (i.e.
less negative).10 This arguméht is relatively étraightforwérd in the context of the
double-log model about which we have already expressed our reservations.
Intuitively, it would seem reasonable to extfapolate to other functional forms but
that might not be appropriate. To illustrate the pbtential importance of these
specification biases we computed own-price elasticities for imports of U.S. cotton in
the five countries using the three models (Armingfon, double-log, and AIDS). The

results are in Table 8.
[Table 8 about here]

The Armington estimates are mostly smaller than both the double-log and

AIDS estimates. One exception is Italy's elasticity of demand for U.S. cotton where
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the double-log estimate is not st.atistically significant. With this one exception the
Armingfon model estimates are less elastic than the double-log estimates. This
result is consistent with our argument above about the consequences of omitting
relevant éxplanatpry variables. The other exception is Taiwan's imports of U.S.
cotton where the. Armington model resulted in a demand elasticity slightly more
elastic than tha.t-'fr’d.n-l— the AIDS — though bofh were much less elastic than the
estimate from the double-log model. If we were to take the AIDS model as
representing truth, we would say that the Armington modél uﬁderstates the true
elasticities substantially (sayNSO percent) in most cases. If the doublé—log estimates

were correct, the biases are more important.

Conclusions

This paper tested the assumptions of the Armington trade model in the context

of the international cotton- and wheat markets. The Armington model is
comprehensively rejected with data from the five leading importing countries for
each good, using three alternative testing approaches.. This leads us to conclude that
the Armington-restrictions should not be applied as a matter of course in the
analysis of import demand for -these goods. By analogy doubt is raised as to whether
the Armington restrictions are appropriate for other goods and in other applications
such as CGE mod'eling. At a minimum, where‘poss_ible, comrh‘odity trade data
should be tested for consistency with the restrictions, perhaps using”tests such as we
have used in this study. In genéral, it will be desirable and appropriate to use a less
severely restrictive set of assumptions about demand relationships than those of the
Armington model.

The main advantage of the Armington approach is its parsimony with respect

to parameters to be estimated while retaining compatibility with demand theory.

This advantage is often important in international trade studies where data are very
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limited; but it comes at a cost. When the restrictions are inappropriaté the
.parameters will be biased, possibly in important ways. When we use a
?aramefrically more generous specification (such as fhé AIDS model), we lose the
main advantage of the Armington model in exchange for reducing the risk of this
" specification bias. At the same time, as occurred in our estimates, we increase our
risk of getting Wrdng signs. Clearly, given our ﬁonparamétric results that support
the existence of a well-behaved system of demands, the AIDS model can be a
misspecified model, too. And, as with the Armington approacfx, data limitations
restrict dur options for specifica{fioﬁ searches to find the "true" model. Our tests

comprehensively reject the Armington model for cotton and wheat. This leads us

to be concerned that similar conclusions may apply to other trade models in the

literature based upon (untested) Armington restrictions.

ptg 7/21/89 ]IMA-5.0/1




FOOTNOTES

1The Armington model impoéeé the CES functional form on equation (3). This
is the typical appfoaéh followed by those who have estimated Armington models
(e.g., Sarris; Gfennés et al., Abbott and Paarlberg, and Figueroa and Webb) and it is
the one which we are concerned with in this paper. Alternatively, others (e. g.,
Goddard) have modified the Armington model -by using a different functional form.
Goddard used a generalized Box-Cox functional form.

2These tests are conditional on some general assumptions. First, general
separability as;;umptions are implicitly made in vur approach. For example, both
cotton and wheat are_assﬁmed to be weakly separable from all other commodities.
In addition, leisure (labor supply dééisions) is assumed to be separable from all other
commodities and our approach assumes intertemporal separability. In order to
- make consumer models tractable these séparability assumptions are frequently
made. Finally, in every case, m order to inaké the models tractable, we abstract from

the problem of aggregation over consumers and over different varieties of wheat

and cotton. These general assumptions are usually made in applications of

- Armington models.

3Chalfant and Alston provide a more intuitive explanation of GARP which
they use to test for structural change in demand for meats.

4The Armington model has been applied sometimes to a group comprising
imports plus the "do‘mestically produced good (e.g., Grennes, Johnson and Thursby).
Alternatively, others have dealt only with import (exceés) demand, without explicit
treatment of domestic supply and demand (e.g., Sarris, 1983). None of the importers
being studied in this paper produce significant amounts of cotton, but several of the

wheat importing countries (especially the Soviet Union and China) produce most of




the wheat that they consume. We are therefore assuming that domestic wheat is a
differentiated product within the "wheat group” in these countries. The Armington
" restrictions imply that any sub-gro~up is separable so that a test of Armington
restrictions on a'subégroup tests necessary conditions for the Armington model.
SArmington ﬁsed a CES-price index (see, also, Sarris, 1983): However, he
expressed the model in percentage change form which is equivalent to first

differencing the logarithmic form. Taking first differences of equation (6) in the

logarithms of pfices (i.e., holding shares constant) results in the price index used by

Armington.n

5Autocofrelation was present in many of these models both with and without
the Armington restricﬁéns. While this does not lead to biased parameter estimates,
it might lead to biased standard érr’érs and biése'd test results. Given our -
nonparametric results, supporting the existence of a well-behaved static system of
demand equations, it is probably appropr.iate to interpret this autocorrelation as
evidence of model mis—speciffcation. In any .event, our main results are not
sensitive to autocorrelation corrections:

7This result could easily be rationalized as being due, for example, to‘ the
extensive involvement of the Egyptian gove;_rnment in the wheat market.
However, it does imply positive own price elasticities of demand, a result that is not
implied by the data alone because the data satisfy GARP..

8For a discussion of the effects of this substitution on the properties of the
subsequent estimat.ors, see Blanciforti and Green. Green and Alston discuss
implications for computation of elasticities.

9The spirit of this approach is directly analogous to that used in the non-
parametric test for separability where we tested source-by-source whether the

demand system was sensitive to the exclusion of a source. This is a test of a




necessary condition for the Armington model's assumption that all sources are
separable. It is not as strong as the condition that all sources be jointly separable

which is required by the Armington model.

10This point was first suggested to us by Mike Wohlgenant (personal

commum'éatiori). Kmenta (pp. 443-44) proves the relevant arguments about the

effect of omitting relevant explanatory variables.
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Table 1. Nonparametric Test Results

Separability of Wheat Source Country
Importer GARP2 Aust. Arg. Can. -~ U.S. E.C.

China + + + +

‘Brazil

Egypt
U.S.S.R.

) Japan

: Séparabilit_y of Cotton Source Country .
Importer GARP2 USSR Egpt. Mex. Turk. Sud. U.S. Pak. Braz. Nic.

Italy 0 ' T - ; . + +
Hong Kong 2 +
Taiwan 7
France 0

Japan 0

Notes: : -

2Entries under "GARP" denote the number of observahons that violated the generalized axiom of
revealed preference: Observations that caused the violations of GARP for those countries were deleted
to allow tests for separability to be carried out. These were #7 (1977/78) for Brazil's wheat, #15
(1983/84) for Hong Kong's cotton, and #2 (1970/71) and #7 (1976/77) for Taiwan's cotton.

bEntries denoted "+" indicate that imports from that country are separable from imports from the
alternative sources. Entries denoted "-" indicate that imports from that country are not separable from
other sources. Blanks indicate that data were not available for that supplier.

“The wheat sources are Australia, Argentina, Canada, the United States, and the European
Community. The cotton sources are the Soviet Union (USSR), Egypt, Mexico, Turkey, Sudan, United
States, Pakistan, Brazil and Nicaragua. :




Table 2. Armington Model Estimates for Wheat and Cotton
<-—— %2 Statistics for Hypothesis Tests¢
Commodity2 Estimatesb™ =~ ’ . Armington
‘Importer =~ ¢ =~ R2 S - H H&S . OLS Autod

Wheat )

Brazil -~ 242 0.90 7.56 20.28*  24.54* 30.60*
(n=3) (1.70)

" China .. 6.96* 0.55 55.90* 66.10* 101.64*
(n=4) (3.65) - - It

Egypt -1.91* 098 468  27.48* 33.60%  28.32%
(n=3) (-3.78)

Japan 0.75* 099 - | 866* 7676* 87.04*  74.88*
(n=3) (3.35) - - |

U.S.S.R. 3.45% 0.97 61.82* 138.24* 160.60* 227.64*
(n=5) (4.55) i

Cotton : . .o _
France 2.04* 0.88 51.86*  21.56*  78.06* 81.42* 102.36*
(n=4) (4.22)

Hong Kong 4.10* 0.82 22.18* 6.28 29.58*  41.18* 47.02*
(n=3) (3.04)

Italy 0.76% 0.95 163.22* 32.24* 166.28"" 173.28* 230.18*
(n=6) © (4.00)

Japan 1.26* 0.95- 54.80* 10.52*  63.22*  76.56*
(n=4) (3.34) - - -
Taiwan  5.04* 0.96 20.98* 1.82 23.42*  30.24*
(n=3) (6.85) :

Notes: i
an is the number of import sources analyzed. ,
bThese are OLS estimates from the model with the full set of Armington restrictions; t-values are i
parentheses.
“These statistics refer to the restrictions 14 =0V j# i (S=separability) and Bj =1 V' i
~ (H=homotheticity). H&S denotes the joint restriction of homothetic separability. "Armington”
denotes the full set of Armington restrictions — homotheticity, separability, and equality '

(hi = ii v i,j).. The degrees of freedom for the"xz equal the number of restrictions which are

nZ _n (separability), n (homotheticity), n2 (homothetic separability) and n2 +n-1 (Armington),
where n is the number of import sources. * indicates significant at p = 0.05.
d Auto refers to results after correcting for first-order autocorrelation.




Table 3. AIDS Model Test Results for Japanese Wheat Imports

o - Homotheticity and
Separable -~  Homotheticity Separability . Separability
County (i) B Bk=0 . ski=0 aki=0,‘ Bk=0‘

(t, d.f.=21) (t,d.f.=21) (F,d.f.=2,21)

Canada o -0.79 1.47 .1.08 -
Australia -6.94* 201 32.36*
uUs.- ’ 4.15* 086 -~ 10.08*

- Complete System x2(2)=37.23*

Notes: .
- 2
The critical values q_f these statistics for p=0.05 are t1=2.08, F3,21=3.47, ,=5.99.

* denotes significance at p=0.05.

The F-test statistic is calculated as:

[SSEu - SSEr
J

[SSEu] ~ FN-K.
N-K

where N is the number of observations, K is the number of parameters being estimated in the unrestricted
model (K=5), ] is the number of restrictions being tested (J=2), SSEy; and SSE are the sums of squares of
residuals from the unrestricted and restricted models, respectively (e.g. see Judge, et. al.).




Table 4. AIDS Model 2 Test Results for Japanese Cotton Imports

: : - Homotheticity and
Separable Homotheticity Separability - Separability

Country (i). . .. . .... Bx=0 Vi . Bki=0 Vi Oki=0 and Bx=0 Vx

(d.f.=2) (d.f.=2) (d.f.=4)

' Egypt a . 212 6747 19.60% °

Nicaragua ‘ 8.76* '16.26* 17.84*
US.SR. ‘ 434  8.54* . 20.28*

uU.sS. 5.14 11.34* : 17.24*

Complete System  x2(3)=10.70*

Notes:
The critical values of the 2 distribution for p=0.05 are 5.99 (d.f.=2), 7.81 (d.f.=3) and 9.49 (d.f.=4).
* denotes significance at p=0.05. - ' :




Table 5. Summary of AIDS Significance Tests for Wheat

’

<-—--—--——- Separable Country -———---—-——- > Complete
Importer  Test Aus. . Arg. Can. US. -~ EC System

Chii:{a

H
S
Hé&

Notes: : :

Statistical significance is measured at the 5 percent level. "+" indicates failure to reject the restriction.
=" indicates the restriction is rejected. Blanks indicate the test was not applied to that source. )
3Homotheticity
bSeparability

. “Homotheticity and Separability




Table 6. Summary of AIDS Significance Tests for Cotton

< Separable Country > Complete
Importer Test U.S.S.R. Egypt Mex. Tur. Sud. U.S. Pak. Braz. Nic. System

Italy

H
S .
H&

Notes: . .
Statistical significance is measured at the 5 percent level. "+" indicates failure to reject the restriction. "-" indicates
the restriction is rejected. Blanks indicate tests were not applied. :
2Homotheticity

* bSeparability
Homotheticity and Separability




Table 7. Summary of Nonparametric, Double-Log, and AIDS Model Test Results

’

Within Group Homotheticity
Homotheticity Separability and Separability
Commodity Importer 1 2 3 1 2 3 1 2

~Wheat China ’ + + R

Brazil +
Egypt
U.S.S.R.

Japan

Cotton ' Italy ,
Hong Kong
Taiwan

France

Iapan

Notes: .
(1) Nonparametric, (2) Double-log, (3) AIDS _
"+" indicates the restriction is not rejected; "-" indicates the restriction is rejected (at p=0.05 for parametric tests).




Table 8. Uncompensated Own-Price Elasticities of Demand for Imports of U.S.
Cotton?

Elasticities at Sample MeansP

Importer " Armington® Double-log
Model Model

France -1.85* . -10.39*
(-4.22) (-2.55)

'~ Japan ‘. -1.12* -3.98* .
(-3.34) " (-2.30)

| Italy -0.82* - =037
(-4.00) (-0.19)

Hong Kong -2.35% - <7.75%
(-3.04) (-4.44)

Taiwan S 1.76* ' -11.26*

(-6.85) - (-7.89)

Notes:
aAll elasticities are uncompensated "within-group” measures for second stage allocations.

bt-values in parentheses; for the Armington model these are t-values for o which apply if shares are

treated as exogenous.

¢Armington elasticities computed accordmg to njjj = - (1-wij) i —w,, where i denotes the importing
country and jder. tes US. :
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