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ABSTRACT 
The purpose of this study is to estimate elasticities of substitution for apples imported from US, New Zealand 

and Chile. The study also tested the impact of NAFTA on the apple trade using trade data from 1988 to 2004. The 
assumptions of Armington model are used to model trade flow of apples employing Linear Approximate of Almost 
Ideal Demand System. NAFTA has a significant affect on the exporters' share of Canadian import market. 
Further, New Zealand is emerging one of the strong exporters of apples to Canada by gaining most of the share lost by 
other countries. 

Import demand of apples in the case of New Zealand and Chile are elastic while just above unit elastic in 
case of US. Apples imported from New Zealand were complements to those imported from Chile. The 
elasticities of substitution of New Zealand and Chile are statistically significant and slightly elastic while that of 
US is insignificant and inelastic. The rest of the world has elastic elasticities of substitution mainly due to the 
low share in Canadian imports of apples. Homotheticity could not be rejected that has important implications 
for international trade and CGE modeling. However, more evidence on testing of the Armington assumptions in 
trade flow investigations of fruits and vegetables are required. 

I. INTRODUCTION 
Elasticities of import demand are used to estimate the effects of trade barriers on trade and to 

evaluate trade policy regimes. Domestic policies that have implications for international trade use these 
elasticities to compare policy regimes. Thompson (1988) reported that the price responsiveness of 
import demand of U.S. agricultural sales became the single most important issue in the policy debate 
during the `80s. In addition to other, the criteria of elastic foreign import demand were used to justify 
decrease in floor prices 

However, the estimate of elasticities of import demand changes with the type of empirical model 
adopted. Thompson (1981) evaluated different approaches to model trade and concluded that most of 
the empirical models assume that agricultural commodities are homogenous in nature. The 
implications of such an assumption are that agricultural products are perfect substitutes, hence 
elasticity of the substitution is infinite and corresponding price ratio is constant. However the inter 
industry trade where countries import and export the same agricultural commodity is the common 
characteristic in trade of fruits and vegetables. The wide variety of the same kind of fruit and 
vegetables in the grocery stores supports this fact. 
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Grennes et al. (1978) reported a number of reasons for agricultural commodities to be 

heterogeneous. These include intrinsic heterogeneity of agricultural products, importers view 
products differently, cross hauling and the type of competition. Hence trade models, such as 
multiple-region; non-spatial and spatial price equilibrium models that make the assumption of 
homogeneity of product have limited application in modeling trade of differentiated goods. In 
case of apples, there is wide range of varieties and the most popular are Gala, Red Delicious, 
Ambrosia, Honey Crisp, Jona Gold and Gold Rush that make apples a differentiated product. 

The Armington model is a popular specification to estimate import demand of the products 
differentiated not only by type but also by country of origin. According to Alston (1990), the 
Armington model is disaggregated which distinguishes commodities by country of origin, 
permits calculation of cross price elasticities between imports from all sources, easy to estimate 
and flexible. The model often generates results that are judged to be successful because of 
both plausible parameter estimates and statistical significance. 

Armington (1969) assumed that consumer utility was separable and a single constant 
elasticity of substitution exists between products and across markets. He carried a two-stage 
procedure assuming in the first stage that a buyer decides on the total volume of imports and 
then in the second stage allocates total volume to individual suppliers to minimize cost. 
Elasticities of substitution were estimated using this procedure because it accounted for 
differentiated products. Several studies applied the approach of Armington to model trade in 
agricultural products. Grennes et al. (1978) were the earliest to adopt such a model, followed 
by others. 

However, the assumptions of single CES, homotheticity and separability were the 
limiting factors of the original Armington model. Researchers including Ito et al. (1990), 
Alston et al. (1990), Yang and Koo (1993) and George and Kruse (1993) tested these 
assumptions and proposed different changes to the original Armington model. These studies are 
evaluated while discussing the theoretical framework in the next section. However, they 
tested the assumptions of the Armington model for a commodity traded by a particular 
country under a particular policy setting' therefore; the modifications they proposed may not be 
relevant to this investigation. 

This study used Linear Approximate of Almost Ideal Demand System (LA-AIDS) of 
Deaton and Muellbauer (1980) to estimate the parameters of import demand equations for 
apples. The affect of North American Free Trade Agreement (NAFTA) on the import 
behavior of Canadian importers of apples from all sources is tested. This study also tested the 
assumption of the homothetic market share of the Armington model. 

' 
 
 
 
 
 
 
1I believe that each country has its own domestic and trade policies that affect the preferences of importers (or 
exporters) in importing (or exporting) the commodity which in turn affect the data available to researcher to test 
the hypothesis of a particular theory. In such cases, the data may not fall to the assumptions while investigating trade of 
commodity employing a particular model in a certain policy settings but may fall to assumptions in other policy 
settings. 
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estimated the original Armington model and later made changes by violating the assumptions of 
Armington model to suggest a modified procedure for modeling trade shares. 
 

Ito et al. (1990) rejected the assumptions of single CES and homotheticity assumptions at 1% 
significance level. They also found that market shares for individual exporters were not 
always independent of the changes in the level of expenditures allocated to the imports. 
Therefore the assumption of homotheticity may be erroneous. They concluded that the results of 
their study did not imply total rejection of the basic Armington procedure rather the original 
model should be modified according to their procedure. 

 
Yang and Koo (1993) followed Ito et al. (1990) and relaxed the assumptions of single 

CES and homotheticity to estimate the Japanese import demand for red meat using the 
Generalized Least Square (GLS) technique. They used expenditure-share dependent 
equations. They found that Armington elasticity of substitution was 0.28 and the estimated 
single CES was 0.72. The generalized model produced statistically significant elasticities of 
substitution for different countries implying the rejection of homotheticity and symmetry. The 
own price elasticities estimated through Armington were lower as compared to generalized 
model, implying the assumptions of homotheticity and single CES can lead to lower price 
elasticities. 

 
Alston et al. (1990) used non-parametric methods, double log import demand model nesting 

the Armington model and Almost Ideal Demand System (AIDS) of Deaton and Muellbauer 
(1980) to test the restrictions of Armington parametrically following Winter (1984). The 
non-parametric method used results of the revealed preference analysis to derive algebraic 
conditions on demand functions. Generalized Axiom of Revealed Preference (GARP) and 
Homothetic Axiom of Revealed Preferences (HARP) were respectively used to test the 
compatibility of data with utility maximization behavior and existence of homothetic utility 
function. All the data sets rejected HARP implying rejection of homotheticity by all the import 
demand equations. None of the data satisfied homothetic and separability conditions together. 

 
The double log specification of import demand comprehensively rejected the assumptions of 

Armington model but homotheticity could not be rejected in four cases while separability, 
homothetic separability and Armington model were rejected in all cases. Similarly results of 
AIDS showed that homotheticity in wheat were rejected for Japan and USSR and was not rejected 
for China, Brazil and Egypt. Homotheticity for cotton was rejected for Hong Kong, France and 
Japan and was not rejected for Taiwan and Italy. Separability was comprehensively 
rejected for cotton and 9 out of 18 cases for wheat. The joint test of homotheticity and 
separability was rejected at least once in each country case. 
 
        The article concluded that all the three approaches i.e. non-parametric methods, double log 
import demand and AIDS, comprehensively rejected Armington restrictions in case of wheat and 
cotton. Authors recommended the use of less restrictive set of assumptions about demand 
relationships than those of Armington model. However, researchers used AIDS to test the 
assumptions of Armington model irrespective of the outcome of GARP that a wellbehaved utility 
function exists that might limit the outcome of their research. Further they did 
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The Demand System: 

 
On overall the system fitted the data very well as 94 percent of the variation in 

expenditures on apple imports is explained by the variation in prices and per capita income. 
The log of likelihood function is significant at 95 percent level of significance suggesting that 
the combined effect of all the estimated parameters in the system of equations is statistically 
different from zero. 

 
We expect that the own price effects are negative while the cross price effects could be 

either negative or positive, depending on the nature of relationship between imports. Results 
of the estimated equations for US, New Zealand and Chile are given in Tables 4 to 6. Except 
US, data for both New Zealand and Chile fitted their equations very well. For all the 
countries, the own price effect on expenditure on apple purchase is negative and follows the 
economic theory. In case of US, a 10 percent increase in the price of US apple will decrease 
expenditure on US imports by 0.56 million dollars, keeping other variables constant. The own 
price effect for New Zealand is the highest compared to others while that of US and Chile are 
almost the same. 

 
Further, the expenditure made on imports of apples from New Zealand significantly 

decreased since the inception of NAFTA as depicted by the dummy variable. The effect of 
income on the expenditure made on imports of apples is insignificant for all the three 
countries. New Zealand apples are found as inferior as compare to apples imported from other 
sources. 

 
To test for autocorrelation, residuals from all the equations were plotted. This is done because 

Durban-Watson and other statistics used to detect autocorrelation may not accurately detect it in 
case of SUR technique. The residuals showed pattern only in case of US. 
Autocorrelation typically leads to under estimation of the standard errors that could over 
estimate the t-statistics and lead to wrong conclusion on hypothesis testing. However, in case of 
US all the estimated parameters are statistically insignificant and there is no chance that 
autocorrelation would lead to wrong hypothesis testing. 
 
      Homotheticity was tested using the likelihood ratio test by assuming that all (3; = 0. Testing 
this assumption also implies that in the absence of price changes budget shares will not 
change. The likelihood ratio test suggested that homotheticity is accepted. This result is in 
contrast to what Ito et al. (1990) and Alston et al. (1990) found. The acceptance of 
homotheticity in case of apples also implies that outcome of the tests of Armington 
assumptions may vary with the type of good, and the model needs further testing before it can be 
withered. Further, the initial assumption by Alston et al. (1990) that wheat and cotton are 
differentiated goods may need reconsideration since as compared to fruits and vegetables, 
these goods may not be highly differentiated as required under the assumptions of Armington. 
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Results show that apples imported from New Zealand are complements to those imported 

from Chile, therefore, as imports from New Zealand increases then imports from Chile also 
increase. Further both the countries have elastic and almost same own price elasticities. These 
similarities might be due to the reasons that both the countries have almost equal share in the 
total imports of apple and the unit value of imports from both the countries is almost the same 
(Table 3). 

Table 7 further reveals that US is facing inelastic elasticities of substitution from New 
Zealnd (-0.19) and Chile (0.95) while Chile faces slightly elastic elasticities of 1.02 from New 
Zealand and New Zealand also faces elastic elasticties of substitution from Chile. This might 
be due to the reasons that apple can be imported from both the countries during the same season or 
fresh apple might be harvested during the same period in both countries. Rest of the world has 
elastic elasticities of substitution mainly due to low share in the total imports. Blonigen and 
Wilson (1999) studied the factors that explain substitutability between home and foreign 
goods to explain elasticity of substitution. Such analyses though beyond the scope of this 
study, yet important to determine the most important factors that explain elasticity of 
substitution. 

Table 7.  Own price elasticities and elasticities of substitution, 1988-2004. 

 
 USA New Zealand Chile Rest of the World 
USA -1.08 -0.19 0.95 -11.82 
New Zealand -0.03 -1.96 1.22 -3.89 
Chile 0.12 1.02 -1.67 10.28 
Rest of the World -0.01 0.21 -0.21 -0.85 

 
However, trade shares determine elasticities in LA-AIDS, which significantly changed 

for some countries after NAFTA (Table 3). Therefore, means of own price elasticities and 
substitution elasticities were compared before and after NAFTA and results are compiled in table 
8. Two outliers were removed from rest of the world own price elasticities. In almost all cases, 
the direction of change remained the same. However, the cross price elasticities of New Zealand 
with respect to USA (Chile) decreased (increased) significantly. For Chile, the elasticities 
of substitution with respect to USA changed from relatively inelastic to elastic after NAFTA 
while the same significantly changed from elastic to inelastic in case of New Zealand. 
 
      It is evident from tables that all the expenditure elasticities were elastic while 
compensated elasticities were elastic only in case of New Zealand and Chile (tables 8 and 9). 
Therefore, the proportionate change in the expenditure made on the purchase of apple would be 
higher than the proportionate change in their prices. The sign of the elasticity of expenditure 
in case of New Zealand is unexpected but it might be due to the reason that apples imported from 
New Zealand are inferior. However in case of compensated elasticities all the signs are 
according to the prior expectation. 
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Table 8. Own price elasticities and elasticities of substitution before and after NAFTA. 

USA New Zealand Chile Rest of the World  
Before After Before After Before After Before After 

USA -0.881a -1.076a -1.179a -0.808b 0.902a 1.118a -11.811a -9.638a 
New Zealand -0.033a -0.027a -1.808a -2.1796 1.150a 1.426a -10.724b -14.895a 
Chile 0.118a 0.119a 0.862a 1.258b -10.013a -12.176a -1.881a -2.003a 
Rest of the World -0.014a -0.014a 0.109a 0.131a -0.1528 -0.145a -53.493a -13.455b 
dMeans across rows with different letter are significantly different at 95 percent. 
 

Table 9. Compensated and expenditure elasticities of the selected importers. 
Country Compensated Elasticities Expenditure Elasticities 
USA -0.23 1.15 
New Zealand -2.29 -3.06 
Chile -1.58 1.04 
Rest of the World -0.46 5.89 
 
Conclusion: 

 
This study estimated Armington model employing Linear Approximate of Almost Ideal 

Demand System (LA-AIDS) to estimate the parameters of important demand equations for 
apples. Apple is one of the biggest contributors to the Canadian trade of horticultural 
commodities and is highly differentiated. Besides the assumptions of homotheticity, the study 
tested the affect of NAFTA on the import behavior of Canadian imports of apple. Data for the 
years 1988 to 2004 were used for the analysis. Import demand equations for USA, Chile and 
New Zealand were estimated using SUR, while it was derived for the rest of the world. 

 
The likelihood ratio procedure showed that NAFTA had significant affect on the exporters' 

share of Canadian import market as well as Canadian preferences about exporter prices. The 
major reasons for this affect were the significant increase in the US and RoW exports to 
Canada after NAM caused by significant decrease in the unit values of their exports. 
Further, New Zealand is emerging as one of the strong exporters of apples to Canada by 
gaining most of the share lost by RoW. 

 
The own price effect for New Zealand is the highest compared to others while that of US 

and Chile are almost the same. The affect of income on the expenditure made on imports of 
apples was insignificant for all the three countries. Also the combined effect of these incomes 
was insignificant and the assumption of homotheticity was accepted. Further, the expenditure 
made on imports of apples from New Zealand significantly decreased since the inception of 
NAFTA. 
 
        Demand in case of New Zealand and Chile are elastic while just above unit elastic in case 
of US. The relatively low elasticity of demand of US as compared to other countries may be 
due to large share of US in the imports of apples to Canada. Apples imported from New Zealand 
were complements to those imported from Chile. The elasticities of substitution of both the 
countries are statistically significant and slightly elastic. Chile and New Zealand face 
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elastic elasticities of substitution from each other. This might be due to the reasons that apple 
can be imported from both the countries during the same season or fresh apple might be harvested 
during the same period in both countries. Rest of the world has elastic elasticities of substitution 
mainly due to low share in the total imports. 

 
The study contributed to the existing knowledge about the value and direction of own 

price elasticities, elasticities of substitution, elasticities of expenditure and compensated 
elasticities. The impact of NAFTA on apple trade was estimated and elasticities before and 
after were compared. Homotheticity, one of the Atmittgton assumptions, was tested. However, 
the study covered only short duration of 17 years of Canadian apple imports and the results should 
be considered with caution. However, testing of the Armington assumptions are recommended for 
fruits and vegetables because the group is highly differentiated. 
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