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Abstract: The U.S. is one of the world’s major producers and importers of nuts, with 9% average 

increase in imports in the last decade (1996-2016). Given that nuts account for, on average, 18% 

of the U.S. total imports of fruits, it is important to empirically analyze and better understand the 

U.S. demand for nuts. This study estimates import elasticities of demand using an Almost Ideal 

Demand System (AIDS) and quarterly data reported by the USCIS for the period of 1996-2016. 

The parameter estimates of the AIDS model were employed to estimate the elasticities of demand 

for coconuts, brazil nuts, cashews, almonds, hazelnuts, walnuts, chestnuts, and pistachios. Nut 

types like macadamia nuts, kola nuts, areca nuts were combined in the “other” category. Additional 

adjustments were made to the empirical model in order to account for seasonality and trend, as 

well as to provide necessary remedies for serial correlation and endogeneity. Our results revealed 

that all Marshallian own-price elasticities had the expected negative signs and in absolute terms 

were greater than one indicating that the U.S. demand for these nuts was price-elastic for the period 

analyzed. The Hicksian cross-price elasticities indicated both complementary relationships and 

substitutability between the selected nut types. United States production is forecast up 5 percent to 

record 1.0 million tons on continued area expansion, although yields are expected to drop slightly 

(USDA, 2017). Most own-price elasticities were found to be elastic, suggesting U.S. imports of 

nuts are relatively sensitive to changes in their corresponding own prices.  Similarly, most 

expenditure elasticities were found to be positive, meaning that U.S. imports of nuts are expected 

to continue to increase as the U.S. consumers’ expenditure budget increases. Cross-price 

elasticities suggest that most nuts are substitute products. 
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1. Introduction 

 

Nuts are high in fat, low in carbs and a great source of several nutrients, including vitamin E, 

magnesium, and selenium. The U.S. per capita consumption of tree nuts increased by 42.4% from 

2006 and amounted to 4.7 pounds per person per year in 2016  (ERS.USDA, 2018), (Figure1).  

Vietnam, Mexico, India, and China being the main import sources accounting for 37.26%, 20.29%, 

8.60% and 4.11% respectively for the period from 2014 to 2017 (Figure 2). The U.S. has imported 

tree nuts with a value of $2.4 million annually, on average for the same period. Overall nuts imports 

increased with a 9% on average, for the period of 1996-2016 (ERS.USDA, 2018). The U.S. is also 

one of the world’s major producers and exporters of nuts. For the period of 2016 to 2017 the U.S. 

bearing acreage for total tree nuts amounted over $1.9 million acres with a value of production of 
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$8.7 million for the same period (ERS.USDA, 2018), (Figure 3). The U.S. exported tree nuts with 

a value of $8.1 million annually, on average for the period of 2014 to 2017. The main export 

destinations were Hong Kong, Spain, Canada, and Germany (ERS.USDA, 2018).  

 

With nuts on average accounting for 18% of the total fruit imports, it is important to analyze recent 

trends in the U.S. demand for nuts (ERS.USDA, 2018). Estimation of import demand elasticities 

is an effective approach for building economic models and predicting possible development 

scenarios for international trade. 

 

The main objective of this study is to analyze the U.S import demand for nuts while the specific 

objectives are to estimate and interpret the Marshallian own-price, Hicksian cross-price, and 

expenditure elasticities of demand; and to discuss the policy implications from this study’s 

findings.  

 

2. Literature Survey 

 

Few studies have examined the demand for nuts at the retail level in the U.S. Lerner (1959) 

investigated the demand relationships for pecans at the grower level, the demand interrelationships 

between improved pecans and seedling or native pecans, and among pecans and other tree nuts. 

The results suggested that the estimated own-price elasticities were -2.73 for native pecans and -

3.44 for improved pecans, estimated cross-price elasticities suggested that pecans and walnuts 

were complementary nuts while pecans and filberts, pecans and almonds, and walnuts and almonds 

were substitute nuts. The positive income elasticities for the domestic tree nuts are greater than 

one, indicating that a change in consumer income was associated with a greater percentage change 

in the same direction in tree nut consumption. Ibrahim and Florkowski (2009) attempted to forecast 

the U.S. tree nuts prices over the period 1992-2006 by using a vector autoregression model with 

Johansen cointegration technique, in which a little evidence of long-run relationship among the 

prices of pecan, walnut, and almond was revealed. Russo, Green, and Howitt (2008) examined 

price elasticities of supply and estimated own-price, cross-price, and income elasticities of demand 

for several California commodities at the retile level, including almonds and walnuts, by applying 

Box-Cox specification and the nonlinear AIDS. The study results revealed inelastic own-price 

elasticities for almonds and walnuts and no substitution between almonds and walnuts. In extant 

literature, there are several studies focusing on the promotion of nuts both in local and in 

international markets. Halliburton and Henneberry (1995) evaluated federal government’s 

programs for almond export in five countries of the Pacific Rim and concluded that the programs 

are not effective in South Korea and Singapore. Onunkwo and Epperson (2001) examined the U.S. 

export promotion programs effect on the foreign demand for walnuts, pecans, and almonds and 

summarized the results in several studies. Moore et al. (2009) evaluated the economic effectiveness 

of the Texas Pecan Checkoff Program, which confirmed its success on increasing sales of 

improved varieties of Texas pecans.  

 

Guo Cheng et al. (2017) tried to explore consumers’ variety-seeking behaviors by utilizing nuts 

market data. By using 2004-2014 weekly Nielsen scanner data for nut products and Quadratic 

Almost Ideal Demand System model, they found that consumptions of nut products that are not 

sensitive to their prices only account for a small amount. Consequently, utilizing demand analysis 

to address demand interrelationships among nuts products are meaningful since consumers do 
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respond to the price change of 90% of total consumptions. According to expenditure elasticities, 

almond, cashew and other nuts were found to be necessity goods, uncompensated price elasticities 

were mainly elastic and substitution effect was revealed. All the compensated price elasticities had 

the expected negative sign. The study also revealed that the consumers do seek variety when facing 

tree nuts products. 

 

3. Theoretical Model 

 

After Almost Ideal Demand System was first introduced by Deaton and Muellbauer in (1980), it 

has gained wide popularity and became more flexible and applicable. At each level of utility, the 

AIDS model assumes that the consumers minimize expenditure to realize the given utility (Deaton, 

A., Muellbauer, J., 1980). In this study the AIDS model was estimated as:  

 

(1) 𝑤𝑖𝑡
= 𝛼𝑖 + ∑ 𝛾𝑖𝑗𝑗 𝑙𝑜𝑔(𝑝𝑗𝑡

) + 𝛽𝑖𝑙𝑜𝑔 (
𝑋

𝑃
)

𝑡
+ 𝑠𝑖𝑠𝑖𝑛𝑡 + 𝑐𝑖𝑐𝑜𝑠𝑡 + 𝑧𝑖𝑡𝑡 +  𝜌(𝑤𝑖𝑡

− (𝛼𝑖 +

∑ 𝛾𝑖𝑗𝑗 𝑙𝑜𝑔(𝑝𝑖𝑡−1
) +  𝛽𝑖𝑙𝑜𝑔 (

𝑋

𝑃
)

𝑡−1
+ 𝑠𝑖𝑠𝑖𝑛𝑡−1 + 𝑐𝑖𝑐𝑜𝑠𝑡−1 + 𝑧𝑖𝑡𝑡−1)) + 휀𝑖 

 

where i and j represent any two nuts; 𝑤𝑖 is the import expenditure share for ith nut; 𝑝𝑗 is the import 

price of jth nut; X is total import expenditures on all goods included in the model; t represents a 

trend variable; 𝛼𝑖 ,  𝛾𝑖𝑗,  𝛽𝑖, 𝑐i 𝑠𝑖  and 𝑧𝑖  are the population parameters that will be estimated by the 

model; P is a nonlinear price index; sint=f(t,SL) and cost=g(t,SL) are trigonometric functions 

capturing seasonality; 𝜌 is the first-order autoregressive coefficient; and 휀𝑖 is an error term. 

 

The AIDS model estimates a set of parameters that are used in the calculation of demand 

elasticities. Following Green and Alston ( 1990), the uncompensated (Marshallian) price 

elasticities were calculated as 

 

(2)                                          εij =  −δij +  
γij − βi(αj +  ∑ γjklog (pk))n

k=1

wi
    

 

where δij is the Kronecker delta with 𝛿𝑖𝑗 = 1 if 𝑖 = 𝑗 (own-price elasticity) and 𝛿𝑖𝑗 = 0 if 𝑖 ≠ 𝑗 

(cross-price elasticity). 

Expenditure elasticities are calculated as  

 

(3)                                                               εix =  1 +  
βi

wi
.  

 

Using Slutsky equation, compensated (Hicksian) price elasticities are calculated as  

 

(4)                                                              eij =  εij +  wi ∗ εix.      

 

Seasonality is very common in Agriculture. There are several ways to capture it, including the use 

of dummy variables and harmonic regression. The dummy variable method introduces binary 

variables that take the value of 1 if the given season and 0 if otherwise. The method of harmonic 
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regression consists of including two additional trigonometric variables, sine and cosine, in the 

model. The sine and cosine variables have the following general forms: 

 

(5)     𝑠𝑖𝑛𝑖 = 𝑓(𝑡𝑟𝑒𝑛𝑑, 𝑆𝐿) = sin(2𝜋
𝑡𝑖

12
), 

and 

 

(6)     𝑐𝑜𝑠𝑖 = 𝑓(𝑡𝑟𝑒𝑛𝑑, 𝑆𝐿) = cos (2𝜋
𝑡𝑖

12
), 

 

where 𝑡𝑖 is the corresponding trend variable taking up the value of 1 for the first observation and 

the value n for the nth observation; 𝜋 is a mathematical constant approximately equal to 3.1416; 

and SL is the seasonal length which is equal to 12 for the monthly data. This study uses a Harmonic 

regression model to capture the seasonality. 

 

Endogeneity of the expenditure is a modeling issue encountered in systems of demand equations 

(Attfield, 1985). In this study, total expenditure is defined as the sum of expenditures on all 

selected types of nuts, while the expenditure share, 𝑤𝑖 is defined as the ratio of the 𝑖𝑡ℎ expenditure 

share to the total expenditure, causing the endogeneity of the total expenditure. To deal with this 

issue, the log of total expenditure was modeled as a function of the real GDP and the real prices 

used to calculate the total expenditure. 

That is:  

 

(7)    log(𝑋) = 𝛼0 + ∑ 𝜗𝑖𝑖 log(𝑝𝑖) + 𝑔log(𝐺𝐷𝑃) + 휀𝑖 

 

where log(X) is the logarithm of total expenditure; pi is the price of ith nut; GDP is the real monthly 

gross domestic product; 𝛼0, g, and vi, are population parameters to be estimated; and 휀𝑖 is an error 

term.  

 

4. Data Sources and Empirical Results 

4.1 Data Sources 

 

This study analyzes data on quarterly imports (in dollars and kilograms) of 8 nuts (coconuts, brazil 

nuts, cashews, almonds, hazelnuts, walnuts, chestnuts, and pistachios) for 10 years from 2006 to 

2016 from the United States International Trade Commission (USITC, 2017). Macadamia nuts, 

Kola nuts, areca nuts were combined in the “other” category. 

 

Nut prices were adjusted for inflation, using the CPI reported by the U.S. Bureau of Labor Statistics 

(2017). The U.S. quarterly Gross Domestic Product data reported by the U.S. Department of 

Commerce (2017) was used to address the problem of endogeneity. All data are publicly available. 

 
4.2 Empirical Results 

 

Expenditure Elasticities 
 

All the estimated expenditure elasticities were positive except for coconuts and walnuts. 

Elasticities for brazil nuts, cashew nuts, almonds, hazelnuts, walnuts and the combined category 
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labeled as “other” were statistically significant at 5% significance level. Cashew nuts and 

pistachios revealed to be necessity goods, as their elasticities were less than one indicating that 

one percent change in total expenditure on nuts is expected to have less than one percent impact 

on the quantity of these nuts demanded. Brazil nuts, almonds, hazelnuts were considered as luxury 

goods, as their elasticities were greater than one indicating that one percent change in total 

expenditure is expected to cause more than one percent change in quantity demanded of these 

products. Coconuts and walnuts had properties of inferior goods, as the estimated expenditure 

elasticities had negative signs; which means that if the income increases, the quantity demanded 

of these nuts is expected to decrease, all other factors held constant. 

 

Own-Price Elasticities 

 

All the own-price elasticities were negative and statistically significant at 5% level of significance 

except coconuts and chestnuts which also had the expected negative signs but were not significant 

at 5%. The estimated own-price elasticities were greater than one for Brazil nuts, cashew nuts, 

almonds, hazelnuts, walnuts, pistachios and other nuts indicating that the U.S. import demand for 

these nuts was price-elastic. Our elastic own-price elasticity estimates for almonds and walnuts are 

consistent with Russo, Green, and Howitt (2008). It is expected that a 1% change in price will lead 

to more than a 1% change in quantity demanded in the opposite direction, holding everything else 

constant. Although not significant at the 5% level, coconuts and chestnuts demand was price 

inelastic, as their corresponding own-price elasticities were less than one in absolute terms, 

meaning that the consumers were not sensitive to the price changes of these nuts.  

 

Compensated Cross-Price Elasticities 

 

Among the cross-price elasticity estimates that were statistically significant at the 5% significance 

level are Brazil nuts and coconuts, Brazil nuts and almonds, Brazil nuts and other nuts, cashew 

nuts and hazelnuts, cashew nuts and chestnuts, cashew nuts and other nuts, pistachios and other 

nuts. These cross-price elasticities also obtained positive signs indicating that these nuts were 

substitutes. The cross-price elasticity between chestnuts and other nuts had a negative sign 

indicating that these two nuts had a complementary relationship. Consistent with Russo, Green, 

and Howitt (2008), and unlike Lerner (1959), walnuts and almonds (and vice versa) were found 

not statistically significant (Table 1), which suggest no substitution between them. 

 

5. Summary, Conclusions and Policy Implications  

 

The purpose of this study was to analyze the U.S. import demand for nuts and to interpret 

elasticities. The analysis estimated an Almost Ideal Demand System (AIDS) using time series data. 

All expenditure elasticities were found positive except for walnuts, which indicate U.S. consumers 

are willing to import fewer coconuts and walnuts and more Brazil nuts, cashew nuts, almonds, 

hazelnuts, chestnuts, pistachios, and other nuts as their expenditure budget increasing. Expenditure 

elasticities for Brazil nuts, cashew nuts, almonds, hazelnuts, walnuts and other nuts were all 

statistically significant at 5% confidence level. Coconuts, cashew nuts, walnuts, and pistachios 

were found to be necessary goods, while Brazil nuts, almonds, hazelnuts were found to be luxury 

goods. All the own- price elasticities were negative and statistically significant at 5% confidence 

level except for coconuts and chestnuts. The own-price elasticities suggested that demand is price-
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elastic for Brazil nuts, cashew nuts, almonds, hazelnuts, walnuts, pistachios and other nuts, it is 

inelastic for coconuts and chestnuts. All the cross-price elasticities were statistically significant at 

5% confidence level. All the nuts were substitute products, except chestnuts and other nuts being 

complements.  The results were mainly consistent with the results of prior studies. 

 

The estimated elasticities of demand can be used to evaluate the impact of various economic 

factors that influence the U.S. import price of nuts, and to measure the degree of U.S. 

responsiveness to changes in the prices of imported nuts. For example, the nuts that were found to 

be price inelastic are expected to be impacted the least by price changes compared to those with 

higher own-price elasticities of demand. This information can be useful in making policy-related 

decisions, and in developing possible scenarios of U.S. nuts imports. 
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Appendix 

 

Tables and Figures 
 

Figure 1. U.S. per capita use of Tree Nuts, 2006-2016 

 

Source: (ERS.USDA, 2018) 
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Figure 2. U.S. imports of tree nuts by main import sources for the period from 2014 to 2017  

 

Source: (USITC, 2017) 
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Figure 3. All tree nuts: Utilized production, United States, 2004/05-2016/17 

 

Source: (ERS.USDA, 2018) 
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Table 1. Uncompensated own-price and expenditure elasticities, and compensated cross-price elasticities of demand  

 

  Coconuts  
Brazil 

Nuts  

Cashew 

Nuts  
Almonds  Hazelnuts  Walnuts  Chestnuts  Pistachios  Other Expenditure 

Coconuts -0.056 0.149* 0.053 -0.014 -0.032 0.0002 -0.029 0.0005 -0.071 -0.028 

Brazil nuts 0.279* -1.342 * 0.339 0.139* 0.084 -0.021 -0.034 -0.023 0.521* 1.459* 

Cashew nuts 0.007 0.022 -1.070* -0.002 0.039* 0.015 0.063* 0.0003 0.385* 0.936* 

Almonds -0.076 0.398* -0.125 -1.174* -0.093 0.018 0.151 0.047 0.822 2.458* 

Hazelnuts -0.095 0.136 0.945* -0.053 -1.003* 0.072 -0.086 0.014 0.011 2.422* 

Walnuts 0.004 -0.205 2.204 0.064 0.449 -1.411* 0.543 0.056 -1.692 -2.993* 

Chestnuts -0.183 -0.115 3.198* 0.181 -0.182 0.185 -0.145 -0.064 -2.893* 1.516 

Pistachios 0.013 -0.347 0.061 0.245 0.135 0.083 -0.28 -1.069* 1.157* 0.417 

Other -0.02 0.079* 0.877* 0.044 0.001 -0.026 -0.129* 0.012* -1.143* 1.199* 

  

 

Note: Blue colored numbers summarize compensated cross-price elasticities that were significant at 5% significance level, purple 

colored numbers report complementary commodities, and green colored numbers show uncompensated own-price elasticities. 

Parameter estimates marked by an asterisk (*) are statistically significant at 5% confidence level. 
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  Table 2. Harmonized Tariff Schedule (HTS) commodities 

080111  
COCONUTS, DESSICATED 

080112  
COCONUTS, IN THE INNER SHELL (ENDOCARP), FRESH OR DRIED 

080119  
COCONUTS, OTHER THAN DESSICATED 

080121  
BRAZIL NUTS, FRESH OR DRIED, IN SHELL 

080122  
BRAZIL NUTS, FRESH OR DRIED, SHELLED 

080131  
CASHEW NUTS, FRESH OR DRIED, IN SHELL 

080132  
CASHEW NUTS, FRESH OR DRIED, SHELLED 

080211  
ALMONDS, FRESH OR DRIED, IN SHELL 

080212  
ALMONDS, FRESH OR DRIED, SHELLED 

080221  
HAZELNUTS OR FILBERTS (CORYLUS SPP.) FRESH OR DRIED, IN SHELL 

080222  
HAZELNUTS OR FILBERTS (CORYLUS SPP.) FRESH OR DRIED, SHELLED 

080231  
WALNUTS, FRESH OR DRIED, IN SHELL 

080232  
WALNUTS, FRESH OR DRIED, SHELLED 

080241  
CHESTNUTS (CASTANEA SPP.), IN SHELL, FRESH OR DRIED 

080242  
CHESTNUTS (CASTANEA SPP.), SHELLED, FRESH OR DRIED 

080251  
PISTACHIOS, IN SHELL, FRESH OR DRIED 

080252  
PISTACHIOS, SHELLED, FRESH OR DRIED 

080262  
MACADAMIA NUTS, SHELLED, FRESH OR DRIED 

080270  
KOLA NUTS (COLA SPP.), FRESH OR DRIED 

080280  
ARECA NUTS, FRESH OR DRIED 

 


