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Analysis of U.S. Demand for Fresh Fruit and 
Vegetable Imports 

Kilungu Nzaku, Jack E. Houston, and Esendugue Greg Fonsah 
 
 
Increased promotion and awareness of healthy diets has contributed to growth in 
demand for fresh fruits and vegetables, for which the United States has become 
increasingly more dependent on imports. A modified LA/AIDS model captured 
seasonality and the effects of trade policy for select U.S. fresh fruit and vegetable 
imports from 1989 through 2008. The introduction of NAFTA significantly 
increased expenditure shares for papayas, tomatoes, and peppers, but it negatively 
influenced budget shares for bananas and pineapples. Fresh fruits and vegetables, 
except bananas, showed a positive trend in import budget shares, and seasonality 
was significant for all the commodities. 
 
Key Words: fresh tropical fruits and vegetables, import demand, seasonal trigono-
metric-AIDS model 

 

U.S. demand for fresh fruits and vegetables, and especially for tropical fruits and 
vegetables, has increased greatly since the 1970s. Between 1990–92 and 2004–
06, annual U.S. imports of fresh fruits and vegetables (ff&v) rose from $2.7 
billion to $7.9 billion. By the period 2003–05, imports accounted for 44% of fresh 
fruit and vegetable consumption (Huang and Huang, 2007), making the United 
States a net importer of fresh fruits (Fonsah et al., 2007). In 2001, however, the 
United States consumed less bananas and apples—which are the two top-ranked 
fruits eaten by Americans—than in the year before. Although consumption of 
most non-citrus fruits decreased, consumption of avocados, cherries, grapes, 
mangos, papayas, plums, and prunes increased, with higher imports accounting 
for much of the increase. 
 Increased consumption of non-citrus fruits during this time period was intensi-
fied largely because banana imports were at their lowest level since 1997, mostly 
due to the unfavorable weather conditions (hurricanes) and labor problems facing 
the major import-supplying countries. These banana shortages not only  slowed 
down shipments, but they also increased retail prices, created a substitution effect, 
and led to a downward trend in their overall fresh use in the United States 
(Pollack and Perez, 2002). 
—————————————— 
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 The growing ethnic diversity of the U.S. population, a relatively stronger U.S. 
dollar, and the mounting interest among Americans to explore new products—
influenced to a large extent by their efforts to maintain a healthy diet—have 
factored into the growing demand for tropical fruits in the United States over the 
past several years (Pollack and Perez, 2002; Fonsah, Krewer, and Rieger, 2004; 
Fonsah et al., 2007). The growth in fresh fruit and vegetable demand has also 
been attributed to rising consumer incomes and an increasing consumer aware-
ness of the health benefits of diets that focus on eating more fresh produce (Lucier, 
Pollack, and Perez, 1997; Wells and Buzby, 2008; Pollack, 2001). 
 In summary, this overall growth in fresh produce imports is attributed largely 
to the following effects: (a) the growing U.S. population of recent immigrants, 
particularly Asians, Africans, Caribbean islanders, and Hispanics, who are accus-
tomed to consuming fresh tropical produce meals; (b) the high purchasing power 
parity enjoyed by U.S. consumers due to extended appreciation of the U.S. dollar 
vis-à-vis other foreign currencies; (c) the newly (nouveau) acquired and inherited 
taste and flavor preference originated by the increasing number of returning Amer- 
ican families who have lived and served in foreign countries; (d )  the consistent 
supply availability of fresh produce during off seasons; and (e) modernized 
controlled atmospheric (CA) vessels that have facilitated transshipment and 
modern CA storage/warehouse facilities concomitantly (Guthrie, 2004; Fonsah, 
2004). 
 In response to the rising demand for fresh fruits and vegetables, domestic 
production has risen, but not at the same rate as the increase in demand, primarily 
due to the less favorable U.S. continental climate, seasonality in production, and 
high domestic farm labor costs. Consequently, the United States has increasingly 
become more dependent on imports to satisfy fresh produce demand (Huang and 
Huang, 2007; Martin and Thompson, 1992; Cook, 2001; Fonsah et al., 2007). 
 Although the demand for all fresh fruit and vegetable imports rose over the last 
three decades, most of that growth was linked to tropical fresh fruits and fresh veg- 
etables. The main tropical fresh fruit imports included bananas, mangos/guavas, 
papayas, pineapples, and avocados, while fresh tomatoes, cucumbers and gherkins, 
peppers, and asparagus dominated U.S. fresh vegetable imports. Of these com-
modities, mangos/guavas, papayas, avocados, fresh grapes, tomatoes, cucumbers, 
and peppers have recorded the highest growth rates in imports since the early 
1990s. For example, the value of imports of pineapples, mangos, guavas, papayas, 
and avocados was six times greater in 2006 compared to 1990, while the import 
value for grapes grew by over 350% during this same period. Conversely, fresh 
bananas, which comprise the bulk of fresh fruit imports, showed no significant 
growth, and imported banana values remained stable for the entire period (Huang 
and Huang, 2007; Fonsah, 2003). The value of imported fresh bell peppers, 
tomatoes, and cucumbers and gherkins grew by over 400%, 300%, and 250%, 
respectively (Huang and Huang, 2007). Avocado imports accounted for nearly 
60% of U.S. domestic consumption in 2006 compared to only 10% in 1989 [U.S. 
Department of Agriculture (USDA), 2007].  
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 U.S. fresh fruit and vegetable import supply is dominated by a few regions, 
largely due to high transport costs, the perishable nature of fresh produce 
commodities, and sanitary and phytosanitary controls (USDA, 2008a, b). The 
North American Free Trade Agreement (NAFTA) trading block, which is com-
prised of Canada, Mexico, and the United States, is the single largest supplier of 
fresh vegetables to the United States, accounting for 84% of U.S. vegetable 
imports in 2006 (Huang and Huang, 2007; USDA, 2007). 
 The main sources of U.S. fresh fruit imports are the so-called “banana-exporting 
countries,” the Southern Hemisphere countries, and NAFTA partners. The banana- 
exporting countries include Colombia, Costa Rica, Ecuador, Guatemala, Hon-
duras, and Panama. These countries supply 36% of fresh fruit imports, of which 
two-thirds are bananas (Huang and Huang, 2007). Second to the banana-
exporting countries in supplying U.S. fresh fruits are the Southern Hemisphere 
countries, which include Argentina, Australia, Brazil, Chile, New Zealand, South 
Africa, and Peru. Together, the Southern Hemisphere countries supply 32% of 
U.S. fresh fruit imports. The third major source of U.S. fresh fruit imports is 
NAFTA, which contributes approximately 27% of the total fresh fruit imports, 
mostly from Mexico (Huang and Huang, 2007; USDA, 2007; Cook, 2001). 
 Although the Uruguay rounds of GATT negotiations were considered success-
ful, regulatory measures—such as sanitary and phytosanitary (SPS) convention 
on plants and animals, traceability, country-of-origin labeling (COOL), Eurepgap, 
and ISO 9000—have been, and are still, considered technical barriers by some 
less developed countries (LDCs), thus creating unfavorable impact on inter-
national and regional trade (Fonsah, 2003, 2005). The inclusion of mandatory 
COOL in the 2002 Farm Bill (also known as the Farm Security and Rural Invest-
ment Act of 2002), which would have required retailers to show the country of 
origin for beef, lamb, pork, fish, perishable agricultural commodities, and peanuts, 
sent a conflicting signal to the U.S. fruit and vegetable industry due to the 
expected additional cost involved in record keeping and compliance with the 
laws. Implementation of mandatory COOL was postponed first by Public Law 
108-199 on January 27, 2006. Thereafter, it was further deferred as a result of 
controversies over the unknown cost and benefits of the law until it passed the 
2008 Farm Bill (also known as the Food, Conservation, and Energy Act of 2008) 
[USDA/Agricultural Marketing Service (AMS), 2009; VanSickle, 2008; Fonsah, 
2005]. In the 2008 Farm Bill, the fine for noncompliance of COOL was reduced 
from a $10,000 penalty for each violation by retailers and suppliers (which had 
been recommended in the 2002 Farm Bill) to $1,000 (VanSickle, 2008; USDA/ 
AMS, 2009). 
 The entry of more trading partners, such as the Dominican Republic-Central 
America Free Trade Agreement (CAFTA-DR) and the Chile-U.S. Free Trade 
Agreement, further improved the availability of imports and encouraged more 
consumption of exotic fresh fruits and vegetables. Improved technology in 
shipping and storage, U.S. farm labor shortages and costs, and the less favorable 
U.S. continental climate have made the United States increasingly dependent on 
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the importation of tropical produce to satisfy its demand, and it is currently a net 
importer of fresh produce (Lucier et al., 2006; Fonsah, 2004; Fonsah et al., 2007). 
The competitiveness of U.S. farm produce domestically and in the major U.S. 
fruit and vegetable export markets has been extensively studied (Andayani and 
Tilley, 1997; Feleke, 2006; Lee, Seale, and Jierwiriyapant, 1990). However, few 
studies have investigated the U.S. demand for fresh fruit and vegetable imports. 
Given strong evidence of rapid growth in fresh fruit and vegetable consumption 
and imports, it is important to understand the demand interrelationships and the 
seasonality effects that influence the demand for these commodities. 
 Accordingly, this study analyzes import demand relationships among selected 
fresh tropical fruits and vegetables in the United States from 1989 through 2008. 
We estimate and provide reliable price elasticities of demand for U.S. fresh tropical 
fruit and vegetable imports and identify seasonality trends that affect the demand 
for imported fresh tropical fruits and vegetables. By assessing the demand 
relationships among fresh tropical fruit and vegetable imports in the United 
States, we offer some policy recommendations for supplying countries’ strategies 
and U.S. trade policies for fresh fruits and vegetables. 
 

Empirical Model and Data 
 
Common import demand analysis approaches employ both consumer demand 
and production theories. The consumer demand approach treats imports as 
final products that directly enter a consumer’s utility function (Schmitz and 
Seale, 2002), while production theory treats imports as inputs (Washington and 
Kilmer, 2002). The consumer demand theory approach enables the derivation 
of traditional consumer demand and labor supply functions from utility maxi-
mization. In contrast, input demand and output supply functions from profit 
maximization or cost minimization can be obtained from production theory 
approaches. 
 Application of consumer approaches to import demand analysis is extensive. 
Past empirical approaches include the Armington model (Armington, 1969), the 
AIDS model (Deaton and Muellbauer, 1980), and the Rotterdam model (Theil, 
1980). It is important to acknowledge that most imports may not be treated as 
final goods, because the nature of international trade is such that most goods are 
intermediate commodities requiring processing or repackaging before they are 
finally distributed to the consumer (Washington and Kilmer, 2002; Muhammad, 
Jones, and Hahn, 2007). In such cases, a production approach is better placed to 
estimate import demand. However, in the case of fresh fruits and vegetables, 
imports are distributed to consumers in their fresh form and there is very little 
value-added process involved. These imports, therefore, can be justifiably classi-
fied as final goods, and the AIDS model is deemed appropriate. 
 Following Deaton and Muellbauer (1980, 1993), the almost ideal demand 
system (AIDS) model can be expressed as follows:  
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(1) log( ) log( / ) ,i i ij j i iw p y P u       

where wi is the expenditure share of good i, y is total expenditure, pj is the price 
of good j, and ui  denotes the disturbance term. P is a price index and is defined as 

(2) *
0

1
log( ) log( ) log( ) .

2k k ij i j
k k j

P p p p        

To be consistent with consumer demand theory, we must ensure the following 
necessary conditions hold: 

(3)   1, 0, and 0 (adding-up property);k k j k
k k

         

(4)   0 (homogeneity property);k j
j

     and 

(5)   (symmetry property).k j j k    

These conditions affirm that the demand system satisfies adding-up, homogeneity 
in prices and income, and Slutsky symmetry. The intercept αi represents the 
estimated budget share of commodity i when all logarithmic prices and real 
expenditures are zero, and can be interpreted as the subsistence consumption of 
commodity i. The βi’s are expenditure coefficients and represent the change in 
commodity i’s expenditure share with respect to change in real income, ceteris 
paribus. If β i  > 0, then that commodity is considered a luxury good. However, if 
β i  < 0, the good is considered a necessity. Expenditure share wi thus increases 
with an increase in total expenditure if β i  > 0 and decreases if β i  < 0. The price 
coefficients, γ i j ,  represent the change in the budget share of commodity i with 
respect to a percentage change in the price of commodity j with real expenditures 
held constant. If γij > 0, goods i and j are considered substitutes, whereas if 
γ i j  < 0, they are complementary goods. 
 The availability of fruits and vegetables is determined by production cycles in 
the source countries, and the seasonal demand depends on these production 
cycles. The common approach to capturing seasonality in the AIDS model has 
been by introducing deterministic or stochastic seasonal dummies (Piggott et al., 
1996; Arnade and Pick, 1998; Fraser and Moosa, 2002). However, these approaches 
have been criticized for using predetermined dummies when seasonality is likely 
to change over time (Arnade, Pick, and Gehlhar, 2005) and a more creative 
approach is needed. To capture hypothesized seasonality in the AIDS model of 
fresh produce, we apply seasonal trigonometric variables in each share equation, 
following Arnade and Pick (1998) and Arnade, Pick, and Gehlhar (2005): 

(6)  log( ) log( / )i i ij j i iw p y P na Nafta       

  

4 4

1 2
1 1

,iu u iv v i i
u v

f g t trend
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where fu and gv are seasonal functions defined as fu = cos ((u/z)Πt), and gv = 
sin ((v/z)Πt). Here, t represents the observation number, while z = s /2 where s is 
the frequency of the data. Since we use quarterly data, s = 4 and z = 2. The 
variables u and v represent the seasonal frequencies of data, and the seasonal 
coefficients α1 iu and α2 i v measure the contribution of each seasonal cycle to the 
model (Arnade and Pick, 1998; Arnade, Pick, and Gehlhar, 2005). 
 The price index presented in equation (2) above poses empirical estimation 
challenges to the AIDS model owing to the nonlinearity in its second term. 
Empirical estimation choices include either linearizing the model, or estimating 
the model in its unbiased nonlinear form. Several alternative forms can be used to 
transform the system to a linear approximation. These include a regular price 
index proposed by Moschini (1994), the Tornquist index, the “corrected” Stone 
index, and the geometrically weighted average of prices (Moschini, 1994, 1995; 
Moschini and Meilke, 1989). To linearize our model, we utilize Stone’s price index 
as suggested by Deaton and Muellbauer (1980, 1993) and specified as: 

(7)  *ln( ) ln( ).
h ki i

i h

p w p    

The expenditure, own-price, and cross-price elasticities of demand then can be 
calculated at sample means, as shown in equations (8), (9), and (10), respectively: 

(8)     1 ( / ),i i iw   
 

(9)     1 ( / ) ,ii ii i iw    
  

and
 

(10)     ( / ) ( / ),i j i j i i j iw w w   
 

where η i ,  ε i i , and ε i j  represent expenditure, own-price, and cross-price elasti-
cities, respectively. Also, the compensated price elasticities of demand hij  can be 
calculated as: 

(11) ,i j i j i jh n w    

where η i  and ε i j  are the income/expenditure and price elasticity of demand. 
 Data for the major fresh fruit and vegetable imports were selected for analysis 
based on consumption shares of imports and import growth. The selection of the 
ff&v imports was based on commodity import shares and growth. For fresh fruits, 
preference was given to tropical fresh fruits whose imports have grown tremen-
dously and continue to dominate the U.S. market. Fresh fruit imports, which in 
this case happen to be tropical fruits, were selected if their import consumption 
shares were greater than 50%, and the top fresh vegetable imports were selected if 
the imports grew by over 50%, subject to data availability. 
 The fresh tropical fruits and vegetables considered in the study include 
bananas, pineapples, avocados, papayas, and mangos/guavas for tropical fresh 
fruits, and peppers, tomatoes, cucumbers, and asparagus for fresh vegetables. 
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Table 1. Quarterly Average Import Quantities, Unit Values, Values, and 
Expenditure Shares of U.S. Fresh Fruit and Vegetable Imports, 1989:1–2008:3 

 Quarterly Average 

Tropical Fresh  
Fruit Imports 

Quantity 
(MT) 

Unit Value 
(US$/MT) 

Value/Expenditures 
(US$ 1,000s) 

Expenditure 
Share 

Bananas 983,448.13 354.15 347,933.90 0.4065 

Pineapples 78,468.83 521.77 45,647.13 0.0398 

Papayas 15,995.51 673.36 11,157.02 0.0097 

Mangos/Guavas 49,112.84 971.84 40,156.61 0.0400 

Grapes 108,680.11 1,480.56 162,886.01 0.1313 

Avocados 23,373.37 1,344.28 36,070.09 0.0284 

Tomatoes 177,194.24 288.36 189,989.17 0.1664 

Pappers 81,141.88 352.38 111,386.06 0.0996 

Cucumbers 81,259.95 225.21 53,108.49 0.0460 

Asparagus 15,706.87 540.30 37,000.18 0.0324 

Source: USDA/FAS, FASonline data calculations. 

 
These vegetables were purposively selected because of their cultivation adapta-
bility in certain areas of the tropics rather than their origins. Although mangos 
and guavas are different tropical fruits, USDA’s Foreign Agricultural Service 
(FAS) reports these data combined, and so we also define them as one commodity 
category—mangos/guavas. The data set ranges from the 1st quarter of 1989 
through the 3rd quarter of 2008. Quarterly import quantities and values for the 
selected fresh fruits and vegetables were calculated by aggregation of monthly 
quantities and values, obtained from the USDA’s Foreign Agricultural Service 
website (FASonline). Import values are measured on a cost, insurance, and freight 
(CIF) basis. Using import values and quantities, per unit values (cents/pound) for 
all the selected imports were calculated and used as proxies for import prices. 
 A summary of the descriptive statistics of the data is presented in table 1. As 
reported in the table, fresh bananas are the most imported fresh produce per 
quarter based on quantities, value of imports, and expenditure shares, followed by 
fresh tomatoes and grapes. 
 The trends and seasonality of the fresh fruit and vegetable supply are shown in 
the expenditure share graphs presented in figure 1. The regular fluctuation of the 
expenditure shares of all the fresh fruits and vegetables in figure 1 underscore the 
presence of seasonality in each commodity. The graphic presents quarterly 
expenditure shares of tropical fresh fruit and vegetable imports between 1989 and 
2008, in which banana import expenditure shares steadily decreased, while the 
shares of fresh tomatoes, peppers, pineapples, and cucumbers increased. 
 Because most fresh fruit and vegetable imports portray one peak season per 
year (winter and spring), we set u and v equal to 1. In addition, we add a trend 
variable trendi , to capture any trend in fresh tropical fruit and vegetable imports. 
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     Quarter/Year 

 

 Figure 1. Quarterly expenditure shares of U.S. fresh fruit and 
 vegetable imports, 1989:1 through 2008:3 
 
We also introduce a dummy variable, Nafta, to capture the effect of the implemen- 
tation of the NAFTA trade agreement in 1995 between the United States, Canada, 
and Mexico. The Nafta dummy variable is set to 0 for the time periods running 
from 1989 through 1994, and 1 thereafter. 
 
Estimated Results 

The AIDS demand model (6) is estimated for 10 fresh fruit and vegetable imports: 
bananas, pineapples, papayas, mangos/guavas, grapes, avocados, tomatoes, 
peppers, cucumbers, and asparagus. Estimation employs TSP Version 5.0 (Hall 
and Cummins, 2005) by iterated seemingly unrelated regression (ITSUR) esti-
mation. To conform to economic theory, homogeneity, symmetry, and adding-up 
conditions were imposed on the data. The equation for fresh grapes was dropped 
from the ITSUR estimation process, and its parameters are calculated from the 
estimated parameters. Results are presented in tables 2, 3, and 4. 
 Table 2 reports the estimated coefficients of the LA/AIDS model. Only three 
intercepts—the αi’s for fresh papayas, fresh mangos/guavas, and fresh peppers—
are statistically significant, implying that subsistence consumption shares for 
these fresh commodities are 0.064, 0.264, and 0.331, respectively. The real 
expenditure parameters for bananas, avocados, tomatoes, and asparagus are posi-
tive, but not significant. Pineapples, papayas, mangos, peppers, and cucumbers 
have βi < 0, contrary to our expectations.  
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 The results show that the introduction of NAFTA significantly influenced U.S. 
import budget shares of fresh bananas, pineapples, papayas, avocados, tomatoes, 
and peppers. The NAFTA period is associated with significantly increased fresh 
papaya, tomato, and pepper import budget shares, as expected, due to improved 
availability. NAFTA resulted in the availability of a wide range of fresh fruits, 
which led to a shift in consumer expenditures from bananas (previously the main 
fresh fruit import into the United States) to consumption of such commodities as 
fresh papayas, mangos, and guavas as free trade increased access of imports. For 
instance, in years 2000 and 2006, the values of U.S. vegetable imports were $4.05 
billion and $7.3 billion compared to export values of $3.3 billion and $1.6 billion, 
respectively, in the same time period. In 2010, that value had escalated to $9.4 
billion, and thus an increase of 132% in just a decade. It was only in 1995 that the 
United States had a favorable balance of vegetable trade (export exceeded import) 
(Lucier, 2002; Lucier and Glaser, 2010). Mexico, Canada, Peru, and China 
accounted, respectively, for 67%, 19%, 4%, and 2% of the imported value, while 
Canada accounted for 78% and Japan 7% of the exported value in the same 2007 
time period. 
 The total value of the fruit crops attained its highest peak of $18.5 billion in 
2007, with non-citrus fruits accounting for $11.4 billion. Bananas are by far the 
top-ranked tropical fresh fruit imported in the United States each year and, as 
noted earlier, they have become a staple of the American diet. In the 1990s, Costa 
Rica was the export leader, exporting between 23% and 37% of total import 
volume to the United States, but Costa Rica lost its lead to Ecuador from 2002–
2004, then to Guatemala from 2005 until present. For almost a decade, the overall 
value of imported bananas has increased from $1.03 billion in the early 2000s to 
$1.45 billion in 2009 (UN Comtrade, 2010; Perez and Pollack, 2003; Fonsah, 
Krewer, and Rieger, 2004; Fonsah et al., 2007; Pollack and Perez, 2008). How-
ever, the introduction of NAFTA resulted in a 5% reduction in the budget share 
for banana imports. 
 Further, the banana budget share equation reveals a negative, significant trend. 
This finding implies that budget shares for banana imports have been declining 
over the study period, as consumers reallocate their budget toward other fresh 
fruit and vegetable imports. Import budget shares for pineapples, avocados, 
peppers, and cucumbers show a positive trend, implying increases in expenditures 
on these imports in line with increased growth in their import values, as noted 
earlier (Huang and Huang, 2007). All the commodities have at least one statisti-
cally significant seasonality variable, confirming that seasonality plays a major 
role in the demand for tropical fresh fruits and vegetables. 
 The uncompensated elasticities of demand are calculated at sample means, 
as shown in table 3. Expenditure elasticities for imported fresh asparagus, 
tomatoes, avocados, and bananas are all greater than one, indicating they are 
luxury goods. While this finding is justified for imported fresh asparagus and avo-
cados, because they are exotic commodities, the same may not be true for bananas 
and tomatoes.  
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Table 2. Estimates of LA/AIDS Model of U.S. Demand for Tropical Fresh 
Fruits and Vegetables with Homogeneity and Symmetry (N = 78) 

 
Description 

Fresh  
Bananas  

Fresh  
Pineapples  

Fresh  
Papayas  

Fresh 
Mangos/Guavas

Fresh 
Grapes 

Intercept (α i )  −0.0556 
(0.5662) 

0.1036 
(0.1038) 

0.0636** 
(0.0318) 

0.2635** 
(0.1315) 

0.3222 
(0.3570) 

Fresh Bananas 0.2038*** 
(0.0788) 

    

Fresh Pineapples −0.0238 
(0.0162) 

0.0301*** 
(0.0059) 

   

Fresh Papayas −0.0308*** 
(0.0055) 

0.0034 
(0.0015) 

0.0085*** 
(0.0016) 

  

Fresh Mangos/Guavas −0.0302* 
(0.0157) 

0.0010 
(0.0042) 

−0.0027** 
(0.0013) 

0.0150** 
(0.0064) 

 

Fresh Grapes −0.0880 
(0.0613) 

−0.0153 
(0.0136) 

0.0181 
(0.0055) 

0.0043 
(0.0137) 

0.0590 
(0.0622) 

Fresh Avocados −0.0069 
(0.0137) 

0.0061* 
(0.0033) 

0.0000 
(0.0009) 

−0.0073* 
(0.0040) 

0.0129 
(0.0102) 

Fresh Tomatoes 0.0399** 
(0.0217) 

−0.0071* 
(0.0039) 

−0.0024** 
(0.0011) 

0.0145*** 
(0.0051) 

−0.0093 
(0.0122) 

Fresh Peppers 0.0213 
(0.0157) 

−0.0049 
(0.0041) 

0.0010 
(0.0013) 

−0.0115** 
(0.0046) 

0.0004 
(0.0127) 

Fresh Cucumbers −0.0126 
(0.0144) 

0.0013 
(0.0037) 

−0.0003 
(0.0011) 

0.0043 
(0.0042) 

0.0064 
(0.0116) 

Fresh Asparagus −0.0727*** 
(0.0153) 

0.0095** 
(0.0042) 

0.0053*** 
(0.0015) 

0.0126*** 
(0.0042) 

0.0115 
(0.0133) 

Real Expenditure 0.0429 
(0.0404) 

−0.0116 
(0.0072) 

−0.0016 
(0.0020) 

−0.0181* 
(0.0094) 

−0.0061 
(0.0219) 

Nafta −0.0532** 
(0.0209) 

−0.0111*** 
(0.0041) 

0.0052*** 
(0.0011) 

0.0032 
(0.0051) 

— 

cos 0.0418*** 
(0.0087) 

−0.0005 
(0.0017) 

−0.0011** 
(0.0005) 

−0.0180*** 
(0.0023) 

— 

sin −0.1094*** 
(0.0121) 

−0.0151*** 
(0.0024) 

−0.0038*** 
(0.0007) 

−0.0228*** 
(0.0032) 

— 

Trend −0.0045*** 
(0.0006) 

0.0008*** 
(0.0001) 

0.0000 
(0.0000) 

0.0000 
(0.0001) 

— 

R 2  
DW Statistic 

0.9340 
1.8016 

0.8899 
2.0227 

0.8795 
1.2849 

0.8050 
1.8790 

— 

Notes: Single, double, and triple asterisks (*,**,***) denote statistical significance at the 10%, 5%, and 1% 
levels, respectively. Values in parentheses are estimated standard errors.                       

( extended . . . → )
 

 
 Tomato is the second most important commercial vegetable crop in terms of 
production after potatoes, and second in value after lettuce. In 2006, tomatoes 
generated $1.3 billion in revenue, just slightly behind lettuce with $1.4 billion 
(Fonsah et al., 2010).  
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Table 2. Extended 

 
Description 

Fresh  
Avocados  

Fresh   
Tomatoes   

Fresh  
Peppers  

Fresh  
Cucumbers  

Fresh  
Asparagus  

Intercept (α i )  −0.0078 
(0.1698) 

−0.0957 
(0.4452) 

0.3314** 
(0.1561) 

0.1127 
(0.1419) 

−0.0379 
(0.0993) 

Fresh Bananas  
 

    

Fresh Pineapples  
 

    

Fresh Papayas  
 

    

Fresh Mangos/Guavas  
 

    

Fresh Grapes  
 

    

Fresh Avocados 0.0035 
(0.0063) 

    

Fresh Tomatoes 0.0034 
(0.0065) 

−0.0143 
(0.0188) 

   

Fresh Peppers −0.0108** 
(0.0046) 

−0.0145** 
(0.0061) 

0.0222*** 
(0.0069) 

  

Fresh Cucumbers −0.0022 
(0.0042) 

−0.0149*** 
(0.0055) 

−0.0009 
(0.0045) 

0.0163*** 
(0.0059) 

 

Fresh Asparagus 0.0013 
(0.0032) 

0.0048 
(0.0038) 

−0.0022 
(0.0039) 

0.0027 
(0.0035) 

0.0273*** 
(0.0057) 

Real Expenditure 0.0039 
(0.0128) 

0.0137 
(0.0342) 

−0.0199* 
(0.0117) 

−0.0049 
(0.0105) 

0.0017 
(0.0068) 

Nafta −0.0277*** 
(0.0065) 

0.0705*** 
(0.0164) 

0.0102* 
(0.0062) 

−0.0052 
(0.0057) 

0.0010 
(0.0038) 

cos 0.0203*** 
(0.0027) 

−0.0083 
(0.0068) 

−0.0021 
(0.0025) 

0.0116*** 
(0.0023) 

0.0215*** 
(0.0016) 

sin −0.0067** 
(0.0037) 

0.0228** 
(0.0093) 

0.0146*** 
(0.0036) 

0.0170*** 
(0.0032) 

−0.0123*** 
(0.0024) 

Trend 0.0012*** 
(0.0002) 

0.0006 
(0.0004) 

0.0011*** 
(0.0002) 

0.0005*** 
(0.0002) 

0.0002 
(0.0001) 

R 2  
DW Statistic 

0.7859 
1.1450 

0.6041 
2.0260 

0.7624 
1.7732 

0.7385 
1.8420 

0.8910 
2.3937 

 
 On the other hand, although U.S. banana (Musa sapientum) consumption leveled 
off at about 7.5 billion pounds, with a per capita consumption of approximately 
27 pounds between 1997 and 2007, fresh bananas account for about 97% of the 
total banana import; dried, frozen, prepared, and other processed bananas together 
constitute the remainder (USDA/Economic Research Service, 2010). Bananas are 
produced in Hawaii and Florida simply for local consumption. Studies over the 
past decade have reported that 1,760 acres of bananas were planted in Hawaii, 
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Table 3. Uncompensated Elasticities of Demand for U.S. Fresh Fruit and 
Vegetable Imports, 1989–2008 

  
Fresh  

Bananas  

 
Fresh  

Pineapples  

 
Fresh  

Papayas  

Fresh  
Mangos/  
Guavas  

 
Fresh   

Grapes   

 
Fresh  

Avocados  

Fresh Bananas −0.5416***
(0.1902) 

−0.0628 
(0.0404) 

−0.0768***
(0.0135) 

−0.0785** 
(0.0387) 

−0.2303 
(0.1529) 

−0.0199 
(0.0339) 

Fresh Pineapples −0.4798 
(0.3987) 

−0.2330 
(0.1493) 

0.0874** 
(0.0376) 

0.0359 
(0.1063) 

−0.3470 
(0.3436) 

0.1608* 
(0.0829) 

Fresh Papayas −3.1187***
(0.5527) 

0.3543** 
(0.1549) 

−0.1202 
(0.1623) 

−0.2728** 
(0.1387) 

1.8920*** 
(0.5738) 

0.0084 
(0.0968) 

Fresh Mangos/Guavas −0.5698 
(0.3883) 

0.0421 
(0.1068) 

−0.0631* 
(0.0337) 

−0.6081***
(0.1587) 

0.1673 
(0.3464) 

−0.1692** 
(0.0991) 

Fresh Grapes −0.6509 
(0.4575) 

−0.1150 
(0.1039) 

0.1384***
(0.0421) 

0.0068 
(0.1076) 

−0.3823 
(0.4848) 

0.0097 
(0.0775) 

Fresh Avocados −0.2974 
(0.4928) 

0.2080* 
(0.1181) 

0.0000 
(0.0334) 

−0.2619* 
(0.1401) 

0.4361 
(0.3656) 

−0.8823** 
(0.2227) 

Fresh Tomatoes 0.2062 
(0.1456) 

−0.0462* 
(0.0250) 

−0.0155** 
(0.6920) 

0.0841***
(0.0314) 

−0.0665 
(0.0780) 

0.0181 
(0.0395) 

Fresh Peppers 0.2950* 
(0.1556) 

−0.0414 
(0.0415) 

0.0116 
(0.0127) 

−0.1076** 
(0.0467) 

0.0303 
(0.1286) 

−0.1029** 
(0.0460) 

Fresh Cucumbers −0.2303 
(0.3094) 

0.0317 
(0.0813) 

−0.0062 
(0.0243) 

0.0975 
(0.0919) 

0.1527 
(0.2545) 

−0.0444 
(0.0915) 

Fresh Asparagus −2.2675***
(0.4641) 

0.2909** 
(0.1303) 

0.1639***
(0.0464) 

0.3873***
(0.1280) 

0.3470 
(0.4133) 

0.0371 
(0.0973) 

Notes: Single, double, and triple asterisks (*,**,***) denote statistical significance at the 10%, 5%, and 1% 
levels, respectively. Values in parentheses are estimated standard errors.                       

( extended . . . → )
 

 
with a farm gate value of $10.4 million, whereas the United States imports 25% 
of the world’s total bananas [Food and Agriculture Organization (FAO), 2009], 
worth over $1.1 billion—thus making the United States a net importer (Hawaii 
Agricultural Statistics Service, 2001; Fonsah, Krewer, and Rieger, 2004; Fonsah 
et al., 2007). 
 The own-price elasticities of demand for the fresh fruit and vegetable imports 
are all negative, conforming to economic theory. The own-price elasticities of 
import demand range from −0.5416 for bananas to −1.0995 for fresh tomatoes. 
Own-price elasticities of demand found to be significant are for bananas, mangos/ 
guavas, avocados, tomatoes, peppers, and cucumbers. The −0.5416 own-price 
elasticity for bananas implies that a 1% increase in the price of bananas will result 
in a 0.54% reduction in budget share for imported bananas. The magnitude of the 
elasticity is comparable to −0.4236 and −0.4999 reported by You, Epperson, and 
Huang (1996) and Huang (1993), respectively. However, caution should be 
exercised in any comparison of our elasticity estimates with those reported in 
these two earlier studies, since they analyzed the effects of domestic prices on 
domestic consumption while our study focuses on imported prices and quantities.  
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Table 3. Extended 

  
Fresh 

Tomatoes 

 
Fresh 

Peppers 

 
Fresh 

Cucumbers 

 
Fresh 

Asparagus 

 
Expenditure  

(η i )   

Fresh Bananas 0.0806 
(0.0574) 

0.0418 
(0.0416) 

−0.0358 
(0.0361) 

−0.1823***
(0.0380) 

1.1056*** 
(0.0993) 

Fresh Pineapples −0.1308 
(0.1038) 

−0.0943 
(0.1083) 

0.0452 
(0.0939) 

0.2479** 
(0.1057) 

0.7077*** 
(0.1798) 

Fresh Papayas −0.2263* 
(0.1194) 

0.1156 
(0.1371) 

−0.0270 
(0.1157) 

0.5554***
(0.1553) 

0.8391*** 
(0.2039) 

Fresh Mangos/Guavas 0.4387***
(0.1354) 

−0.2424** 
(0.1234) 

0.1280 
(0.1072) 

0.3297***
(0.1043) 

0.5468** 
(0.2352) 

Fresh Grapes −0.0628 
(0.0975) 

0.0077 
(0.1016) 

0.0507 
(0.0890) 

0.1014 
(0.0888) 

0.9533** 
(0.1670) 

Fresh Avocados 0.0965 
(0.2473) 

−0.3939** 
(0.1751) 

−0.0831 
(0.1516) 

0.0395 
(0.1121) 

1.1387** 
(0.4497) 

Fresh Tomatoes −1.0995***
(0.1218) 

−0.0956***
(0.0436) 

−0.0935***
(0.0350) 

0.0248 
(0.0248) 

1.0824*** 
(0.2055) 

Fresh Peppers −0.1127* 
(0.0649) 

−0.7570***
(0.0737) 

0.0004 
(0.0465) 

−0.0158 
(0.0391) 

0.8000*** 
(0.1170) 

Fresh Cucumbers −0.3067** 
(0.1286) 

−0.0084 
(0.1059) 

−0.6415***
(0.1295) 

0.0625 
(0.0764) 

0.8931*** 
(0.2291) 

Fresh Asparagus 0.1383 
(0.1227) 

−0.0738 
(0.1263) 

0.0815 
(0.1092) 

−0.1578 
(0.1752) 

1.0531*** 
(0.2103) 

 

Avocados have an own-price elasticity of −0.8823, which is expected because 
they are exotic commodities and are likely to be more price elastic. 
 The own-price elasticity for imported tomatoes is shown to be greater than 
unity, which is twice the −0.622 reported by Huang (1993) and −0.405 by You, 
Epperson, and Huang (1996). Price elasticities for grapes and asparagus appear 
underestimated in comparison to You, Epperson, and Huang, while those for 
tomatoes, peppers, and cucumbers appear much greater. The differences in our 
results are understandable, since the comparison investigations did not focus on 
imported commodities and were based on annual data. In contrast, this study 
uses quarterly observation data. Other elasticities that appear to be unusually 
small include those for papayas and pineapples, despite the lack of comparative 
studies. 
 The estimated cross-price elasticities show that banana imports with papaya and 
asparagus imports are complements, since their cross-price elasticities are negative 
and significant. Pineapples and papayas, avocados, and asparagus are substitutes, 
owing to the positive cross-price elasticities. Grapes only have a relationship with 
papaya, which is a substitute. Mangos/guavas are complements with papayas and 
avocados, possibly because of fruit salad diets. However, the significant relation-
ships between mangos/guavas and tomatoes and peppers are inconsistent with our 
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Table 4. Compensated Elasticities of Demand for U.S. Fresh Fruit and Vegetable 
Imports, 1989–2008 

  
Fresh   

Bananas   

 
Fresh  

Pineapples  

 
Fresh   

Papayas   

Fresh   
Mangos/   
Guavas   

 
Fresh   

Grapes   

Fresh Bananas −0.0922 
(0.1938) 

−0.0188 
(0.0398) 

−0.0661*** 
(0.0134) 

−0.0342 
(0.0386) 

−0.0851 
(0.1509) 

Fresh Pineapples −0.1922 
(0.4068) 

−0.2049 
(0.1485) 

0.0943** 
(0.0375) 

0.0643 
(0.1065) 

−0.2541 
(0.3405) 

Fresh Papayas −2.7776*** 
(0.5639) 

0.3877** 
(0.1541) 

−0.1121 
(0.1624) 

−0.2392* 
(0.1390) 

2.0022*** 
(0.5697) 

Fresh Mangos/Guavas −0.3475 
(0.3924) 

0.0639 
(0.1059) 

−0.0578* 
(0.0336) 

−0.5862*** 
(0.1590) 

0.2391 
(0.3426) 

Fresh Grapes −0.3475 
(0.3924) 

0.0639 
(0.1059) 

−0.0578*** 
(0.0336) 

−0.5862 
(0.1590) 

0.2391 
(0.3426) 

Fresh Avocados 0.1654 
(0.4829) 

0.2533** 
(0.1162) 

0.0110 
(0.0330) 

−0.2163 
(0.1395) 

0.5856 
(0.3588) 

Fresh Tomatoes 0.6462*** 
(0.1302) 

−0.0031 
(0.0235) 

−0.0050 
(0.0066) 

0.1274*** 
(0.0307) 

0.0756 
(0.0733) 

Fresh Peppers 0.6202*** 
(0.1572) 

−0.0095 
(0.0410) 

0.0194 
(0.0127) 

−0.0756 
(0.0467) 

0.1354 
(0.1271) 

Fresh Cucumbers 0.1327 
(0.3123) 

0.0673 
(0.0803) 

0.0024 
(0.0241) 

0.1333 
(0.0918) 

0.2700 
(0.2516) 

Fresh Asparagus −1.8394*** 
(0.4729) 

0.3329* 
(0.1293) 

0.1741*** 
(0.0463) 

0.4294*** 
(0.1283) 

−3.5647*** 
(0.4082) 

Notes: Single, double, and triple asterisks (*,**,***) denote statistical significance at the 10%, 5%, and 
1% levels, respectively. Values in parentheses are estimated standard errors.             

( extended . . . → )
 

 
expectations—although this finding could be explained by consumers’ affinity for 
salsa, which combines mangos, peppers, and tomatoes. 
 As expected, tomatoes have a complementary relationship with cucumbers and 
peppers, as they are often cooked together or consumed in combination as 
vegetable salads. Asparagus import is shown to be a significant complementary 
good with banana imports, and a substitute for fresh pineapples, mangos/guavas, 
and papayas—a surprising finding because there are no known combinations of 
asparagus with bananas or substitution for any fruits. 
 

Conclusions and Implications 
 
In this study, an LA/AIDS model was modified and used to estimate the demand 
for select U.S. tropical fresh fruit and vegetable imports. To capture seasonality 
and the effects of trade policy, we introduced trigonometric seasonality, 
trend, and a policy dummy variable. Results indicate that the introduction of 
NAFTA trade significantly impacted expenditure shares for papayas, tomatoes, 
and peppers positively, due to improved accessibility. However, NAFTA had a  
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Table 4. Extended 

  
Fresh  

Avocados  

 
Fresh  

Tomatoes  

 
Fresh  

Peppers  

 
Fresh  

Cucumbers  

 
Fresh  

Asparagus  

Fresh Bananas 0.0116 
(0.0338) 

0.2645*** 
(0.0533) 

0.1519*** 
(0.0385) 

0.0150 
(0.0353) 

−0.1465*** 
(0.0377) 

Fresh Pineapples 0.1810** 
(0.0830) 

−0.0130 
(0.0984) 

−0.0238 
(0.1025) 

0.0777 
(0.0928) 

0.2804*** 
(0.1051) 

Fresh Papayas 0.0323 
(0.0970) 

−0.0867 
(0.1136) 

0.1992 
(0.1308) 

0.0116 
(0.1147) 

0.5940*** 
(0.1546) 

Fresh Mangos/Guavas −0.1537 
(0.0991) 

0.5297*** 
(0.1275) 

−0.1880 
(0.1161) 

0.1531 
(0.1055) 

0.3474*** 
(0.1038) 

Fresh Grapes −0.1537 
(0.0991) 

0.5297 
(0.1275) 

−0.1880 
(0.1161) 

0.1531 
(0.1055) 

0.3474 
(0.1038) 

Fresh Avocados −0.8499*** 
(0.2229) 

0.2859 
(0.2297) 

−0.2806* 
(0.1615) 

−0.0308 
(0.1481) 

0.0763 
(0.1109) 

Fresh Tomatoes 0.0489 
(0.0393) 

−0.9194*** 
(0.1131) 

0.0122 
(0.0364) 

−0.0437 
(0.0333) 

0.0610*** 
(0.0227) 

Fresh Peppers −0.0801* 
(0.0461) 

0.0204 
(0.0609) 

−0.6774*** 
(0.0696) 

0.0372 
(0.0456) 

0.0101 
(0.0389) 

Fresh Cucumbers −0.0190 
(0.0916) 

−0.1582 
(0.1204) 

0.0805 
(0.0988) 

−0.6005*** 
(0.1275) 

0.0915 
(0.0759) 

Fresh Asparagus 0.0670 
(0.0974) 

0.3135*** 
(0.1164) 

0.0311 
(0.1196) 

0.1299 
(0.1078) 

−0.1237 
(0.1747) 

 

negative effect on budget shares for bananas and pineapples, as it resulted in the 
entry of more varieties of fresh produce. 
 Most fresh fruit and vegetable import shares are found to significantly and posi- 
tively respond to real income/expenditures, implying consumer income is a major 
factor in determining fresh fruit and vegetable imports into the United States. Six 
of the 10 commodities show that own commodity prices significantly influence 
the budget shares of imported fresh fruits and vegetables. 
 With the exception of bananas, all the fresh fruits and vegetables reflect a 
positive trend in import budget shares. Seasonality coefficients show the presence 
of significant seasonality in the budget shares for all commodities. However, 
further modeling of the nature of seasonality is required to more accurately 
capture the phase and amplitude of the seasonality. A possible alternative 
approach would be to split the analysis into decades to alleviate the problem of 
the cycle phases overlapping over a longer period due to entry of new trading 
partners and technological advancements. Additional limitations of the study 
include unavailability of data for domestic fresh fruit and vegetable prices, 
such as avocados, bananas, pineapples, and papayas from California, Florida, 
and Hawaii.  



 
 
 
 
 
 
 
 
178   Fall 2010 Journal of Agribusiness 
 
 

 

References 
 
Andayani, R. M. S., and S. D. Tilley. (1997). “Demand and competition among 

supply sources: The Indonesian fruit import market.” Journal of Agricultural 
and Applied Economics 29(2), 279–289. 

Armington, P. (1969). “A theory of demand for products differentiated by place 
of production.” Staff paper, International Monetary Fund, Washington, DC. 

Arnade, C., and D. Pick. (1998). “Seasonality and unit roots: The demand for 
fruits.” Agricultural Economics 18(1), 53–62. 

Arnade, C., D. Pick, and M. Gehlhar. (2005). “Testing seasonal structures into 
demand models for fruits.” Agricultural Economics 33(s3), 527–532. 

Cook, R. L. (2001). “The U.S. fresh produce industry: An industry in transition.” 
In A. A. Kader (ed.), Postharvest Technology of Horticultural Crops. Division 
of Agriculture and Natural Resources, University of California, Davis. 

Deaton, A., and J. Muellbauer. (1980). “An almost ideal demand system.” Amer-
ican Economic Review 70(3), 312–326. 

———. (1993). Economics and Consumer Behavior. London: Cambridge Uni-
versity Press. 

Feleke, S. T. (2006). “Global competition for the Japanese fruit juice market.” 
Unpublished Ph.D. dissertation, Department of Food and Resource Econ-
omics, University of Florida, Gainesville. 

Fonsah, G. E. (2003). “Integrated quality control management strategies in 
banana production, packaging, and marketing.” Journal of Food Distribution 
Research 34(1), 99–106. 

———. (2004). “Domestic vs. foreign market opportunities: Which route to take?” 
In Proceedings of the 2004 Southeast Regional Vegetable Conference (pp. 47–
54). Cooperative Extension Service, University of Georgia. 

———. (2005). “Traceability, country of origin (COOL), and ISO 9000.” In 
Proceedings of the 2005 Southeast Regional Fruit and Vegetable Conference 
(pp. 43–49), held in Savannah, GA. 

Fonsah, E. G., C. M. Ferrer, D. G. Riley, S. Sparks, and D. Langston. (2010, 
February 6–9). “Cost and benefit analysis of tomato spotted wilt virus 
(TSWV) management technology in Georgia.” Selected Paper presented at the 
Southern Agricultural Economics Association annual meeting, Orlando, FL. 

Fonsah, E. G., G. Krewer, and M. Rieger. (2004). “Banana cultivar trials for fruit 
production, ornamental-landscape use, and ornamental-nursery production in 
south Georgia.” Journal of Food Distribution Research 35(1), 86–92. 

Fonsah, E. G., G. Krewer, R. Wallace, and B. Mullinix. (2007). “Banana trials: A 
potential niche and ethnic market in Georgia.” Journal of Food Distribution 
Research 38(3), 14–21. 

Food and Agriculture Organization of the United Nations. (2009). FAOSTAT. 
Online. Available at http://faostat.fao.org/site/342/default.aspx. [Accessed 
May 26, 2010.]  



 
 
 
 
 
 
 
 
Nzaku, Houston, and Fonsah U.S. Demand for Fresh Fruit and Vegetable Imports   179 
 
 

 

Fraser, I., and I. A. Moosa. (2002). “Demand estimation in the presence of 
stochastic trend and seasonality: The case of meat demand in the United King-
dom.” American Journal of Agricultural Economics 84, 83–89. 

Guthrie, J. F. (2004). “Understanding Fruit and Vegetable Choices—Research 
Briefs.” USDA/Economic Research Service, Washington, DC. 

Hall, B. H., and C. Cummins. (2005). TSP 5.0 User’s Guide. Palo Alto, CA: TSP 
International. Online. Available at http://www.tspintl.com/products/TSP 50UG. 
pdf. [Accessed September 12, 2008.] 

Hawaii Agricultural Statistics Service. (2001). Hawaii Fruits Annual Summary: 
Monthly Banana. Hawaii Department of Agriculture, National Agricultural 
Statistics Service. 

Huang, K. S. (1993). “A complete system of U.S. demand for food.” Technical 
Bulletin No. TB-1714, USDA/Economic Research Service, Washington, DC. 

Huang, S., and K. Huang. (2007, September). “Increased U.S. imports of fresh 
fruit and vegetables.” Pub. No. FTS-328-01, USDA/Economic Research 
Service, Washington, DC. 

Lee, J., J. Seale, and P. Jierwiriyapant. (1990). “Do trade agreements help U.S. 
exports? A study of the Japanese citrus industry.” Agribusiness: An Interna-
tional Journal 6, 505–514. 

Lucier, G. (2002, July). Vegetables and Melons Situation and Outlook Yearbook 
(p. 3). Pub. No. VGS-2002, USDA/Economic Research Service, Market and 
Trade Economics Division, Washington, DC. 

Lucier, G., and L. Glaser. (2010). “Vegetables and melons outlook.” Pub. No. 
VGS-341, USDA/Economic Research Service, Washington, DC. Online. Avail- 
able at www.ers.usda.gov. 

Lucier, G., S. Pollack, M. Ali, and A. Perez. (2006). “Fruit and vegetable back-
grounder.” USDA/Economic Research Service, Washington, DC. 

Lucier, G., S. Pollack, and A. Perez. (1997). “Import penetration in the U.S. fruit 
and vegetable industry.” USDA/Economic Research Service, Washington, 
DC. 

Martin, P. L., and G. Thompson. (1992). “Labor and international trade in vege-
tables.” In R. A. Lopez and L. C. Polopolus (eds.), Vegetable Markets in the 
Western Hemisphere. Ames, IA: Iowa State University Press. 

Moschini, G. (1994). “Maintaining and testing separability in demand systems.” 
American Journal of Agricultural Economics 76, 61–73. 

———. (1995). “Units of measurement and the Stone Index in demand system 
estimation.” Journal of Agricultural and Applied Economics 77(1), 63–68. 

Moschini, G., and K. Meilke. (1989). “Modeling the pattern of structural change 
in U.S. meat demand.” American Journal of Agricultural Economics 71, 253–
261. 

Muhammad, A., K. G. Jones, and W. F. Hahn. (2007). “The impact of domestic 
and import prices on U.S. lamb imports: A production system approach.” 
Agricultural and Resource Economics Review 36(2), 293–303.  



 
 
 
 
 
 
 
 
180   Fall 2010 Journal of Agribusiness 
 
 

 

Perez, A., and S. Pollack. (2003, May 28). “U.S. tropical fruit supplies larger, 
California stone fruit supplies lower.” Fruit and Tree Nuts Outlook. Pub. No. 
FTS-304, USDA/Economic Research Service, Washington, DC. Online. Avail- 
able at www.ers.usda.gov. [Accessed October 30, 2010.] 

Piggott, N. E., J. E. Chalfant, J. M. Alston, and G. R. Griffith. (1996). “Demand 
response to advertising in the Australian meat industry.” American Journal of 
Agricultural Economics 78, 268–279. 

Pollack, S. (2001). “Consumer demand for fruit and vegetables: The U.S. 
example.” In A. Regmi (ed.), Changing Structure of Global Food Consump-
tion and Trade (chapter 6). Agricultural and Trade Report No. WRS-01-1, 
USDA/Economic Research Service, Washington, DC. 

Pollack, S., and A. Perez. (2002). Fruit and Tree Nuts Situation and Outlook 
Yearbook. Pub. No. FTS-2002, USDA/Economic Research Service, Market and 
Trade Economics Division, Washington, DC. Online. Available at http://www. 
ers.usda.gov/publications/FTS/Yearbook02/fts2002.pdf. [Accessed October 30, 
2010.] 

———. (2008, October). Fruit and Tree Nuts Situation and Outlook Yearbook. 
Pub. No. FTS-2008, USDA/Economic Research Service, Market and Trade 
Economics Division, Washington, DC. Online. Available at http://www.ers. 
usda.gov/Publications/FTS/Yearbook08/FTS2008.pdf. [Accessed October 30, 
2010.] 

Schmitz, T., and J. Seale. (2002). “Import demand for disaggregated fresh fruits 
in Japan.” Agricultural and Resource Economics Review 34(3), 585–602. 

Theil, H. (1980). System-Wide Explorations in International Economics, Input-
Output Analysis and Marketing Research. Amsterdam: North-Holland Pub-
lishing Company. 

UN Comtrade. (2010). United Nations commodity trade statistics database. 
United Nations, New York. Online. Available at http://comtrade.un.org/db/. 
[Accessed October 31, 2010.] 

U.S. Department of Agriculture, Agricultural Marketing Service. (2007). Fruit 
and Vegetable Programs, Marketing Orders. USDA/AMS, Washington, DC. 
Online. Available at http://www.ams.usda.gov/fv/moab.html. [Accessed 
December 13, 2007.] 

———. (2009, January 15). “Part II—Department of Agriculture, 7 CFR Parts 60 
and 65.” Federal Register 74(10), Rules and Regulations. 

U.S. Department of Agriculture, Animal & Plant Health Inspection Service. 
(2008a). “Fruits and vegetable permit information.” USDA/APHIS, Washing-
ton, DC. Online. Available at http://www.aphis.usda.gov/plant_health/permits/ 
fruitsandvegs.shtml. [Accessed March 20, 2008.] 

———. (2008b). Phytosanitary Regulation of the Entry of Fresh Fruits and 
Vegetables into the United States. USDA/APHIS, Washington, DC. Online. 
Available at http://www.ers.usda.gov/Data/FruitVegPhyto/data.htm. [Accessed 
August 26, 2008.]  



 
 
 
 
 
 
 
 
Nzaku, Houston, and Fonsah U.S. Demand for Fresh Fruit and Vegetable Imports   181 
 
 

 

U.S. Department of Agriculture, Economic Research Service. (2010). 2009 Fruits 
and Tree Nuts Yearbook. USDA/ERS, Washington, DC. Online. Available at 
http://www.ers.usda.gov/publications/fts/Yearbook09/FTS2009.pdf. [Accessed 
May 26, 2010.] 

VanSickle, J. (2008, 4th Quarter). “Country-of-origin labeling for fruits and vege-
tables.” Choices 23(4), 43–45. 

Washington, A., and R. Kilmer. (2002). “The Production theory approach to import 
demand analysis: A comparison of the Rotterdam model and the differential 
production approach.” Journal of Agricultural and Applied Economics 34(3), 
431–443. 

Wells, F. H., and J. C. Buzby. (2008). “Dietary assessment of major trends in 
U.S. food consumption, 1970–2005.” USDA/Economic Research Service, 
Washington, DC. 

You, Z., J. E. Epperson, and C. L. Huang. (1996). “A composite system demand 
analysis for fresh fruits and vegetables in the United States.” Journal of Food 
Distribution Research 27, 11–22. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /MT-Extra
    /SymbolMT
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Wingdings2
    /Wingdings3
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for submission to The Sheridan Press. Configured for Adobe Acrobat Distiller v8.0 02-28-07.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


