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Abstract
This research analyzes the effects of economic and regulatory factors on the trade volume of
organic Arabica green coffee from Central America to the United States. A gravity model with a
panel data set is estimated using data from 2011 to 2020. We found that the major factors affecting
the organic coffee trade were the organic price paid to exporters, U.S. per capita GDP, and the
number of organic certified USDA-NOP organizations in the exporting countries. Central America
can continue diversifying its production by adopting more organic certification schemes and
expanding its market share in international markets.
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Introduction
Green coffee is among the top five exported agricultural products of Central America (CA):
Guatemala, Nicaragua, Honduras, Costa Rica, El Salvador, and Panama, and the United States was
the principal market for the 2019-2020 season. In 2020, 34.41% of total U.S. imports of organic
Arabica green coffee came from Central America, and 40.93% of U.S. imports came from South
America (U.S. Department of Agriculture, Global Agricultural Trade System, 2021).
Coffee is the most imported organic product by the United States. U.S. organic product sales have
been increasing in the past several years and their value reached $55.1 billion in 2019 (Organic
Trade Association (OTA), 2020). Furthermore, 82% of U.S. households had experience buying
organic products in 2016 (OTA, 2016).
Coffee farmers in Central America have been slowly adapting operations and transitioning to an
organic-certified production to receive better prices. Mendez et al. (2010) found that farmers
selling organic-certified products were more likely to sell 100% of their products at the certified
prices, while farmers selling fair-trade-certified products sold only 60% at the certified prices.
Given the importance of organic coffee trade to CA producers and the U.S. markets, this paper
uses a gravity trade model to estimate the effects of economic and regulatory factors on the trade
of organic Arabica green coffee between Central America and the United States.

Literature Review
Gravity models were first proposed by Linnemann (1967), who created a model for trade flow of
goods with variables that affect trade. In the first version of the model, the trade flow from country
i to country j (X) is specified as a function of gross domestic product (GDP) of both nations (Y),
population (N), distance (D), and preferential trade factors (P):
𝛼𝛼1
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(1)

Gravity models include the incomes/GDPs of importing and exporting countries. This type of
model can also include variables such as distance, exchange rates, adjacency, and GDP deflators
(Bergstrand, 1985). Researchers have adapted gravity models accordingly to fit their main
objectives or opted for other types of models (Egger and Nigai, 2015).
There have been debates on applying random (Cardoso et al, 2016; Zhou, Li, and Lei, 2018) or
fixed effects (Gopinath and Echeverria, 2004; Tamini, Doyon, and Simon, 2016; Osabuohien et
al., 2019) in a gravity model. Osabuohien et al. (2019) applied a Hausman test to choose between
a random effects model and a fixed effects model for the study. A fixed effects model was chosen.
However, as proven by Zhou, Li, and Lei (2018), the fixed effects approach eliminates timeinvariant variables such as the distance variable in gravity models.
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Some research has been done on coffee trade and organic standards. Cardoso et al. (2016)
estimated gravity models with GLS random effects to measure the most influential factors in coffee
trade between Italy and 11 trading partners. Canavari and Cantore (2010) used gravity models to
evaluate the equivalence of organic standards among Italy and its trading partners.

Methods
In the gravity model for the organic coffee trade between Central America and the United States,
we include regulatory variables of organic certification and adoption, in addition to
macroeconomic variables (Cardoso et al., 2016) and market determinants (Koo, Karemera, and
Taylor, 1994).
The volume (𝑄𝑄𝑗𝑗𝑗𝑗 ) of U.S. imports of organic Arabica green coffee from a Central American
country j at time t is specified as:
𝑄𝑄𝑗𝑗𝑗𝑗 = 𝑓𝑓�𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 , 𝐶𝐶𝐶𝐶𝑗𝑗𝑗𝑗 , 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 , 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗𝑗𝑗 , 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 , 𝐹𝐹𝐹𝐹𝑡𝑡 , 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑗𝑗 �,

(2)

where OPjt and CPjt are the prices paid to the organic and conventional coffee exporters (US$/Kg),
respectively; GDPUSt and GDPCAjt are the per capita gross domestic product in U.S. dollars in
the United States and Central America country j, respectively; OrgCjt is the quantity of organic
certified organizations in the exporting country j; FCt is the quantity of fraudulent organic
certificates reported by the USDA; and Distj is the physical distance between the exporting country
j and the United States. The organic (OPjt) and conventional (CPjt) coffee prices are expected to
have a negative and positive effect, respectively, on the trade volume. Conventional coffee is
considered as a substitute for organic coffee in this study. Both GDP variables are expected to have
positive effects on the quantity traded. More organic certified organizations (OrgCjt) should result
in larger trade volume. The number of fraudulent organic certificates (FCt) can reduce U.S. import
demand for organic coffee. A longer distance (Distj) is expected to decrease the trade volume.
Data was grouped by country and by year in a panel-type database with 60 observations (10 years
for six Central American countries). A log transformation was applied to the data for quantity,
prices, and per capita GDP. The final econometric equation is
𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 = 𝛽𝛽0 + 𝛽𝛽1 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 + 𝛽𝛽2 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 + 𝛽𝛽3 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡 + 𝛽𝛽4 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 + 𝛽𝛽5 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗𝑗𝑗 + 𝛽𝛽6 𝐹𝐹𝐹𝐹𝑡𝑡 +
(3)
𝛽𝛽7 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑗𝑗 + 𝜀𝜀𝑗𝑗𝑗𝑗 .
The model was estimated as a panel regression with random effects using the software STATA.

The data of quantity, organic, and conventional coffee prices were collected from the Global
Agricultural Trade System of the USDA (USDA-GATS, 2021). 1 Per capita GDP data were
obtained from the International Monetary Fund (IMF, 2021), and the data of distance between the
Values of Panama organic coffee exports for 2018 and 2019 were missing, an average from 2017 and 2020 data was
used for both observations on quantity and price.
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exporting countries and the United States were obtained from Mayer and Zignago (2011). Data
from organic certified organizations and fraudulent organic certificates were obtained through the
USDA’s Organic Integrity database (USDA, 2021a, b). Around 40% of organic certified
operations produce coffee, making coffee one of the most important organic crops produced in
Central America.

Results
Table 1 displays the estimation results of the gravity model in equation (2). All the coefficient
estimates have the expected sign except the ones for GDPUS and GDPCA. 2 The coefficient
estimates of three major explanatory variables are statistically significant. The effects in
percentage of regulatory variables (OrgC and FC) on trade are presented in Table 2. 3 In the
following subsections, we discuss the major results of the estimation in detail.
Table 1. Estimation Results of the Gravity Model
Coefficients
Intercept
LnOP
LnCP
LnGDPCA
LnGDPUS
OrgC
FC
Dist
= 0.2504 (within) 0.8915 (between)
Observations = 60

Estimate
121.891**
-1.899*
0.602
-0.242
-8.932**
0.024**
-0.013
-0.002
0.7567 (overall)

Std. Error
26.43
0.85
1.38
0.43
2.41
0.003
0.01
0.002

Z
4.61
-2.23
0.44
-0.57
-3.71
7.45
-0.96
-1.03

Notes: Double and single asterisk (**, *) indicate significance at the 5% and 10% levels, respectively.

Table 2. The Effects in Percentage of Regulatory Variables
Variable
OrgC
FC

Coefficient
0.024
-0.013

Effects in Percentage
2.429%
-1.292%

Organic Coffee Price (OP)
The green organic coffee import price has a negative impact on the import volume, as expected.
For a 1% increase in the import price, the import quantity would be reduced by 1.899%. It can be
The coefficient estimate of GDPCA was not statistically significant from zero. The coefficient estimate for GDPUS
is significant and negative, which implies that increases in GDPUS will cause a smaller trade flow (Jaenicke and
Demko, 2015). Possible implications on the negative relationship between GDPUS and coffee trade will be discussed
further in a subsequent subsection of the paper.
3
The data of the regulatory variables are, by their nature, in levels, while other trade variables in the model are in
logarithm to facilitate estimation and analysis. Thus, the effects in percentage of the regulatory variables on trade were
calculated using their coefficient estimates and included in Table 2 to facilitate an easier discussion of their trade
effects.
2

March 2022

36

Volume 53, Issue 1

Benavidez and Xia

Journal of Food Distribution Research

inferred by economic reasoning that organic coffee has an elastic import demand by the United
States. This result is consistent with other findings in literature on the demand for organic products.
In previous research on the organic fresh fruits demand in the U.S. markets, both conventional and
organic products were analyzed, and findings showed negative coefficients on the own-price
elasticities in all cases. Based on those findings, researchers concluded that consumers of organic
products were more likely to switch to conventional products if the organic prices increased (Lin
et al., 2009).
Organic Fraudulent Certificates (FC)
As expected, the variable measuring the quantity of fraudulent organic certificates in the USDA
organic database has a negative coefficient estimate, which implies that a 1% increase in the
number of fraudulent organic certificates will lead to a 1.292% reduction in U.S. import volume.
This shows that trust reduction on organic certificates does cause an adverse effect for the trade of
organic products.
GDP Per Capita in the United States (GDPUS)
This coefficient estimate of GDPUS shows a somewhat surprising result of the impact of U.S. per
capita GDP. When U.S. per capita GDP increased by 1%, the import volume of organic green
coffee from Central America declined by 8.93%. Jaenicke and Demko (2015) assumed that GDP
is proportional to trade so that it leads to a positive impact, as was expected. However, opposite
results can be justified by analyzing the specific product demand and its purchasing behavior. By
evaluating coffee demand in the United States and costumer quality perception by product origin,
Houston, Santillan, and Marlowe (2003) analyzed the effects of income, consumption habits,
prices, and trade agreements on mild coffee trade. They found that higher U.S. income leads to
more imports of mild coffee from Kenya, Tanzania, and Colombia.
Other research measured the effect of country-of-origin labeling on coffee prices using hedonic
models. The research found that Latin American coffee prices ranged between $9-$10 per pound
(retail level), whereas East African and Indonesian coffees ranged at higher levels, $11-$12 per
pound (Teuber, 2010). It can be inferred that with an increase in per capita GDP, U.S. consumers
could switch to perceived high-quality coffee, such as East African and Indonesian coffees, so
organic coffee imports from Central American countries may be reduced.
Organic Certified Organizations (OrgC)
Finally, the variable for the number of USDA organic-certified organizations in Central America
has a positive coefficient estimate, indicating that when there is a 1% increase in the number of
organic-certified organization, U.S. imports will be 2.429% larger. As the adoption of organic
agriculture in a Central American country increases, the number of suppliers of organic products
becomes larger, and the organic certifier entities and agricultural organic techniques used are more
trusted. As a result, U.S. demand for this Central American country’s organic products will
increase.
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Conclusions
The findings in this paper have important contributions to the economic literature on the organic
coffee trade, especially regarding regulatory factors. It is essential to note that as Central American
countries adopt more organic agricultural practices, the volume of the organic coffee trade will be
higher. An increase in U.S. per capita GDP may cause U.S. consumers to switch to higher-quality
coffee products, causing a decrease in organic coffee imports from Central America.
Previous research has focused primarily on the trade of conventional coffee in other regions
(Cardoso et al., 2016; Abafita and Tadesse, 2021). This research has built on those studies by
highlighting the importance of certifications and organic coffee in international trade. The findings
in this study improve the understanding on organic coffee trade between the United States and
Central America and provide essential information for producers on the benefits of entering the
international markets, as well as on the importance of transitioning to organic-certified production.
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