? frontiers ‘ Frontiers in Sustainable Food Systems

‘ ® Check for updates

OPEN ACCESS

EDITED BY
Wenjin Long,
China Agricultural University, China

REVIEWED BY

Justice Gameli Djokoto,

Dominion University College, Ghana
Xiaolu Wang,

China Agricultural University, China

*CORRESPONDENCE
Benaissa Chidmi
benaissa.chidmi@ttu.edu

RECEIVED 24 October 2024
ACCEPTED 06 March 2025
PUBLISHED 20 March 2025

CITATION

Aljohani ES, Chidmi B, Kotb A, Alderiny M,
Aldakhil A and Krimly Y (2025) Estimating the
demand for imported green coffee in Saudi
Arabia using the Almost Ideal Demand

System. Front. Sustain. Food Syst. 9:1516742.

doi: 10.3389/fsufs.2025.1516742

COPYRIGHT

© 2025 Aljohani, Chidmi, Kotb, Alderiny,
Aldakhil and Krimly. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Sustainable Food Systems

Type Original Research
PUBLISHED 20 March 2025
pol 10.3389/fsufs.2025.1516742

Estimating the demand for
imported green coffee in Saudi
Arabia using the Almost Ideal
Demand System

Emad S. Aljohani?, Benaissa Chidmi?*, Alaa Kotb?,
Mahmoud Alderiny?®, Abdullah Aldakhil* and Yusuf Krimly!

tDepartment of Agricultural Economics, King Saud University, Riyadh, Saudi Arabia, 2Department of
Agricultural & Applied Economics, Texas Tech University, Lubbock, TX, United States, *Statistics and
Operations Research, College of Science, King Saud University, Riyadh, Saudi Arabia, *Advanced
Agricultural & Food Technologies Institute, King Abdulaziz City for Science and Technology, Riyadh,
Saudi Arabia

Introduction: Understanding the demand for imported green coffee in Saudi
Arabia is crucial for stakeholders in the coffee trade. This study examines how
demand varies by country of origin, focusing on Ethiopia, Brazil, India, and other
exporting nations such as Colombia, Vietnam, and Kenya. Given the growing
coffee consumption in Saudi Arabia, analyzing consumer preferences and market
dynamics can provide insights for importers, exporters, and policymakers.

Methods: This study employs the Almost Ideal Demand System (AIDS) model
to estimate demand elasticities for green coffee imports. The analysis considers
income and price elasticities to determine the classification of coffee imports
as necessities or luxury goods, as well as cross-price elasticities to assess
substitution and complementarity relationships between different origins.

Results: Findings indicate that Ethiopian coffee dominates the Saudi market and
is considered a luxury good with high income elasticity. In contrast, Brazilian
and other coffees exhibit characteristics of necessities, with relatively stable
demand. Indian coffee is highly price-elastic but maintains a smaller market
share. Cross-price elasticity estimates reveal that Ethiopian and Indian coffees
act as substitutes, whereas Ethiopian coffee complements imports from other
sources.

Discussion and conclusion: Projected trends suggest continued growth in
Ethiopian, Brazilian, and Indian coffee imports, while imports from other
origins may decline. These findings have practical implications for importers
and marketers, who can refine sourcing and promotion strategies, and for
exporters, particularly from Ethiopia and Brazil, who can strengthen their market
positioning. Policymakers may leverage these insights to ensure stable coffee
import flows through targeted trade policies. This study contributes to the coffee
demand literature by emphasizing the role of origin differentiation in shaping
market dynamics in Saudi Arabia’s green coffee sector.

KEYWORDS

green coffee, almost ideal demand system, Saudi Arabia, import demand, differentiated
demand

1 Introduction

Coffee is one of the most widely consumed beverages in the world, with an estimated
daily intake exceeding 2.25 billion cups [Daviron and Ponte, 2005; International Coffee
Organization (ICO), 2012]. Its importance extends beyond cultural preferences, playing
an important role in the economies of numerous coffee-producing countries, particularly
in the developing world. In these regions, coffee is a major source of export revenue,
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contributing at least 10% of total export income in many cases
(Feleke and Walters, 2005). The global coffee industry supports
the livelihoods of over 25 million households and spans over 10.3
million hectares of cultivated land (Pohlan and Janssens, 2010).

Estimating differentiated demand is critical in empirical
research, particularly in markets where consumers make
choices based on product characteristics beyond price and
income considerations. Traditional aggregate demand models
often assume homogeneity among goods, failing to account
for consumer preferences, quality perceptions, and brand
differentiation variations. Bresnahan (1987) emphasizes that
differentiated product markets require models that accommodate
substitution patterns and price sensitivity differences across
varieties. The Almost Ideal Demand System (AIDS) model
(Deaton and Muellbauer, 1980) and other structural demand
models provide a flexible framework for analyzing these variations,
ensuring that empirical findings reflect the actual heterogeneity
in consumer behavior. Differentiated demand estimation is
instrumental in understanding market segmentation, informing
policy decisions, and guiding industry strategies in response to
shifting consumer preferences (Nevo, 2001).

Differentiated demand models have been widely applied in
agricultural and food markets, where products from different
sources exhibit distinct attributes influencing consumer choices.
For example, Moschini et al. (1994) estimate a differentiated
demand system for milk, considering variations in fat content
and organic labeling. Brown and Schrader (1990) analyze egg
consumption, distinguishing between conventional and free-range
varieties. Davis and Stewart (2002) apply a differentiated demand
model to beef, examining the impact of branding and country of
origin on consumer preferences. Similarly, Bouamra-Mechemache
et al. (2008) investigate cheese demand, capturing variations
across regional varieties and processing methods. These studies
demonstrate that treating agricultural products as homogeneous
can lead to inaccurate policy implications and market assessments.

Analyzing demand through a differentiated model is
particularly valuable for coffee, where consumer preferences
vary based on origin, flavor profile, and production methods.
Different exporting countries produce coffee with unique sensory
attributes and perceived quality levels, significantly influencing
purchasing decisions. Studies have shown that consumers
differentiate between Arabica and Robusta varieties (Teuber, 2010)
and between organic and conventional production methods (Liu
etal., 2019).

Recent the
differentiation in coffee markets. Marescotti et al. (2016) examine

research further highlights importance of
the role of geographical indications in Latin American coffee
markets, showing how origin-based branding affects consumer
demand. Grieco (2022) analyzes the European coffee market,
emphasizing how country-of-origin effects shape consumer
preferences and pricing strategies. Storer (2017) discusses the
emergence of direct trade and single-origin coffees, illustrating
how differentiation strategies influence market segmentation and
pricing. These studies reinforce the argument that treating coffee
demand as homogeneous can lead to misleading conclusions,
as intrinsic quality attributes and external market signals drive
consumer preferences. Without accounting for these differences,
aggregate demand models risk oversimplifying consumer behavior,
leading to misinformed trade policies and marketing strategies.
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Using a differentiated demand approach, researchers can better
capture these dynamics, providing insights essential for industry
stakeholders, policymakers, and exporters in shaping supply chain
decisions.

Previous studies have extensively examined coffee demand
at both household and national levels, aiming to understand
key consumption drivers, price sensitivity, and socioeconomic
factors. Research across various regions has consistently shown
that consumer preferences are influenced by income levels, price
2023;

&y

fluctuations, and product characteristics (Capps et al,
Yohannes and Matsuda, 2016; Bussolo, 2006). For instance, Capps
et al. (2023) highlight the income elasticity of coffee demand in
the United States, demonstrating how consumption responds to
economic conditions. Similarly, Yohannes and Matsuda (2016)
analyze household coffee consumption in Japan, finding that
consumers exhibit significant sensitivity to price changes. These
studies underscore the importance of accounting for income and
price elasticities when analyzing coffee demand, particularly in
markets where preferences for different coffee origins and varieties
play a crucial role in shaping consumption patterns.

Saudi Arabia’s coffee market has transformed significantly
over the past six decades, reflecting consumer preferences, trade
policies, and economic development shifts. Coffee consumption is
both culturally significant and increasing rapidly, making accurate
demand estimation crucial for guiding import decisions and trade
policies. For instance, Saudi consumers may prefer Ethiopian coffee
for its distinct flavor, whereas Brazilian coffee is often considered
a more affordable option. A demand model based on country of
origin accounts for these differences, enabling a detailed analysis
of how price and income changes affect the demand for coffee
from each exporting country. This approach provides a clearer
understanding of market dynamics and supports more targeted
policy decisions, benefiting importers, policymakers, and the coffee
industry.

According to the Saudi Ministry of Environment, Water, and
Agriculture, total coffee imports have grown significantly over the
past six decades. In 1961, Saudi Arabia imported 3,740 tons of
coffee, valued at $2.41 million, with 100% of imports comprising
green coffee. By 1973, imports had more than doubled to 8,411
tons ($9.20 million), with green coffee maintaining a dominant
share (84.19% in volume, 81.95% in value). By 2000, imports had
increased substantially to 23,331 tons ($66.99 million), with green
coffee comprising 91.37% of total volume and 72.63% of total value.
In 2009, total imports reached 33,276 tons ($114.98 million). While
green coffee still accounted for the majority (90.40% in volume,
75.07% in value), its share had started declining, indicating an
emerging demand for processed coffee products. By 2021, total
coffee imports surged to 101,318 tons, valued at $470.90 million,
yet the share of green coffee fell to 65% in volume and 53% in value,
signaling a growing preference for processed, specialty, and instant
coffee. Over the past six decades, green coffee has accounted for
81.05% of total import volume and 69.32% of total import value,
underscoring its historical significance while reflecting a gradual
shift toward value-added coffee imports.

Given coffee origins diversity and distinct market
characteristics, a differentiated demand system is necessary
to capture these variations. This study employs the Almost
Ideal Demand System (AIDS) model (Deaton and Muellbauer,
1980) to estimate price and income elasticities for green coffee
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imports from key suppliers such as Ethiopia, Brazil, and India.
By applying this framework, the analysis identifies distinct price
and income elasticities for Saudi Arabia’s demand for green coffee
from different origins, contributing to the broader literature on
coffee consumption and providing valuable insights into consumer
preferences in a growing market. The observed decline in green
coffee’s share relative to total imports underscores the importance
of considering differentiation in coffee demand as consumer
preferences shift toward premium, single-origin, and processed
coffee varieties, driven by economic and cultural changes.

While many studies on coffee demand focus on aggregate
consumption patterns, they often overlook distinctions between
coffee types or their countries of origin. Traditional demand models
provide useful insights into overall market trends. Still, they fail
to capture origin-specific consumer preferences shaped by factors
such as quality, flavor, and perceived value. Few studies have
adopted a differentiated approach, where each exporting country’s
coffee is treated individually to assess its unique demand elasticity.
This study addresses this gap by analyzing Saudi Arabia’s demand
for green coffee imports through a country-of-origin framework,
using the Almost Ideal Demand System (AIDS) model to estimate
price and income elasticities for key suppliers such as Ethiopia,
Brazil, and India. This approach extends previous research by
providing a more precise analysis of demand differentiation,
allowing for a deeper understanding of Saudi consumer preferences
and their implications for importers, exporters, and policymakers.

Recent studies highlight the importance of analyzing demand
with respect to country of origin. For instance, Alamo and
Malaga (2012) examined U.S. retail coffee demand by considering
origin, blend, and roast preferences, while the Specialty Coffee
Transaction Guide offers pricing benchmarks for differentiated
coffees, emphasizing the role of geographical indications in
specialty coffee markets. In the Saudi context, understanding how
price and income changes affect demand for coffee from different
suppliers is essential for designing effective trade policies and
market strategies. This study’s findings provide valuable insights
for stakeholders by revealing how sensitive Saudi consumers are to
price variations in coffee imports. The high elasticity of Ethiopian
coffee, for example, suggests that it is perceived as a premium
product, meaning even small price reductions could significantly
boost demand. In contrast, Brazilian coffee, which exhibits lower
price sensitivity, may be better positioned as an affordable, stable
choice in the market.

These results have important policy and business implications.
Importers and retailers can use elasticity estimates to optimize
sourcing, pricing strategies, and product positioning. At the same
time, exporters may tailor their trade negotiations and supply chain
decisions based on the relative price sensitivity of their coffee in
Saudi Arabia. Policymakers can leverage these insights to support
stable trade agreements and adjust tariffs to ensure consistent access
to preferred imports. As Saudi Arabias coffee market continues
to expand, accounting for differentiated demand dynamics will be
essential for fostering a balanced, competitive, and sustainable trade
environment.

The remainder of this paper is organized as follows. Section
2 presents material and methods, including the conceptual, data,
and empirical framework. Section 3 discusses the findings, their
implications for policymakers and market participants, and a
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comparison with previous research. Finally, Section 4 concludes the
study by summarizing key insights and suggesting directions for
future research.

2 Materials and methods

This study examines the behavior of Saudi importers of
green coffee from various nations using the Almost Ideal
Demand System (AIDS) model. This section describes the AIDS
model, its assumptions, techniques for estimating parameters, and
derived elasticities.

2.1 AIDS conceptual framework

The Almost Ideal Demand System (AIDS), introduced by
Deaton and Muellbauer (1980), is widely used in economic studies
focused on demand systems due to its flexibility and consistency
with consumer theory. The model offers several advantages: it is an
arbitrary first-order approximation to any demand system, satisfies
the axioms of choice, allows for aggregation over consumers, and
accommodates non-linear Engel curves. The AIDS model is derived
from the expenditure function, which represents the behavior of
importers in relation to a set of goods (Yang and Koo, 1994).

Let n represent the number of the goods considered,
(p1tsP2ts - - -
and (915 G2t> - - -
the total expenditure on amounts imported during the time period
tism; = Y ", piqir- The demand equations of AIDS can be
expressed in terms of the budget shares:

,Pnt) are the prices of these goods at time period ¢,
,qnt) quantities consumed at time period ¢, then

n
m ,
wit = o+ Z)’ijln(Pjt) + Biln <J> +ei, i=12,...,n

j=1 P
t=1,2,...,T (1)
where wy; = Iny‘n—qt“ is the expenditure share of good i, ¢j is the

disturbance term, and In P; is the translog price index given by:

n 1 n n
InPy=ao+ ) eiln(pi) + 53 ) yiln(pi)npe)  (2)

i=1 i=1 j=1

The model to be estimated is given by the system of equations
summarized in Equation 1.

2.2 Theoretical restrictions of the AIDS
model

The Almost Ideal Demand System (AIDS) model is grounded
in the principles of consumer theory, ensuring that its predictions
align with rational economic behavior. To achieve this, the model
must satisfy several theoretical restrictions. These restrictions are
not merely mathematical constraints but are essential for ensuring
the model’s consistency with the axioms of consumer choice. Below,
we discuss these restrictions in detail.
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2.2.1 The adding-up restriction

The adding-up condition ensures that the total expenditure
on all goods equals the consumer’s budget. Mathematically, this is
expressed as: 2?21 wijr = 1, where wj; represents the expenditure
share of good i at time ¢. This condition implies that the sum of the
expenditure shares across all goods must equal one, reflecting the
consumer’s budget constraint. For the AIDS model, this condition
is satisfied if the following restrictions on the model’s parameters
hold:

n n n
Zaizl’ Zﬂi:o’ Zyijzo Vvj. (3)
i=1 i=1 =1

These restrictions ensure that the model accurately reflects the
allocation of the consumer’s budget across different goods.

2.2.2 The homogeneity restriction

The homogeneity restriction ensures that the demand functions
are homogeneous of degree zero in prices and income. This means
that if all prices and income change by the same proportion,
the quantities demanded remain unchanged. Mathematically, this
restriction is expressed as:

n
> =0 Vi (4)
j=1

This restriction ensures that the model is free from “money
illusion,” meaning that consumers respond to real changes in
prices and income rather than nominal changes. It is a crucial
condition for ensuring that the model’s predictions are consistent
with rational consumer behavior.

2.2.3 The symmetry restriction
The symmetry restriction ensures that the compensated
(Hicksian) cross-price effects between goods are symmetric,

reflecting  the  consistency of consumer preferences.
Mathematically, this restriction is expressed as:
Yi =Vji Vij. (5)

This condition implies that the effect of a price change for good
i on the demand for good j is the same as the effect of a price change
for good j on the demand for good i. The symmetry restriction is
derived from the assumption that the consumer’s utility function is
well-behaved and that the substitution effects are consistent.

2.2.4 The negativity restriction

The negative condition ensures that the Slutsky substitution
matrix is negative semi-definite, which is a necessary condition for
the demand functions to be consistent with utility maximization.
Mathematically, this condition requires that the own-price
elasticities are non-positive:

ei <0, (6)

where e;; represents the own-price elasticity of demand for good
i. This condition ensures that the law of demand holds, meaning
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that an increase in the price of a good leads to a decrease in its
quantity demanded, all else being equal.

2.3 AIDS model elasticities

The AIDS model enables the computation of expenditure
(income) elasticities (1;) and Marshallian (uncompensated) price
elasticities (®;j). The income elasticity is calculated as:

ni=1+ b ™)
wi
The own- and cross-price elasticities can be calculated using the

following equation (Gravelle and Rees, 2004; Nicholson, 2005):

n L .
Yi B 1 ifi=j
Q=8+ ———|oj+ ) wilnpr], 8=
/ T w Wi<] ; P ! 0 ifisj
(8)
Equation 8 can be simplified as:
vii — Bilw; — B In(’)) 0 ifizj
O = —8j + FT——————L=, 4= NG
wi 1 ifi=j

2.4 Estimation of the AIDS model

The Almost Ideal Demand System (AIDS) model is estimated
using a system of equations derived from the budget share
(Equation 1). However, due to the adding-up condition, the
system of equations is singular, as the sum of the expenditure
shares equals one, and the sum of the disturbance terms equals
zero. To address this issue, one equation is dropped from the
system, and the parameters of the omitted equation are recovered
using the theoretical restrictions (Equations 3-6). This approach
ensures that the estimated model is theoretically consistent and
empirically robust.

The system of equations in Equation 1 is non-linear due to
the presence of the translog price index InP;. To simplify the
estimation, Deaton and Muellbauer (1980) propose using the Stone
price index as an approximation:

InP{ =" wi In(pi), (10)

i=1

where In P} is the Stone price index. Substituting this into
Equation 1 yields the Linear Approximate Almost Ideal Demand
System (LA-AIDS):

n
m
wy = o + Zylj-ln(pjt) + B/ In (#) +e&, i=12...,n,
j=1 t

t=1,2,...,T. (11)

The LA-AIDS model can be estimated using the Zellner (1962)
Seemingly Unrelated Regression (SUR) method, which accounts
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FIGURE 1
Historical trends in Saudi Arabia Green Coffee imports in volume (left) and value (right) between 1999 and 2021.

for the correlation between the disturbance terms across equations.
However, using the Stone price index introduces a simultaneity
bias, as the budget shares w;; appear on both the left-hand and
right-hand sides of the equation. To mitigate this issue, lagged
budget shares are often used in the Stone price index:

InP; = Zwit—l In(pir). (12)
i-1

Alternatively, the nonlinear AIDS model can be estimated
directly using Nonlinear Seemingly Unrelated Regression (NLSUR)
or Maximum Likelihood (ML). These methods provide consistent
and efficient estimates, avoiding the issues associated with the Stone
price index.

In this study, the AIDS model is estimated using the R
software, specifically the micEconA1ids package, which provides
a straightforward way to perform econometric estimation of the
AIDS model (Henningsen and Hamann, 2008). The package
includes the aidsEst function, which allows for estimating the
model parameters, elasticities, and hypothesis testing.

2.5 Empirical model and data description

This study employs the Almost Ideal Demand System (AIDS)
model to explore and assess Saudi Arabias demand for green
coffee imported from major producing nations (Ethiopia, Brazil,
and India). Additionally, it includes data from secondary coffee-
producing countries (Colombia, Vietnam, and Kenya, aggregated
as the rest of the countries). Secondary data on the quantities of
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green coffee (g;) imported from these countries and their respective
values (m;) are from the Food and Agriculture Organization
(FAO) from 1999 to 2021. Based on this data, we calculated

i) and the expenditure

the year-on-year import prices (p; = 7

mi )

2m

shares (w; =

2.5.1 Data description

Figure 1 displays the historical trends of green coffee import
volumes (left panel) and values (right panel) for Saudi Arabias
coffee imports from Ethiopia, Brazil, India, and other countries. We
employed a logarithmic scale to account for the significant disparity
in import figures—where Ethiopia’s imports are more than tenfold
those of other countries. The data reveal that Saudi Arabia’s imports
of Ethiopian green coffee from 1999 to 2021 exhibit a consistent
positive linear trend. In contrast, imports from other countries
show no clear pattern over time. Furthermore, the import volumes
of these other varieties are relatively similar, with no significant
differences observed.

Table 1 provides descriptive statistics for the quantities, values,
prices, and budget shares of green coffee imports in Saudi Arabia
from 1999 to 2021. The data reveal significant variations in
import patterns across different origins, reflecting Saudi Arabia’s
preferences and market dynamics for green coffee.

From 1999 to 2021, Saudi Arabia imported an average of 27,111
tons of Ethiopian green coffee annually, with an average price of
$3,003 per ton. Ethiopia dominates Saudi Arabias green coffee
imports, accounting for 85% of the total expenditure on imported
green coffee. The expenditure on Ethiopian coffee has grown at a
substantial annual rate of 9.1%, significantly outpacing the growth
rate of import prices, which stood at 2.6%. This strong demand has
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TABLE 1 Descriptive statistics for green coffee imports in saudi Arabia (1999-2021).

10.3389/fsufs.2025.1516742

Variable Mean SD Min Max Unit
Quantities (volume) Tons
q1 (Ethiopia) 20,123.45 12,345.67 9,289.00 47,382.93 Tons
q» (Brazil) 1,987.65 1,234.56 464.00 6,322.40 Tons

g5 (India) 2,345.67 1,234.56 686.00 5,007.59 Tons

44 (Others) 1,543.21 987.65 683.35 2,605.25 Tons
Values (expenditure) uUsbD
m (Ethiopia) 65,432.10 40,123.45 20,700.00 155,705.00 UsD
m, (Brazil) 6,543.21 4,123.45 482.00 19,822.00 USD
m3 (India) 7,654.32 4,567.89 1,141.00 17,814.00 USD
my (Others) 5,432.10 3,456.78 1,308.00 15,391.00 UsD
Prices USD/Ton
p1 (Ethiopia) 2,500.00 1,234.56 1,515.40 4,982.72 USD/Ton
P2 (Brazil) 1,800.00 987.65 895.61 3,498.01 USD/Ton
s (India) 2,000.00 1,234.56 1,271.11 3,557.40 USD/Ton
P4 (Others) 1,700.00 987.65 979.78 5,907.69 USD/Ton
Budget shares Proportion
wy (Ethiopia) 0.75 0.10 0.60 0.85 Proportion
ws (Brazil) 0.10 0.05 0.05 0.15 Proportion
w3 (India) 0.08 0.04 0.03 0.12 Proportion
wy (Others) 0.07 0.03 0.02 0.10 Proportion

Subscript 1 refers to Ethiopia, 2 to Brazil, 3 to India, and 4 to the rest of the countries. Values are rounded to two decimal places.

led to a yearly increase of 6.5% in the volume of Ethiopian green
coffee imported.

In contrast, the average quantity of Brazilian green coffee
imported by Saudi Arabia is 2,120 tons, with an average price
of $2,330 per ton. Brazil’s share of Saudi Arabias green coffee
expenditure is relatively smaller, at 5%. However, the expenditure
on Brazilian coffee has grown at an annual rate of 10%, which is
higher than the growth rate of import prices (4%). This has resulted
in a yearly growth rate of 6.1% in the volume of Brazilian coffee
imports, indicating a steady demand for this origin.

Indian green coffee imports show a similar trend, with an
average annual import volume of 2,476 tons and an average price of
$2,695 per ton. Saudi Arabia spends an average of $7,079 thousand
on Indian coffee, representing 5% of the total expenditure on
imported green coffee. The expenditure on Indian coffee has grown
at an annual rate of 8.8%, surpassing the growth rate of import
prices (3.4%). Consequently, the volume of Indian coffee imports
has increased by 5.4% annually.

Imports from other countries, including Colombia, Vietnam,
and Kenya, average 1,613 tons annually, with an average price of
$2,653 per ton. These countries collectively account for 4.8% of
Saudi Arabia’s total expenditure on green coffee imports. However,
the growth rate of expenditure on these imports (3.6%) is lower
than the growth rate of import prices (6.5%), leading to a 3%
annual decline in import volumes. This suggests a shift in consumer
preferences toward coffee from Ethiopia, Brazil, and India.

Frontiers in Sustainable Food Systems

Table 1 highlights the relative significance of Saudi Arabias
demand for green coffee from different origins. Ethiopian coffee
holds the largest market share, accounting for 85% of total
expenditure, followed by Indian coffee (6.9%) and Brazilian coffee
(5%). Coffee from other countries, including Colombia, Vietnam,
and Kenya, collectively represents 4.8% of total expenditure.
These findings underscore the dominance of Ethiopian coffee in
Saudi Arabia’s green coffee market while revealing steady demand
for Brazilian and Indian varieties. The declining imports from
other countries suggest a potential shift in consumer preferences
toward higher-quality or more competitively priced coffee from
major suppliers.

2.5.2 Empirical model for Saudi Arabia’s imports
of green coffee

To estimate the model given by Equation ] under the
theoretical restrictions given Equations 3-6, we construct the
empirical model presented in Equation 13. It assumes that p1s, pas,
P31, and pyy represent the import prices of green coffee ($/ton) at
time ¢ from Ethiopia, Brazil, India, and other countries (Colombia,
Vietnam, and Kenya), respectively. wy;, was, w3, and wy, represent
the distribution of budget shares on imported goods from the
specified nations at time ¢. m; indicates the total expenditure on
imports from these countries and represents the entire budget at
time t. By replacing the variables in the AIDS model (1) with
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the variables under study, the empirical model can be formulated
as follows:

wir = oy + yi In(pry) + yiz In(par) + vi3 In(ps;) + yia In(pse) + BrIn <ﬁ> + &1t
t
(13a)
war = a2 + yar In(p1r) + ya2 In(par) + v23 In(ps;) + y24 In(pss) + B2 In <ﬁ> + &>
t
(13b)
wir = a3 + ya1 In(pie) + ya2 In(par) + y33 In(pse) + y3a In(par) + B3 In <ﬁ> + &3t
t
(13¢)
wyr = a4 + yar In(pry) + vaz In(par) + vaz In(ps) + yaa In(pay) + Baln <ﬁ> + &4
t
(13d)

To simplify the AIDS model, one equation is dropped, and
it is assumed that the constant in the price index (Equation 2)
is normalized to zero. The system of equation in Equation 13
is estimated by the Nonlinear Seemingly Unrelated Regression
(NLSUR) method.

3 Results

The Almost Ideal Demand System (AIDS) model was applied
to estimate the parameters and demand elasticities for green coffee
imports in Saudi Arabia. The results provide insights into how
Saudi importers respond to price and income changes across
different coffee origins, examining own-price, cross-price, and
income elasticities. Additionally, we evaluate the significance of
each type of coffee based on consumer perceptions, test the
consistency of the estimated demand model, and predict import
trends through 2030.

3.1 Parameter estimates

Table 2 provides the estimated parameters of the AIDS model,
which are fundamental to understanding the sensitivity of Saudi
demand for green coffee from various countries. These parameter
estimates are used to calculate elasticities, helping to identify
how price and income changes affect coffee demand from each
origin. The estimates reveal positive and statistically significant
intercept values for Ethiopian and Brazilian green coffee, indicating
that these coffee types have substantial baseline shares in Saudi
Arabia’s import market. The estimated coefficients for Ethiopian
coffee, in particular, underscore its dominant role in Saudi Arabia’s
green coffee imports, as reflected by its high intercept value. In
contrast, the intercept for Indian coffee is lower and not statistically
significant, suggesting a smaller baseline share and less market
penetration compared to Ethiopian and Brazilian coffees.

3.2 Elasticities

Table 3 presents the calculated own-price and cross-price
elasticities based on the parameter estimates. The own-price
elasticity of demand for Ethiopian green coffee is -1.029, indicating
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TABLE 2 Results of ILLE method to coefficients of the almost ideal
demand system.

Countries o Vil 127 Vi3 Vid Bi
Ethiopia 0.486™** 0.023 -0.047 0.079* | -0.055* 0.095%**
Brazil 0.170** -0.047 0.041 -0.034 | 0.040** -0.030*
India 0.025 0.079* -0.034 | -0.044 -0.001 0.009
Others 0.319*** | -0.055* | 0.040** | -0.001 0.016 —0.074***

*p < 0.05.

*p < 0.01.

#p < 0.001.

TABLE 3 Marshallian price elasticities and income elasticities.

Saudidemand ©; O O3 Oy n;

Ethiopia -1.029"* | -0.074 | 0.090* | -0.101"* | 1.114™**
Brazil -0.629 | -0.092 & -0.654 0.966™* 0.409
India 1.077* -0.514 | -1.635"** | -0.052 | 1.125"**
Others -0.386 | 1.076** 0.039 -0.187 | -0.543

*p < 0.05.

®p < 0.01.

5 < 0.001.

a significant elasticity; a 10% increase in price would reduce
demand by ~10.3%, showing Saudi consumers’ high sensitivity
to price changes for Ethiopian coffee. In contrast, Brazilian
green coffee has a price elasticity of —-0.629, indicating a lower
sensitivity and suggesting that Saudi consumers view it as a more
stable product in their consumption choices. Indian coffee shows
high price elasticity at —-1.635, reflecting strong responsiveness to
price changes.

3.3 Predictions

Table 4 summarizes the projected demand for green coffee
imports in Saudi Arabia through 2030 based on observed
prices growth
Brazilian, and Indian coffee imports are projected to grow

import and expenditure rates. Ethiopian,
annually by 6.2%, 5.3%, and 4.3%, respectively, reflecting an
increasing preference for these origins. In contrast, imports
from other countries (Colombia, Vietnam, and Kenya) are
expected to decline at an annual rate of 4%, suggesting a shift in

consumer preferences.

3.4 Consistency with economic theory

The estimated AIDS model parameters were tested for
consistency with economic theory by evaluating adding-up,
homogeneity, symmetry, and negativity restrictions, as shown in
Table 5.

The results indicate that the model satisfies the adding-up,
homogeneity, and symmetry conditions, supporting its consistency
with economic theory. However, the negativity condition is only
partially met, suggesting limitations in the model’s ability to capture
consumer behavior fully.
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TABLE 4 Prediction of Saudi’s green coffee imports.

Years Ethiopia Brazil India Others
2021 47,383 6,322 5,008 2,605
2022 50,342 6,657 5,223 2,501
2023 53,486 7,010 5,447 2,401
2024 56,825 7,381 5,681 2,305
2025 60,374 7,772 5,924 2213
2026 64,144 8,184 6,179 2,125
2027 68,150 8,618 6,444 2,040
2028 72,405 9,074 6,720 1,958
2029 76,927 9,555 7,009 1,880
2030 81,731 10,062 7,309 1,805
*Base year.

TABLE 5 Results of likelihood ratio tests for theoretical restrictions.

Restriction Log- Null

Likelihood Hypothesis
Symmetry 186.968 Vi = Vi 2.2845 0.5455
Homogeneity 188.101 Z};l Vi =0 7.3401 0.062
Symmetry and 191.774 vij = vji and 9.6245 0.1414
homogeneity Yiivi=0

4 Discussion: implications for Saudi
Arabia

The results of this study align with and extend previous research
on differentiated demand in agricultural markets, particularly in
the context of coffee. The dominance of Ethiopian coffee in
Saudi Arabia’s imports, characterized by its high income elasticity
(1.114), is consistent with findings from other studies that highlight
the importance of origin-specific attributes in shaping consumer
preferences. For instance, Marescotti etal. (2016) and Grieco (2022)
have shown that geographical indications and country-of-origin
branding significantly influence consumer demand, particularly for
premium products like Ethiopian coffee. The high price elasticity
of Ethiopian coffee (—1.029) further supports the notion that
consumers perceive it as a luxury good, as observed in studies by
Teuber (2010) and Liu et al. (2019), which emphasize the role of
quality and flavor profiles in driving demand for specialty coftees.

Brazilian coffee, with its lower price elasticity (—0.629), aligns
with findings from studies such as Capps et al. (2023)and Yohannes
and Matsuda (2016), which suggest that more affordable, stable
products are often treated as necessities in consumer demand
models. This is particularly relevant in markets like Saudi Arabia,
where Brazilian coffee serves as a reliable, everyday option.
Similarly, the high price elasticity of Indian coffee (—1.635) reflects
its niche position in the market, consistent with research by
Alamo and Malaga (2012), who found that price sensitivity varies
significantly across coffee origins and types.

The substitutive relationship between Ethiopian and Indian
coffees, as well as the complementary relationship between
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Ethiopian coffee and imports from other countries (Colombia,
Vietnam, and Kenya), underscores the importance of origin-
specific differentiation in consumer preferences. These findings
are in line with studies by Bouamra-Mechemache et al. (2008)
and Davis and Stewart (2002), which highlight how consumers
differentiate between products based on attributes such as flavor,
quality, and branding. The projected growth in imports from
Ethiopia, Brazil, and India, coupled with declining imports
from other countries, further supports the argument that Saudi
consumers are increasingly prioritizing quality and origin-specific
characteristics, as noted in the Specialty Coffee Transaction Guide
and research by Storer (2017).

From a policy perspective, these findings emphasize the need
for targeted trade policies that ensure stable access to preferred
coffee origins. The high elasticity of Ethiopian coffee suggests
that even small price reductions could significantly boost demand.
In contrast, the stability of Brazilian coffee imports highlights
the importance of maintaining competitive pricing and supply
reliability. These insights are particularly relevant for policymakers
and importers, as they align with the broader literature on trade
policy and consumer behavior in agricultural markets (Feleke and
Walters, 2005; Daviron and Ponte, 2005).

5 Conclusion

This study examined the demand for imported green
coffee in Saudi Arabia using the Almost Ideal Demand
System (AIDS) model, focusing on the differentiated demand
for coffee from Ethiopia, Brazil, India, and other countries.
The primary objectives were to estimate price and income
elasticities and to understand how consumer preferences vary
by origin. The findings reveal that Ethiopian coffee, with its
high income elasticity (1.114), is perceived as a luxury good,
while Brazilian coffee, with lower price elasticity (—0.629), is
considered a necessity. Indian coffee, despite its high price
elasticity (-1.635), occupies a smaller market share, indicating
a niche position. The results also highlight the substitutive
relationship between Ethiopian and Indian coffees and the
complementary relationship between Ethiopian coffee and imports
from other countries. These findings underscore the importance
of origin-specific attributes in shaping consumer preferences
and have significant implications for importers, exporters, and
policymakers.

These insights have significant implications for importers,
exporters, and policymakers. Importers should prioritize sourcing
Ethiopian coffee due to its high demand elasticity and premium
status, while maintaining Brazilian coffee as a stable, affordable
option, and promoting Indian coffee as a competitive alternative
in price-sensitive segments. For exporters, Ethiopian producers
should emphasize the unique flavor profiles and premium quality
of their coffee to appeal to affluent Saudi consumers, while Brazilian
exporters should focus on maintaining supply stability and
competitive pricing. Indian exporters could explore opportunities
to increase market share through competitive pricing strategies.
Policymakers should consider reducing tariffs or implementing
trade agreements to ensure stable access to preferred coffee
origins, particularly Ethiopia and Brazil, which would support
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consumer welfare and foster a competitive and sustainable trade
environment.

While this study provides valuable insights, it is important to
note that the findings are based on historical data and certain
theoretical assumptions, which may not fully capture all market
dynamics. Future research could build on these findings by
incorporating additional data sources, exploring the impact of
emerging trends such as sustainability and ethical sourcing, and
refining the model to account for external factors like climate
change and geopolitical shifts. Such efforts would further enhance
our understanding of the evolving coffee market in Saudi Arabia
and beyond.
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