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1 Introduction

In recent years, many concerns are raised as to various unsustainable practises through differ-
ent businesses in the world and the consciousness of these issues is growing and becoming more
important to the eyes of consumers. The avocado industry holds the positive image of selling a
healthy fruit and is becoming trendy and popular also among new culinary diets like vegetarians
and vegans. Avocado markets are booming for the last decade and its demand is continuously
increasing in all parts of the world. Unfortunately, the mass-cultivation of avocados is far from
being sustainable in the long run, as it has caused many environmental issues in the local producing
regions especially in terms of water usage, C02 emissions, deforestation, waste and much more.
Furthermore, the green gold, as the avocados are also called, due to their huge success have pushed
to various criminal activities like the formation of cartels in the producing regions and conflict for

ownership of this valuable fruit are occurring on a regular basis.

The urge for change is also necessary in the avocado industry and there are many practises
which have started, to ensure a sustainable and ethical development of this business. The demand
for organic and sustainable avocado production is growing but still doesn’t represent the majority
of the production. After a thorough analysis of the industry, its market, its supply chain and
its main issues, this thesis will provide a quantitative simulation of organic and conventional
production practises for the next ten years in the biggest avocado production country: Mexico.
These simulations have as goal to test the different outcomes of the industry in order to identify
which elements are powerful incentives for switching to an organic production system. It also aims
to quantify the impact of these incentives and the avocado production in the country for the next

ten years.



2 Literature review

2.1 The origin of avocados

Avocados, also known as the Green Gold or Persea americana, originate from south-central Mex-
ico, more specifically in the nowadays city Puebla (Filippone, 2020 ; Schaffer et al., 2013). Their
earliest wild grown form can be traced back up to ten thousand years ago and some earliest crops
of the fruit were identified around 5.000 years B.C. (Filippone, 2020). At the time, the indigenous
population from Mexico and El Salvador refered to avocados in Nahualt language as ahuacatl,
which also means "testicles” (Laliberte, 2017; Binkowski, 2016), due to its shape and reputation

as an aphrodisiac (Yoon, 2006).

In the 16th century, when the spanish conquistadors arrived in latin america, the pear-shaped
fruit caught their attention. Due to the difficulty of pronounciation of ahuacatl, they pronounced
it as aguacate (California Avocados, 2020). In a Jamaican catalog in 1696, the fruit was also
mentioned as an alligator pear tree due to its granular skin (Filippone, 2020). Unfortunately, both
the names ahuacatl and alligator pear were unappealing and faced marketing problems; therefore,
farmers eventually came up with the english name of avocado in the early 1900s which then became

more commercially grown (Yoon, 2006).

2.2 Global Avocado Market

Around 5 billion kilos of Avocados are produced annually worldwide (Ayala, 2020) with an aver-
age growth rate of 5% between 2000 and 2018. In 2018 alone, 6.41 billion kilos of Avocados were
produced worldwide (Statista, 2021a). Figure 1 provides avocado production worldwide from 2000

to 2018, from which we can see that it is a growing market.

The average price per ton of avocado over the past decade is of 2249 $USD and in 2017 the
value of avocado exports was of 5.8 billion $USD (United Nations, 2019).

2.2.1 Producers

Just as the avocados originally come from southern America, their biggest producer worldwide can
also be found on the same continent. Indeed, Mexico is by far the main producer and exporter

of the fruit, with 34.3% of the world avocado production in 2017 (United Nations, 2019). Mexico
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Figure 1: Avocado production worldwide from 2000 to 2018 in million metric tons (Statista, 2021a)

is then followed by the Dominican Republic (10.8% of world production), Peru (7.9% of world
production), Indonesia (6.1% of world production) and Colombia with 5.2% of the world avocado
production (United Nations, 2019). Figure 2 shows the ranking of the global avocado producers

by country.

The Mexican avocado production equals to 2 300 000 tons in 2019 (Tridge, 2020i). Michoacén is
undisputedly the biggest city of mexican producers, contributing by 94.6% to the national produc-
tion and still growing annually (Info rural, 2020). Other major mexican cities where avocados are
grown are Jalisco, Oaxaca and Guerrero (Info rural, 2020). Mexico’s strength as an avocado pro-
ducer increased significantly after 1997 with the North American Free Trade Agreement (NAFTA),
decreasing the price of avocados (Carman, 2019). In Figure & we can see the avocado production
trends in Mexico between 2005 and 2019, the blue line representing the price ($) per ton ("mt”
standing for metric ton) (right vertical axis) and the purple bars represent the quantity in ton (mt)
(left vertical axis). We can clearly see on this figure a growth trend for the volume production over

the years.
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Figure 2: Global avocado production in 2018, by country in 1000 tons (Statista, 2020a)

The Dominican Republic produced more than 660.000 tons of avocados in 2019 (Tridge, 2020k).
In 2017, there were 21 875 hectares planted with the fruit throughout the country (Pérez, 2017).
Owing to the different production areas, altitudes and varieties, the alligator pear is available
during the whole year (Pérez, 2017). However, the most popular variety, the Hass avocado, is har-
vested mostly between September and February, coinciding the production of Mexican avocados
(Pérez, 2017). Figure 4 shows the avocado production of the Dominican Republic between 2005

and 2019, with the same colour captions as in Figure 3.

Third on the list of biggest ahuacatl producers comes Peru, with a worldwide production volume
of 535.000 tons in 2019 (Tridge, 2020j). More than 31 000 hectares of cultivation were dedicated
to the fruit throughout the country in 2018 (Hass Avocado Board, 2019). This large amount of
production was enabled by the development of a hyper-competitive production model based on
particular climatic conditions and on irrigation infrastructures build in the 1990s (Hass Avocado
Board, 2019). The most intensive production months are between the months of May and August
(Hass Avocado Board, 2019). The main area of cultivation in Peru is La Libertad with about 204
000 tons of ahuacatls produced in 2018 (Statista, 2021b) which equals to about 40% of the national
production that same year. Other major cultivation areas include Lima, Ica and Junin (Statista,
2021b). In Figure 5, we can see the avocado production trends for Peru between 2005 and 2019,

with the same captions as in Figure 8 and Figure 4.
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Figure 3: Avocado production trends in Mexico between 2005 and 2019 (Tridge, 2020i)
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Figure 4: Avocado Production of Dominican Republic between 2005 and 2019 (Tridge, 2020k)

In Europe, the main producers are Spain (89 600 tons in 2018), followed by France (2 500 tons)
and Greece (1 600 tons) (Sommaruga & Eldridge, 2020). Given that this production is not enough
to satisfy the European market demand, the EU imposes a tariff on imported avocados (and on
other fruits) of 5.1% in order to protect the European avocado industry (Sommaruga & Eldridge,

2020).

2.2.2 Exporters

Up to 80.5% of global avocado exports were accounted by five countries between 2013 and 2017.
More particularly, Mexico participated with 46.9% of global exports, followed by Peru (11.0%), the
Netherlands (10.0%), Chile (7.4%) and Spain (5.2%) (United Nations, 2019). However, in terms

of export value, the Netherlands and Peru switch places in the ranking, the Netherlands having
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Figure 5: Avocado production trends in Peru between 2005 and 2019 (Tridge, 2020j)

13.38% of market share in worldwide export value and Peru having 12.11% in 2019 (Tridge, 2020g).

On top of being the largest avocado producers worldwide, Mexico is also the biggest avocado
exporter. Indeed, in 2019 their export volume reaches 1 170 000 tons (Tridge, 2020a) and their
export value was of 2.79 billion $USD (Statista, 2021c). About 90% of their exports serves the
US market (Guzman, 2019), but some other of their major destinations are Canada, Japan, Spain

and the Netherlands, as illustrated by the graph in Figure 6.
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Figure 6: Export Trends in value ($USD) of avocado from Mexico between 2012 and 2019 (Tridge,
2020a)

In second place, Peru exported 325 640 tons of avocados in 2019 with a total value of 802



million $USD (Tridge, 2020c). As Mexico focuses their exports towards the United States, 29% of
Peru’s exports are dedicated to the United States while almost 60% are meant for the european
market, half of those being sent straight to the Netherlands (Tridge, 2020c). The graph in Figure

7 shows the export trends and destination countries for exports from Peru between 2012 and 2019.
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Figure 7: Export Trends in value (§USD) of avocado from Peru between 2012 and 2019 (Tridge,
2020c)

Third in line, the Netherlands exported 270 110 tons of the green gold in 2019 with a total
value of 886 $USD (Tridge, 2020b). Although the Netherlands do not have the adequate climate for
cultivation of the fruit, their main strategy relies on importing the alligator pears into the country
with the objective of exporting them towards other European countries. The graph in Figure 8

shows the export trends and destination countries for exports from the Netherlands between 2012

and 2019.
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Figure 8: Export Trends in value ($USD) of avocado from the Netherlands between 2012 and 2019
(Tridge, 2020b)

The Dominican Republic, although it is the second biggest producer worldwide with around



660 000 tons, it is the twelveth exporter worldwide, exporting only 4 383 tons (UN Comtrade &
FAOQ, 2020), the rest being for local consumption. They export mainly towards the United States
(about 70% of their share in export) and about 10% of their exports go to the Netherlands (UN
Comtrade & FAO, 2020).

2.2.3 Importers

The global import value of avocados is worth more than 7 billion $USD (Tridge, 2020h). The
biggest avocado importers worldwide are the United States, importing around 44.8% of the global
total (United Nations, 2019). They are followed by the Netherlands (importing 11.5% of the global
total), then France (7% of the global total), United Kingdom (4.1% of the global total) and Canada
(4% of the global total) (United Nations, 2019).

The United States imported a volume of 1.1 million tons of avocados in 2019 with a total value
of 2.87 billion $USD (Tridge, 2020e). Around 88% of their imports come from Mexico and the
remaining 12% come from Peru, Chile, the Dominican Republic and Colombia (Tridge, 2020e).
During the Superbowl in 2020, every six minutes a truck full of avocados was leaving the Mexico
for export to the USA in preparation for the event (Ayala, 2020). This event sees 7% of the annual
consumption in only one day (Ayala, 2020). In Figure 9 the graph shows avocado import trends

for the United States in value ($USD).

3,000M
2,800M
2,600M
2,400M

£
gy \ /
2.000M / O
1,300M
1,600M /
1,400M /
1,200M /
1,000M

800 M(,/

500M

400M

200M e Re s = SN SN

g — — ——

2012 2013 2014 2015 2016 2017 2018 2018

(O Mexico Peru Chile Dominican Republic Colombia

Figure 9: Import Trends in value (§USD) of avocado towards the United States between 2012 and
2019 (Tridge, 2020e)

The Netherlands stand as the second largest avocado importer worldwide with a total volume
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of 278 000 tons of avocados imported in 2019, with a value of 817 million $USD (Tridge, 2020f).
However, as already mentioned, the importations are not all meant for the domestic consumption,
as around 79% of imported avocados are exported towards other European countries (Hoogte,
2017). Some major destinations of dutch exports include Germany, Norway, Sweden and Denmark
(Hoogte, 2017). Although Mexico is the largest avocado producer worldwide, the Netherlands
import mainly from Peru, Chile and South Africa, as Mexico primarily serves the United States
market (Hoogte, 2017). Figure 10 illustrates the import trends in value ($USD) of avocados
towards the Netherlands between 2012 and 2019. This figure also illustrates the countries from
which the Netherlands import the fruit and their proportion.
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Figure 10: Import Trends in value ($USD) of avocado towards the Netherlands between 2012 and
2019 (Tridge, 2020f)

As third biggest importer worldwide, France brought in the country 165 000 tons of alligator
pears with a value of 521 million $USD (Tridge, 2020d). This import volume increased by 15%
since the previous year, while the import value increased by 27% (Tridge, 2020d). Almost a third
of those come from Spain, while the other originate from Peru, Israel, Mexico and Chile (Tridge,

2020d). In Figure 11 we can see the import trends for France’s avocados.

2.2.4 Consumers

Around 11 billion pounds of avocados are consumed annually worldwide (Ayala, 2020). Although
Mexico produces more avocados than anywhere else in the world, avocados are consumed mainly in

North America, Europe and Asia (Ayala, 2020). However, Mexico is the country which consumes
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Figure 11: Import Trends in value ($USD) of avocado towards France between 2012 and 2019
(Tridge, 2020d)

the most avocados in the world with 6.5-Tkg per capita due to the high domestic demand (CBI,
n.d.). This consumption in the United States is of 3.5 kg per capita and the average consumption
in Europe is 1.16kg per capita (CBI, n.d.). The consumption of the fruit in the United States more
than doubled in only 10 years (Ayala, 2020).

In Europe, the significant rise in the demand of avocados is driven by the younger generation
and the rise of flexitarian diets and plant-based foods (Sommaruga & Eldridge, 2020).The con-
sumption of avocados on the old continent has grown by 8% in three years between 2017 and 2019
(CBI, n.d.). Furthermore, consumption in 2019 and 2020 was 73% higher than in the years 2015
and 2016 (CBI, n.d.). This recent growth was mostly noticed in countries where consumption was
relatively low. These differences in consumption within Europe show that there is much potential
left for growth. It is predicted that market maturity in Europe could be reached within five to
eight years before becoming more stable (CBI, n.d.). Indeed, the World Avocado Organization
(WAO) predicts that by 2027 the European volume will reach the amount consumed in the United
States (Searle, 2019).

2.2.5 Overview of Market flows

To get a more visual idea of the export/import market of avocados, in Figure 12, we can see an

overview of export flows of avocados in 2019. The coloured lines are proportional to the amount of

12



tons exported towards other countries (from left to right). For example, we see that Mexico mainly
exports the fruit towards the United States, who then in turn export a part towards Canada. To
take another example, we see on this map that the Netherlands mainly import their alligator pears
from Peru, and then export a major part of their imports towards Germany, Norway, Denmark

and Sweden.
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Figure 12: Top Worldwide Flows for Avocado Exports in 2019 (Tridge, 2020g)

As already mentioned, the main supplier in North America is Mexico, while Europe is supplied
by Peru, South Africa and Kenya during the summer and by Chile, Mexico, Israel and Spain during
the winter (Sommaruga & Eldridge, 2020). However, in April 2020, the EU signed an updated free
trade agreement with Mexico, such that Mexican avocados imported into the EU will be tariff-free,

thus increasing the share of Mexican avocados sold to the EU market in the future (Rosario, 2020).

2.2.6 Reasons of success, health benefits and risks

In recent years, avocados became very popular and trendy. One of the first factors which con-
tributed to avocados’ success is notably the lifting of import restrictions in the 1990’s of products
from Mexico to the United States (Llamasoft, 2019). Another factor is the increased hispanic pop-
ulation in the United States from which the green fruit presents many traditional meals; indeed,
57.5 million individuals of Hispanic descendents live in the United States (Llamasoft, 2019). Other
reasons which explain this rise in sales are its good taste and its nutritional value (Patwary, 2020).
Many of the health benefits are brought forward by marketers which contribute to the fruit’s high

sales. Another success factor are the endless derived products which can be created and sold on the
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basis of avocado. To name a few examples: guacamole, avocado sticks, avocado-flavoured tortilla
chips, avocado crisps, green guacamole cheese, burgers, creamy avocado salsa, avocado-based oil
and many more (Nedelcheva, 2020). Avocados as also used for the production of oil and cosmetics

(Schaffer et al., 2013).

Health benefits

First of all, the alligator pear is rich in nutrients: they are a source of vitamins C, E, K, and
B-6, as well as riboflavin, niacin, folate, pantothenic acid, magnesium, and potassium. For exam-
ple, the vitamin B6 contributes to the proper functioning of enzymes and proteins that regulate
chemical processes in the body and a good energetic metabolism (World Avocado Organization,
2021). Vitamin K is essential for bone health and half an avocado provides around 25% of the
daily recommended intake of vitamin K (Ware, 2017). They also provide lutein, beta-carotene,
and omega-3 fatty acids (Ware, 2017). The fruit is also healthy for the heart because they con-
tain a natural plant sterol (”beta-sterol”) which helps maintain healthy cholesterol levels and the
fruit is also good for vision because they also contain lutein and zeaxanthin, which provide antioxi-

dant protection to help minimize damage in the eye tissues, including ultraviolet light (Ware, 2017).

Avocados also have a high protein content (2g of protein per 100g) which is much more than

other fresh fruits (World Avocado Organization, 2021).

Furthermore, the fruit contains healthy fats owing to the high content of mono-unsaturated
and poly-unsaturated fatty acids (World Avocado Organization, 2021). From a chemical per-
spective, mono-unsaturated fats have one double bond whereas poly-unsaturated fats have two or
more double bonds (Patwary, 2020). Unlike saturated fats, the double bonds cause bends in the
molecule’s structure, making it difficult for the molecules to stack on top of each other (Patwary,
2020). Therefore, avocados help regulate the level of cholesterol in the blood (World Avocado Or-
ganization, 2021) decreasing the risk of developing high blood pressure and heart disease (Patwary,
2020). However, fats are still necessary for the human body to generate energy and maintain cell
growth, but by prioritizing unsaturated fats rather than saturated fats (Patwary, 2020). A Hass
avocado breaks down into 71‘% of mono-unsaturated fatty acids, 13% of poly-unsaturated fatty

acids and 16% of saturated fatty acids (Patwary, 2020).
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Some other noticeable health benefits of the fruit include a lower risk of depression, because of
its high levels of folate, an improved digestion and a natural detoxification due to its fiber content
(Ware, 2017) which is 27% of the daily recommended intake, meaning 7g of fiber per 100g of avo-
cado (World Avocado Organizaion, 2021).

Health risks

Although ahuacatls have their number of good benefits, there are also a few concerns. Avocados
are extremely caloric: an entire avocado has up to 300 to 400 calories (Hensley, 2018). According
to Shauna Lindzon, a Toronto-based registered dietitian: "I think that people who love avocado
feel that if they over-consume it, they are still eating a healthy food”. However, over-consuming
foods rich in fat, even healthy fats, are not necessarily good for the body (Hensley, 2018). There-
fore, eating more than the recommended dose of avocados translates into consuming more calories
and fat than needed (Hensley, 2017). Indeed, the functional medicine dietitian Ariana Cucuzza

recommends that half an avocado per day is a reasonable amount.

Furthermore, Lindzon says that too much of the fruit can upset the stomach (Hensley, 2018):
” Avocados contain substances called polyols or sorbitol which are carbohydrates that may affect
people who have sensitive stomachs or irritable bowel syndrome. If they eat too much avocado in

one sitting, it can cause bloating, diarrhea or intense pain in the gut”.

2.2.7 Types of avocados

Although the Hass Avocado is the most popular one, there are hundreds of varieties and hybrids
around the world (Panoff, 2019). They are categorized as A-Type or B-Type depending on the
opening times or pollination behaviours of the tree flowers, the size, the coloring, the flavour, the
shape and the peak growing season (Panoff, 2019). For example, A-Type Avocados bloom as
females in the morning and the pollen is shed as males in the afternoon whereas for the B-Type

Avocados it is the opposite (Panoff, 2019).

Some examples of the most common A-Type Avocados include Choquette, Lula, Hass, Reed,

Pinkerton, Gwen, Maluma (Panoff, 2019). Some examples of the most common B-Type Avocados
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include Ettinger, Sharwil, Zutano, Brogden, Fuerte, Cleopatra, Bacon, Monroe (Panoff, 2019).

2.3 Description of the avocado supply chain

In this sub-section we will see more in detail how the avocados are handled throughout the whole
supply chain and brought from a tree into a consumer’s plate. They require careful attention
throughout transportation and warehousing to reduce waste and keep customers happy (Wood-
cock, 2020). This plays an important role in the quality of provided avocados because they bruise
easily, especially when they start to ripen (Avocados Australia Ltd, 2018). For example, the fruit
already bruises if dropped on the floor from a 3-10cm height, depending on the degree of ripeness
(Avocados Australia Ltd, 2018).

Green golds are mostly born in nurseries, where farmers plant a young bud in order to grow an-
other one (Lazzaris, 2020). Then, when the little avocado trees are strong enough they are planted
about 7-10 meters away from each other into the field where they can grow (Lazzaris, 2020). Up
to eight years are necessary for a baby avocado tree to become a grown and fully productive adult
(Lazzaris, 2020). An average adult tree can make 80-100kg of fruit per year (Lazzaris, 2020). All
avocados soften and change color to a purplish-black as they ripen and there are five different stages
of ripeness, including: hard, pre-conditioned, breaking (softening), firm ripe and ripe (Avocados
Australia Ltd, 2018). Firmness is the best indicator of ripeness, as colour is not always consistent

with the degree of ripeness (Avocados Australia Ltd, 2018).

Stage 1: Harvest. The harvesting process of avocados is very particular because although
avocados mature on the tree, they do not ripen then: it can vary from a few days to several weeks
depending on the degree of maturity before they are picked from the tree, the storage temperature,
the climate and the variety of avocado (Woodcock, 2020). When the fruits are mature but still
hard, the farmers can pick them up (Lazzaris, 2020). The picking team can climb the trees or use a
picking pole to reach the avocados and then place them into bins (Roux, 2015). These bins are then
weighted and the picking time, date and the field temperature at the time of picking are measured

and carefully noted (Roux, 2015). Finally, they are transported to the Packing House (Roux, 2015).

Stage 2: Sorting and packing. Once brought to the sorting and packing house, the fruits

are first going through a Grading phase: their quality is controlled to make sure they are edible
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and appropriate for the market (Terry et al., 2011). For example, they are checked for being prone
to diseases, infections, if they have been destroyed during the transport, if they fit the market
sizes and requirements. Then, the avocados are off the the Sorting phase (Roux, 2015) where they
are sorted by size, weight, ripeness stage (Coronado, Bijman, Omta & Lansink, 2015) but also for
different destinations and different varieties of avocados. Finally, in the Packing phase, alligator
pears are cleaned, labelled, refrigerated and ready for tracking and tracing (Coronado, Bijman,

Omta & Lansink, 2015) and then put into batches and ready for export (Roux, 2015).

Stage 3: Transport to final destination. The batches and pallets are then transported by
truck and cargo towards the different destinations. To ensure the optimal ripeness at the grocery
store, they should be stored in a container of 1-degree while being on the way whether it is by
land, air or sea (Woodcock,2020). Indeed, avocados require a cold supply chain in order to ripen
at the right moment: at the grocery store. However, managers must ensure that temperatures
are not too cold to avoid the shrinkage of the fruit, they must also limit sun exposure to avoid
over-ripening and rotting (Woodcock, 2020). Typically at this stage the fruit will still be hard
because it was recently picked (in Stage 1 or Stage 2), so it can be stored cold at a few degrees
(C°) to avoid ripening too fast although they are still susceptible to skin damage when dropped
(Avocados Australia Ltd, 2018).

Stage 4: Warehouse. Once the goods have been received, there are different activities for the
importers to carry out. First of all, they need to make sure it meets the specifications regarding
the quantity, size, quality and ripeness (Avocados Australia Ltd, 2018). Indeed, the alligator pears
should be received at maximum in the pre-conditioned stage (Avocados Australia Ltd, 2018). For
example, if the green gold is already starting to soften/ripen when received, it should be ripened
immediately (Avocados Australia Ltd, 2018). However, other fruit that is hard when received can
be stored up fo two weeks before ripening (Avocados Australia Ltd, 2018). Afterwards, importers
should plan a pre-conditioning ripening schedule according to the orders of retailers (Avocados
Australia Ltd, 2018). In the received stage, it should be ready to eat in about three days if held
at room temperature (16-20 C°), otherwise it still has to be stored cold. During this time it is also
susceptible to bruising (Avocados Australia Ltd, 2018). In the Breaking/Softening ripening stage,
the avocado is good for retail and ready to be eaten within two days if held at room temperature
(Avocados Australia Ltd, 2018). Often the ripening process can be accelerated or managed with

ethylene treatment (Avocados Australia Ltd, 2018).
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Stage 5: Retail. Now that the alligator pear is in retail, it means that it is in the firm ripe or
ripe stage of the ripening process (Avocados Australia Ltd, 2018). Indeed, as stated by Avocados
Australia Ltd (2018), research has shown that many customers prefer to buy the fruit ready to eat

the same evening or the next day, meaning the 4th and 5th stages of the ripening process.

2.4 Impact of the Covid-19 Pandemic on the global avocado market

The worldwide pandemic, which started towards the end of 2019, has significantly impacted the
lives of many people as well as the world economy and various industries. During this crisis, agri-
culture was a resilient sector and has been less fragile to disruptions in supply chains (AVO Oro
Verde, 2020). Indeed, governments view the food security as a priority during abnormal times
which comes to the benefit of this industry (AVO Oro Verde, 2020). Furthermore, avocado prices
and the income from avocado orchads have remained steady during the crisis (AVO Oro Verde,

2020).

As part of a tracking study conducted by the Irvine-based California Avocado Commission
aiming to analyze avocado purchasing behaviors during the pandemic, most consumers were buying
the same amount of avocado and about 20% of respondents were buying even more for two reasons
(Karst, 2021). The first one is a greater concern over eating healthier at the time, and the second

reason is that avocados were considered satisfying and comforting (Karst, 2021).

2.5 Sustainability issues in the avocado industry

The notion of sustainability, as we have seen it in university courses, links environmental, economic
and social aspects. Sustainable development is a development that meets the needs of the present
without compromising the ability of future generations to meet their own needs. In this section,
we will explore the issues throughout the avocado supply chain from these three aspects.

2.5.1 Environmental issues

Deforestation and wildlife threats

The massive avocado production has resulted in many irreversible environmental damages:

many forest lands with a diverse wildlife have been destroyed and cut down to be replaced with
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avocado cultivation (Ayala, 2020). Many farmers have also tried to illegally bypass a Mexican law
by burning forests to be able to use the lands for agriculture instead of forest land (Ayala, 2020).
Furthermore, shrubs, old trees and bushes have been taken down in order to provide greater sun-
light to the avocado trees which adds up to the climate change in the region, including an increase

in temperature and unstable rainstorms (Ayala, 2020).

Water usage

The water footprint of avocados is one of the biggest concerns in the industry. Every day
there are 9.5 billion litres of water used to produce avocado which is equivalent to 3800 olympic
pools (Ayala, 2020). Indeed, "many regions of the world where avocados are grown, [...] drier
conditions and water stress are on the increase due to climate change” (Iglesias and Garrote,
2015; Prein et al., 2016). The overuse of water for irrigation in agricultural practises limits the
resource for other uses (Sommaruga & Eldridge, 2020). Water stress is generated due to the av-
ocado production and has a significant impact on local communities: for example, in Michoacén,
concerns regarding equitable access for local communities are rising as well as fear of tensions from
inequalities of access (Powers, 2019). According to Mekkonen and Hoekstra (2016), ”already two-

thirds of the global population lives under severe water scarcity for at least one month of the year”.

Sommaruga and Eldridge (2020) have analyzed and calculated that in 2018 globally, around
6.96 cubic kilometers of water were used for avocado production. Furthermore, they calculated the
water footprint per country for the biggest producers, which are shown in Figure 13 and ranked
by production. It is interesting to note that Chile (which ranks 9th in production) ties with Brazil
in water footprint, although Brazil has almost the double of Chile’s production (Sommaruga &
Eldridge, 2020). Indeed, according to Donoso et al. (2015) ”the agricultural production in Chile is
mainly concentrated in the northern dry Pacific and Central areas where less water is available”.
The authors further explain that avocado mainly takes place in monoculture systems, meaning that
the fields are dedicated only to avocado production. However, this type of agriculture requires a
high water usage, excess use of inorganic fertilizers and pesticides degrading soil quality and later

on causing environmental impacts (Sommaruga & Eldridge, 2020).

According to Acuna (2018), in 2016 Alberto Gémez-Tagle and his team conducted hydrological
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Figure 13: Total water footprint corresponding to the annual production of avocado in 2019 for
the nine top avocado producers (ordered by its production) (Sommaruga & Eldridge, 2020)

studies in Morelia situated in the Michoacan region: for eight years, they measured all steps of
the water cycle including the following variables : the rain, the amount of trees captured, runoff,
soil infiltration, soil moisture, changes in the water table, climatic variables, solar radiation, wind
direction and environmental humidity. They did the research for avocado and pine trees to have a
comparison. Pine trees can capture 2.4% of the fallen rain whereas avocados capture only 0.017%
due to the fact that avocado’s tree roots are more horizontal than vertical, which makes the in-
filtration harder. An average pine tree consumes about 9 to 11 liters of water per day whereas
an avocado tree consumes between 50 and 65 liters of water per day. Alberto Gémez-Tagle also
mentions that one hectare of 156 avocado trees consumes 1.6 times more water than one hectare
of 677 pine trees. This shows the environmental impact in terms of water management when the

pine tree forests are cut down and replaced with avocado plantations (Acuna, 2018).

These excessive water extractions have environmental consequences as they have caused small
earthquakes in the region (Ayala, 2020). Indeed, more than 3000 seismic movements were recorded
during the first two months in 2020 in the city of Uruapan and its surroundings in the Michoacan

region of Mexico due to the opening of subsoil caverns from the water extractions (Ayala, 2020).

C02 emissions
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According to a study conducted by Carbon Footprint Ltd, a pack of two avocados (equivalent
to about 300 grams) has an emission footprint of 846.36g C02; as comparison, one kilo of bananas
has an emission footprint of 480g C02 and one large capuccino has 235g of C02 footprint emissions

(Ayala, 2020).

Astier et. al (2014) have studied organic avocado systems and conventional avocado systems.
However, their results indicated that differences were not statistically significant between the two.
Nevertheless, the energy used for gasoline and diesel fuels (for weeding, pest control, compost ap-
plying and fertilizers) is much higher compared to other fruit orchads (Astier et. al, 2014). The
authors also emphasize that both organic and conventional avocado systems depend heavily in
fossil fuel inputs, machinery and N-fertilizers; and that shifting towards a more organic production

is not enough to ensure a sustainable agriculture in the industry.

Anaya & Burgos (2015) conducted a study which analyzes the patterns of fossil energy con-
sumption in the management of avocado orchads in Michoacdn. They collected their data through
direct surveys of growers who perform agricultural operations excluding packing and harvesting.
The questions included the following variables : fertilization, pest control, weed control and irri-
gation, the scheduling of these practices (i.e. frequency and dates on which they are performed)
and the type and quantity of inputs used in them. Furthermore there were also characteristics
of the orchard and its production, such as locality-level location, dominant relief, infrastructure,
equipment, cultivated varieties, density, plantation age, average yield and sales market. Their
results can be found in Figure 1/, representing energy consumption in the management of avo-
cado orchads in Michoacan. This analysis shows that the energy consumption for fertilization is
the most energy-demanding activity representing about 54.4% of the total energy consumption.
Pesticides also represent a high energy consumption activity in the avocado systems with 39.9%
of the total energy consumed. Compared with other fruit-tree crops in the world, the total energy
consumption in avocado is moderate, however human labor and energy consumption for producing
machinery were not taken into account in this study unlike studies for other crops. Furthermore,
phytosanitary control for avocados is much higher compared to other fruit-tree crops due to the
fact that they can develop more diseases and pests (Anaya & Burgos, 2015). These controls are
even stricter regarding exports where health certification processes are done regularly (Peterson

& Orden, 2008) which results in higher energy consumption, negative environmental impacts and
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economic costs (Mangiafico et al., 2009; Chévez-Ledn et al., 2012).

Agricultural operation/Operacién agricola ECCE(?;\I}JT;Y:;;))/ CV (%) }lj:ggg;;gg gi]t (g]g lt(]fti {9(6%
Chemical fertilizer/Fertilizante quimico 11,438 + 334 62 39.6
Manure /Estiércol 3,407 + 124 78 11.8
CaCo, 820 37 97 2.8
Total fertilization/ Total fertilizacion 15,665 *+ 378 51 54.4
Pesticides/Pesticidas 9.078 + 279 65 314
Fuels/Combustibles 2457 +71 62 8.5
Total pest control/ Total control de plagas 11,535 + 343 63 39.9
Herbicide/Herbicida 40127 144 1.4
Fuels/Combustibles 1,219+ 45 79 4.2
Total weed control/ Total control de hierbas 1,619 50 66 5.6
Total irrigation/Total riego 60%9 305 0.2
Total consumption/Consumo Total 28,880 + 560 41 100

Figure 14: Energy Consumption (EC) in the management of avocado orchads in Michoacdn, Mex-
ico. Mean values +- one e.e. (n1=455) qnd coefficients of variation (CV) disaggregated by input
and agricultural operation (Anaya & Burgos, 2015)
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Post-harvest food waste

According to Bill et al. (2014): ”The highest percentages of postharvest losses take place in
food supply chains of perishable products and especially of fresh fruits and vegetables [...]. Avo-
cados are known to be highly susceptible to postharvest losses”. Furthermore, ”Losses and waste
of avocados are estimated to be of about (-25% in developed countries and of about 20-50% in

developing countries” (FAO, 2004).

On that subject, Bustos & Moors (2018) have conducted a study aiming to understand how
innovative collaboration influences the sustainability of global food supply chains through the
reduction of post-harvest food losses. For the Mexican avocado industry the main structural ineffi-
ciency identified is the lack of overseas export expertise. The authors state two reasons explaining
this: the first one is the high domestic demand and the high US demand which they serve, creating
a secure market for producers. The second reason is the ”effortless premium quality and superior
taste of export avocados that grow in Mexican volcanic soil” (Bustos & Moors, 2018). As a con-
sequence, it reduces the motivation of producers to increase the yield which is already lower than
other producing countries (Bustos & Moors, 2018). Interviewees of the study emphasize on the
lack of attention from the mexican avocado industry regarding potential threats of other emerging
and rapidly-growing competitors like Peru, Colombia and Chile which offer higher yields of their

harvests’ and lower post-harvest losses (Bustos & Moors, 2018).

According to the LKS (2013) "Due to the early stage of development of the Colombian avocado
industry, small and medium producers are still poorly structured [...] and with a low or inadequate
legal regulatory framework offered by cooperatives”. Bustos & Moors (2018) explain that many
Colombian exporters refuse a lot of edible avocados due to their shape or size. To avoid the com-
plexity of exportation requirements Colombia focuses on the local market where the requirements
are less strict; however the conservation during transportation is also quite neglected and results
in 40-50% of postharvest losses (Bustos & Moors, 2018). The authors also add that small and
medium producers are not guided enough for effective monitoring and monitoring tools to handle

the whole supply chain.
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2.5.2 Social Issues

The avocado boom has pulled some parts of Mexico out of poverty in less than ten years (CE
Noticias Financieras, 2019). However, its great success also has a dark side. In some regions, most
of the time things work in an plata o plomo (silver or lead) way, meaning that if landowners refuse
to share their profits with the cartels or organized crime groups, the gangs will threaten them
with violence (Gongalves, 2018). Sometimes land owners are forced to pay lower wages so that the

organized crime groups can have a higher profit to be shared (Gongalves, 2018).

According to information published by El Universal, it has become common in Michoacédn to
observe farmers and producers carrying assault rifles in order to protect their orchads from thieves
and cartel extortionists. Producers have also been victims of kidnappings, cartel violence, murder,
blackmail and theft (Guzman, 2019). Alone and trapped, producers have plead the state for mea-
sures to ensure safety; unfortunately some producers and farmers say that the measures taken by
the state haven’t been held and implemented long enough to deal with the issue (Guzman, 2019)

and that even policemen themselves are frightened (CE Noticias Financieras, 2019).

Ortega (2019) explains that organized crime has always been present in Mexico which is also
known as the largest illicit drug market worldwide. After several political changes, ”many of today’s
illegal armed actors more closely resemble micro warlords than the leaders of large, sophisticated
criminal organizations. Drugs do still play a role, but the business model has prominently shifted
toward extracting profits from whichever commodity is locally available” (Ortega, 2019) including

avocados.

2.5.3 Economical Issues

Avocado imports from Mexico to the US have contributed to an increase of 273% of US output
between 2012 to 2019 from $1.7 billion USD to $6.5 billion USD; the contribution to their GDP
increased by 230% going from $1.2 billion USD to $3.99 billion USD; and contributions to labor in-
come, US tax revenues and employment have also dramatically increased (Avocados From Mexico,
2020). Furthermore, as already mentioned, the avocado boom has pulled some parts of Mexico out
of poverty in less than ten years (CE Noticias Financieras, 2019). For example, in Michoacdn there

are more than 40 000 permanent jobs and 60 000 seasonal jobs linked to the avocado production
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(Echénove, 2008). In addition, wages are significantly higher, considering that a plantation worker
in Michoacan can earn 60 USD per day, making the work very attractive compared to the minimum

wage of Mexico of 5 USD (Sommaruga & Eldridge, 2020).

The economic benefits of the green gold’s success can also be seen in importing countries as
it generates economic growth by enhancing economic activity from wholesalers, distributors, su-
permarkets, restaurants, fast-food establishments and many other through all actors of the supply
chain (Williams, Capps & Hanselka, 2016). Stakeholders indirectly related to the industry have
also seen an increase in their activities and services, in particular land and water ports, Fed-
eral Inspection Agencies, border protections (Williams, Capps & Hanselka, 2016)... Examples of
activities and services include transportation, wholesale, retail trade, advertising, infrastructure,
after-market services (Williams, Capps & Hanselka, 2016). ”At each point on the fuel supply
chain, the additional demand for fuel initiated by the shipments of imported avocados contributes

to profits and employment.” (Williams, Capps & Hanselka, 2016).

Although the economical aspect of the avocado industry have been quite rewarding, Bustos &
Moors (2018) have identified the following economical issues in the mexican supply chains: there are
quite many uncertainties with importers which leads to overbuying from exporting countries; there
are many price variations which limit the planning potential; and there is a lack of attention for an
increased competition. The authors also identify the following economical issues in the Colombian
market: their organizational structures are business models are not aligned with international

markets and there is an uncertainty of demand which leads to overbuying or underbuying.

2.5.4 Sustainable initiatives in the industry

The multiple issues mentioned in the previous sections call for urgent measures to be taken by
governments in both producing and importing countries, as well as consumers by purchasing
sustainably-produced avocados (Sommaruga & Eldridge, 2020). Thankfully, many sustainable
initiatives have already been taken in the avocado industry especially regarding the environmen-

tal aspect. There are also various standards and certificates which have their impact in the industry.

Peru is working with the World Bank on a long-term project dedicated to educate farmers on

how to harvest and cultivate avocados more sustainably while offering financial support (World
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Avocado Organization, 2017). Other examples of innovative initiatives include: the World Av-
ocado Organization (2017) ensures that printing or labelling is done with glue or non-toxic ink.
Furthermore, some UK and European retails avoid traditional food stickers and instead use lasered

labels right onto the skin of avocados (World Avocado Organization, 2017).

The Sustainability Initiative Fruit and Vegetables (SIFAV) was launched in 2012 by several
dutch companies partnering with retailers, brands, traders and civil society organizations from
other European countries (Sustainable Trade Initiative, n.d.). It has as main goal to support and
drive sustainable imports of fruits and vegetables from Africa, Asia and South America (Sustain-
able Trade Initiative, n.d.). SIFAV presents a basket of standards to which suppliers can comply in
order to help promote transparency in the supply chain regarding social and environmental prac-
tises (Colley, 2017). Some examples of issues targeted are small holder farmer inclusion, health

and safety, food safety, water sustainability (Colley, 2017).

Global GAP 7is a global standard that certifies compliance with good agricultural practises
in the growing process of fruit” (Subsole, 2018) and it is the most widely accepted private sector
food safety certification in the world (Global GAP, n.d.). This standard has been created following
consumers’ concern regarding the products to meet food safety standards and with respect to the
environment and human rights (Subsole, 2018). The Global GAP has about 700 certified prod-
ucts, 200 000 certified producers in more than 135 countries, 2000 trained inspectors and auditors
working for accredited certification bodies to perform independent third-party producer audits
and issue certificates and finally, Global GAP also provides training to thousands of people to help
them reach the standards (Global GAP, n.d.).

According to the World Avocado Organization (2017): ”avocado is one of the cleanest fruit
on the market with regards to pesticide use”. They further explain that low levels of pesticide
are used on the fruit and that farmers engage in limiting the use of pesticide and focus rather on
natural remedies. Although many initiatives have already taken place, Astier et. al (2014) argue
that there is still room for improvement regarding the reduction of non-renewable energy inputs
and greenhouse gas emissions. They emphasize that farming systems must be oriented towards two
things: (1) ”decreasing the amount of fossil fuel inputs through reducing fuel consumption, using

more efficient vehicles, reducing the number of agricultural practises and switching from synthetic
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to organic fertilizers”; and (2) "making more efficient use of fertilizers and pest control products”

(Astier et. al, 2014).
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3 Research Question

Although many sustainable initiatives have been taken by various stakeholders and international
organizations, unfortunately there are no clear quantifiable goals set by many of these institutions
or measurement of the impact of these. There are very limited studies and information available
as to the impact these initiatives will, should or could have in the next years on the industry, the
stakeholders, as well as sustainable aspects. Therefore, the aim of the empirical study is to try to
quantify as accurately as possible the impact that an organic and sustainable avocado production
could have compared to a conventional production method. Ideally, the end goal would be to find
an optimal avocado production on a strategic level in terms of sustainability, while testing different

scenarios and outcomes from the environmental and economical point of view.

The scope chosen is focused on the Mexican production regions, as this country is the biggest
avocado producer worldwide and therefore has a significant impact on the industry. Furthermore,
the dominating cultivation system in Mexico is the conventional or traditional one. Therefore,
testing an alternative scenario in this country is relevant as to improve the environmental aspects

of the industry.

This leads to the following research question:

”"How would an organic production system compared to a conventional production
system of avocados in Mexican cultivation regions impact the sustainability of the

industry in the next ten years?”
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4 Description of the model

The idea is to model as accurately as possible the avocado production on a strategic
level in Mexico, while taking into account the different specificities for each region

and each production system.

4.1 Hypotheses, data & data estimation

Before the details of the model and its data are elaborated, a few hypotheses will be
explained in order to define more precisely the scope of this research. In this model
the goal is to find if there is a more optimal way to organize the avocado production
on a strategic level in Mexico, in terms of profits, water management, C02 emissions
and deforestation. Furthermore, it is important to explore which factors have an

impact on the choices and the variables with a sensitivity analysis.

e Hypothesis 1: organic production. By definition, an organic production
system is deprived of pesticides, fertilizers or chemical products on the crops.
As it will be explained further is the thesis, an organic production system is also

environmentally friendly in the production of avocados as it uses less resources.

e Hypothesis 2: cultivation method. In order to make the optimization
model lighter for the software, it will be considered that each region can use
only one cultivation/production method, which can be either conventional or
organic. Farmers cannot switch from one method to the other throughout the

considered time period.

e Hypothesis 3: social issues. In this optimization model, we will not take
into account the social issues mentioned, including criminal offenses, murders,
kidnapping and theft. Their impact on the environmental and economical
aspect is vague and hardly quantifiable as no study has been made on the
subject in the avocado industry so far. So in the scope of this research, they

will not be considered.
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e Hypothesis 4: cultivation regions. In this model only the six biggest
avocado production regions in Mexico are considered, however we should keep
in mind that there are much smaller regions which also produce avocados and

which can slightly have an impact of the results.

e Hypothesis 5: one type of avocado. In this model there is no differentiation
between the different types of avocados, but rather all are merged together
and it is considered that the consumers, whether local or international, are
indifferent as to which type of avocado they consume. They are also indifferent

as to whether avocado are produced in a conventional or organic way.

e Hypothesis 6: waste. Although waste of avocados throughout every step of
the avocado supply chain is a significant issue of the industry, it will not be

directly considered and addressed in this empirical study.
4.2 Indexes
The two indexes used in this optimization model are the following:
e i: Year [2021;2030]
e : Cultivation region in Mexico [Michoacan, Jalisco, Mexico, Nayarit, Morellos,
Guerrero]
4.3 Parameters

The parameters used in this model were extracted and/or estimated from various
sources. In this subsection is a detailed explanation of how each of them were
extracted, estimated or calculated.

4.3.1 The cultivation/production capacity for each Mexican region

Each region in Mexico has a specific number of agricultural hectares dedicated to

avocados. The most intense producing regions considered are Michoacan, Jalisco,
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Mexico, Nayarit, Morellos and Guerrero. There are other avocado-producing re-
gions in Mexico which have a much lower capacity and are thus not considered in

this model. Table 1 shows the capacity in hectares, in each of these regions.

Region | Available capacity [ha]
Michoacan 166 604

Jalisco 23 700

Mexico 10 500

Nayarit 7 100

Morellos 5 433

Guerrero 4 299

Table 1: Production capacity in hectares for each avocado-producing region in Mexico (CIRAD,
2019)

As these measures extracted by CIRAD in collaboration with the Hass Avocado
Board are in hectares, they have to be converted into tons of avocados in order
to have the production capacity in tons of avocados. As previously mentioned by
Alberto Gémez-Tagle, one hectare contains about 156 avocado trees (Acuna, 2018).
According to Lazzaris (2020), an average avocado adult tree can make 80-100kg of
fruit per year. Taking these numbers into account, we can estimate the production

capacity on tons of avocados, which are displayed in Table 2.

Region | Available capacity [ton of avocados]
Michoacédn 2 339 120.16

Jalisco 332 748

Mexico 147 420

Nayarit 99 684

Morellos 76 279.32

Guerrero 60 357.96

Table 2: Production capacity in tons for each avocado-producing region in Mexico - estimated
from CIRAD (2019), Lazzaris (2020) & Acuiia (2018)

The data estimated in Table 2 is the one used as a capacity parameter in the
optimization model. However, in this model it is considered that an organic produc-
tion system and the conventional production system do not have the same capacity.

Indeed, in a conventional system the soil erosion can significantly decrease the pro-
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duction capacity over a medium or long period of time considered. Therefore, there
will be a distinction between the capacity in the organic system and in the con-
ventional system. For the organic system, the production capacity is considered as
sustainably fixed through time with the values from Table 2. For the conventional
production system a decreasing capacity will be considered during the ten year time
period. Following Atucha et al.’s research (2013), there is an 8% decrease in avocado

production capacity per year in conventional production systems. This decrease in

capacity was calculated from Table 2 and is displayed in Table 3 and Table 4.

Region 2021 2022 2023 2024 2025
Michoacan | 2 151 990.547 | 1 979 831.303 | 1 821 444.799 | 1 675 729.215 | 1 541 670.878
Jalisco 306 128.16 281 637.907 259 106.875 238 378.325 219 308.059
Mexico 135 626.4 124 776.288 114 794.185 105 610.650 97 161.798
Nayarit 91 709.28 84 372.538 77 622.735 71 412.916 65 699.883
Morellos 70 176.974 64 562.816 59 397.791 54 645.968 50 274.290
Guerrero 55 529.323 51 086.977 47 000.019 43 240.018 39 780.816

Table 3: Production capacity in tons for each avocado-producing region in Mexico if a conventional

production system is used from year 2020 to 2025 - estimated from CIRAD (2019), Lazzaris (2020),
Acunia (2018) & Atucha et al. (2013)

Region 2026 2027 2028 2029 2030
Michoacan | 1418 337.208 | 1 304 870.231 | 1 200 480.613 | 1 104 442.164 | 1 016 086.791
Jalisco 201 763.414 185 622.341 170 772.554 157 110.750 14 4541.890
Mexico 89 388.854 82 237.746 75 658.726 69 606.028 64 037.546
Nayarit 60 443.892 55 608.381 51 159.710 47 066.933 43 301.579
Morellos 46 252.347 42 552.159 39 147.987 36 016.148 33 134.856
Guerrero 36 598.351 33 670.483 30 976.844 28 498.697 26 218.801

Table 4: Production capacity in tons for each avocado-producing region in Mexico if a conventional
production system is used from year 2026 to 2030 - estimated from CIRAD (2019), Lazzaris (2020),
Acuna (2018) & Atucha et al. (2013)

The data for production capacity in tons for the conventional system used in the

optimization model is the one from Table 3 and Table 4 and the data for production

capacity in tons for the organic production system used is the one from Table 2.
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4.3.2 The average rainfall in each region

The average rainfall in each region is an important parameter to consider due to the
fact that during rainy seasons, if the rainfall is high enough, avocados do not need
to be irrigated with additional water brought from elsewhere. This is an important
element to take into account in the measurement of the water used for avocado

production, because water management is one of the main issues of the industry.

Data regarding rainfall details for each Mexican region was extracted from Cli-

mate Data and are displayed in Table 5.

Region | Average Yearly Rainfall (mm)
Michoacén 1576.4

Jalisco 801.2

Mexico 1 301

Nayarit 1 270.8

Morellos 2 206.8

Guerrero 1257

Table 5: Average Yearly Rainfall (mm) in Mexican regions extracted from Climate Data (n.d.a;
n.d.b; n.d.c; n.d.d; n.d.e; n.d.f)

As the data from Table 5 is expressed in mm, it has to be converted into litres

of water. Table 6 shows the average yearly rainfall expressed in litres.

Region | Average Yearly Rainfall (kL)
Michoacén 2 626 345 456
Jalisco 189 884 400
Mexico 136 605 000
Nayarit 90 226 800
Morellos 119 895 444
Guerrero 54 038 430

Table 6: Average Yearly Rainfall (kilolitres) in Mexican regions extracted from Climate Data
(n.d.a; n.d.b; n.d.c; n.d.d; n.d.e; n.d.f)
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4.3.3 Selling prices

In reality, prices may fluctuate over time due to various reasons (inflation, demand
increase, government regulations...). Here, they will be considered as fixed for the
next ten years. Furthermore, fluctuations in wages of all stakeholders throughout

the supply chain are not considered over the mentioned time period.

Although Mexico is exporting their avocados mainly towards the United States,
they also have a wide range of exportation to other countries in the world. They
also sell a significant amount of avocado in the local Mexican market. According to
Gonzales-Estudillos et al. (2017), the local sales prices averages 1367 USD per ton
of avocados and the sales price in the american market equals 1900 USD per ton.
Also, sales price in Europe are 2300 USD per ton, 2000 USD per ton in Asia and

1000 as industrial price.

Furthermore, the prices of avocados are different whether they are organically
or conventionally produced. From the price comparison of both these methods
provided by Hecteman (2019), it can be concluded that organic avocado are between
11-20% more expensive than conventionally-produced avocados. As an average, this
parameter is considered at 15.5%.

With this information in mind and knowing that about 90% of Mexican exports
are meant for the US market (Guzman, 2019), the following parameters can be set

as presented in Table 7.

Conventional Production System | Organic Production System

Local price (USD/ton) 1367 1578.5

Export price (USD/ton) 1775 2050.125

Table 7: Average local and export prices for avocados - adapted from Hecteman (2019) & Guzman
(2019)
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4.3.4 Demand Forecast & Market Shares

According to Rob Wedin of Calavo Growers, Inc. : ”Organics are very popular
and for avocados demand continues to exceed supply” (OPN Newsletter, 2020). For
simplification, in this model it is considered that the consumer is indifferent as to
whether avocados are organic or conventionally produced, because the overall de-
mand of avocados is higher than its supply. Although this aspect can be open for
discussion, the hypothesis elaborated here is that if the consumer wants an avocado,
they will buy it regardless of whether it is a conventional avocado or an organic

avocado.

In order to measure the impact of the industry until the year 2030, the avocado
demand for these years needs to be forecasted. From the production data provided
by Statista (2021a) and Ayala (2020), an average growth rate of avocado production
will be set at 4%. Therefore, another hypothesis will be that for the next 10 years
in the industry this growth rate remains the same, as the Covid-19 Pandemic did
not have a significant impact on the avocado demand. This average growth rate is

steady regardless of worldwide economic recessions and disruptions.

As Mexico is the worldwide leader avocado producer, it can be assumed that they
will remain in this position. As previously mentioned, Mexico’s market share was
of 34.3% of the world avocado production in 2017 (United Nations, 2019). In this
study, it is considered that Mexico’s market share remains steady over the years, as
it is very unlikely that a competitor outreaches them in the next years given their
production capacity. Furthermore, it is also considered that customers of Mexican
avocados are loyal and that there will not be any changes in import/export laws

and regulations.

Considering all these factors, the avocado demand can be forecasted for the fol-
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lowing ten years available in Table § and Table 9. The World demand stands for the

demand of avocados on a global market, and Mexico demand stands for the demand

for Mexican avocados which is calculated from the world demand.

2021

2022

2023

2024

2025

World demand (ton)

7 080 277.972

7 363 489.091

7 658 028.655

7 964 349.801

8 282 923.793

Mexico demand (ton)

2 428 535.344

2 525 676.758

2 626 703.829

2 731 771.982

2 841 042.861

Table 8: Forecasted demand of avocados in the world and for Mexico from 2020 to 2024 - adapted
from Statista (2021a) and Ayala (2020)

2026 2027 2028 2029 2030
World demand (ton) | 8 614 240.745 | 8 958 810.374 | 9 317 162.789 | 9 689 849.301 | 10 077 443.27
Mexico demand (ton) | 2 954 684.575 | 3 072 871.958 | 3 195 786.837 | 3 323 618.31 | 3 456 563.043

Table 9: Forecasted demand of avocados in the world and for Mexico from 2026 to 2030 - adapted
from Statista (2021a) and Ayala (2020)

The quantity used as the demand parameter in the optimization model is the
data from the row of Mexico demand from Tables § and 9. However, there is also
a difference between the local demand and the external demand that is meant for
export. As the selling prices are different for the two markets, it significantly impacts
the profit. So the two demands are separated. To know the exact market share for
the local market and the export market, a comparison is made between the exported
quantity, the quantity sold inside the country and the total produced quantity for
each previous year from Statista (2021a) and we calculate the market share. With
this method, we have an external market of 51% share and the local demand which
stands for 49% of the Mexican demand. The demands for each market are displayed
in Tables 10 and 11.

2021 2022 2023 2024 2025

Export demand (ton) | 1238553.026 | 1288095.147 | 1339618.953 | 1393203.711 | 1448931.859

Local demand (ton) | 1189982.319 | 1237581.612 | 1287084.876 | 1338568.271 | 1392111.002

Table 10: Forecasted local demand and export demand for mexican avocados from year 2021 to
2025 - adapted from Statista (2021a)

36



2026 2027 2028 2029 2030
Export demand (ton) | 1506889.133 | 1567164.699 | 1629851.287 | 1695045.338 | 1762847.152
Local demand (ton) | 1447795.442 | 1505707.26 | 1565935.55 | 1628572.972 | 1693715.891

Table 11: Forecasted local demand and export demand for mexican avocados from year 2026 to
2030 - adapted from Statista (2021a)

4.3.5 Costs

There are three main categories of costs in the avocado supply chain: the cultiva-
tion/production costs, the handling/processing costs and transport costs. In this
model, the transport costs between the different entities and countries are not taken
into account as they do not differ between a conventional farming system and an
organic farming system. However, to be more accurate, they should still be taken
into account while calculating the profits but here the main interest is in the profit
difference between the two production systems. Therefore, transport costs will be
ignored in order to reduce the number of variables present in the model, enabling

the software to find solutions faster and avoid heavier solving issues.

The cultivation cost in the conventional production system was extracted by
Gonzales-Estudillos et al. (2017) in their research paper as 5500 USD per hectare.
As most of our previous units are in tons, a conversion into USD per ton was pre-
ferred. Based on the numbers provided by Alberto Gémez-Tagle (Acuna, 2018) and
Lazzaris (2020), the cultivation cost for the conventional production system can be

calculated as 392.86 USD per ton.

Secondly, there’s the handling costs. To have these, the sum of packaging costs
and processing costs provided by the study of Gonzales-Estudillos et al. (2017) are
considered, which equal 73 USD per ton.

Now that the cultivation costs and the handling costs for the conventional pro-

duction system are set, there’s also a need to look for the cost of these for the organic
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production system. A hypothesis is set such that transportation costs will not be
any different whether organic or conventional avocados are produced. Furthermore,
the profit margin at each stakeholder of the supply chain will remain the same and
the only price difference can be found in handling costs and cultivation costs as the
methods differ. According to Hecteman (2019), prices of organic avocados can be
11-20% higher than conventional avocados. With this number in mind, and consid-
ering that the two production systems differ only in cultivation costs and handling
costs, these costs can be calculated per ton as proportionally higher than the ones

calculated for the conventional production system.

The above mentioned costs are displayed in Table 12:

Conventional Production System | Organic Production System
Cultivation costs (USD/ton) 392.857 697.321
Handling costs (USD/ton) 73 129.575

Table 12: Handling costs and cultivation costs for each production system, organic and conventional
- calculated based on data from Gonzales-Estudillos et al. (2017), Hecteman (2019), Alberto
Gémez-Tagle (Acunia, 2018) and Lazzaris (2020)

4.3.6 New area capacity

To take into account the deforestation dimension in the optimization model, we can
consider that the available capacity for cultivation can be increased in each region
at a certain cost. This cost includes the costs of deforestation and preparing the
new agricultural area. The amount of new areas which can be built depends on the

region, according to their size and available forests in the region.

The data regarding the available forest land in each region was collected by
Global Forest Watch (2021) and is displayed in Table 13. As these numbers are in
hectares, they were converted into a capacity in ton unit, based on the studies of Al-

berto Gémez-Tagle (Acuna, 2018) and Lazzaris (2020). They represent a maximum
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capacity extension for agricultural practises.

Available forest (ha)
Michoacén 2 330 000
Jalisco 2 410 000
Mexico 677 000
Nayarit 1 220 000
Morellos 106 000
Guerrero 3 000 000

Table 13: Maximum new area of forests available for extension into agriculture fields (ha) measured
by Global Forest Watch (2021a; 2021b; 2021¢c; 2021d; 2021e; 2021f)

Extending the agricultural area comes at a certain cost. This cost was calculated
and estimated based on research from Alberto Gémez-Tagle (Acuna, 2018) and
Bender (2013). From Bender’s calculations including trees, planting, stakes and
then converting from acres to hectare we obtain the cost of 37 916 USD per hectare.
This cost was also converted from hectares to tons.

4.3.7 List of all parameters

e R, : average rainfall per year on crops in region r [litre].

e CultConv;, : cultivation/production capacity in conventional system in year

i in region r [ton].

e CultOrg;, : cultivation/production capacity in organic system in year i in

region 7 [ton].
e T, :New area available for agriculture [ton].
e EConv : export price of conventionally-produced avocados [USD/ton)].
e EOrg : export price of organically-produced avocados [USD /ton].
e LConv : local price of conventionally-produced avocados [USD/ton].
e LOrg : local price of conventionally-produced avocados [USD /ton].

e D; : world demand of avocados in year i [ton].
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e KConv : cultivation cost per year of conventional avocado system [USD/hectare].
e KOrg : cultivation cost per year of organic avocado systems [USD/hectare].

e A : cost of building new hectare [USD/ton]

e PConv : handling cost in conventional system [USD/ton].

e POrg : handling cost in organic system [USD/ton]

4.4 Variables

There are three main variables that are considered and for which the solver has to

find values. These variables are the following:
e X;, : The produced/cultivated quantity in region r in year ¢ [ton].
e z;, : The new areas built in region r in year ¢ [ha].

e 0, : A binary variable equalling to one if an organic production system is used

in region r, 0 otherwise.

The water used and the C02 emitted are proportional to the produced quantity
of avocados and therefore they do not need to be put them as separate variables.

They will be calculated separately in the results section.

4.5 Objective Function

The objective function is the end goal that the optimization software will try to
optimize. In this case, we want to maximize the profits, so we need to write the
objective function as such, that the software finds the values of the variables which
maximize the profit. The objective function has been written as a profit, meaning
revenues minus the costs. There is a part of variable costs, which depend on the
quantity produced and a fixed cost which depends on the extension of harvested

areas. However, for simplification reasons, and as the capacity per hectare is fixed
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per ton, this fixed cost has also been converted into a variable cost, as in reality it

is possible to have a portion of a hectare available.
As the costs and revenues have been expressed in USD per ton, the profit will
highly depend on the produced quantities. However, there is also a cost related to

the extendable capacity, which depends on the hectares built.

The objective function is the following:

2 6
Z Z[xi7r>x<0r>|<(MEa:p*EOTg+MLoc*LOrg—KOrg—POrg)+$i7r>x<(1—or)*(MExp*EC’onv

+ MLoc * LConv - KConv - PConv)] - 322 3214 # 2,](1)

4.6 Constraints

In this subsection are displayed the constraints used in the model.

4.6.1 Demand Satisfaction Constraint

The first one is the Demand Satisfaction. We want to be able to cover the whole
demand for Mexico. The sum of produced quantity for all regions needs to be greater
or equal to the demand, for each year. In order words, all regions together have to

produce at minimum the demand in order to cover it.

Di S Z[xi,r] Vi (2)



4.6.2 Capacity Constraint

The second constraint used is the Capacity Constraint. The farmers cannot produce
more than the available capacity in each region for each year. With this constraint
and the help of the binary variable o, the software will also choose either an organic

or conventional production method.

ziy < CultConvi, * (1 — o0p) + CultOrg;, * oy + 21y Vi, 7 (3)

However, this constraint also implicitly suggests that switching today to an or-
ganic production system is cost-less, although in reality it implies significant costs.
This constraint also implies that when there is an extension of the agricultural area,
this extended capacity can only be used for that specific year, although in reality
if an agricultural area is extended in a year, it can also be used in the next years.
However, as it usually takes between 8 and 10 years for an avocado tree to be fully
grown and that the time horizon is limited to the next ten years, then the limit of

this constraint compensates with the time of tree maturity.

4.6.3 Deforestation Capacity Constraint

The last constraint we use in this model is the Deforestation Capacity. The agri-
cultural area can be enlarged by cutting down more forests from the available area.
Once forests have been cut down, it is not possible to build more than the maximum

area of available hectares of forests in each region during the whole time period.

2
Zzi,r S Tr vr (4)

The last constraints of Variable Values define the type of variables used and the

values they can reach.
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Tir Z 0 Vr (5)

Zir Z 0 Vr (6)

The variables x;, and z;, are real numbers.

Oir € {07 1} v 7;7 r (7>

It could be argued that an additional constraint could be added regarding the
maximum amount of water to be used or C02 to be emitted. However, the ton of
C02 emitted or the litres of water used are fixed here as an input parameter per ton
of avocado and therefore it would not be possible to write them as variables as well,

as they are proportional to the already existing production variable x;,.
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5 Results

To solve the optimization model, the software Aimms was used, where all the
data, indexes, parameters, variables, the objective function and the constraints were
added. The software then tests different values of the variables until it finds the val-
ues of variables which give the highest value of the objective function, or in other

words, the highest profit.

As illustrated in Figure 15, the Program Status states ”Optimal” which means
that an optimal solution exists and has been found. It took 85 iterations for the soft-
ware to find this solution in the "maximize” Direction, as the goal was to maximize
the profit/objective function. The best bound is the optimal solution which has
been found, meaning the maximum profit which can be made in this optimization
model is 30 243 964 950 USD. The GAP of 0% appears at 0% when the optimal
solution has been found. Otherwise if the solving time takes a while, the program
can be forced to stop, then the GAP shows the % which has not been iterated or ex-
plored by the software, which can be also seen as a percentage of error from the best
bound found so far. Here there is a solving time of 0.05 seconds, which is relatively
fast, meaning that the program was written as such that it was convenient for the
software to solve quickly. The number of variables in this model are also displayed
in Figure 15, which is 139 out of which 6 were integer due to the binary variable o,
that we are using. There are also 84 constraints in total. "OBJE” appearing under
Math. Program is the name of the objective function chosen by the user. For each
scenario that will be tested in this empirical study in the sensitiviy analysis, these

elements have been checked to make sure the results are accurate and good for use.

First of all, the software finds a total profit of 30 243 964 950 USD for the

10-year time period for all regions together in Mexico. More than 30 billion USD of
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A * AIMMS Academic License
File Edit View Data Run Settings Tools Window Help

@rREX NEBB weu- P

Bl Progress B X
g READY
E AIMMS : Avocados.ams
=l | ath.Program : OBJE
# Constraints . 84
# Variables 139 (6 integer)
# Nonzeros 463
Model Type : MIQP
Direction - maximize
SOLVER : CPLEX 20.1
Phase - MIQP
lterations : 85
Nodes 0 (Left: 0)

Best Bound - 3.024396495e+10 (Gap: 0.00%)
Best Solution - 3.024396495e+10

Solving Time : 0.05 sec (Peak Mem: 2.2 Mb)
Program Status : Optimal
Solver Status : Normal completion

Total Time :0.00 sec

Memory Used - 154.5 Mb

Memory Free . 2738.9 Mb

Figure 15: Solving details from Aimms Software - Scenario 1

profits are made throughout the ten year horizon. The profit per year is displayed
in Table 14.

The number of avocados produced, corresponding to the variable x; , are displayed
in Tables 15 and 16.

Table 17 displays the values of the variable z; ,, which are the new areas built up
to increase the agricultural capacity of avocados.

As for the values of o,, we can see that the software has found that producing or-

ganically in all regions was the most optimal solution. All values of o, are equal to 1.

Now that all values of the three variables x;,, z, and o, are found, the C02
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Year | Profit (USD)
2021 | 3 031 568 887
2022 | 3 031 568 887
2023 | 3 031 568 887
2024 | 3 031 568 887
2025 | 3 031 568 887
2026 | 3 031 568 887
2027 | 3 048 695 589
2028 | 3 170 643 413
2029 | 3 297 469 149
2030 | 3 429 367 916

Table 14: Results in tons of avocados produced in each region from year 2021 to 2025

2021 2022 2023 2024 2025
Michoacan | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16
Jalisco 332 748 332 748 332 748 332 748 332 748
Mexico 147 420 147 420 147 420 147 420 147 420
Nayarit 99 684 99 684 99 684 99 684 99 684
Morellos 76 279.32 76 279.32 76 279.32 76 279.32 76 279.32
Guerrero 60 357.96 60 357.96 60 357.96 60 357.96 60 357.96

Table 15: Results in tons of avocados produced in each region from year 2021 to 2025

emissions and the water used can be calculated. According to Ayala (2020) and
Lazzaris (2020), in order to produce a ton of avocados 233 194.44 litres of water are
needed and there’s an emission of 2.8 tons of C02. With these values in mind, and
the production given by the software, both of these can be calculated. However, as
the software has chosen an organic production and not a conventional one, there’s a
need to calculate how much water is consumed and how many C02 emissions there
are in an organic production system. According to Euronews Living (2021), organic
avocado production ”can save up to 40 per cent more water compared to traditional
growing methods”. Based on the amount of C02 emissions avoided provided by the
article, we can calculate how many tons of C02 are emitted and how many litres of
water are needed for an organic production system. These parameters are displayed
in Table 18.

Now that these parameters and the production variable are fixed, the amount of
water spent and C02 emitted can be calculated. These calculations are displayed in

Tables 19, 20, 21 and 22. Tables 19 and 20 show the amount of water needed in
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2026 2027 2028 2029 2030
Michoacan | 2 339 120.16 | 2 356 382.678 | 2 479 297.557 | 2 339 120.16 | 2 740 073.763
Jalisco 332 748 332 748 332 748 494 756.87 332 748
Mexico 147 420 147 420 147 420 147 420 147 420
Nayarit 99 684 99 684 99 684 99 684 99 684
Morellos 76 279.32 76 279.32 76 279.32 182 279.32 76 279.32
Guerrero 60 357.96 60 357.96 60 357.96 60 357.96 60 357.96

Table 16: Results in tons of avocados produced in each region from year 2026 to 2030

2027 2028 2029 2030
Michoacéan | 1 233.037 | 10 012.67121 28639.54307
Jalisco 11 572.06214
Morellos 7 571.428571

addition to the rainfall. Indeed, in Mexico in general and these specific regions, it
does not rain during every month of the year but during the rainy seasons. Therefore,
these months were taken into account, and during the dry season it is necessary to

bring additional water in order to irrigate the crops. These calculations are already

Table 17: New areas built in hectares per year in each region

included in Tables 19 and 20.
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Conventional System

Organic System

C02 emmission per ton of avocado [ton]

2.8

2.71

Water needed per ton of avocado [L]

233 194.44

139 916.664

Table 18: Parameters estimating environmental aspects of avocado production - calculated from
Ayala (2020), Lazzaris (2020) and Euronews Living (2021)

2021 2022 2023 2024 2025
Michoacén | 245 461 417.111 | 245 461 417.111 | 245 461 417.111 | 245 461 417.111 | 245 461 417.111
Jalisco | 34 017 742.584 | 34 017 742.584 | 34 917 742584 | 34 017 742.584 | 34 917 742,584
Mexico | 15 469 885.955 | 15 469 885.955 | 15 469 885.955 | 15 469 885.955 | 15 469 885.955
Nayarit | 10 460 589.550 | 10 460 589.550 | 10 460 589.550 | 10 460 589.550 | 10 460 589.550
Morellos | 8 004 560.989 | 8004 560.980 | 8004 560.989 | 8 004 560.989 | 8 004 560.989
Guerrero | 6333 813.306 | 6333 813.306 | 6333 813.306 | 6333 813.306 | 6 333 813.306
[ Total | 314314 106.192 | 314 314 196.192 | 314 314 106.192 | 314 314 196.192 | 314 314 196.192 |

Table 19: Additional water needed on top of rainfall (kL) in order to produce avocados for each
region from year 2021 to 2025.

6 Sensitivity Analysis

6.1 Conventional Production System without Soil Degradation

A sensitivity analysis will be conducted on the model by changing the capacity con-
straint. This time, it will be considered that there is no soil degradation in the
conventional production system and test if the results differ significantly. In the
parameters, the data from Table 2 is used as the capacity for both the organic and

conventional production systems.

In this case, the software finds the objective function as 30 467 285 880 USD
throughout the 10 year period, which is about 240 million USD higher than in the

previous case.

When we look more closely at the production variable x;, displayed in Tables 23
and 2/, we can see that they are the same as in the previous case, with a few slight
differences. However, the variable o, is different: here it is more optimal to produce

in a conventional system except in Michoacan where an organic production system
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2026 2027 2028 2029 2030
Michoacan | 245 461 417.111 | 247 272 902.559 | 260 171 282.429 | 245 461 417.111 | 287 536 485.024
Jalisco 34 917 742.584 | 34 917 742.584 | 34 917 742.584 | 51 918 548.056 | 34 917 742.584
Mexico 15 469 885.955 | 15 469 885.955 | 15 469 885.955 | 15 469 885.955 | 15 469 885.955
Nayarit 10 460 589.550 | 10 460 589.550 | 10 460 589.550 | 10 460 589.550 | 10 460 589.550
Morellos 8 004 560.989 8 004 560.989 8 004 560.989 19 127 935.777 8 004 560.989
Guerrero 6 333 813.306 6 333 813.306 6 333 813.306 6 333 813.306 6 333 813.306
’ Total \ 314 314 196.192 | 316 125 681.640 \ 329 024 061.509 | 342 438 376.451 \ 356 389 264.104

Table 20: Additional water needed on top of rainfall (kL) in order to produce avocados for each
region from year 2026 to 2030.

2021 2022 2023 2024 2025
Michoacén | 6 339 015.63 | 6 339 015.63 | 6 339 015.63 | 6 339 015.63 | 6 339 015.63
Jalisco [ 901 747.08 | 901 747.08 | 901 747.08 [ 901 747.08 | 901 747.08
Mexico | 399 508.20 [ 399 508.20 | 399 508.20 | 399 508.20 | 399 508.20
Nayarit | 270 143.64 | 270 143.64 | 270 143.64 | 270 143.64 [ 270 143.64
Morellos | 206716.96 | 206716.96 | 206716.96 | 206716.96 | 206716.96
Guerrero | 163570.07 | 163570.07 | 163570.07 | 163570.07 | 163570.07
[ Total [ 8280 701.58 [ 8280 701.58 | 8 280 701.58 | 8 280 701.58 | 8 280 701.58 |

Table 21: C02 emissions (ton) due to avocado production in each region from year 2021 to 2025.

is preferred. Therefore, the difference in profit is mainly explained by the fact that a

conventional system implies fewer overall costs than an organic conventional system.

When taking a look at the variable z;, in Table 25, it can be seen that the total
deforested area is also of 59 028.742 hectares, which is the same as in the previous
case. However, deforested areas here are focused in Jalisco, Nayarit and Morellos,
instead of Michoacén, Jalisco and Morellos in the previous case. The fact that the
same area in number of hectares is deforested shows that in order to keep satisfying
the growing demand, at some point (from 2027 onward) to gain more profit there

will be more deforestation to make space for avocado agricultural areas.

As for the C02 emitted and the water used, since the quantity produced is over-
all the same but that the conventional system consumes more water resources and
emits more C02, the overall avocado production ends up being more harmful for

the environment. Indeed, only the region of Michoacan uses an organic production
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2025 2026 2027 2028 2029

Michoacan | 6 339 015.63 | 6 385 797.06 | 6 718 896.38 | 6 339 015.63 | 7 425 599.90
Jalisco 901 747.08 901 747.08 901 747.08 | 1340 791.12 | 901 747.08
Mexico 399 508.20 399 508.20 399 508.20 399 508.20 399 508.20
Nayarit 270 143.64 270 143.64 270 143.64 270 143.64 270 143.64
Morellos 206 716.96 206 716.96 206 716.96 493 976.96 206 716.96
Guerrero 163 570.07 163 570.07 163 570.07 163 570.07 163 570.07

’ Total \ 8 280 701.58 \ 8 327 483.01 | 8 660 582.33 | 9 007 005.62 | 9 367 285.85

Table 22: C02 emissions (ton) due to avocado production in each region from year 2026 to 2030.

2021 2022 2023 2024 2025
Michoacén | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16
Jalisco 332 748 332 748 332 748 332 748 332 748
Mexico 147 420 147 420 147 420 147 420 147 420
Nayarit 99 684 99 684 99 684 99 684 99 684
Morellos | 76 279.32 | 76279.32 | 7627932 | 76279.32 | 76 279.32
Guerrero | 60357.96 | 60357.96 | 60357.96 | 60357.96 | 60 357.96
[ Total | 3055 609.44 [ 3 055 609.44 | 3 055 609.44 | 3 055 609.44 | 3 055 609.44 |

Table 23: Amount of avocados produced in tons without soil degradation for each region from year
2021 to 2025.

system, so their water usage and C02 emitted remain the same as in the previous
case. However all the other regions use 40% more water and emit more C02. As a
total, over the ten years in this scenario 85 765 782.86 tons of C02 are emitted

and an equivalent of 2 054 537.8 Olympic Pools of water are used.

From this sensitivity analysis the conclusion can be drawn that a potential incen-
tive for farmers to grow organically-produced avocados instead of using conventional
methods is the fact that soil and agricultural areas will have their farming capac-
ity decreased throughout the years if they do not preserve it. However, in reality
not all agricultural land is exactly the same, although similar because they are in
the same country and share a similar climate, it cannot be guaranteed that the 8%
degradation brought forward by Atucha et al.’s research (2013) will be accurate in

all circumstances.

50



2026 2027 2028 2029 2030
Michoacan | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16
Jalisco 332 748 332 748 472 925.397 332 748 332 748
Mexico 147 420 147 420 147 420 147 420 147 420
Nayarit 99 684 99 684 99 684 278 955.388 500 637.603
Morellos 76 279.32 93 541.838 76 279.32 165 016.802 76 279.32
Guerrero 60357.96 60357.96 60357.96 60357.96 60357.96

’ Total 3 055 609.44 | 3 072 871.958 | 3 195 786.837 | 3 323 618.31 | 3 456 563.043

Table 24: Amount of avocados produced in tons without soil degradation for each region from year
2026 to 2030.

2027 2028 2029 2030
Jalisco 10 012.671
Nayarit 12 805.099 | 28 639.543
Morellos | 1 233.037 6 338.391571

Table 25: Deforested areas (ha) in each region and year in the case without soil erosion

6.2 Tax on C02 emissions and the water used

In this subsection, an attempt will be made to see if adding a cost to every ton of
C02 emitted and to every litre of water would have an impact on the choice of farm-
ers to opt for an organic production. Although the basic cost of water is indirectly
included in the cultivation and handling costs, here an additional cost is added as an
incentive to try to save as much water as possible. We can imagine in this scenario
that the government has an environmental program and decides to put a tax on
every ton of C02 emitted by the industry as well as for all additional water that is
used to irrigate the crops. We should keep in mind that this fictional scenario would
be challenging to apply in reality, as the optimization model we're studying here is
based on a strategic level and not on a farmer, company or any other stakeholder
-level. So in this scenario the tax is applied to the model as a whole and not on an

individual regional or stakeholder level.

To do so, we keep the capacity of the conventional production system the same as
the organic production level, meaning without soil degradation. Six new parameters

are added in the model, which are the following:
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e COConv : emitted C02 per ton of avocado cultivated in the conventional

production system [ton].

e COOrg : emitted CO2 per ton of avocado cultivated in the organic production

system [ton].

e WConv : water used per ton of avocado cultivated in the conventional pro-

duction system [litre].

e WOrg : water used per ton of avocado cultivated in the organic production

system [litre].
e PWater : The price per litre of water used [USD].

e PCO : The price per ton of C02 emitted [USD].

The data from Table 18 is used for the parameters COConv, COOrqg, WConv
and PWater. Now a price to pay for every ton of C02 emitted and for every litre
of water used needs to be estimated. To do so, the calculation of water prices is
based on Burton & Rhoda’s (2010) book Geo-Mexico; the geography and dynamics
of modern Mexico. The authors give detailed information on water consumption
in Mexico, from which can be calculated the following cost per litre: 0.002 USD
per litre. Then, the Environmental Defense Fund (2021) estimates through their
research on carbon pollution that a ton of emitted carbon has a cost of 50 USD.
Now that these data and parameters are estimated and fixed, the outcomes in the

software can be tested.

6.2.1 Applying tax to both C02 emissions and water usage

In order to apply a cost to the C02 emissions and to the water usage we need to
apply changes to the objective function of our model. Therefore, the new objective
function displayed through Equation (8) still aims to maximize profits but contains

different costs.
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+ xi; ¥ (1-0,) * (MExp * EConv + MLoc * LConv - KConv - PConv -
PCO * COConv - PWater * WConv)] - ZZQ S0 A%z,] (8)

The elements that are added in this objective function are the price of water for
each litre of water consumed and the price for each C02 emitted either when using
an organic production system or as a parameter slightly more than when using a

conventional production system.

When putting these new elements in the objective function, as expected, the
profits are much lower than without these costs. The total profit equals to 15 940
671 680 USD over the ten year period, so around half of the profit in the previous
scenarios. Furthermore, it is more optimal in this scenario to produce organically
in all Mexican regions as the variable o, is equal to 1 for all values of . As for the
variable of deforestation z; , the total deforested area is still of 59 028.742 hectares,
and focused in Nayarit and Morellos. Table 26 provides more details as to which
agricultural areas are built which year. The produced quantities displayed by the
variable x;, are again almost identical to the previous two cases and the additional
capacity needed for extension of agricultural areas depends on the parameter Dj,

the demand of avocados.

2027 2028 2029 2030
Nayarit | 1 233.037 | 2 441.242 | 19 143.490 | 28 639.54307
Morellos 7 571.428

Table 26: Deforested areas (ha) in each region and year in scenario without soil erosion and tax
to C02 and water
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As all avocados are produced organically, then 85 046 566.3 tons of C02 are
emitted throughout the ten year period, as well as 1 756 373.703 Olympic Pools

of water are used to irrigate the crops.

From these results, it can be seen that adding an environmental tax to C02
emissions and water usage does have an impact on the cultivation method, which
is an incentive to switch towards more sustainable methods. However, the profits
throughout the whole supply chain are cut in half and would most probably affect

in an unequal way the different stakeholders present in the industry.

6.2.2 Applying a tax only to either C02 emissions or water usage

In this scenario the tax will only be applied to the usage of C02 or the use of water.
Let’s start with applying a 50 USD tax for which ton of C02 emitted. So, in this

case the objective function is changed accordingly to Equation 9:

2 6
Z Z[Ii’r x oy (M Expx EOrg+ M Locx LOrg— KOrg— POrg— PCO xCOOryg)

(2 T

+ xiy * (1 -0) * (MExp * EConv + MLoc * LConv - KConv - PConv -
PCO*COConv]

DIPIUEITN (9)

When implementing this new objective function into the software, we get a max-
imum profit of 25 862 045 960 USD over the ten year time period. This amount
is, logically, lower than the profit generated in the first two tested scenarios, but
much higher than the previous one with two different taxes. It is interesting to note

that for the variable o,, the most optimal outcome is to produce organically only in
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Michoacan and to have a conventional production system in all other regions. The
production variables, as it follows the demand trend, remains very similar to all pre-
vious scenarios and is displayed in Tables 28 and 29. The C02 emissions and water
usage are equivalent as in the scenario from section 6.1.The deforestation variable
ziy as a total equals 59 028.742 hectares as in other scenarios, but the deforested

areas now include Mexico, Nayarit and Morellos and are displayed in Table 27.

2027 2028 2029 2030
Mexico 574.109 | 19 143.49 | 28 639.543
Nayarit 3 100.170
Morellos | 1233.037 | 6 338.391

Table 27: Deforested areas (ha) in each region and year in scenario without soil erosion and tax
to C02

2021 2022 2023 2024 2025
Michoacan | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16
Jalisco 332 748 332 748 332 748 332 748 332 748
Mexico 147 420 147 420 147420 147420 147420
Nayarit 99 684 99 684 99 684 99 684 99 684
Morellos 76 279.32 76 279.32 76 279.32 76 279.32 76 279.32
Guerrero 60 357.96 60 357.96 60 357.96 60 357.96 60 357.96

Table 28: Produced quantity of avocados (ton) in scenario without soil erosion and tax to C02
from year 2021 to 2025.

2026 2027 2028 2029 2030
Michoacan | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16 | 2 339 120.16
Jalisco 332 748 332 748 332 748 332 748 332 748
Mexico 147 420 147 420 155 457.527 | 415 428.87 548 373.603
Nayarit 99 684 99 684 143 086.388 99 684 99 684
Morellos 76 279.32 93 541.838 165 016.802 76 279.32 76 279.32
Guerrero 60 357.96 60 357.96 60 357.96 60 357.96 60 357.96

Table 29: Produced quantity of avocados (ton) in scenario without soil erosion and tax to C02
from year 2026 to 2030.

Then, instead of applying a cost to the emission of C02 we can apply a cost to
only the excess water used. To do so, we change the objective function to Equation

10:
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In this scenario with a tax on water, the total profit over the ten year period is
of 20 607 035 070 USD, so around 10 billion USD lower than in the first and
most profitable scenario and 5 billion USD lower than the scenario with a tax only
on C02. The software also suggests that the most optimal outcome for the variable
oy is to produce organically in all regions. Therefore, the amount of C02 emitted
and water used is equivalent to the scenario as if the tax was applied to both C02
and water. The total deforested area represented by the variable z;, is of 59 028.742
hectares as in all other scenarios and focused in the regions of Nayarit and Morellos,
as displayed in Table 30. As expected, the cultivation variable x;, is the same as in
other scenarios as it follows the trend of the demand and differs only the years and

places where there has been deforestation.

2026 2027 2028 2029 2030
Nayarit | 1233.037 | 2 441.242 | 19 143.490 | 28 639.54307
Morellos 7 571.428

Table 30: Deforested areas (ha) in each region and year in scenario without soil erosion and tax
on water

6.3 Removing the Demand Satisfaction Constraint

6.3.1 Without soil degradation

In this scenario, the Demand Satisfaction constraint from equation2 will be removed

to see how the results will differ from other scenarios. The tax on C02 and water
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have been removed, as well as the soil degradation in the conventional system. The
objective function remains the same as in the first scenario but the constraint De-

mand Satisfaction is removed from the model.

Results show that the profit generated throughout the ten years is 37 272 633
480 USD, so around 7 billion USD more than in the first scenario and 22 billion
USD more than in the scenario with taxes on C02 and water. The production system
chosen was the conventional one for all regions. 85 557 064.32 tons of CO02 are
emitted and an equivalent of 2 850 204.529 Olympic Pools of water are used
throughout the ten year period. It is interesting to note that the variable z;, equals
to zero for all regions and all years, meaning that no forest has been deforested at
all to create agricultural areas. When taking a closer look at the x;, variable, it can
be noticed that the produced quantity in each region equals exactly the capacity

from Table 2 for each region for every year throughout the ten year time period.

6.3.2 With soil degradation

Another scenario which can be tested is to see how the outcome would be with soil
degradation for the conventional system, but still without applying any taxes. The

parameter CultConv is modified with the data from Tables 3 and 4.

The best bound is found at a profit of 33 343 776 550 USD throughout the
ten year time period, which is about 3 billion USD higher than in the first scenario
and 4 billion USD lower than the previous scenario without soil degradation. The
production system chosen as optimal by the software is organic for all Mexican
regions. The total amount throughout the ten year period of C02 emitted is 82
807 015.82 tons and the amount of water used is equivalent to 1 710 122.717
Olympic Pools of water. Similarly as in the previous scenario, the produced

quantity represented by the variable x;, equals exactly the production capacity from
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Table 2 for each region and for each year. Also, the production variable z;, equals
to zero for all regions each year, meaning that there is no deforestation at all in this

scenario.
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7 Discussion & Limits

In this section there will be a discussion on the results obtained in the empirical
study, their implications on the industry as a whole and confront them to the theo-

retical findings.

7.1 Profits

The profits calculated with the objective function in all different scenarios (except
for the tax scenarios) are very close to the profits that have been made by Mexico
in the last years. Indeed, the profit over the last ten years is of approximately 16.7
billion USD (Tridge, 2021a). As the transportation costs have not been included in
the optimization model in this study and should be included, the results found look
realistic. In reality, the calculated profit might fluctuate or be slightly different due

to price inflation, demand fluctuation and other external factors.

It can expected that the profit from the taxed scenarios are much lower than the
profit generated in all other scenarios. Furthermore, in reality there is no carbon
or water usage tax, so it is logical that this profit would be lower than the real
profit generated the past years. If such a policy would really be implemented by
the local government, it would impact the profit of the industry by half, meaning
around 15 billion USD. This amount could bring economical dissatisfaction across
all stakeholders taking part in the different steps of the supply chain, as it would
create unequal taxation. Some activities require a higher usage of water (e.g. the
cultivation process consumes more water than distribution activities) or have higher
C02 emissions. Furthermore, as already previously mentioned, in the avocado indus-
try the stakeholders involved are different at each step of the supply chain, as they
are not owned by one single company. This implies that each stakeholder would,

in practise, try to optimize the profit in their core activity which contributes to the
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supply chain, rather than collaborate on the optimization of the supply chain as a

whole.

7.2 Production methods

Intuitively, we might think that opting for an organic production system would be
the best outcome in any scenario. However, as the focus illustrated by the objective
function in the model focuses on maximizing the profit, it turns out that in some
cases it is more optimal to use a conventional production system. However, this does
not imply that from a sustainable point of view it is the best solution. Environmen-
tally speaking, we can argue that producing organically is a good solution, as the
water management is more efficient and there are less C02 emissions. Economically
speaking, producing organically can be very expensive and unless there are other
external factors coming into the equation, it’s far from being the most profitable
solution. In addition, it should be noted that in the model, it is possible for the
farmers to choose either between producing organically or in a traditional way and
does not give them the option to switch from one system to the other, as well as
it doesn’t include the costs generated from switching the production system. In
reality, implementing an organic production system can have a significant impact
on the costs, which can also discourage its use if other incentives are not powerful

enough.

From the conducted empirical study, one of the findings was that soil degradation
and reduced agricultural capacity of conventional systems is an incentive for switch-
ing towards an organic avocado production. It is more profitable for the farmers to
keep their production capacity instead of having to invest into increasing the capac-
ity by deforesting. However, as already mentioned previously, the soil degradation
was estimated at 8% by Atucha et al.’s research (2013). In this model, the soil

degradation was fixed at 8% per year. However, this degradation can be higher, up
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to 25% or lower if it spreads out over a different time period than the one fixed in this
model. Therefore, if the soil degradation is too low in the conventional production
system, then this incentive for switching towards the organic production system is
not powerful enough. Furthermore, another advantage of having an organic agri-
cultural field is to preserve the agricultural areas as such that in the future, the

possibility of producing other crops for other fruits or vegetables exists.

In the tax scenario from section 7.2, when applying a tax per ton of emission and
per litre of water used, it is more optimal to produce organically as the farmers have
costs related to environmental aspects. When the tax is applied only to the C02
emissions, the profit is about 5 billion USD lower, but it remains more profitable
to still produce with traditional methods in all regions except for Michoacan. So
applying a tax on C02 emissions doesn’t look like enough of an incentive for most of
the regions to produce with organic cultivation systems. Although Michoacan is the
biggest producing region in the country contributing by 94% to the national produc-
tion (Info rural, 2020), the impact on the whole industry in the country is very high.
Due to economies of scale, on such a large production volume it is more profitable
for the Michoacan region to switch to an organic production system. When the tax
is applied to water consumption, the profit is 15 billion lower and all regions produce
organically. However, applying a tax on water usage is very questionable in reality.
It would imply that farmers would have to pay twice for the water they use and the
impact from an economical point of view would be catastrophic and unequal, as the
farmers use more water than other stakeholders from the supply chain. In reality,
applying a tax on C02 is also quite questionable. In the model, the applied tax im-
pacts only the farmers, but in reality it could have an effect on avocado prices, for
stakeholders to keep their initial profit, instead of being an incentive for switching
to more sustainable production methods. So applying a tax to water consumption

and C02 emissions, apart from being a political decision, would in reality, probably

61



not have such a powerful impact as it does in the model. Furthermore, this solution

is not favourable from an economical point of view.

When the demand constraint was removed, meaning when farmers were not ob-
ligated to satisfy the whole market demand, then the most profitable solution was
to produce in traditional methods. However, their profit was much higher, reaching
more than 37 billion USD. On top of this, when there was also soil degradation
applied in the conventional production system, then the most optimal outcome was
to produce organically in all regions and reaching a total profit of more than 33
billion. Out of all the different scenarios tested in the empirical study, this seem like
the best scenario from a sustainable point of view. Economically speaking, the prof-
its generated throughout the ten year period are within the highest. Furthermore,
the quantity produced equals exactly the production capacity and is lower than the
produced quantity in other scenarios. The water used and C02 emitted and thus
lower, for two reasons: first, because the produced quantity is lower and secondly,
because an organic production system is used. Finally, there is no deforestation at
all which is also a good element sustainably speaking. This explains why from a

sustainable point of view, this is the best outcome out of the tested scenarios.

7.3 CO02 emissions

It is also important to note that the emitted C02 calculated by the software is lower
than in reality: as transportation emissions were only indirectly considered, we can
expect them to be much higher in reality. Furthermore, the C02 emitted from de-

forestation was not taken into account and also has to be considered.

Wildfires emit between 5 and 30 tons of carbon per hectare (Johns, 2020), which
can be averaged at 17.5 tons of C02 per hectare when forests are burnt down for

agricultural purposes. As the amount of hectares that were deforested in the model

62



equal 59 028.742 hectares in all scenarios except the ones from section 7.3, this
means that an additional 1 033 002.985 tons of C02 are emitted throughout the 10
year period in addition to the ones responsible for avocado production. In the con-
ventional production system, which emits 88 178 679.78 tons of C02, this amount
represents 1.17% and 1.21% in the organic production system emitting 85 344 365.07
tons of C02 throughout the 10 year period.

In section 7.3, as there is no deforestation, the only difference of emission remains
between whether a conventional or organic production system is used. As already
mentioned previously, the outcome from this section is the most sustainable out of

all tested scenarios, also in terms of C02 emissions.

7.4 Water usage

As already mentioned in the parameters, the water used in organic systems is of
about 40% less than the water used in conventional systems, due to more efficient
water management and irrigation systems. This part has not been modeled initially
in the objective function or the constraints, as the water used is proportional to the
produced quantity. Therefore, the software does not try to limit the water usage
as it tries primarily to maximize the profits. This results in a high water usage
if conventional systems are used which cannot be entirely covered by the seasonal
rainfall. When a tax was added to the use of water, it forces the software/the
farmers to opt for an organic production system. Other incentives for using an

organic production have been covered in section 8.2 which benefit also water usage.

7.5 Deforestation

As tested in the optimization model, results show that in terms of profit, defor-
estation seems to be an optimal solution most of the time. Results also show that

the current production capacities are enough to satisfy the demand until the year
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2026 included. As deforestation always begins from year 2027 onward, it can be
concluded that the demand will exceed the capacities by year 2027. However, this
might be reached much sooner in reality for two reasons. The first reason is that
the waste has not been taken into account as not all produced/grown avocados can
be sold. This is explained by the testing for pests and diseases, bruising through
transportation, as well as accidental and post-harvest waste. The second reason
is that it takes several, if not a dozen years, to be able to use the cut forests as
agricultural land because it takes time, money and workforce to cut down the trees,
prepare the land and the irrigation systems, as well as waiting for the avocado trees
to be fully grown. Therefore, in anticipation to this, farmers might be tempted to

extend their agricultural areas much sooner than needed.

Overall, the deforestation seems to follow the trend of the demand: if the demand
is high, then the deforested area will be as such as to satisfy the uncovered part of

the demand.

It is interesting to note that results from the software show that when the de-
mand does not need to be fully satisfied, then the most optimal outcome is to use
the available land area and to not extend them. As it is costly to extend agricul-
tural areas, it ends up being more optimal to make profit by selling avocados from
the already existing areas and not from the newly built areas. This can also imply
that if the demand cannot be fully met, that prices will increase, in result generate
a higher overall profit, until it reaches a balance on the market. However, if not
strategically planned, intuitively farmers and stakeholders might go for the option

of selling more tons of avocados as the demand increases.

Another scenario which could have been considered is to add fines or request

specific requirements on deforestation in order to prevent it. However, as these have
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mostly been done illegally in the past, the realistic efficiency of such a policy is

ambiguous to estimate.

7.6 Implications on the industry

As already mentioned in this section, the most sustainable scenario out of the ones
tested is the one in section 6.3.2. In this scenario, an organic production system is
used in all Mexican regions, which is beneficial for the environment in terms of C02
emissions and water usage. The profit throughout the ten year period is the second

highest approximating 33 billion USD and there is no deforestation.

Can we consider this scenario as realistic?

Apart from the already-mentioned limits, there is a risk of making the market un-
balanced, where the demand would by far exceed the supply. Furthermore, this gives
more space for Mexico’s competitors to take over the uncovered demand. Although
Mexico is currently still the leader in the market, other rising avocado-producing
countries like Peru and the Dominican Republic are slowly growing their market
share. Furthermore, some of these countries, especially Peru, are already actively
working on sustainable cultivation solutions and organic agriculture practises. If the
demand for organic and sustainable avocados keeps rising, they could be a powerful
competitor for Mexico’s avocados. The competition aspect could also be an incen-
tive for Mexico to consider switching to different production methods, which was

not illustrated in the optimization model.

Some scenarios tested the impact of specific taxes on the industry, but it has to
be noted that consumers can have a significant impact on the production methods
as well. In this model, we did not differentiate the demands of organic avocados and

the demand for conventional avocados, but in reality there is a different demand for
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both. If the demand for organic and ethically-produced avocados were to increase,
then more farmers would be pushed to produce organically as it would get harder to
sell conventional avocados. Consumers preferences have been omitted in the opti-
mization model but as environmental concerns are rising in the past years, it should
not come as a surprise that a demand for more sustainable products keeps rising as

well, if not more than conventional products in the near future.

The social implications which have been excluded from the optimization model
as they are hardly quantifiable, still have to be taken into account to have a sustain-
able approach. Many producers which are ethical and respecting of human rights
can be encouraged or given incentives to continue to produce this way. Consumers
can also state their preferences and opt for sustainably-produced avocados. How-
ever, as already briefly mentioned, boycotting avocados altogether or in other words,
decreasing the demand, is not a solution as it would impact economically all stake-
holders of the avocado supply chains. Instead, consumers could bring an impact
by opting for organically and ethically produced avocados in order to put pressure
on farmers. Importing countries can also have an impact by putting policies with
specific requirements as to the kind of avocados are imported from which production
methods. Some current regulations are already in place, especially in the European
Market, but are more focused on sanitary restrictions rather than sustainable re-

strictions.

Can we consider the scenario from section 6.3.2 as the best solution for a more

sustainable avocado industry?

Although this scenario is the most convenient from all the ones tested, there
is still room for improvement. For example, an important aspect which has not

been taken into account in the optimization model is the waste. Indeed, as already
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mentioned, avocado post-harvest waste is of about 25% in developed countries and
of 20-50% in developping countries (FAO, 2004), thus impacts the industry both
economically and environmentally. If waste would be added in the model as 50% of
avocados produced, it would be as if the capacity would have been cut by half, thus
producing twice as much avocados but selling only as much as the demand requires.
Therefore, the profits would be much lower and deforestation for agricultural areas
would happen much sooner than 2027. Another aspect which couldn’t be taken into
account is the local government’s implication as to the formed cartels and criminal
activity regarding the cultivation of avocados, which is hardly quantifiable in the

optimization model but still represents an issue in reality.
We should also bear in mind that most of the parameters regarding the organic

production system have been estimated or calculated from various sources. The

data regarding this aspect remains quite limited, if not unavailable.
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8 Conclusion

The different simulations conducted with the software Aimms have shown interest-
ing results. To begin with, producing organically has not been the most optimal
solution in all tested scenarios. Nevertheless, when incentives were powerful enough,
farmers would switch to an organic production system, which has proven to be the
best outcome from an environmental point of view. The most sustainable solution
within the tested ones was when there was soil degradation in the conventional pro-
duction system, which would push farmers to use an organic production system,
and when the market demand did not have as an obligation to be fully satisfied.
It is the scenario which has displayed the best results for environmental matters
because the C02 emissions and the water usage were the lowest and there was no
further deforestation. It was also the second best scenario from an economical point
of view. An essential element which has been omitted is the post-harvest waste. As
for the social dimension, including human rights and criminal activity, this aspect is
hard to quantify so the impact of governmental implications on these issues remains

ambiguous.

Although the above-mentioned scenario brings a breath of hope to the existence
of incentives for a more sustainable production in the avocado industry, an element
which has not been studied is whether the current capacities, even if organic, can
hold in the long term and won’t keep deteriorating the environment and agricultural
lands. A suggestion for further research could be to look for ways to reduce the C02
emissions and waste, as well as optimize the water usage. Another suggestion could
be to try to include the generated waste in the model and the consumer preferences

in the market.
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