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Abstract

Objective: to analyze the factors that affect the crisis in food production in Mexico in the last 41
years and the demographic growth which puts pressure on food production, as well as its demand
both nationally and in the Mexican entity. The issue of national supply, the characteristics of
the production of the rural districts of the Mexican entity, as well as the poverty and nutritional
deficiency of the State of Mexico in recent years are also briefly presented. Based on secondary
sources, the food imbalance has been verified, as well as the population growth of the country
and therefore that of the entity, which has been accompanied by agricultural economic crises,
climate change and even the pandemic or insecurity that lead to the lack of food.

Keywords: Food imbalance, population, agricultural crisis, regression, correlation, rates, prices.
Resumen

Objetivo: analizar los factores que inciden en la crisis de la produccion de alimentos de México
en los ultimos 41 afios y el crecimiento demografico, el cual ejerce una presion sobre la produc-
cion de alimentos, asi como de su demanda tanto nacional y en la entidad mexiquense. También
se expone brevemente el tema del abastecimiento nacional, las caracteristicas de la produccion
de los distritos rurales de la entidad mexiquense, asi como de la pobreza y carencia alimenticia
del Estado de México en los afios recientes. Con base en fuentes secundarias se ha comprobado
el desequilibrio alimentario, asi como el crecimiento poblacional del pais y por ende el de la
entidad, la seguridad que conducen a la carencia de alimentos.

Palabras clave: Desequilibrio alimentario, poblacion, crisis agricola, regresion, correlacion, ta-
sas, precios.
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INTRODUCTION

The population, without restriction, increases geometrically. Subsistence only increa-
ses in arithmetic proportion. Robert Malthus, 1798.

he study is located in the initial period of the neoliberal model,
which precisely begins in the 1980s, which is recognized as the
lost decade and “concludes” in 2021, which, for some, is the
beginning of another lost decade to the Covid-19 Pandemia. In this period
there is a large number of macrosocial events that involve both the popu-
lation of the world and that of our country in regard to food production.
Today, for example, one of the main objectives in the world towards
an immediate future will be to produce more than five billion tons of food
until 2050, but is affected by the water crisis, climate change, less land than
sow and the vulnerability of biodiversity due to population growth. There-
fore, this objective seems complicated. By 2050 the planet will demand 60
percent more food due to the current demographic pressure of eight billion
inhabitants and projected, for that same decade, in 9.7 billion inhabitants
that in turn will be 12.2 billion for 2100 (UN, 2019). Where it will be
sought, through the intensive use of the means of agricultural production,
increase the amount of resources obtained in the same land space.
This topic has been one of the objectives for 2030 (Sustainable Develo-
pment Goals; ODDS) recognized as:

GOAL 2 SDG: By 2030 there is the objective of ensuring the sustainability
of food production systems and applying resilient agricultural practices that
increase productivity and production, contribute to the maintenance of ecosys-
tems, strengthen the capacity to adapt to climate change, extreme weather
events, droughts, floods and other disasters, and progressively improve the
quality of soil and land.!

In the 1970s Mexico contributed 19 percent of world production accor-
ding to Meadows et al. (1972). In 2020 it occupied the place number 11,
in regard to food production from the agricultural sector participates with
200 agricultural products (SIAP, 2020) and with it the objective of the mi-

! See what are the Sustainable Development Goals? Available in https:/www.undp.org/
es/sustainable-development-goals#:~:text=L0s%200bjetivos%20de%20Desarroll0%20
Sostenible%20(0DS)%2C%20tambi%C3%A9I%20conocidos%20como,disfruten%20de%-
-20paz%?20y%?20prosperidad. (Accessed 04/12/2022)
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llennium is contributed to the reduction of the population with hunger, that
is, reduce poverty and cushion the food crisis raised in the ODSS 2030.

With this reference in the State Development Plan of the State of Mexi-
co 2017-2023 (pillar 1), it is proposed to “reduce poverty and promote
human development”; and in this the sowed life project is inserted, whose
description expresses the following:

Program to promote comprehensive rural development. It encourages the esta-
blishment of agroforestry production systems, which will help generate jobs,
encourage food self-sufficiency and improve the population’s income. Finan-
cial support will be granted to agricultural subjects of legal age who live in
rural localities and who have an income below the rural well-being line, and
who own 2.5 hectares available for agroforestry projects. The beneficiaries
will receive monthly support of five thousand pesos, as well as in-kind support
for agroforestry production (plants, inputs, tools) and technical support for the
implementation of agroforestry systems (GEM, 2017: 10).

Bearing in mind the previous arguments, the production of food from
the country and the Mexican entity will be analyzed, whose section are di-
vided into the following: the theoretical argument on food production and
the population; then the methodology and sources of information and food
information are stated. The arguments are based on the simple-multiple
linear regression model for the production of food and population in the
State of Mexico, covering the period that covers from 1980 to 2021; subse-
quently, the issue of food distribution and supply, the characteristics of the
agricultural districts of the State of Mexico 2003-2020 is addressed; point
that is closely linked to production and is one of the main causes of poverty
and food lack of the population, and finally, some conclusions about the
subject that concerns us here.

THEORETICAL ARGUMENTATION: FOOD PRODUCTION AND POPULATION

In research on this issue, different themes have been addressed closely
related to each other, which show the importance of the agricultural sector
and its decisive role in the food security of the countries. The individuali-
zed analysis of the determining factors in the agricultural production that
have been emphasized in time, has been the inappropriate use of the earth
and leaving it to produce at its maximum performance within agricultural
activities, being the workforce factor as the main motor In the equation of
agricultural production, its main characteristics, composition and capital
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goods, as well as other decisive factors such as technology, land, climate,
among others for the performance of the activities of this sector.

With the combination of production factors, quite a lot of efficiency
in the use of material and financial resources to be one of the fundamen-
tal premises that must be met in each of the agricultural entities has been
written. On the other hand, the demographic pressure, seen from the thesis
of the renowned economist Robert Malthus, whose central argument and
which is currently valid, was based on the existence of an imbalance be-
tween population growth and the increase in food production, which would
lead to imbalances or future conflicts. The population is an important fac-
tor that has to pay attention if you want to explain (or understand) the stan-
dard of living of a society, especially in times of systemic economic crisis,
whose responsible was the health crisis that derived from the Covid-19 and
the war between Russia and Ukraine, whose global effects are large—scale.

Added to the above is the relationship between the growth of the hu-
man population and nature, which has evolved, at the same time it remains
controversial and offers some important clues to help us face the challenge
of climate change that we face over time, which is expressed today and
in the future. Population growth is exceeding the limitations posed by the
availability of natural resources and the dynamics of relationships between
people (competition, conflicts, inequalities, lack of food and hunger), this
is a product of globalization and deglobalization. In this context, we live
in a world almost without demographic limits, but with economic limits,
which would mean that Malthus’s predictions and analyzes have not been
forgotten (although some consider that they have).

Given the population growth in the world and in our country, adding
millions of new people around 2050 represents a serious challenge for food
production for the following issues:

a. Economic and productive problems or situations that hinder produc-
tion are: low labor training, infertility of the land, scarcity of raw ma-
terials (or high costs), insufficient access to capital and backward tech-
nology.

b. Associated demographic and social aspects: population growth on land
size, urbanization processes, migration and growing inequalities be-
tween population groups in countries, as well as marginalization, dis-
crimination and social, ethnic exclusion —Cultural and food.

c. Climate and environmental change that, given the lack of preparation
and inappropriate responses, contributes to increasing hunger and de-
gradation of ecosystems as well as the depletion of natural resources.
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d. Inadequate government structures: hinder institutional stability, trans-
parency and accountability that facilitate agricultural financing, gua-
ranteed prices, distribution in the domestic and international market.
Which generates dependence from abroad and especially in the issue
of imports and exports following the signing of the NAFTA Free Trade
Agreement, (today the Treaty between Mexico, the United States and
Canada T-MEC).

Additionally, the pandemic and the war injected shortages and imbalan-
ce into the global, national and state market, as well as into the production
and distribution of food. For example,

Benjamin Whitely went to a Safeway supermarket in Washington DC to buy
some things for dinner. But he was disappointed when he found the vegetable
shelves empty and a meager supply of turkey, chicken and milk. “It looks like
I didn’t find anything,” said Whitely, 67. “Now I’m going to have to look so-
mewhere else.”

The latter is associated with an abrupt slowdown in the economy and
decomposition in the agricultural production base due to the Covid-19 pan-
demic in conjunction with the war between Russia and Ukraine or the wars
that are looming in the future.

It is important to take the above into account because it has implications
and challenges for achieving convergence between the economy and po-
pulation growth. Since Robert Malthus proposed the relationship between
the economy (arithmetic growth) and demography (exponential growth) it
has been a constant concern to understand population survival and biologi-
cal-social reproduction. In other words, Malthus argued that the imbalance
between population growth and increased food production would lead to
conflict and famine (Malthus, 1798).

That is, in the interrelation between economic and demographic varia-
bles, a relationship of mutual interdependence can be obtained rather than
a unilateral cause; the relationship between given economic and demo-
graphic variables can be conditioned by the presence or absence of inter-
vening but unidentified variables; that the effects of changes in demogra-
phic variables can be mediated through the production or price system; the
short-term effects (such as economic conditions) and demographic (econo-
mic) changes may differ from their long-term effects; that variable time in-

% General, food shortages in the US, available at https://www.jornada.com.mx/no-tas/2022/01/14/
economia/general-la-escasez-de-alimentos-en-eu/ (Consulted on 03/01/2022).
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tervals can separate a demographic (economic) change from its economic
(demographic) effect Hauser and Duncan (1975).

In summary, the demographic variables can be divided into those in
which the changes are capable of immediately affecting some of the econo-
mic variables, and those in which the changes are not capable of affecting
the immediate economic variables (but the pandemic does, achieved) Hau-
ser and Duncan (1975). In this exercise it would be difficult to express the
history of interconnections between the economy and demographics, but
those who did do so were Hauser and Duncan (1975).

In this work, food production, hectares planted and harvested, prices, as
well as their import-export are recognized as economic variables. Demo-
graphy is the total population, which is fed by births, deaths and internal
and international migrations (Hauser and Duncan, 1975).

Since the 1950s, Malthusian ideas have become a source of govern-
ment policies in many nations of the world, specifically in Latin America
and Mexico, and with this the high birth rates (coinciding with the end)
have undoubtedly been influenced of the inward development model) that
have been presented in most of Mexico and the State of Mexico. Although
the possibility of a demographic catastrophe due to population increasing
more rapidly (despite its decline in terms of rates) than food production.
A situation that could be corroborated with the arguments expressed in the
work Limits to Growth Meadows et al. (1972) which have been taken up
by the Club of Rome.

If industrialization, environmental pollution, food production and resource de-
pletion maintain current global population growth trends, this planet will reach
the limits of its growth within the next hundred years. The most likely result
would be a sudden and uncontrollable decline in both population and industrial
capacity (Meadows et al., 1972: 89).

But the most notable thing is the various international conferences on
population, which take up Malthus’s concerns, because the central the-
me has been the effects of population growth on the planet’s capacity for
sustainability, which is why it is a topic of obligatory reference and of
unavoidable validity today that includes the SDGs.? In the context of the
pandemic and the war between Ukraine and Russia, knowing that a high

3 See International Population Conferences, available at https://apuntesdedemo-grafia.com/pol-
pob/maltusianismo/conférences-internacionales-de-poblacion/ (Consulted on 04/14/2022).
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percentage of the world’s agricultural consumer goods are produced in tho-
se places.*

Due to this, pressures are growing due to price increases in basic pro-
ducts, as well as the shortage of fertilizers, added to climate change, 1.7
billion people are exposed to more poverty and hunger. Factors that prelu-
de the perfect climate for a global crisis that threatens to devastate many
economies in a world that, in the opinions of many, is going through a stage
of deglobalization and is becoming increasingly protectionist. To this end,
international organizations ask the governments of the world to reinforce
food security.’ The case of Mexico could not be the exception, thus they
have been proposed as axes and guidelines of food policy marked in the
objectives of the 2030 Agenda of the Sustainable Development plan, spe-
cifically with a view to “ending poverty in all its forms and throughout the
world”, put an end to hunger, achieving it through food security along with
improved nutrition, thus promoting sustainable agriculture by assuming
that the countryside has to be a source of food and a development option
for the rural producers, through an effective articulation between producti-
ve policy and welfare policy in rural areas.®

METHODOLOGY AND SOURCES OF INFORMATION
ON POPULATION AND FOOD

The difficulty of having a reliable source that allows estimating, measuring
and relating production to food demand at the global, national and state
level in the period analyzed is a difficult task. Since on the one hand there
are sources that estimate food production and on the other hand those that
report a growing population that is becoming more and more complicated
to feed with existing resources, which implies methodological difficulties
in their articulation.

The available data forces us to use a cross-section of information sour-
ces, that is, those derived from the Agro-Food and Fisheries Information
Service (SIAP) at the national and state level, those generated by the Geo-
graphic Information and Research Institute, Statistics and Cadastral of the
State of Mexico (IGECEM), those of the National Institute of Statistics

4 Russia and Ukraine: role in production and supply of food and fertilizers, available at https://
www.3tres3.com/ultima-hora/rusia-ucrania-produccion-y-el-suministro-de-alimen-tos-y-fertil-
izados 47779/ (Accessed on 03/ 05/2022).

> See International organizations calling for strengthening food security, available at https://
www.jornada.com.mx/2022/04/14/economia/019nleco (Consulted on 04/14/2022).

¢ Institutional Program 2020-2024 for Mexican Food Safety SEGALMEX, available at https://
www.gob.mx/cms/uploads/attachment/file/616119/Programa_Institucio-nal 2020-2024 de Se-
guridad_Alimentaria_Mexicana SEGALMEX_.pdf (Consulted on 05/03/2020).
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and Geography (INEGI), as well as other secondary sources that will be
mentioned throughout the text. These, in turn, support the argument of the
imbalance between agricultural food production and that of the population.

The statistical work of the indicators is used absolutely to describe their
behavior over time, annual average growth rates, graphic resources and
simple and multiple regression models are used, so that the economy con-
verges with the population and the proposals of Hauser and Duncan (1975)
are taken as a basis.

Simple regression

The two-variable (national) linear model is used to test hypotheses about
the relationship between a dependent variable (Y = food production from
1980-2021) and an independent variable X, that is, for prediction, which is
the absolute population between 1980-2021.

The equation being as follows: Y, =b, +b X, + u..

Y, = food production in the agricultural sector (or primary sector).

b, = constant or ordered to the origin.

b, = measures changes in Y/changes in X, marginal trend of food pro-
duction in the agricultural sector.

u, = error.

Multiple regression model

Multiple regression analysis is used to test the hypothesis about the rela-
tionship between food production in the State of Mexico with four inde-
pendent variables for prediction (absolute population, planted area, har-
vested area, price and also its annual accumulated absolute value). The
multiple linear regression model is expressed as follows:

Y,=b +bX,+bX,+bX, +bX, +u

1

Y = Agricultural production.

X(l) = Total population.
X, = Hectares planted.
X, = Hectares harvested.
X, = Price.

U, = error.

The assumption is that there is no exact relationship between the x’s
(non-collinearity).
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Correlation (Sullivan III, 2010)

The Pearson correlation coefficient is used since it is a measure of linear
dependence between two quantitative random variables (poverty and food
deficiency). Unlike covariance, Pearson correlation is independent of the
measurement scale in the variables, and whose reading would be as fo-
llows:

R =1 means perfect correlation.

0.8 <r <1 means very high correlation.
0.6 <1 < 0.8 means high correlation.
0.4 < 0.6 moderate correlation.

0.2 <0.4 low correlation.

0.0 < 0.2 very low correlation.

R = 0 null correlation.

GEOMETRIC GROWTH RATE
Description

Rate of population growth in a given period, expressed as a percentage.
The average annual growth rate is based on the hypothesis that the popu-
lation studied can be considered, during the observation period, as a pop-
ulation that expresses exponential growth that is, it grows according to the
exponential law as a function of time. It is also called Geometric Growth:

Canculation r = ((10"((log(P{/Pi))/t))-1)*100
Where:

R = growth rate.

Pi = Initial population.
Pf = Final population.
T = Time in years.

Each of these calculations will seek to provide an answer or support the
arguments of agricultural production depending on the topic and section of
this document.

Food production and recurrent economic crisis

The Mexican population between 1980 and 2021 increased by 62.17 mil-
lion inhabitants in our country, 90 percent from 66.8 million in 1980 to
128.97 million in 2021 (Figure 1). Despite the decrease in fertility, mortali-
ty and increasing international emigration in absolute terms, the population
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of our country continues to rise after the confinement due to Covid-19.
But, at the same time, population growth has been affected by recurrent
economic crises, as well as by its determinants such as fertility, mortality
and migration (Cabrera, 2005). The millions of people put pressure on the
demand for food produced by the country and at the same time, what is
needed has to be imported from abroad’ and is accompanied by a deficit in
the food balance of payment for many years (Table 1). What we can ob-
serve is that there is a negative balance between food exports and imports
between 1993 and 2021.

This means that the so -called food self -sufficiency is a myth; A com-
pletely different position from that in 2016, when it was announced that
Mexico was seven percent of reaching food self-sufficiency because it al-
ready produced 68 percent of the foods required by the population (and fell
to 64 percent in 2021, affected by Covid-19 pandemic), not very close to
75 percent of the standard raised by the United Nations Food Organization
(FAO) to consider a country to generate food self-sufficiency (Cruz et al.,
2021).

However, at the national level, food production is linked to consump-
tion and income. This presents a difference in income-food expenditure
that affects the diet of Mexicans. Today’s Mexican diet is based on pro-
cessed products that increase depending on one’s economic income: the
higher the income, the greater the consumption of industrially processed
products. At the national level, spending on farm products occurs mainly
at home (with consumption of meat, cereals, vegetables, fruits, milk and
derivatives), coupled with the increase in spending on food outside the
home (drinks and processed foods), through which Mexican households
are affected by various downward indicators of the level of well-being,
since food consumption also reflects social changes, fashions, and even the
way of living (CEDRSSA, 2019).

The population of our country consumes 214 kilos per capita of ultra
processed foods every year. Mexico is the country with the greatest intake
of these products in Latin America and is “one of the first four to interna-
tional scale and through which degenerative chronic diseases are derived
causing the increase in the mortality of the general population (WHO,
2003).

7 For example, Mexico imports half of the grains and oilseeds it consumes, available at https://
www.jornada.com.mx/2022/05/03/politica/002n2pol (Consulted on 05/03/2022).
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Figure 1: Food production in Mexico, population, imports and exports 1980-2021
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North America 2001-2010. Technological crisis and economic crisis of 2008-2009. 2011-2019, fall in
commodities prices and economic recovery. 2020-2022, systemic crisis, Sars-CoV- 2, wars between
Russia and Ukraine.

Sources: https://www.banxico.org.mx/Sielnternet/consultarDirectoriolnternetAction.do?accion=-con-
sultarCuadro&amp;idCuadro=CE37§or=1&amp;locale=es;  https://rppoblacion.uaemex.mx/article/
view/9111/7653; and INEGI, Census, Population and Housing Counts, various years and http://www.
cedrs-sa.gob.mx/post_la_dependencia_-n-alimentaria-n-_de -n-mn-xico-n.htm (various dates consul-
tation).

Within the period covered, from 1980 to 2021, the agricultural area
grew 22 percent, that is, from the 17.99 million hectares planted in 1980
they increased to reach 18.12 million hectares in 2020, different from the
projection of Sosa and Ruiz (2017), which was 22.2 million hectares. Ob-
viously, the systemic crisis derived from the Covid-19 pandemic modi-
fied the growth hypothesis of previous years, on which its estimates were
based. That is, between 2015 and 2012 there was a reduction contrary to
the decrease in hectares planted during this period; Food production, as
well as imports and exports, had a significant increase due to the food
demand in the world caused by the confinement of the SARS-CoV-2 pan-
demic (Table 1 and Figure 1).
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Even though the cultivated area increased, the available land per capi-
ta estimated for 1980 (0.27 hectares/inhabitant) only remained unchanged
until 1985, subsequently decreasing to 0.18 hectares/inhabitant in 2015
and 0.15 in 2021; this means that, in a period of 41 years, the available
agricultural land per capita decreased by -1.43 percent in its average an-
nual growth rate (Table 1). Given the pandemic scenario and the future
that is projected for 2050, there will be more than 148 million inhabitants
(CONAPO, 2018), the available agricultural land could decrease to 0.15
hectare/inhabitant/year. Considering this projection, the question that aris-
es is: Are we prepared to face this challenge of providing food to the popu-
lation of Mexico and living with the pandemic or syndemic? Are we facing
the possibility of food shortages in the world, in our country and in the
State of Mexico? What we can observe graphically is that food production
is greater than that of the population at the national level, which would im-
ply being a Malthusian counterargument. However, food production hides
the unequal distribution in our country according to the federal entity and
its municipalities, and at the same time, it is associated with the food crisis
despite the existing government programs to care for the nutrition of the
Mexican population (CONEVAL, 2010).

The agricultural crisis and food production has been and will be condi-
tioned by several elements: the internal conditions of agricultural policy,?
economic policy and government political transitions, of the recurring in-
ternal and external economic crisis; to external factors such as the pan-
demic-syndemic that triggered a systemic crisis, which caused the abrupt
slowdown of the world economy, including the Mexican one, affected pro-
ductioncosts,’ resulting in the decomposition of the agricultural production
base.

This brings with it the insufficiency of agricultural supply to meet do-
mestic food demand, the deterioration of income levels, the concentration
of wealth and restricted access to food in various regions of the country
and for broad groups of the population; we also have the instrumental-
ization of manipulation strategies of agricultural markets (monopolies of
the food market produced by the Mexican countryside such as import and
8 With the 1992 reform of article 27, for the first time the sale of ejidal and communal land is
allowed, which would supposedly allow its illegal sale to be gradually replaced by its orderly
incorporation into legal urban development. See Guillermo Olivera Lozano, 2005, the reform
of constitutional article 27 and the incorporation of ejidal lands into the legal urban land mar-
ket in Mexico, available at http://www.ub.edu/geocrit/sn/sn-194-33.htm#:~:text=Con%201a%20
Bif;%rsr?;(‘;/;%())de%ZO1992,ordenada%ZOal%20desarrollo%20urba—n0%2016gal (Consulted on

° See Agri-food surplus fell 40 percent due to increase in inputs: Sader, available at https://www.
jornada.com.mx/2022/04/26/politica/012n1pol (Consulted on 04/26/2022).
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export), which leads to the shortage of local markets and incidents in the
generation of exclusion risks Food access, price increase to different strata
or population groups, and that above all affects those of lower income. Do-
mestic food insufficiency is structural, conjunctural or due to a pandemic,
because the value of food imports exceeds the value limits of total exports
as we can see in Table 1, it also generates food insecurity in the food mar-
ket in the country and in its 32 federal entities.

The health crisis by the Coronavirus, caused the confinement of the
population in order to contain its propagation. The deep food and econom-
ic implications that led to this phenomenon have already been alluded to.
However, it is mentioned that, due to the high index of patients and deaths,
a great demographic hole was created in the population difficult to correct.
With vaccines the eradication of the Covid-19 pandemic was expected,
however, variants resurfaced periodically affecting our way of living, pro-
ducing and acquiring feed. There are those who claim that the end of eco-
nomic globalization (we are facing what they have called deglobalization)
as we know it is approaching; and only time will tell what the final effects
of this food crisis are.

The theses of Robert Malthus, referring to this aforementioned phe-
nomenon, have a latent validity in our time. The expansion and distribution
of the population in different habitats, which put increasing pressure on
available natural resources, undoubtedly increasingly exposes the health
of humanity by coming into contact with viruses and unknown diseases. Is
the planet settling scores with the human race in the form of a pandemic or
syndemic? In the end... was Malthus right in his proposal of birth control
through moral means or through diseases? What future awaits us? Will it
be like Bill Gates’ five predictions for 20227

We will not respond to these approaches, but we will re-
spond to what we have proposed in this text. To get into our top-
ic, we will start with the simple regression model, in which
Y, =B, + BX, +u, is the appropriate functional relationship between Y, (food
production) and X, (absolute population), u, = error. The two-variable model,
the functional form of the relationship that can often be inferred from the
scatter plot. However, in a multiple regression model it is not easy to deter-
mine the appropriate functional form, since scatter plots are not displayed
graphically in multiple dimensions, so we go straight to simple linear regres-
sion in this first part.

1% The tycoon spoke about the metaverse, the new normal and the evolution of Covid-19, among

other topics, available at https://www.portafolio.co/tendencias/cinco-predicciones-de-bill-ga-
tes-para- 2022-559929 (Consulted on 05/03/2022).
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The high correlation estimated by the regression between total food
production and population growth is high, this is reflected in the correlation
coefficient, which is 0.953; The coefficient of determination is 0.907 and
change in R square = 0.907, which suggests that the increase in agricultural
production between 1980-2021 was carried out mainly to satisfy the food
demand of the Mexican population (Table 2). However, food availability
was and continues to be insufficient, which gives rise to imports, thereby
threatening to aggravate the domestic supply, as well as the already poor
ecological conditions of the land and with its addition, the pandemic that
is here to stay.

The ANOVA model assumes that for each level x, of factor X, we have
Y= pu, + ERROR where ERROR is a NORMAL random variable with
mean 0 and unknown variance, the same for all levels.

Thatis, if x =x , theny = p, +error. If x = x, then y = u, + error (serves
to determine whether the square r we are estimating is significant or not).
Then the value of ANOVA is less than 0.05, which indicates that it is pos-
sible to build a regression model with these two variables: food production
and population (Table 3).

With Table 4, we have that B, is positive, that is, in simple terms, for the
estimated model here, for each unit of change in the independent variable
(v2 = population) the production of food does so in 2,979. This means that
the Neomalthusian catastrophist arguments are contrary to the results of
the model, because in time the production of food is increased at a greater
rate to the population. But with important differences between federative
entities and municipalities of the country such as the increase in malnutri-
tion and hunger population (FAO, UNDP, UN, s/f).

Student’s T allows us to say that in both cases they are less than 0.05,
then both the constant and B, are significant in our model.

Model equation

Y =-111.576 (when x is worth zero) + 2.979x (coefficient of the equation
as such). Figure 2 indicates that the points are aligned on the diagonal of
the graph, which is notifying us to comply with the assumptions of normal-
ity because there is very little dispersion of the data or that of the variance.
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Table 3: ANOVAa

Sum of

Model squares gl Mean square F Sig.
1 Regresion ~ 37933.153 1 37933.153 78.432 .000b
Residual 3869.152 8 483.644
Total 41802.305 9

a Dependent variable: V4
b Predictor variables: (constant), v2
Source: Own elaboration based on the SIAP, INEGI and IGECEM (several years).

Figure 2: Food production and typified waste in the country 1980-2020

Normal PP Regression Chart Standardized Residue
Dependent variable: V4 (food production)
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Source: own elaboration based on the SIAP, INEGI and IGECEM (several years).
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PRODUCTION OF AGRICULTURAL FOOD, POPULATION AND CRISIS
IN THE STATE OF MEX1Ico 1980-2021

The State of Mexico is the most populous entity in the country since 1980,
although some authors maintain that the demographic thrust comes from
1960, which was fed by internal migration recognized as social growth
and its own demographic inertia (Jarque, s/f). Simultaneously, the entity,
in economic terms, went from being an agricultural economy to a tertiary,
which can be expressed in the generation of jobs and its gross domestic
product (GDP) (Montoya, 1995).

The personnel occupied in the primary sector (agriculture and extrac-
tion) was 16.2 percent of the workforce in the Mexican entity in 1980
(Gonzalez, 1995), five percent of them in 2010 and 2021 5.4 percent
(INEGI, 2021). The primary sector contributed that 20.9 percent of the
Gross Domestic Product (GDP) of the entity in 1980, step to 1.5 percent
of GDP in 2010" and in 2020 it represented 1.4 percent of GDP at 2013
prices (INEGI, 2021) with a Fall by 5.76 percent in 2021 (INEGI, 2021).
The evolution of employment and agricultural GDP of the our entity keeps
coinciding with the fluctuations of the national economy, as well as the
urbanization and modernization processes when becoming a tertiary eco-
nomy. Its proximity to Mexico City has also been one of the determinants
of this transformation and relegate the agricultural economy over time.

What we can deduce from the data presented in Figure 3, is that the
absolute growth of the population and the production of agricultural food
in the entity is positive, even with the fall of the latter, originates in the
nineties and that without due to the international competition derived from
the North American Free Trade Agreement, but which presents a positive
sense in its absolute value. However, here it would be convenient to use the
Malthusian argument, which, remember, indicates that population growth
is expressed to a geometric measure, while the food only does so on an ari-
thmetic scale. This is understandable by its great population growth from
the 1985 earthquake and urban expansion in the municipalities conurbed
to Mexico City, and more recently towards the metropolitan area of Tolu-
ca and Ocoyoacac, the incessant reduction of the planting and harvesting
surface Through time, as well as the constant increase in prices to agricul-
tural consumer goods; they mark the relationship exercised in the entity
between population and food.

" See in Pilar 2. Progressive status, available at https://edomex.gob.mx/sites/edomex.gob.mx/
files/files/plandedevelopment11-17 3.pdf (accessed 04/10/2022).
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Figure 3: Population, planted area, harvested, food production and prices in the State of

Mexico 1980-2021 (absolute values)
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Source: IGECEM, INEGI and http://infosiap.siap.gob.mx/gobmx/datosabiertes.phpfuente: Own ela-
boration based on the SIAP, INEGI and IGECEM (several years).

... There are regional prices influenced by the interaction of the supply and
demand and prices of a national nature linked to the Chicago contributions and
the costs called as bases, which refer to the disruptions of transport and ma-
nagement throughout the period of consumption. These national prices were
governed by government guarantee prices. However, when the public inter-
vention modalities changed in the markets, the guarantee prices were aban-
doned, but the participation of the National Company of Popular Substances
(CONASUPO) as an important buyer and importer continued for a while, with
a great influence on Price training (CEDRSSA, 2014: 8).

Another thing can be said based on the average annual growth rates of

corn production, the population, the area planted, harvested and its prices.
According to these measurements, the following can be stated (Figure 4):

a.

Food production maintained its irregular rates affected by the national
and international context. Which can be corroborated with the great
fall in 2015 due to the fall in prices of primary goods and that of 2021
by the Covid-19.

The relative growth of the population between 1985 and 2021 is des-
cending but does not stop exerting pressure on the demand for agricul-
tural foods in our entity. Its downward trend is due to the reduction of
fecundity, mortality and a reorientation of internal migration.
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c. The planted area presented slight variations over time because the te-
rritorial extension for this activity in the entity is the same or in any
case reduces over time.

d. The harvested area remained constant between 1985 and 2000. To later
present variations, but the most important falls occurred in 2011 and
2021. The first coincides with the beginning of the fall in raw material
prices (or what some call the extension of the great crisis that began
in 2008 in the United States) and the second due to the SARS-CoV-2
pandemic.

e. Finally, agricultural prices in the eighties, since there were increases
in prices derived from the implementation of the neoliberal model and
the economic crisis of 1982, as well as the 1987 financial crack, which
put the traditional agriculture model at risk affecting its performan-
ce (Gutiérrez and Rabell, 2018). The increase in agricultural prices
also happened in the early 1990s due to constitutional reform to article
27 in 1992, which was not resolved with the application of programs
from “the Program for the Certification of Ejidal Rights and Degree
of Urban Solar (PROCEDE) and Direct support program to the field
(ProCampo), which were planned with a long-term vision; starting its
real operation at the end of 1993. But its behavior is also explained by
Mexico’s entry into NAFTA, the free supply and demand of the market
(which assumed that the invisible hand would correct the imbalances)
and the recurring economic crises since the eighties.

MULTIPLE LINEAR REGRESSION MODEL OF FOOD PRODUCTION AND
POPULATION IN THE STATE OF MEXIco 1980-2021

The simple regression model applied to the State of Mexico to test its rela-
tionship with food production is consistent with the Malthusian argument,
as is expressed in Figure 3. In this case, the multiple regression model that
includes the population variable, hectares planted, hectares harvested and
accumulated price of all agricultural products per year presents another
situation. Based on this we have the following: an R squared of 0.759 and,
however, a change in R of 0.576. With the analysis of the regression, it is
desired that the model have significant variables and thus obtain a high R?
value. This combination, in our exercise for the State of Mexico is low (in
relation to the national model of a single variable) (Table 5) P value/high
R?, but indicates which changes in the predictors are related to changes in
the variable of answer and that the model explains a lot of the variability
of the response at 0.576.
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Figure 4: Average annual growth rate of population, planted and harvested area, food
production and prices in the State of Mexico 1980-2021
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Source: IGECEM, INEGI and http://infosiap.siap.gob.mx/gobmx/datosabiertes.phpfuente: Own ela-
boration based on the SIAP, INEGI and IGECEM (several years).

Table 6 exposes the values of the regression and the residuals (ANO-
VA): the model is statistically significant (sig. 0.001), that is, that it does
predict the relationship between the dependent and explanatory variable.

The regression equation of “ordinary minimums” (MCO) indicates that
the level of Mexican agricultural production, defined in tons, is positively
related to the millions of people, directly related to the hectares planted, as
well as hectares that hectares harvested and inversely related to accumu-
lated prices of agricultural products (V6, prices) annually between 1980-
2021 (Table 5). Specifically, millions of people (b)), indicate that for each
point of increase in the population is associated with an increase of 0.441,
while the planted hectares remain constant. An increase in a unit of planted
hectares increases agricultural production by 10,920 (b)) (while harves-
ted hectares remain constant); An increase in a sown hectare is associated
with an increase of 4,432 tons of agricultural production (B,) in the State
of Mexico, while before an increase in a unit in the price in agricultural
products decreases by -0.160 (B,) tons in our entity agricultural production
(that is, the price acts in reverse to agricultural production) (Table 7).

22



Food production and population in the context of erisis in Mexico and the State of Mexico 1980-2021 /D. A, GONZALEZ BEJARANO

Table 5: Model summary (b)

Typical
Model R R Corrected . i mation  Change D-w
square  Rsquared  ° statistics
Change Change gll gI2 Si. Change
inR inf inF
squared
1 759a  0.576  0.495 967863.717 0.576 7.132 4 21 0.001 1.411

* Durbin-Watson

a. predictor variables: (constant), v6, hectares, hectares, millions.

b. Dependent variable: tons.

Source: own elaboration based on SIAP, INEGI and IGECEM (various years).

Table 6: ANOVA?

Model Sum of squares gl Mean square F Sig.
1 Regresion 2.6722E+13 4 6.6805E+12 7.132 .001b
Residual 1.9672E+13 21 9.3676E+11
Total 4.6394E+13 25

a Dependent variable: tons
b Predictor variables: (constant), v6, hectares, hectares, millions
Source: own elaboration based on SIAP, INEGI and IGECEM (various years).

This means that producing food in the entity is much more expensive
than buying. Because: a) Producing or sowing a hectare of corn in Mexico
means investing 27 thousand pesos and to recover it, it would mean wai-
ting for a year,'> 12 Obviously this also depends on the rural district, where
planting is temporary or irrigation.

Figure 5 indicates that the model meets the assumptions of normality.
That is, the assumptions of a statistical regression model refer to a series of
conditions that must be given to guarantee the validity of the model. These
assumptions are of linearity (Figure 6), homocedasticity, normality (asym-
metric model), in the average of the waste it could be corroborated by its
value of zero and the absence of collinearity (Gujarati, 2010). On the latter
we can say that the statistics of colinerality as well as the national model do
not have a value of significance, therefore, the interpretation must be done
in relation to the value that is being obtained for both models (national and
state). To do this, it should be sought that the values are close to one (Cruz
and Gonzalez, 2018).

12 See how much do we invest in a hectare of corn?, Available at https:/semillas-todoterreno.
com/2012/04/cuanto-invertimos-en-una-hectarea-de-maiz#:~:text=Sin%20embargo%2C%?20
la%20metodolog%C3%ADa%20es,aproximadamente%20%24%2027%2C000.00%20
pes0s%20de%20inversi%C3%B3n. (Accessed 05/03/2022).
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Figure 5: Histogram, dependent variable: tons vs regression of standardized
residuals (normal)
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Figure 6: regression of typified waste (tons vs. accumulated probability observed)
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What we can see is that the ranges are similar in the inflated variance
factor (IVF), this indicates that the assumption of non -multicolinerality
between the explanatory variables (values from 1 to 4.3 for both models
and their independent variables) is fulfilled). We can say that there is no
value above ten and together all values are close to one (tables 4 and 7). In
general terms we can affirm that models are good to predict national and
state agricultural production (Figures 2, 5 and 6).

Figure 6 of normal waste probability allows to verify the assumption
that the waste is normally distributed. The normal waste probability graph
follows approximately the straight line (with slight variances or atypical
values).

FooD DISTRIBUTION AND SUPPLY IN THE COUNTRY

The supply and distribution of agricultural foods in the country express
the characteristics assumed by polarized development within the national
territory and monopolized since it has been considered a globalizing neoli-
beral development model."

Thus, space patterns have been formed as areas that link in a tangible
and intangible way to producers and consumers through trade, which fo-
llows, at the same time, the behavior patterns of the consumption patterns
ofthe local, national or demand population external through export-import.

The distribution and supply of food happens under conditions of stabi-
lity in income, originating a pattern of consumption in the large cities of
the country as of the entity. However, the same conditions and transitions
of development, together with new conceptions inherent to the outward
economic growth models, generated changes in trade (from small trade
to transnational shopping centers) and the distribution. The food supply
model can form hegemonies by temporary or irrigation agricultural areas,
which are presented from an evolution of the relationship between produ-
cers and consumers in which both the transformations of the economy and
the production regions and of the production regions include commerciali-
zation. The varied growth schemes over time that are applied in the natio-
nal and state economy can impact development processes in various ways;
while they are based on competition, they generate unequal situations in
sectors and economic agents, as well as for the allocation of benefits.

So that its constant is the asymmetry in national and state production,
in the population and the territorial, which is explained by the presence of

13 Seein Introduction, available at https://archivos.juridicas.unam.mx/www/bjv/li-bros/9/4334/2.
pdf (Consulted on 05/03/2022).
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various types of offers-demands, which lead to the formation of different
segments of the consumer market in the that interact, to a different degree,
interests and specializations of producers, intermediaries and consumers
(Figure 7). This forms a hegemonic food supply pattern that retains for
indeterminate times nationwide.

Figure 7: Agricultural areas and marketing in Mexico

Commerce
20 Ivd u Agribusiness
10 - m Livestock

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ m Agricultural

Source: https://www.gob.mx/siap/acciones-y-programas/produccion-agricola-33119

The agricultural food supply in Mexico is presented as a structuring
feature of various spatial relationships that are configured in pattern, sys-
tem, network or chain in the different phases of primary food production,
product collection, conditioning and packaging, storing and storing and
transport to its distribution to the final consumer. Around the distribution,
in the most visible part in the consumption nucleus, different commercial
channels are made up that determine the type and quality of the offer, whi-
le generating chains of suppliers and intermediation networks to meet the
demand.

These, in turn, respond to a consumption structure typified by diverse
ways of social access and territorial configuration that reflect the unequal
distribution of income, typical of market economies.
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Based on this we have areas specialized in the production and distribu-
tion of food: namely (Figure 7).

a. Northwest zone consisting of Sonora, Baja California and Baja Cali-
fornia Sur, which specialize in the distribution of wheat, alfalfa, vine,
cotton, sorghum, oatmeal and barley.

b. Northeast zone composed of Chihuahua, Durango, Zacatecas, San Luis
Potosi, Coahuila, Nuevo Leén and Tamaulipas entities. These entities
produce and distribute sorghum, cotton, apple, soybeans, vine, carrum
and sugar cane.

c. The Sinaloa area, Nayarit and Colima distribute vegetables, soybeans,
wheat, rice and carrum.

d. The Bajio area composed of the entities of Jalisco, Guanajuato, Queré-
taro, Aguascalientes and Michoacan that distributes vegetables, wheat,
sorghum, strawberry, beans, corn, vid, cacahuate and alfalfa.

e. The central zone, where the largest population size consumer of agri-
cultural products (from the country) is concentrated, we have Gue-
rrero, Morelos, Mexico City, Puebla, State of Mexico and Tlaxcala,
which distribute corn, beans, sesame, rice, vegetables, alfalfa, peanuts
among others for the consumer market.

f. The Yucatan Peninsula area, composed of Yucatan, Campeche and
Quintana Roo, distribute vegetables, citrus, peanuts, sesame, mango,
mamey and henequén.

g. Finally, the Gulf and Southeast area is made up of the Veracruz, Oa-
xaca, Tabasco and Chiapas entities, which distribute sugar cane, rice,
banana, citrus, grasslands, coffee and fine wood.

In this way, in Mexico the monopolies of agricultural, agribusiness, li-
vestock production and especially marketing according to the area are dis-
tributed. This defines the food supply spectrum, marking a territorial dis-
tribution that, together with the dominant market, establishes an exclusive
monopoly in the national economic development model, transforming it
into a homogeneous scheme of distribution and consumption, being at the
same time more transnational through the agribusiness located in El Bajio,
Northeast, and northwest of the country. The spatial configuration of the
supply is based on the predominance of consumption in the large metropo-
lises, that of Mexico City, the State of Mexico (which together house more
than 21.8 million potential consumers), Guadalajara (5.2 million people),
Nuevo Ledn (5.3 million consumers), Toluca (with 2.4 million people) and
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the rest of the metropolitan areas of the country (SEDUO, 2021) that mo-
del the system through the concentration of food distribution-demand.

Monopolies build a new distribution pattern, eliminate stages of inter-
mediation (excluding new and small producers along with distributors) and
expand the borders of supply, or the distance between the cores of the con-
suming population and the regions of supply becomes irrelevant, supply
due to advances in technology and transportation. However, traditional
distribution, although with various restrictions generated by competition
from large firms, remains at a certain regional and urban-metropolitan sca-
le. The system is distinguished by great complexity, which is explained as
the coexistence between tradition and modernity, although marked by the
roots to the habits and factors of resistance to change (especially in the
information age) between the acceleration of the population consumer en-
couraged by the media and large transnational shopping centers.'

These two dimensions (traditional and modern) organizers of the food
supply, considering the economic and the territorial, are the result of a
prolonged evolutionary process that relegates the adaptation to the require-
ments of a type of demand-consumption located, regardless of its territorial
scale, which must cover the requirement of functionality and efficiency
with the relationship between producers and consumers. This forces to
structure an intermediation mechanism that forms one or more territorial
configurations, with a distribution subject to changes in food (which pri-
vileges scrap food that generates a large number of degenerative diseases)
and in lifestyles in general.

The pragmatism of social life and the market includes the fact that the
supply of agricultural and non-agricultural foods adapts to new needs and
meets pre-existing demands (trying to go against the Malthusian approach).
This explains the noted coexistence between traditional and modern sys-
tems that allow networks to be built to meet a constantly expanding de-
mand at the national level, as is the case in the State of Mexico. This im-
plies having great challenges in the virtual era, essential and non-essential
work, since for some they indicate that it is an opportunity for the digital
transformation of agricultural SMEs' at the national level and for the State
of Mexico. Which are accompanied by the traditional system and food
distribution.

!4 See in food production, the greatest challenge in the world, available at https://www.gaceta.
unam.mx/la-production-de-alimentos-el-mayor-desafio-en-el-mundo/ (consultedon 05/03/2022).
15 Tt refers to small and medium-sized companies that have certain occupational and financial
limits preset by the States or regions of Mexico.
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CHARACTERISTICS OF THE AGRICULTURAL DISTRICTS
OF THE STATE OF MEXIcoO 2003-2020

The agricultural division of the State of Mexico has referenced as a dis-
trict, regions or zones. For this purpose, INEGI (2001), as well as the SIAP
(2020) to describe the data of the year 2003 and that of 2020 to expose
statistics under this precept (INEGI, 2001).

For the Rural Development District I,' Toluca. With data from 2003 and
2020, the Toluca rural development district decreased the hectares planted
and harvested in absolute terms, whose average annual growth rates were
-1.78 and -1.22 percent, respectively. Although it is observed that we have
an increase in its performance and production value in this period (Table
8). In this District there are two types of agriculture: seasonal and irriga-
tion, distributed in the high valleys and on the gentle slopes of the district.
The most important annual crops are: corn, green beans, potatoes, green
peas, forage oats, grain oats, cabbage, as well as fruit trees and permanent
crops. Their products are marketed locally or sold to large hoarders at the
Central de Abasto in Mexico City, Toluca or Texcoco. The development of
these crops is carried out in deep, fertile soils, rich in organic matter and
nutrients, which are capable of maintaining good yields, such as Feozem
(dark and Russian soil) and Vertisol (black and clay soil) (INEGI, 2001).

In the Rural Development District I1,!” Zumpango, the data are similar
to the previous one, that is, the hectares planted and harvested decreased
between 2003 and 2020 (Table 8). Affected by natural disasters, but above
all by the urbanization process that is taking place in this rural district. This
district has climatic conditions that are: temperate subhumid and semi-dry
temperate with rain in summer. The agriculture practiced in this District
is divided into seasonal and irrigation, and is distributed in the flat parts,
although there are areas with high erosion rates. This district of the Mexi-
can entity records the greatest spaces to sow wheat, barley, beans, forage
corn, nopal nopal and green alfalfa; Other important crops are: grain corn,

1o This district is made up of the municipalities of Almoloya de Juarez, Almoloya del Rio,
Ati-zapan, Calimaya, Capulhuac, Chapultepec, Huixquilucan, Joquicingo, Lerma, Metepec,
Mexi-caltzingo, Ocoyoacac, Otzolotepec, Rayon, San Antonio la Isla, San Mateo Ateneo, Te-
moaya, Tenango del Valle, Texcalyacac, Tianguistenco, Toluca, Xalatlaco, Xonacatlan y Zina-
cantepec.

17 Rural district composed of the municipalities of colman, Apaxco, Atizapan de Zaragoza, Axa-
pusco, Coyotepec, Cuautitlan, Cuautitlan Izcalli, Huehuetoca, Hueypoxtla, Isidro Favela, Jalten-
co, Jilotzingo, Melchor Ocampo, Naucalpan de Juarez, Nextlalpan, Nicolas Romero, No-palte-
pec, Otumba, San Martin de las Piramides, Tecamac, Temascalapa, Teoloyucan, Teotihua-can,
Tepotzotlan, Tequixquiac, Tezoyuca, Tlalnepantla de Baz, Tultepec, Tultitlan, Zumpango.
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fodder oatmeal and with a smaller area, represent about 20 percent of the
space enabled with the state irrigation (INEGI, 2001).

The Rural Development District IIL'® 18 Texcoco. This district, like
the previous ones, decreased the planted and harvested area (Table 8) with
increases in its yield and production value, but it is worth mentioning that
the urbanization processes, that is, the large infrastructure projects and the
concentration of population, have implications in the negative growth ra-
tes and their absolute values of the rural sector in this agricultural area or
region.

The agricultural activity that takes place in this district is temporary
as in irrigation, is sown in flat and soft slopes and there are sites with de-
graded soils by erosion. The predominant crops of this district are: wheat,
fodder corn, shell tomato, green alfalfa and avocado. With lower surface
are: barley, bean, fodder beet, corn, cactus, potato, fodder oatmeal, grain
oatmeal, peach and al-goggles vegetables. The crops grown in the region
are found in Feozem type soils, with a dark surface layer rich in organic
matter and soils derived from volcanic ash type Andosol (volcanic soil),
deep and rich in nutrients, which allows obtaining good returns. Solonchak
(saline sand) is another soil present in the flooded and saline lower parts,
whose high concentrations of soluble salts only allow the establishment of
grasslands (INEGI, 2001).

Rural Development District,' 19 Tejupilco. The decrease expressed in
its annual average growth rate is much more pronounced in relation to the
other rural districts of the entity in terms of hectares harvested and planted,
with negative rates of less five percent in both categories (Table 8), this is
due to the fact that it is an area of high internal and international migration,
due to the insecurity and agricultural crisis®® (although there is possibly a
bias in the type of planting) (unodoc-government of Mexico, 2021).

'8 The municipalities that make up this rural district are: Amecameca, Ateneo, Atlautla,
Aya-pango, Coacalco de Berriozabal, Cocotitlan, Chalco, Chiautla, Chicoloapan, Chiconcuac,
Chi-malhuacan, Ecatepec, Ecatzingo, Ixtapaluca, Juchitepec, La Paz, Nezahualcdyotl, Ozumba,
Pa-palotla, Temamatla, Tenango del Aire, Tepetlaoxtoc, Tepetlixpa, Texcoco, Tlalmanalco, Valle
de Chalco Solidaridad.

9 The rural district of Tejupilco is made up of the municipalities of Amatepec, San Simén de
Guerrero, Tejupilco, Temascaltepec, and Tlatlaya.

2 This journalistic note is a clear example of this, Crime stops road rehabilitation in the south
of Edomex, available at https://www.elsoldetoluca.com.mx/local/delin-cuencia-frena-rehabilita-
cion-de-carretera-en -el-sur-del-edomex-7206928.html (Consulted on 05/03/2022).
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Which can be reflected in its performance and value of production. The
agriculture that is practiced in this district is temporary in most valleys and
land with soft slopes; The amount of precipitation presented in the area
allows to establish crops that have the highest moisture requirements, such
as vegetables (potato, pea, onion, haba and tomato), others such as: sugar
cane and fruit trees (peach, and avocado) , cultivated grasslands (Ilanero
and African star), and annuals such as beans, oats, corn, barley and wheat,
the latter covering a larger surface (INEGI, 2001).

The District of Rural Development V,?' Atlacomulco. In this rural area
in which mestizos and indigenous people from the entity coexist: Ma-
zahuas and Otomies, mainly. Whose characteristic of its sowing mostly
for self -consumption and the population carries out economic activities
in the main cities of the country and in the United States. This affects the
planted and harvested surfaces of crops: grain corn, forage oats and forage
corn. As for seasonal agriculture, it is distributed in all the municipalities
of this District, it has an area dedicated to cultivation that is equivalent to
20 percent of the state; The most important temporary crops are: grain corn
and forage oats. It is also the most important producer of seasonal potatoes,
after the Toluca Valley. However, the large-scale agricultural crisis in said
district stands out (INEGI, 2001).

Rural Development District V1,22 Coatepec flours. Similarly, this dis-
trict presents a reduction in the planted and harvested area (1.35 and 1.5
percent, respectively), which is affected in terms of its volume of produc-
tion and performance, but not in the value of production (Table 8). This
indicator (production value) is much greater than the rest of the rural dis-
tricts of the entity. It should be recognized that the population of this area
lives in the countryside, but that like district IV they live on internal and
international migration. Lately it has also been news in the field of state
insecurity which has been national and inter-national news.” This district
presents the most important surfaces with pea, green, peach and avocado,
although they are also important: corn, forage oatmeal, beans, peel and
grassland tomato cultivated (Ilanero and African star); In addition to others
such as rice, barley, onion, tomato, potato, fodder sorghum, wheat, grain

2 The municipalities belonging to this district are: Acambay, Atlacomulco, El Oro, Ixtlahuaca,
Jiquipilco, Jocotltlan, Morelos, San Felipe del Progreso and Temascalcingo.

2 The municipalities belonging to this district are: Almoloya de Alquisiras, Coatepec Harinas,
Ixtapan de la Sal, Malinalco, Ocuilan, Sultepec, Tenancingo, Texcaltitlan, Tonatico, Villa Guer-
rero, Zacualpan y Zumpahuacan.

# Killed 13 police officers in an ambush in the State of Mexico. State authorities report that
a criminal group attacked the agents during a patrol in Coatepec Harina -a-Emboscada-in-the-
state-de-mexico.html (consulted on 05/02/2022).
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oatmeal, peach and macadamia. This district also highlights the large num-
ber of ornamental crop production units, where many of them are marketed
abroad; The municipalities of district VI most important in the production
of flowers and ornamental are: Villa Guerrero, Tenancingo, Zumpahuacan,
Tonatico, Coatepec flours, Ixtapan de la Sal and Almoloya de Alquisiras,
where the best species of ornamental horticulture are found (INEGI, 2001).

Rural Development District VII,** Valle de Bravo. Recognized by its
tourist attractions and very possibly its absolute values in the planted area
as the harvested can be affected by tourism in addition to the internal and
international migration of its population. Although it should be noted that
the value of its production was positive in absolute terms and as a growth
rate (Table 8).

The agricultural activity that takes place in the district is mainly tempo-
rary and in small areas the irrigation is carried out, they are distributed in
the flat parts and on the soft slopes of the slopes. The most important crops
in the area are: corn, fodder oatmeal, potato, green pea, green, cultivated
pastures (African and llanero star) and others such as: beans, barley, grain
oatmeal, onion, tomato, shell tomato and wheat; there are also some fruit
trees, mainly avocado, peach and macadamia (INEGI, 2001).

The VIII Rural Development District, 25 Jilotepec in the location zone
is a district of temporary and small irrigation areas. This is the only rural
district of the entity to show absolute data and annual average growth rates
of the planted and harvested hectares that presented positive values, as well
as the value of their production. But its value for production is among the
little ones in relation to the rest of the rural districts of the Mexican entity
(Table 8). The data set out in this text allow to argue that the agricultural
crisis in our entity is already a fact, which is associated with food insecuri-
ty and poverty (Lemos Figueroa et al., 2018).

POVERTY AND FOOD DEFICIENCY IN THE STATE OF MEXICO

Hunger is a ghost that runs through the world after the Covid-19 pandemic,
because there are 8§10 million people suffering from hunger, that is, one in
ten people in the world does not have enough food to live (FAO, 2020). Of
which 98 percent of people with malnutrition live in developing countries,
83 million people in Latin America and the Caribbean still live in extreme
poverty, half of them in Brazil and Mexico according to the World Bank
24 This rural district is made up of Amanalco, Donato Guerra, Ixtapan del Oro, Otzoloapan, San-
to Tomas, Valle de Bravo, Villa de Allende, Villa Victoria and Zacazonapan.

% The municipalities that make it up are: Aculco, Mota Chapa, Jilotepec, Polotitlan, Soyaniquil-
pan de Juarez, Timilpan and Villa del Coarbon.
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in October 2015. Hunger is polarized in the world, for example, hunger is
concentrated according to regions: Asia and the Pacific with 418 million
people; Sub -Saharan Africa 282 million; Latin America and the Carib-
bean 60 million people. Hits the most vulnerable such as women and chil-
dren; 60 percent of hungry people are women and impacts mortality, for
example, eight million premature deaths per year occur due Hunger Project
Mexico, 2022).

Agriculture is the saving of millions of souls in the world, since it feeds
76 percent of people living in poverty conditions that are located in rural
areas and depend on this activity to survive, but, in addition, it also leads
to nutrition in Urban areas. 50 percent of hungry people are from families
that are located in farming areas and impacts poverty levels.

For example, Mexico has a population of 126,014,024 million people,
of which a considerable number of people are in poverty. Recent data in-
dicates that it went from 51.9 million Mexicans in 2018 to 55.7 million
Mexicans in 2020 (43.9 percent of the total population). This means that
there are 3.8 million more people in poverty since the beginning of the
six-year period of the self-proclaimed fourth transformation and within the
context of the Covid-19 pandemic (CONEVAL, 2020). On the other hand,
the number of people in extreme poverty increased from 8.7 million in
2018 to 10.8 million in 2020 (8.5 percent of the total population) (see The
Hunger Project México, 2022).

Our country is considered a country with a growing economy and is
part of the G20 as it is the fifteenth economy in the world according to the
International Monetary Fund. The Organization for Economic Cooperation
and Development (OECD) and the World Trade Organization (WTO) eva-
luate Mexican workers as those who work the hardest in terms of number
of hours worked per year, compared to the rest of the world, according to
the OECD, Mexico is the third country with the greatest economic inequa-
lity (The Hunger Project México, 2022).

Working more does not mean the absence of hunger. That is, famine
and malnutrition require food security in Mexico. Because 23.5 percent of
the population lives in food poverty (CONEVAL, 2022) but it hits the most
vulnerable sectors of the population (especially in times of pandemic with
price increases).*

26 This is where the government comes in with its plans against inflation (today it is called stag-
flation: Economic situation of the country that is characterized by economic stagnation while
rising prices and increasing unemployment persist), Sader: the IP will voluntarily join the anti-in-
flation plan, available at https://www.jornada.com.mx/2022/05/04/politica/004n1pol (Consulted
on 05/04/2022).
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Table 9. Poverty measurement, 2016-2020: Multidimensional poverty measurement,* Mexico

Percentage and number of people by poverty indicator, 2016 - 2020

Indicators Percent Thousands of people

2016 2018 2020 2016 2018 2020
Poverty
Population in poverty 46.6 41.8 489 7,695.80 7,036.30 8,342.50
Population in moderate poverty 41 37.1 40.7 6,759.20 6,252.70 6,940.60
Population in extreme poverty 57 47 8.2 936.5 783.6 1,401.90

X“‘“.erat?'eP°p“1a“°“d““° social 508 263 181 3439.00 442450  3,090.00
eprivation

Vulnerable population due to income 10 9.6 11.8 1,654.40 1,615.90 2,014.80

Non-poor and non-vulnerable

population 225 224 21.2 3,709.20 3,766.80 3,625.40
Social deprivation

Fopulation with at least one social 67.5 68 67 11,134.80 11,460.80  11,432.50
eprivation

Population with at least three social 166 169 20.4

deprivati 2,743.80 2,845.10 3,474.80
eprivations

Indicators of social deprivation

Educational lag 148 147 141 243530 247850 240920
Deprivation due to access tohealth 55 198 345 256080 332720  5,845.00
services
Depriyation due to access to social 53 547 527 8.740.10 9.208.30 9.005.30
security

Deprivation due to quality and spaces 15« 96 72 208630 1.625.10 122750
in housing : : - ,Us0. ,025. ,227.
Deprivation due to access to basic 17 103 9.9 1.930.60 1.740.00 1.686.60
services in housing : : : 7Y ,140. ,686.

Deprivation due to access
o nutritious and quality food 242 234 242 3,989.60 3,943.50 4,131.20

Economic well-being

Population with income below the 138 108 195

: . 2,270.80 1,817.20 3,322.80
extreme income poverty line

Population with income below the 567

- : 514 60.7 9,350.20 8,652.20  10,357.30
income poverty line

According to the general guidelines and criteria for the definition, identification and measurement
of poverty (2018) that can be consulted in the Official Gazette of the Federation (https:/www.
dof.gob.mx/nota_detalle.php?codigo = 5542421*Date = 30/10/2018) and the methodology for the
multidimensional measurement of poverty in Mexico, third edition (https://www.coneval.org.mx/
informespublicaciones/informespublicaciones/documents/metodologia-medition-multidimensional
-3er-edition.pdf).

Source: Estimates of the Coneval based on the ENIGH 2016, 2018 and 2020.
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For example, according to the National Food Survey. Health and Nu-
trition 2018, there are 881,752 children with chronic malnutrition in the
country, in which there is no exception in urban and rural areas. In the
country, chronic malnutrition in urban areas is 7.7 percent and in rural
areas it is 11.2 percent.

This means food insecurity, because according to the 2018 National
Health Survey, 55.5 percent of households in Mexico were classified in one
of the three categories of food insecurity. 69.1 percent of households living
in the rural stratum were classified as having some level of food insecurity.

In a country with high inequality such as Mexico, indigenous peoples
are the most vulnerability. One in four indigenous children suffers from
chronic malnutrition (ENSANUT 2018). In Mexico, 69.5 percent is, eight
million 340 thousand indigenous people live in poverty (CONEVAL). Of
that 69.5 percent, 41.6 percent corresponds to indigenous people in mo-
derate poverty and 27.9 percent to indigenous people in extreme poverty.
These figures contrast with those of non -indigenous population, for which
moderate poverty is 33.7 percent and extreme poverty of 5.3 percent.

For its part, the State of Mexico went from 3.9 million in 2016 to 4.1
million people in extreme poverty. This increase is due to the Covid-19
pandemic, the food production crisis and the immobility in distribution due
to confinement.?” In percentage terms it is similar to that of 2016, which
was 24.2 percent, but 17.7 percent in 2012, which would mean an increase
of 6.5 percent in eight years (between 2012-2020) (Table 9). During 2018,
more than 60 percent of the indigenous population of the State of Mexico
lived in poverty (mainly Mazahua and Otomi).?®

LACK OF ACCESS TO FOOD IN THE MUNICIPALITIES
OF THE STATE OF MEXICO

The indicators on national and state lags and lags hide their particularity at
a level of greater geographical disaggregation, that is, the municipality. In
the tapestone of the largest size they seem to be coincident with the size of
its population, for example, the most populous municipality is Ecatepec,
Chimalhuacéan, Nezahualcoyotl, Tlanepantla, Naucalpan, Valle de Chalco
Solidaridad and that also concentrate the largest number of people with

27 State of Mexico, poverty measurement 2020, available at https://www.coneval.org.mx/coordi-
nacion/entities/estadodemexico/publishingimages/pobreza_2020/pobreza mi 2018-2020 edo-
mex.jpg (accessed on 04/14/2022).

% CONEVAL, 2019, Poverty in the indigenous population of Mexico, 2008 — 2018, avail-
able at https://www.coneval.org.mx/Medicion/MP/Documents/Pobreza Poblacion_in-
dige-na_2008-2018.pdf (Consulted on 14 /04/2022).
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deficiencies for access to food. But, the most important changes are the
increases between 2010 and 2020 (Figures 8 and 9).

Figure 8: Deprivation due to access to food, municipalities of the State of Mexico, 2010

Carencia por acceso a la alimentacién y municipios del Estado de México, 2010
\

Source: https://www.coneval.org.mx/Medicion/Paginas/Pobreza-municipio-2010-2020.aspx

RELATIONSHIP BETWEEN LACK OF FOOD AND POVERTY

The lack of food is derived from its production while it is caused by po-
verty and has implications in health, since the quality of the pattern of food
consumption can be modified by poverty. Before moving on to the inter-
pretation of the Rho de Spearman coefficient, it is indicated that it agrees
in values close to 1; they indicate a strong and positive correlation. Values
close to —1 indicate a strong and negative correlation. Securities close to
zero indicate that there is no linear correlation.
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Figure 9: Deprivation due to access to food, municipalities of the State of Mexico, 2020

Carencia por acceso a la alimentacién segiin munipios del Estado de México, 2020

2
2
g
£
g
s

Source: https://www.coneval.org.mx/Medicion/Paginas/Pobreza-municipio-2010-2020.a

There may be another type of correlation, but not linear (Salvatore,

1991). In Table 10 we can expose this relationship of the 125 municipali-
ties of the State of Mexico:

a. A larger population of the municipality (Post) there is a strong posi-

tive correlation with the population that lacks food (0.927) (Cali-ele-
ment20).

The greater the number of poor in the municipality (poor) there is a
strong positive correlation (0.985) with the lack of food (Caliment20).
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c. The greater the number of extreme poor in the municipality (Pobrext)
there is a strong correlation (0.897) with the lack of food (Cali-ele-
ment20).

d. The greater the number of moderate poor (pobreMod) there is a strong
positive correlation (0.969) with the lack of food (Caliment20).

e. The greater the population with social deprivation (cernsocial) the-
re is a strong positive correlation (0.852) with the lack of food (Ca-
li-ment20).

f.  The greater the number of vulnerable population in terms of their mo-
netary income (VulY), there is a strong positive relationship (0.902)
with the lack of food (Caliment20).

g. The greater the number of population whose income is Below (Yba-
joLP) the poverty line there is a strong positive correlation (0.974)
with the lack of food (Caliment20).

In simple terms, if you are poor, the possibilities of lacking food increa-
se, even being metropolitan municipalities that have a large spectrum in
the labor market to obtain income and with it greater economic possibility
to maintain consumption. Amartya Sen’s arguments (2006) indicate that
the problem of hunger is also the result of the absence of entitlements or
food access titles. These titles are made up of employment or land to cul-
tivate (which in turn allows people to have a permanent income), but they
suffer discrimination of an ethnic, sexual or religious nature. Without these
titles, famine coexists with a full supply of food cited in Vite (1999: 176).
The problems of food and poverty are structural that have led to inequality,
social and regional polarization, a product of the current economic model
and a poor income redistribution policy.

People should not be allowed to become so poor that they offend or
cause pain to society. It is not so much the misery or suffering of the poor
but the discomfort and cost to the community that is crucial to this concep-
tion of poverty. Poverty is a problem to the extent that low income creates
problems for those who are not poor (Amartya K. Sen, 1992: 310).
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Tabla 10: Correlations

Cali- cernso- Yba-
ment20 PObT  Pobres pobrezExt pobreMod cial vulY joLP
Correlacién 10927 0985  0.897"  0.969" 0.902° 0.852" 0.979"
Cali- de Pearson
ment20  Sig. (bilateral) 0.000  0.000 0.000 0.000  0.000 0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacién ) 5. 1 0966  0.719"  0.980" 0.995" 0978 0.890"
de Pearson
PObT Sig. (bilateral)  0.000 0000 0.000 0.000  0.000 0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacion ) gg5er g6+ 1 0.850" 0995 0.947" 0904 0.969"
de Pearson
pobres Sig. (bilateral)  0.000  0.000 0.000 0.000  0.000 0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacion 70 719 0850 1 00.794™  0.672" 0.597" 0.949"
de Pearson
pobrezEXt i1 (bilateral)  0.000  0.000  0.000 000 0.000 0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacion ) gcgee 930 (.095*  0.794" 1 0.967" 0.931" 0.941°
de Pearson
pobreMod i1 (pilateral)  0.000  0.000  0.000 0.000 0.000  0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacién gy (995 0047 06727 0.967" 1 0975" 0.856"
de Pearson
cersocial i (bilateral)  0.000  0.000  0.000 0.000 0.000 0.000  0.000
N 125 125 125 125 125 125 125 125
Correlacion — gsree (978 0.004  0597°  0931° 0975 1 0.799"
de Pearson
Vuly Sig. (bilateral) ~ .000  0.000  0.000 0.000 0.000  0.000 0.000
N 125 125 125 125 125 125 125 125
dc"“el““’n 0979  0.890" 0969  00.949"  0.941" 0.856" .79 1
e Pearson
YbajoLP  oio (bilateral)  0.000 0000  0.000 000 000 0000  0.000
N 125 125 125 125 125 125 125 125

** The correlation is significant to the 0.01 (bilateral) level.
Source: own elaboration based on https://www.coneval.org.mx/Medicion/paginas/consulta_pobreza_municipal.aspx

CONCLUSIONS

Concern about the imbalance that exists between food production and the
population is a problem that is discussed even today, leading it to develop
not only in national forums on population, but also in international con-
gresses, reaching different governmental instances both both as transnatio-
nal. Due to the general problem that recently originated the pandemic in
2020 caused by the SARS-CoV-2 virus, and aggravated by the war conflict
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that emerged between Russia and Ukraine in 2022, generated shortage of
food, fertilizers and other important supplies related to the Agricultural
sector for the world population.

In our analysis we can conclude the following:

Agricultural production between the period analyzed at the national level
grows mostly in its absolute value over time and above the country’s popu-
lation. This at first glance means to be a Malthusian counterargument, that
is, what can be seen from its position in the quadrant is positive. However,
the extension in hectares of the planted and harvested area does not decrea-
se the value of production, but also of imports and exports. With the latter,
a deficit is identified in the balance of payments of these two concepts pre-
viously explained. Which means that national production does not cover
the total demand for food for the total demand of the population over time.
Obviously there are elements that play against it, such as the structural
crisis, recurring economic crises that impact the agricultural sector, the
fall in international prices of raw materials and the most recent, the critical
health crisis.

The previous counterargument can be seen more clearly in the sim-
ple regression model when beta 1, 2.79 (V2) at the state level is positive.
However, behind this indicator are the neoliberal policy of privatization
of the ejidos, the little effect that the programs had for the countryside,
the economic and agricultural crises, the commercial opening, the fall in
international prices of agricultural products and the pandemic crisis that
still has no end in sight.

In the case of the State of Mexico, the situation is much worse because
the hectares planted and harvested and production are reduced and with a
population divided between metropolitan dependents and non-rural produ-
cers. But even with this, the results derived from the multiple regression
model are shown as a Malthusian counterargument by presenting a positi-
ve value of their betas with the exception of prices that act inversely which
means that it is more expensive to produce in the entity than to import.

In the middle of all this are the hoarders and those who concentrate the
distribution of products derived from the agricultural sector. Those that
distribute within the country that are specifically distributed in areas of
greater agricultural production. The supply is concentrated in the central
area because the main distribution centers are located there, such as the
supply center of Mexico City, which includes the State of Mexico. In the
north, the shoal and the south there are actors that supply the internal mar-
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ket, but also the external market. In general, these suppliers are the ones
who have the monopoly on agricultural products and are the ones who
control the supply at the national level and obviously the State of Mexico
cannot be left out of this.

Agricultural production in the State of Mexico presents a kind of spe-
cialization by rural district. That is, they mostly plant and harvest corn. But
there are districts like those in the south of the state that plant and harvest
fruit, flowers, among other products, whose yields and production value
are much higher than those of corn-growing areas whose products are for
the market or for self-consumption.

Finally, the correlation between lack of food and poverty would give
the reason to the Malthusian argument. That is, the greatest number of poor
in the major municipalities are they who suffer from food lack. This could
be correlated with the decrease in agricultural production, in the imbalance
of food distribution of this sector and to the labor market.

The results presented here can be refuted because, as Karl Popper says,
there are no immutable arguments and other studies could reach different
results. Thus, our findings are submitted to the scrutiny of experts on the
subject and if this happens, this text will have achieved its goal:

a hypothesis is falsifiable if there is an observational statement (or a set
of observational statements), logically possible, that are incompatible with
it, that is: if established as true, they would refute such proposal (Ibafiez,
2007).

In terms of public policy, after the health crisis comes inflation and high
food prices, therefore, Adres Manuel Lopez Obrador (AMLO) asked pro-
ducers to make their homeland and plant more grains to combat inflation.
29 This means an internal market policy (protectionist) given that there has
been a crisis in the international food market, for example, India has stated
that it will stop exporting wheat and for this the government of Mexico has
eliminated tariffs on imports of wheat certain food products.*

POSSIBLE SCENARIOS AND OBSTACLES IN THE DEVELOPMENT OF FOOD
PRODUCTION OF AGRICULTURAL SECTOR

After the pandemic, the crisis of war between Ukraine and Russia seems
difficult to meet the zero hunger objective by 2030. This is because both

2 AMLO asks producers to make homeland and sow more grains to combat inflation, available
at  https://www.process.com.mx/nacional/2022/5/16/amlo-pide-product-res-que-hagan-patria
-Ste-somas-granos-for-combat-inflation-286003.html (accessed 05/17/2022)

3 Tariffs are eliminated on 66 goods, available at https://www.jornada.com.mx/2022/05/17/
economia/016n2eco (Consulted on 05/17/2022).
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crises had a systemic effect, especially in the equation of agricultural pro-
duction. If we start from the idea that the territorial extension does not
increase or decrease as we have previously seen, the investment is more
expensive by the increase in interest rates and inflation (Figure 10). But
FAO (2022) suggests that investment increase and as if the money bo-
rrowed was not expensive. Therefore, these are elements that reduce the
possibility of increase in production and even complicate the import of
food worldwide and therefore to Mexico.

Raw materials have also increased with war, however, FAO suggests
guaranteeing the best use of fertilizers, but how does the process of dyslo-
balization affect import? Which means that it is another element that will
affect the equation of agricultural production, as well as the objectives of
zero hunger and which is associated with world drought,*' national®* and
state.* But at the same time how to reduce the gap between northern far-
mers with intensive technology uses and those of the traditional south of
the country?

3 The number and duration of droughts have increased 29 percent since 2000, available at
https://news.un.org/es/story/2022/05/1508622 (Accessed on 07/14/2022).

32 Mexico Drought Monitor (MSM), available at https://smn.conagua.gob.mx/es/climato-logia/
monitor-de-sequia/monitor-de-sequia-en-mexico (Consulted on 07/14 /2022).

3 In the State of Mexico there are eight municipalities with drought and 72 abnormally dry,
available at https://www.elsoldetoluca.com.mx/local/en-el-estado-de-mexico-hay-ocho-munic-
ipios-con-sequia -y-72-abnormally-dry-8583266.html (Accessed on 07/13/2022).
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Figure 10: Food and non -alcoholic beverage price index, Base Date: Second Fortnight of
July 2018 =100

Index for foods and non-alcoholic beverages with base date second half of July 2018 = 100
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Source: INEGI, Available inhttps://www.fao.org/hunger/es/ (07/05/2022).
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