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Abstract 

Background information Mexico faces a great challenge in producing, storing, and distributing food to guarantee 
the food security of its population. Natural disasters, climate change and changes in land cover are dynamic drivers 
affecting food production. In this study, we propose a method for assessing food security by evaluating the amount 
of food in Mexico that is available to meet the demand of its population. An indicator of food availability based 
on environmental, social, production and food supply variables is proposed.

Methods Food availability in Mexico’s 2471 municipalities was assessed using five sub‑indicators covering environ‑
mental and social conditions of production, food supply, caloric and protein sufficiency, and food supply. A database 
of 19 variables was integrated to calculate an index of food availability by municipality. Spatial analysis techniques 
were used to identify areas with specific needs and to formulate public policy recommendations.

Results The availability of food is not a problem at all in 90% of the municipalities in the country. We found 
that the environmental and social conditions are suitable for producing food from agriculture and livestock and there 
are sufficient food outlets. The caloric demand and protein requirements of the population can be met in at least 87% 
of the municipalities. Thus, the environmental and social conditions are good in more than 85% of the municipalities. 
If food production and availability are sufficient; then, the problem of food insecurity may be due to other causes.

Conclusions and recommendations The conclusion is that food insecurity in Mexico is influenced by additional 
factors. An urgent intervention is needed, including public policies to provide economic support to the most affected 
segments of the population.
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Introduction
With less than a decade to go before the deadline for 
achieving the Sustainable Development Goals (SDGs), 
the reality is clear: global hunger will persist beyond 

2030. New estimates, based on the frequency and inten-
sity of conflicts, extreme climatic conditions and eco-
nomic slowdowns, point to the urgent need for bold 
action to accelerate progress [1].

In this global scenario, it is estimated that between 
720 and 811 million people worldwide will be hungry in 
2020. Using the midpoint of this range (768 million) as a 
reference, this represents an increase of around 118 mil-
lion people compared to 2019. The most affected regions 
remain Africa (21% of countries), Asia (9% of countries) 
and Latin America and the Caribbean with 9% of total 
countries affected [1]. The root of the problem lies in 
the large food systems, the myriad networks that have 
formed to produce, store, package, process, distribute, 
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market and consume food [1]. Infrastructure plays a criti-
cal role in food security. In Ethiopia, smallholder farm-
ers, both men and women, face barriers, such as limited 
access to agricultural infrastructure and facilities [2].

In line with the complexity of food systems, the inac-
cessibility of healthy diets emerges as a critical factor 
linked to the increase in food insecurity and various 
forms of malnutrition due to the high prices of foods 
considered healthy. This challenge will become more 
pronounced by 2020 and will be a greater threat than 
in previous periods, particularly in developing coun-
tries. The increase could be attributed to the responses 
adopted, in particular the closure of borders in response 
to the COVID-19 pandemic. It has now improved with 
trade openness, which plays a crucial role in improving 
food security, as in the case of 37 countries in Africa [3]. 
Opening community marketing sites has provided farm-
ers in other countries with a secure outlet for their food 
production, linking smallholders to markets without con-
flicting with social and cultural norms [4].

Although [5] addressed food security through the 
prevalence of undernourishment, this indicator has been 
shown to fail to capture the complexity and multidimen-
sional nature of food security. This is evident in places 
where food insecurity is alarming in all four dimensions, 
as pointed out by Mbunga et al. [6]. Currently, there are 
significant gaps in the methodologies used by FAO to 
measure food security and food availability. Although 
it uses indicators such as calorie adequacy and dietary 
diversity, it does not consider the dimensions of food 
utilisation and stability, which limits a comprehensive 
assessment [7]. Furthermore, the focus on national indi-
cators of undernutrition based on food availability esti-
mates does not adequately address the situation at the 
household level, given the limited data and knowledge 
at the household level [8]. In terms of food availability, 
the FAO focuses on physical access to food, neglecting 
emerging aspects such as environmental sustainability 
[9]. Although it assesses the sufficiency of food through 
production and imports [10], its focus on food bal-
ance sheets has limitations in accurately estimating the 
prevalence of malnutrition [11]. Furthermore, regional 
measures used to measure food availability neglect the 
specificities of small scales [12], highlighting the need for 
a more comprehensive and detailed approach to assess 
food security at the global level.

Given the limitations of current methodologies, the 
proposal for measuring food availability in the pre-
sent work stands out for its comprehensive and detailed 
approach, taking into account the environmental and 
social conditions of production, food supply, calorie and 
protein sufficiency, and food supply at the community 
level.

In addition, there is a call for a comprehensive analy-
sis of food insecurity that allows for the design of long-
term, tailored interventions. It is therefore proposed that 
food security be addressed through these four dimen-
sions: availability, physical and economic accessibility, 
use and stability of food in time, using specific indicators. 
An example of the application of these dimensions is the 
Economic Commission for Latin America and the Car-
ibbean (CEPAL), document for four Andean countries: 
Bolivia, Colombia, Ecuador and Peru [13].

In addition, consideration of spatial and temporal 
changes in land cover (croplands, forests, grasslands 
and aquatic areas) is critical for assessing food security. 
These changes can either alleviate or exacerbate the chal-
lenge of food production in different environments [14]. 
In agricultural production areas, climate disruption can 
challenge crop productivity, affecting the world’s ability 
to sustain adequate food production for a growing pop-
ulation [15]. Ocwa et  al. [16] found that a temperature 
increases of 1 to 4 °C in warm areas led to a decrease in 
agricultural yields of 5 to 14%. In cold regions the global 
increase was less than 5%. The decrease in precipitation 
led to a decrease in yields from 25 to 32%.

In this context, it is crucial to increase crop yields and 
productivity to address the impact of climate change on 
the nutritional value of these crops. For example, the 
adoption of seasonal climate-adapted agronomic prac-
tices for wheat systems in the Mediterranean suggests 
that there are effective agronomic practices that can be 
adopted by farmers to improve yields and make an effec-
tive contribution to food security [17].

In this regard, Mexico is emerging as a country vulner-
able to climate change and land use change, which are 
already affecting food production and consequently the 
food security of its population. At least 64% of Mexican 
soils show some degree of degradation, with 12% of the 
territory affected by water erosion and 9.5% by wind ero-
sion [18]. In addition, there is a public health crisis due 
to the increase in diet-related diseases, including mal-
nutrition and obesity. The role of food and agriculture is 
increasingly seen as a strategic sector [19].

Food insecurity in Mexico is mainly due to the lack of 
resources to acquire quality food, exacerbated by food 
inflation, widespread unemployment, and low education, 
leading to severe food insecurity in several states [20, 21]. 
This situation is intensified by environmental impacts 
and an inadequate food supply that does not meet health 
standards [22]. Factors such as climate vulnerability, pov-
erty rates, and the number of nutrition programs are 
critical to understanding this problem, highlighting the 
need for a multisectoral approach to policy and govern-
ance [23]. Food insecurity in Mexico also stems from 
various climatic, socioeconomic, and cultural aspects, 
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particularly affecting indigenous communities with high 
rates of chronic malnutrition [24]. Although there was 
a temporary decrease during the COVID-19 pandemic, 
the persistence of this problem highlights the urgency of 
addressing these causes in a comprehensive manner to 
ensure food security in the country [25].

Conceptual framework
Food security is achieved when all people have physi-
cal and economic access to sufficient safe and nutritious 
food to satisfy their nutritional needs and preferences at 
all times, permitting them to lead an active and healthy 
life [26], p.2.). Thus, the four dimensions that are neces-
sary to achieve food security and generate sustainable 
and functional food supply systems are as follows: (1) 
availability of food; (2) physical and economic access to 
food; (3) use of food; and (4) stability over time.

In this paper, we propose an approach to measuring 
food security based on the first dimension proposed by 
FAO: the availability of food. Variables summarizing the 
sources of information available at the municipal level 
for Mexico were obtained from a previous bibliographic 
review [27]. An indicator of food availability is proposed 
to measure food security in the country based on the def-
inition of FAO [26].

The concept of food availability has been addressed as 
the provision of sufficient food through production and 
distribution, which affects communities’ access to food 
of adequate quality, whether from domestic or imported 
sources [10]. This concept is explored through meth-
ods such as ration cards, community coping strategies, 
soup kitchens, and private provisioning in Jewish ghet-
tos during World War II [28]. In addition, food sharing 
addresses the availability and distribution of food by 
reducing waste, redistributing to those in need, and pro-
moting responsible consumption in line with sustainable 
development values in diverse communities [29]. Food 
availability and distribution in communities are critical 
components of the food system because they affect food 
security. This concept encompasses both the physical 
availability and accessibility of food within the food value 
chain [30].

The FAO defines food availability as "The existence of 
sufficient quantities of food of adequate quality, supplied 
through the country’s production or imports (including 
food aid)"[31]. In addition, the “food supply” is included 
as an important part of the dimension and is defined as 
“the quantity, quality and varieties of food subject to pro-
duction (productive practices, environmental conditions, 
cost) and provision (supply, transportation) which in turn 
is conditioned by geographical location, climatic factors, 
distances from the production centers, among others" 
[26, 32]. In this study, the definition provided by FAO [31] 

was used as a guideline for the formulation of the "food 
availability indicator"; however, some concepts addressed 
in the aforementioned studies were also considered.

There have been few studies of food availability in Mex-
ico [33]. At the national level, the availability of food is 
measured in conjunction with one or more of the other 
three dimensions. For example, physical access to food 
was measured considering the index of marginalization 
of the locality and the supply of food [34]. At the level 
of ecoregions, the food efficiency index was measured 
based on the production and consumption of food [33]. 
At the state level and for Mexico City, the availability 
of food was studied from the perspective of production 
[35]. On the household scale in Xochiapulco, Puebla, the 
variety of food available was measured, including deter-
mining how many months the household supplies would 
last [36]. Consequently, measuring the availability of food 
is key measuring food security. It allows monitoring the 
production, supply and quantity of food, as well as the 
sufficiency of food energy and the quality of diets for a 
specific population. However, fisheries, aquaculture and 
forest products also contribute to the availability of food 
[5].

Therefore, it is necessary to expand the study of food 
availability with the use of variables that determine it in a 
broader sense. In addition, the lack of application of these 
variables at the municipal level is noted in most studies 
since the most common measurement scales are at the 
national and state levels. The municipal scale is the small-
est administrative unit for budget distribution Mexico, 
making it possible to identify the particular environmen-
tal, social, infrastructure or food production conditions 
of each municipality. Thus, our objective was to propose 
an indicator of the availability of food in Mexico at the 
municipal level through a set of variables to guide deci-
sion-makers in the correct application of comprehen-
sive policies that contribute to improving national food 
conditions.

Methods
Food availability was estimated for 2471 municipalities 
in Mexico. Five subindicators were defined based on the 
concept of “food availability” as well as the “food supply” 
(Table 1), as detailed below:

a. Environmental conditions for production: In terms 
of land potential, crop productivity is considered to 
be determined by interactions between climate and 
ecophysiological processes. It includes four variables: 
(1) water for production (considering whether the 
municipalities have irrigated agriculture), residual 
irrigation, temporary irrigation or a combination of 
these, (2) suitability of the land for agriculture, (3) 
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Table 1 Weighting of the variables and sources of information used to measure food availability

Variable Unit Class Value Source

Environmental conditions for production

 Humidity for production Categorical Irrigation–residual–temporary 3 [66]

Irrigation–temporary 2

Temporary 1

No data/No agriculture 0

 Suitability of the land for agriculture Dimensionless High (3.1–4) 3 [67]

Middle (2.1–3) 2

Low (1.1–2) 1

No data (1) 0

 Range coefficient Animal unit/ha Very Low (5) 5 [68]

Low (4–5) 4

Middle (3–4) 3

High (2–3) 2

Very High (1–2) 1

No data 0

 Exposure to the weather Dimensionless Very Low (5) 5 [67]

Low (4–5) 4

Middle (3–4) 3

High (2–3) 2

Very High (1–2) 1

No data 0

Social conditions of production

 Marginalization Index (GM) Dimensionless Very low 5 [69]

Low 4

Medium 3

High 2

Very high 1

 No litigation for the land % Very High (> 75%) 5 [70]

High (50–75%) 4

Middle (25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

No data 0

 Primary activities No 4 primary activities 4 [66]

3 primary activities 3

2 primary activities 2

1 primary activity 1

No data/None 0

 Up with agricultural insurance or credit % Very High (> 75%) 5 [70]

High (50–75%) 4

Middle (25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

No data 0
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Table 1 (continued)

Variable Unit Class Value Source

 Technical training at PU % Very High (> 75%) 5 [70]

High (50–75%) 4

Middle (25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

No data 0

 Organization of PU % Very High (> 75%) 5 [70]

High (50–75%) 4

Middle (25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

No data 0

Provision of food

 Agricultural production Ton Very high 4 [66]

High 3

Medium 2

Low 1

No data/No production 0

 Livestock production Ton Very high 4 [66]

High 3

Medium 2

Low 1

No data/No production 0

 Fishing and marine products kg Very high 4 [ 71]

High 3

Medium 2

Low 1

No data/No production 0

Caloric and protein sufficiency (produced)

 Calorie availability % High (80–100%) 3  [66]

Middle (50–80%) 2

Low (0–50%) 1

No data/no production 0

 Protein availability % High (80–100%) 3 [66]

Middle (50–80%) 2

Low (0–50%) 1

No data/no production 0

Food supply

 Points of sale (economic units) % Very High (> 75%) 5 [72]

High (50–75%) 4

Middle 25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

 Markets % Very High (> 75%) 5 [73]

High (50–75%) 4

Middle 25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1
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suitability for livestock activities and (4) the degree of 
exposure to the climate.

b. Social conditions of production: It refers to the char-
acteristics of the population and the conditions in 
which producers operate when producing food. It is 
composed of six variables: (1) marginalization index 
(GM), which was taken from CONAPO, (2) lands 
without litigation regarding land ownership, (3) per-
centage of production units (PUs) that have insur-
ance or agricultural credit, (4) percentage of PUs that 
indicated having received technical assistance, (5) 
percentage of PUs that are part of an organization 
and (6) the number of primary activities developed in 
the municipality (only agriculture, livestock and fish-
ing were considered, excluding activities forestry due 
to lack of information).

c. Provision of food: This includes the goods produced 
or provided by ecosystems such as food, water, fuel, 
fibers, genetic resources and natural medicines. 
In this indicator, three variables are integrated: (1) 
agricultural production, (2) livestock production 
and (3) fisheries production. The above reflects the 
annual production volume in tons (agricultural and 
livestock production) or in kilograms (fishing). It is 
worth mentioning that only those products that are 
edible for people were selected; products destined for 
livestock feed, ornamental plants or some other pur-
pose, such as cotton, were excluded. Likewise, wax 
and wool were excluded livestock products, and only 
honey, meat, eggs, milk and live cattle were consid-
ered.

d. Caloric and protein sufficiency: This is based on the 
caloric and protein requirements per capita pro-
posed by FAO and WHO [37], linked to the vari-
ety and quality of food consumed by the residents. 
It includes two variables: (1) availability of calories 

produced and (2) availability of proteins produced in 
the municipalities. "Composition tables for food and 
food products" were used [38], from which the total 
calories and proteins contained in each of the prod-
ucts from production were obtained. The availability 
of calories (Kcal) and proteins (Prot) in a municipal-
ity was obtained by:

where PopulationKcal and PopulationProt are the 
percentage of the population of a municipality that 
would be covered with the production of food from 
the same municipality in terms of calories and pro-
teins, respectively. V is the total annual volume of 
agricultural, livestock and fishing production (in 
grams), in turn converted to kcal and protein (con-
verted to kcal and daily available protein); 2,388 and 
35 are daily requirements of calories and proteins for 
an adult, respectively (FAO, [37]); and PTot is the 
total population of the municipality.

e. Food supply: This is determined based on the food 
trade and the means to access it. The population 
mostly acquires its food in some trade, large or small. 
It integrates four variables: 1) percentage of the pop-
ulation supplied by the points of sale in the munici-
palities (INEGI-DENUE, excluding all establishments 
dedicated to the sale of products other than food, 
including alcoholic beverages and cigarettes), defined 
based on the thresholds established by [39], consider-
ing the size of the points of sale: micro (1–10 employ-
ees), small (10–50 employees) and medium (51–300 
employees) (ranges established by the World Bank), 
2) percentage of the population benefited by mar-

(1)
PopulationKcal = [((V)/365)/2388) ∗ 100]/PTot

(2)
PopulationKcal = [((V)/365)/2388) ∗ 100]/PTot

Table 1 (continued)

Variable Unit Class Value Source

 Tianguis % Very High (> 75%) 5 [73]

High (50–75%) 4

Middle 25–50%) 3

Low (10–25%) 2

Very Low (0–10%) 1

 Inaccessibility % Very Low (0–10%) 5 [74]

Low (10–25%) 4

Middle 25–50%) 3

High (50–75%) 2

Very High (> 75%) 1
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kets and supply centers, 3) percentage of the popula-
tion benefited by “tianguis”—this is a kind of "mobile 
market" that is semi-permanent on the street and on 
certain days of the week, according to the uses and 
customs of each population in the country—and 4) 
inaccessibility, which is the percentage of the popu-
lation with low or very low degree of accessibility to 
paved roads. This last variable shows an aggregate 
indicator of information on the existence of paved 
roads, location of the localities, slope of the terrain, 
type of vegetation, land use, existence of bodies of 
water, availability of public transport and travel time 
to the localities with more than 15 thousand inhabit-
ants.

Food availability index
A database was integrated with the 19 variables and 
the 2471 municipalities that make up the country [40]. 
A score was obtained for each of the five subindicators 
(arithmetic sum of its variables) and then added again to 
obtain the index of food availability by municipality. The 
results were grouped into five classes (Table  2 Err or ! 
Reference source not found.). The database was exported 
to a geographic information system (ArcMap 10.4.1, 
ESRI) to generate cartography.

Finally, areas with potential for analysis and public pol-
icy recommendation were identified based on the spatial 
behavior of the food availability index obtained. That is, 
the class of availability in a municipality and the similar-
ity with neighboring municipalities. For this, a spatial 
autocorrelation analysis was carried out between values 
of closest neighbors by applying the global Moran index 
(Moran, [41]). GeoDa software was used [42] to calcu-
late the statistics and the corresponding cartography. 
The values range between + 1 and -1, where + 1 indi-
cates perfect positive autocorrelation, -1 denotes per-
fect negative autocorrelation and a value of 0 indicates 
the presence of completely random patterns in its spatial 
distribution (Chasco, [43]). To verify the level of signifi-
cance, the value of 0.05 was used, so that if p < 0.05, the 
null hypothesis was rejected, suggesting that the attribute 
being analyzed is randomly distributed among the enti-
ties of the study area. Thus, if the p value is not statisti-
cally significant, the null hypothesis cannot be rejected, 
and the spatial distribution is likely the result of random 
processes. In contrast, if p is statistically significant, the 
null hypothesis is rejected, and there is evidence for the 
spatial grouping of the values.

Results
The results for each of the five subindicators are shown in 
Fig. 1 and briefly described below.

Environmental conditions for food production (ECP). 
It was found that 26% of the municipalities of Mexico 
(648) observe "very high" environmental conditions to 
produce food. These municipalities are characterized by 
having sufficient humidity for agriculture throughout the 
year (temporary, irrigation or residual irrigation). They 
have suitable agroclimatic and soil conditions to produce 
crops or sustain livestock. Their exposure to climatic 
phenomena is low or very low (Table 3). Some examples 
are the municipalities of Joquicingo (State of Mexico), 
Quiroga (Michoacán), Asunción Ixtaltepec (Oaxaca), 
San Gregorio Atzompa (Oaxaca) and Tenancingo (Tlax-
cala). In contrast, San Pedro Garza García (Nuevo León), 
Puerto Peñasco (Sonora), Nuevo Laredo (Tamaulipas) 
and Juárez (Chihuahua) present the lowest environmen-
tal conditions.

Social conditions for food production (SCP). The results 
show that 99% of the municipalities have adequate social 
conditions for food production (Table  4). Municipali-
ties such as Othón P. Blanco (Quintana Roo), Guasave 
(Sinaloa), Tuxpan (Veracruz) and Mérida (Yucatán) stand 
out. They are characterized by being municipalities with 
a very low index of marginalization, a diversity of pri-
mary activities (at least three), free of litigation over land, 
having several organizations that represent them, hav-
ing access to agricultural insurance and/or credit, and 
receiving technical training. However, within the low 
social conditions there are three municipalities of Chia-
pas (Capitán Luis Ángel Vidal, Honduras de la Sierra and 
Rincón Chamula San Pedro) with a high degree of mar-
ginalization and no primary activities.

Provision of food (PF). Municipalities with a very high 
food supply are characterized by having a very high 
production and variety of agricultural, livestock and/
or fishing products (Table  5). Outstanding examples 
are the municipalities of Ahome (Sinaloa), Culiacán 
(Sinaloa), Ensenada (Low California), Champotón and 
Cajeme (Sonora), mainly from the north of the coun-
try. Those that do not register food production stand 
out, San Pedro Garza García (Nuevo León), Iztapalapa 
(Mexico City), El Parral (Chiapas) and Ciudad Madero 
(Tamaulipas), to mention a few.

Table 2 Values and classes of the food availability indicator

Range Class Description:

0 0 No data/no availability of food in the municipality

(0.1 to 5.0) 1 Low availability of food in the municipality

(5.1 to 10.0) 2 Average availability of food in the municipality

(10.1 to 15.0) 3 High availability of food in the municipality

(> 15) 4 Very high availability of food in the municipality
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Caloric and protein sufficiency (CPS). It was found 
that 80% of the municipalities in Mexico can meet their 
calorie and protein requirements by having enough of 
their own food production. Some of them even exceed 

the requirements of their population by many (Table 6). 
Therefore, some municipalities that have low food pro-
duction achieve this category since their population is 
small (Santiago Sochiapan in Veracruz, Ónavas and San 

Fig. 1 Spatial distribution at the municipal level of a environmental conditions for production, b social conditions, c food supply, d caloric 
and protein sufficiency, e food supply and f food availability in the municipalities of Mexico
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Javier in Sonora). In contrast, municipalities such as 
Nuevo Laredo (Tamaulipas) observe little agricultural 
production but a very large population.

Food supply (FS). Regarding points of sale, markets or 
tianguis, it was found that more than half of the munic-
ipalities observe high to very high coverage. In the case 
of markets and tianguis, the percentage of population 
coverage is medium, or they do not reach the entire 
population. The percentage of inaccessibility is "very 
low", which is favorable for municipalities since only 

6.7% of the population does not have good accessibility 
( Table 7).

Food availability indicator (FA)
By integrating the five dimensions, the food availabil-
ity indicator was obtained. The contribution of each 
is shown in Fig. 2. The results indicate that more than 
two-thirds of the municipalities have a high availabil-
ity of food. That is, they have high environmental and 
social conditions for the production of food, so they 

Table 3 Environmental conditions in the municipalities of Mexico

Class Municipalities % VARIABLES

Humidity Crop suitability Pasture Exposure to weather

Very high environmental 
conditions

648 26 Irrigation–residual–tem‑
porary

High More than 5 animals/ha Low and very low

High environmental condi‑
tions

1457 59 Irrigation–temporary Medium to high More than 5 animals/ha Medium to low

Average environmental 
conditions

357 14 Temporary Medium to high More than 5 animals/ha High to very high

Low environmental condi‑
tions

9 0.4 Temporary Low or not suitable More than 5 animals/ha No data

Table 4 Distribution of the municipalities of Mexico in social food production category

Class Municipalities % VARIABLES

Degree of 
marginalization

No litigation Credit and/
or insurance

Technical training Organization Number 
of primary 
activities

Very high social 
conditions

1120 45 Low 99.6 53.3 94.3 97.3 More than 3

High social condi‑
tions

1332 54 Medium 99.7 17.9 93.5 97.4 From 2 to 3

Average social condi‑
tions

4 0.2 Medium to High 98.9 0.0 49.7 57.2 2 or less

Low social condi‑
tions

15 1 Medium to High No data No data No data No data At least 1

Table 5 Distribution of the municipalities of Mexico in the provision of food category

* Total production by 2020, taken from SIAP, 2020

Class Municipalities % VARIABLES

Agricultural 
prod (ton) *

Agricultural 
variety

Livestock 
production 
(ton) *

Livestock 
variety

Fishing prod (kg) * Fishing 
variety

Very high provision 7 0.3 1,130,679 25 141,487 5 34,437,553 32

High provision 70 3 227,587 13 33,309 5 18,481,905 26

Average provision 2173 88 60,324 7 14,019 5 1,436,800 11

Low provision 199 8 4704 3 2873 3 1,901,804 8

No data/no provision 22 1 0.0 0 0 0 0.0 0
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provide food to their population, neighboring munici-
palities or even export food, and they have sufficient 
caloric and protein provision. Only 0.3% of the munici-
palities (8) present low availability (Table 8).

Mexico has sufficient environmental and social con-
ditions for food production. However, its provision of 
these is average, and nevertheless, the amount of calo-
ries and proteins that it produces is sufficient to fulfill 
the needs demanded by its population. In addition, the 
offer that exists to obtain food in Mexico is average. 
That said, it is assumed that although the country has 
good environmental and social conditions, it does not 
develop its maximum potential for the production or 
supply of food (Figure 1).

Spatial and neighborhood analysis (global Moran index)
The results of the global Moran index (0.315) indicate 
that there is a positive spatial correlation between the 
analyzed datasets; that is, they are statistically sig-
nificant. There is a notable concentration of points in 
quadrants I and III (Fig.  3a) that suggests a predomi-
nant concentration of similar values of food availability. 
The areas with the most significant values are presented 
in the center of the country (Fig. 3b).

The positive value of the Moran index suggests that 
the spatial distribution of the high values and the low 

value of availability is more spatially clustered than 
could be expected if the underlying spatial processes 
were random. The spatial correlation between the avail-
ability of food in a municipality and its neighbors is 
presented in Fig. 4.

Discussion
Food security in Mexico is a problem which requires 
an interdisciplinary approach. Our results show evi-
dence that there is no problem with food availability, 
as presented in other studies [44–46]. This is because 
two-thirds (66%) of the municipalities have high food 
availability and 32% more have very high availability. As 
for the municipalities with low food availability (2%), they 
are mostly located in the state of Chiapas, similar to what 
was found by Aguilar-Estrada et  al. [34]. This is despite 
the efforts of federal social programs aimed at eliminat-
ing this condition in the state [47]. Food insecurity in 
the southern region of Mexico is also reflected in seri-
ous public health problems, particularly among children. 
Minors who are severely food insecure have a higher 
prevalence of anaemia compared to food secure house-
holds [48].

According to research, the global food industry pro-
duces enough food for the world’s population and 
employs more than 22 million people [49]. It has been 
emphasized that the world has the capacity to produce 
enough food to feed one person for one year on 0.045 
hectares of arable, land through sustainable intensifica-
tion of agro-ecosystems [50]. In addition, with sustain-
able practices, it has been found that food production 
could support 10.2 billion people within planetary 
boundaries, indicating significant potential for improving 
global food availability [51].

The food supply results show that 78% of the coun-
try’s municipalities have a medium–high supply. This 
indicates that even in municipalities with no food pro-
duction, food is available. Food is accessed through 
grocery stores, supermarkets and tianguis, which are 
very common in the country. However, this can lead 
to households in different areas of the country having 
a less diverse diet, based mainly on the consumption of 

Table 6 Distribution of the municipalities of Mexico in the 
caloric and protein category

* Refers to percentage of population coverage for calories and proteins

Class Municipalities % VARIABLES

Calorie 
coverage 
(%) *

Protein 
coverage 
(%) *

Very high sufficiency 1976 80 100 100

High sufficiency 165 7 65 80

Medium sufficiency 207 8 31 60

Low sufficiency 101 4 6 20

No data/no sufficiency 22 1 0 0

Table 7 Distribution of the municipalities of Mexico in the food supply category

* Refers to percentage of population coverage

Class Municipalities % VARIABLES

Point of sale coverage 
(%) *

Market coverage 
(%) *

Market coverage 
(%) *

Inaccessibility 
(%)

Very high offer 224 9 100 65 72 2.6

High bid 1113 45 80 41 45 6.7

Average offer 789 32 75 29 38 19.8

Low offer 345 14 39 21 34 42.6



Page 11 of 16Cruz‑Sánchez et al. Agriculture & Food Security           (2024) 13:35  

cereals and low in fruits, vegetables and animal protein. 
Undesirable foods such as biscuits and fizzy drinks are 
also consumed [52]. This contributes to problems of 
overweight and obesity, which are linked to food inse-
curity and are also risk factors for developing diseases 

such as diabetes. This is due to the high availability of 
processed foods and limited access to fruits and vegeta-
bles [53].

In developed countries, several factors related to the 
food supply, such as the type, cost and variety of products 

Fig. 2 Correlation between variables and subindicators a environmental conditions for production, b social conditions, c food supply, d caloric 
and protein sufficiency, e food supply and correlation between subindicators and indicator f food availability
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offered at different points of sale, have been shown to 
have an impact on obesity rates. Issues such as the type 
and concentration of food outlets, food prices, distance 
to food outlets and the means of transport used to reach 
them also play an important role [54]. The strategic loca-
tion of food alternatives, such as local markets located at 
transportation hubs, close to homes, or along commuter 
routes, especially for populations without their own vehi-
cles, has been shown to be an effective way to improve 
food access in underserved areas [55].

The country’s food supply is sufficient when consider-
ing only the caloric and protein sufficiency produced. 
These results are consistent with previous studies, which 
state that Mexico produces more food than its popula-
tion needs and is food self-sufficient [56]. However, other 
studies indicate a trend towards loss of food self-suffi-
ciency, with the exception of maize and beef [33].

It will be possible to meet future food demand by 
increasing yields of major crops. This claim is based on 
the yield increases observed between 1980 and 2014, as 
assessed by Baldivia & Ibarra [56], assuming that there 
is no additional arable land for expansion in Mexico. 

Specifically in rural areas, subsistence farming and com-
mercialization are variables with positive economic 
effects on agricultural and livestock activities, especially 
in backyard farming, ensuring the prevalence of fam-
ily traditions [57]. It has been pointed out that the world 
produces enough food for the projected world popula-
tion of 9.7 billion people in 2050, provided there is a radi-
cal societal shift to plant-based diets and food waste is 
reduced [58]

However, the increase in the price of agricultural prod-
ucts is attributed to the cost of transportation, which lim-
its their accessibility despite their availability (FAO, [59]). 
The annual wage increase in Mexico does not counteract 
the rising costs of food, services, and transportation, with 
poverty being a determining factor in food insecurity. 
Although federal programs and policies such as “Opor-
tunidades”, “Procampo” and “Adulto Mayor” have con-
tributed to a 9% reduction in poverty, there is evidence of 
the need for more effective alternatives [60]. According 
to Muñoz-[61], the high failure rate of Mexican family 
gardens is consistent with the prevailing policy approach, 
which sees the problem of food security as a ’lack of 

Table 8 Distribution of the municipalities of Mexico in the categories of food availability

* (ECP) environmental conditions for production; (SCP) social conditions for production; (PA) provision of food; (CPS) caloric and protein sufficiency; (FS) food supply

CATEGORY MUNICIPALITIES % Subindicator *

ECP SCP PA CPS FS

Very high availability of food 781 32 Very high Very high Medium Very high High

High availability of food 1634 66 High High Medium Very high Medium

Average food availability 48 2 Medium High Low Low Medium

Low availability of food 8 0.3 Medium Low No data/no provision No data/no 
sufficiency

Medium

Fig. 3 a.Global Moran Index: DA. b. Significance map: DA
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assets’ for production. This suggests a weak link between 
the problem and policy.

In the United States, despite the rise in food prices, 
annual wage increases can help offset their impact 
because disposable personal income has historically risen 
faster than food prices, which have kept the share of food 
expenditures constant [62]. In India, by contrast, increas-
ing annual wages in agriculture would require an 80% 
increase in crop prices in the short run to offset the wage 
impact, or a 140 percent increase to offset the increase 
in rural non-farm wages [63]. Then, raising the minimum 
wage can help offset the impact of higher food prices by 
increasing workers’ purchasing power, reducing poverty, 
and improving overall economic stability [64].

The implementation of public policies based on the 
promotion of productive structures, taking into account 
regional differences, could be a viable strategy [65]. 
Small-scale studies are proving to be indispensable tools 
for identifying specific problems in each region and 
ensuring the success of tailored public policies. Despite 
the challenges, policy such as social grants show that 
cash transfers increase household income and diversify 
diets, contributing to food security [44, 45].

The multivariate approach of this study has been key to 
understanding the complex dynamics of food availabil-
ity in Mexico. The integration of multiple sub-indicators 

allowed us to comprehensively address the factors that 
influence food availability at the municipal level. By con-
textualizing the results at the global level, opportunities 
for improving food policies were identified. In summary, 
this study offers valuable insights that can contribute 
to more effective strategies to promote food security in 
Mexico and internationally.

Conclusions
Food availability in Mexico was measured at the munici-
pal level. The selected variables made it possible to empir-
ically explain the availability of food in the municipalities. 
Based on the results, it is possible to identify some of the 
problems that each municipality faces: environmental, 
social, productive stagnation of the agricultural sector, 
lag of its productive structure or even the dismantling of 
the production base.

The results are not definitive, but it is possible to con-
clude that food availability is not an issue (production 
and distribution) in most municipalities. That is, there 
are moderately appropriate environmental and social 
conditions for production. Therefore, the issue of food 
insecurity in Mexico is influenced by additional fac-
tors that warrant a more thorough analysis. Hence, the 
need for a deeper exploration of the underlying elements 

Fig. 4 Food availability index in municipalities of Mexico and correlation with neighboring municipalities. The strong red color indicates 
that a municipality has high availability of food and its neighbors as well. In contrast, the strong blue color indicates that a municipality has low 
availability of food and its neighbors as well
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contributing to food insecurity in the Mexican con-
text becomes evident, taking into account broader and 
more complex aspects of its socio-economic structure. 
This and the other dimensions of food security should 
be studied further at the same municipal scale. This will 
allow for a more in-depth identification of the problems 
so they can be addressed more directly.

One of the main limitations encountered in this study 
was the difficulty in accessing data at small scales, par-
ticularly at the municipal level. It is therefore recom-
mended that any attempt to replicate this methodology 
should ensure the availability of information on the vari-
ables used at the appropriate scale.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40066‑ 024‑ 00484‑2.

Supplementary material 1

Acknowledgements
This research is part of YCS’s doctoral dissertation at the Universidad 
Autónoma Chapingo in Mexico. We thank to National Council of Science and 
Technology (CONAHCYT), Universidad Autónoma Chapingo, DGIP, Depar‑
tamento de Fitotécnia, as well as the Doctoral Program in Multifunctional 
Agriculture. We gratefully acknowledge the comments and suggestions of 
anonymous reviewers, whose comments have substantially improved the 
paper.

Author contributions
Authors YCS and AIMR conceptualized the study and did the first write‑up. 
Author YCS designed the data collection tools and most of the analysis. 
Authors AAE and JBM contributed to the review and overall supervision of the 
research. All the authors read and approved the final manuscript.

Funding
This research received no external funding. YCS received a scholarship from 
the National Council of Science and Technology (CONAHCYT). The APC was 
funded by DGIP program by Universidad Autónoma Chapingo.

Availability of data and materials
The first author will provide data upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 8 August 2023   Accepted: 14 May 2024

References
 1. FAO, FIDA, OMS, PMA, & UNICEF. (2021). El estado de la seguridad ali-

mentaria y la nutrición en el mundo 2021. Transformación de los sistemas 

alimentarios en aras de la seguridad alimentaria, una nutrición mejorada 
y dietas asequibles y saludables para todos. https:// doi. org/ 10. 4060/ 
cb447 4es.

 2. Temesgen H, Aweke CS. A scoping review on the impacts of small‑
holder agriculture production on food and nutrition security: evidence 
from Ethiopia context. Agriculture & Food Security. 2023;12(1):39. 
https:// doi. org/ 10. 1186/ s40066‑ 023‑ 00449‑x.

 3. Gnedeka KT, Wonyra KO. New evidence in the relationship between 
trade openness and food security in Sub‑Saharan Africa. Agri‑
culture Food Security. 2023;12(1):31. https:// doi. org/ 10. 1186/ 
s40066‑ 023‑ 00439‑z.

 4. Lee HB, McNamara PE, Bhattacharyya K. Does linking women farmers to 
markets improve food security? Evidence from rural Bangladesh. Agricu 
Food Secur. 2022;11(1):33. https:// doi. org/ 10. 1186/ s40066‑ 022‑ 00373‑6.

 5. FAO, FIDA, & PMA. (2013). El estado de la inseguridad alimentaria en el 
mundo 2013. Las múltiples dimensiones de la seguridad alimentaria. In 
FAO, Roma.

 6. Mbunga BK, Mapatano MA, Egbende L, Strand TA, Hatloy A, Engebretsen 
IMS. An example of a convergent mixed‑methods analysis to examine 
food security: the case of Popokabaka in the Democratic Republic 
of Congo. Agric Food Secur. 2023;12(1):36. https:// doi. org/ 10. 1186/ 
s40066‑ 023‑ 00443‑3.

 7. Manikas I, Ali BM, Sundarakani B. A systematic literature review of indica‑
tors measuring food security. Agric Food Secur. 2023;12(1):10. https:// doi. 
org/ 10. 1186/ s40066‑ 023‑ 00415‑7.

 8. Headey D, Ecker O. Rethinking the measurement of food security: from 
first principles to best practice. Food Security. 2013;5(3):327–43. https:// 
doi. org/ 10. 1007/ s12571‑ 013‑ 0253‑0.

 9. Calloway EE, Carpenter LR, Gargano T, Sharp JL, Yaroch AL. New measures 
to assess the “Other” three pillars of food security–availability, utilization, 
and stability. Int J Behav Nutr Phys Act. 2023;20(1):51. https:// doi. org/ 10. 
1186/ s12966‑ 023‑ 01451‑z.

 10. Rai, S. C. (2023). Analysis of Food Availability. In Food and Livelihood 
Securities in Changing Climate of the Himalaya (pp. 117–124). Springer 
International Publishing. https:// doi. org/ 10. 1007/ 978‑3‑ 031‑ 22817‑9_6.

 11. Ambagna JJ, Dury S, Dop MC. Estimating trends in prevalence of under‑
nourishment: advantages of using HCES over the FAO approach in a case 
study from Cameroon. Food Security. 2019;11(1):93–107. https:// doi. org/ 
10. 1007/ s12571‑ 018‑ 00884‑w.

 12. Bizier V, Gennari P, Kalamvrezos Navarro D. Role of international, regional 
and country organizations in adapting to statistical standards and 
regional differences: the case of food and agriculture statistics. Stat J 
IAOS. 2022;38:511–32. https:// doi. org/ 10. 3233/ SJI‑ 220003.

 13. Martínez, R., & Palma, A. (2014). Seguridad alimentaria y nutricional en 
cuatro países andinos. Una propuesta de seguimiento y análisis. CEPAL, 
Serie Políticas Sociales #187, Santiago de Chile, Chile. 103p.  Available: 
https:// repos itorio. cepal. org/ server/ api/ core/ bitst reams/ 1c8ed 5db‑ 221f‑ 
45e7‑ 8171‑ 3f9fd 55084 1d/ conte nt.

 14. Lunyolo LD, Khalifa M, Ribbe L. (2020). Assessing the interaction of land 
cover/land use dynamics, climate extremes and food systems in Uganda. 
Sci Total Environ., 753:142549. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 
142549.

 15. Leisner CP. (2020). Review: Climate change impacts on food security‑ 
focus on perennial cropping systems and nutritional value. Plant Science 
293:110412. https:// doi. org/ 10. 1016/j. plant sci. 2020. 110412.

 16. Ocwa A, Harsanyi E, Széles A, Holb IJ, Szabó S, Rátonyi T, Mohammed S. 
(2023) A bibliographic review of climate change and fertilization as the 
main drivers of maize yield: implications for food security. Agriculture and 
Food Secururity 12:14. https:// doi. org/ 10. 1186/ s40066‑ 023‑ 00419‑3.

 17. Carucci F, Gatta G, Gagliardi A, Bregaglio S, Giuliani MM. (2023). Individua‑
tion of the best agronomic practices for organic durum wheat cultivation 
in the Mediterranean environment: a multivariate approach. Agriculture 
& Food Security. 12:12. https:// doi. org/ 10. 1186/ s40066‑ 023‑ 00417‑5.

 18. Santini, N. S., Cuervo‑Robayo, A. P., & Adame, M. F. (2022). Agricultural 
Land Degradation in Mexico. In P. Pereira, M. Muñoz‑Rojas, I. Bogunovic, & 
W. Zhao (Eds.), Impact of Agriculture on Soil Degradation I (pp. 301–323). 
Springer International Publishing. https:// doi. org/ 10. 1007/ 698_ 2022_ 915.

https://doi.org/10.1186/s40066-024-00484-2
https://doi.org/10.1186/s40066-024-00484-2
https://doi.org/10.4060/cb4474es
https://doi.org/10.4060/cb4474es
https://doi.org/10.1186/s40066-023-00449-x
https://doi.org/10.1186/s40066-023-00439-z
https://doi.org/10.1186/s40066-023-00439-z
https://doi.org/10.1186/s40066-022-00373-6
https://doi.org/10.1186/s40066-023-00443-3
https://doi.org/10.1186/s40066-023-00443-3
https://doi.org/10.1186/s40066-023-00415-7
https://doi.org/10.1186/s40066-023-00415-7
https://doi.org/10.1007/s12571-013-0253-0
https://doi.org/10.1007/s12571-013-0253-0
https://doi.org/10.1186/s12966-023-01451-z
https://doi.org/10.1186/s12966-023-01451-z
https://doi.org/10.1007/978-3-031-22817-9_6
https://doi.org/10.1007/s12571-018-00884-w
https://doi.org/10.1007/s12571-018-00884-w
https://doi.org/10.3233/SJI-220003
https://repositorio.cepal.org/server/api/core/bitstreams/1c8ed5db-221f-45e7-8171-3f9fd550841d/content
https://repositorio.cepal.org/server/api/core/bitstreams/1c8ed5db-221f-45e7-8171-3f9fd550841d/content
https://doi.org/10.1016/j.scitotenv.2020.142549
https://doi.org/10.1016/j.scitotenv.2020.142549
https://doi.org/10.1016/j.plantsci.2020.110412
https://doi.org/10.1186/s40066-023-00419-3
https://doi.org/10.1186/s40066-023-00417-5
https://doi.org/10.1007/698_2022_915


Page 15 of 16Cruz‑Sánchez et al. Agriculture & Food Security           (2024) 13:35  

 19. Denham D, Gladstone F. Making sense of food system transformation in 
Mexico. Geoforum. 2020;115:67–80. https:// doi. org/ 10. 1016/j. geofo rum. 
2020. 05. 024.

 20. Díaz‑Carreño, M. Á., Sánchez‑Cándido, L. V., & Herrera Rendón‑Nebel, M. 
T. (2019). La inseguridad alimentaria severaen los estados de México: 
Un análisisa partir del enfoque de las capacidades 2008–2014. Estudios 
Sociales. Revista de Alimentación Contemporánea y Desarrollo Regional, 
29(53), 24. https:// doi. org/ 10. 24836/ es. v29i53. 684.

 21. Marcial Romero N, Sangerman‑ Jarquín DM, Hernández Juárez M, León 
Merino A, Escalona Maurice MJ. (2019). Vulnerabilidad alimentaria en 
hogares rurales y su relación con la política alimentaria en México. Revista 
Mexicana de Ciencias Agrícolas 10(4):935–945. https:// doi. org/ 10. 29312/ 
remex ca. v10i4. 1746.

 22. Monroy‑Torres R, Castillo‑Chávez Á, Carcaño‑Valencia E, Hernández‑Luna 
M, Caldera‑Ortega A, Serafín‑Muñoz A, Linares‑Segovia B, Medina‑Jimé‑
nez K, Jiménez‑Garza O, Méndez‑Pérez M, López‑Briones S. Food Security, 
environmental health, and the economy in Mexico: lessons learned with 
the COVID‑19. Sustainability. 2021. https:// doi. org/ 10. 3390/ su131 37470.

 23. Vilar‑Compte M, Gaitán‑Rossi P, Flores D, Pérez‑Cirera V, Teruel G. How do 
context variables affect food insecurity in Mexico? Implications for policy 
and governance. Public Health Nutr. 2020;23(13):2445–52. https:// doi. 
org/ 10. 1017/ S1368 98001 90030 82.

 24. González‑Martell, A. D., Sánchez‑Quintanilla, E. E., García‑Aguilar, N., 
Contreras‑Hernández, T., & Cilia‑López, V. G. (2022). Vulnerability for food 
insecurity:Experiences of indigenous families in the HuastecaPotosina 
region, Mexico. Estudios Sociales. Revista de Alimentación Contemporánea y 
Desarrollo Regional, 32(59), 14. https:// doi. org/ 10. 2307/ 40184 061.

 25. Gaitán‑Rossi P, Vilar‑Compte M, Teruel G, Pérez‑Escamilla R. Food inse‑
curity measurement and prevalence estimates during the COVID‑19 
pandemic in a repeated cross‑sectional survey in Mexico. Public Health 
Nutr. 2021;24(3):412–21. https:// doi. org/ 10. 1017/ S1368 98002 00040 00.

 26. FAO. (2011). Una introducción a los conceptos básicos de la seguridad 
alimentaria: información para la toma de decisiones. FAO, México. http:// 
www. fao. org/ docrep/ 014/ al936s/ al936 s00. pdf

 27. Cruz‑Sánchez Y, Baca del Moral J, Ramírez García AG, Monterroso‑Rivas 
AI. Enfoques metodológicos de evaluación de seguridad alimentaria en 
México. Revista De Filosofía. 2022;39(100):530–51.

 28. Sinnreich, H. J. (2023). The Supply and Distribution of Food: Strategies and 
Priorities. In The Atrocity of Hunger: Starvation in the Warsaw, Lodz and, 
Krakow Ghettos during World War II (pp. 54–76). Cambridge University 
Press.

 29. Saginova, Olga, Zavyalov, Dmitry, Kireeva, Natalia, Zavyalova, Nadezhda, 
& Saginov, Yury. (2021). Food‑sharing in the distributed use economy. E3S 
Web Conf., 247, 1016. https:// doi. org/ 10. 1051/ e3sco nf/ 20212 47010 16.

 30. Roos, J. A., & Ruthven, G. (2011). Food system analysis: an assessment of 
food availability and accessibility. Conference of the ISEM 2011 Proceed‑
ings, Stellenbosch, South Africa. “Innovative Systems Thinking: Unravel‑
ling Complexity for Successful Solutions”. 21 ‑ 23 September 2011., 1–10. 
http:// ir1. sun. ac. za/ handle/ 10019.1/ 46723

 31. Organización de las Naciones Unidas para la Agricultura y la 
Alimentación(FAO). (2006). Seguridad alimentaria.

 32. García, L. (2011). Seguridad Alimentaria y Nutricional. NUTRICIÓN, 28–29.
 33. Galeana‑Pizaña, J. M., Couturier, S., & Monsivais‑Huertero, A. (2018). 

Assessing food security and environmental protection in Mexico with 
a GIS‑based Food Environmental Efficiency index. Land Use Policy, 76, 
442–454. https:// doi. org/ 10. 1016/j. landu sepol. 2018. 02. 022.

 34. Aguilar‑Estrada, A. E., Caamal‑Cauich, I., Barrios‑Puente, G., & Ortiz‑Rosales, 
M. Á. (2019). ¿Hambre en México? Una alternativa metodológica para 
medir seguridad alimentaria. Estudios Sociales Revista de Alimentación 
Contemporánea y Desarrollo Regional. https:// doi. org/ 10. 24836/ es. v29i53. 
625.

 35. Salvador Martínez, L., Hernández, L. G., & Alvarado Ramírez, D. (2021). 
Cadenas cortas de comercialización y seguridad alimentaria: El caso de 
El Mercado el 100. Problemas del Desarrollo, 52(206), 197–220. https:// doi. 
org/ 10. 22201/ IIEC. 20078 951E. 2021. 206. 69732.

 36. Zárate Guevara, G. S., Méndez Espinoza, J. A., Ramírez Juárez, J., & Olvera 
Hernández, J. I. (2016). Análisis de la seguridad alimentaria en los hogares 
el municipio de Xochiapulco Puebla, México. Estudios Sociales. Revista 
de Alimentación Contemporánea y Desarrollo Regional, 25, 67–85. https:// 
www. redal yc. org/ artic ulo. oa? id= 41744 004003.

 37. FAO, WHO and UNU. (1985). Energy and protein requirements. Report of 
a joint FAO/WHO/UNU Expert Consultation. World Health Organization 
Technical Report Series #724. 206p. PMID: 3937340. Available: https:// 
www. fao. org/4/ aa040e/ AA040 E00. htm# TOC.

 38. Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán. 
(2016). Tablas de composición de alimentos y productos alimenticios (Ver-
sión condensada 2015).

 39. Suárez‑Lastra, M. (2016). Jerarquía urbana y la distribución espacial de 
firmas en México. Geografía de México. Una Reflexión Espacial Contem‑
poránea, 719–729.

 40. INEGI. (2023). Marco Geoestadístico. Geografía y Medio Ambiente. https:// 
www. inegi. org. mx/ temas/ mg/.

 41. Moran P. The Interpretation of Statistical Maps, Journal of the Royal 
Statistical Society: Series B (Methodological) 1948.10(2):243–251. https:// 
doi. org/ 10. 1111/j. 2517‑ 6161. 1948. tb000 12.x.

 42. Anselin, L., Syabri, I., & Kho, Y. (2020). GeoDa: An Introduction to Spatial 
Data Analysis (1.18.0.0.). https:// geoda center. github. io/

 43. Chasco C. (2003). Econometría espacial aplicada a la predicción‑extrap‑
olación de datos micro territoriales. Madrid, Consejería de Economía e 
Innovación Tecnológica de la Comunidad de Madrid. Doctoral Thesis. 
325p. Available: https:// www. madrid. org/ bvirt ual/ BVCM0 05618. pdf.

 44. Mundo‑Rosas, V, Unar‑Munguía, M., Hernández‑F., M., Pérez‑Escamilla, 
R., & Shamah‑Levy, T. (2019). Food security in Mexican households in 
poverty, and its association with access, availability and consumption [La 
seguridad alimentaria en los hogares en pobreza de México: Una mirada 
desde el acceso, la disponibilidad y el consumo]. Salud Publica de Mexico, 
61(6), 866–875. https:// www. scopus. com/ inward/ record. uri? eid=2‑ s2.0‑ 
85076 41705 3& doi= 10. 21149% 2F105 79& partn erID= 40& md5= 6aba0 
8b945 d0f36 880b5 92a7c 14bfb c0.

 45. Mundo‑Rosas V, Unar‑Munguía M, Hernández‑F M, Pérez‑Escamilla R, 
Shamah‑Levy T. La seguridad alimentaria en los hogares en pobreza de 
México : una mirada desde el acceso, la disponibilidad y el consumo. 
Salud Pública de México. 2019;61(6):866–75.

 46. Valencia‑Valero RG, Ortiz‑Hernández L. Disponibilidad de alimentos en los 
hogares mexicanos de acuerdo con el grado de inseguridad alimentaria. 
Salud Publica Mex. 2014;56(2):154–64. https:// doi. org/ 10. 21149/ spm. 
v56i2. 7331.

 47. Martínez‑Rodríguez JC, García‑Chong NR, Trujillo‑Olivera LE, Noriero‑
Escalante L. Food insecurity and social vulnerability in chiapas: the face 
of poverty; [Inseguridad alimentaria y vulnerabilidad social en Chiapas: 
El rostro de la pobreza]. Nutr Hosp. 2015;31(1):475–81. https:// doi. org/ 10. 
3305/ nh. 2015. 31.1. 7944.

 48. Palacios‑Rodríguez GO, Mundo‑Rosas V, Parra‑Cabrera S, García‑Guerra A, 
Galindo‑Gómez C, Méndez Gómez‑Humarán I. Household food insecurity 
and its association with anaemia in Mexican children: national Health and 
Nutrition Survey 2012. Int J Public Health. 2019;64(8):1215–22. https:// doi. 
org/ 10. 1007/ s00038‑ 019‑ 01305‑1.

 49. Kurbanova Consolador A. A review of the world food industry. Asian J 
Multidimensional Res. 2022;11(3):92–8. https:// doi. org/ 10. 5958/ 2278‑ 
4853. 2022. 00048.9.

 50. Lal R. Feeding 11 billion on 0.5 billion hectare of area under cereal crops. 
Food Energy Security. 2016;5(4):239–51. https:// doi. org/ 10. 1002/ fes3. 99.

 51. Gerten D, Heck V, Jägermeyr J, Bodirsky BL, Fetzer I, Jalava M, Kummu 
M, Lucht W, Rockström J, Schaphoff S, Schellnhuber HJ. Feeding ten 
billion people is possible within four terrestrial planetary bounda‑
ries. Nature Sustainability. 2020;3(3):200–8. https:// doi. org/ 10. 1038/ 
s41893‑ 019‑ 0465‑1.

 52. González‑Martell, A. D., Cilia‑López, V. G., Aradillas‑García, C., de León, 
A. C.‑D., de la Cruz‑Gutiérrez, A., Zúñiga‑Bañuelos, J., García‑Aguilar, N., 
González‑Cortés, C., & Barriga‑Martínez, F. D. (2019). Food and nutritional 
security in an indigenous community of Mexico; [Laseguridadalimenta‑
riay nutricional enunacomunidadindígenade México]. Revista Espanola de 
Nutricion Comunitaria, 25(3), 113 – 117. https:// doi. org/ 10. 14642/ RENC. 
2019. 25.3. 5289.

 53. Shamah‑Levy T, Mundo‑Rosas V, Flores‑De la Vega MM, Luiselli‑Fernández 
C. Food security governance in Mexico: how can it be improved? Glob 
Food Sec. 2017;14:73–8. https:// doi. org/ 10. 1016/j. gfs. 2017. 05. 004.

 54. Mwanri L, Foley W, Coveney J, Muller R, Verity F, Ward PR, Carter P, Mohr 
P, Taylor A. Food supply and the obesity scourge: Is there a relationship? 
Health (United Kingdom). 2012;4(12):1457–63. https:// doi. org/ 10. 4236/ 
health. 2012. 412A2 10.

https://doi.org/10.1016/j.geoforum.2020.05.024
https://doi.org/10.1016/j.geoforum.2020.05.024
https://doi.org/10.24836/es.v29i53.684
https://doi.org/10.29312/remexca.v10i4.1746
https://doi.org/10.29312/remexca.v10i4.1746
https://doi.org/10.3390/su13137470
https://doi.org/10.1017/S1368980019003082
https://doi.org/10.1017/S1368980019003082
https://doi.org/10.2307/40184061
https://doi.org/10.1017/S1368980020004000
http://www.fao.org/docrep/014/al936s/al936s00.pdf
http://www.fao.org/docrep/014/al936s/al936s00.pdf
https://doi.org/10.1051/e3sconf/202124701016
http://ir1.sun.ac.za/handle/10019.1/46723
https://doi.org/10.1016/j.landusepol.2018.02.022
https://doi.org/10.24836/es.v29i53.625
https://doi.org/10.24836/es.v29i53.625
https://doi.org/10.22201/IIEC.20078951E.2021.206.69732
https://doi.org/10.22201/IIEC.20078951E.2021.206.69732
https://www.redalyc.org/articulo.oa?id=41744004003
https://www.redalyc.org/articulo.oa?id=41744004003
https://www.fao.org/4/aa040e/AA040E00.htm#TOC
https://www.fao.org/4/aa040e/AA040E00.htm#TOC
https://www.inegi.org.mx/temas/mg/
https://www.inegi.org.mx/temas/mg/
https://doi.org/10.1111/j.2517-6161.1948.tb00012.x
https://doi.org/10.1111/j.2517-6161.1948.tb00012.x
https://geodacenter.github.io/
https://www.madrid.org/bvirtual/BVCM005618.pdf
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85076417053&doi=10.21149%2F10579&partnerID=40&md5=6aba08b945d0f36880b592a7c14bfbc0
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85076417053&doi=10.21149%2F10579&partnerID=40&md5=6aba08b945d0f36880b592a7c14bfbc0
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85076417053&doi=10.21149%2F10579&partnerID=40&md5=6aba08b945d0f36880b592a7c14bfbc0
https://doi.org/10.21149/spm.v56i2.7331
https://doi.org/10.21149/spm.v56i2.7331
https://doi.org/10.3305/nh.2015.31.1.7944
https://doi.org/10.3305/nh.2015.31.1.7944
https://doi.org/10.1007/s00038-019-01305-1
https://doi.org/10.1007/s00038-019-01305-1
https://doi.org/10.5958/2278-4853.2022.00048.9
https://doi.org/10.5958/2278-4853.2022.00048.9
https://doi.org/10.1002/fes3.99
https://doi.org/10.1038/s41893-019-0465-1
https://doi.org/10.1038/s41893-019-0465-1
https://doi.org/10.14642/RENC.2019.25.3.5289
https://doi.org/10.14642/RENC.2019.25.3.5289
https://doi.org/10.1016/j.gfs.2017.05.004
https://doi.org/10.4236/health.2012.412A210
https://doi.org/10.4236/health.2012.412A210


Page 16 of 16Cruz‑Sánchez et al. Agriculture & Food Security           (2024) 13:35 

 55. Chaput S, Mercille G, Drouin L, Kestens Y. (2018). Promoting access to 
fresh fruits and vegetables through a local market intervention at a 
subway station. Public Health Nutrition 21(17):3258–3270. https:// doi. org/ 
10. 1017/ S1368 98001 80019 21.

 56. Baldivia AS, Ibarra GR. La disponibilidad de alimentos en méxico: Un 
análisis de la producción agrícola de 35 años y su proyección para 2050. 
Papeles de Poblacion. 2017;23(93):207–30. https:// doi. org/ 10. 22185/ 
24487 147. 2017. 93. 027.

 57. González‑Félix, G. K., Guevara, V. M.‑P., Peinado‑Guevara, H. J., Cuadras‑
Berrelleza, A. A., Herrera‑Barrientos, J., López‑López, J. de J., & Guadalupe, 
Z.‑E. N. (2021). Backyard agricultural and farm activity as an option of 
socioeconomic and food improvement in the rural towns of the munici‑
pality of guasave, sinaloa. Sustainability (Switzerland), 13(7). https:// doi. 
org/ 10. 3390/ su130 73606.

 58. Berners‑Lee M, Kennelly C, Watson R, Hewitt CN. Current global food pro‑
duction is sufficient to meet human nutritional needs in 2050 provided 
there is radical societal adaptation. Elementa. 2018. https:// doi. org/ 10. 
1525/ eleme nta. 310.

 59. FAO. (2014). Pérdidas y desperdicios de alimentos en América Latina y 
el Caribe. BOLETIN #2. Oficina Regional de FAO para América Latina y el 
Caribe. Santiago de Chile, Chile. 31p. Available: https:// www. fao. org/ filea 
dmin/ user_ upload/ FAOco untri es/ Argen tina/ docs/ 2do_ Bolet in_ P____D_ 
en_ ALC_ avanc es_ en_ Argen tina. pdf

 60. Chapa, J., Ayala, E., & Ramírez, N. (2022). IMPACT of MEXICO’S SOCIAL 
PROGRAMS ON POVERTY; [IMPACTO DE LOS PROGRAMAS SOCIALES 
DE MÉXICO EN LA POBREZA]. Investigacion Economica, 81(320), 35 – 61. 
https:// doi. org/ 10. 22201/ FE. 01851 667P. 2022. 320. 81156

 61. Muñoz‑Rodríguez M, Fernández‑González C, Aguilar‑Gallegos N, 
González‑Santiago MV. The primacy of politics in public food security 
policies: the case of home gardens. Sustainability (Switzerland). 2020. 
https:// doi. org/ 10. 3390/ su121 04316.

 62. Clauson, A. L. (2015). Despite Higher Food Prices, Percent of U.S. Income 
Spent on Food Remains Constant. AgEcon Search, 18.

 63. Binswanger HP, Singh SK. (2018). Wages, prices and agriculture: how 
can Indian agriculture cope with rising wages? Journal of Agricicultural 
Economics 69(2):281–305. https:// doi. org/ 10. 1111/ 1477‑ 9552. 12234.

 64. Dervishi B. The effect of minimum wage increases on inflation. Int J Res 
Business Social Sci. 2023;8(6):292–300.

 65. Mina OEC, De Anda Casas A. Productive structure and poverty in Mexico: 
A municipal analysis by three regions; [Estructura productiva laboral y 
pobreza en México: Análisis municipal en tres regiones]. Desarrollo y 
Sociedad. 2021;2021(88):129–68. https:// doi. org/ 10. 13043/ DYS. 88.4.

 66. Servicio de Información Agroalimentaria y Pesquera (SIAP). (2020). Cierre 
agrícola municipal. Secretaría de Agricultura y Desarrollo rural. Ciudad de 
México. Available: http:// infos iap. siap. gob. mx/ gobmx/ datos Abier tos. php

 67. Monterroso‑Rivas AI, Conde‑Álvarez AC, Pérez‑Damian JL, López‑Blanco 
J, Gaytan‑Dimas M. Multi‑temporal assessment of vulnerability to climate 
change: insights from the agricultural sector in Mexico. Clim Change. 
2018;147:457–73. https:// doi. org/ 10. 1007/ s10584‑ 018‑ 2157‑7.

 68. Monterroso‑Rivas AI, Gómez‑Díaz JD, Toledo‑Medrano ML, Tinoco‑Rueda 
JA. Simulated dynamics of net primary productivity ( NPP ) for outdoor 
livestock feeding coefficients driven by climate change scenarios in 
México. Atmósfera. 2011;24(1):69–88.

 69. Consejo Nacional de Población (CONAPO). (2020). Índices de marginación. 
Documentos. https:// www. gob. mx/ conapo/ docum entos/ indic es‑ de‑ 
margi nacion‑ 2020‑ 284372

 70. Instituto Nacional de Estadística Geografía e Informática (INEGI). (2017). 
Encuesta Nacional Agropecuaria. Programas de Infirmación. https:// www. 
inegi. org. mx/ progr amas/ ena/ 2017/

 71. Comisión Nacional de Acuacultura y Pesca (CONAPESCA). (2020). Tabla 
de la producción pesquera por oficina de pesca del año 2020. Producción 
Pesquera en México. Ciudad de México, Available: https:// datos. gob. mx/ 
busca/ datas et/ produ ccion‑ pesqu era/ resou rce/ 18328 b09‑ 4718‑ 4060‑ 
814d‑ fc416 bca58 7a

 72. Instituto Nacional de Estadística Geografía e Informática (INEGI). (2021). 
Directorio Estadístico Nacional de Unidades Económicas. Servicios. https:// 
www. inegi. org. mx/ app/ mapa/ denue/ defau lt. aspx

 73. CONEVAL. (2018). Tianguis y mercados semifijos. Cobertura de Servicios 
Públicos. http:// siste mas. conev al. org. mx/ DATAM UN/ dato‑ actua lizado? e= 
01&m= 01001 & sg= 3&g= 23

 74. CONEVAL. (2021). Grado de accesibilidad a carretera pavimentada (GACP) 
2020 (p. 29). https:// dof. gob. mx/ nota_ detal le. php? codigo= 55442 44& 
fecha= 20/ 11/ 2018& print= true

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1017/S1368980018001921
https://doi.org/10.1017/S1368980018001921
https://doi.org/10.22185/24487147.2017.93.027
https://doi.org/10.22185/24487147.2017.93.027
https://doi.org/10.3390/su13073606
https://doi.org/10.3390/su13073606
https://doi.org/10.1525/elementa.310
https://doi.org/10.1525/elementa.310
https://www.fao.org/fileadmin/user_upload/FAOcountries/Argentina/docs/2do_Boletin_P____D_en_ALC_avances_en_Argentina.pdf
https://www.fao.org/fileadmin/user_upload/FAOcountries/Argentina/docs/2do_Boletin_P____D_en_ALC_avances_en_Argentina.pdf
https://www.fao.org/fileadmin/user_upload/FAOcountries/Argentina/docs/2do_Boletin_P____D_en_ALC_avances_en_Argentina.pdf
https://doi.org/10.22201/FE.01851667P.2022.320.81156
https://doi.org/10.3390/su12104316
https://doi.org/10.1111/1477-9552.12234
https://doi.org/10.13043/DYS.88.4
http://infosiap.siap.gob.mx/gobmx/datosAbiertos.php
https://doi.org/10.1007/s10584-018-2157-7
https://www.gob.mx/conapo/documentos/indices-de-marginacion-2020-284372
https://www.gob.mx/conapo/documentos/indices-de-marginacion-2020-284372
https://www.inegi.org.mx/programas/ena/2017/
https://www.inegi.org.mx/programas/ena/2017/
https://datos.gob.mx/busca/dataset/produccion-pesquera/resource/18328b09-4718-4060-814d-fc416bca587a
https://datos.gob.mx/busca/dataset/produccion-pesquera/resource/18328b09-4718-4060-814d-fc416bca587a
https://datos.gob.mx/busca/dataset/produccion-pesquera/resource/18328b09-4718-4060-814d-fc416bca587a
https://www.inegi.org.mx/app/mapa/denue/default.aspx
https://www.inegi.org.mx/app/mapa/denue/default.aspx
http://sistemas.coneval.org.mx/DATAMUN/dato-actualizado?e=01&m=01001&sg=3&g=23
http://sistemas.coneval.org.mx/DATAMUN/dato-actualizado?e=01&m=01001&sg=3&g=23
https://dof.gob.mx/nota_detalle.php?codigo=5544244&fecha=20/11/2018&print=true
https://dof.gob.mx/nota_detalle.php?codigo=5544244&fecha=20/11/2018&print=true

	The availability of food in Mexico: an approach to measuring food security
	Abstract 
	Background information 
	Methods 
	Results 
	Conclusions and recommendations 

	Introduction
	Conceptual framework
	Methods
	Food availability index

	Results
	Food availability indicator (FA)
	Spatial and neighborhood analysis (global Moran index)

	Discussion
	Conclusions
	Acknowledgements
	References


