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Abstract

Employment in the agricultural sector is highly dependent on climate. Most agricultural jobs
worldwide rely on predictable precipitation, in terms of both quantity and seasonality. Mexico
is a largely agrarian country, with at least 20 million people directly reliant on food production
for the livelihoods. However, research on the relationship between climate variability and
agrarian employment is limited in the nation, complicating the development of effective
adaptation strategies to drought and climate change. This study aims to address this gap,
by analyzing the employment changes of farmers and livestock producers at a national level
in the past five decades (1980 to 2017) and its relationship to long-term precipitation variabil-
ity. We employed governmental datasets from national agrarian surveys and national pre-
cipitation, both at the annual scale and seasonally within each year. We found a negative
relationship between agricultural employment and total annual precipitation. In particular,
employment in the livestock sector showed a negative correlation with current-year precipi-
tation (p = 0.06, cor = -0.33), while employment in rainfed agriculture was linked to the previ-
ous year’s rainfall (p = 0.07, cor =-0.33). It is likely that this pattern was driven by the
positive relationship of precipitation with planted cropland area (p<0.05, cor =0.19) and
agrarian income (p<0.05, cor = 0.18). We also found that as many as 10 million people left
the agrarian employments each year during the dry season. Finally, as precipitation contin-
ues to pose a challenge, it may have contributed to people of ages 23 to 35 to leave in recent
years, compared to 15 and 19 in the 1990s. These findings underscore the need for national
policies to mitigate the impacts of dry years on livelihoods and to inform strategies for build-
ing resilience in the agricultural sector.

1. Introduction

Modern agriculture and the livelihoods of rural farmers remain highly dependent on climate.
In recent years, studies have attributed the changes in crop yield variability to climate change
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[1]. For example, Sultan et al. [2] demonstrated the negative effects of global warming on millet
and sorghum crop yields in West Africa, and Moura da Silva et al. [3] documented the yield
risks of soybean cultivation in Brazil. The impact of extreme events are not limited to develop-
ing nations, but have also been widespread in developed regions such as Europe [4, 5], North
America [6, 7], and Australia [8, 9]. This situation threatens the progress of global food secu-
rity, as well as the livelihoods of people who depend directly on this activity [10]. Climate
change, therefore, jeopardizes not only food production but also social structures.

There are several examples of the cascading effects of climate variability in modern agricul-
ture, and the livelihoods of people who depend on it. One such example is the ongoing conflict
in Syria that began in 2011. The intensification of this conflict has been correlated with one of
the worst droughts the country has faced. It is argued that the drought exacerbated the already
existing water and agricultural insecurity, as it caused massive agricultural failures and
increased livestock mortality [11]. Another example is sub-Saharan Africa; where it has been
observed that dry precipitation anomalies reduce the number of violent events between armed
actors; however, extremely dry conditions increase riots and violence against civilians [12].
Interestingly, these types of conflicts may result from an immediate response of the population
to meteorological stress [12]. One last example is the impact of precipitation on children’s edu-
cation. Higher than normal rainfall has been found to correlate negatively with the educational
attainment of children in Central America and the Caribbean; likely because children experi-
ence poorer health and nutrition as a result of flooding and crop failure [13]. Thus, climate
variability is still a key demographic driver for most modern societies.

At the core of this link between climate variability and demographic patterns, is employ-
ment in the agricultural sector [14]. Globally, most agricultural jobs depend on predictable
rainfall, both terms of quantity and seasonality [15]; thus, significant deviations from regular
climatic patterns can lead to the abandonment of these activities [16]. Several examples of this
phenomenon exist in different parts of our planet. In Nigeria, reduced rainfall initially raises
agricultural employment, as farming requires more labor in dry conditions; however, pro-
tracted droughts significantly reduce agricultural jobs due to lower crop yields [17]. In the
United States it has been shown that drier than usual weather conditions negatively impact the
total wages paid to agricultural employment on crop-producing farms, and reduces net occu-
pation in the primary sector [18]. A final example is Mexico, where it has been shown that
storms can have significant negative associations with labor market outcomes because of
reduced agricultural productivity [19]. Thus, there is theoretical evidence exposing the impact
of climate extremes on employment.

Mexico has been identified as one of the most vulnerable countries to climate change, par-
ticularly in terms of its agrarian structure [20]. During extreme dry years the country has expe-
rienced decreases in rainfed agriculture production [21] and cattle populations [22]. An
example of this was the 2011-2012 drought years in which cattle and goat populations declined
by about 3% [23], and maize production decreased by 17%. In other words, Mexican agricul-
ture is highly dependent on rainfall; years with good rainfall translate into high agricultural
production (both crops and livestock products), and vice versa. The impacts of severe weather
in Mexico are not limited to agricultural production but also have a profound effect on the
livelihoods of farmers. Recent studies have reported that migration from Mexico to the U.S.
increased as a consequence of decreased precipitation [24]. Other studies have observed that
in a drought year, the probability of migrating to the U.S. increases [25]. The impact of dry
conditions is not uniform across Mexico; droughts have a greater influence on emigration
from rural areas in states with dry climates [26].

One of the most important demographic processes in Mexico is the change in agrarian
employment. Throughout history, the primary sector has been considered a significant
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component of the country’s economy, history, and politics; however, its importance is declin-
ing [27, 28]. Some researchers attribute this decline to the country’s development process,
where a constant reduction has been observed [29]. This is partially the result of a large portion
of the agricultural labor force shifting to the manufacturing or service sectors [27, 30]. How-
ever, determining the causes of changes in agricultural employment is difficult, as the chal-
lenges faced by farmers and livestock farmers are not solely due to socio-political and
economic factors that limit their market inclusion [31, 32]. The shift in occupation is also likely
influenced by climate. For example, it has been observed that during the period between 1980
and 2007there was a reduction in local employment by up to 1.4% linked to high heat inci-
dence [33]. However, there is no long-term, nationwide longitudinal research that has studied
the impact of climate variability on agrarian occupation.

The objective of this project is to analyze how climate variability correlates with occupa-
tional changes in the Mexican agricultural sector over the last four decades (1980-2017). We
studied this over an extended period and at the national scale, comparing occupational
changes (per year and per quarter) with annual precipitation. We were particularly interested
in identifying how drought altered occupations in key vulnerable groups, such as farmers and
livestock farmers, considering the total population surveyed.

2. Methodology
2.1 Study area

2.1.1 Biophysical characteristics. Mexico, situated in the southwest of the North Ameri-
can continent [34], is a mountainous country spanning just under two million square kilome-
ters [35]. Approximately two-thirds of its land area experiences arid or semi-arid climates,
while the remaining third is characterized by humid climates [36]. Climate variability is
strongly influenced by factors associated with the topography of the terrain and sea surface
temperature [37]. For example, precipitation depends, among other factors, on phenomena
such as El Nifio and the hurricane season in the North Atlantic and Pacific [38]. Researchers
have determined that Mexico’s geophysical features contribute to its highly complex and het-
erogeneous landscapes [39]. These features facilitate the convergence of two biogeographic
zones, the Nearctic and the Neotropical, fostering the development of species with temperate
and tropical affinities [40]. Consequently, the soils exhibit high fertility levels, supporting vari-
ous economic activities such as agriculture [41].

2.1.2 Socioeconomic characteristics. To comprehend Mexico’s vulnerability to climate
change, it is essential not only to analyze its geographical location but also to examine the high
levels of poverty and the skewed income distribution within the country [35]. Poverty is not
merely the absence of income; it represents the inability of individuals to fully participate in
society and the deprivation of the freedom to satisfy hunger, receive education, and maintain
good health [42, 43]. Income distribution, on the other hand, involves providing equal oppor-
tunities for individuals to attain desired capabilities [44]. In Mexico, between 2008 and 2018,
the percentage of the population living in poverty at the national level decreased from 44.4% to
41.9% [45]. In other words, in 2018, approximately 42 out of every 100 people experienced at
least one social deprivation and had insufficient monthly income to acquire necessary food,
goods, and services. By 2022, this figure had reduced to 36 out of every 100 individuals [46].
Moreover, it has been reported that since 2014, two-thirds of the wealth has been concentrated
in the hands of the top 10% of the country’s richest, with the top 1% of the very wealthy hold-
ing more than a third [44]. It is worth noting that the impact of poverty and income distribu-
tion is not uniform; there is a higher likelihood of accessing resources if one comes from the
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rural sector [46]. This context is particularly pertinent considering that approximately 26 mil-
lion people in rural regions depend directly or indirectly on agrarian occupations [20, 47].

2.1.3 Employment definition. Employment, as defined by INEGI [48], refers to any situa-
tion in which individuals, regardless of their income level, engage in activities under the
assumption that there is demand for their goods or services. This includes agricultural employ-
ment, which covers both seasonal workers hired to prepare the land and those involved in
year-round food production through crops or livestock.

2.2 Datasets

2.2.1 Precipitation. To identify climate variability in Mexico, annual precipitation data at
the national level were obtained from the Climate Research Unit [49]. The technique used for
data analysis involved calculating the average annual and quarterly precipitation for the entire
period, as well as the annual anomalies, defined as the differences between the precipitation of
each year and the average of the entire period (1980-2017).

2.2.2 Employment. We used employment data from three databases generated by the
National Institute of Statistics and Geography (INEGI): the Demographic Retrospective Survey
(EDER), the National Occupation and Employment Survey (ENOE), and the National
Employment Survey (ENE).

The EDER is a longitudinal study created by INEGI and other academic institutions. The
purpose of this survey is to collect longitudinal data that summarizes the life history of individ-
uals, focusing on various sociodemographic processes such as migration, education, employ-
ment, fertility, mortality and more [50]. There are three EDER surveys; conducted in 1998,
2011 and 2017 [51]. In this research, we used the EDER 2017, which, unlike the previous sur-
veys, provides representative information at the national, urban, and rural levels [51], encom-
passing 32,000 household interviews. The methodological strategy of EDER 2017 consists of
recording various events that occurred at least once per year in their lifespan, placing them
both in historical time and in lifetime [51]. In other words, the survey reconstructs a person’s
life based on the information provided, aligning it with the individual’s age and the calendar
years. It is worth mentioning that the information available is about the life history of women
and men born between 1962 and 1997.

The ENOE is a quarterly survey aimed at obtaining statistical information on the occupa-
tional characteristics of the population aged 15 years and older at a national scale, as well as
demographic and economic variables for labor force analysis [52]. A key feature of the ENOE
is its rotating panel structure, where each individual is surveyed five times before being
replaced [53]. In other words, the ENOE is a continuous survey designed to yield quarterly
results at the national, state, and city levels, including 36 self-represented cities [53]. It includes
two forms: the Sociodemographic Questionnaire and the Occupation and Employment Ques-
tionnaire [52]. The first form serves to identify household members, recording their sex, age,
education level, and other basic details, irrespective of their engagement in economic activities
[52]. The second form categorizes the working-age population into two groups: the Economi-
cally Active Population and the Non-Economically Active Population [52]. The total sampled
population was 150,000 households per quarter.

The ENE was conducted in Mexico from 1988 to 2004 and is the precursor of the ENOE.
The survey aimed to establish a statistical information base on national-level occupational
characteristics of the population, along with other demographic and economic variables, to
facilitate in-depth labor analysis [54]. A notable feature of this survey is its temporal evolution:
initially conducted biannually, then annually, and, starting in 2000, continuously with quar-
terly results publication, leading to the development of the ENOE [55]. Another characteristic
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Fig 1. Methodology. Depicts a national-scale system under investigation. Precipitation analysis was conducted using
the CRU 4.06 database, while two different databases, EDER and ENOE, were employed to analyze occupational
changes. The survey’s temporal and methodological aspects enable population monitoring on an annual and quarterly
basis, allowing for two distinct scales of comparison. Specifically, for EDER 2017, we compared the annual data of total
agrarian occupation, rainfed occupation, and livestock occupation with the average annual precipitation (left). In the
case of ENOE, we utilized quarterly average data for occupation and precipitation transitions (right). In both analyses,
a simple Pearson correlation was employed to compare variables and determine statistical significance.

https://doi.org/10.1371/journal.pone.0313891.g001

shared by the ENE and the ENOE is the rotation of the sample in each survey. In other words,
both surveys periodically replace a portion of the sample with new participants of similar char-
acteristics to ensure reliable labor force, occupation, and employment estimates. Conse-
quently, the total sampled population fluctuated between 1988 and 2005, ranging from 46,613
households in 1988 to 163,838 in 2000 [55]. This dataset was used solely to compute changes
in total agrarian employment; we did not correlate these results with climate data, as the
ENOE dataset was used for that purpose.

In summary, we used three databases to calculate changes in overall agrarian occupation.
However, to analyze the correlation between precipitation and changes in occupation, we
employed only the Demographic Retrospective Survey database (EDER, 2017) [50] and the
National Occupation and Employment Survey databases (ENOE, 2005 to 2017) [56]. This
decision was based on the sample design: EDER allows for the reconstruction of the popula-
tion’s long-term life history, despite having less data. In contrast, ENOE provides a more
detailed perspective on short-term changes, facilitating the analysis of annual movements.
While its sample size is significant, it does not support individual tracking beyond five quar-
ters. In other words, the analysis of these databases complements one another, as they enable
the visualization of occupational changes on an annual and quarterly basis (Fig 1).

2.2.2.1 Ethics statement. Considering that our research includes the participation of human
beings, we clarify that we did not obtain consent, either written or oral, as fieldwork was not
conducted. The data used were sourced from publicly available information obtained from the
National Institute of Statistics and Geography (INEGI). In accordance with Article 26.B of the
Political Constitution of the United Mexican States (CPEUM), INEGI is an autonomous
agency with legal personality and assets, empowered to regulate the collection, processing, and
publication of information, ensuring compliance [57].

Aligned with the principles outlined in the CPEUM, particularly Article 6, Base A, Sections
I and II, INEGI upholds maximum transparency in disseminating information [57]. However,
personal data is safeguarded in accordance with the provisions and exceptions stipulated by
law. Pursuant to Articles 33 and 35 of the General Law for the Protection of Personal Data in
Possession of Obligated Parties (Data Protection Law), INEGI is committed to upholding
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individuals’ rights to data protection, ensuring compliance with legal principles such as legal-
ity, purpose, loyalty, consent, quality, proportionality, information, and responsibility [58].
As an Obligated Entity, INEGI assumes responsibility for the treatment and protection of
personal data under Article 1 of the Data Protection Law [58]. It is mandated to establish and
maintain administrative, physical, and technical security measures to safeguard personal data
against unauthorized access, use, alteration, destruction, or loss, ensuring confidentiality,
integrity, and availability in accordance with Article 31 of the aforementioned law [58].

2.3 Data analysis

2.3.1 Change of employment. The two databases (EDER and ENOE) have different tem-
poralities and methodologies for data collection; therefore, two different methods were used to
analyze changes in employment. In EDER 2017, we selected six variables to facilitate informa-
tion handling. We were interested in the ID of each person interviewed, their age, their sex,
the retrospective year and the categories for annual and temporal occupations. From this
shortened dataset, we selected the records of persons who were 12 years of age or older in any
given year and reclassified the individuals into three occupation categories: unemployed
(either unemployed or housemakers), general workers, and those who worked in the agricul-
tural sector. This was done for each living year of each interviewed individual.

Regarding the classification of occupation categories, it is important to note that these clas-
sifications have already been assigned by the National Institute of Statistics and Geography
(INEGI). For the analysis of the EDER, the National Occupational Classification System
(SINCO) [59] was employed. Specifically, the group of "Workers in Agricultural and Livestock
Activities" was scrutinized, with a particular focus on rainfed agriculture and grazing livestock
activities. Therefore, our classification encompasses farmers (engaged in rainfed occupations),
livestock farmers (involved in animal husbandry occupations), and agrarian occupations (con-
sidering both rainfed and animal husbandry activities).

We identified all possible changes within these categories, including workers who changed
occupations within agriculture. This means that we analyzed the activities each respondent
undertook in one year and checked for any changes in the following year. For instance,
respondents might have shifted from cultivating crops to engaging in livestock activities.
Respondents were only classified as having left the agricultural sector when their activities
were no longer associated with farming. Subsequently, we calculated the rate of change by
comparing the number of individuals who changed their occupation within agriculture to the
total number of respondents employed in the sector. The EDER 2017 sample consists of an
average of 8,434 employed persons per year. Of these, an average of 1,198 persons per year
were engaged in the agricultural sector. Within this group, the surveyed population focusing
on agriculture numbered 1,068 annually on average. Meanwhile, the average number of live-
stock farmers interviewed per year was 130. Despite this being the largest demographic survey
available at the national level, data are sparse for years before 1990, particularly for livestock
farmers, and should be interpreted carefully. We decided to include all decades in the analysis
as we are looking at nationwide processes, but the intrinsic limitations of the survey make it
impossible to scale down to regions or states.

For the ENOE (2005 to 2017) [56], data are presented quarterly. Therefore, we identified
the main occupation of each respondent for each period within the year, focusing on those
who worked in agricultural activities for at least one quarter. Thus, the ENOE sample (2005-
2017) comprises an average of 583,132 employed persons per year, of which 55,134 are
engaged in the agricultural sector. After obtaining the occupations by quarter, we compiled
five possible transitions for each period: 1) No change: people who remained in the same
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activity outside agriculture, 2) Output: individuals who left agricultural activity, 3) Input: those
who started working in agriculture, 4) Remained in the same agricultural activity, and 5)
Those who changed activities within agriculture (e.g. from agriculture to raising cattle; or from
maize to alfalfa; or from food crops to cash crops / plantations).

Regarding the classification of occupation categories, it is important to note that two classi-
fiers developed by INEGI were utilized. Specifically, from 2005 to the second quarter of 2012,
the Mexican Classification of Occupations (CMO) [60] classifications was employed. How-
ever, starting from the third quarter of 2012, there was a transition to the National Occupa-
tional Classification System (SINCO) [59], which provided a higher level of description for
various activities. This shift allowed for more detailed distinctions, such as the inclusion of
"Support Workers in Agricultural Activities" as a recognized category.

For the ENE (1998 to 2004) [54], the data are presented both annual and quarterly, so we
chose to use the interactive tabulations provided by INEGI for the National Employment Sur-
vey. We selected the employed population tabulation and then applied the filters “Main Occu-
pation” and “Total Workers” to identify the number of respondents employed in an
agricultural activity.

2.3.2 Statistical analyses. 2.3.2.1 Agrarian abandonment. Drawing from the shortened
dataset of EDER 2017, which exclusively includes individuals aged 12 and above, along with
the reclassification of unemployed individuals, general workers, and those engaged in the agri-
cultural sector, we conducted an analysis to ascertain the average age of departure from agri-
cultural occupations. Our aim was to rule out the possibility that abandonment is related to
age. To accomplish this, we documented instances of individuals transitioning out of farming
over their lifetimes and visualized this data using a time series graph.

Using the same abbreviated dataset from EDER 2017, we calculated the number of unem-
ployed individuals for each year. This was done to analyze the movements of the Mexican pop-
ulation who left agricultural occupations, particularly to determine whether leaving these
occupations resulted in unemployment or a transition to another occupation, either within or
outside of agriculture. We counted the number of times individuals exited agriculture over
their lifetimes, as well as the number of unemployed individuals during the period under
analysis.

To explore how climate variability impacts agricultural employment in Mexico, the rela-
tionship between mean annual precipitation (mm) and both the planted area (ha) and the pro-
duction value of rainfed agriculture (in thousands of pesos) was examined. Precipitation data
were sourced from the Climate Research Unit [49], while data on planted area and production
values were obtained from the Statistical Yearbook of Agricultural Production (SIAP) [61].
The data analysis involved adjusting the production value to account for inflation, using the
index provided by the National Institute of Statistics and Geography (INEGI) [62]. Subse-
quently, the annual changes in income and planted area were calculated, expressed as percent-
age variations. Finally, a correlation between mean annual precipitation and changes in the
planted area was conducted.

2.3.2.2 Correlation between climate variability and agrarian occupation. Two scales of com-
parison were carried out. First, for EDER 2017, we compared annual data on total agrarian
occupation, rainfed occupation and animal husbandry occupation against the mean annual
precipitation. We used Pearson’s correlation coefficient to compare these variables and calcu-
lated the statistical significance using this method. For ENOE, we employed mean quarterly
data on occupation transitions and precipitation, which we correlated using the Pearson coeffi-
cient, and also computed the statistical significance with this method. Only significant correla-
tions are presented (Fig 1).
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3. Results
3.1 Long term precipitation and agrarian occupation variability

Precipitation in Mexico during the study period displays high interannual variability (Fig 2).
The mean annual precipitation during this period was 750 mm, with a standard deviation of
63 mm. In this context, years with less than 687 mm of rainfall can be considered dry (one
standard deviation below the average), while years with precipitation greater than 813 mm can
be considered a wet year (one standard deviation above).

When agrarian occupation was analyzed in the long term (1980-2017), we found a continu-
ous decrease in the number of people engaged in such activities (Fig 3). The total number of
people employed in an agrarian occupation according to EDER decreased from 37% in 1980
to 11% in 2017. During the same period, rainfed agriculture dropped from 32% to 10%, while
livestock farming fell from 5% to 1% respectively. Interestingly, within the population
employed in agrarian occupations, 90% are enrolled in agriculture and the remaining 10% in
livestock raising across the whole period. This decline is also evident in ENE and ENOE, with
the proportion of agrarian occupations decreasing from 19% in 1998 to 16% in 2004, and fur-
ther to 13% in 2017.

Despite the sharp decline, there is some small interannual variability in the change of occu-
pation. For example, the variation for the entire agrarian occupation sector ranges from -2.2%
(in 1980) to +0.1% (in 2008). For agriculture specifically, the variation ranges from -2.1% (in
1980 and 1982) to +0.1 (in 2016); while for livestock, in ranges from -0.6% (in 1983) to 0 in dif-
ferent years. Thus, the sharpest decline is observed in the first decades of the study period,
while some stability seems to have appeared in the last two decades. We also observed that the
average age of departure from agrarian occupations shows a consistent increment. For exam-
ple, between 1980 and 1990, it ranged between 15 and 19 years, whereas from 2000 to 2017, it

Mean annual precipitation over the period 1980 to 2017
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Fig 2. Mean annual precipitation from 1980 to 2017. Years with precipitation above one standard deviation are represented in blue,
while years with precipitation below one standard deviation are shown in orange. The wettest year of the entire period is 2013, with 908
mm, and the driest year is 1987, with 636 mm. The dashed line in the center represents the average annual precipitation, and the two
dashed lines indicate plus and minus one standard deviation. (Source of data: Calculations by the authors using CRU 4.06 precipitation

[50]).
https://doi.org/10.1371/journal.pone.0313891.g002
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Percentage of Mexican population in agrarian occupations
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Fig 3. Population in agrarian occupations from 1980 to 2017. The solid black line represents the total agrarian occupation, including all
respondents employed in agriculture and livestock from 1980 to 2017. The dashed line represents farmers, while the dotted line represents
livestock farmers. The red line shows the agricultural sector according to ENE data for the period 1998 to 2017, and the brown line covers the
period from 2005 to 2017 with ENOE data. The figure illustrates a steep reduction in the number of occupations in Mexican agriculture.
(Source of data: Calculations by the authors using EDER 2017 [50], ENOE 2005-2017 [56], and ENE 1998-2004 [54]).

https://doi.org/10.1371/journal.pone.0313891.9003

fluctuated between 23 and 35 years. This trend suggests a gradual abandonment of agrarian
occupations, where younger individuals left first and are recently followed by older individuals
(S1 Fig).

3.1.1 Seasonal variability in agrarian occupation. We observed large shifts in agrarian
occupation in Mexico within the year. On average over the last13 years (2005-2017), the third
quarter (peak rain season) of the year (July-September) had the highest percentage of the
employed population in agriculture, with a median of 9.8%, while the first quarter (peak dry
season) had the lowest values, with a median of 9% (Fig 4). The second quarter shows a slightly
higher value than the first, reflecting an increase in agrarian occupation as the rainy season
begins. Conversely, the inverse pattern can be observed in the last quarter, where a decrease in
agrarian occupation is correlated with the onset of the dry season. Although the percentage dif-
ference between quarters may seem small (0.8%), it corresponds to the seasonal occupation
change of approximately 10.5 million people each year.

3.1.2 Interannual variability. We found a strong impact of precipitation variability on
agrarian occupation, particularly for those working in rainfed agriculture and livestock raising.
For the first case, we found that precipitation strongly influences the decision to remain in the
activity in the subsequent year (Fig 5). In other words, the lower the rainfall, the higher the
number of workers who quit the rainfed agriculture activity in the next year and vice versa.
The highest rates of abandonment were observed in 1988 and 1983, with 12% and 9% of work-
ers leaving the activity, respectively. These years followed the two driest on record. A similar
pattern is observed for the livestock sector (Fig 6), but with impacts in the same year. We
found a linear and negative relationship between occupation abandonment and precipitation
variability (p = 0.06, r = -0.33). Thus, the lower the rainfall, the higher the number of workers
who quit the livestock activity in any particular year. Like the previous case, the largest values
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Occupied population by quarter
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Fig 4. Occupied population quarter. Seasonal variability of the employed population in agrarian occupations was examined by quarter from
2005 to 2017. The third quarter, which aligns with the peak of the rainy season, recorded the highest employment rate at 9.8%. In contrast, the
first quarter, coinciding with the peak of the dry season, exhibited the lowest employment rate at 9%. Although the difference of 0.8% may
seem small, it translates to approximately 10.5 million people. The precipitation and standard deviation for each quarter are shown below the
whisker boxes. (Source of data: Calculations by the authors using ENOE 2005-2017 [56]).

https://doi.org/10.1371/journal.pone.0313891.9004

(15 and 20%) correspond to the driest years on record, 1982 and 1987. Interestingly, we found
that 31% of individuals who abandoned agricultural occupations, whether in rainfed agricul-
ture or cattle ranching, became unemployed.
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Fig 5. Rainfed agriculture next planting season. Correlation between mean precipitation and rainfed agriculture occupation during the next
planting season. The Pearson correlation coefficient and significance test are presented in the top left part of the figure. (Source of data:
Calculations by the authors using EDER 2017 [50]).

https://doi.org/10.1371/journal.pone.0313891.9005
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Fig 6. Livestock occupation immediate season. Correlation between mean annual precipitation and livestock raising occupation. The figure
illustrates the immediate impact of drought on livestock herds, the lower the rainfall, the higher the number of workers who quit the livestock
activity in any particular year. The Pearson correlation coefficient and significance test are presented in the top left part of the figure. (Source of
data: calculations by the authors using EDER 2017 [50]).

https://doi.org/10.1371/journal.pone.0313891.9006

Additionally, a positive relationship of precipitation with planted cropland area was
observed (p<0.05, cor = 0.19). This indicates that lower rainfall is associated with a smaller
total planted area, which in turn affects income (p<0.05, cor = 0.18). On average, from 1980 to
2017, income decreased by 230,951 million pesos during dry years (i.e. those with precipitation
1sd below the average), while the total agricultural area decreased by 350,717 hectares, equiva-
lent to approximately 3% of the total area.

3.1.3 Long-term seasonal trends. We study long-term changes in agrarian occupation in
Mexico from 2005 to 2017 by dividing the time series into four-month periods (quarters)

(Fig 7). In this way, each quarterly transition coincides with the beginning or end of the two
main rainy seasons in the country. The transitions from Q4 to Q1 (fourth quarter to first quar-
ter) not only reflects the shift from one year to the next but also marks the transition from the
wet to the dry season (Fig 7A). During this transition, there is a decrease in people who start
working in the agriculture (inputs) and an increase in the people who leave this sector (out-
puts). Nevertheless, most people employed in agriculture remained in the same activity. Inter-
estingly, we found a positive correlation (r = 0.69, p<0.05) between rainfall and changes in
activities within the agricultural sector (e.g. people shifting from rainfed agriculture to live-
stock raising). In other words, with an increase in rainfall the possibilities of changing eco-
nomic activity in agriculture increased; for example, transitioning from cultivating crops to
raising cattle, for a larger profit.

The transitions from QI to Q2 (first quarter to second quarter) (Fig 7B) marks the full
extent of the dry season and the onset of the rainy season. Here inputs to the agrarian sector
increase while outputs decrease, marked by the need for more people employed in agriculture
as rainfall starts (e.g. to plow the fields). Interestingly, during this transition, precipitation vari-
ability seems to have little impact on demographic flows and occupation decisions; thus, the
seasonal flux of people entering the activity seems to be unrelated to the amount of
precipitation.
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Fig 7. Correlation between seasonal rainfall and occupational change by quarter. The dynamics of farmers and livestock farmers exhibit
variations in response to climatic variability throughout the year. Essentially, occupational patterns may shift according to the seasonality of
rainfall. During the transition from the wet season to the dry season (a), respondents tend to change their occupation within the agricultural
sector. Meanwhile, throughout the dry season and the commencement of the rainy season (b) most individuals tend to persist in the same
activities. During the peak of the wet season (c), a significant proportion of workers return to their primary activities, maintaining their
occupations. However, with increasing uncertainty in rainfall, particularly when there is a decrease, the probability of changing occupations rises
(a). In summary, if rainfall increases (d), it is possible that agricultural inflows and outflows will increase, but the possibility of remaining in the
same occupation will also increase. (Source of data: calculations by the authors using ENOE 2005-2017 [56]).

https://doi.org/10.1371/journal.pone.0313891.9007

The transition between Q2 and Q3 (from the second quarter to the third quarter) (Fig 7C)
represents the shift from the dry season to the beginning of the wet season of the year. The
graph shows that during this transition, inputs to the agricultural sector are maintained while
outputs decrease significantly. In other words, and considering the previous quarter, a large
proportion of workers remain in their primary activities. Similar to the last transition, it is
interesting to see that during this quarter, precipitation seems to have little impact on the
fluxes, with no difference across years.

The last transition from Q3 to Q4 (from the third quarter to the fourth quarter) (Fig 7D)
marks the end of the rainy season and is the period with the highest uncertainty in the rainfall
(i.e. precipitation standard deviation is59 mm in the third quarter vs. 19 mm in the others).
During this transition, inputs and outputs are mostly equivalent and highly dependent on
rainfall, as well as the people remaining in the agrarian activities. For example, we found a pos-
itive correlation between rainfall and people staying in the same activity (r = 0.78, p<0.05): the
more it rains, the higher the chances of remaining in the same activity. Likewise, we also found
a relationship of precipitation with the inputs (r = -0.52, p = 0.05) and outputs (r = -0.76,
p<0.05). Thus, precipitation amount and rainy season duration, determines how many people
remain working in the agricultural sector, which may explain why during dry years there is a
net loss of people occupied in agriculture.
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4. Discussion
4.1 Long term agrarian occupation variability

Human societies are complex systems characterized by multiple patterns, structures, and prop-
erties that determine their demographic processes [63]. Therefore, deterministic narratives
that suggest climate inevitably causes migration, violence, or ill health should be avoided [64].
Thus, climate should be conceived as one of several factors influencing decision-making in the
face of potential challenges facing humans [65], and not as a delimiting factor. In that sense,
the control of climate over agriculture is evident, but how this influences people’s decisions it’s
mediated by a plethora of other factors. In the particular case of our study, climate seems to
influence agrarian occupation, particularly during extreme dry years.

In the long term we found a steady decline of people engaged in agriculture in Mexico from
1980 to 2017, consistent across all datasets. This was also reported by Hernandez Pérez [66],
who estimated a loss of more than one million rural jobs (1,178,067) between 1995 and 2020.
Similarly, Weisbrot et al. [67] reported a decrease of 1.9 million jobs, but the loss was in family
labor employed in the family farm sector. Cypher and Crossa [68] argue that this phenomenon
is an indication of the country’s agrarian policies, since Mexican manufacturing employment
increased, but never counteracted the vertiginous reduction of labor and disarticulation of the
peasant economy. Weisbrot et al. [67] further explain that this phenomenon develops because
family farms in Mexico cannot compete with subsidized U.S. production. So, workers are dis-
placed to other occupations, such as industry or seasonal jobs, including growing vegetables or
fruits for export. Therefore, it is undeniable that there is research focused on explaining the
decrease in Mexican agrarian occupation as a socioeconomic and political consequence. How-
ever, not much is known about the influence of climate, specifically the high variability in pre-
cipitation, on the decision making of farmers and livestock farmers.

We found that the average age at which individuals abandon agrarian occupations has con-
sistently increased over time, indicating a gradual exit from agricultural work. Initially, youn-
ger people tend to leave first, followed by older individuals as we get closer to the present day.
A study by the Food and Agriculture Organization of the United Nations (FAO) and the Secre-
tariat of Agriculture and Rural Development (SADER) [69] revealed that by 2014, nearly 60%
of the agricultural workforce in the country was over 50 years old. This is significant because
older farmers may leave due to health issues or the presence of a successor, whereas younger
farmers often exit for professional, lifestyle, and financial reasons [70]. Therefore, it would be
incorrect to conclude that the abandonment of agrarian occupations is primarily driven by
demographic age factors; instead, this aspect is secondary to other individual and household
characteristics [71].

In addition, we identified the climate influence on the agrarian occupation in Mexico on
two-time scales: first, across years, and secondly, throughout the year. These results align with
Zhao et al. [72], who demonstrated that there are inter-annual variations in agricultural market
yields as a consequence of the incidence of climate. However, this phenomenon is further mag-
nified by endogenous market fluctuations generated by producers’ imperfect expectations
about weather conditions.

4.1.1 Interannual variability. In terms of interannual variability, our results suggest that
rainfall influences the percentage of people engaged in rainfed agriculture and livestock in
every year and the subsequent year. Similar relationships have been observed by other
researchers. For example, Macfarlan et al. [73] found that livestock farmers in Baja California
Sur adjust herd composition and usage during drought years, becoming more risk averse. The
authors suggest that future expectations are important in the preference structure. Thus, indi-
viduals who expected to lose a substantial fraction of their herds during a drought were more
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likely to up-regulate herd maintenance at the expense of sales, and vice versa for those who
expected smaller losses. Similarly, Freudenreich and Musshoff [74] observed that, in Chiapas,
farmers engaged in maize cultivation may develop increased risk aversion if they have suffered
severe and recurrent crop failures. This means that, after experiencing shocks such as
droughts, they may overestimate themselves as they make agricultural decisions; for example,
avoiding engaging in risky practices that could improve productivity or implementing adap-
tive behaviors that reduce risk. There is the possibility that one of these decisions is to migrate,
since the reduction in the productivity of milpas or livestock reduces the income of rural farm-
ers [24, 26, 75].

Furthermore we found that 31% of the Mexican population who leaves their agricultural
occupations is unemployed in the upcoming year. Recent evidence from the U.S. suggests that
this unemployment is due to limited strategies for adapting to and mitigating the impacts of
climate change on agricultural yields [76]. In Mexico, such policies propose changes to ensure
higher capital productivity; however, they generally do not favor labor substitution [77]. This
implies that Mexican farmers do not have access to the same portfolio of adaptation strategies
as U.S. farmers, likely placing them in a less favorable position to adapt to climate change [33].
Consequently, their livelihoods are not guaranteed. In contrast, countries like Algeria, Ger-
many, and Romania have sought to ensure that workers affected by environmental risks are
entitled to benefits for occupational accidents [78].

In addition, a correlation between rainfall and planted was observed. This aligns with the
findings of lizumi and Navin [79], who stated that both climate and weather conditions influ-
ence the area, intensity, and yield of crops. Similarly, studies such as those by Koide et al. [80]
and Naylor et al. [81] demonstrate a strong dependence of rice-planted areas on accumulated
rainfall in the Philippines and Indonesia. Thus, during dry years smaller agricultural area is
available for crops, needing less workers, reducing employment.

Additionally, our results also show that low precipitation leads to a decrease in agricultural
income during dry years. In this regard, Bobojonov and Aw-Hassan’s [82] research suggests
that this is due to the risks associated with extreme weather events, as they found a negative
impact on farmers’ income in small-scale farms in arid regions of Tajikistan when the avail-
ability of irrigation water decreased. As for research in the Mexican context, there remains a
gap in data exploring the correlation between climate variables, sown area, and economic
income. However, Boyd and Ibarraran [83] note that the effects of droughts or hurricanes on
the country’s economy vary substantially by sector, though the overall impacts tend to be mod-
erate to severe.

4.1.2 Long-term seasonal trends. In terms of seasonal variability, we found that precipita-
tion drives seasonal changes in employment, with a higher employment chance during the
rainy season and vice versa. If rainfall is greater in duration and quantity, more people will
enter the agricultural sector and fewer will leave. Additionally, they are likely to maintain their
original occupation due to the potential benefits of the activity, whereas the opposite occurs
during dry years. These finding are consistent with research such as Estrada et al. [20], which
argues that agriculture, especially rainfed agriculture, is highly dependent on predictable pre-
cipitation. Thus, if rainfall becomes less predictable in timing and quantity, crop needs may
not be met, leading to lower yields and higher food prices [84]. Therefore, knowledge of pre-
cipitation trends is of utmost importance for sowing and harvesting periods [85]. For example,
excessive sunshine can accelerate fruit ripening, making the yield inversely proportional to the
harvesting time and resulting in an excess labor force, which facilitates piecework payment
[86]. Similarly, in livestock management, farmers make decisions considering that annual vari-
ability in precipitation is responsible for the large variation in forage available on pasture [22,
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87]. In this context, adaptive strategies throughout human evolutionary history have been
related to seasonality [88].

Finally, our results also imply that climate change, particularly increasing drying condi-
tions, may lead to higher rates of agricultural abandonment in Mexico. According to the Inter-
governmental Panel on Climate Change (IPCC) [89], Mexico could experience statistically
significant reductions in gross domestic product growth (GDP), especially in agricultural
activities, as a result of current temperatures being above the threshold considered optimal for
economic production. Estrada et al. [20] clarify that the impacts of climate change on Mexican
agriculture develop directly in local economies, but with impacts across the whole country in
the most extreme scenarios. Thus, the link between climate change and agricultural abandon-
ment will depend on the alteration of precipitation patterns and the fact that high-exposure
working conditions for farmers and livestock farmers imply greater heat stress [90]. Addition-
ally, Dasgupta et al. [91] mention that current climatic conditions already negatively affect
labor effectiveness; however, climate change may further exacerbate the decline in productivity
and labor supply. This is due to reduced individual income and the need to adapt working
hours to avoid exposure to harsh climate conditions.

4.1.3 Policy implications. Climate variability is widely recognized for its significant
impact on crop yields, directly influencing food production [20]. Numerous studies have also
highlighted the effects of climate fluctuations on populations [92]. This article demonstrates
that in Mexico, rainfall variability plays a key role in shaping decision-making and the mobility
of individuals engaged in agrarian occupations.

This information is vital for developing national agricultural management strategies that
address the challenges posed by climate variability. One of the greatest challenges is the uncer-
tainty surrounding future climate conditions and their impact on crop yields, which could
exceed the adaptive capacity of workers, thereby threatening their livelihoods [92]. Therefore,
it is crucial to begin mitigating potential damage to the food value chain [93] and to increase
investment in agricultural workers. This is especially important given that these workers often
rely on additional labor rather than capital, as farmers are frequently constrained by limited
cash and credit for growing and harvesting [94].

Policymakers should also focus on reducing social vulnerability to minimize the risks posed
by extreme weather events, such as drought. Regarding agricultural impacts, the primary pol-
icy focus should be on water management [95]. For instance, one strategy could be to reduce
inequality in access to public services, which facilitates workers” adaptation [96]. However, to
cope with an increasingly unpredictable climate, there is a need for more efficient and inte-
grated water management systems at the local level, including the development of technologies
for water storage [95]. In this context, it is recommended that decision-makers pay close atten-
tion to individuals in agrarian occupations, as their knowledge and experience complement
scientific information in the formulation of policies and programs. These programs should
aim to improve and introduce technologies appropriate to the region’s biophysical context and
align with the interests of the population [94]. Such an approach could lead to the design of ini-
tiatives that inform and support planting decisions while providing financial assistance for
mechanization and the construction of adequate irrigation systems [94].

5. Conclusion

Our analysis supports a link between rainfall and agrarian occupation in Mexico from 1980
and 2017. We find that reduced rainfall correlates with a greater increase in changes in agrar-
ian occupations; however, the impact varies among different agricultural workers. Cattle live-
stock farmers often change occupations during drought years, whereas, in agriculture, changes
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in occupation are observed predominantly among those relying on rainfed methods. Our
research further demonstrates that precipitation levels have significantly influenced the deci-
sion-making and migratory patterns of both crop and livestock farmers. However, this phe-
nomenon is not solely an interannual occurrence; it also has seasonal and quarterly
repercussions.

The study of the link between precipitation and agrarian occupations highlights the broader
effects of climate change on agricultural practices, labor markets, and food security in regions
heavily dependent on rainfed agriculture. While this analysis provides valuable insights into
how climate variability affects agricultural occupations, it has limitations. Specifically, it oper-
ates on a national scale, which may obscure localized effects and fails to fully account for
regional knowledge, diverse practices, and the varying climatic and socioeconomic conditions
across different areas. Additionally, data prior to 1990 are limited, so the findings should be
interpreted with caution.

To avoid overgeneralizing these results, future research should focus on exploring the
socioeconomic backgrounds of the agrarian labor force at the local level, as well as the climate
conditions specific to each region. This approach would help capture the negative effects of cli-
mate variability in different contexts. Furthermore, more detailed research on the economic
activities in which individuals engage is needed to analyze transitions between agrarian work
and other sectors. Studies are also required to examine the interactions between climatic vari-
ables, such as temperature and precipitation, and their impacts on agricultural productivity,
particularly across different farming systems. While the current analysis could benefit from a
closer look at specific farming systems and the varying magnitude of climate variability’s
effects, the available data consist of national aggregates that lack detailed regional develop-
ment. Addressing these gaps in future research would offer a more comprehensive under-
standing of how climate influences agricultural livelihoods and could inform policy aimed at
improving resilience to changing climate conditions.

Supporting information

S1 Fig. Average age of occupation abandonment. We also observed that the average age of
departure from agrarian occupations shows a consistent increment. For example, between
1980 and 1990, it ranged between 15 and 19 years, whereas from 2000 to 2017, it fluctuated
between 23 and 35 years. This trend suggests a gradual abandonment of agrarian occupations,
where younger individuals left first and are recently followed by older individuals (S1 Fig).
(TIF)
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