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Abstract: Maize is an important staple crop in Mexico, and the recent intensification of climate
variability, in combination with non-climatic forces, has hindered increases in production, especially
for smallholder farmers. This article demonstrates the influence of these drivers on maize production
trends in the three states of the Yucatan Peninsula using a mixed methods approach of climatic
analysis and semi-structured interviews. Climate trend analysis and generalized additive models
(GAMs) demonstrate relationships between production and climatic variability, using 1980–2010
precipitation and temperature data. Data from forty interviews with government officials and
representatives of farmers' associations (gathered in 2015 and 2016) highlight the influence of
agricultural policy on maize production in the region. The climate trend analysis yielded mixed
results, with a statistically significant negative rainfall trend for Quintana Roo and variability in
maximum temperature changes across the region, with an increase in Yucatan State and Quintana Roo
and a decrease in Campeche. Climate and production GAMs indicate a strong significant relationship
between production and climate fluctuations for Campeche (79%) and Quintana Roo (72%) and
a weaker significant relationship for the Yucatan State (31%). Informants identified precipitation
variability and ineffective public policies for smallholder agricultural development as primary
obstacles for maize production, including inadequate design of agricultural programs, inconsistent
agricultural support, and ineffective farmers' organizations. Quantifying the influence of climate
change on maize production, and the amplifying influence of national and regional agricultural
policy for smallholder farmers, will inform more appropriate policy design and implementation.

Keywords: climate variability; smallholder agriculture; subsidies; precipitation; mixed methods;
double exposure

1. Introduction

The agricultural sector is inherently sensitive to weather conditions and vulnerable to the impacts
of globalization [1,2]. Recent discussions regarding the impacts of climate change on agriculture
acknowledge that a changing climate not only implies long-term changes in average conditions, but
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also changes in the yearly seasonal variations, including the frequency and magnitude of extreme
weather events [3,4]. Non-climate drivers, such as public policy and social, economic, and technological
factors, also impact production [5]. Smallholder farmers, hereafter “smallholders,” (for a definition of
smallholders see Reference [6]) in developing countries are exposed to high levels of environmental,
political, and economic stress, Reference [7] affecting their production [8–10]. In Mexico’s Yucatan
Peninsula, the agricultural sector faces numerous challenges. Increased precipitation variability
and frequency of drought events [11], increasing periods of extreme temperatures [12,13], and land
degradation [14] together constrain smallholders' efforts to improve crop productivity and food
security [15]. Inadequate policy design and implementation further exacerbate these challenges [16].

Several studies have estimated the likely impacts of future climate changes on crop
production [17–21], but few studies have considered the joint impacts of climate and non-climate
drivers such as policy (e.g., “double exposure” [22]). This article addresses maize production trends in
Mexico’s Yucatan Peninsula and their temporal relationship with climatic variability, incorporating
non-climate drivers, such as agricultural policies. Researchers compared climate variability with maize
production yields, trends, and characteristics in the three states of the Yucatan Peninsula over the last
30 years. These results are contextualized by the implications of national and regional agricultural
policy and current agricultural programs, via both official reports and semi-structured interviews with
representatives from farmers’ associations and government agencies.

Results of this study demonstrate how the combined effects of climate variability and agricultural
policy have constrained maize production, further exacerbating challenges faced by smallholders. This
study provides a basis for new policy interventions that could support more appropriate agricultural
programs in the context of changing climatic conditions.

1.1. Maize: National Context

Maize is the predominant crop of Mexico, valued as a commodity and for its cultural, political,
and social symbolism throughout history [23]. Maize comprises 33% (7.5 million ha) of the cultivated
area throughout the country and contributes 18% of the agricultural sector’s production value (more
than 4 billion USD in 2013) [24]. As a subsistence crop, maize ensures the food security of millions of
families across the country. Subsistence and semi-subsistence maize cultivation is found in half of all
Mexican municipalities [25], and nearly 2.8 million farmers cultivate maize, mostly as smallholders on
less than 5 ha [26,27]. Cultivation of maize in Mexico is primarily rain-fed (80% by area), although
irrigated production has increased substantially from 1980 to 2015, especially in northern Mexico [28].

1.2. Climate Change Context

Climate change models for Mexico [29,30] indicate that the country is likely to experience higher
temperatures and higher evaporation rates, with a doubling of Carbon dioxide (CO2) emissions
and greater oscillation in precipitation patterns. Likewise, Méndez-González and colleagues [31]
have shown that rainfall regimes in several parts of Mexico have been substantially modified,
demonstrating increased rainfall in arid and semi-arid regions and decreased rainfall in dry and
wet regions. Further, frequent droughts and hurricanes have threatened Mexico, especially in the
Yucatan Peninsula [11,32,33]. Overall, climate models are pessimistic for producers of maize and other
grains [34–36].

1.3. Mexican Agricultural Policy, 1980–Present

Over the last three decades, Mexico’s countryside has faced an economic, environmental, and
social crisis as agricultural policies have explicitly prioritized industrial agriculture, relegating
smallholders to social welfare programs and to a marginal role in the national and global
economy [37,38]. Economic liberalization of the agricultural sector began in the late 1980s and
accelerated during the 1990s [39,40], with the negotiation of international trade agreements like
the General Agreement of Tariffs and Trade (GATT) in 1986 and the North American Free Trade
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Agreement (NAFTA) in 1994. One of the many consequences of GATT and NAFTA for smallholders
was the gradual dismantling of CONASUPO (The Mexican National Company of Popular Subsistence),
created in 1962 to ensure the supply of affordable staples and to guarantee prices for producers,
and closed in 1998 [41]. The federal government also eliminated guaranteed prices for most crops,
restructured input subsidies, reduced subsidized credit for smallholders, and drastically decreased
financing of agricultural research and extension [38,42,43].

While most direct subsidies and price supports were eliminated, a new generation of agricultural
programs started in the 1990s, redefining the public sector’s role in agriculture and rural development.
The most important of these newly implemented programs was the Program of Direct Support for the
Countryside (Programa de Apoyos Directos al Campo, or PROCAMPO), a cash transfer program, and
the Alliance for the Countryside (Alianza para el Campo), a matching grant program for investments
in agriculture [44,45]. Although the Mexican government has invested considerably in agricultural
subsidies (including at least 20 billion USD in direct payments to farmers since 1994), a 2009 World
Bank review of Mexican agricultural spending concluded that more than half the funds were directed
to the richest 10% of producers. For PROCAMPO, 44% of the total spending for the period 1994–2008
was concentrated among the wealthiest 5% of farmers, whose economic success may not depend on
these subsidies [46]. By contrast, the poorest 80% of beneficiaries received just under 27% of spending.
Funds dispersed from 1995 to 2003 were substantially less than funds dispersed from 1989 to 1994,
indicating that trade liberalization after 1994 was paired with decreased agricultural subsidies [47].

2. Materials and Methods

2.1. Study Area

The study was conducted in the Yucatan Peninsula of southeastern Mexico (Figure 1), an area of
about 145,000 km2, including the states of Campeche, Yucatan State and Quintana Roo. The Yucatan
Peninsula is a physiographic region consisting of a karstic platform with marked carbonate rock
layers [48]. Karstic landscapes result in considerable spatial heterogeneity in soil groups. Leptosols
comprise 75% of the landscape [49–51], and their variability, stoniness, and shallowness complicate
mechanized agriculture [50–53]. Other dominant soils are Vertisols, rich in organic matter, but
susceptible to erosion and poor drainage [54]. Phaeozem soils are also found in the three states
(17% of Campeche, 8% of Yucatan State, and 10% of Quintana Roo). Soils in this group are more fertile,
deeper, and less stony than Leptosols, facilitating mechanized agriculture. The estimated potential
for mechanized agriculture (as a proportion of all the land suitable for agriculture in each state) is as
follows: Campeche, 61%; Quintana Roo, 43%; and Yucatan State, 20% [55].

Drainage in this karst landscape is primarily underground, with a network of sinkholes or
cenotes [56], with little surface water. The annual rainfall varies from less than 125 mm year−1 at the
western end of the Peninsula, to more than 1500 mm year−1 on the eastern coast, with most regions
experiencing 800–1200 mm year−1 [55]. Climate in the Peninsula [57] is tropical wet and dry (Aw)
across most of the area, and semi-arid (BS1) in a small portion of the Northwest of Yucatan State.

Maize production varies across the three states of the Yucatan Peninsula, in both area and yields
(Table 1). Campeche has the highest maize production in the Yucatan Peninsula, for both yield and
area cultivated. Campeche also experienced the largest percentage increases in area cultivated, average
yield, and total annual production from 1980 to 2015.
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Figure 1. Study area, including the weather stations used for the analysis. 
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area cultivated. Campeche also experienced the largest percentage increases in area cultivated, 
average yield, and total annual production from 1980 to 2015.  

Table 1. Extent of maize, per hectare yield, and total production per state for 2015, both rain-fed and 
irrigated. Source of data: Agricultural and Fisheries Information Service (SIAP). 
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Campeche 71 2.3 5.2 3.8 407,201 183,173 2568 185,742 241 790 90 
Q. Roo 83 0.6 2.4 1.5 38,700 78,364 1985 80,349 55 44 46 

Yucatan State 93 0.6 4.5 2.5 75,324 107,868 8600 116,469 −21 −17 44 

Mexico’s Agricultural and Fisheries Information Service (SIAP) collects maize production data, 
which allows assessment of changes in maize yield and area under cultivation [28]. Rain-fed maize 
area showed no overall increase or decrease for the studied period, 1980–2015, for Quintana Roo and 
the Yucatan State, but the Yucatan State exhibited a decrease in cultivated area for the last ten years 
of the period, 2005–2015, while the cultivated areas of Campeche steadily increased, especially after 
1993 (Figure 2). The total annual production and average maize yields were similar for each state, 
with an increase in irrigated cultivation, resulting in higher average yields and total production since 
2008. During this period, Campeche rose in maize production ranking among Mexican states, from 
the 23rd to the 10th place.  

Figure 1. Study area, including the weather stations used for the analysis.

Table 1. Extent of maize, per hectare yield, and total production per state for 2015, both rain-fed and
irrigated. Source of data: Agricultural and Fisheries Information Service (SIAP).

State
% Total

Land
Cultivated

Yield (ton/ha)
Total

Production
(ton/year)

Area Planted (ha) % Increase
(1980–2015)

Rain-Fed Irrig. Average Rain-Fed Irrig. Total Area Prod. Yield

Campeche 71 2.3 5.2 3.8 407,201 183,173 2568 185,742 241 790 90
Q. Roo 83 0.6 2.4 1.5 38,700 78,364 1985 80,349 55 44 46

Yucatan State 93 0.6 4.5 2.5 75,324 107,868 8600 116,469 −21 −17 44

Mexico’s Agricultural and Fisheries Information Service (SIAP) collects maize production data,
which allows assessment of changes in maize yield and area under cultivation [28]. Rain-fed maize
area showed no overall increase or decrease for the studied period, 1980–2015, for Quintana Roo and
the Yucatan State, but the Yucatan State exhibited a decrease in cultivated area for the last ten years of
the period, 2005–2015, while the cultivated areas of Campeche steadily increased, especially after 1993
(Figure 2). The total annual production and average maize yields were similar for each state, with an
increase in irrigated cultivation, resulting in higher average yields and total production since 2008.
During this period, Campeche rose in maize production ranking among Mexican states, from the 23rd
to the 10th place.
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Figure 2. Surface area planted in maize, annual maize production, and average maize yield in 
Campeche, Quintana Roo, and Yucatan State, 1980–2015, by type of production (rain-fed or irrigated). 

In Campeche, in addition to soils better suited for mechanized agriculture [58], large Mennonite 
colonies in the municipalities of Hopelchen and Hecelchakán contributed to the state’s greater maize 
production. In addition, Campeche’s public policy expenditures prioritized agricultural production, 
while Quintana Roo emphasized tourism and the Yucatan State prioritized both livestock production 
and tourism.  

2.2. Mixed Methods Approach 

A mixed methods approach [59] was used for this research, offering an opportunity to draw 
from the strengths of both quantitative and qualitative research approaches [60]. Although mixed 
methods research is not entirely new, it is a new trend in interdisciplinary research that has arisen in 
response to the current need to address topics requiring study from different but complementary 
perspectives, using both general research approaches, quantitative and qualitative [59]. Quantitative 
data for climatic variables and maize production trends and GAM models were collected from official 
governmental sources (https://www.gob.mx/sagarpa, subsidiosalcampo.org.mx). Qualitative data 
were gathered through 40 in-depth, semi-structured interviews with key informants, with interviews 
ranging from 1 to 3 h. Further evidence of agricultural and climatic trends was collected from a review 
of previous scientific and agricultural program reports. When appropriate, direct quotations from 
interviewees are used with attribution and locations, following [61].  

Mixed methods research enables the integration and contextualization of conclusions that are 
drawn from each strand of the research [62,63]. In this study, analyses of quantitative and qualitative 
data were undertaken independently, and are integrated in the discussion. Approaches taken for data 
analysis are detailed in the following two sections. 

Figure 2. Surface area planted in maize, annual maize production, and average maize yield in
Campeche, Quintana Roo, and Yucatan State, 1980–2015, by type of production (rain-fed or irrigated).

In Campeche, in addition to soils better suited for mechanized agriculture [58], large Mennonite
colonies in the municipalities of Hopelchen and Hecelchakán contributed to the state’s greater maize
production. In addition, Campeche’s public policy expenditures prioritized agricultural production,
while Quintana Roo emphasized tourism and the Yucatan State prioritized both livestock production
and tourism.

2.2. Mixed Methods Approach

A mixed methods approach [59] was used for this research, offering an opportunity to draw
from the strengths of both quantitative and qualitative research approaches [60]. Although mixed
methods research is not entirely new, it is a new trend in interdisciplinary research that has arisen
in response to the current need to address topics requiring study from different but complementary
perspectives, using both general research approaches, quantitative and qualitative [59]. Quantitative
data for climatic variables and maize production trends and GAM models were collected from official
governmental sources (https://www.gob.mx/sagarpa, subsidiosalcampo.org.mx). Qualitative data
were gathered through 40 in-depth, semi-structured interviews with key informants, with interviews
ranging from 1 to 3 h. Further evidence of agricultural and climatic trends was collected from a review
of previous scientific and agricultural program reports. When appropriate, direct quotations from
interviewees are used with attribution and locations, following [61].

Mixed methods research enables the integration and contextualization of conclusions that are
drawn from each strand of the research [62,63]. In this study, analyses of quantitative and qualitative

https://www.gob.mx/sagarpa
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data were undertaken independently, and are integrated in the discussion. Approaches taken for data
analysis are detailed in the following two sections.

2.3. Quantitative Data and Analysis: Maize Production and Climatic Variability

Official yearly maize production data from SIAP (the administrative body in charge of generating
statistics and geographic information on agrifood matters, and the only data source available for
annual crop production in Mexico) were related to temperature and precipitation data from the
monthly records of the weather station network of the National Meteorological Service (SMN). The
variables used were minimum temperature (Tmin), maximum temperature (Tmax), and accumulated
precipitation (Precip), summarized into monthly averages. The selected study period for this analysis
was 1981 to 2010, because only for this period are complete data sets available for all variables. For this
reason, the period for this climate-production analysis is five years short of the study's longer period
of assessment from 1980 to 2015.

Data from 80 weather stations (Figure 1) in the region were gathered. Missing data from all stations
were interpolated using Generalized Additive Models (GAMs), nonlinear models comprised of the
sum of smoothed functions (consisting of a series of local regression-type models), rather than linear
functions [64,65]. These models are widely used in analysis of time series, enabling non-parametric
adjustments and nonlinear effects of seasonality and trends [66].

To address the temporal variation of climate data, the time series was decomposed into three
components: trend, seasonality, and randomness, based on an analysis of moving averages, using the
software R 3.4 [67]. Linear models were conducted to determine the presence of trends for each climate
variable over the time-period. To determine the relationship between climate variability and maize
production, GAMs were generated using the variances of climate data (Tmax, Tmin, and Precip) as
independent variables, by year. Annual maize production (tons) served as the dependent variable.
Four models were built: one for each of the three states and one for the entire Peninsula. Because the
dependent variable is discrete, the GAMs used a Poisson distribution. All models were generated with
the “gam” function from the “mgcv” package of R 3.4 [68].

Precipitation anomalies were calculated to address years with a deficit or surplus of precipitation.
Anomalies are calculated as the percentage difference observed in a year, month, or specified time, “i”
(Pi), compared to the average of a specified period (P):

Anomaly = (Pi − P)/(P × 100).

2.4. Qualitative Data and Analysis: Perceived Causes and Influences

Forty in-depth, semi-structured interviews were conducted between October 2015 and February
2016, following the practices of a grounded theory framework, based on the collection and systematic
analysis of empirical data, without specific theory or initial hypothesis [69]. The type of sampling that
is done based on the Grounded Theory is called Theoretical Sampling. In it, the size of the sample is
not known a piori. The structuring of this is done gradually throughout the research process and is
not done according to criteria of representativeness but according to the relevance of the cases [69,70].
The sampling ends then, when reaching the Theoretical Saturation, which means that no new data are
found through which more questions can be developed. The incorporation of new material or new
data ends, according to this concept, when nothing new emerges [71].

Interviews were conducted with members of farmers’ grain-production associations and
government officials. Federal agencies included SAGARPA (Secretary of Agriculture, Livestock
Production, Rural Development, Fishery and Food, six interviews), CONAGUA (National Water
Commission, three interviews), and INIFAP (National Institute of Forestry, Agriculture and Livestock
Research, three interviews). State agency interviews included six interviews with staff from the
Ministry of Rural Development, Campeche (SDR); the Ministry of Agricultural and Rural Development,
Quintana Roo (SEDARU); and the Ministry of Rural Development, Yucatan State (SEDER). Further
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interviews included the directors of the Maize Commodity System (Sistema Producto Maíz) of each
state and representatives from various farmers’ associations, ranging from subsistence to commercial
producers, with memberships of 20 to 10,000. Interviewees included not only farmers, but also federal
government officials related to the agricultural sector, in order to achieve a more complete and broad
set of perspectives on the situation of maize production.

The survey instrument consisted of a list of topics related to climate change and variability,
issues faced by maize producers, agricultural programs, and subsidies, and how these elements were
perceived to interact and influence maize production. Most of the interviews were audio recorded
(with consent) and transcribed. Using the Atlas.ti software, transcripts were analyzed for dominant
themes and language use [72]. Transcript analysis was conducted in three stages: (a) organization of
information (field notes, written interviews), the transcription of recorded interviews, collection, and
organization of information to be analyzed; (b) analysis to decompose the information in analytical
units, to identify the drivers for maize production, and to assign codes to these drivers. These first steps
of analysis helped us to build first level categories and subcategories and then identify the different
parts of the testimonies, which fall into each category. For example, the category for the influence of
climate change on production was refined into sub-categories for droughts, rainfall variability, and
hurricanes. This process enabled the identification of similarities or differences among testimonies and
the creation of networks between them. With the information of each interview falling in the created
categories, was it possible to address, which are the main drivers of maize production; (c) analytic
interpretation, including description of the findings and their theoretical interpretation.

This study did not quantify the relationship between the non-climate drivers and maize
production (as with the climate drivers and production), and a structured list of questions was
not used, unlike as has been used by Adger [73], Eakin [7], and O’Brien & Leichenko [22] to analyze
the influence of multi-stressors (climate change and globalization) on smallholders in Mexico and
other parts of the world.

3. Results

3.1. Climate Trends, Precipitation Anomalies, and Climate–Production Analysis

Historical precipitation data from the 80 weather stations show significant negative trends for total
precipitation from 1981 to 2010 in Quintana Roo (R2 = −0.1393, p < 0.0001); however, total precipitation
in the Yucatan State and Campeche did not exhibit any directional trend (R2 = 0.04637, p < 0.0001; R2

= 0.00176, p = 0.428, respectively). Maximum temperatures in Quintana Roo and the Yucatan State
experienced a slight increase (R2 = 0.03396, p < 0.0001; R2 = 0.03119, p = 0.0005; respectively), and in
Campeche maximum temperature followed a negative trend (R2 = −0.40771, p < 0.001). The minimum
temperature exhibited a positive trend in all three states (Figure 3).

Precipitation anomaly results (Figure 4) show that most of the years with the highest negative
anomalies coincided for the three states, in 1986, 1994, and 2009, matching occurrences of El Niño
events. Anomaly analysis also indicates that Quintana Roo experienced the highest negative anomalies,
and from 2000 onwards, Quintana Roo had a precipitation deficit in almost every year (Figure 4).
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The relationship between climate variability and maize production for the 1981–2010 period was
modeled for each of the three states and for the Yucatan Peninsula as a whole. The more robust models
are for the states of Campeche and Quintana Roo, with an adjusted R2 of 0.79 and 0.72 respectively,
indicating that 79% of the variability of Campeche’s maize production and 72% of Quintana Roo’s are
explained by concurrent variability in precipitation and temperature. In both the Yucatan State and in
the Peninsula as a whole, the relationship between climate variation and production for the 1980–2010
period is somewhat weaker. The climate variables explain only 31% of the production variation for
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Yucatan State model, and only 28% for the Peninsula model. The independent variables (Year, Tmax,
Tmin and Precip) are each significant in all models.

Precipitation variability follows a very similar pattern in the four models: maize production
is greater when there is less variability in precipitation. In the case of maximum and minimum
temperatures, the models show no clear pattern. However, in general, the largest maize production
occurred in those years in which the variability in maximum temperatures was low.

3.2. Perceptions of Climate Change and of Its Effects on Production

All interviewees indicated that climate change is a major challenge facing maize producers.
Rainfall variability, which could mean several days without rain, followed by concentrated rainfall
in a short time period, causes flooding in farm plots and detrimental water saturation in the soils,
risking crop failure. Strong hurricane winds or tropical storms devastate plots, and droughts, which
producers perceived as increasingly frequent and intense, directly result in large production losses,
and enable the proliferation of pests.

Testimonials do not reflect perception of an overall decrease in precipitation over the last three
decades. Respondents instead focused on describing changes in precipitation patterns, as rainfall has
become extremely unpredictable and scattered both spatially and temporally:

“The main problem of agriculture itself is the weather. Everything was based on rain-fed [agriculture]:
It used to be a regular and predictable weather but now is totally erratic.” Santiago Arjona,
Secretariat of Rural Development, Campeche.

According to interviewees, without predictable rainfall, farmers must modify their agricultural
calendar according to each year’s or season’s characteristics. Consequently, the spring-summer crop
cycle may overlap with the winter crop cycle, or water-intensive stages of plant development may
coincide with the canicula, or mid-summer drought. Crops can also be more affected by heat waves,
by the “strong winds” of October, and by the presence of pests. There is also an increase in labor and
production costs: In many cases, producers prepare the land according to the usual sowing calendar,
but with delayed rains, they must repeat this labor.

With respect to temperatures, interviewee perceptions align with results of the climate trend
analysis, emphasizing that maximum temperatures have increased with time. Interviewees reported a
negative effect on maize production due to the direct effect of temperatures on yield:

“ . . . it has been considered that we should measure per hectare productivity, especially of those crops
that are rain-fed. High temperature periods have increased and this stresses the crop for a longer time,
making the yield go down, and maybe this is not considered as ‘agricultural losses,’ but these areas
will have a lower productivity.” Raul Diaz Plaza, INIFAP.

3.3. Agricultural Programs and the Effects on Maize Production

Interviews and a review of official materials on agricultural programs inform the study’s findings
on the role of agricultural policy in production, for rural and indigenous Mayan smallholders in
Quintana Roo, Campeche, and the Yucatan State. The restructuring of the agricultural sector in the
Yucatan Peninsula, as well as the intensification of tourism since the 1980s, has created new livelihoods
and new socioeconomic dynamics [74]. Agricultural policies have primarily benefitted the largest
producers by basing subsidies on the area under cultivation (as with PROCAMPO), with limited
support for inputs (like under PIMAF, the Incentive Program for Maize and Bean Producers) and some
support from social welfare programs (like Prospera, Mexico’s primary anti-poverty cash transfer
program). Pressure to modernize agricultural production and to cope with a changing climate has
resulted in soil degradation and loss of fertility, coercing maize producers to employ a number of
strategies to access monetary supports and agricultural inputs in order to maintain or increase yields.

The most common programs accessed by interviewed farmers were PROCAMPO and PIMAF,
which provide small monetary supports, seeds and other inputs, and some technical assistance.
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Producers trying to market their crops can also get support (assistance for commercializing, advice on
national and international markets and on promoting their products, and so on) from ASERCA (Agency
for Services of the Marketing and Development of Agricultural Markets). Producers often receive
insurance for their crops for cases of catastrophic loss. For smallholders, the insurance is usually
provided (without cost) by government agencies (about 1500 pesos to each producer per hectare
affected by climatic events), while commercial farmers contract commercial insurance companies.
Producers with the financial means often install irrigation systems, which may be partially subsidized
with governmental funds. See Appendix A Table A1 for more details on support programs used by
maize producers in the Peninsula.

To apply new production techniques, agricultural producers use various combinations
of monetary support and agricultural inputs offered by government programs, payments for
environmental services, insurance against climatic disasters, and credit (usually through Financiera
Rural). However, the application procedures, eligibility, and delivery of these support programs
can be difficult to navigate, especially for smallholders. Farmers may be ignorant of the rules of
operation, they may lack the necessary guarantors to obtain financing, or they may face difficulties
in meeting program requirements or payments to service providers. According to representatives of
maize producer organizations, service providers, and the Director of the Maize Commodity System,
the primarily problem producers face is the substantial delay in the delivery of monetary support and
supplies, even after successfully demonstrating eligibility.

Farmers also noted gaps in the continuity and distribution of agricultural programs, with few
and scattered allocations to many producers rather than focused disbursements in strategic areas.
Farmers attributed these challenges to the federal structure of these programs, which they claimed was
misaligned with the environmental, economic, and social characteristics of the Peninsula. Interviewees
perceived that most programs are not oriented towards subsistence producers at all, but focus on
commercial agriculture, with no agricultural development plan that is working for the needs of
subsistence smallholders.

4. Discussion

4.1. Production Trends, Climate Trends, and the Climate-Production Relationship

While rain-fed production in Mexico and the Peninsula remains stagnant [39,75,76], irrigated
production has increased substantially, especially since 2010. Previous research has offered various
explanations for this stagnation in rain-fed maize production, including neoliberalization at multiple
economic scales [77,78]; agricultural policy focused on increasing technical inputs for producers with
commercial potential [38]; declining and greater variability in precipitation [29,79]; and the expansion
of a “modern” sector (especially in northern Mexico) that has rapidly adopted new production
technologies and increased the area under irrigation [39].

Each state of the Peninsula has its own characteristics that influence maize production (Table A2)
in the appendix summarizes the drivers for maize production trends in the Yucatan Peninsula). Among
the three states, maize production has the greatest correlation with climate variability in Campeche.
This is notable, because Campeche has had a relatively stable climate over the last 30 years and is the
state with the highest and still-increasing maize production. Campeche also has more suitable soils
for agriculture and the highest budget devoted to the agricultural sector, the highest funding from
PROCAMPO, the greatest percentage of mechanized surface, and the greatest use of improved seeds.

Quintana Roo also demonstrates a strong relationship between climate variability and production,
as well as the greatest climate variability, resulting in lower total maize production and yields. Quintana
Roo also has the lowest budget for SAGARPA, the lowest expenditure of PROCAMPO funds, the lowest
number of beneficiaries of the program (22,000), and, compared to Campeche, a lower percentage
of the federal expenditure budget devoted to agriculture and less surface planted with improved
seeds. Soils are not as good as in Campeche, but not as poor as in the Yucatan State. The Yucatan
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State presents the weakest relationship between climate variability and production, suggesting that a
primary limitation for agriculture in Yucatan State may not be climate, but rather soils. In addition, in
Yucatan State, economic policy focuses on livestock and tourism, devoting the lowest percentage of
the state budget to agriculture, among all the other sectors.

Precipitation and temperature in the Yucatan Peninsula do not show very marked trends of change
throughout the study period; however, some changes in precipitation and temperature in Quintana
Roo are evident, which, although small, are statistically significant. This difference among the states
could be explained by Quintana Roo’s exposure to the trade winds, making it more susceptible to
variations in the intensity and amount of humidity and heat they carry [11]. The inability to identify
marked trends in these variables does not imply there have been no changes in climate. According
to the Intergovernmental Panel on Climate Change (IPCC) report [80], the effects of climate change
on precipitation, for example, rather than decreasing or increasing annual or seasonal averages over
time, occur mainly in the intensity and distribution of rains; however, these data are not sufficiently
available for analysis.

The amount and distribution of precipitation is widely recognized as among the most important
determinants of yields in agriculture, followed closely by temperature [81,82]. INIFAP researchers
interviewed cite as important to production in the Yucatan both temperature increases over time
(especially maximums) and increases in the frequency and duration of high temperatures. In addition,
cyclic events such as El Niño are known to have a strong influence on maize production in the study
area [39,77]. In this study’s analysis, climatic factors bore a strong influence on production in each
of the states; although, as other studies of agricultural and rural vulnerability have shown [7,10,83],
among others), climate conditions and climate risk are not the only, and sometimes not even the most
important, determinants of production.

4.2. Agricultural Policy

Support for agricultural production is highly concentrated in a few Mexican states, primarily in the
north, and targeted towards few producers, which deepens social and economic inequalities. According
SAGARPA, in Quintana Roo producers with less than 5 ha represented 90% of the PROCAMPO
beneficiaries in 2016, receiving 84% of the program’s funds. In the Yucatan State, the comparable group
represented 96% of beneficiaries and got 90% of funds. In Campeche, by contrast, producers with less
than 5 ha represented 80% of beneficiaries but received only 55% of transfers. In short, Campeche
allocated more support to large commercial producers, potentially increasing overall production.
This may also indicate that, in Campeche, more farmers have achieved the transition from small,
semi subsistence producer to commercial producer. In the Yucatan Peninsula as a whole, 87% of
the agricultural producers who benefited from PROAGRO cultivate 5 hectares or less. According to
government officials, agricultural policies in the Peninsula, as in Mexico overall, intend to foster and
stimulate capital- and input-intensive agriculture. Greater production, on less area, with pre-designed
technology packages and irrigation systems, serves to accentuate the polarization between famers
who are able to make the transition and those who cannot. In a review of more than 300 studies on
the Green Revolution from 1970–1989, Freebairn [84] demonstrated that about 80% of studies on the
distributional effects of the new technologies found that inequality increased, both inter-farm and
inter-region. The benefits of subsidies vary from producer to producer. Agricultural policymakers
in Mexico are quite explicit about giving large growers priority [37,38], and policymakers decide
which producers have the necessary productive potential to receive irrigation facilities, subsidies for
water use [38], and other technology supplements. Smallholders are relegated to poverty relief and
non-productive programs such as PROSPERA, which provides cash transfers conditional on health
and education behaviors. In more than half of the country's municipalities (1570/2240), especially
in the southern states, the primary social spending comes from the Ministry of Social Development
(SEDESOL); in only 358 municipalities is SAGARPA the predominant program. Hence, in the rural
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smallholder sector, the aim is to combat poverty through welfare programs, rather than through
increasing income and employment through a stimulated agricultural sector [85].

4.3. Interaction between Climate Variability and Agricultural Programs

The “new” climate characteristics further exacerbate the polarization in Mexican agriculture,
according to respondents. The changing climate has led to a search for new ways to produce,
accompanied by a reliance on different types of inputs and mechanization, which most producers can
only afford with government support. Yet this support largely is not oriented to smallholders. Climate
variability coupled with delays in the delivery of monetary support and inputs increase vulnerability
to production losses by interrupting the timing of agricultural activities. While these factors may
restrict traditional rain-fed agriculture, they may also affect the capacity of smallholders to transition
into commercial agriculture. For small producers seeking financial support, climate uncertainty and
the unreliability of agricultural programs are important obstacles. Interviewees expressed fear that, if
they were able to invest money or credit, production failure would result in personal financial debt.

As already discussed, climate and soil conditions influence the agricultural policy and budget
of each state, with decisions based on identified agricultural potential. Accordingly, the Yucatan
State and Quintana Roo have prioritized their tourism sector, which may be more profitable than
agriculture, given the limitations of soil and climate. Rather than abandoning the smallholder sector
altogether, there has been re-focused investment in social services for rural areas considered less
competitive in national maize markets [86,87]. Smallholders themselves have not widely abandoned
maize farming; instead, they sustain their practices through different agricultural supports, social
assistance programs, labor diversification, and investment of money earned through temporary
migration [16,32,77]. One recent study in Campeche demonstrates how the anti-poverty program
Oportunidades (now PROSPERA) enabled semi-subsistence maize production to persist during
part of the time-period in question [88]; while another Campeche study related poverty alleviation
programs with a shift away from production for self-consumption and towards the purchase of
industrial foods [89]. These studies suggest that the relationship between smallholder production
and social support programs is complex. Smallholders lack alternatives and may persist in maize
production because of its critical role in rural culture and livelihoods. Despite the difficulties caused
by the climate and market, many smallholder households have maintained their maize cultivation
for subsistence and cultural reproduction, subsidized by off-farm employment and governmental
transfers [16]. Nevertheless, this production remains marginal and without prospects for improving
smallholder wellbeing.

5. Conclusions

Yields of rain-fed maize in the Yucatan Peninsula remained stagnant for the period 1980–2015,
while areas planted diminished. Irrigated production, on the other hand, steadily increased, in an effort
to meet Mexico’s growing demand for maize and reduce dependency on maize imports. Nevertheless,
irrigation systems and other agricultural inputs polarize Mexican farmers by their ability to access
and afford these resources. Measurable and statistically significant climactic changes have affected
the entire Peninsula, especially in Quintana Roo, and current climate characteristics make traditional
maize cultivation economically marginal. This situation has led to new modes of production, with
different types of inputs and mechanization, and has made many smallholders dependent on funding
programs and supports.

In addition to a changing climate, limited access to new technologies, high dependence on
government support, and the shallow, stony soils across much of the Yucatan Peninsula together
influence the low overall maize production. With these interacting influences, the small-scale
agricultural sector has experienced a crisis dating back to the 1980s. Results of this study demonstrate
that an integrated combination of the biophysical conditions shaping production and the economic,
policy, and program-implementation conditions shaping access to markets and incentives have
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created this crisis in smallholder agriculture, experienced as low yields for rain-fed maize production.
Nevertheless, smallholders have not widely abandoned maize farming and are combining this ancestral
activity with a diversification of income-generating activities and government assistance [16].

Other studies in Central Mexico [7] found that agricultural policy changes play a far more
prominent role in farmers’ livelihood and production strategies than does climatic risk. In contrast,
even though we found that agricultural subsidies do play an important role in agricultural production,
we also found a strong relationship between maize production trends and climatic trends in two of
the three states of the Peninsula. Appendinni and Liverman [32] documented the influence of climate
risk and agricultural policy on smallholders for the period since 1994, arguing that agricultural policy
might influence the way smallholders respond and adapt to climate change, but that the impact would
be differentiated according to region, crop, and type of farmer.

Arce et al. (2018) [90] stated that it is necessary that small-scale producers be included in Mexico’s
Special Climate Change Program (Programa Especial de Cambio Climático PECC 2014–2018), in order
to have a positive impact on these producers’ crop production, food security and livelihoods, all of
which are already highly affected by climate change. This program is one of the planning instruments
of Mexico’s General Law on Climate Change, and it contains a diagnosis of the country's situation
with respect to climate change. The program has 26 strategies and 199 lines of action, of which 77
correspond to adaptation to climate change, 81 to its mitigation, and 41 to the construction of a state
policy on the subject, but the program does not contemplate a single line of action that takes into
account the impact of climate change on small-scale rural producers.

Vergara and colleagues [91] have suggested that current agricultural policies, developed over
time and without regard to the climate challenge, should be revised to channel public resources in
new ways which are consistent with low-carbon, climate-resilient agriculture, as well as to promote
investment in public goods such as agricultural research and extension services. By characterizing
how observed climatic change and concurrent agricultural policies combine to influence maize
production, this research can provide insight to decision makers, for more appropriate policy
design and implementation. This study further advances this insight by integrating analysis of the
climate-production relationship with the perceptions of the many different actors engaged in support
programs, to better understand ways to increase smallholder wellbeing in the face of increasing
climate variability.

The analysis of the joint impacts of climate change and agricultural policy, through a mixed
method approach, is the main strength of this research, as this kind of study has never been undertaken
for the Yucatan Peninsula and is uncommon elsewhere. An analysis of maize production trends,
related only to climatic characteristics, would be incomplete and would not provide the full context
under which maize producers operate. By the same token, it is not possible to examine the influence of
public policy on maize production, without considering the influence of a changing climate. The main
weakness of this study is the inability to address the differentiated impacts (of climate change and
agricultural policy) on small- versus large-holders because of the unavailability of maize production
data that distinguish agricultural holdings by size. Available data allow distinguishing only between
rain-fed agriculture and irrigated agriculture. Another study weakness relates to scale. Based on
the available agricultural data, the production and climate analyses were conducted for each state,
resulting in the loss of detail on important climatic and production variations across states. A final
weakness is the study’s inability to integrate the influences of climate and policy into unified analyses.
The analysis of the influence of policy and its programmatic implementation relies on the perceptions
of key actors, both state employees and farmers and their representatives.

Results from this study could be used by policy makers to elaborate agricultural policies targeted
to increase maize production in the context of future climate impacts. With more appropriate
policies that enhance smallholder resilience and production capacity rather than provide only social
assistance, small-scale producers can be supported to develop greater flexibility to adjust to changing
environmental stress.
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Appendix A

Table A1. Programs, supports and strategies used by maize producers in Mexico’s Yucatan Peninsula.

Program, Support or Strategy Type of Support Institution in Charge

Program of Direct Support to the
Countryside (PROCAMPO,
PROAGRO)

Monetary support on a per hectare basis
Ministry of Agriculture, Livestock,
Rural Development, Fisheries and
Food (SAGARPA)

Agency for Services of the
Marketing and Development of
Agricultural Markets (ASERCA)

Promotes marketing through incentives to
producers and buyers of agricultural products;
granted on a selective basis by region and crop
type.

SAGARPA

Incentive Program for Maize and
Bean Producers (PIMAF)

Provides maize and bean producers with free
improved seeds; agrochemicals and implements
for planting, harvesting and storage; and
technical support1.

SAGARPA and the Secretaries of
Rural Development of each state

Technological packages

Suggests all inputs needed for one hectare
cultivated with maize (in this case), to be able to
achieve target yields, according to state’s
environmental characteristics; cost of packages
varies depending on state2.

Designed by National Institute of
Forestry, Agriculture and
Livestock (INIFAP), implemented
by SAGARPA and the Secretaries
of Rural Development of each
state through different programs.

Irrigation systems
Pays 50% of the total costs of the irrigation
system and recovers abandoned
hydro-agricultural drainage

National Water Commission
(CONAGUA) and SAGARPA

Agricultural insurance for
catastrophic events

Federal and state governments pay about 1500
pesos to each producer per hectare affected by
climatic events; provided at no cost to subsistence
farmers and paid if there is a loss of 30% of the
insured area

SAGARPA

Climate forecasts

Trimestral meeting to present weather forecasts
for the next four months. With this information,
representatives of the secretariats of rural
development promote incentives or propose
agricultural activities.

INIFAP and the Secretaries of
Rural Development of each state

Maize Product System

In Campeche and Quintana Roo, committee
created under the Law of Sustainable Rural
Development, to establish the rules for maize
production process; includes subsidies for
technical equipment, supplies and services for
production, gathering, processing, distribution,
and marketing.

National Product System
Committee

In addition, a variety of funding possibilities, for financing agricultural infrastructure and inputs, are offered by
several governmental agencies such as the Ministry of Economy (SE), Rural Finance (FR), Trusts Established in
Relation to Agriculture (FIRA), and the National Fund for Support to Companies in Solidarity (FONAES). Source:
Government institutions’ websites and interviews.

1 Amounts to between 2200 and 2400 pesos per hectare annually, not exceeding 6600 pesos per producer.
2 Between 7000 and 10,000 pesos in the Peninsula, compared to 40,000 pesos in Sinaloa.
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Appendix B

Table A2. Summary of drivers for maize production trends in Mexico’s Yucatan Peninsula.

Campeche Quintana Roo Yucatan

Soils

Leptosol soils as percent of all soils
(limit agricultural potential by their
shallow depth and high stoniness)

29% 30% 56%

Percent of lands classified by National
Institute of Statistics, Geography, and
Informatics (INEGI) as not suitable for
agriculture (from all lands)

2% 2% 20%

Percent of mechanized agricultural soils
(2015) 60% 37% 3%

Climate trends, 1981–2010

Monthly maximum temperature Negative trend Positive trend Positive trend

Monthly minimum temperature Positive trend Positive trend Positive trend

Total precipitation No change Negative trend No change

Percent of correlation between maize
production and climate variability 79% 72% 31%

Agricultural policy

SAGARPA’s budget, 2007–2010
(Mexican pesos) $2,523,454,658 $1,223,942,219 $1,966,909,819

Money provided by PROCAMPO,
2006–2012 (Mexican pesos) $1,150,989,062 $685,460,264 $938,348,210

Percent of Federal Expending (PEF)
devoted to agricultural sector 10% 7.6% 7.2%

Percent of maize surface planted with
improved (hybrid) seeds 56% 28% 22%

Percent of maize surface planted under
technical assistance 5.5% 6.5% 14%
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