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1.  INTRODUCTION

Farmers’ perceptions of climate variability and
change reflect cognitive factors, objective local reali-
ties, and first-hand experiences of climate impacts
(O’Connor et al. 1999, Leiserowitz 2006, Etkin & Ho
2007, Crona et al. 2013). Perceptions influence peo-
ple’s decisions to act, and affect how individuals
decide what adaptive measures they should take
(Grothmann & Patt 2005). While empirical knowl-
edge of climate variability or change may be influen-
tial in decision making, perception is more often
based on people’s personal observations, experien -
ces, and surroundings (Tobin & Montz 1997, Slovic
2000, Dessai et al. 2003, Weber 2010).

Across the world, farmers are among the groups
most vulnerable to the effects of climate variability
and change (Slegers 2008, Apata et al. 2009, Fosu-
Mensah et al. 2012, Bryan et al. 2013). Accurate per-
ceptions of climate variability and change can help
farmers take effective measures to protect their
livelihoods against threats from local environmental
change; conversely, understanding how farmers per-
ceive threats from climate change (or not) can help
policy-makers anticipate the diversity of strategies
and behaviors that will ultimately shape the vulnera-
bility of agriculture in the coming decades. Studies
have shown that in some cases, farmers’ perceptions
of climate variability and change are shaped more by
their personal experience than by empirically meas-
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ured climate patterns (Weber 2010, Bryan et al.
2013). Moreover, while farmers’ perceptions are
based in part on a lifetime of observations, several
studies have suggested that farmers tend to empha-
size recent observations and local experience in
forming their perceptions of climate risk and making
decisions about their own adaptive behavior (Weber
2010). But farmers’ perceptions are also often in sync
with climate trends in their regions (see for example
Vedwan & Rhoades 2001, Apata et al. 2009, Wiid &
Ziervogel 2012, Li et al. 2013).

Our goal was to determine to what extent maize
farmers’ perceptions of trends in climate hazards
align with what climate scientists are observing and
predicting. We also wanted to know what factors
most influenced those perceptions. We surveyed
over 1000 maize-farming households in Sinaloa,
Chiapas, and the state of Mexico, using socioeco-
nomic, demographic, and agronomic indicators as
independent variables. Our study was motivated by
literature  documenting a range of factors associated
with farmers’ perceptions of climate, including edu-
cation, gender, farming experience, farm size,
access to credit and loans, land tenure, soil fertility,
public support programs, and access to climate
information (Gbetibouo 2009, Fosu-Mensah et al.
2012, Li et al. 2013). Our study tested the degree of
influence that such factors have on perceptions of
drought trends among maize farmers in the 3 states,
using farmers’ perceptions of drought trends as a
proxy for climate change.

2.  LITERATURE REVIEW

2.1.  Perceptions and adaptation

Environmental perception research has a long his-
tory in hazards geography and risk analysis (Tobin &
Montz 1997). Climate change science has reinvigo-
rated this legacy, highlighting the role of public per-
ceptions of climate variability and change in adapta-
tion (e.g. Leiserowitz 2006, Etkin & Ho 2007, Patt &
Schröter 2008, Fosu-Mensah et al. 2012, Halder et al.
2012), including how people recognize, understand,
and respond to climate-change risks based on their
social, cultural, and economic attributes (Crona et al.
2013). Collectively, this research has underscored the
relationship between perception and behavior, and
thus the salience of perception in understanding why
and how society responds to environmental change.

‘Risk appraisal’ and ‘adaptation appraisal’ are 2
processes that explain why individuals adapt differ-

ently to climate change risks (Grothmann & Patt
2005). Risk appraisal, which occurs first, is how ‘indi-
viduals assess a threat’s probability and damage
potential to things she/he values, under the condition
of no change in her or his own behavior’ (Grothmann
& Patt 2005, p. 203). In the adaptation appraisal pro-
cess, ‘a person evaluates her or his ability to avert
being harmed by the threat, along with the costs of
taking such action’ (Grothmann & Patt 2005, p. 203).
Whereas the cognitive process of risk appraisal
results in risk perception, the result of adaptation
appraisal is a specific perception of one’s own adap-
tive capacity or self-efficacy. An individual will
respond to a threat by either preventing damage if
adaptive capacity is high (adaptation), or by choosing
a maladaptive strategy such as denial, wishful think-
ing, or fatalism. Those who choose an adaptive
response form an ‘adaptation intention’ to take
action, but this is different from actual behavioral
adaptation because people often have intentions that
they do not carry out. An intention to adapt can be
unproductive if individuals objectively lack adaptive
capacity (e.g. lack time, money, staying power,
knowledge, entitlements, social or institutional sup-
port). For example, in the Commune of Madiama,
Mali, Crane et al. (2011) found that Marka and Fulani
farmers’ intention to adapt to drought depends heav-
ily on constructs of ethnic identity. Although both
groups experience the same socio-economic pres-
sures, their intention to adapt is ultimately shaped by
their social status. Because each group adapts
according to the actions permitted in its social stra-
tum (Crane et al. 2011), the intention of one group to
adapt might be limited or unproductive in compari-
son to the other.

In this analysis, we focused on the factors associ-
ated with risk appraisal among farmers. Clearly, one
of the most salient factors is an individual’s personal
experiences that communicate risk about environ-
mental change (Weber 2010). Drought is a livelihood
risk for farmers. Events that create vivid memories
such as significant losses in yield, as well as events
that have occurred recently, are often judged by
those who have experienced them to be likely to hap-
pen again (Crocker 1981, Grothmann & Patt 2005,
Kahneman et al. 2016). Because exposure to environ-
mental risk promotes self-protective behavior among
farmers (Weinstein 1989, Vaughan 1993), their risk
perception and risk appraisal may be more in tune
with perceived fluctuations in climatic variables
rather than general trends. For example in Kenya,
farmers’ perceptions of long-term decreases in rain-
fall were found to be based more on their experi-
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ences with shifts in timing and distribution of rainfall
than on average annual rainfall (Bryan et al. 2013).
However, other studies have shown that farmers’
perceptions of climate variability and change are in
sync with climate trends in their regions (Vedwan &
Rhoades 2001, Apata et al. 2009, Wiid & Ziervogel
2012, Li et al. 2013). For example, farming communi-
ties in the Sahel have a clear memory of extreme
 climatic events, but also a good understanding of
regional climatic changes (Mertz et al. 2009). In other
cases, farmers’ perceptions of climatic variables are a
mix of scientific facts and personal experiences. In
Southwest Uganda, for example, farmers perceived
changes in temperature, seasonality, distribution
within seasons, amount of rainfall, and increased
intensity of rainfall, but scientists have only recorded
changes in regional temperature (Osbahr et al. 2011).
In other cases, farmers’ perceptions may be influ-
enced by access to scientific information in news
media or information from farm organizations
through a process of ‘social amplification of risk’
(Weber 2010).

Beyond the influence of direct experience and
observations of climatic impacts and change, re -
searchers have analyzed a diversity of ‘situational’
variables (those related to socio-economic factors
that limit a person’s range of choices) that also influ-
ence perceptions among farmers, including educa-
tion level, farm size, access to credit and loan, access
to irrigation water, and soil fertility, among others
(Slegers 2008, Gbetibouo 2009, Fosu-Mensah et al.
2012). Public support and extension services, for
example, may provide farmers with access to infor-
mation about climate risks and adaptation strategies
available in the market (Fosu-Mensah et al. 2012).
While a better understanding of both risk and adap-
tation might help farmers make decisions that would
shield them from current and future climate risks,
farmers who receive public support might feel pro-
tected from risk and thus take no action to adapt.
Financial support may also affect risk perception
indirectly, by giving individuals greater access to
information via the supplier of credit, and help to
make adaptations (i.e. making intention to act
‘actionable’). It may directly affect risk perception by
making households more financially sensitive to the
possibility of loss (particularly if households are in
precarious economic circumstances). Household crop
and economic diversity also likely affect risk: the
greater the dependence on climate-sensitive income
or climatically sensitive crops, the more sensitive a
household is likely to be to climatic impacts (Eakin
2000, Brush & Perales 2007, Eakin & Bojorquez-Tapia

2008). In Mexico, for example, one might assume that
rainfed farmers would be more perceptive of climatic
variability than farmers cultivating under irrigation;
however, rainfed maize farmers also often plant
criollo varieties that are well-adapted to local agro-
climatic conditions, which may reduce the farmers’
sensitivity to climate (Eakin 2000).

Personal socio-demographic attributes also influ-
ence risk perception. For example, perception is
strongly associated with worldviews, and although
worldviews can vary at the individual level, there is
also a shared cultural component to perceptions
about human−environment relationships (Slegers
2008). The cultural values held by an individual are
determined, at least in part, by that individual’s
ethni city. Cruz-López (2011) suggests that in some
cases, ethnic belief systems can enhance awareness
of environmental variability. Ethnic identity in Chia-
pas has been found to be associated with how infor-
mation on risk was received by coffee farmers (Frank
et al. 2011). The range of relevant factors that influ-
ence perceptions varies by country, region, and
social group.

2.2.  A brief overview of maize production and
climate change in Mexico

In Mexico, maize can be considered a ‘keystone
crop’ with deep significance for food security,
national political stability, culture, and the environ-
ment (Sweeney et al. 2013, Eakin et al. 2014a). Maize
is grown throughout the year during 2 seasons:
spring/ summer (April to October) and fall/winter
(October to February) (Dewes 2013). Although it is
 produced across the country under a wide range of
agro-climatic conditions, 8 Mexican states (Sinaloa,
Jalisco, México, Chiapas, Michoacán, Guerrero,
Guana juato, and Veracruz) are the major producers,
accounting for about 70% of the total production.

Before the 1990s, central and southern Mexico
were the primary areas of maize production, largely
under rainfed conditions. However between 1989
and 2006, the state of Sinaloa in the northwest in -
creased its output of irrigated maize (produced in the
winter season) from 6.9 to 21.3% (Appendini 2014).
Today, the state of Sinaloa alone accounts for over
70% of the fall/winter irrigated production — nearly
one-quarter of Mexico’s annual production of white
maize (Eakin et al. 2014a). However, irrigation is not
invulnerable to climate impacts. While, for example,
Sinaloa’s farmers enjoy the benefits of irrigation,
their success still depends on seasonal rainfall accu-
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mulation to recharge the reservoirs that supply water
to the irrigation systems. And the country as a whole
still relies on rainfed maize: three-quarters of Mex-
ico’s maize is still produced during the spring/sum-
mer growing season, and 65% is grown on non-irri-
gated farmland, primarily in Central and Southern
Mexico (Sweeney et al. 2013). Seasonality deter-
mines the rate of plant growth in both production
regimes because even when water availability is con-
trolled through irrigation, temperature is the main
driver of crop development.

Scholars of climate trends and climate change pro-
jections anticipate that recent and future changes in
climate will challenge the production of maize in
Mexico. Between 1950 and 2008, Mexico’s climate
changed, although not uniformly across the country
(Groisman et al. 2004, Dewes 2013, Conservacion
Internacional Mexico 2009). Dewes (2013) found that
in the states of Sinaloa and Chiapas, temperatures
and annual number of dry days increased and total

precipitation decreased. Meanwhile, the state of
Mexico has experienced a decrease in total precipita-
tion concomitant with an increase in heavy precipita-
tion events (Table 1) (see also Groisman et al. 2004).

Climate projections suggest that Mexico will expe-
rience a decrease in precipitation combined with
increasing average temperatures and more frequent
and intense extreme events (IPCC 2014; see Table 1),
with droughts as a major risk for maize farmers
(Conde et al. 2006). The majority of land in maize is
rainfed. Farmers have developed maize varieties that
have enabled cultivation in a wide variety of differ-
ent growing conditions (Ruiz Corral et al. 2008). Nev-
ertheless, continued cultivation of rainfed maize is
threatened by changing climate conditions (Perales
et al. 2003). Lower yields might lead to abandonment
of maize cultivation, or make maize farmers depend-
ent on irrigation (Feng et al. 2010, Thornton 2012).
Concern over the vulnerability of Mexico’s agri -
cultural sector has incentivized the government to
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State Past and current trends Future trends

Sinaloa Delayed start of the rainy season at a rate 
of 0.3−1.4 d yr−1

Decrease in precipitation at a rate of 5 mm yr−1, 
which threatens water discharge from rivers 
that fill Sinaloa’s dams

Increase in the number of dry days at a rate 
of 0.3−0.7 d yr−1, and 0.5−1.5 d yr−1 along the 
Gulf coast (Dewes 2013)

Mexico Substantial precipitation decrease in the last 
30 yr, but heavy precipitation events increased 
during the same period (Groisman et al. 2004)

Chiapas An increase of 1.8°C in average temperatures and 
a decreased of 500 mm in annual precipitation

Increase in heat/high temperature events 
(of at least 6 consecutive days) (Conservacion 
Internacional Mexico 2009

Table 1. Historical and projected climatic changes in Mexico

Projected increase of ~1.5−2.5°C and reduction 
of precipitation between 15−20 mm (Monterroso 
Rivas et al. 2012, Flores et al. 2012, INECC 2017)

Projected increase of ~1.3−1.5°C and reduction 
of precipitation between 15−20 mm (Monterroso 
Rivas et al. 2012, INECC 2017)

Temperatures projected to increase between 1.5−2°C, 
and decrease of precipitation between 20−50 mm 
(Monterroso Rivas et al. 2012)

Increase of 2.1−2.2°C and decrease in precipitation
between 80−85 mm (4 or 5%) (Schroth et al. 2009)

Variation in precipitation between +10 and −10%, and an 
increase in average annual temperature between
1.0−2.0°C (INECC 2017)

2015−2039 trends:
Increase in maximum temperatures of 3−3.6°C, 
and of 2.5−2.8°C in minimum temperatures

Dry spells are projected to last 30−50 consecutive days in 
the near future (Gobierno del Estado de Chiapas 2011)

By the end of the century
Increase in precipitation >0.7 mm d−1 for Soconusco area 
and a reduction of 0.7−1 mm d−1 for the Altos, Sierra, 
Fronteriza and Selva
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invest in a ‘Special Program for Climate Change’
(Programa Especial de Cambio Climático), focused
largely on irrigation and resource use efficiency,
insurance, and phytosanitary techniques.

3.  RESEARCH SITES AND DESIGN

3.1.  Research sites

Our analysis used household data on maize farm-
ers in the states of Sinaloa, Mexico, and Chiapas
(Fig. 1, Table 2). Maize farmers in the states of Mexi -
co and Chiapas are typically small-scale (2 to 5 ha)
and largely produce under rainfed conditions (Eakin
et al. 2014a). The state of Mexico, which surrounds
Mexico’s capital, the Ciudad de Mexico, is the most
populous state in the country (INEGI 2011). In 2012
the total volume of maize produced in the state was
1.6 × 106, representing 7.1% of the national produc-
tion (SHCP 2014). Chiapas is among the most impov-

erished states in Mexico and contains
about 13.5% of all of Mexico’s indige-
nous population. Agriculture con-
tributes 15.2% to the state’s GDP. In
2012 the total volume of maize pro-
duced in the state was 1.4 × 106,
which represented 6.4% of the
national production (SHCP 2014).

One important difference among
the study sites must be noted. Small-
scale farmers in Mexico often lack ac-
cess to financial support from formal
lenders (e.g. public banks). These
small farmers (note that all house -
holds surveyed in Mexico state and
Chiapas were small farmers) thus rely
on informal lenders, such as money-
lenders, traders, landlords (large
farmers), or friends and relatives
(Chaud huri & Gupta 1996, Campero

& Kaiser 2013). The flexibility of these informal
lenders and rapid access to loans are some of the most
attractive characteristics for those who seek loans
from these sources. However, these positive features
may be negated by the high interest rates typically
charged by informal credit institutions or credit
agents (Chaudhuri & Gupta 1996, Campero & Kaiser
2013). In Chiapas, as across the country, ‘agiotistas’
(money lenders) are notorious for their high interest
rates (as high as 20% mo−1), and their demands for
collateral in the form of land titles and car deeds, for
example. The discontent among borrowers who feel
deceived by agiotistas make headlines in regional
newspapers and are a topic of discussion of online
blogs. According to such sources, many borrowers
complain of high interest rates, charges above the
amounts agreed on, and that the agiotistas threaten
to report them to the authorities for nonpayment. 

Maize production in Sinaloa is predominantly large-
scale and irrigated with surface water (Gonzales et
al. 2010). Agriculture occupies 20% of the state’s
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Fig. 1. The 3 states of Mexico studied: Sinaloa, Mexico, and Chiapas

State Land Population Indi- Annual average Annual Contri- Maize Planted area 
area (millions) genous min. and max. average bution produced of maize under 
(km2) population temperatures precipitation to national in 2012 irrigation 

(%) (°C) (mm) GDP (%) (MT) in 2012 (%)

Sinaloa 57 365 2.8 0.9 11–36 790 2.1 3 646 875 65
Mexico 22 499 15.2 2.8 12−18 700 9.2 1 575 300 17
Chiapas 73 311 4.8 27.2 18−28 1200 1.9 1 404 679 4

Table 2. Demographic, economic, and ecological attributes of the study sites. MT: metric tonnes. Source: CONAPO (2017), 
SIAP (2012)
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landscape (SIAP 2012) and represents 14.9% of
Sinaloa’s GDP. Here most farmers have access to
commercial loans from private banks to support their
capital-intensive production strategies. Maize pro-
duction in the state started in the late 1980s and
expanded rapidly from 140 727 ha planted in 1989 to
a peak of 606 917 ha in 2008. This expan sion is the
result of federal neoliberal economic re forms in the
late 1990s, the rapid adoption of high-yielding seed
varieties, and irrigation availability. To  day, Sinaloa’s
winter maize harvest contributes over 20% of
national maize production (Eakin et al. 2014a).

3.2.  Data collection

We used data from 1092 surveys of maize-produc-
ing households (Chiapas: n = 603; Mexico: n = 407;
and Sinaloa: n = 449) (Eakin et al. 2014). The surveys
were administered in person by teams of tech nical
assistants hired and trained for the research project,
follo wing the institutional review board (IRB) human
subject  protocols. Households were surveyed about
socio economic characteristics, sources of livelihood,
agricultural prac tices, yield and crop choice, changes
in land area over the previous decade, in-house
maize consumption, maize marketing strategies and
targets, and perceptions of climate variability and cli-
mate change.

In Mexico and Chiapas, we purposely selected
rural development districts (DDR) that were repre-
sentative of the agro-climatic conditions, land area,
and production volume typical of maize production
in the state. Within each DDR, farm communities
were randomly selected from the publicly available
database of beneficiaries of the agricultural support
program, Programa de Apoyos Directos al Campo
(PROCAMPO). In each community, households were
selected using a systematic random sampling ap -
proach. In Sinaloa, 4 irrigation modules within the
Culiacán irrigation district were randomly selected

for sampling, and within each module a random sam-
ple of respondents was selected from the registry of
irrigation users. In Sinaloa, households that had pro-
duced maize at any time between 1990 and 2009
were surveyed, including those that had ceased pro-
duction at any point over that period. In Chiapas and
Mexico, data was collected from November to Febru-
ary, and questions pertained to the 2009 spring crop
that had just been harvested. In Sinaloa, the surveys
took place in January 2010 and targeted the winter
crop from the prior year (harvested May/June 2009),
as well as the spring/summer crop that would have
been harvested just prior to the survey (for more
information, see Eakin et al. 2014a). The dependent
variable was perception of change in drought fre-
quency. This variable was measured using a question
from the survey that asked participants who reported
having been affected by drought, ‘How do you think
drought has changed in the last 10 years?’ The
answer options were ‘has not changed,’ ‘decreased,’
or ‘increased.’ For statistical analysis purposes, we
re coded this variable and made it a binomial variable
with the values ‘has not increased’ and ‘increased.’

The independent variables were selected from 8
survey questions to reflect different theoretical
propositions on how socioeconomic and situational
factors might affect perception. These explanatory
variables included indicators of ethnicity (language),
public support, access to credit (from formal or infor-
mal sources), agricultural income dependence, use of
irrigation (due to the survey design all households
surveyed in Sinaloa had access to irrigation), culti -
vation of non-commercial maize varieties, access to
news media and information, and direct experience
of crop losses (Table 3).

Information was also collected about gender, age,
household size, and number of adults contributing to
income in the surveyed households (Table 4). Note
that most of the farmers surveyed in all 3 states were
male, but in the state of Mexico the proportion of
female farmers was higher (24%). Farmers in Chia-
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Independent variables    Survey question (simplified for presentation)

Language                         Do you speak a language other than Spanish? If so, what language?
Irrigation                          Do you use irrigation water to grow maize?
Agprimary                        Does your primary income come from agriculture-related sources?
Support                             Do you participate/have you participated in a support program?
Credit                               Do you receive/have you received loans or credits?
Infolevel                           Do you have _______ asset? (TV, internet, computer)
Criolla                               Do you grow criolla varieties of maize? (grow some, all, or none)
Yield                                 Have your maize yields changed in the last 20 years? (decreased, increased, remained the same)

Table 3. Explanatory variables and their meaning based on the household survey
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pas were slightly younger than farmers in Mexico
and Sinaloa. Average household size was 4 members
per household in all 3 states.

3.3.  Data analysis

We focused first on qualitative analysis of current
temperature and precipitation trend patterns in Mex-
ico. We reviewed information from multiple authors
(see Table 1) and compared their findings on trends
in climatic variables with our own analysis of res -
ponses to survey questions that asked farmers if they
had  experienced various weather and climate events
(drought, heat/high temperatures, hail, cold/frost,
changes in seasons/wet days, and floods), and how
they perceived the frequency of these events (have
they increased, decreased, or not changed).

Second, we measured the effect of
each independent variable on percep -
tion of change in drought fre quency,
using 2 different statistical methods: a
chi-squared test and a logistic regres-
sion model. The chi-squared test was
used to assess the bivariate association
between each independent variable
and the perception of changes in
drought frequency; those with p < 0.05
were considered to be associated. A
logistic regression model was used to
determine the combinations of inde-
pendent variables that most influ-
enced the perception of drought in
each state. In testing combinations, we
extracted the variable with the highest
p-value and ran the model again.
Doing so enabled us to see how the p-
values of the remaining variables

changed. We repeated this procedure until we had a
reduced list of variables with p < 0.05. To explain
these results, we analyzed additional survey ques-
tions about sources of financial support, and charac-
teristics of farmers with and without loans in Sinaloa
and Chiapas.

4.  RESULTS

The descriptive statistics associated with the statisti-
cally significant independent variables are shown in
Table 5. In Sinaloa, all respondents reported Spanish
as their only language, all respondents had irrigation
water (according to the survey design) and none grew
criolla varieties. Thus for Sinaloa, we used 5 inde-
pendent variables in our analysis: credit, agprimary,
support, yield and infolevel. In contrast, non-Spanish
speaking populations were present in both Mexico
and Chiapas, and while some households had access
to irrigation, the majority did not. In Mexico, irrigation
is used primarily as an auxiliary source of water, al-
lowing farmers to plant prior to the start of the rainy
season. In Chiapas, a small percentage of households
in the Central Valley have more regular access to irri-
gation water during the entire growing season.

4.1.  Are perceptions aligned with scientific data?

Farmers from all 3 states reported that maize pro-
duction was more affected by drought than other
events (Table 6). In Chiapas and Mexico, more than
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Chiapas Mexico Sinaloa
(n = 476) (n = 377) (n = 239)

Male 406 (85%) 286 (76%) 214 (96%)a

Age 48.6 51.7 53.7b

Household size 3.7 4.1 3.5b

Number contributing 3.1 3.6 2.1b

to household income
aSignificant difference between states at the 5% level,
according to chi-squared test

bSignificant difference between states at the 5% level,
according to 1-way ANOVA

Table 4. Demographic characteristics by state. Results are 
presented as percentages or means

Variables Chiapas (%) Mexico (%) Sinaloa (%)
No Yes No Yes No Yes

Language 75.8 24.2 55.4 44.6 100 0*
Irrigation 87.4 12.6 53.1 46.9 0 100*
Agprimary 48.3 51.7 71.6 28.4 5.9 94.1*
Support 98.1 1.9 95.1 4.9 1.7 98.3*
Credit 76 24 96.1 3.9 7.5 92.5*
Infolevel 58.4 41.6 58.3 41.7 20.6 79.4*

Criolla
None Some All None Some All None Some All

76.5 23.5 0 2.5 91.9 5.7 99.8 0.2 0*

Yield −   −   −  

13.9 68.1 18 1 88.1 10.9 2.8 9.2 88*

Perception −   −   −  
of drought 27.5 1.7 70.8 6.4 4.2 89.4 19.7 72.4 7.9*

Table 5. Responses of households by variable. (−) No change;  decreased, 
increased. *Significant difference between states at the 5% level, according to 

chi-squared test



Clim Res 72: 183–195, 2017

80% of the farmers surveyed had experienced
drought, while in Sinaloa only 53.4% of farmers
reported this experience. In Chiapas, 68.8% of farm-
ers had also experienced heat and high temperatures
events; in the other 2 states these events were much
less frequently reported. Collectively, other climatic
events (i.e. hail, frost, floods, etc.) were far less fre-
quent: together these events were reported by an
average of 22% of farmers across the 3 states (see
Figs. 2 & 3).

The perception of drought as ‘increasing’ was
higher in the states of Chiapas and Mexico, where
70.8 and 89.4% of the farmers who had experienced
drought reported this perception (Fig. 2). On the
other hand, in Sinaloa, while over half of farmers had
experienced drought, only 7.9% said that drought
was increasing. In all 3 states a majority of farmers
who experienced heat/high temperatures perceived
this phenomenon to be increasing, with the highest
percentage (90.5%) in the state of Mexico (Fig. 3).

In summary, perceptions of climate variability de -
pend on farmers’ locations. In Sinaloa, although sci-
entific data indicates that the state is experiencing
and will continue to experience a decrease in annual

precipitation totals, an increase in dry
days, and increasingly delayed starts
of the rainy season (Monterroso Rivas
et al. 2012, Dewes 2013), the majority
of farmers surveyed in that state did
not perceive drought as increasing,
even though almost half of them re -
ported being affected by it. On the
other hand, although there is little
available empirical  evidence as yet
that the state of Mexico has expe -
rienced significant changes in clima -
tic parameters (especially drought
events), farmers there perceived

drought to be increasing, along with floods and
cold/frosts. In Chiapas, there has been an increase in
the number of dry days and heat-stress days, and
farmers there accurately perceived drought and
heat/ high temperatures to be increasing (although
historical climatic trends indicate a shift towards an
earlier start to the rainy season, which is associated
with a longer growing season).

4.2.  Factors that influence perception of drought

Based on the chi-squared tests, 7 of the 8 inde-
pendent variables were statistically associated with
the perception of drought, but not all 7 were associ-
ated in every state. In Sinaloa, only credit and sup-
port were associated with the perception of drought;
in Mexico, language was the only associated vari-
able. In Chiapas, 6 variables were associated with
the perception of drought: language, irrigation,
criolla, credit, yield, and infolevel. However, when
collinearity was controlled for, the logistic regression
model showed only 2 statistically significant inde-
pendent variables: credit and language (Table 7).
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Climatic events Chiapas (%) Mexico (%) Sinaloa (%)
No Yes No Yes No Yes

Drought 18.7 81.3 7.6 92.4 46.5 53.5*
Heat/high temperatures 31.2 68.8 81.8 18.2 74.6 25.4*
Hail 77.6 22.4 84.3 15.7 98.2 1.8*
Colds/frost 78.9 21.1 67.6 32.4 75.3 24.7*
Changes in seasons/wet days 67 33 79.9 20.1 88.6 11.4*
Floods 75.6 24.4 57 43 78.6 21.4*

Table 6. Percentages of households that suffered/did not suffer a climatic
event. *Significant difference between states at the 5% level, according to 

chi-square test

Fig. 3. Perceptions of heat/high temperatures by state
Fig. 2. Perceptions of drought in the states of Chiapas, 

Mexico, and Sinaloa
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In Sinaloa, perception of drought was influenced
only by receipt of credit or loans (Table 7). Those who
received credit or loans were less likely to believe
that drought was increasing than those who did not
receive them. In Sinaloa, 28% of those without credit
believed drought events have been increasing in the
last 10 yr, whereas only 6% of those who received
credit and loans believed this (Fig. 4). Of the 90.9%
of Sinaloan farmers who received credit or loans,
49.9% received them from parafinancieras and
38.9% from public banks. These results suggest that
credit and loans act as a buffer against the impacts of
drought, affecting risk and adaptation appraisal, and
consequently, adaptive capacity.

In the state of Mexico, perception of drought was
influenced only by language (odds ratio = 0.392; p =
0.007), and households in which Spanish was the
only language spoken were more likely to believe
that drought was increasing. In the state of Mexico,
93% of Spanish speakers perceived drought as
increasing, whereas only 85% of native speakers
perceived the same (Fig. 4).

In Chiapas, language and credit
affected perception of drought. The
model showed that in Chiapas among
people who did not use credit, native
speakers were less likely to believe
drought was increasing than those
who only spoke Spanish (odd ratio =
0.69, p < 1). In this sample, 81% of
Spanish speakers without credit
believed drought was increasing in
comparison with only 23% in the
native group. In addition, Spanish
speakers who received credit or loans
were more likely to believe drought

was increasing than native speakers with credit or
loans (odd ratio = 3.16, p = 0.007; and odds ratio =
1.06, p = 0.943, respectively). Among these house-
holds, 93% of the Spanish speakers believed drought
was increasing in comparison with 82% in the native
speaker group (Fig. 4).

4.3.  Further analysis for Sinaloa and Chiapas

In Sinaloa, the difference in perception of drought
between those who received credit or loans and
those who did not was especially interesting because
of the relative homogeneity of the sample of farmers.
All surveyed farmers in Sinaloa were commercial
farmers who use irrigation water and for whom
 agriculture was the primary source of income. The
most significant differences among Sinaloan survey
res pondents who received or did not re ceive credit
were in production of maize under contract, purchas-
ing in su  rance against weather contingencies, and
technical assistance (Table 8).

Regarding insurance, in Sinaloa,
those who re ceived credit might have
more means to acquire insurance
against weather contingencies, since
94.6% had insurance compared to
only 22% of those who did not
receive credit or loans. The purchase
of insurance is associated with access
to credit or loans in Sinaloa (odds ratio
= 62.38384, p < 0.001) but not with the
perception of drought (odds ratio =
0.3544776, p = 0.090). These results
suggest that recipients of credit or
loans are not likely to have bought
insurance based on their perception
of climatic risk; rather, many may
have been required by parafinan -
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Chiapas Mexico Sinaloa
(n = 476) (n = 377) (n = 239)
OR p OR p OR p

Spanish, no credit 1.00
Native language, no credit 0.069 <0.001
Spanish, credit 3.16 0.007
Native language and credit 1.06 0.943
Native language 0.392 0.007
(with or without credit)

Credit (all Spanish speakers) 0.176 0.003

Table 7. Odds ratios (OR) and p-value for independent variables influencing 
the Mexican farmers’ perception that drought is increasing

Fig. 4. Probability of perceiving increased drought by state, with 95% confi-
dence intervals
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cieras and banks to purchase insurance as a way to
guarantee their credit or loans.

Unlike in Sinaloa, the relationship of credit access
to risk perception was different in Chiapas. In Chia-
pas, it is farmers who have credit who are more likely
to believe drought frequency is increasing. The per-
centage of farmers in Chiapas who received credit or
loans was the second highest among the 3 states
studied, but it was a very small percentage (20.2%)
compared to Sinaloa, where 90% of farmers sur-
veyed reported receiving credit or loans. In Chiapas,
credit was associated with ethnicity: 27.6% of
 Spanish-only speaking farmers received credit or
loans, while only 5.6% of farmers who spoke a native
language in addition to Spanish received credit or
loans. Also, most of those who received credit in Chi-
apas obtained it from informal lenders (65%), with a
smaller percentage from parafinancieras (23.1%);
none received it from public banks (Table 9). This
suggests that the farmers did not meet the require-
ments of formal banks and lenders (e.g. land size,
yields, etc.) for receiving credit and loans and that
they therefore resorted to informal credit agents.

As explained above, the distinction between Span-
ish and native speakers also influenced the perception
of drought. While 92.8% of Spanish speakers
experienced drought events, only 58.2% of
native speakers experienced it (Table 10).
Spanish speakers also have more access to re-
sources such as irrigation, credit, sources of
information about the climate (Table 11).

5.  DISCUSSION AND CONCLUSIONS

While this study only covered a sample of
the households that produce maize in Mex-
ico, we found that farmers’ perceptions of cli-

mate events are not always aligned with scientific
observations. For example, farmers in Sinaloa were
generally not cognizant of the observed warming
and drying trends. While drying trends were per-
ceived in Chiapas and the State of Mexico, farmers
were less observant of rising temperatures and
changes in rainfall intensity in those states (see Table
1 & 6). Issues of temporal and spatial scales, resolu-
tion of climatic analyses, and farmers’ observations
may explain in a large part the differences we found.
Nevertheless, it is also clear that other cultural, agro-
ecological, and institutional factors play a role in
farmers’ perceptions.

Our logistic regression analysis for Sinaloa sug-
gests that credit and loans act as a buffer against the
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Without credit With credit
(n = 41) (n = 408)

Own land 58.5 69.6
Rent land from others 41.0 30.4
Produced maize under contract? 56.3 83.9
Did you buy insurance against 22.0 94.6
climate events for your production?

Received technical assistance 29.3 80.1
for your production?

Has anyone in the household been 62.9 78.8
part of a farmer’s organization?

Table 8. Household attributes of farmers with and without credit 
or loans in Sinaloa (%)

Household attributes Spanish Native 
speakers (%) speakers (%)

Use irrigation 17.6 0.0
Agriculture primary income 50.5 48.8
Participate in support programs 1.8 1.0
Receive credit/loans 27.6 6.6
Have more than 1 source of information 46.3 25.6
Yields decreased in the last 20 yr 83.9 31.3
Perceive drought as increasing 84.5 27.8

Table 11. Resource access and climate perception among Spanish 
speaking-only households and native households in Chiapas

Credit type                              Percentage of people 
                                                  with this credit type

Informal lender                                     65.0
Civil association                                      5.1
Public bank                                             0
Commercial bank                                   5.1
Parafinaciera                                         23.1
Other                                                        1.7

Table 9. Summary of sources of credit mentioned by farmers 
in Chiapas

Climate event Spanish Native 
speakers (%) speakers (%)

Drought 92.8 58.2
High temperatures 90.3 25.9
Hail 14.7 37.8
Cold/frosts 7.9 47.3
Change in seasonality 31.6 35.8
Floods 28.1 16.9

Table 10. Responses to the question ‘Which climate events 
affected your production in the last 10 years?’ in Chiapas
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impacts of drought, affecting risk and adaptation
appraisal, and consequently, adaptive capacity. Ac -
cording to the literature, receipt of credit should
enhance the adaptive capacity of farmers to climate
variability and change (Gbetibouo 2009, Fosu-
 Mensah et al. 2012). Theoretically, a higher adaptive
capacity encourages farmers to take action against
the effects of drought in their production. In this
study, the adaptive capacity of Sinaloan farmers was
heavily influenced by their dependence on federal
financial resources and public agricultural support
programs. Farmers’ reliance on public adaptation
(i.e. public sector actions to manage risk on behalf of
farmers) may have negatively affected their risk
appraisal, and thus their expectation of being ex -
posed to drought and their evaluation of a drought
event’s potential to reduce their production (Groth-
mann & Patt 2005). Consequently, farmers with the
means (i.e. credit) to mitigate the effects of drought
on their production may be less concerned about,
and therefore less attentive to, drought events.

In the state of Mexico, perception of drought was
influenced only by language, whereby households
speaking a native language in addition to Spanish
were less likely to believe that drought was increas-
ing. No other socio-economic attribute of the sur-
veyed farmers explains why language was the only
variable that influenced perception of drought in the
district and why those who spoke another language
in addition to Spanish (in this case, Mazahua) were
less likely to believe drought is increasing. One pos-
sible explanation could be in the survey respondents’
interpretation of the word ‘drought’ (in Spanish
‘sequía’) in the question ‘How has drought changed
in the last 10 years?’ Qualitative research on flood
risk undertaken in Mazahua communities in the state
found that some respondents interpreted sequía as
the ‘dry season’ and not as anomalous dry spells dur-
ing the rainy season (Eakin & Guadarrama 2008). If
this interpretation was prevalent in the survey
responses of the Mazahua-speaking farmers, this
may have influenced their perception that drought
had not increased. However, a study of a maize-
farming Mazahua community in the municipality of
San Felipe del Progreso (within the DDR where the
survey was implemented) found that farmers there
did, in fact, perceive changes in the regional climate,
and the Mazahua’s knowledge about climate pat-
terns appeared to be accurate (Cruz-López 2011).
Mazahua farmers understand the changes in precip-
itation patterns in the region (late start of the rainy
season) and they have taken adaptive measures to
cope with the change (Cruz-López 2011).

In Chiapas, both language and credit affected per-
ception of drought. The higher risk appraisal among
Spanish speakers was unexpected; however, one or
both of 2 factors might explain it. First, language
may be serving as a geographic proxy. Farmers who
spoke only Spanish reported higher exposure to or
experience with drought, perhaps because these
farmers tend to live in the lowlands while indigenous
farmers are concentrated in the highlands, and cli-
mate differs according to altitude. Second, a higher
percentage of Spanish speakers reported decreases
in yields (see Tables 10 & 11). Throughout the states,
ethnicity and financial capital proved to be signifi-
cantly associated with risk perception, and thus these
factors are likely to affect adaptive capacities. These
findings are novel for Mexico, and potentially pro-
vide insights into issues of importance for adaptation
policy in other nations. The significance of ethnicity,
for example, suggests that efforts to enhance rural
adaptive capacities must go beyond simply translat-
ing recommendations and other salient information
into native languages. Cultural and ethnic identity
permeates human−environment relationships, and re -
flects worldviews and the ways that individuals mo -
bilize to independently or collectively manage risk.

Mexico has over 60 ethnic groups. In other places,
such as sub-Saharan Africa and southeast Asia, the
different ethnic groups within a country’s boundaries
can number in the hundreds. Many of these popula-
tions derive their livelihoods from agriculture, under-
scoring the need to pay greater attention to how eth-
nic identity mediates risk and adaptation appraisal
and thus, vulnerability. In Mexico, the public sector,
in close collaboration with civil society groups and
local representatives, could support culturally spe-
cific strategies to help ethnic communities manage
climatic risk effectively. Such investments would not
only be an issue of mitigating agricultural losses and
risk to farm livelihoods, but also an issue of sustain-
ing the cultural practices that make ethnic liveli-
hoods meaningful.

The relationship of credit to risk perception is
clearly complex, and merits further research and
ana lysis given the differences in the sign of the rela-
tionship between the central and southern states
and Sina loa. Nevertheless, the significance of credit
under  scores the multi-stressor nature of risk: house-
holds are perceiving risk from climate in relation to
livelihood strategies that are subject to financial
stress. In places like Chiapas, credit may be a proxy
for livelihoods already in precarious economic bal-
ance. Here, resorting to credit (often on unfavorable
terms) may only amplify a household’s risk appraisal.
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In contrast, in Sinaloa credit appears to represent
access to institutional support and security, poten-
tially enabling adaptive capacities.

This latter finding has potentially important impli-
cations for the role of safety-net programs and insur-
ance in mobilizing individual adaptation, as captured
in recent work on generic and specific capacity
tradeoffs in adaptation (Eakin et al. 2014b). High
dependence on formal risk-protection institutions,
while an important feature of many more industrial-
ized economies, can potentially diminish incentives
for individual investment in adaptation. Under cir-
cumstances of significant environmental change,
those institutions can be fallible; in such cases, the
lack of individual capacity for risk management can
potentially create circumstances of high vulnerabil-
ity, or a ‘safe development paradox’ (Eakin et al.
2014b). In contrast, other households may lack reli-
able access to formal institutional supports; their
efforts to cope alone — perhaps relying on less regu-
lated institutions such as informal money lenders —
can exacerbate their circumstances, creating ‘pover -
ty traps’ (Eakin et al. 2014b).

The complex institutional landscape within Mex-
ico’s agricultural sector suggests that once again (see
for example Frank et al. 2011 or Eakin & Bojórquez-
Tapia 2008) the role of specific ‘situational factors’ in
risk perception and adaptive capacity must be con-
sidered in relation to the specific cultural and geo-
graphic context of farmers’ livelihoods. Where tech-
nical support, insurance, or credit may serve to
enhance risk management in one location, similar
institutional mechanisms may exacerbate risk in oth-
ers. Local consultation and collaboration in the devel-
opment of appropriate support programs is clearly
needed to ensure that mechanisms such as credit are
functioning to build adaptive capacity among vulner-
able farmers rather than to exacerbate risk. In sum-
mary, these findings highlight how risk perception is
affected not only by internal factors, such as cogni-
tion and identity, but also by external or ‘objective’
attributes of decision-makers. In our case, both were
significant, and together with the social context in
which these factors emerge, appear instrumental in
risk perception.
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