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Abstract

Background: Smallholder farmers are one of the most vulnerable groups to climate change, yet efforts to support
farmer adaptation are hindered by the lack of information on how they are experiencing and responding to climate
change. More information is needed on how different types of smallholder farmers vary in their perceptions and
responses to climate change, and how to tailor adaptation programs to different smallholder farmer contexts. We
surveyed 860 smallholder coffee and basic grain (maize/bean) farmers across six Central American landscapes to
understand farmer perceptions of climate change and the impacts they are experiencing, how they are changing
their agricultural systems in response to climate change, and their adaptation needs.

Results: Almost all (95%) of the surveyed smallholder farmers have observed climate change, and most are already
experiencing impacts of rising temperatures, unpredictable rainfall and extreme weather events on crop yields, pest
and disease incidence, income generation and, in some cases, food security. For example, 87% of maize farmers and
66% of coffee farmers reported negative impacts of climate change on crop production, and 32% of all smallholder
farmers reported food insecurity following extreme weather events. Of the farmers perceiving changes in climate,
46% indicated that they had changed their farming practices in response to climate change, with the most common
adaptation measure being the planting of trees. There was significant heterogeneity among farmers in the severity
of climate change impacts, their responses to these impacts, and their adaptation needs. This heterogeneity likely
reflects the wide diversity of socioeconomic and biophysical contexts across smallholder farms and landscapes.

Conclusions: Our study demonstrates that climate change is already having significant adverse impacts on small-
holder coffee and basic grain farmers across the Central American region. There is an urgent need for governments,
donors and practitioners to ramp up efforts to help smallholder farmers cope with existing climate impacts and build
resiliency to future changes. Our results also highlight the importance of tailoring of climate adaptation policies and
programs to the diverse socioeconomic conditions, biophysical contexts, and climatic stresses that smallholder farm-
ers face.
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Background

Climate change poses a significant threat to smallholder
farmers and threatens to undermine global progress
toward poverty alleviation, food security, and sustain-
able development [1, 2]. Globally, there are an estimated
475 million smallholder farmers cultivating less than
2 ha of land [3], many of whom are poor, experience food
insecurity, and live in highly precarious conditions [4,
5]. Smallholder farmers are highly vulnerable to climate
change because most depend on rain-fed agriculture,
cultivate marginal areas, and lack access to technical or
financial support that could help them invest in more cli-
mate-resilient agriculture [4, 6, 7].

While there is growing evidence of the vulnerabil-
ity of smallholder farmers to climate change [5, 8] and
increased interest in ensuring food security under cli-
mate change [1, 2], adaptation efforts are still hindered by
the lack of information on how smallholder farmers are
experiencing and responding to climate change. Policy
makers, donors, and practitioners interested in develop-
ing policies, institutional responses, and strategies for
smallholder farmer adaptation need detailed, context-
specific information on what climate change impacts
smallholder farmers are experiencing and whether (and
how) they are adapting their management strategies to
deal with these impacts [9, 10]. In addition, more infor-
mation is needed on how smallholder farmer vulnerabil-
ity and responses vary across different farming systems
and socioeconomic conditions.

Understanding the impacts of climate change on small-
holder farmers and developing appropriate adaptation
strategies are critical issues in Central America, a region
where small-scale agriculture is central to economic
development, food security, and local livelihoods [11].
There are an estimated 2.3 million smallholder farmers
in Central America [12], many of whom farm on steep
lands with thin soils, are poor, and suffer seasonal food
insecurity [13-15]. Two common smallholder farming
systems in the region are basic grain (maize and beans)
and small-scale coffee production. There are an esti-
mated one million smallholder farmers growing maize
and beans for subsistence and local consumption [16].
Many smallholder farmers also cultivate coffee, an export
crop that is a significant contributor to agricultural GDP
and accounts for employment of an estimated 4 million
across the region [17]. Both maize and coffee production
are of a significant cultural importance in the region [18,
19].

Smallholder coffee and basic grain farmers are highly
vulnerable to climate change as their crops are sensitive
to rising temperatures and changing rainfall patterns.
Rising temperatures are known to negatively affect cof-
fee growth, flowering, fruit set, and bean quality [20, 21].
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Similarly, high temperatures and drought conditions have
negative impacts on biomass production, flowering, and
yields of maize and beans [16]. Since smallholder farmers
in Central America depend entirely on rain-fed agricul-
ture, they are vulnerable to extended droughts, irregu-
lar rainfall patterns, and extreme rain events [18, 22, 23]
which can significantly reduce yields and exacerbate food
insecurity and poverty. For example, a 3-year drought
(2014-2016) in the dry Pacific region of Central America
resulted in 1.6 million people becoming food insecure
and 3.5 million requiring humanitarian assistance [24].
Hurricanes have had significant impacts on smallholder
farmer livelihoods in recent years, with strong winds
and torrential rainfall destroying coffee plantations and
‘milpas’ (the small fields where farmers cultivate basic
grains), causing leaves, flowers, and coffee cherries to
drop from coffee plantations, and resulting in a signifi-
cant crop damage and even crop failure [25-27]. In addi-
tion, many farmers are routinely affected by hurricane
damage to roads, bridges, and farm infrastructure [25,
28], which disrupts crop harvest, processing, and trans-
portation. For example, in 2005 Hurricane Stan resulted
in the loss of 20% of the coffee harvest (worth US 4 mil-
lion) in the Pacific region of Guatemala alone [29].

The impacts of climate change on smallholder agricul-
ture are likely to intensify in future years, as climate mod-
els project rising temperatures, more erratic rainfall, and
a potential increase in the intensity and/or frequency of
extreme weather events [30, 31]. Recent studies suggest
that by 2025 climate change may reduce bean production
in Central America by more than 20% and maize yields
by as much as 15% in Honduras, El Salvador, and Nica-
ragua [16]. In addition to direct impacts on crop produc-
tion, climate change will likely alter the areas suitable for
smallholder production across the region. Crop suitabil-
ity models suggest that 40% or more of the current coffee
areas in Nicaragua, Costa Rica, and El Salvador will likely
lose suitability for coffee production by 2050, as lower
elevations become suboptimal for coffee production [32].
Changing climatic conditions may also indirectly affect
crop production by altering the incidence and sever-
ity of pest and disease outbreaks. The recent coffee leaf
rust (Hemileia vastatrix) outbreak in 2012 and 2013,
which had major economic and social impacts across the
region, is likely to have been caused, in part, by chang-
ing climatic conditions and, in part, by poor management
resulting from high input prices and low coffee prices
[33]. The coffee leaf rust outbreak decimated the region’s
coffee production, affecting 51.2% of the cultivated coffee
area, causing the loss of >264,000 jobs, and resulting in
economic losses of 479.2 million USD [34].

Policy makers across Central America are increasingly
aware of the urgency of helping smallholder farmers



Harvey et al. Agric & Food Secur (2018) 7:57

become more resilient to climate change [35-37]; how-
ever, they lack the necessary information on how farm-
ers are being impacted by climate change and how they
could be best supported. A recent survey of Central
American policy makers reported that the lack of scien-
tific information on climate change impacts on small-
holder farmers is a major constraint to the development
of agricultural adaptation policies [10]. While the scien-
tific literature on climate change impacts on smallholder
farmers has rapidly expanded in recent years [e.g., 18,
38-40], there is still little information on how climate
change impacts and adaptation strategies vary across dif-
ferent smallholder farming systems and landscapes and
the extent to which adaptation strategies need to be tai-
lored to different smallholder contexts. There is also a
lack of information on how smallholder maize and bean
farmers in Central America are being affected by climate
change (but see 40, 41 for information from Mexico),
despite their importance for food security and poverty
alleviation efforts.

To inform climate change adaptation planning for
smallholder farmers, we surveyed smallholder farmers
in 6 Central American landscapes to examine whether
farmers perceive changes in climate, how they are being
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impacted by climate change, whether and how they are
changing their agricultural systems to cope with or adapt
to climate change impacts, and what adaptation sup-
port they require from government institutions. We
also explored how climate change impacts and farmer
responses varied across farming systems and landscapes.
Our study provides policy-relevant information that is
needed for developing robust and effective adaptation
strategies for smallholder farmers across the region and
mainstreaming smallholder farmer adaptation into cli-
mate change and sustainable development policies. It
also provides important insights into the extent to which
strategies for smallholder farmer adaptation need to be
tailored for different socioeconomic and biophysical
contexts.

Methods

Study landscapes

We explored perceptions of climate change, climate
change impacts on crop production, and adaptation
strategies with smallholder farmers located in 6 Central
American landscapes (Turrialba and Los Santos in Costa
Rica, Choluteca and Yoro in Honduras, and Chiquimula
and Acatenango in Guatemala, Fig. 1) that are typical
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of smallholder farmer landscapes in the region. The six
landscapes were selected on the basis that they (a) were
dominated by smallholder farming systems, (b) had cof-
fee (Coffee arabica) and/or basic grain production (beans
(Phaseolus vulgaris) and maize (Zea mays)) as the pre-
dominant agricultural land use, and (c) had farming com-
munities with low adaptive capacity to climate change.
We focused our study on coffee and basic grains as these
the two most common types of smallholder systems in
the region [39]. We characterized landscapes as having
low adaptive capacity using expert mapping interviews,
validation workshops, and expert online surveys, in
which experts from the region characterized landscapes
based on 20 variables (representing natural, human,
social, physical, and financial capital) that contributed to
farmer adaptive capacity (see [6] for details). The Turri-
alba and Los Santos landscapes are dominated by small-
holder coffee production, Choluteca is dominated by
basic grain production, while the remaining landscapes
(Yoro, Chiquimula, and Acatenango) include a mix of
coffee and basic grain production. Key characteristics
of the landscapes, farms, and farmers surveyed can be
found in Table 1.

Farmer surveys

In each of the six landscapes, we randomly selected
smallholder farmers to be interviewed about climate
change impacts, responses, and adaptation needs. The
sampling method varied across countries due to differ-
ences in the availability of information on farmer popu-
lations in each country, but in all cases, the selection of
farmers was random. In the Costa Rican landscapes, we
selected farmers randomly from an existing list of cof-
fee farms from the 2003-2006 coffee census [42]. In
the Guatemalan and Honduran landscapes, we gener-
ated a sampling frame by using remote sensing imagery
to detect household roofs and then randomly sampling
households from this list of potential farms. In total, we
sampled 860 randomly selected farmers (115-155 farm-
ers per landscape). To ensure our sample size consisted of
only smallholder farmers, we included only farmers who
self-identified as smallholder farmers and whose farm
area was within two standard deviations of the mean of
the sampled population.

To document farmer perceptions of climate change,
perceived climate change impacts, and adaptation strat-
egies, we implemented a detailed household survey that
collected information on farm characteristics, farmer and
household socioeconomic characteristics, land use, farm
management practices, farmer perceptions of climate
change, climate change impacts, and farmer adaptation
strategies. The survey was designed to allow us to estab-
lish causal links between farmer perceptions of climate
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change and perceptions of climate change impacts with
the adaptation measures they had implemented. For
example, we first asked farmers whether they had per-
ceived changes in temperature over the last decade. If
they responded positively, we then asked them about
any perceived impact from the change in temperature
on their crop production, and what farm management
changes, if any, they had made to address these impacts.
With this approach, we were able to distinguish adapta-
tion decisions (i.e., decisions to adapt farm management
practices in response to climate change) from the myriad
of decisions taken by the farmer every day in response to
other issues not related to climate change (such as fluctu-
ations in coffee prices). The survey was piloted in the field
prior to data collection and underwent an ethics review
before implementation. Surveys were administered in
the field by a team of enumerators who underwent for-
mal training. For a subset of 300 randomly chosen farm-
ers (50 per landscape), we also asked follow-up questions
about what adaptation support they required.

All data were collected in handheld tablets using
SurveyCTO software (www.surveycto.com), to mini-
mize data entry errors. Surveys were conducted with
the household head or family member in charge of the
farm at the farmer’s house or on the farm. Surveys took
approximately 1 h to complete. All surveys were con-
ducted between April and September 2014.

Data analysis

We used descriptive statistics to summarize the main
trends in data relating to farmer perceptions of climate
change, perceived impacts, and adaptation measures
implemented in each landscape. We also used analysis of
variance to compare means across the 6 landscapes and
explore landscape-specific differences. In some cases,
we analyzed data for coffee farmers, maize farmers,
and bean farmers separately, to explore potential differ-
ences in perceptions, impacts, or adaptation strategies
across farmers with different farming systems. In these
instances, we classified ‘coffee farmers’ as all farmers who
were growing and selling coffee (n=485), ‘maize farmers’
as those growing maize on their land (n=490), and ‘bean
farmers’ as those who grow beans (n=2383). Of the 860
farmers, 129 farmers grew both coffee and basic grains
on their farms. These farmers were included in both the
coffee and basic grain categories in the analyses com-
paring different cropping systems. In the Turrialba and
Los Santos landscapes, the number of farmers growing
beans and maize present was insignificant (n<10), so we
opted not to report data for these two types of farmers
in these landscapes. There were no coffee farmers in the
Choluteca landscape, so no data on coffee farmers are
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reported for this landscape. All analyses were done using
the statistical package InfoStat [43].

Results

Characteristics of smallholder farmers and farms

We interviewed 860 smallholder farmers, of whom 674
(78.4%) were men. The mean age of the farmers was
50.5 (0.5 SE) years old, and they had an average of
32.5 (£0.1) years of farming experience. The farmers
had a mean of 4.7£0.03 family members, small farms
(mean of 1.8340.01 ha), and low levels of education,
with 54.7% lacking a primary school education (Table 1).
Many lacked access to electricity, tap water, cell phones
and transportation, and a subset reported being food
insecure. Few reported having access to extension sup-
port or agricultural training events. However, there were
significant differences across smallholder farmers in dif-
ferent landscapes. For example, Costa Rican farmers
generally had higher education, higher food security, and
greater access to services than farmers in other countries.
Almost all farmers (>92%) in the Costa Rican landscapes
owned the land they cultivated, while in the remaining
countries, many farmers rented part of the land they cul-
tivate or had alternative tenure arrangements.
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Of the farmers interviewed, 59.8% had coffee planta-
tions, with an average coffee area of 1.41 ha (+0.01). Of
the farmers growing coffee, 94% sold their coffee produc-
tion. Fifty-seven percent of the farmers grew maize, with
an average area of 0.92 ha (+0.01). Most maize produc-
tion was for home consumption, with less than a quarter
of farmers selling their maize production. Forty-four per-
cent of the farmers grew beans, with an average bean area
of 0.57 ha (£0.01). Like maize production, most bean
production was for home consumption and only 24.8% of
farmers producing beans sold their produce. Of the 860
farmers, 15% of the farmers grew both coffee and basic
grains (either maize and/or beans), and 42.9% grew both
maize and beans.

Farmer perceptions of climate change and climate change
impacts

Ninety-five percent of all farmers surveyed reported that
they have perceived changes in local climate over the last
decade. Of those who perceived the climate to be chang-
ing, 96.3% reported changes in temperature and 94.6% in
rainfall (Table 2). The most commonly reported change
among those farmers perceiving changes in overall tem-
perature was temperature rise (mentioned by 96.1% of
farmers). Among farmers perceiving changes in overall

Table 2 Percent of smallholder farmers reporting changes in climate over the last decade

% of farmers perceiving changes

Turrialba, LosSantos, Acatenango, Chiquimula, Choluteca, Yoro, Total

over the last decade CostaRica CostaRica Guatemala Guatemala Honduras Honduras (across 6
landscapes)
Overall changes noted
n (all farmers surveyed) 144 151 149 115 155 146 860
Overall change in climate 98.6 974 92.0 96.5 93.6 94.5 954
n (farmers perceiving change in climate) 142 147 137 111 145 138 820
Overall change in temperature 97.2 98.6 9.4 91.0 98.6 949 96.3
Overall change in rainfall 95.1 959 92.7 99.1 96.6 89.1 946
Specific perceived changes in temperature
n (farmers perceiving changes in tempera- 138 145 132 101 143 131 790
ture)
The temperature has increased 97.1 96.6 96.2 94.1 95.8 96.2 96.1
Night and day are both warmer 29 0.7 212 15.8 210 6.9 111
Cool season and warm season are both 44 83 8.3 89 4.9 84 7.1
warmer
Specific changes in rainfall noted
n (farmers perceiving changes in rainfall) 135 141 127 110 140 123 776
Less rain falls in a year 66.7 66.7 46.5 85.5 90.0 56.1 68.6
When the rains will begin is unknown 26.7 19.2 15.8 13.6 293 309 228
Rainfall is concentrated in a shorter period 20.0 383 315 82 36 9.8 18.9
When it will rain is unknown 20.7 17.7 228 13.6 18.6 8.9 17.3
Rainy season begins later than usual 59 6.4 18.1 12.7 14.3 236 133
More rain falls in a year 44 14 276 7.3 29 5.7 8.0

The table shows only those changes that were reported by at least 5% of all farmers surveyed
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rainfall the most common changes included lower annual
rainfall (68.6%), and greater uncertainty in when the
rains will begin (mentioned by 22.8%). Many farmers also
reported changes in the seasonality of the rainy season.
Farmer perceptions of how rainfall patterns had changed
differed across landscapes (Table 2).

Most smallholder farmers reported that climate change
has negatively impacted their crop production, with 87%
of maize farmers, 78.4% of bean producers, and 66.4%
of coffee farmers reporting reduced vyields (Fig. 2a). In
three of the four landscapes where both basic grains
and coffee are grown, a greater proportion of farmers
reported impacts on maize and bean production than
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on coffee production. Smallholder farmers also attrib-
uted increases in pest and disease outbreaks to climate
change, with 73.9% of coffee farmers, 78.4% of maize
farmers, and 67.9% of bean farmers reporting climate-
associated increases in crop pests and diseases over the
past 10 years (Fig. 2b). However, the percent of farmers
indicating climate-related disease and pest outbreaks dif-
fered across landscapes.

Effects of extreme weather events on agricultural
production, food security, and income

Many farmers reported that their agricultural systems
had been affected by extreme weather events during
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the last decade (Fig. 3a): 57.3% reported having been
impacted by droughts, 52.0% by heavy rainfall events,
32.1% by hurricanes, and 12.6% by floods. The percent-
ages of farmers reporting these events and the main cli-
matic stresses varied across landscapes. In Chiquimula,
Choluteca, and Yoro, drought was the main climatic
stress for farmers. In Acatenango, hurricanes and heavy
rainfall were the main challenges, while in Turrialba and
Los Santos, farmers were exposed to multiple climatic
stresses.

Extreme weather events have had significant impacts
on smallholder crop production: 94.6% of maize farm-
ers, 78.8% of coffee farmers, and 77.5% of bean farmers
reported that extreme weather events had negatively
affected their crop yields over the last 10 years (Fig. 3b).
Maize and bean farmers generally reported higher crop
losses due to extreme weather events than did coffee
farmers: 50.9% of all maize farmers reported losses of
>50% of their crop due to extreme weather events, and an
additional 37.6% reported losses of 25—-50% of their crop.
Bean production was also significantly impacted, with
44.8% of farmers growing beans reporting losses of more
than half their crop due to extreme weather events. In
contrast, only 16.4% of farmers growing coffee reported
high (>50%) losses due to extreme weather events.

Extreme weather events have also led to increased
food insecurity among smallholder farmers in some of
the landscapes (Fig. 3c). Overall, 32.4% of smallholder
farmers reported food insecurity following the most
severe extreme weather events; however, there were
pronounced differences across landscapes, with high-
est food insecurity in Choluteca (affecting 63% of farm-
ers) and Yoro (affecting 44.5%). In contrast, in the Costa
Rica landscapes, less than 7% of farmers indicated food
shortages following extreme weather events. There were
also differences in food insecurity levels across different
types of farmers: 47% of both maize and bean farmers
indicated they had experienced food shortages following
extreme weather events, compared to only 15.1% of cof-
fee farmers.

Across the 6 landscapes, 44.5% of farmers reported
experiencing decreases in household income following
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extreme weather events (Fig. 3d). The percent of farm-
ers experiencing income reductions following extreme
weather events was highest in the Honduran landscapes
(Choluteca and Yoro). A greater proportion of maize and
bean farmers (56.7% in both cases) reported impacts on
household income, compared to coffee (29.9%); maize
and bean farmers also reported more significant income
reductions than coffee farmers.

Adaptation strategies used by smallholder farmers

Of the 820 farmers perceiving changes in climate, 46.1%
indicated that they had changed their farming practices
in response to climate change (Fig. 4). The percent of
farmers changing farming practices in response to cli-
mate change was highest in the Los Santos (78.2%) and
lowest in Chiquimula (24.3%). There were also differ-
ences in the frequency of use of adaptation strategies
across different types of farmers: 58.7% of coffee farmers
had made changes in response to climate change, com-
pared to only 35.5% of basic grain farmers. On average,
farmers who had changed their management practices in
response to climate change had implemented an average
of 1.5 (£0.12) adaptation practices.

Smallholder farmers had implemented a variety of
adaptation practices, including agroforestry and resto-
ration activities, the adoption of agroecological prac-
tices, the use of intensification, and the use of new crop
varieties and technologies (Table 3). The most common
practice used by both coffee and basic grain farmers was
the planting of more trees on farms (reported by 48.1%
of all coffee farmers who implemented adaptation meas-
ures and by 33.1% of all maize farmers who implemented
adaptation measures). Among coffee farmers who had
implemented adaptation practices, other common prac-
tices included applying using more pesticides, herbicides,
and fungicides (17.2%), adopting soil and water conserva-
tion practices (15.3%), and using more fertilizers (14.8%).
Among basic grain farmers who implemented adaptation
measures, other specific adaptation practices included
the adoption of soil and water conservation practices
(13.4%) and changing agricultural calendars (15.7%).

(See figure on next page.)

Fig. 3 Percent of smallholder farmers who have experienced a an extreme weather event, b reductions in crop yields, ¢ food insecurity or d
reductions in household income due to extreme weather events. For figures b and d, the percentages reflect the farmer recollections of the

percent of income or crop yield loss experienced following the extreme weather event that according to the farmer most affected its home, land,
or parcel. Sample sizes vary across figures due to the sequencing of the survey: a the sample size corresponds to all 860 interviewed farmers, b
sample size corresponds to total number or coffee (n=287), maize (1=413), and bean (n=318) farmers indicating being affected by at least one
extreme weather event and reporting general impacts on crop production; ¢ sample size corresponds to coffee (n=398), maize (n=457), and bean
(n=2353) farmers reporting being affected by at least on extreme event; and d sample size corresponds to total number or coffee (n=398), maize
(n=446), and bean (n=342) farmers indicating being affected by at least on extreme weather event and reporting general impacts on household
income
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Farmer adaptation needs

Smallholder farmers identified numerous ways in which
governments, agricultural research centers, and other
institutions could help them adapt to climate change
(Additional file 1: Table S1). Among the subset of 188
coffee farmers who were asked about adaptation needs,
the most commonly mentioned needs were the provision
of fertilizers and agrochemicals (mentioned by 40.4%),
technical support (40.4%), training (18%), improving cof-
fee prices and marketing (17.0%), and providing access
to finance (14.4%). However, there were landscape-level
differences in the identified needs. For example, the
most commonly mentioned need by coffee farmers in
the Guatemalan and Honduran sites was the provision of
agrochemicals, while in the Costa Rica sites, the highest
demand was for technical support.

Among the subset of 169 basic grain farmers who were
asked about adaptation needs, the most commonly men-
tioned need was the provision of agrochemical inputs
(mentioned by 84.0%), followed by financial incentives
(33.1%), and provision of improved varieties and seeds
(30.2%). Other needs—such as technical support and
training—were also mentioned, but with lower frequen-
cies. Specific adaptation needs varied across landscapes
(S1).

Discussion

Climate change perceptions, impacts, and responses

of smallholder farmers

Our study indicates that climate change is already put-
ting a significant pressure on smallholder coffee and basic
grain farmers across Central America, and highlights the

urgent need to build farmer resilience to sustain food
security and maintain rural livelihoods under changing
climatic conditions. Like studies of smallholder farmers
in other developing regions [e.g., 44—47], we found that
almost all of the Central American smallholder farmers
surveyed had perceived changes in their local climate
over the last decade, regardless of their farming system or
the landscape in which they were located. The most com-
monly observed changes include rising temperatures,
more variable rainfall, and changes in the onset and
length of the rainy season. Farmers’ perceptions of cli-
mate change generally mirrored historical climatic data
for the region which show significant increases in mean
temperatures and increases in maximum temperatures
across most of Central America, but less clear trends
in rainfall patterns [31, 48]. Most farmers (87.2%) also
reported having been affected by at least one extreme
weather event during the last decade, and many consid-
ered that the frequency and intensity of extreme weather
events were increasing, as is also suggested by projections
from climate models [30]. Smallholder farmers are keenly
aware of changing climatic conditions because they
plan their planting, management, and harvesting activi-
ties in response to seasonal rainfall patterns [15, 41, 49].
They also see visible impacts of extreme temperatures,
droughts, or torrential rains on plant growth, flowering,
coffee berry ripening, and pest and disease incidence [25,
26, 50].

Changing climatic conditions are already presenting
a significant challenge to smallholder coffee and maize
farmers in Central America. Across the region, most
smallholder farmers attributed reductions in crop yields
and changes in pest and disease outbreaks (such as coffee
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leaf rust, fall armyworm, and others) to rising tempera-
tures and changing precipitation patterns. They also
reported detrimental impacts of extreme weather events
on crop yields, pest and disease incidence, household
income, and, in some cases, household food security.
Although the perceived impacts varied across house-
holds and landscapes, the magnitude of potential climate
change impacts on smallholder farmer was significant: of
the smallholder farmers who were affected by an extreme
weather in the last decade, 32.4% reported being food
insecure following the extreme weather event and 27.5%
reported losing more than half their household income.
Our study provides novel information on how climate
change is affecting smallholder basic grain farmers across
Central America, a group that is critical for regional food
security, and strengthens the evidence based on coffee
farmers are being impacted across Mesoamerica [e.g., 18,
28, 38, 39]. Collectively, these results highlight the poten-
tial for climate change to have significant economic and
social impacts across the region, unless action is taken to
help smallholder farmers cope with and adapt to these
changes.

Interestingly, although most coffee and basic grain
smallholder farmers perceived climate change to be
occurring and reported significant impacts on their
farms and livelihoods, less than half of them had actively
changed their farm management practices to minimize
impacts or adapt to these changes. Even among those
who did change their farm management practices in
response to climate change, most had adopted only two
or two practices (mean of 1.5 practices). This gap between
the perceptions of climate change and implementation of
adaptation measures has been noted in studies of small-
holder farmers elsewhere [e.g., 18, 51, 52] and is thought
to reflect their low adaptive capacity. In our study, the
limited use of adaptation strategies probably reflects the
fact that farmers have small plots of land, limited capital
and labor, low education, and little access to finance or
technical support and are therefore constrained in their
ability to invest in their farms and adopt management
practices which could enhance farm resiliency. In addi-
tion, some smallholder farmers (particularly maize and
bean farmers in Honduras and Guatemala) have inse-
cure land tenure and either rent the land that that they
cultivate, use communal land, or share land with other
farmers. Our parallel field survey of farm practices used
by these smallholder farmers [53] found that smallholder
farmers with insecure land tenure were less likely to have
implemented adaptation strategies than those farmers
who owned their land, because they were unwilling to
make long-term investments in practices that yield long-
term benefits. Insecure land tenure, limited capital, low
education, and lack of access to financial and technical
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support have also been identified as key constraints to
adaptation elsewhere [e.g., 6, 16, 54, 55]. The fact that
farmers identified the need for government support in
providing agricultural inputs, technical support, training,
and access to finance further corroborates that these fac-
tors serve as constraints to farmer adaptation.

Among those smallholder farmers who implemented
adaptation measures, the most common actions included
planting of trees, adopting soil conservation practices,
increasing fertilizer or agrochemical use, and introduc-
ing new crops. Some of these practices are considered
‘Ecosystem-based Adaptation’ (i.e., adaptation practices
that are based on the conservation, restoration, and
sustainable management of biodiversity and ecosys-
tem services [56]) and are known to improve the long-
term resiliency of smallholder farming systems [57]. For
example, the incorporation of trees as shade is known to
buffer extreme temperatures within fields [21, 58], miti-
gate the impacts of extreme weather events [59, 60], and
ensure the provision of ecosystem services [61, 62] and
can therefore help enhance adaptation of farming sys-
tems. Farmers in Chiapas, Mexico, for example, planted
more shade trees in their coffee plots as a response to
Hurricane Stan [26]. Similarly, the planting of fruit trees
has been reported as a means of reducing food insecu-
rity of farmers under changing climatic conditions [49,
63]. However, other practices being used by smallholder
farmers in our study landscapes, such as the increased
use of fertilizers and agrochemicals to ensure yields
under adverse climatic conditions, are resource-intensive
solutions that are short-term fixes that are unlikely to
contribute to climate resilience and could even be coun-
terproductive to long-term adaptation efforts [15].

Differences in climate change impacts and responses
across smallholder farming systems and landscapes

While almost all smallholder farmers perceived climate
change to be happening and reported climate change
impacts, farmers varied in the impacts they experi-
enced, their use of adaptation strategies, and their
adaptation needs. In general, maize and bean farmers
appeared to be slightly more affected by impacts of
climate change than coffee farmers, with a larger per-
centage of basic farmers reporting impacts of climate
change on their crop production than coffee farmers.
Smallholder basic grain farmers also appeared to suf-
fer greater impacts of extreme weather events, with a
greater proportion of basic grain farmers suffering food
insecurity (47 vs. 15.1% of coffee farmers), and expe-
riencing a loss in household income (56.7% vs. 29.9%)
following extreme events. In addition, the magnitude of
crop loss and income losses following extreme weather
events were higher among smallholder farmers. The
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higher vulnerability of basic grain farmers probably
reflects the fact that these farmers tend to cultivate
slightly smaller plots of land, are directly dependent on
their plot for food security, are less likely to own the
land they cultivate, and are often much poorer than
their coffee counterparts [41, 64]. It also reflects the
differential vulnerability of the agroecosystems: in the
landscapes we studied, coffee is traditionally planted
in agroforestry systems [53], which are more likely to
endure climate change impacts than non-agroforestry
systems such as basic grains [65, 66]. Basic grain farm-
ers are also less likely to have access to technical sup-
port than coffee farmers: only 13.1% of basic grain
farmers had been visited by agronomists in the last
2 years, compared to 31.3% of coffee farmers. Whereas
coffee farmers are also highly vulnerable to climate
change and face many of the same constraints to adap-
tation, they appear to be slightly better off, as they
obtain annual income from coffee production, are more
integrated into markets, and are more likely to have
access to some technical advice or support to cope with
climate change impacts [67].

There was also heterogeneity in climate change impacts
and farmer responses across the six landscapes studied.
Smallholder farmers in different landscapes were exposed
to different types of climatic stresses, with some farm-
ers being most affected by droughts and others strug-
gling with the impacts of excessive rainfall or hurricanes.
There were also landscape-level differences in the percent
of farmers reporting different climate change impacts
and the severity of these impacts. One clear difference
was the fact that smallholder farmers in Costa Rica were
much less likely to be food insecure following extreme
weather events than farmers in Honduras or Guatemala.
Costa Rican farmers were generally better off than farm-
ers in the surrounding countries, with higher education
levels, better homes, and better access to services (com-
munication, electricity, water), and it is likely that these
characteristics improve farmers’ ability to cope with cli-
matic stresses. Another key difference was that a much
higher proportion of farmers in Los Santos, Costa Rica,
had adopted adaptation measures in response to climate
change than in other landscapes. We suspect this is due
to the presence of strong coffee cooperatives in the region
(e.g., CoopeTarrazu, CoopeDota) which provide farmers
with technical support and advice. While more research
is needed to understand the factors that influence the use
of adaptation measures by smallholder farmers, the dif-
ferences among smallholder farmers cultivating different
crops and living in different geographic settings point to
the very specific nature of climate change impacts, the
varying adaptive capacities of smallholder farmers, and
the need for locally tailored adaptation solutions.
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Conclusions and policy implications

Our study has several key implications for policy makers,
donors, and practitioners interested in enhancing small-
holder farmer resilience to climate change in the Central
American region. First, our study suggests that there is
an urgent need to ramp up efforts to help smallholder
farmers cope with existing changes and adapt to future
climatic conditions. Climate change is already having sig-
nificant adverse impacts on smallholder coffee and basic
grain farmers across the region and could undermine
national and regional efforts to alleviate poverty, achieve
food security, and enhance economic development.
Facilitating smallholder farmer adaptation to climate
change will require a combination of policy, technical,
and research solutions, including the development of
adaptation policies and programs targeted at smallholder
farmers, the creation of incentives, credits, and other
financing mechanisms to support farmer adaptation
efforts, the development of research to identify the most
effective adaptation options, and the strengthening of
extension services to provide technical support to farm-
ers on how to enhance their resilience to climate change
[10, 52, 53], among other activities. As Central Ameri-
can countries develop their national climate adaptation
strategies and plans for achieving the UN Sustainable
Development Goals, the adaptation needs of smallholder
farmers merit special attention.

Second, there is a need to identify adaptation strate-
gies that are accessible for smallholder farmers and fit
their agroecological and socioeconomic contexts. A wide
range of adaptation options have been proposed for help-
ing farmers adapt to climate change. These include plant-
ing new crop varieties that are heat tolerant, drought
resistant, or less susceptible to pests and diseases [38,
39], increasing fertilizer and pesticide use [52], improv-
ing water management through irrigation and water har-
vesting [39, 47], changing farm management practices
such as changes in planting dates or crop rotations [46],
adopting soil conservation practices such as live barriers,
cover crops, and terracing [64, 68], diversifying crop pro-
duction and household income sources [49, 62, 69], and
restoring degraded areas and risk-prone sites [38], among
others. All of these options merit inclusion in adaptation
strategies. However, many of the technological adapta-
tion strategies (such as the planting of new varieties,
establishment of irrigation systems, or an increased use
of fertilizers and agrochemicals) are resource-intensive
and are often beyond the reach of smallholder farm-
ers who have limited capital, family labor, and access
to credit or finance [51]. Ecosystem-based Adaptation
measures, such as adding trees to coffee systems to buffer
the impacts of extreme weather events or diversifying
crop production to reduce the risk of crop losses, may be
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more accessible to smallholder farmers as they are based
on the management of existing resources [53, 57]. Adap-
tation plans should therefore support a diverse menu of
adaptation practices that farmers can select from and
modify based on their contexts, needs, and experiences.
Farmers should also be encouraged to develop adaptation
strategies that combine multiple adaptation practices that
together provide long-term resilience, rather than adopt-
ing individual practices which, on their own, may provide
more limited adaptation benefits.

Finally, given the heterogeneity of different smallholder
farmer contexts and experiences with climate change, it
will be important to develop adaptation strategies that
are flexible and can be tailored to specific farming con-
texts and climatic stresses. Adaptation strategies need
to consider the diversity of farming systems, socioeco-
nomic conditions (e.g., poverty, land tenure, food insecu-
rity), and climatic stresses that smallholder farmers face.
Emphasis should be placed on building farm resilience to
both climate change and other stressors [9], and ensuring
farmers can both cope with existing changes and adapt
to future conditions. For smallholder farmers who are liv-
ing on the edge, any efforts to increase their resiliency to
climate change must begin by addressing the underlying
poverty and food insecurity they face, securing access to
electricity, running water and other key services, improv-
ing crop productivity and income generation, and secur-
ing land tenure [18], as these stresses make them highly
vulnerable to climate change and, if unaddressed, will
undermine adaptation efforts [46]. Access to disaster
relief following extreme weather events, such as droughts
or hurricanes, is also critical for ensuring smallholder
farmers do not get trapped in poverty [67]. Once the
basic needs of smallholder farmers are met and their vul-
nerability is reduced, emphasis can be placed on building
capacity, developing knowledge networks to exchange
experiences, providing technical assistance, and facilitat-
ing access to credit and finance to implement adaptation
measures that enhance long-term resiliency. The design
and implementation of adaptation strategies that build
the resilience of smallholder farmers to climate change
will be challenging, but is necessary if the region is to
achieve its goals of alleviating poverty, achieving food
security, and enhancing economic development.

Additional file

Additional file 1: Table S1. Percent of coffee and basic grain farmers
indicating the support they need from governments, agricultural centers
and other organizations to adapt to climate change.
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