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Executive Summary 
 

In recent years, the region of Santa Fe de Veraguas has been affected by a major drought. 
Changes in climate have been widely felt and have had significant impacts on production. Since 
agriculture is almost entirely dependent on climate for productivity, changing conditions will require 
changing practices. The aim of the research was threefold. The first goal was to evaluate climate change 
impacts and adaptations on small scale farmers as a proxy for the global adaptations in agriculture that 
will be occurring in the near future. Given this context, the study question was: “What are the impacts of 
climate change on agriculture in Santa Fe de Veraguas, and how are farmers adapting to these new 
conditions?” The second goal was to look at the affects of social groups and organizations on successful 
adaptation, and the third goal was to compare our findings to the literature in order to make a prognosis 
for the future.  

Research was conducted in Santa Fe de Veraguas with the help of the Fundación Héctor Gallego, 
who provided us with resources and interviews. Seven semi-structured interviews were carried out with 
full consent of the participants. Six interview questions were devised following a conceptual framework 
for climate change adaptation. Interviews were recorded, coded, and categorized into the six conceptual 
elements. Coded responses were tabulated and ranked in terms of frequency of response. 

All respondents noted a general increase in temperature, and most mentioned a decrease in 
precipitation and changes in seasons length, adding that the past 3 years had been the worst by far. These 
changes were significantly impacting production and most respondents faced a decrease in income. 
Producers were dealing with a recent increase in pests and diseases, change in seeding and flowering 
schedule and a serious drought. Some crops, like maize and rice, were found to be too water intensive 
and were no longer grown. Others, like coffee, showed significantly reduced yields. In terms of how 
these changes were impacting the community, the most frequent responses were an increase in migration 
of younger generations to cities driven by a lack of income and opportunity, and that the population was 
significantly anxious. Increasing reliance on government subsidies was another recurring theme. 
 To deal with the problems related to production, the farmers’ approach varied greatly. The most 
common changes were (1) a move towards organic farming practices, (2) change in crops produced, (3) 
reforestation and tree conservation projects on farmland and along waterways, and (4) soil and water 
conservations initiatives such as terracing, building ditches, and trenches.  

In terms of adaptations on the community level, the most frequent responses pertained to 
community reforestation projects and agroforestry. Respondents felt that the local organizations and 
associations were important to the community and that they offered valuable resources to themselves 
and other community members. Many respondents felt that organizations could be doing more, but 
understood that they had limited options either due to capital or time limitations. 

It is clear from our interviews that the community at large has been greatly affected by recent 
changes in climate, is doing much to adapt to it, and that organizations and associations have a great role 
to play in these adaptations. A comparison with the literature found reforestation, agroforestry, organic 
farming and soil conservation practices to be practiced widely and effectively. However, water 
conservation and crop diversification techniques were found to be lacking.  

A Successful Climate Change Adaptation model was developed using findings from this 
research, outlining how the community of Santa Fe has effectively adapted to certain challenges they 
have faced. This was done using a combination of individual and community-level adaptations, with the 
help of local foundations and organizations. It also provides a framework for future adaptations. The 
region of Santa Fe has shown itself to be resilient and adaptable, and it is our hope that with more time, 
residents will be able to thrive under new climate realities.  
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Host Foundation 

The Fundación Héctor Gallego was created in 1968 by a popular Roman Catholic priest 

named Jesús Héctor Gallego. He was a prominent advocate for education and governmental reform 

in the region, but was killed in 1971 for this activism work. Though a prominent figure in the town 

for many years, the foundation only gained full legal status in 2003, and has continued to do 

meaningful work in the community ever since. The foundation works to promote organic 

agriculture and permaculture, offer education and resources to local residents, promote agro-

tourism, facilitate commercialization and equal opportunity, represent farmers politically, and 

foster connections within the community. Notable projects include providing small loans at low 

interest for residents with low credit, cultivating a local seed nursery for resale to residents, a 

collective action program to prevent the sale of rural land to outsiders, as well as providing internet 

and business services to the town of Santa Fe.  

Acknowledgements  

We would like to thank our gracious hosts at the Fundación Hector Gallego. A special 

thank you to Cerviliano and Norma Aguilar for coordinating our internship and interviews. 

Another thank you to Jacinto and Cleotilda Peña for giving us a place to stay, and more clementines 

than we could possibly eat.  A big thank you to Ariel Espino and Diana Sharpe for teaching and 

guiding us through this process. Thank you to Catherine Potvin, and everyone involved in the 

Panama Field Studies Semester program. This has been such an incredible learning experience for 

us, and our undergraduate experience feels so enriched for having participated.  

Finally, a huge thank you to our fellow peers for hours of emotional support, eye-opening 

adventures, and the occasional Spanish grammar question. 



	 4	

1. Introduction  

Santa Fe de Veraguas lies in the highland regions of Panama. It is located near the Santa 

Maria river which provides water to much of the district of Veraguas. This major agricultural 

region grows crops such as coffee, maize, sugarcane, wheat, and assorted vegetables - though it is 

the smell of roasting coffee that is most prominent throughout the town. The community structure 

is unique in Santa Fe, with roots in the evangelical teachings of a popular priest come martyr 

named Hector Gallego who advocated for education and governmental reform. For this reason, 

there is a prevailing collectivist mindset, creating strong social connections, and resulting in a 

variety of cooperatives, organizations and associations. These linkages serve as social capital for 

many of the residents, and can provide financial security. This does not describe the entire 

community, as many farmers prefer to work alone. Those that do still benefit from the 

infrastructure created by these groups. This infrastructure includes, but is not limited to, a coffee 

plant, internet and technical business services, and a growing tourism industry. The other benefit 

of working in collectives is the shared knowledge pool available to members. This has been 

especially useful in the last three years, as the region has been affected by a major drought. Many 

have been quick to call this climate change, though the event may be in fact caused by El Niño. 

This being said, it is believed that the severity and frequency of El Niño is affected by climate 

change (McGrath, 2013). Regardless, current conditions are similar to those observed in climate 

change prediction models; increased temperature, decreased precipitation and stronger winds. For 

this reason, this study will assume that the current drought is representative of ‘climate change 

conditions’, and that conditions here will serve to demonstrate how climate change might impact 

farmers, and how they may adapt to these climate changes.  
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Climate change can be addressed in two main ways. The first, mitigation, is the method of 

reducing emissions that cause climate change. Adaptation, on the other hand, looks to minimize 

the impacts of climate change on vulnerable populations (Fischer, 2012). One particular area of 

sensitivity is that of agriculture and food security. Agriculture is almost entirely dependent on 

climate for productivity, and changing conditions require changing practices. Latin America makes 

up 11% of world food production and possesses 24% of arable land available in the world (IDB, 

2015). Without successful adaptation, this production potential will be squandered, leaving large 

dents in the global food supply network. 

Coffee is a major source of income for many producers in Latin America. While farmers 

may grow a wide variety of crops, many will still consider themselves coffee farmers, even when 

coffee represents a small portion of total crops produced. This is due to dependence on coffee 

exports for income, with other crops being used for subsistence or sale to local markets (Méndez, 

2010). For this reason, it is successful adaptations of coffee plants that will be most critical for 

smallholder farmers. This report attempts to evaluate climate change adaptations on a small scale 

as a proxy for the global adaptations in agriculture that will likely be occurring in the near future. 

Given this context, the study question will be: 

“What are the impacts of climate change on agriculture in Santa Fe de Veraguas, and how are 

farmers adapting to these new conditions?” 

 

A particular focus will be placed on how collective action and social groups affect climate 

change adaptation. Once the initial question has been evaluated, it will be compared to related 

literature to see how well the region is coping with increasing climate variability. Finally, a 

regionally specific guideline for future climate change adaptation will be presented.  
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2. Literature Review 

2.1 Climate Change 

In past years, coffee producing regions of the tropics have experienced unpredictable 

rainfall, extended drought periods and extreme weather events (Bunn, 2014). Due to climate 

change, periods of severe droughts and extreme weather events are expected to increase and 

possibly intensify in the coming years in Panama (Telesur, 2015; Jha, 2014). Indicative of this, the 

2015-2016 El Niño event appears to be more intense than previous occurrences, as effects began 

to be felt in May, rather than the usual July (STRI News, 2016). Climate projections indicate that 

increases in temperature will reduce C. Arabica coffee yields throughout the Tropics. C. Arabica 

is highly sensitive to climate with respect to productivity and quality and requires relatively stable 

temperatures within a fairly narrow range to thrive (Baca, 2014). It has an optimum mean annual 

temperature range of between 18°C and 21°C, and for this reason, can only be grown in specific 

regions and altitudes. The most important variable for production is having the mean temperature 

of the warmest quarter within the ideal temperature range (Bunn, 2014). The development and 

ripening of fruits tends to accelerate at temperatures above 23°C, which in turn affects the beans 

and the quality of the subsequent coffee beverage (Davis, 2012). When temperatures reach 30°C 

for extended periods of time, the plant experiences stress, and growth abnormalities tend to be 

observed (Davis, 2012). Of course, such stress greatly affects the overall yield and productivity of 

the plant. Given that, models predict that in the next decades coffee planting will need to move 

upslope by 300–400m in order to compensate for the global increase in temperature (Läderach, 

2013).  Furthermore, coffee depends on seasonal rainfall for flowering (Jha, 2014). Precipitation 

variability is predicted to increase, causing possible erratic flowering and ripening cycles (Rahn, 
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2014). Finally, studies suggest that climatic uncertainties and increased temperatures will increase 

the incidence of coffee’s pests and diseases (Rahn, 2014). 

For the aforementioned reasons, it has been forecast that the sustainability of the coffee 

industry faces serious challenges in the coming decades (Aske, 2012). Studies conducted in Central 

America suggest that farmers are already noticing changes in the climate seasonality and 

predictability. Dry seasons are hotter and longer and wet seasons are shorter and dryer, with 

observed temperatures increasing as well. Droughts and extreme climatic events are becoming 

increasingly common as well (Baca, 2014).  

In one particular study in Panama, participants from the region of Los Santos and Rio Hato 

reported that the climate was hotter than before. According to them, planting trees was the best 

way to resolve the climate related problem as well as to improve water quality (Garen, 2009). 

2.2 Agroforestry 

Traditionally in Latin America, coffee is grown under a diverse canopy of native trees, 

epiphytes and fruit trees. Trees and native vegetation provide ecological services to agricultural 

ecosystems such as nutrient sequestration, pest control, climate regulation, carbon sequestration, 

enhanced soil fertility, increased pollination, reduced erosion, improved water and air quality, and 

enhanced biodiversity (Jose, 2009; Jha, 2014). In the past decades, many factors have influenced 

a movement toward greater intensity and full-sun production. The opening of Panama’s agriculture 

to global markets has encouraged farmers to intensify their management, favouring fewer shade 

trees and higher tree density per hectare (Jha, 2014). This usually comes with increased usage of 

synthetic agrochemicals to cope with the fact that trees do not provide the ecosystems services and 

environmental benefits they used to (Jose, 2009).  
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Studies suggest that reduced shade or non-shade coffee usually result in higher yields per 

hectares than shade coffee, although this type of production also results in increased costs of 

production for farmers (Jha, 2014). However, other studies have found that intermediate shade 

levels (approximately 35%–50%) produce the highest coffee yield (Jha, 2014). A further decrease 

in shade coffee production observed all over Latin America is attributable to the appearance of the 

coffee leaf rust Hemileia vastatrix in the 1970s (Jha, 2014). Hemileia vastatrix, the main disease 

affecting C. Arabica in Latin America and Panama, is a fungus that attacks the leaf, leaving it 

unable to properly photosynthesize, affecting the growth of the beans (Jha, 2014). Reduced shade 

was long thought to help control and reduce occurrence of coffee leaf rust, as well as the brown 

eyespot and coffee berry disease which are other major pests of C. Arabica. Subsequent research 

has established that the specific cause of coffee leaf rust is linked to humidity, not shade. In 

actuality, moderate tree shade (35%–65% shade cover) was proven effective in hindering fungal 

infection by creating windbreaks and slowing the horizontal progress of the fungus. Trees also 

reduced weed density and helped regulate pests by fostering a balanced relationship between them 

and their predators (Jha, 2014). 

2.3 Carbon Sequestration 

Trees and shrubs remove and store carbon from the atmosphere, either in their above or 

below-ground components. High levels of carbon in the atmosphere are shown to affect global 

climate stability, making this storage an important ecosystem service. When trees are added to an 

environment, the potential for carbon sequestration increases, meaning that agroforestry systems 

hold important carbon sequestration potential (Jose, 2009).  
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2.4 Soil Fertility 

In terms of soil management, trees help improve soil aggregates stability, soil fertility, soil 

enzymes and biological activity (Jose, 2009). Trees and crops that are able to fix nitrogen 

biologically are commonly planted in tropical agroforestry systems, reducing the need for nitrogen 

chemical inputs (Jose, 2009). Trees also contribute to the soil with the addition of above and below 

ground organic matter, which in turn contribute to the soil’s inherent qualities (Jose, 2009). Higher 

tree species richness has been associated with higher soil pH and an overall more balanced and 

diverse nutrient pool (Méndez, 2009).   

Typically, tropical soils in Latin America are acidic. For this reason, pH levels have to be 

carefully monitored to remain in the optimum range for crop growth (between 5.5 and 7). There is 

rising concern that the use of chemical fertilizers on tropical soils will only contribute to increasing 

acidity, which in turn will make aluminum, a toxic chemical for crops in large doses, more readily 

available to crops (Méndez, 2009). 

2.5 Biodiversity 
 

Due to the structural complexity in design of agroforestry productions, plantations can 

resemble original tropical forests and are often more sustainable alternatives to intensive 

agricultural systems (Gobbi, 1999). Vegetation complexity at the canopy level in plantations has 

high biodiversity conservation potential, and also requires lower input and management (Méndez, 

2010). In Latin America and Panama, many smallholders’ estates display high levels of 

biodiversity (Jha, 2014). Agroforestry and the presence of trees on farms, provides habitats for 

many beneficial species. Many organisms that aid in pest control, such as ants, spiders, birds and 

bats, need trees and shade to thrive. For example, predation services by birds and bats have been 

documented to improve coffee yields by 1% to 14% (Jha, 2014). Furthermore, native trees support 
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pollinators that are crucial during the coffee bloom by providing them with the resources they need 

to thrive all year long. Coffee yields have also been documented to improve with increased 

pollinator visits and diversity (Jha, 2014). Agroforestry can also create corridors between habitats 

and forested area (Jose, 2009). Migratory birds, for example, often use shade coffee farms as a 

corridor when moving between temperate and tropical regions (Jha, 2014). For shade coffee to 

contribute to biodiversity conservation, it is important to privilege native species (Méndez, 2006). 

2.6 Reforestation 
 

In Panama, many reforestation projects have been taking place in order to address the 

deforestation problem, water crisis and to restore degraded lands. Nationwide, reforestation 

initiatives are promoted, and subsidies, financial incentives and resources are offered to farmers 

and communities (Garen, 2009; crítica.com.pa, 2016). However, a large number of these initiatives 

involve the planting of fast-growing exotic species such as teak (Tectona grandis), Caribbean pine 

(Pinus caribea), acacia (Acacia sp.) and eucalyptus (Eucalyptus sp.) in the highlands. Native 

species should be prioritized, since they are usually less expensive for farmers to maintain, foster 

higher biodiversity and are more adapted to local conditions (Garen, 2009). Reforestation with 

native species is often the key to restoring biodiversity in a previously degraded area (Jose, 2009). 

As it is, agroforestry appears to be an interesting alternative to intensive monocultures in 

preserving biodiversity and forest-like habitats. Agroforestry practices, such as using trees for 

windbreaks and fences, have many benefits including protecting crops, protection streams and 

watersheds, reducing wind velocity, providing wildlife habitat, and reducing wind and water 

erosion (Jose, 2009). 

As for how agroforestry projects should be designed, the Smithsonian Migratory Bird 

Center (n. d.) recommends a minimum canopy cover of 40 percent. The majority of the planted 
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shade trees should not be deciduous trees that shed their leaves in the dry season, which would 

leave shade plantations without shade during the most delicate months. Furthermore, the backbone 

shade species should be allowed to attain a minimum of 12 to 15 meters in height, and farmers are 

encouraged to plant diverse trees that are shorter and taller than the backbone species. Living 

fences and borders, strips of trees and shrubs, should to be planted along roadways, limits of the 

plantation, and any zone exposed to erosion. Also, a width of five meters of trees on each side of 

small streams and ten meters along rivers is recommended to protect the watershed (Greenberg, 

2016). Agroforestry is also a sustainable way to diversify farm revenues. Woody trees can be sold 

for construction or firewood, and fruit trees can ensure a minimum subsistence level and provide 

an important source of nutrients for children (Méndez, 2010). The diversification of crops is 

essential for small-scale producers and should be a key element of their livelihood strategies. 

2.7 Challenges, Mitigation Efforts and Adaptation 
 

The Food and Agriculture Organization of the United Nations (FAO) distinguishes 

between two major types of adaptation; autonomous and planned. Autonomous adaptation refers 

to an individual farmer changing their crops, harvest dates, or methods as a result of changes in 

climate. Planned adaptation refers to policy options, or large scale response strategies.  

In terms of autonomous adaptation, many factors limit the ability of small-scale farmers to 

adapt to predicted changes in climate. These factors include poor post-harvest infrastructure, as 

well as limited access to credit, alternative technologies and knowledge and information (FAO, 

2007). For example, drip irrigation and water harvesting systems, which are among the most 

efficient strategies to mitigate water scarcity, are usually not accessible to low income farmers. 

Furthermore, many small-scale producers, especially in coffee, display very low level of income 

diversification, which make them vulnerable to climatic uncertainties.  
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The following recommended approaches for adapting to the impacts of climate change 

should be considered in this region:  

1. Water management strategies such as installing irrigation system (preferably drip irrigation) 

and water storage facilities to store excess rainfall.  

2. Soil conservation practices, such as growing crops on contour lines across the slopes and 

terracing are effective ways to prevent soil erosion.  

3. The incorporation of organic matter and careful monitoring of soil fertility can also contribute 

to making the environment more resilient to changes (Rahn, 2014).  

4. Shade management through agroforestry and the conservation of native vegetation are also 

proven effective strategies of coping with climatic unpredictability and controlling pests and 

diseases efficiently.  

5. Reforesting degraded lands have been shown to improve ecosystem services, such as soil and 

water conservation (Rahn, 2014).  

6. Initiatives to protect the diversity of crop varieties should be encouraged. In coffee, for 

example, most commercial varieties are genetically similar and therefore, the genetic pool 

available exhibits only a narrow climatic range (Bunn, 2014). Diversifying varieties has the 

potential to offer plants more resilient to climatic uncertainties, droughts, pests and diseases. 

Investing time and energy into researching native coffee species and increasing the genetic 

pool appears to be key in future climate change adaptation strategies.   

7. Climate change adaptations may also include diversifying revenues to increase a farm’s 

economical sustainability. For this reason, great care should be taken when designing parcels, 

in order to optimize interactions between fruit trees, coffee, agricultural crops and medicinal 
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plants. Planting a great diversity of crops increases the chance of production being more 

resilient to future changes (Rahn, 2014).  

8. Additional practices mentioned in literature specific to North and Central America include 

maintaining an emergency fund and purchasing crop insurance when possible, but these 

options are not entirely feasible for the case of many cash-poor farmers, such as those in the 

region of Santa Fe (Shannon, 2015). 

3.	Methodology	
 

The aim of the research was threefold. The first goal was to understand the changes, 

impacts and adaptations to climate change in the region. Second was to see what affects social 

groups and organizations had on successful adaptation, and finally to compare results to the 

literature in order to make a prognosis for the future. 

3.1 Study Site  
 

This project was conducted in collaboration with a local organization, the Fundación 

Héctor Gallego. The foundation had a great deal of connections within the community, and the 

majority of local decision makers were involved in some way.  For this reason, the foundation was 

an important resource in collecting information and interviews for the project. It was understood 

that most interview participants being members of the foundation would introduce a sample bias. 

However, this was considered when analyzing results, and incorporated into later discussion. 

3.2 Data Collection 
 

In order to assess climate change in the region, research was conducted in the form of semi-

structured interviews. In interviews such as these, the researcher has a series of prepared questions, 

but remains open to tangential anecdotes that may inform the researchers of factors not considered 
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by initial questions. This method is helpful when trying to produce comparable interviews, without 

limiting the scope of the interviews to preconceived notions and incomplete stories. Interviews 

were recorded with verbal consent of participants and were later transcribed for analytic purposes. 

Written notes were also taken to make non-verbal observations, and for reference during 

interviews. The interviews followed a conceptual map created based on the hypothesis of this 

project. It is shown in Figure 1. 

 

 
FIGURE 1: CONCEPTUAL MAP OF RESEARCH QUESTION 

 

Mirroring this, the interview consisted of six questions, each relating to one element of the 

diagram. Questions are shown in English and Spanish in Appendix 1. Interviews ranged from 

twenty-one minutes to an hour. We were careful to be aware of the time constraints of the workers, 

conducting interviews generally in the middle of the day to limit disturbance of work schedules. 

In all instances, additional time was spent with respondents, touring or working on their farms, to 

better understand life on the farm. This information was not recorded orally, but was noted in the 

form of qualitative observations. Much of this information was also recorded visually in the form 

of photos, with consent of the participants. 
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             On multiple occasions, an interview would include more than one participant from the 

same farm. In these instances, they were treated as a single interview as they were assumed to 

share opinions and techniques too closely to be counted as separate observations. This was also 

helpful, as members could engage each other in conversation, and perhaps remember details that 

they might not have otherwise.  

3.3 Data Analysis 
 
             Data from interviews were coded and grouped into the six categories outlined in the 

systematic diagram shown in Figure 1. Frequency of coded response, within each category, was 

tabulated and ranked. Much of the information was qualitative or anecdotal, and could not be coded 

effectively. This information was compiled separately, and used in the results and discussion.  

3.4 Ethical Considerations 
 

Research was carried out in compliance with McGill University’s Code of Ethics by 

completing the Tri-Council Policy Statement: Course on Research Ethics, a course designed to 

inform researchers on ethical considerations when working with human subjects (Appendix 2). 

Topics included risk and benefit assessment, consent, privacy, equity, and conflicts of interest. Our 

study was deemed to have low risk to participants. Possible benefits may be felt on a societal 

benefits, hopefully providing better information on climate change adaptations for the community. 

Respondents were informed that interviews were strictly anonymous, though results would be used 

in the final research project and presentation. We outlined the nature of the interview, and the 

approximate length, and informed them that they could stop the interview at any time, as well as 

choose not to respond to certain questions. Verbal consent was received from all subjects, before 

commencement of the interview.  
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4. Results 
 

By the end of the research period, seven semi-structured interviews had been completed. 

Many interviews involved more than one respondent, so the actual number of residents interviewed 

was 14. Residents occupied a varied geographical distribution, and had varying levels of 

relationships with the foundation. In total, 36% of respondents had leadership positions in an 

organization or association, 50% were members of an organization, and 14% were entirely 

unaffiliated with any organizations. 42% of respondents were female, while 58% were male. 14% 

of respondents were senior citizens (over the age of 65), while another 14% of respondents were 

below 30. The remaining 72% were between the ages of 30 and 65. Given these statistics, 

respondents were found to be a relatively representative sample of the community.  

4.1 Changes in Climate 
 

The first interview question concerned changes in climate in the previous years. 

Respondents were asked to describe what changes they had noticed. As shown in Table 1, all 

respondents cited an increase in temperature in the past three years. Six out of seven respondents 

mentioned a decrease in precipitation, and change in seasons. The one respondent who did not 

perceive a decrease in precipitation, or change in season length, was located in the cloud forest 

region of Santa Fe, and therefore experienced very different weather patterns. They did note an 

increase in temperature, but found the increased wind strength to be the greatest change in the past 

few years.  
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TABLE 1: PERCEIVED CHANGES IN CLIMATE 

Response Frequency 

Increased temperature 7 

Decrease in precipitation 6 

Longer dry season/shorter wet season 6 

Decreased river discharge 4 

Stronger wind 4 

Greater humidity 2 

 

Another recurring discrepancy was the timeline for these changes in climate. Four out of 

seven respondents felt that these changes had occurred abruptly in the past two or three years, 

while three out of seven believed these changes to have been more gradual, though admitted that 

the past 3 years had been the worst by far.  

4.2 Impacts on Production 
 

The second question pertained to how these changes in climate had impacted production 

for the farm (Table 2). The most frequent response was an observed decrease in production. All 

but one respondent had noted significant problems in production and faced a decrease in income. 

The group with the greatest decrease in production was completely unable to produce anything for 

sale. When asked what their greatest barrier was, access to water was seen to be the most important. 

They had previously been reliant on rainfall for water, as their distance from the nearest river gave 

them limited access to both surface and groundwater. 
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TABLE 2: IMPACTS OF CLIMATE CHANGE ON PRODUCTION 

Response Frequency 

Decrease in production 6 

Increased pests and diseases 5 

Some crops affected more than others 5 

Need for irrigation systems 4 

Change in seeding/flowering schedules 3 

Infrastructure damage from wind 1 

Uprooting crops 1 

More fungus from humidity 1 

Longer working days 1 

 

The next most frequent response, that there had been an increase in pests and diseases, was 

noted by almost all farmers that still had production capabilities. No respondents gave a direct 

explanation for this change, but many felt it was connected to the heat in some way. The 

observation that some crops were affected more than others, was found to be important, as this 

changed what was being produced in the region. Most had observed that rice and maize were too 

water intensive, and were no longer feasible to grow. One subject, when asked why they no longer 

grew these crops mentioned that one neighbour had decided to grow rice and maize, only to have 

their entire crop die. However, as shown in Table 2a, there was some debate as to which crops 

were the most drought susceptible, and which were the most resistant.  
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TABLE 2A: CROPS MOST AFFECTED BY CHANGES IN CLIMATE 

Response (** = appear on both lists) Frequency 

Coffee sensitive 3 

Citrus sensitive** 1 

Banana sensitive** 1 

Rice sensitive 1 

Corn sensitive 1 

Wheat sensitive 1 

  

Citrus resistant** 2 

Sugar cane resistant 1 

Yucca resistant 1 

Banana resistant** 1 

  

All crops affected 3 

All crops minimally effective 1 

 

Some respondents felt that citrus was resistant to drought felt that it was because it is not a 

water intensive crop. The respondent who felt that citrus was sensitive mentioned the powdery 

mildew fungus, which tends to occur with a combination of chilly nights, hot days, and general 

humidity – all changes observed in recent years. 

The final major change observed was the change in length of working day. Though there 

was only one observation of this response, it would signify a huge shift, both on an individual and 

societal level, if it was this to be observed by the other parties as well. 
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4.3 Community Impacts 
 

The third question pertained to the impacts of climate changes on the community. These 

results are shown in Table 3.  

TABLE 3: COMMUNITY ADAPTATIONS TO CLIMATE CHANGE 

Response Frequency 

Youth urban migration 4 

Significant anxiety 4 

Government subsidies 3 

Senior subsidies 2 

Violence 1 

Selling drugs 1 

Decreased family size 1 

 
The most frequent response was that there was an increased migration of younger 

generations to larger cities such as Santiago and Panama City, and that the population was 

experienced significant anxiety.  

The youth migration is likely driven by a lack of income and opportunity in both agriculture 

and rural life. This shift is impacting production, as family farms no longer have the man-power 

they once did and are increasingly reliant on hired help to meet labour needs. This is problematic 

as paying wages is an additional cost to an already struggling industry.  

Increasing reliance on government subsidies was another recurring theme in interviews. 

One respondent went into detail about how the general subsidy was distributed by household and 

was independent of family size. This meant that larger families received the same subsidy as 

smaller families. They felt that this was causing families in the community to have less children, 

as it was no longer economical.  
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One respondent correlated the decrease in production to a need to find other sources of 

income; sometimes in the underground economy. While this was only observed once, a prominent 

community member believed that some residents of the town were turning to violence and 

narcotics sales to supplement their income. However, we were unable to substantiate these claims 

with any other residents.  

4.4 Autonomous Adaptations 
 

Question four pertained to the adaptations being made on the respondent's farm, in order 

to adapt to the impacts of changes in climate (Table 4).  

TABLE 4: AUTONOMOUS ADAPTATIONS TO CLIMATE CHANGE 

Response Frequency Response Frequency 

Organic farming 6 Permaculture 2 

Change in crops produced 5 Manually transporting river water 2 

Reforestation 5 Agroforestry 2 

Terracing 4 Building Reservoirs 2 

Increased biodiversity 4 Planting native species 2 

Conserving trees 3 Buying water 1 

Avoid burning 2 Avoiding weeding 1 

“Compost ditches” 2 Tree borders along streams 1 

Irrigation systems 2 Medicinal plants between parcels 1 

Avoid cutting/seeding by river 2   

 
Responses varied greatly, with no two farms approaching the situation identically, even 

those that faced many of the same problems. The most common changes were (1) a move towards 

organic farming (though it is unclear whether this is a direct result of changes in climate, or merely 

a regional production trend), and (2) a change in crops produced (generally along the same gradient 

as those observed in Table 2a). These are among the cheapest adaptations available to most 

farmers, which is likely the reason they had the greatest frequency of observation. Projects such 
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as reforestation and terracing (a method used to avoid soil erosion) are generally more capital 

intensive, but may be more effective as methods of active adaptation. Some farms had been very 

creative in designing and implementing innovative adaptation methods. Two farms had begun 

digging ditches, either along natural terraces or near natural runoff points, where organic matter 

could collect along with the natural runoff occurring, creating natural compost for soils. This 

compost created was rich in nitrogen and micronutrients, showing that the producers had a good 

understanding of how to create organic fertilizers from locally available resources. Another 

method observed, was to leave weeds growing around plants such as tomatoes to decrease 

evapotranspiration and soil erosion. Respondents felt that nitrogen levels in the soil were 

adequately high to support the populations of both the crops and the weeds. Other major trends 

were a shift towards permaculture methods, and particular care for tree conservation near the river.  

4.5 Community Adaptations 
 

The fifth question pertained to how the community was adapting to these changes in 

climate. Many respondents felt that the community was not properly adapting, and instead offered 

suggestions as to how the community could be adapting. The motivation behind this question was 

to understand better the difference between autonomous and planned adaptations, as outlined in 

the literature review (FAO, 2007). As expected, planned adaptation is much more difficult to 

achieve and requires a much longer timeline, as community coordination and bureaucracy are large 

barriers to development. For this reason, these adaptations options are less varied than the previous 

responses. 
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TABLE 5: HOW IS THE  COMMUNITY ADAPTING TO CHANGES IN CLIMATE 

Response Frequency 

Reforestation projects 5 

Native seed banks 3 

Formation of organizations 3 

Working with the government 3 

Ban loggers/external companies 2 

Agro-tourism 2 

Train people/seminars 2 

Institutionalize 2 

Deforestation laws 1 

 
As shown in Table 5, the most frequent response pertained to community reforestation 

projects. Respondents who did not mention reforestation in terms of community adaptations, 

mentioned it as an autonomous adaptation they were pursuing on their farms. It is clear that the 

majority of the community felt that this was an effective method of adaptation. In fact, most 

adaptations were related to agroforestry in some manner, whether by banning loggers or 

implementing legislation about deforestation. When discussing seminars, training and education, 

the examples given tended to relate to tree conservation. It seems that the community has already 

done a great deal in this regard, but many respondents felt that more could be done, especially on 

an individual level.  

Two respondents were great proponents of the development of agro-tourism in the region. 

They felt that by combining their agricultural production with tourism, they had been able to 

procure greater stability in income. The community was beginning to develop initiatives to 
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improve tourism in the region, such as improving signage in town and increasing presence on 

internet tourism resources.  

A final complaint of many respondents was that there were already many laws in place that 

would benefit the community in terms of adaptations, but that they were not followed. They felt 

that government corruption was a major issue.  

4.6 Role of Foundations and Organizations in Adaptation 
 

In question six, subjects were asked specifically what they felt organizations, associations 

and the foundation could do to facilitate adaptation to changes in climate (Table 6).  

TABLE 6: HOW CAN ORGANIZATIONS AND ASSOCIATIONS HELP THE COMMUNITY IN 
ADAPTING TO CLIMATE CHANGES? 

Response Frequency 

Collective consciousness/knowledge trades 5 

Organizations should be doing more 4 

Political advocacy 4 

Addressing corruption 3 

Providing education 3 

Encouraging move towards organic 2 

Foundation needs money before it can do anything 2 

The general population needs to care first 1 

 
All respondents felt that these groups were important to the community and that they 

offered valuable resources to themselves or other community members. The most frequent 

response pertained to the exchange of knowledge between individuals. While only five out of 

seven cited this directly, all members had clearly benefited from the collective knowledge, either 

from loaned books, or knowledge of reforestation practices. While not necessarily the mandate of 

these groups, the greatest service they provided was a collective consciousness on issues such as 



	 25	

climate change. However, many respondents felt that the organizations should be doing more. 

Most understood that they had limited options either due to capital or time limitations.  

Political advocacy was an important theme. Many respondents felt that as individuals they 

had limited power within government or governmental agencies such as the Ministerio de 

Desarrollo Agropecuario (MIDA), and that the organizations were more equipped to advocate for 

them. Education was another recurring theme. Schools in the region were felt to lack education on 

climate change and sustainability, and one respondent felt that schools’ curriculum should reflect 

outdoor and traditional knowledge in the region. It is likely that foundations and organizations 

would be better able to offer this, as they were generally less institutionalized, but still prominent 

voices within society.  

Finally, one subject who held a leadership position within one of the organizations felt that 

the foundation was unable to do more because the community did not care enough about the 

problems at hand. Whether or not this is true, it raises important questions about who is most able 

to adapt, in what ways, and who is responsible for facilitating these adaptations.  

4.7 Summary 
 

To return to the conceptual map shown in Figure 1, the results have been summarized and 

placed within the map to show a more complete picture of the climate change adaptations of the 

community (Figure 2).  
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It is clear from our interviews that the community at large has been greatly affected by 

these changes in climate, is doing much to adapt to it, and that organizations and associations have 

a great role to play in these adaptations. This will be explored further in the discussion, by 

comparing the results to the existing available literature and finally by making a prognosis and 

suggestion for the future.  

5. Discussion 
 

As previously mentioned, most respondents experienced higher temperatures, less 

precipitation, longer dry seasons and generally more uncertainties related to the climate. Those 

results are representative of how the Latin American climate is predicted to change in the coming 

decades (Bunn, 2014). Therefore, this study assumes that the adaptations may provide a basis for 

future climate change adaptation strategies for the region.  

Reforestation and conservation of trees on farmland were frequently mentioned as 

important avenues in mitigating drought impacts. Interestingly, most respondents believed that 

FIGURE 2: SUMMARIZED RESULTS WITHIN CONCEPTUAL DIAGRAM 
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reforestation initiatives should be pursued on the individual level as well as the regional level, 

through government or community-driven initiatives. A majority of subjects believed preserving 

trees on their land was helping to preserve water and humidity in the soil, prevent soil erosion, 

regulate the climate and reduce the temperature. Those assumptions were based on strong scientific 

evidence from the literature (Jha, 2014; Jose, 2009). Since trees tend to increase the general 

resilience of agro-ecosystems, preserving trees on farmlands - and especially native trees - is 

foreseen to be one of the main strategies mitigating the impact of increased temperature and 

decreased rainfall in Latin America (Rahn, 2014). Respondents tended towards agroforestry 

naturally, referring to many of the aforementioned practices without the associated academic 

parlance.  

Agroforestry is an effective way of integrating trees into farmland to benefit from the 

ecological services they provide, while at the same time gaining additional income from them. If 

properly designed, agroforestry productions can help achieve a balance between creating a resilient 

environment and obtaining the maximum yields per hectares (Jose, 2009). More alluring for 

farmers, the presence of trees helps reduce input costs (pesticides, herbicides, fertilizers and 

fungicides), as few respondents actually mentioned. The most commonly planted trees, which 

included orange, banana, plantain, coconut and mango, could be sold or otherwise consumed in 

the households, increasing the farm’s economical sustainability. As stated in the literature review, 

agroforestry productions can resemble or even mimic forest environments, which is beneficial in 

the conservation of regional biodiversity. Shade-coffee productions with 35% to 50% shade 

coverage with native tree species, are foreseen to be the main solution to preserving biodiversity 

in Latin America (Jha, 2014). Many of the producers visited, practiced various extents of shade-
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management with native tree species, and none of them expressed a desire to move toward less-

shaded productions.  

According to what has been observed, agroforestry and reforestation with native trees have 

been practiced successfully in the region, and will help production withstand future possible 

climate changes. 

In terms of mimicking natural environments, two interviewees believed that the principles 

of permaculture could help mitigate the impacts of climate change. The idea of permaculture is to 

exploit an environment’s ability to regulate itself and to provide, with minimal external inputs, all 

that it requires to achieve high yields. The original wilderness and biodiversity of the environment 

is, through proper environmental designs, exploited to the advantage of the producer. For example, 

certain trees will be planted in specific ways to block the wind, while other crops will be planted 

strategically to attract beneficial pollinators. To many, permaculture is the ultimate form of organic 

farming.  

Although the research did not outline specifically the role permaculture could play in 

climate change adaptation strategies, the idea of creating an area of production designed to 

preserve original diversity of species is inherently linked to optimizing production resilience. The 

term “permaculture” is relatively new in the farming vocabulary, but refers to a practice many 

farmers have used for centuries without the name. Many of the principles of permaculture are 

similar to the principles of organic agriculture, which was heavily practiced in the region. From 

our observations, many of the organic farmers visited were using principles of permaculture. Given 

that, it would be misleading to assume only two out of seven interviewees believed permaculture 

was beneficial to adaptation, as most were indirectly using it to some extent. 
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Organic agriculture avoids the use of inorganic fertilizers, fungicides, pesticides and 

herbicides, and limits external inputs to organic fertilizers and biological means of controlling 

pests and diseases. Many interviewees believed organic farming was helping them to cope with 

the current drought. Scientific evidence supports this statement, as organic agriculture tends to 

improve soil fertility and structure, retain moisture, and improve the soil’s biological activities. 

Furthermore, organic farming practices tend to improve land resilience to change (Rahn, 2014). In 

the region, organic agriculture is practiced to limit the usage of external chemical inputs, increasing 

independence and self-sufficiency. In terms of climate change adaptation strategies, initiatives that 

improve a producer’s ability to be self-sufficient and decrease need for external inputs should be 

promoted. In our opinion, the relatively new shift towards organic farming in the region of Santa 

Fe is beneficial and plays into the bigger framework of how producers will be able to adapt to the 

financial instability associated with changing climatic conditions. As such, climate change 

adaptation means more than conserving natural resources, but preserving quality of life and self-

efficacy as well.  

Many respondents cited tree buffers along streams and rivers as an effective adaptation 

method. There is strong evidence for this in the literature as well. The Smithsonian Intsitute (n. d.) 

recommends that a strip of vegetation five meters wide be preserved on each side of streams, and 

10 meters wide along rivers (Greenberg, 2016). Subjects’ understanding of the relationship 

between trees and watersheds, as well as their on-farm initiatives, were impressive and in line with 

what is recommended in the literature. 

Soil conservation practices, such as terracing and planting crops on natural edges, were 

observed on most farms, although to different extents. These are useful strategies in preventing 

soil erosion, which may intensify in the future due to increased temperatures, leaving soil dryer, 
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allowing finer particles to detach from their structure more easily and be carried away. The 

allowance of weeds or understory plants on the ground, which was observed on various farms, is 

another effective way to retain the soil (as long as the nutrient pool of the soil is replenished 

properly with the presence of additional plants). Overall, the practices of soil conservation 

observed in Santa Fe where in accordance with the literature. It is likely that in a hilly region such 

as Santa Fe, farmers learned how to prevent soil erosion a long time ago (Jose, 2009).  

Water conservation practices were remarkably limited on most farms, given the severity of 

the drought. This was true particularly in terms of water storage and irrigation, given the severity 

of the drought. Irrigation systems, either in the form of plumbing or the simpler form of trenches 

dug in the soil to route water to land parcels, were noticeably absent from most farms. Moreover, 

only a few had actual water storage facilities. Although previous rainy seasons were shorter, 

precipitation was abundant when present, meaning this would have been a useful method of 

adaptation. Implementing basic irrigation and water storage systems will be absolutely crucial in 

regions such as Santa Fe that are predicted to suffer from reduced precipitation in the coming years. 

Given those results, we propose that respondents have not implemented some essential water 

conservation techniques that would greatly improve their situation. Many factors could explain 

this phenomenon. First of all, the drought is a relatively new problem. The recurrence of this 

problems may now force producers to face it, and initiate changes to be better prepared for the 

continuation of this issue. Furthermore, farmers possibly lack the knowledge of how to properly 

collect and store water, since Santa Fe has always been a region with abundant rainfall. Finally, 

materials for building water reservoirs and irrigation systems are expensive, which may explain 

why some producers feel uncertain about making the leap and investing in such technologies.  
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Diversifying the varieties of crops planted is a relatively effective way of ensuring that 

productions will be able to withstand a wide range of climatic conditions, and provide continuous 

income all year long (Bunn, 2015). A majority of respondents changed the crops they were planting 

in recent years due to the drought, which is a valuable adaptation. However, none of them 

mentioned changing crop varieties, such as seeking drought-resistant crops or ones more resistant 

to certain pests. This is an adaptation strategy frequently brought forward in the literature, however 

the feasibility of small-scale farmers in Santa Fe of obtaining such crops is questionable. It is likely 

that these crops are either too expensive or not available in the region, but this was never mentioned 

in interviews, so it is difficult to make further assumptions as to why this is not utilized by local 

producers. Many respondents mentioned interest in growing native seeds, which have the 

advantage of being already adapted to local conditions and are generally cheaper to obtain for 

producers than their exotic counterparts.  

This discussion attempted to evaluate the strengths and weaknesses of climate change 

adaptation in the region. A comparison with the literature suggested that reforestation, 

agroforestry, organic farming and soil conservation practices are widely practiced. However, water 

conservation and crop diversification techniques were found to be lacking.  

5.1 Limitations 
 

A potential limitation to this research presented within this assessment is the small sample 

size. Seven is not a large enough sample of the population to be certain of results. It also does not 

allow for quantitative statistical analysis, as many necessary assumptions cannot be met with a 

sample size such as this. However, we feel confident that the sample was representative enough 

given the normal distribution of respondent demographics, as outlined in the results, and that 

conclusions drawn from this analysis are viable.  
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A potential source of bias in the research, was that the foundation was our guide for the 

interview process. Therefore, all interviews were completed with farms that had at least some 

relationship to the foundation. However, this was deemed to be appropriate given that one focus 

of this research was to find out how people were working with organizations to adapt more 

successfully.  

5.2 Implications: A Case Study for Development 
 

The implications of this research become clearer when looking at specific questions of 

adaptation. One example from this research was that of reforestation initiatives. Five out of seven 

respondents mentioned some form of reforestation as a personal adaptation. Five out of seven also 

mentioned reforestation as a community adaptation, or as an adaptation the community should 

take. Interestingly, these were not the same five respondents. Three out of seven respondents 

mentioned both, however, two only mentioned reforestation as a personal adaptation, and two 

mentioned it only as a community adaptation. This begs the question: who is responsible for these 

adaptations? And perhaps more importantly, whose adaptation will have the greatest impact? The 

answer, of course, is not straightforward. Autonomous adaptations are faster. One individual 

deciding to reforest a parcel of their land will be much faster than a community deciding to 

organize a reforestation project. A community action project may even be unable to actively 

reforest any land, and be limited to promoting action among its community. However, how do 

individuals decide to begin reforestation? Where can they receive funding if necessary? To 

complicate matters more, while autonomous adaptations are more rapid, they may be less widely 

effective than planned adaptation methods. Figure 3 shows the Successful Climate Change 

Adaptation Model developed by this research, integrating collective action through foundations 

and organizations into the model.  
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This model represents our understanding of how the community of Santa Fe has effectively 

adapted to certain challenges they have faced. However, it also provides a framework for future 

adaptation, particularly in water conservation and crop diversification. It is hoped that the 

community only requires more time to make these adaptations, and that with time and effective 

management, the industry will return to the vibrant, successful, sustainable venture it once was. 

 

 

 
 
  

FIGURE 3: SUCCESSFUL CLIMATE CHANGE ADAPTATION MODEL 
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6. Conclusion 
 

This paper began by outlining the region of Santa Fe, and the global significance of climate 

change adaptation research, particularly in Latin American agriculture. In the literature review, 

different methods of adaptation were reviewed, with particularly significance placed on coffee, as 

it was seen to be the most significant crop of the region. The results segment outlined local 

perceptions of changes in climate, impacts on production, community impacts, individual 

adaptations, community adaptations, and the role of greater organizations and foundations in 

adaptation. Through a comparison to the literature, it was found that farmers were adapting 

effectively in terms of reforestation, agroforestry, organic farming, and soil conservation practices. 

However, water conservation and crop diversification techniques were found to be lacking. The 

Successful Climate Change Adaptation Model was developed in response to the effectiveness of 

previous adaptation techniques, as a framework for future adaptation.  

We conclude that the region of Santa Fe has proven itself to be resilient in the face of major 

climate changes. While there is always room for improvement, the innovation and adaptability 

demonstrated by the residents involved in this assessment is a promising indicator for the future. 

It is our hope that with more time, residents will be able to thrive under new climate realities.  
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8. Appendix 
 
8.1 Appendix 1: Interview Questions 
 
English 
 

1. In the past few years, have you noticed significant changes to weather patterns? What 
have been these changes? 

2. How have these changes affected your production? 
3. How have these changes affected the community? 
4. How have you adapted to these changes on your farm? 
5. How has the community been adapting to these changes? 
6. Do you feel that organizations (such as the Fundación Héctor Gallego) have helped, or 

can help you adapt? Why or why not? 
 
Spanish 

1. ¿En los últimos años, ha notado cambios significativos en el clima y en caso afirmativo, 
cuáles han sido esos cambios ?  

2. ¿Cómo han afectado estos cambios su producción?  
3. ¿Cómo han afectado estos cambios a su comunidad ?  
4. ¿Cómo se han adaptado a estos cambios en su finca ?  
5. ¿Cuáles son las estrategias que usted ha usado para mitigar la consecuencias que esos 

cambios han causado en su finca ?  
6. ¿Se siente que las organizaciones (cómo la Fundación Héctor Gallego ) han ayudado o 

pueden ayudarle a adaptarse ? ¿Por qué o por qué no? 
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8.2 Appendix 2: Ethics Certifications 
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8.3 Appendix 3: Educative Posters Provided to the Community 
 

 
 
 

 


