
1 
 

 

 

 

 

 

 

The Impacts of Climate Change on Agriculture in Tierras 

Altas, Panama and Recommendations for Adaptation: 
Perspectives of Local Farmers 

 
April, 2018 

 

 

 

 

 

 

May Hobeika 

Audrey Constance Wagner 

McGill University 

Smithsonian Tropical Research Institute 

 

FUNDICCEP 

Cerro Punta, Chiriquí, Panama  

Tel.: 507 7712171  

Fax.: 507 7712171  

E-mail: amisconde@cwpanama.net 

 
 

 

 

 

 

 

 

 

 

Number of equivalent full days spent on the project: 31 

Number of equivalent full days spent in the field: 18 

 

 

 

 

 

 

mailto:amisconde@cwpanama.net


2 
 

Table of Contents 

 

1. Executive Summary and Introduction 

1.1 Executive Summary……………………………………………………….....….. 3 

1.2 Climate Change: Central America, Panama and Tierras Altas………………….. 6 

1.2.1 Climate Change in Central America………………............................ 6 

1.2.2 Climate Change in Panama……………………………….................. 7 

1.2.3 Climate Change in Tierras Altas……………….................................. 7 

1.3  Effects of Climate Change on Agriculture……………….................................... 8 

1.4 Tierras Altas ……………….................................................................................. 9 

1.4.1 Localisation of the district………………............................................ 9 

1.4.2 Biophysical background………………............................................... 9 

1.4.3 Agriculture in Tierras Altas………………........................................ 10 

1.5 Adaptation of Agricultural Systems to Climate Change ………………............. 11 

1.6 Host organization: FUNDICEPP ………………................................................. 12 

 

2. Research Question and Objectives……………….............................................................. 13 

 2.1 Research question……………….......................................................................... 13 

 2.2 Hypothesis………………..................................................................................... 13 

 2.3 Specific objectives related to the overall research question……………….......... 13 

 

3. Methodology……………………………………………………………………………... 14 

 3.1 Data Collection………………............................................................................. 14 

 3.2 Data Analysis………………................................................................................ 16 

 

4. Results………………......................................................................................................... 18 

 4.1. Results from the Survey……………….............................................................. 18 

PART I - Descriptive Statistics of the Population ………………........................ 18 

Part II - Climate Change And Its Effects On Agriculture………………............. 28 

Part III - Adaptation and Policy Recommendations ………………..................... 45 

4.2 Results from Specialist Interviews……………….................................................54 

4.3 Adaptation Strategy Diagrams ............................................................................. 60 

5. Discussion and Conclusion ………………........................................................................ 70 

6. Recommendations for Future Studies………………......................................................... 73 

 

Appendix………………......................................................................................................... 75 

A. Figures about Tierras Altas. ………………......................................................... 75 

B. Survey for Structured Interview with Farmers. ………………............................ 79 
C. Other 

a. Crops Produced in Tierras Altas………………………………………... 88 

b. Interview Consent Form ………………………………………………... 89 

c. Ethics Certificate ……………………………………………………….. 91 

 
Works Cited………………..................................................................................................... 92 



3 
 

1. Executive Summary  

 

Introduction 

Climate change is an increasing global threat that is experienced locally in various 

ways. Many studies have demonstrated the high vulnerability of the agricultural sector to 

climatic variability. As one of the most productive areas in Panama, Tierras Altas generates 

80% of the national horticultural production.  However, no studies exist so far to examine the 

experience of local farmers with climate change. The following report aims to determine the 

impacts of climate change on agriculture in Tierras Altas and to compile suitable adaptation 

practices. More specifically, this study determines (i) what local climatic changes farmers have 

observed; (ii) how climate change affects the production of the farmers; (iii) if local farmers 

are vulnerable to these impacts; and (iv) promising locally-effective adaptation strategies. 

Methods 

Over the span of four months from January to April of 2018, we conducted structured 

interviews with 30 randomly selected horticulture producers in Tierras Altas. Our survey 

includes closed questions, multiple-choice questions, short quantitative answers, Likert scale 

questions and open-ended questions. These allowed us to collected data about the 

demographical background of the farmers, their observations of climate change, the impacts of 

these changes and what adaptation practices they know and use. The data was analysed using 

measures of central tendencies, frequencies of answers and a Wilcoxon test of significance. 

Additionally, 4 specialist semi-structured interviews were performed with local experts in order 

to inform our discussion about the vulnerability of the producers and potential locally effective 

adaptation strategies. 
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Results 

Our findings support the hypothesis that climate change is experienced at the local level 

by farmers in Tierras Altas. The main observed climatic changes were increased drought, 

higher levels and intensity of rainfall, changes in the temporality of the seasons, changes in 

patterns of rainfall and changing temperatures. This large variety of identified climate changes 

reflects the variety of microclimates present in the area of study. While some farmers mostly 

observed increased rainfall and lower temperatures, others have noticed higher temperatures 

and increased droughts. Accordingly, our results suggest that these local climatic changes 

negatively impact yields to different degrees according to the location of the farm. Our study 

supports our hypothesis that local producers are vulnerable to these changes, as their 

livelihoods and their food security are affected. Local farmers know numerous adaptation 

practices that allow them to specifically prevent and mediate each local effect of climate change 

(drought and water scarcity, unexpected and heavy rainfall, changes in the timing of seasons 

and extreme temperatures). We compiled an inventory of climate change adaptation strategies 

informed by the specialist interviews. Farmers seem more familiar with adaptation practices to 

prevent damage from heavy rains, such as erosion, through using soil conservation practices. 

However, they also seem to have less knowledge of adaptation strategies to drought, for 

example, due to reliance on irrigation. Additionally, the main barriers to adapting cultivation 

practices to climate change have been identified as excessive investment costs, lack of time, 

high opportunity costs of educating themselves to find solutions, and lack of public 

infrastructure that facilitates the adaptation. The lack of governmental support increases the 

producer’s economic vulnerability, further reducing their efforts to find adaptation strategies 

perceived as expensive. The role of local NGOs such as FUNDICCEP to respond to the 

producers’ needs and to educate them about unfamiliar adaptation practices is hence 

strengthened. 
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Conclusion 

All interviewed producers have observed climate change in Tierras Altas. The effects 

of these changes vary according to the location of the farm in the area. Their impact on local 

production also varies in importance accordingly. The farmers of Tierras Altas are therefore 

indeed vulnerable to the effects of climate change. Adaptation strategies specific to each local 

climatic change have been identified. Efforts from local authorities, institutions and 

organisations are necessary in order to communicate such findings. Our study constitutes the 

first framework to track the experience of local producers with climate change in Tierras Altas. 

In order to track the evolution of these changes over time and develop future trends, we hope 

that this study will be repeated systematically every few years. These projections would allow 

for better preparation, implementation, and validation of locally-effective and relevant 

adaptation strategies to future climatic changes.  
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Introduction 

 
1.2 Climate Change: Central America, Panama and Tierras Altas 

1.2.1 Climate Change in Central America 

 Many have called climate change the most pressing issue of our time. Since experts 

anticipate climate changes to be rapid and relatively unpredictable, the consequences for human 

societies and ecosystems will be overwhelmingly negative, at least in the short to medium term, 

since systems require time to adapt and evolve to change (Intergovernmental Panel on Climate 

Change [IPCC], 2014b). While regional climatic changes are often difficult to accurately 

predict, this is particularly the case in Central America, a region heavily influenced by many 

complex interacting factors such as its location in the Inter-tropical Convergence Zone (ITCZ), 

the subtropical high of the North Atlantic and its associated trade winds, the Pacific Decadal 

Oscillation (PDO), and the El Niño-Southern Oscillation (ENSO) phenomenon, among others 

(Hidalgo et al., 2016; Amador et al. 2006). Furthermore, the highly variable topographical 

features throughout Central America add important complexity to the region’s climate and 

subsequent models (Hidalgo et al. 2016). Nonetheless, significant climate change predictions 

for Central America are still possible, and models show that the average temperatures in the 

region will continue to increase (Hannah et al. 2016; Hidalgo et al. 2016). In addition to a 

warming trend, experts predict an increase in climate variability, and an increase in extreme 

events such as droughts, heat waves, strong rainfall, floods, etc. in the coming decades (CI, 

2017). However, most studies, including Hidalgo et al. (2016), state that there have been no 

clearly significant precipitation trends in the region, due to high spatial and topographic 

variability. What is clear is that climate change will certainly have a serious effect on 

ecosystems and the provision of ecosystem services which support human livelihoods on the 

Central American Ismuth (Hannah et al. 2016).  
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 1.1.2 Climate Change in Panama 

A handful of studies touch on the observed and predicted climatic changes for Panama. 

A study by Hidalgo et al. (2016) which uses a high-resolution meteorological dataset from 1970 

to 1999 to observe climate variability in Central America, surprisingly identifies significant 

cooling trends in northern Panama, in addition to trends of increased precipitation in most of 

the country, asides from a drying trend in central Panama. The study also makes mid-century 

predictions in which Panama differs markedly from the other Central American countries, with 

anticipated wetter conditions, while higher latitudes are expected to see drier conditions 

(Imbach et al., 2012). Campbell et al. (2011) and Frabrega et al. (2013) also predict increased 

precipitation in Panama by 2050, all the while warning that the Pacific side of Panama could 

become increasingly prone to drought. Imbach et al. (2012) points out that changes in 

precipitation in Panama may be hard to predict, since the area is at the edge between clear 

decreasing precipitation trends to the north of it, and increasing precipitation trends to the south 

of it. Despite the potential for increased precipitation in Panama, runoff is expected to decrease 

with climate change, partly due to predicted increased evapotranspiration (Imbach et al., 2012). 

Lastly, montane and cloud forest zones may experience drying and reduced runoff, since 

increased temperatures tend to cause cloud bases to rise (Imbach et al., 2017).  

1.2.3 Climate Change in Tierras Altas 

Climate change predictions and studies for specific provinces and districts of Panama 

are far less numerous and increase in uncertainty. Our research focuses on a district in north-

western Panama named Tierras Altas, in the Chiriqui province. To date, little is known, at least 

in academic literature, about the climate changes which have occurred and which will continue 

to occur in Tierras Altas.  

Thus, our research is a much-needed contribution to observations of how the climate has been 

changing in this district. 



8 
 

1.2  Effects of Climate Change on Agriculture 

Agriculture is one of the most vulnerable sectors to climatic variability (Osborne et al., 

2012). Climatic anomalies resulting from climate change generate a large-scale socioeconomic 

impact at the regional level, especially in the agricultural sector which depends on affected 

hydrological variables such as runoff, soil moisture and evapotranspiration (Hidalgo 2016).  

Globally, changing rainfall regime and temperature behavior will result in flooding and 

landslides on cultivated land, changes and proliferation of pests and disease, shifts in the 

vegetative cycles and seasonality of crops, losses in yield and threat to food security (Fondo 

Financiero De Proyectos De Desarrollo [FONADE], 2013). From the point of view of 

smallholder farmers, increased interannual variability in rainfall and temperature is the most 

worrisome component of climate change (Verchot et al., 2007). It is important to note that 

increased CO2 concentration has the potential to increase productivity of certain crops. 

However, this is contested by some authors (Lyra et al., 2016; Ruane et al., 2013).  

Central America is forecasted to experience disproportionate ecological and agricultural 

impacts from climate change. The production of main crops is expected to decrease 

significantly with rising temperature, increasing the vulnerability of most smallholder farmers 

with limited adaptive capacity and high dependency on biodiversity and ecosystems such as 

clean water and pollinisation (Hannah et al. 2016). Central America has a high incidence of 

hurricanes, which negatively affect crop production and are expected to increase in frequency 

and intensity (Hannah et al., 2016). Maize and coffee, the two most important cultivated crops 

of Central America, are both projected to decrease in yield in climate change models (Hannah 

et al., 2016; Ruane et al., 2013). As outlined above, the variability in precipitation trends and 

the uncertainty in climate change predictions for Panama result in similarly uncertain effects 

of climate change on agriculture in the country (Osborne et al., 2012). Nevertheless, one can 

hypothesize that reduced runoff, higher variability and shifts in precipitation patterns, and 
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extreme precipitation events resulting in landslides in mountainous regions, will have the most 

severe impacts on agriculture in Panama and Tierras Altas. Furthermore, smallholder farmers 

in Panama and Tierras Altas are particularly vulnerable to the impacts of climate change on 

agriculture due to little government support, low adaptive capacity, lack of sufficient 

infrastructure, poverty and land on steep slopes prone to erosion and landslides (MIDA, 2014). 

1.4 Tierras Altas 

1.4.1 Localisation of the district 

Tierras Altas is the district 14 located in the western highlands of the province of 

Chiriquí (Figure 1.). The name of the district is derived from the mountainous relief of the 

region located to the north-west of Volcán Barú. The boundaries of the district have been 

determined by the Law 55 enacted on September 13th, 2013, which took effect on July 1st, 

2017, effectively separating Tierras Altas from the district of Bugaba. Tierras Altas is divided 

into five jurisdictions: Volcán (head town), Cerro Punta, Cuesta de Piedra, Nueva California 

and Paso Ancho. The district counts between 23,000 and 25,000 inhabitants (El Informe David, 

2015).  In 2010, Volcán had a population of 12,717 inhabitants and Cerro Punta had a 

population of 7,754 inhabitants (Municipio Bogaba, 2010). Cerro Punta (founded in 1953) has 

a surface of 105,1 km², Volcán (founded in 1924) has a surface of 233,7 km². Economically 

and politically, these are the two most important towns in the district. No information could be 

found about the other towns forming Tierras Altas.  

1.4.2. Biophysical background 

Tierras Altas is characterized by its high elevation, ranging from 1000 meters in Cuesta 

de Piedra to 2,344 meters above sea level in Cerro Punta, the highest town in the country. The 

topography of the region is rugged with steep slopes of an inclination greater than 45% 

(Autoridad Nacional del Ambiente de Panamá [ANAM], n.d.). The zone presents one of the 
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most complex reliefs of the highlands, with the presence of mountains, hills, plains, and 

lithological material of igneous and sedimentary origin from the nearby volcano (ANAM,  

n.d.). 

The sub-basin unit UCH4 in the sub-basin (102) of the river basin of Rio Chiriqui Viejo is a 

part of Tierras Altas (Figure 2.). The basin rises in the central mountain range and flows into 

the Pacific Ocean, with an altitude between 0 and 3320 meters above sea level (Figure 3.).  

Within the sub-basin 102, 7.6% of the area is protected as part of the Parque Internacional de 

La Amistad and the Parque Nacional Volcán Barú (Centro Agronómico Tropical de 

Investigación y Enseñanza [CATIE], 2014; Figure 4.). 

Like the rest of Panama, Tierras Altas has a tropical climate with a short dry season and rainy 

season. However, due to the high elevation, the district is characterized by a temperate humid 

or very humid microclimate1 (Aguilar & Fernández, 2014). These climates are defined by a 

precipitation over 60 mm every month or some months and an average temperature of the 

coldest month below 18° C, determined by the altitude of the region (Figure. 6). The region is 

composed of montane rainforest, low montane rainforest and very wet low mountain forest 

according to Holdridge’s life zones (ANAM, n.d. ; Figure 5).  

1.4.3 Agriculture in Tierras Altas 

According to the Instituto Nacional de Estadística y Censo (2011), 14.3% of the total 

agricultural producers in Panama cultivate the land in Chiriquí. In 2012, the agricultural sector 

accounted for 2.8% of the national GDP (Ministerio de Desarrollo Agropecuario [MIDA], 

2014). In the entire river sub-basin (102) of Rio Chiriqui Viejo, 45.6% of the area is dedicated 

to productive agriculture and forestry (CATIE, 2014; Figure 4.). There is also a floating 

population of about 2,000 to 3,000 workers and heads of families from the indigenous 

                                                
1 A microclimate is a particular climatic condition that differs in its characteristics from the 

surrounding climate, because of climatic and geographic elements specific to this area. 
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communities of Ngöbe and Buglé. They migrate to Cerro Punta to participate as direct labor in 

the horticultural and coffee activities of the area (ANAM, n.d.). 

Tierras Altas has deep and fertile soils of volcanic origin, due to their proximity to Volcán 

Barú. This soil quality has allowed the development of agriculture since the 1920s. Almost all 

vegetables produced in Panama are grown in the highlands of Tierras Altas. 70% of national 

potato cultivation occurs in the highlands of Cerro Punta (ANAM, n.d.). Other common crops 

are onions (70% of national production in Cerro Punta), cabbage (90% of national production 

in Cerro Punta and Boquete), lettuce (95% of national production), carrots, beet and fruits such 

as strawberry and blackberry (ANAM, n.d.). Horticulture and coffee are produced in the upper 

part of Cerro Punta, livestock in the middle part and large areas of banana, plantain and rice 

fields in its lower part (MIDA, 2014).  

The superficial matter of the soil however, is predominantly derived from volcanic ash. In 

combination with particular physical and hydrological characteristics, the entire area is very 

sensitive to erosion (Aguilar & Fernández, 2014). 

 1.5 Adaptation of Agricultural Systems to Climate Change 

 There is scientific consensus that climate change is already upon us and that mitigation 

alone will not be sufficient to buffer its consequences: adaptation is critical (Verchot et al., 

2007). There exists substantial literature on ways agricultural systems in the tropics can adapt 

to climate change. However, there is no literature on adaptation techniques which are proven 

to be specifically suited to the socio-economic, political, ecological and climatic context of 

Tierras Altas, Panama. Nonetheless, here we present a review of some promising adaptation 

methods and obstacles.  

Vignola et al. (2015) makes an important distinction between conventional agricultural 

adaptations, which include the increased use of synthetic fertilizers, pesticides and herbicides, 

highly-technological centralized irrigation systems and genetically modified seed varieties, and 



12 
 

Ecosystem-based Adaptation, which includes the use of organic fertilizers, mulch, integrated 

pest management, agroforestry, living fences, terracing and agrobiodiversity. Adaptations 

based on the conservation, restoration and sustainable management of ecosystem services tend 

to increase the resilience of agroecosystems and farming communities, while using affordable 

low-tech solutions grounded in local traditional knowledge. The effectiveness of particular 

adaptation techniques is highly context-dependent (Vignola et al., 2015). However, some basic 

principles, such as that of maximizing diversity, both biological and socioeconomic, within 

moderation, have been shown to universally increase system resilience (Meadows, 2008). 

Furthermore, techniques that combine adaptation with mitigation, for example by 

simultaneously preventing erosion and sequestering carbon, such as agroforestry, should be 

encouraged for obvious reasons (Verchot et al., 2007). 

Several obstacles to smallholder farmer adaptation are identified in the literature. Some of these 

barriers include lack of research on the local effectiveness of specific adaptation techniques; 

lack of extension programs for farmers; lack of governmental policies aimed at promoting 

agricultural adaptation to climate change, and lack of adaptive capacity due to a mix of factors 

(IPCC, 2014a; Vignola et al., 2015; Holland et al., 2016). 

1.6 Host organization: FUNDICEPP 

Fundación para el Desarrollo  Integral Comunitario y conservación de los ecosistemas 

en Panamá (Foundation for the integral community development and the conservation of 

ecosystems in Panama) is a local NGO based in Cerro Punta, Tierras Altas, Chiriquí, created 

in 1998. It is committed to the conservation of land and water, reforestation, organic farming 

through community management projects and environmental education. The organization 

maintains a high profile in addressing environmental issues at the level of the community but 

also at the institutional and legal level. FUNDICCEP has taken actions against the development 

of mega dam projects in the country and particularly in the province of Chiriquí, which have 
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great environmental impacts and significant social repercussions for the communities in the 

longer term. 

2. Research Question and Objectives 

2.1 Research question 

The goal of our study is to reveal the impacts of climate change on agriculture in Tierras 

Altas. More specifically, we (i) assess what climatic changes have been observed by local 

farmers; (ii) determine the impacts of climate change on local agriculture according to the 

perspective of farmers; (iii) assess to what extent these farmers are vulnerable to climate 

change; and (iv) develop recommendations for local adaptation to these effects of climate 

change on agriculture. 

2.2 Hypothesis 

 We hypothesize that (i) farmers have observed climatic changes in the region; (ii) 

farmers have experienced detrimental effects from climate change to their agricultural 

production; (iii) local farmers are vulnerable to climate change; and (iv) there exist locally 

effective adaptation strategies for agricultural systems in Tierras Altas.   

2.3 Specific objectives related to the overall research question 

(1) Determine how climate change has evolve in Tierras Altas in order to develop adequate 

adaptation recommendation, that can be implemented locally, to reduce the 

vulnerability of local farmers.  

(2) Show authorities figures that there is a significant local impact of climate change on 

agriculture, in the hope that this issue receives more attention from the government.  

(3) Create a basis of research which further research can build on, since there exists no 

prior research on this topic in Tierras Altas.  
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3.  Methodology 

3.1 Data Collection 

a) Archival Research  

In order to inform and direct the design of our survey, we built our background 

knowledge on the topic and visited Tierras Altas beforehand. We reviewed existing studies on 

the relationship between climate change and small-scale farming in Central America and in 

Panama. We also took notes on field observations about the agricultural sector and the 

microclimate in Tierras Altas. 

b) Structured Interviews with Farmers in Tierras Altas: Stratified, Random 

Sampling 

We conducted structured interviews with randomly selected farmers from a stratified 

sample. From the ca. 700 horticulture producers in the regions, we randomly selected 40 

farmers (Damaris Sanchez, 2018). For a population of 700, a sample size of 39 was calculated 

at a confidence level of 80% with a margin of error of 10%. Because of a lack of centralized 

register of local producers, we did not have access to the contact and localisation information 

of the entire studied population. Thus, we collected the data from different sources. These 

include the farmer cooperative San Isidro (about 100 members), the farmers in the irrigation 

system in construction in Tierras Altas (Consorcio Riegos de Panamá, 255 members), the 

organic farmers from GORACE (Grupo Orgánico de Agricultores Cerropunteños, about 7 

members), the farmers in the association AMIPILA (about 15 members) and from the 

association of producers of Tierras Altas (about 200 members). We then conducted stratified 

random sampling according to farmer association. In order to make sure that the groups are 

equally represented, we select 8% of the members from each group. Additionally, we added 2 

individuals to the sample of every group under 20 individuals, in order to make up for 

underrepresentation and a relatively small sample size. In case of cancelations or outdated 
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contact information we selected the next name on the same list. Due to time constraints, we 

reduced our sample to 30 individuals. The selection happened randomly, as we were faced with 

numerous cancellations.  

The procedure of the interviews was the following: we called the producer, presented ourselves 

and FUNDICCEP, and described the study. Most producers immediately accepted, only 2 out 

of more than 40 refused. We then determined the time and location of the meeting (at the 

FUNDICCEP office, at their house, at the producers’ association, in a restaurant, in a hotel or 

at their farm). The meetings were usually determined 2 days in advance. We generally 

confirmed again the night before, in the morning and 1 hour before the meeting to avoid 

cancellations. However, cancellations were frequent. The interviews lasted on average 1 hour.  

The structured interviews represent the largest part of our data collection and analysis. The 

interview includes closed Yes/No questions, closed multiple-choice questions, open-ended 

questions and Likert scales. Throughout this paper we use the terms “interview questions” and 

“survey” interchangeably, referring to the survey presented in Appendix B.  

c) Semi-structured Interviews with Specialists; Non-random, Snowball Sampling 

Our research is focused within the local boundaries of Tierras Altas. Key actors in the 

local community own valuable knowledge about local agriculture, climate and adaptation 

techniques. In order to access this knowledge, we conducted semi-structured specialists 

interviews through snowball sampling. These include Damaris Sanchez, head of FUNDICCEP; 

Ana Sanchez, organic fertilizer producer and member of the local conservation NGO 

AMIPILA (Amigos del Parque International La Amistad [Friends of the International Park La 

Amistad]); Cezar Gonzales, agricultural engineer at MIDA (Ministerio del Desarollo 

Agropecuario [Ministry of Agricultural Development]); and Arnulfo Gutiérrez, research 

coordinator at IDIAP (Instituto de Investigación Agropecuaria [Institute of Agricultural 
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Research]). We interviewed them with a list of specialized questions and made room for extra 

information during the interview. We recorded each interview and took notes of the answers.  

We certify that all interviews and research were carried out following the Code of Ethics of 

McGill University. 

 

3.2 Data Analysis 

a) Archival research 

We synthesised our findings from different studies about the effects of climate change 

on agriculture in Central America, Panama and Chiriquí in the introduction.  

b) Structured Interviews with Farmers in Tierras Altas;  Stratified, Random 

Sample 

Quantitative answers from the survey were coded to allow for statistical analysis. All 

answers were systematically entered into an Excel spreadsheet, mainly using 1s and 0s. For 

Yes/ No questions and quantitative answers, measures of central tendencies were calculated 

and graphs were produced. Qualitative open-ended questions were analysed by counting the 

frequency of answers to a question. Depending on the number of answers, bar diagrams were 

created to represent the frequency of answer or answers were ranked in a list according to their 

frequency.  

In order to analyze the data collected from Likert Scale 1 (number 3.2 in the survey), 

each of the 24 statements were treated individually using a Wilcoxon Signed-Rank Test. This 

statistical test was deemed to be most appropriate for several reasons: (a) the data does not 

follow a normal distribution, thus a non-parametric test is required; (b) responses may be 

clustered at the high and low extremes; (c) the 5-point Likert scale data is discrete, ordinal 

and has a limited range; (d) the sample size is relatively small (n=30), meaning that a 
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violation in the assumptions of a parametric test can falsify results2; and (e) the literature 

recommends using the Wilcoxon Signed-Rank Test for a single-sample Likert scale analysis 

(Willett, 2018).  

 The questions were organized into three categories according to the following 

hypotheses stated earlier, namely: (i) farmers have observed climatic changes in the region; (ii) 

farmers have experienced detrimental effects from climate change to their agricultural 

production; and (iii) local farmers are vulnerable to climate change. Based on the relevant 

hypotheses and the nature of the statements, null hypotheses were stated. Here an uncommon 

practice was necessary – multiple null hypotheses had to be selected for most of the statements, 

due to the ordinal, non-binomial nature of the Likert Scale. For example, in statement 20. Your 

yields have decreased in the last 10-15 years, the hypothesis H1 is that yields have indeed 

decreased, corresponding to H1A= 4 and H1B= 5, and leaving three null hypotheses to test: H0A= 

3, H0B= 2, and H0C= 1. Thus the null hypotheses were identified for each statement and 

compared to the data set in the Wilcoxon Signed-Rank Test3 with an alpha value of α=0.01. If 

at least one of the null hypotheses could not be rejected then it was concluded that the statement 

does not support the actual hypothesis. The null hypothesis selected determined whether it was 

appropriate to use a one-tailed or two-tailed test. 

c) Semi-structured Interviews with Specialists; Non-random, Snowball Sample 

We synthesised that answers of the 4 specialists according to (i) observed local climate 

change, (ii) recommended adaptation strategies to these changes, and (iii) challenges farmers 

are facing explaining their vulnerability. These results were compared to the results from the 

farmers interviews in order to inform the discussion and general understanding of the 

complexities of the issue. 

                                                
2 A t-test was first tried and yielded several false positives.  
3 A Wilcoxon Signed-Rank Test Calculator was used on the following website: 

http://www.socscistatistics.com/tests/signedranks/Default2.aspx 
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4. Results 

4.1. Results from the Survey 

PART I - Descriptive Statistics of the Population 

See the referenced survey questions in Appendix B. 

Question 1.4. The average age of our population is 54 years and the median is at 51 

years. The range of ages is between 30 years and 85 years.  

Question 1.5. Our sample counts 4 women (13.33%) and 26 men (86.67%). 

Question 1.7. Graph 1 shows the educational level of the farmers in Tierras Altas. 

Slightly more than half did not pursue university level education. 

Graph 1. 

 

 

Question 2.11. The average size of the farms is 31.84ha. The median is at 14ha. The 

standard deviation is 59.38ha. The largest farm counts 300ha and the smallest one 0.9ha. Graph 

2 shows the proportion of the farms that fall into each range of farm size. 40% of the farms 

have between 5 and 15ha. 
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Graph 2.

 

Question 2.13. On average farmers in Tierras Altas have 15.61% of forest on their land 

(median at 13.33%). The largest proportion of forest on a plot is 55.56%. 

 

Question 2.14. Graph 3 shows the relative frequency of tenure statuses of the producer’s 

land. Most producers own at least a property title. One third of the farmers own a possessory 

right amongst other land tenure statuses. This status is especially frequent in Tierras Altas since 

the district is located between two national parks (Parque Volcan Baru and Parque 

Internacional La Amistad). Because many farmers in the region owned the land before the 

creation of the park, they were granted possessory right. 
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Graph 3.  

 

Question 2.21. On average, the farmers have been in charge of their farm for 20 years 

(median of 20 years as well). The range of experience as a farmers in charge goes from 2 years 

up to 60 years. 

Question 2.22. 60% of the farmers have inherited their land. 

Question 2.31. 60% of the farmers reported that they benefit from the forest in their 

agricultural activity and 60% also stated that they depend on rivers for their production.  

Question 2.41. Graph 4 shows the types of crops produced in Tierras Altas and ranks 

them according to frequency of cultivation. The exact percentages can be found in Table 1 of 

Appendix C. Our data supports the hypothesis, that smaller farmers produce a larger variety of 

crops compared to larger operations (Anríquez & Bonomi, 2007). This hypothesis should be 

tested in future studies by correlating the variety of crops of each farmer with the size of his 

farm. 
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Graph 4. 

 

 

 

 

 

Question 2.41.1. Graph 5 below shows the most cultivated crops in Tierras Altas. The 

main ones are potatoes, onions, cabbage, carrots, celery and lettuce. 
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Graph 5.

 

 

 

Question 2.41.2. Graph 6 below shows the most profitable crops in Tierras Altas, 

namely potatoes, onions, carrots, lettuce and zucchini. It is important to note that our data 

collection was based on vegetable producer lists; livestock producers are therefore excluded 

from our population. In this case, livestock is only a secondary activity.  
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Graph 6. 

 

 

Question 2.42. 100% of the farmers use fertilizer, mostly chemical based 

complemented with organic ones.  

Question 2.44. 70% of the sample use irrigation and 70% have had water shortages.  

Question 2.45. 96.67% buy seeds and 36.67% also produce them themselves. 

Question 2.46. Graph 7 below shows the rate of use of cultivation techniques. Mostly 

manual labour is used to cultivate the land in Tierras Altas. The work force is predominantly 

of Ngöble-Buglé indigenous origin. The employed cultivation technique is dependent on the 

topography of the farmer’s land, especially the steepness of the plot, where machinery is not 
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appropriate. No exact data has been collected about the use of greenhouses. We hypothesise 

that 16.67% of the farmers (5 out of 30) used greenhouses as a central technique to grow crops, 

however that data to support this number is lacking. From our observations, we also 

hypothesise that only the larger operations and producers with large capital own greenhouses. 

However, during the interviews many farmers reported that they were planning  or have the 

project to build greenhouses in the future. The use of greenhouses is therefore a growing trend 

and we recommend to include this data collection in future studies.  

Graph 7. 

 

 

Question 2.48. Graph 8 below shows the frequency of the use of resources for advice 

by the farmers in Tierras Altas. 60% approach agrochemical stores when they encounter 

problems in their crops. This proportion indicates a dependency on agrochemicals, which 

reduces prospects for the implementation of effective adaptation practices to climate change 
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(Part III). A little over one fifth of the producers seek advice in local producer associations and 

cooperatives as well as through their own education. Government institutions such as MIDA 

and IDIAP are only used by 10% of the farmers. From our field observations, we hypothesis 

that those are the wealthier and more educated farmers, with a lower opportunity cost of 

education instead of working. A precise correlation should be performed to measure this link 

in future studies. 

Graph 8. 
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Question 2.51. On average 27 workers are employed by the farm owner. The median is 

at 10 workers and the standard deviation at 58.24. The maximum number of workers is 306 

workers. These numbers support the strong dependence on work force to cultivate the land. In 

future studies a correlation between number of employees and size of the farm should be 

established. 

Question 2.6. 96.55% of the farmers consume food from their own production and 

100% consume food from supermarkets that they purchase. These numbers show that all the 

farmers dependent on the market. None of them is entirely a are subsistence farmers. 

Question 2.7.Graph 9 below shows where local producers sell their crops. 86.2% sell 

their crops indirectly through an intermediary. 31% of the products are sold in  small markets, 

while over one third (38%) of the farmers directly sells to large supermarkets with a fixed 

contract and fixed prices. Supermarkets have strict requirements for the quality and standards 

of vegetables. In order to be on their market, producers need stead yields and constant quality. 

Larger operations have a competitive advantage in this respect, since they have the ability to 

invest in controlled cultivation environments and techniques such as greenhouses and 

hydroponics.  Smallholders have less savings and less ability to invest. They are less able to 

invest in cultivation technology giving them more control and therefore more vulnerable to the 

effects of climate change on their production. This affects their level of yields and the quality 

of their produce. As larger operations benefit from direct sales to supermarkets with steady 

prices, they can invest more in the quality of the products, increasing their competitive 

advantage compared to smallholders. Inequalities are hence increased and the vulnerability of 

smaller farmers is perpetuated (Poulton, Dorward & Kydd, 2010). In future studies a 

correlation should be made between the size of the farm and direct sales to a large supermarket. 

Most products are sold in Panama City. None of the crops are exported, showing that the 

agricultural sector in Panama largely only supplies domestic demands. 



27 
 

Graph 9. 

 

Question 2.73. Graph 10 below represents the proportion of farmers that consume a 

range of the share of subsistence in their diet. About half consume 5% to 20% of food from 

their own production in their general diet. Almost a quarter of the farmers consume over 40% 

of food from their own production in their diet. 

Graph 10. 
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Question 2.81. 6.67% of the sample are organic farmers. This low proportion is 

explained by the so far absence of national public certification that would create a larger market 

and demand for organic vegetables. A national certification programme has only been created 

this current year. 

Question 2.82. 40% of the producers believe that organic farms are more profitable. 

Question 2.91. Agriculture is the only source of income for 70% of the farmers. The 

negative effects of climatic changes on their production therefore directly impact their 

livelihood by making them economically more vulnerable (see Part II). 

Question 2.93. 83.33% of the farmers have access to credit. Those who lack access are 

either too old or have no collateral. This is especially frequent in the region of Tierras Altas 

since the district is located between two national parks (Parque Volcan Baru and Parque 

Internacional La Amistad). Many farmers in the region owned the land before the creation of 

the park. However, they now own a possessory right which does not give them access to credit. 

If they do not own other land for collateral, they have no access to credit. 

 

 

 

 

Part II - Climate Change And Its Effects On Agriculture 

Question 3.1. The results from question 3.1 in the survey are organized into the 

following two tables and ranked according to frequency of answers.  

Question 3.1.A. Results 



29 
 

Table 1. Observed Climatic Changes by the Farmers in Tierras Altas, Ranked by Frequency 

of Answer 

 

Question 3.1.A. Discussion 

Overall, 15 different climatic changes have been identified by the farmers from their 

experience in the field. This high number reveals the high diversity of climatic changes and 

their effects in Tierras Altas. The main identified factors of climatic variation are changing 

temperatures, changing levels and intensity of rainfall, changes in the beginning and end of a 

season, frequency of extreme weather events and abundance and intensity of sunlight. 

Accordingly, farmers most frequently observed increased droughts and water scarcity, with a 

rate of answers of 46.6%. These times of water scarcity can occur during an extended dry 

season but also unexpectedly during the wet season. The second most frequently observed 

climatic change is the irregularity of the climate in terms of average temperatures and amount 

of rainfall from one year to another, with a rate of answer of 43.3%. Additionally, 43.3% of the 

farmers have observed a change in the end/beginning of the dry and wet seasons. The seasons 

are less exact, less predictable and change from one year to the other. 36.6% of the producers 
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reported an irregularity in the month of rainfall, pointing out the possibility of rain during the 

dry season and the absence of rain during the wet season. While 30% of the farmers have 

observed higher levels of annual rainfall, 30% have also reported higher temperatures during 

the dry season. 23.3% of the farmers also identified harder rainfall when it is raining. 16.6% of 

all interviewed farmers identified extreme temperatures on the scale of a year and between day 

and night; a higher frequency of extreme weather events; lower temperatures; longer dry 

seasons with less rain and higher temperatures; stronger winds; longer wet seasons with more, 

intense rainfall and lower temperatures; and less sunlight due to more cloud cover. Finally, 

6.6% reported a higher intensity of the sun. 

The high diversity and variability of climatic changes observed by the farmers are a 

consequence of the high diversity of microclimates the district of Tierras Altas includes. Map 

1 shows the spatial distribution of the farms of the interviewed producers in Tierras Altas 

(Appendix 1). Assuming that our sample is representative of the entire population of producers, 

the density of the population is highest around the “corregimiento” of Cerro Punta (Appendix, 

Map 1). As a result, the rates of climatic changes identified by the farmers are representative 

of the spatial distribution of the farms. Hence although the different microclimates are faced 

with various different local climatic changes, the relative rates of response of identified climatic 

changes should be representative of the entire population. Despite the variety of local climatic 

changes producers are facing, the most frequently identified changes should be proportional to 

the spatial distribution of the population (Appendix 1, Table 1). Since the majority of the farms 

are clustered around the “corregimiento” of Cerro Punta, observed local climatic changes have 

been reported proportionally (Appendix, Map 1). These changes have significant effects on the 

farmers’ production, as described below in Table 2 and illustrated by the frequency of 

adaptation techniques used by the farmers (Part III). The identified effects on production are 

proportional to the geographical distribution of the sample as well. 
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 Question 3.1.B. Results 

Table 2. Observed Impacts of Climate Change by the Farmers in Tierras Altas, Ranked 

by Frequency of Answer 

 

Question 3.1.B. Discussion 

40% of the interviewed producers reported that the climatic changes caused higher 

stress levels on their plants resulting in more damaged and lower quality crops, of smaller 

average size. 23.3% observed a change in the quantity of harvested crops. During the interview, 

several farmers explained these losses due to heavy rains. One fifth of the sample reported that 

the observed climatic changes caused them to change the beginning of the sowing period. 

16.6% reported increased pest levels. It remains unclear if this effect is caused exclusively by 

climate change, which is highly unlikely. Pest adaptation to pesticides is likely to factor into 

this observation as well. 13.3% reported a decrease in the quality of their crops during more 

intense dry seasons. A change in the blooming of fruit trees has also been observed, generally 

a delay and a decreased level of blooming compared to other years. Increased levels of fungi, 

unexpected weed growth, higher levels of erosion, lower water retention in the soil and 

decreasing river levels have also been reported by a small proportion of farmers. 
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Question 3.2 

The results from the Likert Scale in question 3.2, which makes up the bulk of our 

quantitative data, are illustrated in the tables below and discussed. 

Table 3 - Hypothesis (i) – Farmers have observed climatic changes in the region 

Results from Wilcoxon Signed-Rank Test  

Survey Question 3.2 – Likert Scale A 

Statement  Mean Median Var. Test Result  Conclusion 

1. The beginning of the rainy season 

is the same as in the past.  

1.47 1 
Strongly 

disagree 

0.67 Reject null A 

(5) 
Supports 

hypothesis Reject null B 

(4) 

Reject null C 

(3) 

2. The date for the start of the dry 

season has changed. 

4.50 5 
Strongly 

agree 

0.47 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

3. You have noticed tendencies of 

climate change in Tierras Altas in 

the past 30-40 years. 

4.80 5 
Strongly 

agree 

0.17 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

4. The climate has changed in your 

lifetime.  

4.47 4 
Agree 

0.26 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

5. The temperatures are lower than 

in the past.  

2.57 2 
Disagree 

1.91 Cannot reject 

null A (3) 
Does not 

support 

6. There is more rain than before.  2.87 3 
Neither 

agree nor 

disagree 

1.71 Cannot reject 

null A (3) 
Does not 

support 

7. The rain patterns have changed.  4.63 5 
Strongly 

agree 

0.65 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

8. When it rains, the rain is 

stronger/more intense than before.  

4.40 5 
Strongly 

agree 

0.66 Reject null A 

(3) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(1) 

9. There has been a decrease in 

floods.  

2.30 2 
Disagree 

0.84 Reject null A 

(3) 
Supports 

hypothesis Reject null B 

(4) 

Reject null C 

(5) 

4.03 4 1.21 Reject null A 

(3) 
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10. There is more drought than 

before. 

Agree Reject null B 

(2) 
Supports 

hypothesis Reject null C 

(1) 

11. There has been changes in the 

moisture & water retention in the 

soil. 

4.21 4 
Agree 

0.62 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

12. There are bigger landslides than 

before.  

4.47 5 
Strongly 

agree 

0.60 Reject null A 

(3) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(1) 

13. There are less extreme climatic 

events and natural disasters today 

than before.  

2.20 2 
Disagree 

1.54 Reject null A 

(3) 
Supports 

hypothesis Reject null B 

(4) 

Reject null C 

(5) 

 

Table 4 - Frequency and percentage of statements which support hypothesis (i) 

Results from Wilcoxon Signed-Rank Test  

Survey Question 3.2 – Likert Scale A 

Frequency of support Percentage 

11 out of 13 statements 85% 

 

Table 5 - Hypothesis (ii) – Farmers have experienced detrimental effects from climate 

change to their agricultural production 

Results from Wilcoxon Signed-Rank Test  

Survey Question 3.2 – Likert Scale A 

Statement  Mean Median Var. Test Result  Conclusion 

14. There has been an increase in 

pests and disease in your crops in 

the latest years.  

4.33 5 
Strongly 

agree 

0.85 Reject null A 

(3) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(1) 

15. You have noticed some soil 

erosion or degradation on your land. 

3.70 4 
Agree 

1.40 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

16. Climate change has affected 

your crops/production.  

4.27 4.5 
Strongly 

agree/ 

Agree 

0.96 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

3.53 4 1.22 Cannot reject 

null A (3) 
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20. Your yields have diminished in 

the last 10-15 years.  

Agree Reject null B 

(2) 
Does not 

support Reject null C 

(1) 

23. Your profits have increased in 

the last 10-15 years.   

2.66 3 
Neither 

agree nor 

disagree 

0.92 Cannot reject 

null A (3) 
Does not 

support Reject null B 

(4) 

Reject null C 

(5) 

24. You have suffered loses as a 

consequence of extreme climatic 

events.   

4.30 4 
Agree 

0.7 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

 

Table 6 - Frequency and percentage of statements which support hypothesis (ii)  

Results from Wilcoxon Signed-Rank Test  

Survey Question 3.2 – Likert Scale A 

Frequency of support Percentage 

4 out of 6 statements 67% 

 

Table 7 - Hypothesis (iii) – Local farmers are vulnerable to climate change 

Results from Wilcoxon Signed-Rank Test  

Survey Question 3.2 – Likert Scale A 

Statement  Mean Median Var. Test Result  Conclusion 

17. Climate change is a significant 

threat for your farm.   

4.43 4 
Agree 

0.25 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

18. The effects of climate change on 

your production have affected the 

food security of your household.  

3.17 3.5 
Agree/ 

Neither 

agree nor 

disagree 

2.21 Reject null A 

(1) 
Does not 

support  Reject null B 

(2) 

Cannot reject 

null C (3) 

19. In the past 5 years, the quality of 

life of your family has been affected 

due to a reduction in production or 

losses linked to environmental 

conditions.   

2.86 2.5 
Disagree/ 

Neither 

agree nor 

disagree 

2.12 Reject null A 

(1) 
Does not 

support Reject null B 

(2) 

Cannot reject 

null C (3) 

20. Your yields have diminished in 

the last 10-15 years.  

3.53 4 
Agree 

1.22 Cannot reject 

null A (3) 
Does not 

support Reject null B 

(2) 

Reject null C 

(1) 

2.53 2 2.12 Reject null A 

(5) 
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21. The market prices of the crops 

you cultivate have remained stable 

throughout the years.    

Disagree Reject null B 

(4) 
Does not 

support** Cannot reject 

null C (3)* 

22. The effects of climate change 

affect your ability to pay off your 

credit.    

4.07 4 
Agree 

0.92 Reject null A 

(1) 
Supports 

hypothesis Reject null B 

(2) 

Reject null C 

(3) 

23. Your profits have increased in 

the last 10-15 years.   

2.66 3 
Neither 

agree nor 

disagree 

0.92 Cannot reject 

null A (3) 
Does not 

support Reject null B 

(4) 

Reject null C 

(5) 

* Cannot reject null C (3) at a significance level of α=0.01, but can reject null C (3) at α=0.05 

** H1A=2 cannot be rejected 

Table 8 - Frequency and percentage of statements which support hypothesis (iii) 

Results from survey question 3.2 – Likert A 

Frequency of support Percentage 

2 out of 7 statements 29% 

 

Table 9 - Percentage of farmers’ responses to survey question 3.2 – Likert A 

No. % Statement 

1. 97% disagree/strongly disagree that the beginning of the rainy season is the same 

as in the past. 

2. 97% agree/strongly agree that the date for the start of the dry season has changed. 

3. 100% agree/strongly agree that they have noticed tendencies of climate change in 

Tierras Altas in the past years. 

4. 100% agree/strongly agree that the climate has changed in their lifetime.  

5. 57% disagree/strongly disagree that temperatures are lower than in the past. 

27% agree/strongly agree that temperatures are lower than in the past. 

6. 33% disagree/strongly disagree that there is more rain than before.  

33% agree/strongly agree that there is more rain than before.  

7. 97% agree/strongly agree that rain patterns have changed.  

8. 87% agree/strongly agree that, when it rains, the rain is stronger/more intense 

than before. 

9.  73% disagree/strongly disagree that there has been a decrease in floods.  
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10. 70% agree/strongly agree that there is more drought than before.  

11. 87% agree/strongly agree that there has been changes in the moisture & water 

retention in the soil. 

12. 90% agree/strongly agree that there are bigger landslides than before. 

13.  70% disagree/strongly disagree that there are less extreme climatic events and 

natural disasters today than before. 

14. 90% agree/strongly agree that there has been an increase in pests and disease in 

their crops in the latest years. 

15. 73% agree/strongly agree that they have noticed some soil erosion or degradation 

on their land. 

16.  87% agree/strongly agree that climate change has affected their crops/production. 

17. 100% agree/strongly agree that climate change is a significant threat to their farm.   

18. 50% agree/strongly agree that the effects of climate change on their production 

have affected the food security of their household. 

19. 37% agree/strongly agree that in the past 5 years, the quality of life of their 

family has been affected due to a reduction in production or losses linked to 

environmental conditions.   

20.  57% agree/strongly agree that their yields have diminished in the last 10-15 

years. 

21.  60% disagree/strongly disagree that the market prices of the crops they cultivate 

have remained stable throughout the years.    

22. 81% agree/strongly agree that the effects of climate change affect their ability to 

pay off their credit.    

23.  40% disagree/strongly disagree that their profits have increased in the last 10-15 

years.   

24.  90% agree/strongly agree that they have suffered loses as a consequence of 

extreme climatic events.   

 

Discussion of results of Likert Scale 1 

 Eleven out of thirteen results support hypothesis (i), indicating that farmers have 

observed climatic changes in Tierras Altas. The local farmers’ experience with climate change 

can be used as a proxy to allow us to say with confidence that regional climate change is indeed 
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taking place in the district. From the many statistics presented above, one that stands out in 

particular is that 100% of farmers have noticed climate change trends in Tierras Altas in the 

past years and believe that the climate has changed in their lifetimes (Likert A-3 &4). The data 

allows us to see which specific types of climatic changes are taking place locally, for example, 

87% of farmers agree that when it rains, the rain is stronger/more intense than before (Likert 

A-8). All farmers except for one agree that the start and end dates of the dry and rainy seasons 

have shifted and that rain patterns have changed (Likert A-1, 2 & 7). Over a third of farmers 

report an increase in floods, 70% state that there is more drought, 90% note an increase in 

landslides and 70% have observed an increase in natural disasters overall in recent years (Likert 

A-9, 10, 12 & 13). However, we received mixed and inconclusive results related to the direction 

of temperature and rainfall changes. While 57% of farmers have noticed a warming trend, 27% 

have noticed the opposite (Likert A-5). This is highly likely to be due to the variation in altitude 

across the region of study, which creates several microclimates. Similarly, 33% of respondents 

have noticed an increase in precipitation over the past few years, while an equal amount have 

noticed the opposite (Likert A-6). Certainly, more studies are needed to determine clear trends 

in the temperature and rainfall patterns in the future.  

 Four out of six statements support hypothesis (ii), which shows that farmers have 

experienced detrimental effects from climate change to their agricultural production. 

Specifically, 87% agree that climate change has affected their production (Likert A-16) , and 

90% agree that they have suffered losses attributed to climate change (Likert A-24). Although 

we could not reject the null hypotheses for statements 20 and 23, we still found that 57% of 

farmers have been experiencing diminishing yields in the past years (Likert A-20), and that 

40% have seen either stagnant or diminishing profits (Likert A-23). Overall, these results make 

it clear that climate change is having a large impact on food production in Panama’s 

breadbasket region. While Likert A questions 14 and 15 were found to be statistically 
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significant, the correlation between the statement and climate change can be considered as 

weak. 90% of farmers have experienced an increase in pests and diseases in their crop in recent 

years, and while this is a big problem, it cannot be entirely attributed to a consequence of 

climate change. It is possible that climate change is allowing for pest cycles to quicken due to 

warmer temperatures (MIDA, 2018) and/or other previously unseen irregularities in 

temperature and precipitation, however other phenomenon such as increased globalization and 

developing resistance to pesticides cannot be ruled out as important contributors. Similarly, 

although 73% of farmers have noticed erosion on their land, this question does not imply an 

increase in erosion in recent years. Moreover, erosion of farmland is occurring extensively all 

around the world and is worsened by a variety of factors. Climate change does have the 

potential to increase erosion through harder, more intense rainfall, but our survey results do not 

allow us to make the assumption that climate change is directly causing the erosion of local 

farmers’ lands.  

 Hypothesis (iii) is supported by two out of seven statements, indicating that this 

population of farmers is vulnerable to climate change, at least to some extent. Most notably, 

100% (Likert A-17) of farmers agree that climate change is a significant threat to their farm. 

50% of the farmers have seen climate change have an impact on their household food security 

and 37% have had their quality of life negatively affected by extreme climate conditions (Likert 

A-18 & 19). Although the statistical tests did not consider these results to be statistically 

significant, the proportions are striking nevertheless and have important implications: half of 

the farmers of Tierras Altas and their families are vulnerable to experience some level of food 

insecurity because of climate change. This statistic should stand out to the national government 

and, since food security is a human right, spur them into action to come to the aid of their 

people. Moreover, 81% of farmers state that their ability to pay off their credit is compromised 

by climate change., 60% of farmers are subject to incessant and unpredictable market price 
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fluctuations (Likert A-22 & 21). Both of these factors put farmers at risk of plunging below the 

poverty line, if they are not below it already. As mentioned above, Likert A questions 20 and 

23 expose that a large proportion of farmers in the region are experiencing diminishing yields 

and profits. While this may be caused, in part, by climate change, it also means that these 

farmers are more vulnerable to climate change, since it means that they have less savings and 

resources to invest in adaptation strategies. They associate effective adaptation strategies with 

high costs, such as greenhouses and polytunnels, and often lack knowledge of other, more 

affordable adaptation strategies. Overall, enough of the results are consistent with our 

hypothesis, demonstrating that the local farmers are vulnerable to the impacts of climate 

change. 

Question 3.3. On average, farmers have lost 25% of their annual production in the past 

5 years (median 20%). The standard deviation of losses is 18% and losses range from 0 up to 

100%.  

Question 3.4. 

Question 3.4 in the survey asks respondents to place a relative importance on eight 

different factors: drought; excessive rainfall; erosion; fungal diseases; pest insects; landslides; 

extreme temperatures (too hot or too cold); and unpredictability of precipitation, based on the 

relative level of losses and damages they cause for the farmers’ production. The farmers have 

the choice between answering: no importance (1 point); a bit of importance (2 points); and a 

lot of importance (3 points). The following table shows the results of the producers’ answers. 
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Table 10 – The relative importance of each factor for its contributions to farmers’ losses 

in production 

Results of Survey Question 3.4 – Likert Scale B 

Rank Factor Mean 

Ranging 

from 1 - 

3 

Standard 

Deviation 

% of farmers 

who believe 

this is a big 

problem of 

high relative 

importance for 

the losses in 

their 

production 

Significance test 

result 

1.  Excessive rainfall 2.63 0.31 67% Reject null 

hypothesis 

2. Unpredictability of 

precipitation 

2.40 0.39 47% Reject null 

hypothesis 

3. Fungal disease 2.40 0.39 47% Reject null 

hypothesis 

4. Insect pests 2.37 0.38 43% Reject null 

hypothesis 

5. Extreme temperatures 2.20 0.58 40% Reject null 

hypothesis 

6. Drought 2.17 0.75 37% Reject null 

hypothesis 

7. Erosion 1.90 0.51 20% Reject null 

hypothesis 

8. Landslides 1.53 0.40 6% Reject null 

hypothesis 

 

 Graph 11 represents the degree of negative impact of climate change factors on local 

agricultural production on a scale from 1 to 3. The factor that causes the most damage and the 

most losses in crops is excessive rainfall, followed by the unpredictability of rainfall. Fungi are 

a consequence of the first factor.  
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Graph 11. 

 

 

 

Question 3.5. Graph 12 illustrates the crops most sensitive to climate change, namely 

potatoes, lettuce, onions and celery. These are also the most cultivated ones and the ones 

farmers depend on most for profits. This has potential negative implications on the farmers’ 

livelihoods, as it increases their vulnerability. 
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Graph 12 

 

 

Drought 

 In the survey question 3.1, which asks respondents to list which climate changes they 

have observed prior to being asked more specific leading questions, more drought ranked first 

with the highest frequency, mentioned by 46.6% of farmers. A higher intensity of dry season 

was also observed in question 3.1 by 16.6% of farmers. When prompted in survey question 3.2 

(Likert A-10), 70% of respondents agreed/strongly agreed that there in more drought than 

before. Contrastingly, in question 3.4 (Likert B), drought ranked in 6th position out of eight, 

with 37% of farmers assigning it with high relative importance to their losses in production. 

This discrepancy may be due to the fact that 70% of farmers have access to an irrigation system, 

which allows them to mitigate the effect of drought, compared to other less controllable factors. 

It is worth noting that drought had the highest standard deviation in question 3.4, indicating 

that answers varied significantly between farmers. This can be explained by the fact that 

drought will most probably not cause the majority of the losses for farmers who have access to 
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an irrigation system, while for farmers who do not have access to one drought will almost 

certainly have a severe impact. Furthermore, the prominence of drought is particularly 

important in the face of reduced runoff and lowering river water levels, which is both expected 

to occur and has been observed by specialists in the region. Since most of the irrigation water 

used by farmers is sourced from rivers, dependence on irrigation will become more and more 

risky; if river water levels get critically low, restrictions may have to be placed on irrigation 

use in the region so as to not suck the rivers completely dry, having severe ecological, social 

and economic repercussions. We can conclude from our results that drought is becoming 

increasingly frequent, intense and unpredictable than in the past, which is almost certainly a 

direct effect of global climate change. In order to reduce pressure on rivers through irrigation 

requirements, other adaptation strategies for drought must be implemented by farmers of the 

region.  

Extreme Temperatures 

 Extreme temperatures rank 8th in survey question 3.1, with 17% of farmers mentioning 

that they observed an increase in this factor. In the same survey question, 30% of respondents 

also observed higher temperatures in the dry season, and 17% observed lower temperatures in 

the wet season. In question 3.4, extreme temperatures ranked 5th out of 8 for its contributions 

to farmers’ losses, with 40% of farmers saying it causes a lot of losses. Lastly, in question 3.2 

(Likert A-5), 27% of producers agreed/strongly agreed that temperatures are lower than before, 

and 57% disagreeing/strongly disagreeing with this statement. Although clearly not the most 

decisive of our results, it nonetheless seems like some farmers have experienced more extreme 

temperatures in Tierras Altas, and that these extreme temperatures are responsible for some 

losses in production.  
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Excess rain and higher rain intensity 

 Higher levels of rainfall ranks fifth in the frequency table of question 3.1, with 30% of 

farmers mentioning having observed higher levels of rainfall in recent years. Question 3.2 

(Likert A-6) yielded mixed results, with a third of farmers agreeing/strongly agreeing that there 

is more rain than before, and another third disagreeing with this statement, often commenting 

that they believe there is less rain than before. Nevertheless, 97% of farmers agree/strongly 

agree that rain patterns have changed, one way or another (Likert A-7). Interestingly, the results 

from question 3.4 show excess rain as being the number one factor that causes the most severe 

damages according to farmers, where 67% of farmers say that excessive rains are responsible 

for substantial losses in their production. Thus, although only a minority of farmers believe that 

there is more rain than before, excessive rainfall is the climatic factor which causes the greatest 

crop damage. While the jury is still out for an increase in rain, the vast majority of farmers 

(87% from Likert A-8) agree/strongly agree that rains are harder/more intense than in the past. 

Harder rain/higher rain intensity also ranks 7th in frequency of mention in question 3.1, with 

23% of farmers listing this observation before being prompted. More intense rainfall can be 

problematic, since it can cause more erosion, can trigger floods and landslides, and can run off 

the land more easily, resulting in less water infiltration and storage in the soil. This may 

correlate with our findings that 87% of farmers agree/strongly agree that there has been changes 

in the moisture & water retention in the soil (Likert A-11). These results reiterate the utmost 

importance of adaptation strategies to both excessive rainfall and greater rainfall intensity, 

since the latter is occurring with certainty, carrying serious repercussions, and the former is 

responsible for a large proportion of crop failures.  

Unpredictability of rainfall / season change 

 Unpredictability of precipitation ranks second in importance for causing losses in 

production, with 47% of farmers assigning it with high importance. 97% of farmers 
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agree/strongly agree that rain patterns have changed (Likert A-7), and the same amount 

agree/strongly agree that the dates of the rainy and dry seasons have shifted significantly (Likert 

A-1&2). In question 3.1, changes in the end/beginning of wet/dry season ranks second in 

frequency, with 43% of farmers mentioning this change, unprompted. 37% attest to having 

observed irregularity in months of rainfall, while 43% complain about great irregularity 

between years. This means that there exists both great interannual variability (variability from 

one year to another) and intra-annual variability (variability within a particular year) in 

precipitation, temporally and quantity-wise. (*rains during dry season, drought during wet 

season). These uncertainties pose an important challenge for farmers to know when to sow their 

crops and what crops to sow in a specific year. 

 

Part III - Adaptation and Policy Recommendations  

 Question 4.13. Results 

Table 11. Adaptation Practices Used By Farmers Against Soil Erosion, Ranked By Frequency 

of Answer 

  

Rank Adaptation Practice Against Soil Erosion Frequency of Answer in % 

(Multiple Answers) 

1 Use a Drainage System with Water Canals 66.6 

2 Use Living Fences 50 

3 Reforest 50 

4 Contour Cultivation 36.6 

5 Cultivate On Smaller And Higher Parcels 26.6 

6 Use Terraces 23.3 

7 Use Less Machinery 20 

8 Use Organic Mulch 13.3 

9 Do Crop Rotation 13.3 

10 Reforest with Fruit Trees            10 
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11 No-Till Cropping 6.6 

12 Let Land Lie Fallow Without Weeding 6.6 

 
 

 Question 4.14. Results 

 

Table 12. Adaptation Practices Used By Farmers Against Drought And Water Scarcity, 

Ranked By Frequency of Answer 

Rank Adaptation Practice Against Drought and 

Water Scarcity 

Frequency of Answer in % 

(Multiple Answers) 

1 Use An Irrigation System 70 

2 Collect Rainwater 26.6 

3 Keep A Vegetation Cover 20 

4 Sow Native Crops Adapted To Water Scarcity 16.6 

5 Reforest 13.3 

6 Control Water Usage 10 

7 Use a Well 6.6 

8 Sow In The Wet Season 6.6 

9 Stop Sowing During Drought 6.6 

10 Use Mulch 3.3 

11 Use Terraces 3.3 

12 Wait For The Drought To Pass 3.3 

13 Use A Greenhouse For Water-Intensive Crops 3.3 

14 Sow Close To The Forest 3.3 
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Question 4.11. Results 

Table 13. Adaptation Practices Used By Farmers Against Increased Pest, Ranked By 

Frequency of Answer 

Rank Adaptation Practice Against Increased 

Pest 

Frequency of Answer in % 

(Multiple Answers) 

1 Use New Chemical Pesticides 33.3 

2 Manual Weeding 30 

3 Use Less Contaminating Chemicals 20 

4 Use Organic Repellents (Garlic, Pepper, 

Plants, Seeds) 

20 

5 Spray More 20 

6 Use Traps 16.6 

7 Use Plastic Mutch 16.6 

8 Use Symbiotic Fungi 13.3 

9 Plan Spraying 10 

10 Crop Rotation 6.6 

11 Use Pheromones 6.6 

12 Use Crop Varieties Adapted To The 

Climate 

3.3 

13 Companion Planting 3.3 

14 Use Greenhouses 3.3 

15 Avoid Using Too Much Nitrogen 3.3 
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Question 4.11. Results 

Table 14. Adaptation Practices To Changing Temperatures and Unpredictable Rainfall Used 

By Farmers, Ranked By Frequency of Answer 

Rank Adaptation Practice To Changing 

Temperatures and Unpredictable 

Rainfall 

Frequency of Answer in % 

(Multiple Answers) 

1 Change Sowing To The Beginning Of The 

Dry Season 

26.6 

2 Vary Crops And Varieties 26.6 

3 Cultivate The Land In Two Different 

Microclimates 

3.3 

4 Follow Weather Forecast 3.3 

5 Store Harvested Produce 3.3 

6 Exchange Organic Seeds With Friends 3.3 

 

Question 4.15. Results 

Table 15 Adaptation Practices Used By Farmers To Prevent Damage from Increased 

Flooding, Ranked By Frequency of Answer 

Rank Adaptation Practice To Increased 

Flooding 

Frequency of Answer in % 

(Multiple Answers) 

1 Reforest 

  

40 

2 Limit Waste In Rivers 30 

3 Deepen Water Canals 26.6 

4 Use Living Fences 20 

5 Contour Cultivation 16.6 

6 I Don’t Know 16.6 

7 Avoid Sowing In Areas At Risk 6.6 

8 Pump Water Out With A Tractor 6.6 
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9 Wait 3.3 

 

Question 4.16. Results 

Table 16. Adaptation Practices To Excessive Rain Used By Farmers, Ranked By Frequency  

Rank Adaptation Practice To Excessive Rain Frequency of Answer in % 
(Multiple Answers) 

1 Use A Drainage System With Water Canals 46.6 

2 Spray More 26.6 

3 Cultivate In A Greenhouse 23.3 

4 Change Beginning Of Sowing To The Dry Season 13.3 

5 Cultivate Under “Umbrella” Shelter 13.3 

6 Contour Cultivation 10 

7 Wait 10 

8 Cultivate On Higher Parcels 6.6 

9 Cultivate Crops Adapted To Intense Rainfall 6.6 

10 Use Mulch 3.3 

11 Use Living Fences 3.3 
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Question 4.21. Results 

Table 17. Main Challenges to Changing Farming Practices, Ranked by Frequency of Answer

 

 Question 4.21. Discussion 

Faced with the increasing intensity of local effects of climate change in their production, 

producers in Tierras Altas are recommended to find adaptive solutions in order to prevent and 

reduce the impacts on their production. However, 83.3% of the interviewed farmers have 

reported excessively high costs of investments as a challenge for adaptation. Based on our 

observations, these high costs refer to investments in controlled environments for production 

and new agro-technologies such as greenhouses, hydroponics, improved pesticides and 

improved adapted seeds from abroad. 40% of the farmers also identified the lack of technical 

assistance to help them adapt to the local effects of climate change, as well as the lack of 

laboratories to analyse the quality of their soil and identify pest in their crops. 36.6% of the 

producers are faced with lack of time and an unreasonable opportunity cost of educating 

themselves about adaptation techniques at the IDIAP or local organisations. 23.3% of the 

producers reported a lack of information about the market, especially about imports from 
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abroad. Indeed, this lack of transparency oftentimes results in the inability to sell output 

because of more competitive products from abroad flooding the national market during harvest 

times in Tierras Altas (especially onions, one of the most produced crops locally, imported 

from the Netherlands). This reduces farmers’ incomes and increases their vulnerability and 

precarity. Consequently, the opportunity cost of implementing a new cultivation technique to 

increase adaptation to climate change is reinforced. Organic agriculture is more resilient and 

therefore more adapted to the effects of climate change (see Part III). However, the lack of 

market security for organic vegetables prevents 13.3% of the farmers from changing their 

cultivation practices toward organic farming (see Part III). One in ten producers reported the 

lack of public research and development for domestically developed improved seeds, 

chemicals and technologies. This would reduce farmer’s costs and allow them to invest time 

and capital in adaptation to climate change. 6.6% of the producers also reported that changing 

their cultivation practices to more adapted ones was too high of a risk. The lack of market and 

sales infrastructure represents a challenge for 6.6% of the farmers as it also increases their 

economic vulnerability and limits their resources for a change in cultivation practices. 6.6% of 

the farmers consider changing their practices irrelevant. Finally, 3.3% of the farmers identified 

excessively strict supermarket requirements, the inefficiency of “Ley 25”4, lack of access to 

credit, lack of space, lack of access to long term financing, water unavailability, lack of work 

force and age as challenges to their ability to change their practices. All of them contribute to 

their economic vulnerability, reducing their incentive to change their modes of production since 

this change is deemed too expensive. 

These results shed light on the importance of the government to finance and take charge of 

public infrastructure and policy in order to help farmers adapt, since eight in ten farmers cannot 

                                                
4 Through the Agricultural Transformation Program (Law 25 of June 4, 2001), the Government of the Republic 

of Panama grants, on a non-reimbursable basis, 50% of the investment made by producers of different items, to 

improve their agricultural operations. http://sertv.gob.pa/noticias-nacional-fm/item/39745-mida-anuncia-nuevo-

sistema-de-aplicacion-de-ley-25-en-chiriqui 
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afford these investments (see Table 18). It is equally important that producers receive more 

education and information about more affordable adaptation practices that they can apply 

independently (Part III). 

Question 4.3. Results 

Table 18. Requested Support from the Government for Adaptation to Climate Change, 

Ranked By Frequency of Answer

 

Question 4.3. Discussion. 

Most of the suggestions of support from the government would (i) reduce the economic 

vulnerability of the farmers, and (ii) increase the quantity and the quality of resources offered 

to them specifically to encourage adaptation to climate change. 

53.3% of the producers request less imports from abroad, especially in harvest periods.  20% 

requested to reduce corruption and improve the equitable distribution of national resources to 

the agricultural sector. One third of the producers also believe that more financial support will 
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help them adapt to climate change and 23.3% of them pointed out the need for a permanent 

agricultural policy for the sustainable and economic development of the sector through records 

of the production other than potatoes and onions in order to plan national agriculture to improve 

efficiency and increase sales, and quicker loans. This framework allows to reduce their 

vulnerability by developing economic activity and consequently increase levels of savings and 

investment for adaptation. One fifth of the producers also requested the national government 

to strengthen sales security through direct sales, and sustainable and steady prices. 36.6% of 

the farmers also voiced the need for public production and sales infrastructure such as storage 

for output, paths and roads to the farms to improve accessibility and a cold chain that preserves 

the quality of the produce on the 7 hours way to the main market in Panama City. A public 

irrigation system, laboratories for soil and crop disease analysis, as well as local meteorological 

stations have also been requested. 

Moreover, half of the producers highlighted the need for more direct communication from 

governmental authorities such as MIDA to producers, as well as the need for more research 

about the problems and needs of producers. This support would allow a better collaboration 

between government and producers such that suitable adaptation techniques can be 

implemented locally. 46.6% of the producers demanded more education through seminars, 

conferences and meetings about adaptation to climate change from local and national 

governmental authorities. 36.6% request more technical assistance and technology transfers for 

adaptation and 13.3% demand stronger public research and development for chemicals, seeds 

and technology. The same proportion of farmers also identified the implementation of 

incentives and laws that encourage farmers to adapt their way of producing to the threats of 

climate change. 

         Furthermore, many farmers also underlined the important role of local farmers 

organisation to pressure the government and to organise themselves to acquire better education 
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and infrastructure. One of the interviewed farmers is also the leader of the producer group who 

pushed MIDA to build a $48 million public irrigation system from Bambito to Las Nubes 

(Appendix 1, Map 1) (Vasquez, 2015)). Local NGOs such as FUNDICCEP have also been 

mentioned in order to achieve some of the requests of Table 10. Finally, some producers 

mentioned that municipal authorities lack executive power to meet these requests; however 

they should communicate and pressure the national government. Some producers also showed 

scepticism towards national politics to help and support them. 

 

4.2 Results from Specialist Interviews 

  Description of Organisation Identified Issues 

Arnulfo 

Gutiérrez, 

IDIAP 

• The IDIAP is a semi-autonomous 

government institution, funded by 

the government. They specialize in 

carrying out research related to 

agriculture. 

 

• They have a heavy focus on potato 

production and work with potato 

germplasm to produce and study 

improved and locally-adapted 

varieties of potatoes. By conducting 

research on improving potato 

genetics, they hope to develop high-

quality varieties which can be 

produced at low costs, thus yielding 

a more competitive product. 

 

• The institution also conducts 

research on improving agricultural 

efficiency overall, and on soil 

conservation techniques such as 

terraces and living fences. 

• “There is a very strong pressure 

from agrochemical vendors; they 

just want to sell their products” 

 

• IDIAP doesn’t really approach 

farmers that much - they wait for the 

more active farmers to approach 

them and ask them questions, they 

wait for volunteers, are lacking an 

outreach program, don’t choose 

farmers randomly, they should do 

studies with a random sample of the 

farmer populations to reach different 

people. MIDA is in charge of the 

transfer of knowledge aka 

communication with farmers; 

communicating the results. 

 

• Why does no one know about this: 

Soil analysis - only $15, results back 

in less than one month 
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Ana 

Sanchez, 

AMIPILA 

• Local environmental protection 

NGO 

 

• Organic Bokashi producer 

 

• Sells Bokashi from Cerro Punta to 

Veraguas 

• Need a change of mentality 

 

• People are stuck in their ways, 

learned from their parents 

 

• Lack of market for organic 

vegetables 

 

• Insecurity: no contacts and fixed 

buyers 

 

• Lacking incentives to be organic 

 

• “Agriculture has just become a 

business, not to feed people” 

 

• Agrochemicals are a quick fix, while 

EbA are slow 

 

Cezar 

Gonzales, 

MIDA 

• MIDA is Based in Volcan and aims 

to promote the economic and 

sustainable development of the 

agricultural sector. 

 

• “We visit the same 7 farmers 2 to 3 

times a week to help them with pest 

and disease” 

 

• MIDA only visits the same medium 

producers (farm of over 2ha), since 

large operations have their own 

agricultural engineers 

 

• If producers ask for a visit, they will 

come to give talks, technical 

assistance 

 

• They offer some soil erosion 

prevention programmes (living 

fence seeds, fertilizers and 

workforce for sowing is covered) 

 

• “We take records of potato and 

onion yields every 3 month” 

• Lack of funds for mobility and 

workforce 

•  

• “Producers have to organize and 

fight for irrigation system [for 15 

years] in order to receive one from 

us, because they have to manage it 

over the long term” 

 

• “Because non-qualifying people 

took advantage of Ley 25, we 

restricted the access. Larger 

operation have better chances to get 

funds than small farmers” 



56 
 

Damaris 

Sanchez, 

FUNDICCC

EP 

• FUNDICCEP’s works on engaging 

the community of Cerro Punta in 

conservation. Cerro Punta is 

characterized by its location 

between two national Parks and 

dense agriculture. 

 

• FUNDICCEP tries to reconcile 

these two features through technical 

assistance for preventive practices 

and environmental education. 

• Funds are limited 

 

• Cerro Punta has high levels of 

pesticide use 

 

• The agricultural frontier is 

advancing towards protected areas 

 

• When the government changes, 

agricultural development programs 

and priorities change. Projects are 

discontinuous and unsustainable. 

Local NGOs can fill this gap by 

having stable programmes over 

time, if funds are available. 

 

• MIDA is based in Volcan although 

most of the production occurs in 

Cerro Punta. This distance limits 

contact and communication and 

trust. The few visits aim to record 

yields to plan national imports 

instead of finding solutions for 

adaptations with farmers. 

 

• IDIAP does research on alternative 

practices adapted to climate change, 

however it is the MIDA’s job to 

communicating the results with the 

farmers. They are failing in this 

regard. 

 

• Compared to profit-oriented large 

operations, smallholders (majority 

in Cerro Punta) seek to sustain their 

activity. In order to do so they are 

more likely to find ways to adapt to 

climate change. The size of their 

farm also allows structural changes. 

However, they need education and 

technical guidance. 

 

• The main threats to smallholders are 

disease, unstable prices, lack of 

infrastructure and climate 

variability. 
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• Because smallholders are 

increasingly vulnerable and 

precarious, they tend to sell their 

land. The future of the local 

agriculture is likely to be in the 

hands of large operations. 

 

Observed Climate Change 

• Average temperature increasing, damages certain crops, such as bolted lettuce (IDIAP, 

MIDA) 

• Higher variability in rainfall (IDIAP) 

• Rainfall is more intense, strong, and sometimes dangerous, since it can lead to landslides 

and floods (IDIAP, FUNDICCEP, MIDA, AMIPILA). 

• more droughts (IDIAP) 

• The water levels of rivers are lowering; this is especially a concern with increased 

irrigation pressure (IDIAP). 

• New pests are coming in (IDIAP, MIDA, AMIPILA) 

• Changing temporality of seasons (later wet season) and inconsistency of seasons (droughts 

during wet season and rains during dry season) (FUNDICCEP, MIDA) 

• Excessive humidity in the soil attracts fungi and causes crops to mold (MIDA) 

• Lower temperatures than normal (AMIPILA) 

 

Suggested Adaptation Strategies & Good Practices 

• New crop varieties which are genetically better adapted to local conditions and more 

resistant to pests, excessive moisture and droughts (IDIAP). 

 

• To increase efficiency on many levels through practices such as drip irrigation increased 

mechanization, and efficient use of inputs such as agrochemicals (IDIAP). 

 

• Diversification of crops, which can be especially beneficial for small producers, since it 

increases resilience to pests and to market fluctuations (IDIAP, FUNDICCEP, AMIPILA). 

 

• Resilient adaptation practices include living fences and crop rotation (FUNDICCEP, 

MIDA, AMIPILA) 
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• “Protected” cultivation, referring to the use of greenhouses and/or polytunnels to better 

control environmental conditions around the plants (IDIAP). 

 

• Organic practices, for example the use of biocontrol and organic products such as garlic 

extract (IDIAP, AMIPILA). 

 

• To protect forests which are intimately linked to both the climate change mitigation and 

adaptation potential (IDIAP). 

 

• Reforestation is land use intensive; smallholders perceive it as a loss of income. Fruit trees 

are a good compromise (FUNDICCEP, AMIPILA) 

 

• “Ancestral practices are very valuable” (IDIAP) 

 

• On erosion: The river is black after a hard rain - so much soil is lost and eroded into the 

river. Sow crops on contour, lower the velocity of the water (IDIAP). 

 

• Don’t depend on intermediaries as much because they often rip people off (IDIAP). 

 

• Terraces are good on steep slopes (IDIAP). 

 

• Organic fertilizers can reduce the producers’ costs (FUNDICCEP) 

 

• Organic farms are more resilient to climate change because the soil is treated as a living 

organism that is able to adapt and respond to changes. As the climate change they have to 

be innovative in finding new ways to use organic products for their cultivation and are 

therefore forced to adapt. (FUNDICCEP, AMIPILA) 

 

• A healthy soil will allow the plant to fight off pests better (AMIPILA) 

 

• Incorporating organic matter in the soil, with compost. Compost also sequesters carbon. 

(AMIPILA) 

 

• Bokashi - locally produced rice hulls, gallinaza, melaza, composted coffee grinds, and then 

fermented (AMIPILA) 

 

• The government needs to improve the  information communicated to farmers to allow 

them to plan their production (weather stations) (FUNDICCEP) 

 

• Contour Cultivation prevents soil erosion in slopes by retaining rain and reducing soil loss 

(MIDA, AMIPILA) 

 

• Against drought: resistent seed varieities, alternative crops, drip-irrigation, micropression 

irrigation and water collection in reservoirs (MIDA, AMIPILA) 

 

• “Against drought: fruit trees don’t need too much water” (AMIPILA) 

 

• “Plasticulture is the future of agriculture” (MIDA) 
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• “The government should set a price floor for vegetables” (AMIPILA) 

 

• “We also need technical help for organic practices” (AMIPILA) 
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Part III 

A) Adaptation Strategies 

Discussion of results 

Ecosystem-based Adaptations 

 Many of the responses we received for the six different adaptation categories – drought 

and water shortage; excessive rainfall and humidity; floods; extreme temperatures and 

irregularity of rainfall; erosion; and pests – can be considered as Ecosystem-based Adaptations 

(EbA). One characteristic of EbAs is that they perform many functions at once and beneficially 

affect a wide range of factors. Thus, the ecosystem-based and other non-specific adaptation 

strategies recommended by farmers and specialists will be discussed here and apply to all six 

of the above-mentioned categories. Firstly, reforestation was mentioned by many of the 

respondents in several contexts as an adaptation strategy. 50% of farmers recommended 

reforestation to mitigate erosion, 40% recommended it to reduce flooding and its damages, and 

13% recommended it to mitigate drought conditions. Trees cast shade upon the soil which 

keeps it cool and reduces evaporation, thus helping with soil moisture retention and storage. 

Accordingly, one farmer has stated that he recognises that there is more moisture in the soil 

when he cultivates near the forest edge. Their roots hold onto the soil, preventing erosion and 

also creating macro-pores which encourage water infiltration into the soil. Increasing the 

infiltration rate of the soil is beneficial, since it helps to mitigate the effects of both wet and dry 

conditions through sinking the water and storing it in the landscape. Planting trees along the 

contour lines of the soil is especially effective as an adaptation strategy, since it stops the flow 

of water and sediments in their tracks, instead of it running off the land. At least 10% of farmers 

suggested incorporating fruit trees into one’s management plan, since they share the benefits 

of planting any sort of tree at the same time as yielding fruit which can be consumed or sold 

for a profit and also provide food and habitat for beneficial insects such as pollinators. 
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Similarly, 50% of producers recommend planting living fences, made of vetiver grass, shrubs 

or trees, to reduce erosion, while 20% and 3% recommend using them to adapt to floods and 

excessive rainfall, respectively. Moreover, 20% of farmers recommend increasing and/or 

maintaining a cover of vegetation on the soil to combat drought conditions on one’s land. The 

above techniques all increase the infiltration rate, create a barrier against erosion, help retain 

water on the land, create habitat for wildlife and beneficial insects, create shade, and add 

organic matter to the surrounding soil. Increasing the organic matter content of the soil benefits 

a plethora of aspects, such as improving soil texture, improving infiltration, increasing fertility, 

increasing carbon sequestration, increasing moisture retention capacity, increasing soil 

aggregation which reduces erosion potential, and generally improves living soil health. With a 

high organic matter content, a soil act like a sponge – soaking up water when it is in excess, 

storing it, and making available when water is scarce. Undertaking reduced-till or no-till 

production significantly increases the potential for organic matter accumulation in the soil, 

since the practice of tilling oxidizes the carbon stored in the soil as organic matter and releases 

it as CO2 into the atmosphere. One additional strategy to effectively add organic matter to the 

soil is the use of organic mulch and compost. This can take the form of leaves, rice hulls, wood 

chips, wood shavings, bokashi, and any other plant matter. Not only do these inputs add organic 

matter, they improve soil fertility by adding nutrients needed for crop growth. Mulch also 

protects the surface of the soil, acting as a blanket, which reduces evaporation from the soil 

surface, reduces the destructive impact of raindrops hitting the soil surface and breaking up soil 

aggregates, and creating an irregular porous layer which encourages water infiltration. 

Terraces, contour cultivation, and level ditches on contour were also popular practices 

employed by respondents., mentioned by 23%-37% of farmers to adapt to erosion, and 10% of 

farmers to adapt to excessive rainfall. The contour lines a terrain are imaginary level lines 

which follow the same elevation and slant across the landscape. Digging level ditches on 
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contour will avoid water running off the land, taking fertile soil with it off the fields, and instead 

allow for the water to sink into the soil, making it accessible to plants for longer and ultimately 

recharging the water table. Terraces play a similar role in reducing erosion, since the slope is 

transformed into level steps, and slowing water down so that it sinks in to the landscape. 

Another locally-effective adaptation strategy is the incorporation of biodiversity into one’s 

production, recommended by 27% of farmers to deal with extreme temperatures and irregular 

rainfall. This can be done by cultivating an assortment of different crop varieties adapted to 

different conditions, cultivating a wide spectrum of crops to be sold and consumed, and also 

by incorporating non-domesticated plants alongside the production which can act as repellent 

plants, trap plants, habitat for beneficial insects and wildlife, nitrogen-fixers, shade providers, 

medicinal plants, timber trees, and fruit trees. Diversification over time is also possible through 

well-planned crop rotations, which deter insects and help maintain soil health. Incorporating 

more biodiversity is a general ecosystem-based adaptation strategy that tackles many issues at 

once, making the system more resilient to drought, excessive rain, floods, extreme temperatures 

and irregular rainfall, pest pressures, and market price fluctuations.  

 

i) Drought and water scarcity 

Table x illustrates the strategies used and recommended by the farmers and specialists 

we interviewed to adapt to drought and water scarcity. The first thing the majority, specifically 

70%, of farmers listed was the use of an irrigation system. The ability to have access to 

irrigation for one’s crops during the dry season and other times of drought greatly increases the 

resilience of the farmer’s production by decreasing dependency on rainfall, which is known to 

be uncontrollable and unpredictable. Two farmers we talked to mentioned digging a well in 

order to have access to irrigation water. Over a quarter of farmers recommended harvesting 

rainwater and storing it for times of water shortages. This can be a sustainable, water-efficient 
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and cost-effective option, but does necessitate a large storage container, which can require 

significant investment depending on the scale. 10% of farmers list maximizing water efficiency 

by controlling water usage, which is commonly done with the use of micro-pressure and/or 

drip irrigation systems. Farmers who do not have access to an irrigation system recommend 

waiting for the drought to pass before sowing and to only cultivate in the rainy season. One-

sixth of farmers find it useful to sow drought-adapted varieties of crops or even native crops 

which are adapted to local conditions, while saving one’s own seed and practicing artificial 

selection also serves this purpose.   

 

ii) Erosion 

When asked what possible adaptation strategies might be effective against soil erosion, 

most farmers began by listing soil conservation in general. In fact, the majority of the 

Ecosystem-based Adaptations discussed above are effective in preventing and reducing soil 

erosion. From table x, we can see that organic mulch (13%), bokashi/compost, using less 

machinery (20%), no-till cropping (7%), sowing perennial crops, and letting land lie fallow 

(without herbicides) (7%) are effective techniques to increase the organic matter content in soil 

which in turn improves soil texture, preventing erosion. Second, there exist several practices 

which physically retain the soil such as living fences – recommended by 50% of producers - 

made with vetiver grass or trees, planting fruit trees (10%) and reforestation in general (50%), 

terraces (23%), vegetative cover, and well-planned crop rotations (13%). The most frequent 

response we received for this question is to use a drainage system with water canals (67%), 

which prevents water from carrying away good quality soil. Another recommendation by 

farmers and specialists is to limit cultivating steep land which is prone to erosion and to reforest 

these areas instead.  
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iii) Excessive rainfall and humidity 

In addition to the multifaceted ecosystem-based adaptations discussed above which are 

effective in mitigating the effects of excessive rainfall and humidity, such as reforestation, 

living fences and organic mulch, farmers of this region have many other practices to face this 

challenge. Many producers of the region are transitioning to the use of greenhouses and 

polytunnels, which allow one to control the rainfall and humidity that the crop is exposed to. 

“Umbrella” shelters can also similarly be used to protect production from excessive rain. 

However, such structures are expensive, requiring a large investment, making the technology 

inaccessible to small farmers, in addition to needing regular replacement. The use of 

greenhouses and polytunnels also has to be paired with a functioning irrigation system, usually 

drip irrigation, and is quite plastic-intensive. Many farmers see the exponential increase in the 

presence of such protective structures as an inevitable and positive change which will 

revolutionize agriculture in Tierras Altas and improve efficiency and quality. Others warn 

against this plasticulture revolution, saying that the environmental impacts have not been 

properly assessed thus far, and bringing attention to the widening income gap between 

largescale agribusiness and smallholder farmers lacking capital to invest. However, at the 

moment an estimated less than a quarter of producers of the region currently have their crops 

under plasticulture management, thus farmers make use of other adaptation strategies such as 

using pumps, drainage canals (47%), and raised beds (7%). 23% of farmers also recommend 

using adaptive management by waiting for better conditions (drier and warmer in this case) to 

sow their seed or shifting the cultivation of a certain crop to a different season. Since excessive 

humidity and moisture causes mould and fungal diseases to become rampant, 27% of farmers 

say that spray more (either with chemical or natural fungicides) in times of excessive rainfall 

to prevent and combat fungus. Finally, 7% of producers recommend using different crops and 

crops varieties which are resilient to persistent wet conditions.  
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iv) Flooding  

A large percentage (40%) of farmers commend the use of reforestation to prevent and 

mitigate the damages due to flooding. As explained above, forests help to slow water down and 

infiltrate into the soil, ensuring that the potential of heavy rainfall to cause rivers to swell and 

flood their surroundings is minimized. Interestingly, a majority of floods in the region are due 

to a buildup of garbage in the rivers forming dams and resulting in flooding when the dams 

inevitably burst. Therefore, 30% of respondents urge individuals to limit their garbage 

pollution, particularly the disposal of empty plastic agrochemical containers which consist of 

a large proportion of the waste building up in the rivers. The remaining adaptation strategies 

against flooding consist of mitigating the damages and losses caused by the floods, and these 

overlap with the ecosystem-based adaptations helpful in the instances of excessive moisture 

described above.  

 

v) Extreme temperatures and irregular rainfall 

Extreme temperature variations and unpredictable changing rainfall patterns are some 

of the main tenets of climate change, making it crucial that farmers develop and implement 

locally-effective adaptation strategies to guard against such changes. 27% of producers 

recommend diversifying into an assortment of different crops and crop varieties, since diversity 

goes hand in hand with resilience. Saving one’s own seed can help with this by having a better 

chance that the varieties are adapted to the particular microclimate. One farmer described how 

he owns parcels of land in two areas of Tierras Altas: Las Nubes, characterized by a cool, wet 

and rainy microclimate, and Bambito, which is hotter and drier. This adaptation strategy allows 

him to cultivate a wide range of crops, and offers him more security in the face of temperature 

fluctuations. Faced with the increased uncertainty brought on by climate change, some farmers 

see it wise to store products when possible to increase food security and create a buffer against 
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market price fluctuations. Post-harvest processing can increase the shelf-life of a variety of 

products, like the locally native tomate de arbol which can be made into juice and jam. Here, 

diversification of crops, sources of water for irrigation, cultivation areas, and marketing 

strategies is key in order to adapt successfully to climate change.  

 

vi) Pests 

Since only 2 of the farmers we interviewed are organic (6%), the majority of the 

producers of the area use agrochemicals extensively to fight against increasing pest pressures. 

Indeed, there appear to be multiple agrochemical stores on every other main street throughout 

Tierras Altas. Accordingly, 33% of respondents suggested purchasing new brands of pesticides 

to lessen the damages caused by pests, while 20% said that they needed to spray when faced 

with a pest outbreak. However, 20% of interviewees told us that they recommend using less 

contaminating pesticides such as those with a green band, for environmental and consumer 

health reasons. Around a third of farmers list more manual weeding to replace excessive 

herbicide use. The use of plastic mulch (17%) can be effective in limiting damage from disease 

in crops, since it keeps the plant cleaner and away from potential pathogens found in the soil. 

Both organic and non-organic producers regularly use a variety of practices to combat pests, 

which together make up an integrated pest management strategy. This often includes the use 

of insect traps (17%), beneficial symbiotic fungi locally called Tricoderma (13%), crop 

rotations (7%), pheromones (6%), and companion planting (3%), combined with good 

sanitation, integrated nutrient and water management, and limited use of agrochemicals when 

deemed necessary. Many farmers have developed their own types of natural pesticides through 

trail and error, usually consisting of a blend of garlic and hot pepper. One farmer strongly 

recommends spraying a mixture of diluted baking soda and chlorine to get rid of the locally-

named “Pata Gorda” pest. This same farmer also uses crushed papaita seeds to make an organic 
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pest repellent spray. Some farmers buy in beneficial insects which prey on pests, a practice 

called biocontrol most commonly found in closed environments like greenhouses. Creating 

habitat for naturally-occurring wild beneficial insects by planting live fences, reforesting, 

planting fruit trees, and encouraging agrobiodiversity is also an effective way to control pest 

populations. 

 

5. Discussion and Conclusion 

This study identifies the main climatic changes that are impacting the farmers in Tierras 

Altas. Using the perspectives of 30 local horticulture farmers and 4 local specialists, working 

for local organizations and institutions related to agriculture and the environment. Through 

coding and analyzing the data collected on 1) the demographics and background information 

on agriculture in Tierras Altas; 2) observed climatic changes and their effects on local 

agriculture; and 3) adaptation strategies and policy recommendations helpful to farmers of the 

region in the face of climate change.  

We collected three main sources of data that inform the observed climate changes in the 

region and its effects: Question 3.1., Question 3.2 (Likert Scale) and Question 3.4 (Likert Scale 

B). The main factors of climatic variation producers identified are changes in the beginning 

and end of the wet and dry season, changing levels and intensity of rainfall, lowering river 

levels, extreme and changing temperatures, increased frequency of extreme weather events 

such as drought, floods and landslides. We have observed that climate change impacts farmers 

very differently according to the location of their farm. Indeed, the impacts vary in function of 

elevation of the farm and the according microclimate. Our study also paints an extensive picture 

of the effects climate change has had and is having on agriculture in the region. 87% of farmers 

say that climate change has affected their production, and 90% have suffered losses due to 

extreme climate events in recent years. Farmers report lower water retention in the soil, higher 
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stress pressures on plants, damaged crops, lower quality of crops and accordingly lower sales’ 

prices, and more pests and fungal diseases.  

Furthermore, our study exposes the high level of vulnerability of farmers, since all the 

farmers consider climate change to be a significant threat to their livelihood. Climate change 

reduces farmers’ ability to pay off their credit, reduces their yields and profits, causes crop 

failures, and has negative impacts on their household food security. The descriptive statistics 

in part 1 further enlighten this vulnerability, since agriculture is the sole source of income for 

70% of producers. A quarter of farmers supplement over 40% of their diet with food from their 

own production, thus their household food security is intimately linked with climatic 

conditions. The socioeconomic realities of the region further increase farmer vulnerability, 

since the agricultural sector receives little investment and human resources, remaining a low 

priority population in the eyes of the government. This means that farmers have no support 

from national authorities and are left to fend for themselves against cheap imports, 

unpredictable and fluctuating market prices. Farmers face significant barriers to adaptation, 

such as high costs of investment, lack of public infrastructure, unstable and unprotected 

markets, and lack agricultural extension services.  

Our research also identifies and organizes a variety of strategies and recommendations 

which can be effective in adapting to the effects of climate change. There exist specific 

strategies, applicable to particular problems, as well as ecosystem-based adaptations, which 

can serve to mitigate many problems at once. Our findings are relevant locally, since they have 

allowed us to create an inventory of locally implementable adaptation strategies that 

correspond to the variety of local effects of climate change the farmers in Tierras Altas can 

experience at variable degrees according to the location of their farm. We found farmers to be 

familiar with a large variety of adaptation strategies, and complemented these findings with 

additional information from specialist interviews to generate our comprehensive adaptation 
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strategy diagrams. We observed that farmers often knew about adaptation techniques to soil 

erosion since it has always been a challenge in this area characterized by steep terrain, and that 

they had less knowledge and ways to increase water retention of soil against droughts. Farmers’ 

ideas of strategies to deal with drought most often involve the use of irrigation. Although access 

to irrigation is a huge asset to agricultural production and contributes to its resilience, heavy 

reliance on irrigation without additional supporting techniques can be dangerous, particularly 

in light of decreasing river water levels in the area due to reduced runoff being an repercussion 

of local climate change. This make the other adaptation strategies more robust and important 

in comparison to more irrigation, since the future of irrigation potential is at risk, and since 

irrigation lowers river levels even further. In order to increase their resilience to climate change, 

farmers must employ a diversity of adaptation techniques, ecosystem-based and conventional.  

National institutions such as MIDA and IDIAP have good intentions but lack resources to 

fulfil their full potential in assisting farmers. Both are failing to communicate sufficiently with 

all the farmers of the region, due to lack of personnel. The results of the research and technology 

developed by both these institutions should be thoroughly communicated to all farmers of the 

region in depth, while providing ample opportunities for farmers to communicate their needs 

and problems. Our study and product are therefore relevant to strengthen the role of local NGOs 

as actors in the local community with a high potential to educate farmers and transmit these 

adaptation techniques. Compared to governmental institutions, their programs are permanent 

as long as they find funding. They are present in the community allowing the development 

relation of trust toward the producers. Producers are therefore more open to education and 

suggestions from them rather than from local government institutions. Hence, they can 

strengthen the local community and its resilience and reaction toward climate change. 

Nonetheless, our findings highlight that government technical and financial support remains 

crucial to the development of the local producer community to reduce their vulnerability to 
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climate change. Governmental intervention is necessary regarding public infrastructure, market 

information, production and sales infrastructure and research and development.  

6. Recommendations for Future Studies 

We hope that our study has provided a base and framework for future studies to be 

performed in this region on the topic of climate change and agriculture. Although our findings 

are extensive, there exist many unanswered questions and weak correlations. Since our study 

is the first of its kind done in Tierras Altas, it cannot be compared in order to verify the results. 

We suggest that the same study be systematically carried out in the future with a few minor 

proposed improvements with the same participants on a regular basis. Thus, instead of asking 

the producers to compare their experience with climate change between today and 10 to 5 years 

ago, the question can refer precisely to the time between when the previous survey has been 

conducted in order to track the evolution over time and develop trends for the future. In future 

studies a larger sample size should be used in order to increase confidence levels, since our 

sample was of minimal size. We also urge future researchers to collect meteorological records 

from local weather stations in Tierras Altas in order to develop future local climate change 

trends. Another shortcoming of our study is that we lacked the time to produce correlations. In 

depth research should be done about the links between the levels of altitude Tierras Altas 

include, the different average temperatures and the different levels of monthly and annual 

rainfall in order to identify and describe the different local microclimates. These are especially 

relevant in terms of determining the exact link between a location and Tierras Altas and the 

main climatic changes observed in order to develop and recommend suitable adaptation 

strategies to this specific location. In future studies, correlations should therefore be performed. 

In the meantime, the comprehensive adaptation strategies maps will be shared with the local 

farmer community. Knowing the local climatic changes they are personally facing, they will 

be able to pick strategies from the inventory. Additionally, since we progressively built our 
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knowledge about the dynamics of the agricultural sector in Tierras Altas over the entire period 

of our data collection. Due to this incremental familiarisation with the sector, we only realised 

the growing trend of greenhouses in the region once the survey was designed and over half of 

the interviews were already done. For future studies, we recommend including a Yes/No 

question about the possession and the use of greenhouses and if yes, what area of land is 

cultivated under a greenhouse. An updated version of the survey should also ask if farmers 

have a credit in addition to asking if they have access to it. Finally, some survey questions can 

be improved to be more precise, as farmers could have interpreted the question in various ways, 

preventing the comparison of their answers. Overall, longer, more extensive studies on climate 

change and its effects on agriculture in Tierras Altas are needed in order to provide more 

accurate information to farmers and local authorities on the potential consequences and locally 

effective adaptation strategies.  
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APPENDICES 

APPENDIX A. Figures about Tierras Altas. 

Figure 1. Localisation of Tierras Altas in the province of Chiriquí and in the Republic of 

Panama 

Source: Wikipedia. 

 
 

Figure 2.  General Location Of The Chiriquí Viejo River Basin In The Republic Of Panama 

Source: CATIE. (2014).  
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Figure 3. Location of the River Basin of the Río Chriquí Viejo (102) 

Source: CATIE. (2014).  

 

Figure 4. Territorial Zoning For The Management Plan Of The Chiriquí Viejo River Basin 

Source: CATIE. (2014). 

 

 

 

 

 

 



77 
 

Figure 5. Life zone according to Holdridge, Cerro Punta, Tierras Altas, Panama 

Source: ANAM. (n.d.). 

 

Figure 6. Climate classification, Cerro Punta, Tierras Altas, Panama 

Source: ANAM. (n.d.). 
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Map 1. Spatial Distribution of the Interviewed Producer’s Farms: Location, Elevation and 

Number of Farms in Each Location Own Production. 

 

Table 19. Spatial Distribution of the Interviewed Producer’s Farms: Location, Elevation and 

Number of Farms in Each Location Own Production. 
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APPENDIX B. Survey for Structured Interview with Farmers 

Entrevista Officiale 

1.   INFORMACIÓN CONTEXTUAL MÍNIMA: 

1.1      ¿Cuál es su nombre? ________________________________________ 

1.2     Dirección: ______________________________________________ 

1.3     Fecha y hora: ____________________________________________ 

1.4     ¿Cual es su edad? __________________________________ 

1.5     Género:     Mujer (O)    Hombre  (O) 

1.6     Esta casado?     Si (O)     No (O) 

1.7    ¿Cuántas personas viven en este hogar? ¿Qué edades son?  ¿Cuál es su nivel de escolaridad: 

primaria, secundaria, universitaria? 

Persona Edad Nivel de Escolaridad 

0. No fue a la escuela 

1. Primaria 

2. Secundaria 

3. Universidad 

4. Otro, especificar 

Persona entrevistada     

      

      

      

      

      

   

2. FONDO DE LA FINCA Y EL PRODUCTOR 

2.1     Zona: 

2.11   ¿Cuántas  hectáreas tiene su finca? ______________ 

2.12   ¿Qué cantidad de área dedica a la agricultura? ________________ 
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2.13   ¿Tiene algún área de bosque?                                                 Si (O)          No (O)  

2.13.1 Cuantos hectáreas? ___________ 

   2.14   De estas opciones, ¿cuál es su estado de tenencia? 

a) Título de propiedad 

b) Alquiler 

c) Sociedad 

d) Préstamo 

e) Usufructo 

f) Derecho Posesorio 

2.2    Historia y futuro de la finca: 

2.21 ¿Cuánto tiempo tiene de ser el propietario de ésta finca? O desde cuanto tiempo alquila 

esta finca? _______________________________________ 

2.22 ¿Se ha transmitido de generación en generación dentro de su familia?  Si (O)       No (O) 

2.23  ¿Hay alguien que se haga cargo de su finca después?                          Si (O)          No (O) 

2.3  Dependencia de los servicios ambientales: 

2.31   ¿El bosque es beneficioso para su producción agrícola?                 Si (O)          No (O) 

2.32   ¿Depende de los ríos para su producción agrícola?                         Si (O)          No (O) 

2.4  Cultivos y Prácticas: 

2.41  ¿ Qué cultiva actualmente? 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 

2.41.1  ¿Cuál es el cultivo que mayormente establece?  

___________________________ 

2.41.2  ¿Cuáles son sus cultivos más rentables? 

 _________________________________ 

2.41.3   ¿Cultiva árboles maderables?                                                   Si (O)          No (O) 

2.41.4  ¿Cultiva árboles frutales?                                                           Si (O)          No (O) 

2.41.5   ¿Conserva algún animal?             Si (O) ____________________             No (O) 
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2.42  ¿Usa fertilizante?                                                                                  Si (O)          No (O) 

2.42.1   ¿Qué tipo de fertilizante usa? 

a)     fertilizantes químicos: 

                                     ______________________________________________ 

b)    fertilizantes orgánicos  (ex. gallinaza): 

______________________________________________ 

c) Ambos ______________________________________ 

2.43  ¿Qué hace para combatir las plagas, malezas, hongos y enfermedades en sus cultivos? 

2.43.1 Fumigaciones con insecticidas?                          Si (O)          No (O) 

2.43.2 Fungicidas?                                                         Si (O)          No (O) 

2.43.3 ¿Usa algún herbicida?                                     Si (O)          No (O) 

2.43.4    Otra _________________________________________________ 

2.44   ¿Utiliza el riego, o sus actividades son solo cultivos de secano? 

                                                                                                                Si (O)          No (O) 

2.44.1  ¿Alguna vez ha tenido escasez de agua?                    Si (O)          No (O) 

2.45   Usted compra semillas?                                                                   Si (O)          No (O) 

   2.45.1   Las reproduce su miso?                                                       Si (O)          No (O) 

2.46   Como cultiva su tierra? 

      a) con maquinaria 

b)  con tracción animal 

c)  manualmente 

2.47   Usa otra practica?  

______________________________________________________________________________ 

2.48   Donde va Usted cuando necesita consejo sobre sus cultivos? 

_____________________________________________________________________________ 

2.5  Trabajo: 

2.51  ¿Cuántas personas trabajan en su finca? __________________________________ 

2.52   ¿De estas personas, cuántas personas trabajan permanentemente?  _____________ 

 

2.53 ¿Tu cónyuge trabaja en la granja a veces? 
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Nunca (0)      A veces (1)        A menudo (2)       Siempre (3)  

2.6  Seguridad alimentaria: 

2.61  ¿De dónde provienen  alimentos que consume? 

              a ) de su finca 

              b) del supermercado o del mercado 

              c) ambos 

2.62  ¿Qué proporción de la comida que come proviene de su propia producción? 

                  a) Menos de 5% viene de su producción 

                  b) 5%-20% viene de su producción 

                  c) 20%-40% viene de su producción 

                  d) 40%-60% viene de su producción 

                  e) Más de 60% viene de su producción 

2.7  Ventas: 

2.71  ¿Dónde vende sus cultivos? 

     a) En un gran supermercado 

     b) En un mercado pequeño 

     c) A un intermediario 

     d) A un restaurante 

     e) No los vende 

2.72  ¿Algunos de sus productos están destinados a la exportación?           Si (O)          No (O) 

2.8 Buenas prácticas : 

2.81   ¿Es productor orgánico ?                                                                 Si (O)          No (O) 

2.82   ¿Cree que las granjas orgánicas son más rentables?           Si (O)          No (O) 

2.83   ¿Ha trabajado con FUNDICCEP en el pasado? ¿Trabajaría con FUNDICCEP en el 

futuro?                                                                                                     Si (O)          No (O) 

2.84    ¿Trabajaría con FUNDICCEP en el futuro?                                       Sí (O)           No (O) 

2.9   Ingresos: 

                            2.91  ¿Son todos sus ingresos de actividades agrícolas?                                Si (O)           No (O) 

2.92        ¿Que son las otras fuentes de ingresos en su hogar?                

_______________________________________________________________________________ 
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2.93 ¿Tiene acceso adecuado al crédito?                                                        Si (O)          No (O) 

2.93.1 ¿Es un credito publico o privado?  

 

EL CAMBIO CLIMÁTICO Y LOS EFECTOS EN LA AGRICULTURA 

3.1  ¿Puede describir cómo el cambio climático ha impactado su producción agrícola (en los últimos 10-15 

años)? 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 

3.2   En este parte, voy a leer una seria de frases (no son preguntas) y usted puede contestar con las 

opciones siguientes: Totalmente en desacuerdo, En desacuerdo, Ni en acuerdo ni en desacuerdo, De 

acuerdo, Totalmente de acuerdo, o No sabe. 

  

Totalmente 

en 

desacuerdo 

En 

desacuerdo 

Ni en 

acuerdo ni 

en 

desacuerdo 

De 

acuerdo 

Totalmente 

de acuerdo 

No sabe 

1.  El inicio de la época de lluvia es la misma que en el pasado. 

1 2 3 4 5 0 

2.  La fecha para la empieza de la época de sequía ha cambiado. 

1 2 3 4 5 0 

3.  Ha notado tendencias del cambio climático en Tierras Altas en los últimos 10-15 años. 

1 2 3 4 5 0 

4.  El clima ha cambiado en su vida. 

1 2 3 4 5 0 

5.  Las temperaturas son más bajas que en el pasado. 

1 2 3 4 5 0 

6.  Hay más lluvia que antes. 

1 2 3 4 5 0 

7.  Los patrones de lluvia han cambiado. 

1 2 3 4 5 0 
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8.  La lluvia es más fuerte que antes. 

1 2 3 4 5 0 

9.  Había una diminución en las inundaciones. 

1 2 3 4 5 0 

10.  Hay más sequías que antes. 

1 2 3 4 5 0 

11.  Había cambios en la humedad y la retención de agua en el suelo. 

1 2 3 4 5 0 

12.  Hay más grandes deslizamientos de tierra que antes. 

1 2 3 4 5 0 

13.  Hay menos eventos extremos y de desastres naturales hoy que antes. 

1 2 3 4 5 0 

14.  Había un aumento en las plagas y enfermedades de los cultivos en los últimos años. 

1 2 3 4 5 0 

15.  Ha notado alguna degradación o erosión en su tierra. 

1 2 3 4 5 0 

16.  El cambio climático ha afectado a sus cultivos. 

1 2 3 4 5 0 

17.  El cambio climático es una amenaza significativa para su finca. 

1 2 3 4 5 0 

18.  Los efectos del cambio climático en su producción afectaron la seguridad alimentaria de su hogar. 

1 2 3 4 5 0 

19.  En los últimos cinco años, la calidad de vida de su familia se ha visto afectada por la reducción de 

la producción o los daños por condiciones ambientales. 

1 2 3 4 5 0 

20.  Sus rendimientos se han disminuido en los últimos 10 años. 

1 2 3 4 5 0 

21.  Los precios de la venta de sus cultivos se han mantenido estables a lo largo de los años. 

1 2 3 4 5 0 

22.  Los efectos del cambio climático afectan su capacidad de pagar sus créditos. 

1 2 3 4 5 0 

23.  Sus ganancias se han aumentado en los últimos 10 años. 
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1 2 3 4 5 0 

24.  Ha sufrido pérdidas o daños a consecuencia de eventos climáticos. 

1 2 3 4 5 0 

  

  

·   3.3   ¿Puede cuantificar sus pérdidas en los años anteriores? ___________________________% 

dinero o porcentaje 

     3.4      ¿Que es la importancia de cada factor por las pérdidas en su producción? 

Factor Ninguna Un poco Mucha 

Sequía 1 2 3 

Lluvias excesivas 1 2 3 

Erosión 1 2 3 

Pérdidas debidas a hongos 1 2 3 

Insectos 1 2 3 

Deslizamientos 1 2 3 

Temperatura demasido alta o baha 1 2 3 

Imprevisibilidad de la precipitacion 1 2 3 

  

3.5   ¿Cuáles son los cultivos más sensibles al cambio climático? 

_____________________________________________________________________________________ 

 

 

4. ADAPTACIÓN  

Adaptación:  

4.11 ¿Cuáles estrategias de adaptación usted utiliza frente a los efectos del cambio climático sobre la 

agricultura? 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________ ________________________________________ 
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4.12 En su opinión, ¿qué pueden hacer otros agricultores para adaptarse al cambio climático? 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

_______________________________________________________ _______________________________ 

4.13 ¿Cuáles son algunas maneras de reducir la erosión y la degradación del suelo? Hace prácticas de 

prevención de erosión? Cuáles?  

 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________  

 

4.14 ¿Cuáles son algunas formas de adaptarse a las sequías? 

______________________________________________________________________________________

______________________________________________________________________________________ 

4.15 Para adaptarse a las inundaciones? 

______________________________________________________________________________________

______________________________________________________________________________________ 

4.16 ¿Para adaptarse a demasiada lluvia? 

______________________________________________________________________________________

______________________________________________________________________________________ 

 

4.2 Barreras:  

4.21 ¿Cuáles son las barreras para cambiar sus prácticas para adaptarse al cambio climático? 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 
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4.22 ¿Qué le impide cambiar sus prácticas?  

  a) El costo es demasiado alto  

b) Es que no puede ver los beneficios suficientemente rápido  

c) No tiene ayuda técnica o asesoría  

d) No lo considera relevante  

e) Otro ___________________________________________  

 

 

4.3 Recomendaciones de políticas  

 

4.31 ¿Alguna vez, estaría dispuesto a implementar algunas estrategias de adaptación propuestas por 

entidades públicas o organizaciones no gubernamentales?  

Sí (O)          No (O)  

4.32 ¿En su opinión, qué debería hacer el gobierno nacional para ayudar y apoyar a los agricultores para 

adaptarse?  

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 

4.33 ¿En su opinión, qué debería hacer los autoridades locales para ayudar y apoyar a los agricultores para 

adaptarse?  

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 

4.4 ¿Hay algo que añadir?  

______________________________________________________________________________________

______________________________________________________________________________________ 
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APPENDIX C. 

 

Table 20. Crops Produced in Tierras Altas. Own Production. 

Produced Crops 
Percentage of Farmers Producing Crops, Multiple Crops Possible 
(%) 

Potato 83,38 

Carrots 76,67 

Lettuce 70 

Onion 60 

Cabbage 60 

Celeri 46,67 

Broccoli 46,67 

Beets 43,33 

Timber 30 

Fruit Trees 26,66 

Tomato 20 

Zuchini 20 

Parsley 16,67 

Livestock 16,67 

Peppers 13,33 

Scallion 13,33 

Lemon 10 

Cilantro 10 

Cauliflower 6,66 

Coffee 6,66 

Strawberries 6,66 

Kale 6,66 

Spinach 6,66 

Tree Tomato 6,66 

Yucca 3,33 

Ñame 3,33 

Cucumber 3,33 

Beens 3,33 

Squash 3,33 

Radish 3,33 

Watermelon 3,33 

Green Peas 3,33 

Green Beens 3,33 

Plantains 3,33 
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Interview Consent Form. 

Formulario de consentimiento informado de la entrevista 

 

Descripción de la investigación 

 

Quiénes somos: Somos May Hobeika y Audrey Wagner, estudiantes de pregrado en la Universidad McGill en 

Canadá, en colaboración con el Smithsonian Tropical Research Institute aquí en la ciudad de Panamá. 

Actualmente estamos trabajando con la organización FUNDICCEP aquí en Tierras Altas en un proyecto de 

investigación que abarca cuatro meses y terminará a fines de abril. 

 

Nuestra investigación: nuestra investigación trata sobre el tema de los impactos del cambio climático en la 

agricultura aquí en Tierras Altas, específicamente. Queremos (i) ver qué tipo de cambios climáticos se están 

observando hasta ahora en Tierras Altas, (ii) evaluar el impacto que el cambio climático ha tenido hasta ahora 

sobre la agricultura en Tierras Altas según los productores, (iii) intentar desarrollar predicciones para los cambios 

futuros en el clima y la agricultura en la región, y (iv) identificar estrategias de adaptación localmente efectivas 

para recomendar a los agricultores que puedan facilitar la adaptación de la agricultura al cambio climático. 

 

Propósito de nuestra investigación: 

a) Recopilar, analizar y organizar información y conocimientos sobre cómo el cambio climático afecta la 

agricultura en Tierras Altas, con la esperanza de que este tema reciba más atención y / o asistencia de parte de los 

responsables de la formulación de políticas, las ONG, las empresas sociales y el gobierno. 

b) Proporcionar a los agricultores como usted recomendaciones de adaptación que puedan implementarse 

localmente, es decir. que se adapte al microclima y al contexto socioeconómico de la región. 

 

Nuestros métodos: para llevar a cabo esta investigación, llevaremos a cabo una entrevista de dos horas de 

duración con 40 agricultores como usted, y visitando y observando sus granjas cuando sea posible. Vamos a 

escribir un informe final para presentarlo a nuestros profesores en la universidad, un resumen ejecutivo en español 

de nuestros hallazgos, un folleto de nuestros hallazgos y un video corto sobre nuestra investigación y hallazgos 

presentando varias de las entrevistas con agricultores y especialistas. . 

 

Los derechos de los entrevistados 

 

Como investigadores, tenemos el mandato de realizar nuestra investigación de forma ética y, por lo tanto, 

nos gustaría tomarnos el tiempo para informarle sobre sus derechos como participante en este estudio. Ambos 

hemos recibido un curso sobre ética de la investigación y estamos certificados para realizar investigaciones en 

seres humanos. Una vez que esté completamente informado sobre nuestra investigación y sobre sus derechos 

como entrevistado, nos gustaría que usted brinde su consentimiento oral o escrito para participar en esta 

investigación. Esto es para garantizar que sus derechos estén protegidos y que no se los aproveche. 

 

1) Su participación en este proyecto de investigación es voluntaria. No se le pagará por su participación. 

Algunas preguntas en la entrevista pueden traer material sensible sobre su situación socioeconómica o 

eventos traumáticos del pasado. Puede omitir las preguntas que no desea responder simplemente diciendo 

"No deseo responder esta pregunta" en cualquier momento durante la entrevista. Tiene derecho a retirarse 

de la entrevista en cualquier momento, sin penalización. 

 

2) Para analizar las respuestas a las entrevistas, deseamos tomar notas durante las entrevistas, así como 

grabar el audio de la entrevista en nuestro teléfono celular. Si no desea que grabemos su voz, avísenos y 

tomaremos notas. Además, estamos haciendo un breve video sobre nuestra investigación y nos gustaría 

su permiso para filmar esta entrevista. Depende totalmente de usted si desea que su experiencia aparezca 

en este video o no, y puede cambiar de opinión en cualquier momento. 

 



90 
 

3) Usted tiene el derecho de permanecer anónimo en la investigación. Si no desea que usemos su nombre, 

por favor avísenos. La confidencialidad del entrevistador entrevistado permanecerá segura y no 

publicaremos ninguna información confidencial si nos solicita que no lo hagamos. 

 

4) La entrevista está planificada para tomar aproximadamente dos horas, dependiendo de cuán detalladas 

sean las respuestas y de la voluntad del participante para elaborar. Si tiene otras responsabilidades y se 

le acaba el tiempo, solo avísenos y podremos detener o acortar la entrevista. 

 

5) Usted tiene derecho a ver los resultados de la investigación, especialmente porque esta investigación es 

beneficiosa para usted. Nosotros y / o FUNDICCEP tenemos el deber de compartir los hallazgos una vez 

que el proyecto haya finalizado. 

 

6)  Tiene derecho a que se atiendan todas sus preguntas e inquietudes antes de dar su consentimiento y 

comenzar su participación en el estudio. También puede hacer preguntas en cualquier momento antes, 

durante o después del proceso de entrevista. 

Depende de usted si prefiere otorgar su consentimiento oral o escrito para participar en este proyecto de 

investigación. 

 

Consentimiento por escrito: 

 

Doy mi consentimiento informado para participar en este estudio realizado por Audrey Wagner y May 

Hobeika sobre el tema de los impactos del cambio climático en la agricultura en Tierras Altas. Acepto que he sido 

informado correctamente sobre el proyecto de investigación, que todas mis preguntas y preocupaciones han sido 

abordadas, y entiendo que mi participación es voluntaria y que puedo rescindir la participación en cualquier 

momento, sin consecuencias. 

 

Firma: __________________________________________________ 

 

Fecha: ________________________________ 

 

Consentimiento oral: 

Si prefiere dar solo su consentimiento oral, puede decir la frase: "Doy mi consentimiento informado para 

participar en este proyecto de investigación". Háganos saber si le importa grabar en audio diciendo esto, o si 

prefiere que no se grabe. 

 

Aquí está nuestra información de contacto (en un papel) para que pueda verificar nuestra identidad: 

May Hobeika 

Correo electrónico: may.hobeika@mail.mcgill.ca 

Número de teléfono: + 507- 6714-8317 

 

Audrey Wagner 

Correo electrónico: audrey.wagner@mail.mcgill.ca 

Número de teléfono: + 507-6225-4239 

Universidad McGill 

Smithsonian Tropical Research Institute 

 

Dirección: Roosevelt Ave. Edificio Tupper - 401, Ciudad de Panamá 0843-03092 

+ 507-212-8000 

Dra. Catherine Potvin: catherine.potvin@mcgill.ca 

 

 

 

mailto:catherine.potvin@mcgill.ca


91 
 

 

 

Figure 6. Code of Ethics Certificates 
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