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Abstract: Climate change contributes significantly to food insecurity, mainly through the impact on crop yields and the 
availability of essential resources such as irrigation water. This exploration involved evaluating meteorological factors and 
contrasting them with the scenarios described in the Representative Concentration Trajectories (RCP) 4.5 and 8.5 from a 
pluralistic approach in the Andean province of Tungurahua. A semi-structured questionnaire was administered to 244 
agricultural practitioners to obtain primary data. The analysis included the Rasch model for psychometric evaluation, 
descriptive statistical methods, and qualitative content analysis. Several dimensions were covered, ranging from 
socioeconomic determinants and agronomic production metrics to food security indicators and farmers’ attitudes toward 
climate variability at different altitudes. Key findings indicate a notable impact of climate variability on agricultural 
production, attributed to factors such as frost, drought, excessive rainfall, and pests. The Rasch analysis revealed a relatively 
low risk of food insecurity, with a score of 0.74, suggesting adequate capacity for self-sufficiency. In addition, the perceptions 
and conditions reported by farmers showed significant alignment with the RCP 4.5 scenario projections. In conclusion, 
farmers’ perceptions provide valuable insights to integrate into climate change analyses. However, the study also 
acknowledges certain limitations vis-à-vis the accuracy of farmers’ recollections of past climate events. Therefore, the data 
reported in the research should be considered subjective. 
 
Keywords: Andean farming, climate variability, food availability, climate forecast, risk inventory. 
 
Resumen: El cambio climático contribuye de manera significativa a la inseguridad alimentaria, principalmente por el 
impacto en los rendimientos agrícolas y la disponibilidad de recursos esenciales, como el agua de riego. Esta exploración 
implicó la evaluación de factores meteorológicos y su contraste con los escenarios descritos en las Trayectorias de 
Concentración Representativas (RCP) 4.5 y 8.5, desde un enfoque pluralista en la provincia andina de Tungurahua. Se aplicó 
un cuestionario semiestructurado a 244 practicantes agrícolas para obtener datos primarios. El análisis incluyó el modelo de 
Rasch para la evaluación psicométrica, métodos estadísticos descriptivos y el análisis cualitativo de contenido. Se abarcó 
varias dimensiones, desde determinantes socioeconómicos y métricas de producción agronómica hasta indicadores de 
seguridad alimentaria y actitudes de los agricultores hacia la variabilidad climática en diferentes altitudes. Los hallazgos clave 
indican un impacto notable de la variabilidad climática en la producción agrícola, atribuido a factores como heladas, sequías, 
precipitaciones excesivas y plagas. El análisis de Rasch reveló un riesgo relativamente bajo de inseguridad alimentaria, con 
una puntuación de 0,74 que indica una capacidad adecuada para el autoabastecimiento. Además, las percepciones y 
condiciones informadas por los agricultores mostraron una alineación significativa con las proyecciones del escenario RCP 
4.5. En conclusión, las percepciones de los agricultores ofrecen valiosos conocimientos para su integración en los análisis 
del cambio climático. Sin embargo, el estudio también reconoce ciertas limitaciones frente a la precisión de los recuerdos de 
los agricultores sobre eventos climáticos pasados. Por tanto, los datos consignados en la investigación deben considerarse 
como subjetivos. 
 
Palabras clave: agricultura andina, variabilidad climática, disponibilidad de alimentos, pronóstico climático, inventario de 
riesgos.  
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Introduction 

Climate variability severely threatens global food security, increasing the risk of a negative impact 
on the economy, society, environment, and health (Davis et al., 2015). The agricultural sector is 
highly vulnerable to climate change, affecting global food security (Viana et al., 2022). Scientific 
reports (1990 to 2013) have established that global temperatures increased between 1.1 °C and 
0.2 °C since the pre-industrial era, with an average increase of 0.2 °C between 2011 and 2015 
(IPCC, 2019), causing an average 3.2 millimeters rise in sea levels, as well as a 40 % increase in 
CO2 levels (Shukman, 2019). Ecuador highlights the potential increase in extreme weather 
events, retreat of glaciers, rise in sea level, and decrease in annual runoff as negative 
consequences of climate change (MAE, 2017). As a result, the agricultural sector in Ecuador 
faces significant economic losses, estimated to reach USD 5.6 MM by 2025 (CEPAL & FAO, 
2021; ONU, 2019). 
 
The availability of research on the admissible impacts of meteorological variations in different 
regions and provinces of Ecuador is limited (ENCC, 2012; Del Salto, Galvez & Regalado, 2018). 
Nonetheless, studies reveal a rise in the average annual temperature at the national level of 0.6 
°C for the years 2011–2040, indicating an increase of up to 2.8 °C by the end of the century in 
an optimistic scenario (García-Garizábal et al., 2017). The foremost aspects of climate change in 
Ecuador relate to changes in rainfall patterns, prolonged droughts, glacier retreats, and rising sea 
levels (Pérez, 2016). 
 
Extreme weather events will adversely affect agriculture conditions and farmers’ income, with a 
higher risk of abandonment, migration, and poverty (Fagariba et al., 2018; Krishnamurthy et al., 
2014; Yegbemey, 2021). Furthermore, it can exacerbate diseases, pests, and invasive species, 
leading to modifications in traditional practices related to the storage, transportation, and 
conservation of agricultural products (FAO, 2017). Indeed, research shows that climate change 
can adversely affect the well-being of these communities (Molotoks et al. 2021; UNDP, 2010; 
Vincent et al., 2011).  
 
The impact of climate change on farmers’ behavior has far-reaching consequences for the well-
being and conservation of culture, practices, knowledge, or biodiversity (Joza Vera et al., 2022; 
Wheeler & Von Braun, 2013). Increasing food prices will lead to conventional agricultural 
practices where monocropping requires land extension to be implemented, and small farming 
will reduce their participation in markets (Agrimonti et al., 2021). 
 
Nonetheless, climate change can create opportunities, depending on the farmers’ abilities to 
interpret future scenarios (Olesen & Bindi, 2002). Adopting diversification practices and 
agroforest models in temperate regions, such as the Andean Mountain range, can reduce the 
impact of climate variations (Ochieng et al., 2016; Snowdon et al., 2021).  
Identifying farmers’ decisions associated with strategies implemented under climate variation is 
necessary to implement integral actions to adapt to climate change. The increase of vegetation 
and green cover contribute to alternatives in rural zones to address the lack of water in paramos 
(Eguiguren-Velepucha et al., 2016; Lozano & Moggiano, 2021). Hence, in 2050, the average 
annual temperature is expected to increase by 1.82 °C, potentially leading to a decrease of up to 

10 % in annual water availability in the paramos (Cadilhac et al., 2017; Geoinformática y Sistemas 
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Cia. Ltda, 2015; Lascano, 2018; Toulkeridis et al., 2020). Thus, the average daily rainfall during 
1961-2008 in the continental Ecuadorian territory was recorded at 5.47 mm/day. However, 
based on the Precis Scenario A2 model, the average values for 2010–2020 are projected to be 
5.56 mm/day and 5.51 mm/day, respectively. Data reported depicts a trend of increasing 

precipitation levels, with a significant rise of up to 14.5 % expected in the 2050s (Chimborazo & 
Vuille, 2021; MAE, 2017). 
 
Conversely, Representative Concentration Pathways (RCP) act as guideposts for understanding 
the emissions, concentrations, and land-cover change projections based on distinct greenhouse 
gas emissions scenarios and land-use alterations (Moss et al., 2010). The paramount significance 
of RCPs lies in their capacity to offer insights into probable future climate conditions, thus 
enabling informed preparative measures. As Van Vuuren et al. (2011) highlighted, RCP is an 
instrument for governments, industries, and communities to project potential climatic variations 
and adapt their methodologies. Sectors such as agriculture, for instance, can benefit immensely 
from anticipating potential changes in precipitation or temperature to ensure sustained 
productivity (Challinor et al., 2014). By scrutinizing these pathways, policymakers can devise 
mitigation and adaptation strategies to tackle specific climate outcomes (Clarke et al., 2007).  
 
Some divergence between the scientific consensus on climate change and farmers’ knowledge 
has been noted, pointing to a potential gap in climate change communication and education 
(Mase & Prokopy, 2014). The potential impacts of  these perceptions on adaptation measures 
and decision-making are beginning to be examined, emphasizing the importance of  locally 
specific climate information and communication within farming communities (Deressa et al., 
2011). With the advent of  improved data collection techniques like remote sensing and machine 
learning, researchers now have more sophisticated methods to examine climate change’s spatial 
and temporal impacts on farming practices, thus furthering our understanding of  these intricate 
relationships.  
 
Studies have shown that farmers are more likely to recognize and express concerns about climate 
change if  they have experienced its effects firsthand, such as changes in precipitation or 
temperature (Arbuckle et al., 2013). Mertz et al. (2008) found that farmers in central Senegal 
perceive climate change through their experiences of  climate variability, such as wind and 
occasional excess rainfall, which they identify as the most destructive climate factors. They 
attribute poor livestock health, reduced crop yields, and other problems to climate factors, 
especially wind.  
 
Likewise, the literature explains how farmers’ perception (FP) is represented by changes in a 
period using a historical scenario as a parameter for perceived agroclimatic variations (Fierro-
González & López-Feldman, 2021). The measurement around perception has specific variables 
that could be used for understanding farmers’ dynamics. The case of  farmers in the Nile basin 
of  Ethiopia, analyzed by Deressa et al. (2011), identifies that temperature is an indicator of  
climate variation used for farmers. Some perception practices have a line of  time to contrast past 
and present in a short- or long term-( (Smit & Skinner, 2002). The information about climate 
variation and negative effects permits to farmers a compression of  FP, and Menapace et al. 
(2015) describe a methodological approach (EM procedure) to evaluate the changes under 
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farmers’ criteria. In other words, a scale is an adequate form to understand FP in some studies 
(Soubry et al., 2020). 
 
The current research analyzes FM in the cantons of  Mocha, Tisaleo, and Píllaro regarding 
climatic variations using RCP climate change scenarios and the Rasch analysis for food security. 
In this case, the hypothesis is that FM of  climate variation measures changes in terms similar to 
scientific reports. This study is significant as it aims to provide an in-depth examination of  FP 
and how they determine the weather factors of  variability, and on the other hand, if  they are 
vulnerable to reducing their food security. This nuanced understanding is essential for developing 
tailored climate change adaptation strategies for these agricultural communities. 
 
The findings are expected to enhance our comprehension of  the farmers’ responses to adverse 
climatic conditions. Moreover, the emphasis promotes evaluating and contrasting these 
perceptions with established scientific scenarios. Both approaches are complementary and 
contribute significantly to the field, providing insights into climate change’s human and scientific 
dimensions. This dual perspective is instrumental in developing more effective and relevant 
adaptation and response strategies for the impacted agricultural communities. 
 
 

Materials and Methods 
 

Study Location 
 
This study is based on the incorporation method as a determination of  the most significant 
impacts of  climate change on agricultural production in the cantons of  Mocha, Píllaro, and 
Tisaleo. The case study took place in the central Andean area, Ecuador, where most of  the 
population depends economically on agriculture, directly or indirectly. Tungurahua is a province 
with a higher influence on food security in the region, principally because its production feeds 
capital markets and some Amazonian provinces. Farmers have low access to land and water as 
resources for producing crops that are part of  the food and sovereignty security. Maize, potatoes, 
beans, and an essential group of  vegetables and fruits are part of  the basket offered to satisfy 
product demand (Figure 1). 
 
The study was conducted during the pandemic in 2021 between July and December, focusing 
on cropping stages (harvesting and growing). The analysis observed distribution in three cantons 
engaged mainly in maize, potato, and fruit production. This priority is assumed because it is an 
important economic source for the farmers, a supply of  food to the territory, and the principal 
income for their families. This area has a predominant climate modified by high mountains, 
which allows the cultivation of  diversified crops at an altitude of  2,400 to 3,200 meters above 
sea level (Figure 2).  
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Figure 1. The location of  the study is in Tungurahua province, Ecuador. 
Source: INAMHI, 2020 
 
 
The landscape consists of  volcanoes, mountains, plains, and valleys, so the climate is dry and 
temperate and the elevation influences in the climate and moderates the temperature in the 
productive zone. 

 
Figure 2. The altitude of  farms analyzed about the location of  cantons. 
Surveys collected 2021 
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Research Methodology 
 
The present study adopts a positivist paradigm, which analyzes observable, measurable, and 
quantifiable phenomena using specific techniques, tools, and procedures by quantifying climate-
related events in the agricultural sector, including the compilation of  relevant data from 
databases and FM of  climate change. The study instrument is a semi-structured questionnaire 
applied using a survey. 
 
A systematic methodology for studying the FP of  climate change in agriculture emphasizes the 
objective analysis of  observable phenomena. Initially, the study quantifies climate-related events 
in the agricultural sector, which is achieved by analyzing measurable and quantifiable data. This 
includes compiling relevant data from databases to assess food security indicators and FM of  
climate change. The subsequent step hinges on whether these climate events are found to affect 
crop cycles and food availability. Subsequently, the methodology dictates surveying farmers to 
gain an understanding of  their responses to adverse climatic conditions. This step is critical for 
examining the impacts of  climate change on agriculture through a positivist lens, ensuring an 
objective examination and identification of  specific variables and factors. The investigation then 
evaluates whether these climate changes influence farmers’ resilience and adaptive strategies.  
 
Sample and Data Collection 

The sample size was determined using the formula 𝑛 =
𝑁𝜎2𝑍2

(𝑁−1)𝑒2+𝜎2𝑍2, where n represents the 

sample size, N represents the population size of 16,652 families of small farmers of the three 
cantons analyzed, Z represents the standard unit corresponding to the confidence level used (in 

this case, 1.96 for a 95 % confidence level), e represents the percentage of error (5 % or 0.05), 
and σ represents the standard deviation of the population. When the value of σ is unavailable, a 
constant value of 0.5 is typically used.  
 
The statistical analysis yielded a sample size of 244 families (less than 1 hectare), deemed 
appropriate for the study’s objectives. The stratified sampling technique ensured that the sample 
was representative of the population of interest and allowed for more accurate estimates of 
parameters of interest. 
 
In the initial stage, participants were selected from the communities in the specified cantons 
primarily involved in food production. These individuals, who were integral to capturing the 
community-level impact, were courteously informed about the purpose of the research and why 
they had been chosen as participants. For data collection, the study administered a detailed 
survey of the primary food producers within the households of these cantons. The instrument 
had three sections and 105 questions about agricultural practices, socioeconomic status, and 
climate change perceptions. The survey was designed to shed light on how these local 
communities are experiencing and coping with the adverse effects of climate change on food 
security. Each survey was handed directly to the household’s primary food producer, ensuring 
the information was as firsthand and reliable as possible. 
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The structure included a set of  closed questions (Table 1). The instrument addressed the families 
of  the producers of  the different cantons to know the situation of  food security in the sector 
and thus propose alternatives for improvement. Survey data was tabulated assuming values as a 
Likert scale for each response (0 to 3.5, or 7), according to each option and question. The 
validation was approved by the Cronbach’s alpha with a result of  0.82. This test used a 
correlation to determine the effective relation between survey questions.  
 
Table 1. Description of variables included in the survey 
 

Components Variables 

Socioeconomic Canton, family members, age, formal instruction, primary 
economic activity, secondary economic activity, monthly 
income, funding amount, use of financing 

Climate change Type of production, weather—colder, weather—wetter, 
weather—drier, weather—warmer 

Perception Rain last year, decreased yields—pests, decreased yields—
frost, decreased yields—droughts, decreased yields—
excessive rainfall, decreased yields—lack of irrigation 
water, consumption production, frequency of 
consumption, self-production—home feeding, type of 
drinking water 

Source: Prepared by the authors. 
 
Parallel to the survey-based data collection, a quantitative risk assessment Was conducted to 
identify climate change perception and production impacts. This probabilistic analysis used the 
Statistical Package for Social Sciences (SPSS) and R software. The software assisted in accurate 
and robust data analysis, allowing a clearer understanding of the projected challenges in the 
coming years. 
 
RCP Scenarios and Perception Analysis 
 
Moreover, the study incorporated RCP scenarios to evaluate the Climate Risk Index. The 
scenarios included the current climatic conditions, a moderate projection for 2022–2040 (RCP 
4.5), and a more severe projection for the same period (RCP 8.5). These scenarios visually 
represented the varying levels of  climate risk these territories face presently and in future 
projections. 
The survey data was subsequently coded and categorized, enabling a direct comparison with 
specific indicators like temperature changes and extreme weather events as projected in the RCP 
scenarios. The analytical procedure involved quantitative and qualitative methods, including 
statistical correlations and thematic analyses, to gauge the alignment between localized 
perceptions and broader scientific forecasts. Using Mertz et al’s (2008) study, the description 
was compared with RCP data in a table for discussion. 
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Table 2. RCP scenarios forecasting in the central region of Ecuador according to IPPC (2019) 
 

 
Year range 

 
Scenarios 

ΔT (ºC) Food safety analysis 

RCP 4.5 RCP 8.5 

2011–2040 L 0.62 0.62 The Ecuadorian mountains experience an average annual 
temperature range of 8.1 and 10 °C. However, 
projections indicate this temperature could increase by 
0.6 to 0.75 °C. As a result, rainfall may be reduced during 
certain times of the year, adversely impacting certain rain-
fed crops in the region. These findings have significant 
implications for agricultural planning and development, 
highlighting the importance of climate-smart practices 
and adaptation strategies to mitigate potential negative 
impacts. 
 

M 0.64 0.66 
S 0.66 0.76 

2041–2070 L 0.98 1.34 The average annual temperature projected for 2041–2070 
in the Ecuadorian highlands increases by 0.9 and 1.75 °C, 
so rainfall varies throughout the year, having months 
with little rainfall affecting crops in the area 
 

M 1.16 1.54 
S 1.31 1.75 

2071–2100 L 1.53 2.49 For the Sierra, the range of values would be higher by at 
least 1 °C by the end of the century, concerning the 
current behavior. The average annual temperature 
projected for 2071–2100 in the Ecuadorian mountains is 
an increase of 1.53 and 3.12 °C, being optimistic that 

rainfall would decrease by 2 % and 10 % 

M 1.53 2.49 

S 1.75 3.12 

* Mild = L, Moderate = M, Severe = S 
Source: Prepared by the authors. 
 
Table 2 presents a detailed forecast outlining the projected temperature increases and their 
implications for food safety in the central region of  Ecuador, as per the IPCC’s RCP 4.5 and 8.5 
scenarios. The table covers three future periods—2011–2040, 2041–2070, and 2071–2100—and 
incorporates varying severity levels (Mild, Moderate, Severe) to provide a comprehensive view. 
Findings reveal an incremental rise in temperature across all severity levels and periods, with 
more severe impacts anticipated under the RCP 8.5 scenario. Particularly significant is the 
projected decrease in rainfall, which is expected to impact rain-fed agriculture, adversely affecting 
food security. This data underscores the pressing need for integrating climate-adaptive strategies 
and proactive agricultural planning to mitigate the potential negative repercussions of  climate 
change on the region’s food security.  
 
Advanced Analysis: Rasch Model 
 
The Rasch model is a sophisticated statistical approach designed to standardize various values, 
allowing us to gauge performance more precisely based on the individual ability of the household 
and the difficulty level of the item being measured. The mathematical formulation of the Rasch 

model can be represented as Ln(Pni/(1 − Pni))  = Di − BnLn(Pni/(1 − Pni))  = Di − Bn, 

where Ln is the natural logarithm, Pni/(1 − Pni)Pni/(1 − Pni) is the odds ratio concerning 

https://doi.org/10.21930/rcta.vol25_num1_art:3310


Christian Franco-Crespo., et al.                                                     Assessing Farmers’ Perceptions of Climate Change 

DOI: https://doi.org/10.21930/rcta.vol25_num1_art:3310   

Cienc. Tecnol. Agropecuaria, 25(1): e3310                                            

item difficulty and household ability, and Di and Bn are logit paths related to the local origin of 
the latent variable under consideration.  
 
The application of the Rasch model in our study is influenced by prior work conducted by 
Camargo G. et al. (2012), which attests to the utility and effectiveness of this method in social 
science research, including the realm of food security. Using the Rasch model, we aim to generate 
empirically substantiated, data-driven insights that could guide strategic interventions to enhance 
food security in the communities under study. 
 
 

Results 
 
Socioeconomic aspects of  farmers describe a high presence of  women, comprising 57.8 % of  
the farming community and primarily overseeing food production. Furthermore, the sector 
includes individuals aged forty and above, making up 98 % of  our respondents. Educationally, 
most farmers have only completed primary education (51.6 %), with a mere 7.4 % reaching a 
university degree. Family units consist of  3 to 4 members and a significant 76.23 % of  these 
families financially rely on the principal farmer, underscoring their pivotal socioeconomic role. 
Additionally, 88.5 % of  the surveyed farmers engage in informal economic activities, eschewing 
state regulations.  
 
Table 3 presents a matrix of percentages delineating the interrelation between various climatic 
perceptions. Each entry elucidates the percentage of respondents who perceive a particular 
weather condition coinciding with a specific agricultural decrease. For instance, a staggering 
82.40 % correlate colder weather with a decrease due to pests, suggesting a pervasive belief in 
the negative impact of cooler temperatures on pest proliferation. In contrast, warmer weather is 
associated with a decrease due to pests by a lesser fraction of 26.33 %, indicative of a less 
substantial linkage in the collective agronomic profile. 
 
Table 3. Perception of climate and reduction of crops due to individual options 

Index 
Colder 
weather 

Weather    
humidity 

Drier 
weather 

Warmer 
weather 

Weather—
more rainy  

Decrease due to pests 82.4 68.98 21.32 26.33 12.34 

Decrease due to frost 92.07 78.06 22.52 28.91 14.02 

Decrease due to drought 96.29 80.67 24.07 29.53 14.6 

Decrease due to excessive rainfall 94.75 79.8 23.47 28.73 14.35 

Average 91.3775 76.8775 22.845 28.375 13.8275 

 
A comparative analysis across the horizontal stratifications of the table reveals a salient pattern: 
colder weather and more humid conditions are consistently associated with higher percentages 
across all decremental categories. This trend peaks with decreases due to drought, where 96.29 
% associate colder weather and 80.67 % associate more humid climates with drought-induced 
agricultural diminishment, paradoxically counterintuitive yet reflective of complex local 
environmental dynamics. 
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On the vertical spectrum, the percentage increases from pests to drought, suggesting a perceived 
compounding effect of climatic extremities on drought conditions due to the exacerbation of 
water scarcity amidst colder and more humid conditions, which could hamper water retention 
and utilization efficiency. 
 
The column denoting “Weather—more rainy” uniformly presents the lowest percentages, 
indicating a perceived beneficial or less detrimental effect of increased precipitation on the 
specified agricultural decreases. This could be attributed to the mitigatory potential of ample 
rainfall on pests, frost, and drought conditions, notwithstanding the nuanced balance required 
to avert the adversities of excessive rainfall. 
 
Figure 3 presents the altitudinal dispersion of agrarian establishments and delineates the interplay 
between meteorological perceptions and various diminution phenomena within agricultural 
yields. The analytical framework encapsulates a comprehensive altitudinal gradient, extending 
from approximately 2,800 to over 3,400 meters above sea level, thereby supplying an extensive 
overview of the orographic influences on farm productivity. Such a distribution suggests a non-
discriminatory impact of cooler temperatures on agricultural outputs, irrespective of the farms’ 
elevation. Furthermore, Figure 3 integrates fixed horizontal delineations corresponding to the 
altitudes of specific urban centers such as Ambato, Tisaleo, Mocha, and Pillaro. These 
demarcations are benchmarks, anchoring the data within a recognizable topographical context 
and facilitating comparative analysis of rural and urban agro-climatic conditions. 
 

 
Figure 3. Farms where climate impacts food production according to data analysis. 
Source: Prepared by the authors. 
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Figure 4 depicts a heterogeneous intensity distribution due to an agricultural phenomenon across 
an altitude gradient in the analyzed farms. Data points, color-coded to represent different 
intensity levels, suggest significant variability that does not appear to follow a clear linear trend 
concerning altitude. Higher intensities, indicated by yellow color as farms affected by climate 
change, are scattered across a range of altitudes, which could imply that factors other than 
altitude may influence the intensity of the observed phenomenon. However, a slight clustering 
of higher intensities at mid-range altitudes, particularly around 2,800 meters above sea level, 
indicates a moderate influence of altitude on the studied phenomenon. 
 

 
 

Figure 4. Farms where climate impacts food production according to data analysis. 
Source: Prepared by the authors. 
 
The assorted markers for diverse factors of agricultural decrease—namely pests, frost, drought, 
excessive rainfall, and overall yield reduction—do not correlate with specific altitudes within this 
visual representation. Instead, they appear interspersed throughout the range, showing a 
complex and potentially multifactorial relationship between altitude and these decremental 
agents. 
 
Notably absent from the graphical representation are explicit visual indicates that encapsulate 
zones of heightened incidence, which have been accentuated through strategic circumscription 
or alternative highlighting techniques. Such an enhancement allows for a more immediate and 
intuitive recognition of areas where climatic effects on agricultural productivity are most 
pronounced. 
 
According to climate change perception, Table 4 shows the results around food production, 
where the necessity for mobility to market produce, food self-sufficiency, and water supply is. 

Notably, most farmers (63.9 %) distribute between one and three parts of  their produce for 
household consumption, while the same percentage sells seven to nine parts. This dual role of  
farming for both sustenance and economic gain underscores the multifaceted nature of  
agricultural practices in the studied region. The frequency of  food consumption within these 

farming households revealed potential food deficits, with only 24.8 % consuming their produce 
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daily. Interestingly, while 52.2 % of  farmers must travel to other sectors to sell their produce, a 

substantial 85.81 % consider their production sufficient for household needs. The water supply 

situation is sub-optimal, with only 25 % having access to potable water, highlighting an area for 
urgent intervention.  
 
Table 4. Analysis of FP around food production. 

Variable analyzed Percentage (%) Interpretation/Variation 

Consumption of own produce   

1–3 parts for household consumption 63.9 The majority use a portion for household needs 

4–6 parts 7.4  

7–9 parts 2  

All production 16.9  

Sale of products   

1 of 3 parts sold 2 A limited part is sold 

1–6 parts sold 7.4  

7–9 parts sold 63.9 The majority of production is sold 

All production sold 3.5  

Frequency of consumption   

Monthly 20.8 Potential food deficit at home 

Weekly 44.8  

Daily 24.8  

None 9.6  

Need for mobility to sell   

Mobility to other sectors 52.2 The majority must travel to sell 

No need for mobility 28.2  

N/A* 19.6  

Self-sufficiency in food production   

Sufficient for household 85.81 The majority find it sufficient 

Insufficient for household 14.19  

Water supply   

Potable water 25 Limited access to potable water 

Piped water 73.1 The majority rely on piped water 

Well water 1.4  

* N/A without a response from farmers. 
Source: Prepared by the authors. 
 
 
Rasch Analysis 
 
The following analysis includes two critical tables that employ Rasch modeling to assess various 
dimensions of  food security quantitatively. Table 5 provides Rasch statistical parameters for each 
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item related to food security, encompassing aspects such as the ability to buy food versus income, 
the distance required to purchase food, and the experience of  hunger. These parameters are 
summarized through item ease (beta), standard estimation error, and confidence intervals. Table 
6 extends this analysis by detailing the Rasch model’s difficulty, discrimination, and probability 
parameters for each question. 
 
Table 5. Rasch statistical parameters 

Item ease parameters (beta) with IQ 0.95: 

 Standard 
estimation 

Error Lower limit of 
CI 

Upper limit of 
CI 

Ability to buy food vs. 
income 

-0.459 0.084 -0.623 -0.295 

Distance to buy food 0.652 0.078 0.500 0.804 

Hunger 1.572 0.089 1.397 1.746 

Self-production for home 
feeding 

-1.297 0.102 -1.497 -1.097 

Family member sick in the 
last year 

-0.468 0.084 -0.632 -0.304 

Source: Prepared by the authors. 
 
Table 5 outlines Rasch statistical parameters, specifically focusing on item ease parameters (beta) 
along with their standard estimation error and confidence intervals (CI). The “Ability to buy 
food vs income” variable has a beta value of -0.459, suggesting that this item is easier for the 
population to endorse. The negative beta value could imply that higher income levels in the 
sample could be associated with greater ease in buying food. In contrast, the item “Hunger” has 
a higher positive beta value of 1.572, showing that experiencing hunger is less common within 
the sample. This would suggest that this item is ‘harder’ to endorse, likely because fewer people 
are experiencing this issue. Similarly, variables like “Distance to buy food” have a positive beta, 
pointing toward its relative difficulty within this population. 
 
Table 6. Rasch’s analysis of each question 

Dffclt Dscrmn P(x = 1|z = 0) 

Lack of food -178.34411 0.006010361 0.7449604 

Distance to buy food -27.02643 0.006010361 0.5405206 

Ability to buy food vs. income 159.65805 0.006010361 0.2769578 

Patients last year 160.98617 0.006010361 0.2753621 

Self-production for home feeding 299.45771 0.006010361 0.1418695 

Source: Prepared by the authors. 

Table 6 presents the Rasch analysis of each question for difficulty (Dffclt), discrimination 
(Dscrmn), and the probability of a positive response when the latent trait is at zero (P(x = 1|z = 
0)). For example, the “Lack of food” item has a high negative difficulty score of -178.34411 and 
a high probability score of 0.7449604, indicating that the item is challenging to endorse but has 
high discrimination power. It might also mean that when endorsed, this item can effectively 
differentiate between distinct levels of the latent trait, i.e., food security. 
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According to the result schema, the most pertinent parameters are hunger levels and the distance 
needed to purchase food, with values of 0.74 and 0.54, respectively. Other variables in the study 
display a low index, registering values below 0.3. Together, these tables illuminate the complex 
landscape of food security by finding key parameters instrumental in understanding its various 
dimensions. These Rasch analysis findings offer a quantitative foundation for showing critical 
intervention and policy formulation areas. 

 

Discussion 
 
Farming is a practice with a vast knowledge background accumulated in farmers’ experience. 
The transmission of  information supplies heritage and decision actions under risk scenarios, 
forming resilience and adaptation. The reduction of  adult participation and generational change 
represents a concern for the sustainability of  local agriculture, as younger generations show 
diminishing interest. Hence, this lack of  formalization not only affects the quality and safety of  
agricultural products but also poses broader governance challenges. These findings amplify the 
need for targeted policy interventions, given the centrality of  farmers—particularly women and 
older individuals—in regional food security and economic stability, especially when 
contextualized within the overarching issues of  climate change impact and adaptation strategies. 
The analyzed farms’ altitude does not show a significant relationship with climate perception 
and variation. Moreover, the results have coincided with Brazilian farmers where drought affects 
production, and their perception is focused on this evidence (Fierros-González & López-
Fieldman, 2021). The scale (RCP) used in this study is an approach to understanding how FP 
adjusts to technical criteria. Similar studies such as Soubry et al.’s (2019) establish that FP 
produces information under specific time and climatic indicators parameters. Moreover, 
comparisons of FP with RCP scenarios promote the use of knowledge to include their 
participation in the next steps of information analysis on the climate crisis. 
 
Our analysis, supported by literature and field observations, reveals a concerning alignment 
between the FPs and the projected outcomes of various RCP scenarios. Alotaibi (2023) states 
that climate change has detrimentally affected agricultural productivity, exacerbating food 
insecurity rates. The farmers in our study have noted marked shifts in temperature and 
precipitation patterns, including extended winter seasons and abbreviated, intensely hot summer 
seasons. These changes have culminated in drier conditions, escalated pest activity, and increased 
soil erosion, resonating with the expected consequences of climate change. 
 
Table 7 presents a synthesis of the interlinked variables of climate change, RCP scenarios, and 
food security. The data reveal a distressing decline in climatic conditions over the past decade, 
significantly affecting agricultural outputs and, by extension, the livelihoods of farming families. 
The survey participants reported heightened adverse climatic factors such as increased cold 
spells, humidity, dryness, extreme temperatures, pest proliferation, soil erosion, and altered 
rainfall patterns. These observations align with the RCP 4.5 scenario, which envisions moderate 
future impacts. However, it is crucial to consider the potential ramifications of the RCP 8.5 
scenario. Our findings suggest a trend toward this higher-consequence pathway, signaling an 
escalation to near-irreversible impacts on the community. 
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Contrasting these observations with RCP scenarios, there is a noticeable congruence between 
the farmers’ experiences and the moderate impacts predicted under RCP 4.5. However, the 
emerging trend toward the more severe impacts of RCP 8.5 raises significant concerns. This 
alignment shows that while the current observations are consistent with a moderate impact 
scenario, the trajectory veers toward a more severe impact scenario, necessitating immediate and 
targeted policy interventions. These policies should aim at bolstering agricultural resilience and 
enhancing food security while also considering the broader socioeconomic context of these 
farming communities. 
 
Table 7. Perception of climate change in food security parameters in the Mochas, Píllaro, and 
Tisaleo cantons 
 

Climate xhange 
Impact 

RCP 
scenario 

Food security 
impact 

Detailed discussion 

Global 
warming 
effects 

RCP 8.5 
Severe 

Decreased 
agricultural output 

The research indicates significant meteorological 
changes over recent decades in the cantons of 
Mocha, Píllaro, and Tisaleo. Increased occurrences 
of cold weather, humidity, dryness, and elevated 
temperatures have adversely affected non-
traditional crops. The RCP 8.5 scenario is relevant 
here, considering moderate air pollutant emissions 
contributing to climate change. Temperatures in the 
central regions range from 8.1 to 10 °C and are 
projected to increase by 0.6 to 0.75 °C. This change 
significantly threatens food security and the social 
welfare of local farmers. 

Harvest 
fluctuations 

RCP 4.5 
Moderate 

Reduced food 
access and quality 

The study reveals a marked decline in food access 
and availability in the area, impacting the dietary 
quality of many producers. A notable shift toward 
processed foods has occurred due to diminished 
fresh food consumption, driven by climate-induced 
harvest fluctuations. However, economic 
challenges limit access to processed foods for some. 
Additionally, the availability of potable water has 
become a critical issue in rural sectors. The RCP 4.5 
scenario illustrates the relationship between land 
use, air pollution, and harvest outcomes in these 
regions. 

Source: Prepared by the authors. 
 
Producers have observed a significant shift in climate patterns compared to past periods in recent 
years. This observed variation aligns closely with the effects predicted in the RCP 4.5 scenario, 
moderately impacting farm production and climate conditions. Additionally, a majority of 
producers, approximately 66 %, report an increase in nocturnal rainfall. This observation aligns 
with Chuqui González’s (2022) research, which identified February to June as the wettest 
months, with November being the warmest. Despite these changes, it is crucial to highlight that 
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producers continue to depend on traditional theories and practices from previous years for 
planning their crop-planting schedules. 
 
Based on the analysis conducted, it is evident that climate change poses a significant risk to food 
production. The study evaluated the potential consequences of climate variations, focusing on 
the RCP 8.5 and 4.5 scenarios. The findings indicate that by 2040, there will be a moderate 
impact on climate, resulting in an annual temperature increase between 0.6 °C and 0.75 °C. 
Armenta et al. (2016) also conducted a study in Ecuador, highlighting that the RCP 8.5 scenario 
could lead to an increase of 0.8 °C between 2011 and 2040. Furthermore, the RCP 4.5 scenario 
could increase rainfall from 4 % to -15 %, with the Ecuadorian highlands experiencing an 

increase between 8 %  and 10 %. These projections suggest a negative impact on food 
production, thus emphasizing the need for mitigation measures to be implemented. Camargo G. 
et al. (2012) set up the effectiveness of the Rasch model in assessing food security. Their research 
concludes that there is a moderate effect on food consumption and health. The instrument 
displays high reliability with a coefficient index of 0.98; in the present study, 0.975 was achieved. 
Consequently, it is imperative to adopt new climate mitigation strategies to prevent the escalation 
of food insecurity, bearing in mind future generations and the well-being of our planet. 
 
 

Conclusions 
 
The present study stresses the producers’ perceptions of climate change in the country’s central 
area, particularly in the Andean Mountain range. While recent climate changes are evident and 
align with scientific predictions, producers remain reliant on historical practices for agricultural 
planning, underscoring the need for integrating contemporary climatic data into traditional 
farming strategies. Likewise, the Rasch Model reveals a notable discrepancy between the altitude 
incidence and impact on farms, emphasizing the need to include more variables around farmers’ 
resilience in future studies. Moreover, the authorities’ lack of mitigation actions against climate 
change would exacerbate this situation, as indicated by a moderate RCP 4.5 scenario, which has 
considerable repercussions on climate change by decreasing water availability for irrigation and 
reducing sustainable practices such as soil regeneration and crop diversification. The future 
scenarios of RCP 8.5 and 4.5 prove that an average temperature increase of 0.6 °C to 0.75 °C is 
expected between 2022 and 2040 in the cantons Mocha, Píllaro, and Tisaleo. The producers’ 
perception has a set of factors incorporating climate variation, and there is not enough 
information to conclude a specific relationship with yield variation. The number of cold days 
and the humidity variation are factors associated with pest increase in some areas. 
 
Nonetheless, it is necessary to reinforce the analysis of these points. Moreover, the estimation 
of adverse effects shows an understanding and an assumption from farmers, according to the 
moderate effects represented by the RCP 4.5 scenario. These findings have significant 
implications for the design and implementation of climate change policies and programs that 
prioritize the perspectives and experiences of local communities. Finally, this study demonstrates 
that climate change is a significant challenge affecting various aspects of the producers’ lives, 
particularly their food security, and warrants urgent action from authorities and stakeholders to 
mitigate its adverse effects. 
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