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People living in areas vulnerable to diseases caused by extreme climate change events, such as semiarid regions, tend to recognize them quickly and, consequently, develop strategies to cope with their effects. Our study investigated the perception of diseases by farmers living in the semiarid region of Northeastern Brazil and the adaptive strategies locally developed and used. To this end, the effect of the incidence and severity of locally perceived diseases on the frequency of adaptive responses adopted by the farmers was tested. The research was conducted in rural communities in the Pernambuco State, Northeastern Region of Brazil. Semi-structured interviews with 143 farmers were conducted to collect information about major drought and rainfall events, the perceived diseases related to these events, and the adaptive strategies developed to mitigate them. The incidence and severity of diseases perceived by farmers were calculated using the Participatory Risk Mapping method and the frequency of adaptive strategies. Our findings demonstrated that few climate change-related diseases were frequently mentioned by farmers, indicating low incidence rates. Among them, direct transmission diseases were the most frequently mentioned. Adaptive strategies to deal with the mentioned diseases related to prophylactic behavior were less mentioned, except if already utilized. Our model demonstrated that incidence was the only explanatory variable with a significant impact on the adaptive strategies used to deal with the effects of these risks on health. Our findings suggest that the estimated incidence of diseases should be considered in the development of predictive climate change models for government policy measures for the public health security of populations in areas of greater socio-environmental vulnerability.
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INTRODUCTION
There is extensive evidence that the global climate is changing rapidly. A recent survey by the World Meteorological Organization (WMO, 2020) demonstrated that 2015 to 2019 were the five warmest years on record compared to any other equivalent period in history. Such changes drive the incidence of heatwaves, floods, and storms and affect the dynamics of air, water, and food supply, which are key drivers of human health (WHO, 2009).
Human health problems caused by extreme climate change events (e.g., prolonged droughts and rainfall) are diverse, ranging from heatwave related diseases and mortalities to infections transmitted by different vectors, causing respiratory problems and mental illness (McMichael et al., 2006; Younger et al., 2008; McMichael, 2013). According to data from the World Health Organization (WHO), an increase of up to 250,000 deaths is expected between 2030 and 2050 due to climate change impacts on human health (Watts et al., 2015). Climate change impacts pose significant global threats to human health, and the projections are staggering (e.g., McMichael et al., 2006; Costello et al., 2009; Hayes et al., 2018; Watts et al., 2018; Austin et al., 2020).
Diseases arising from climate change risks are diverse and transmitted directly and indirectly (Smith et al., 2014; Watts et al., 2018). Direct transmission occurs primarily with changes in the frequency of non-seasonal weather conditions, such as droughts and intense, prolonged rainfall. Indirect transmission occurs through natural systems, such as disease vectors and infections transmitted through water and air pollution, or by human systems, such as occupational factors, malnutrition, and mental stress (Smith et al., 2014). Some authors also prefer to categorize the impacts of climate change on human health into primary, secondary, and tertiary risks (Butler and Harley, 2010; McMichael, 2013). The primary, secondary, and tertiary risks correspond to direct transmission; indirect transmission mediated by biophysical and ecological processes and systems (such as variation in water flow) and by vectors of infectious diseases; and indirect transmission that arises, for example, as consequences of tensions and conflicts arising from factors related to climate change, such as migration and shortage of basic resources (these risks include mental health problems; McMichael, 2013) respectively. This study uses both classification criteria, considering secondary and tertiary risks as subcategories of indirect risks.
The health of vulnerable human populations tends to be more impacted by extreme climate change events, largely due to reduced access to health services and the barriers in seeking these services (Handley et al., 2014; Hayes et al., 2018). This includes rural populations living in semiarid regions, which, in addition to low rainfall totals and annual and inter-annual irregularities in rainfall patterns, have poor infrastructure for coping with the adversities of climate change (Banerjee, 2014; Dhanya and Ramachandran, 2016). In the semiarid region of Northeastern Brazil, for example, the dependence on forest resources and the low income of rural populations have already been documented, factors that make rural populations more vulnerable to climate change (de Albuquerque et al., 2012; dos Santos et al., 2013; Silva et al., 2017; Gonçalves et al., 2021).
Vulnerability, according to the Intergovernmental Panel on Climate Change (IPCC), corresponds to the predisposition of a given population and/or locality to be impacted by changes in climate and occurs as a function of three main factors: sensitivity, adaptive capacity, and exposure (IPCC, 2007). Sensitivity corresponds to the way a system can be affected (negatively or not); adaptive capacity corresponds to the ability to cope (minimizing or avoiding) with damage; and exposure corresponds to the presence of people, systems, and their relationships, which can be potentially impacted by the effects of climate change (IPCC, 2007). Thus, it is acknowledged that semiarid regions are more vulnerable because local human populations depend more on the natural resources provided locally for their subsistence and because they are more sensitive and exposed to the adverse effects of climate change. Based on this premise, these populations tend to recognize incident diseases associated with climate change more quickly (McMichael et al., 2006; Lafferty, 2009; Bhatta et al., 2020). Thus, in addition to the search for understanding how climate change interferes with people’s way of life, it is essential to evaluate the perception of human populations in this context because people tend to develop knowledge and practices related to health to prevent the spread of diseases, modifying local medical systems (Ferreira et al., 2015). Therefore, local medical systems may offer clues about recent changes in disease incidences on a time scale (Estomba et al., 2006; Ferreira et al., 2015; Santoro et al., 2015; Santoro and Albuquerque, 2020).
Considering diseases as risks to human health, which can be caused or enhanced by extreme climate events, this study defines risks as potentially unfavorable or harmful circumstances arising from the effects generated by environmental changes in people’s daily lives (Smith et al., 2000). According to the United Nations Office for Disaster Risk Reduction (UNDRR), risk can also correspond to the probability of the occurrence of an adverse effect arising from an environmental phenomenon (UNDRR, 2009). Thus, the risk perception can be used to anticipate change and enable the development of adaptive strategies to deal with potential negative effects. These adaptive strategies can be characterized as reactions or adjustments to situations perceived as risky at the collective or individual level (Smith et al., 2000; Smit and Wandel, 2006; Boillat and Berkes, 2013; Oliveira et al., 2017). This study considered both long-term (prophylactic) and short-term (therapeutic/treatment) adaptive strategies.
In relation to risk perceptions arising from climate change, whether on a local or regional scale, there is evidence that disease incidence may be related to the adoption of adaptive mitigation strategies (e.g., Lafferty, 2009; Oloukoi et al., 2014; de Perez et al., 2015; Bhatta et al., 2020). Although the severity assigned to diseases has received little attention in the literature, it is believed that adaptive strategies may be adopted based on the classification of diseases according to their severity, as has been recorded in studies on environmental risk perception (e.g., Smith et al., 2000; Quinn et al., 2003; Baird et al., 2009). Identifying popular strategies to adjust to climate change and avoid health risks is a gap to be filled in scientific knowledge, potentially contributing to collective public health management.
Thus, understanding how residents of semiarid regions—areas having a high probability of extreme climate change events and their direct implications, such as water scarcity (Martins et al., 2015)—perceive health risks and manage them amidst increasingly accelerated climate change is essential for the development and implementation of more effective adaptive responses (Austin et al., 2020). Thus, our study aimed to investigate the perception of farmers living in the northeastern semiarid region about local diseases, highlighting the adaptive strategies developed locally and used to mitigate health problems. For this, we tested the hypothesis that the incidence and severity of diseases related to climate change drive the adopted adaptive responses. It is expected that there is a higher frequency of adaptive strategies developed for more incidents and more severe diseases.
MATERIALS AND METHODS
Study Area
The study was conducted in two semiarid areas in the Pernambuco State, Northeastern Brazil (Figure 1). The first select area was the Catimbau National Park (Catimbau NAPAR), a Conservation Unit that covers 62,294.14 hectares, located between the “agreste” and “sertão” of the Pernambuco State in the domain of three municipalities in the São Francisco River Basin: Buíque, Tupanatinga, and Ibimirim (ICMBio, 2002) (Figure 2). In the Catimbau NAPAR, six rural communities were selected: Muquem (8.49414° S; 37.2999° W), Breus (8.49076° S; 37.29059° W), Açude Velho (8.4592° S; 37.30289° W), Tunel (8.46208° S; 37.31967° W), Dor de Dente (8.51355° S; 37.31413° W) and Igrejinha (8.49966° S; 37.25743° W). The total number of local adult residents in each of these communities, according to data obtained through the Family Health Program (FHP) of the Buíque Municipality, were: Muquem (n = 38), Breus (n = 32), Açude Velho (n = 17), Tunel (n = 6), Dor de Dente (n = 13), and Igrejinha (n = 112), totaling 218 people.
[image: Figure 1]FIGURE 1 | Map of the Catimbau National Park location, highlighting the rural communities of the research (Açude Velho, Breus, Dor de Dente, Igrejinha, Muquem, and Tunel) and Carão, Altinho Municipality (Pernambuco State, semiarid region of Northeastern Brazil). All elements highlighted on the map (study area locations) have been revised and are correctly flagged in the legend.
[image: Figure 2]FIGURE 2 | Landscape of Igrejinha, rural community located in the Catimbau National Park (Pernambuco State, semiarid region of Northeastern Brazil). Photo: Henrique F. Magalhães.
The second selected area was the Carão (08° 35′13.5″ S and 36° 05′ 34.6″ W), a rural community located in the Altinho Municipality, Pernambuco State, in the center of the “agreste,” 168 km from the state capital. According to information obtained through the Carão health center, the local population currently consists of 140 people (27 were under 18 years old) in 55 family units (households; Figure 3).
[image: Figure 3]FIGURE 3 | Landscape of the Carão rural community, located in the Altinho Municipality (Pernambuco State, semiarid region of Northeastern Brazil). Photo: Regina C. S. Oliveira.
The semiarid tropical climate (BSh), according to the Köppen-Geiger Scale, typical of the semiarid region of Northeastern Brazil (Alvares et al., 2013), is predominant in both the Catimbau NAPAR (ME, 2015) and Carão (Cruz et al., 2014). In the Catimbau NAPAR, the mean annual temperature is 23°C, with great interannual irregularity in rainfall, varying from 650 to 1,100 mm annually (ME, 2015). All rural communities selected for the study in the Catimbau NAPAR are located in the driest strip of the park (PELD Catimbau, 2016). The annual temperature in Carão is around 25°C, with an average rainfall of around 622 mm between March and July (BDE, 2017).
Droughts are recurrent climatic events in Northeastern Brazil and are generally associated with the El Niño phenomenon, which results in lower rainfall than the historical average in this semiarid region, which is about 800 mm per year (Magalhães, 2016; Marengo et al., 2018). Additionally, the precipitation is concentrated in a few months and evapotranspiration levels exceed 2,000 mm per year. As the semiarid region is a climatic Frontier area, any decrease in relation to the average may have a large impact (Magalhães, 2016). Based on historical records, as illustrated in Table 1, in the last 50 years, there were at least nine periods of prolonged drought in the semiarid region of the Brazilian Northeast, which brought intensive losses to both the ecosystem and people’s livelihoods: 1979–1983, 1986–1987, 1992–1993, 1997–1999, 2002–2003, 2005, 2007–2008, 2010, and 2012–2017 (Marengo et al., 2017; Lima and Magalhães, 2018; Marengo et al., 2018; Cunha et al., 2019). Since 2010, the region has experienced the longest and most severe drought periods in its history, especially since 2015, due to the El Niño phenomenon (Marengo et al., 2018). According to data from the Instituto Nacional de Meteorologia (INMET, 2021), the Pernambuco State had lower precipitation and higher temperature averages in some months of an otherwise average year (Figures 4, 5).
TABLE 1 | History of drought periods in the Northeastern Region of Brazil.
[image: Table 1][image: Figure 4]FIGURE 4 | Comparative graph of historical variations in accumulated precipitation (mm) in the Pernambuco State in three annual intervals of 30 years. Source: Adapted from INMET (2021).
[image: Figure 5]FIGURE 5 | Comparative graph of historical variations in average temperature (oC) in the Pernambuco State in three annual intervals of 30 years. Source: Adapted from INMET (2021).
In the Catimbau NAPAR and Carão, this research was carried out with small farmers whose main source of local income is derived from subsistence agriculture and livestock, with emphasis on the planting of corn and beans and the operation of small goat, cattle, pig, and poultry farms. However, both areas have suffered agricultural losses and water resource shortages, characterizing them as risk areas for extreme drought events (Martins et al., 2015; Marengo et al., 2018), which may imply the proliferation of diseases related to extreme events of climate change (WHO, 2009). In the Catimbau NAPAR, this situation is aggravated by socio-environmental conflicts that have distinguished the area since it was founded (in 2002), involving the park management body—the Chico Mendes Institute for Biodiversity Conservation (ICMBio) —and residents, who had never been compensated since the park’s foundation and continue to live within the area, which is not legally permitted, according to the National System of Conservation Units (Brasil, 2000). Such a scenario made it very difficult for us to access some people living in the region because our presence was interpreted as an intervention by the environmental agency responsible for the park’s administration. To alleviate this situation, we adopted a cautious approach to residents, based on informal conversations and by explaining our project. For this reason, we also started our data collection in Carão, as we wanted to obtain a larger sample and, for the reasons mentioned above, Catimbau NAPAR was no longer a viable alternative. We chose Carão because our team has been conducting research in the region for 13 years and, therefore, has extensive knowledge about the site and a good relationship with residents.
Legal Procedures and Informant Selection
To meet the legal aspects of research involving humans, this study was submitted and approved by the Research Ethics Committee of the University of Pernambuco, according to the Certificate of Submission for Ethics Appreciation (CSEA) number 89890617.1.0000.5207. All residents who agreed to participate in the research were asked to sign a free and informed consent form, as governed by the current legislation of the National Health Council (Resolution No. 466/2012).
The initial contact with both rural communities was made through a previous survey on the number of households in each of the seven communities in the study (in the case of Carão, this step was not necessary due to long-term studies conducted by our team in the region for at least 10 years). Data regarding the number of people living in each rural community were obtained through the Family Health Program (FHP) of Catimbau Village, Buíque Municipality (PE), and the health center of Carão, Altinho Municipality (PE). Adults and older people (above 18 years old) living in rural communities were chosen.
Data Collection and Processing
Data collection for the study occurred between July 2018 and September 2019. Of the 358 residents in the two study areas (218 in the Catimbau NAPAR and 140 in Carão, as mentioned above), it is important to note that some of these residents are above 60 years old and have health problems. Additionally, some residents were not available at the time of the survey and refused to participate in the research (especially in the Catimbau NAPAR, a scenario of numerous socio-environmental conflicts, as previously mentioned). Thus, our sample was ultimately composed of 143 people who agreed to participate in the study, comprising 94 people living in the Catimbau NAPAR in the six selected rural communities: Muquem (n = 30), Breus (n = 20), Açude Velho (n = 9), Tunel (n = 6), Dor de Dente (n = 4), and Igrejinha (n = 25); and 49 people living in Carão.
Before our fieldwork, the study’s aims and methods were explained to informants to clarify doubts. After this step, people would be free to voluntarily accept (or refuse) to participate in the research. We also conducted a pilot study to ensure that the interviewers understood the questions.
The selection of the sample of the population that accepted to participate in the research was made from a census (Espinosa et al., 2014), as well as the collection of socioeconomic data from the selected informants (see Supplementary Table S1). Thus, residents who had relevant information for our study were interviewed, including people who lived in the same household. The information collected was carefully evaluated by removing inconsistencies or biases that compromised the validity of the information. Based on our observations and information from the scientific literature, people from the same family or who live in the same household do not necessarily have the same experiences or develop the same adaptive climate change strategies. This depends on other correlated factors, such as agriculture and risk experience (e.g., Weber, 2010; Bryan et al., 2013; Rodriguez et al., 2017).
To analyze perceptions on climate change-related diseases, semi-structured interviews were conducted with the participants due to the flexibility of the previously elaborated questions (Albuquerque et al., 2014; Magalhães et al., 2019). The field interviews were organized in two stages, which are described below. In the first stage, each participant was identified and asked about the years in which major extreme weather events (non-seasonal) occurred, such as droughts and rainfall. Without this design, the participants could have cited diseases related to environmental change in general and not those specifically related to climate change. Extreme droughts were the most characteristic climate change events faced in semiarid regions, with the period between 2012 and 2015 being pointed out as the most critical in the last 50 years (Martins et al., 2015). By comparing historical data on drought events in Northeastern Brazil (Table 1), the historical data cited by our informants were validated because they corresponded with the scientific data (such as the year 1993 and the period 2012–2014, the most mentioned by farmers in both study areas). Thereafter, using the free list technique (da Silva et al., 2014), the participants were asked to name or list diseases perceived as a result of the extreme drought and rainfall events in the region. We emphasize here that because the focus of the proposal of our experimental design was diseases “perceived by people” and not “scientifically designated” diseases, we do not use previously cataloged information regarding the incident diseases in the regions.
In the second stage, based on the list of mentioned diseases, each participant was asked to classify and organize them according to their severity i.e., the degree of impact on their lives (Smith et al., 2000). The severity of the diseases was represented by numbers following a decreasing ordinal classification (for example, number 1 represented the disease considered the most severe; number 2, the disease considered the second most severe; and so on). Additionally, based on each disease mentioned, the participants were asked about adaptive strategies used (if any) to mitigate them. In this study, the adaptive strategies, to paraphrase Smit and Wandel (2006), were considered responses developed by the participants to mitigate the potentially harmful effects arising from the diseases they perceived.
Although age was one of the main differences between our two areas of study, as Carão has a higher proportion of older people (80.7%), we chose not to categorize the sample sizes according to the age for each place of study due to the diverse evidence from scientific literature demonstrating that age is not a good predictor of the number of extreme weather events or perceived risks related to these weather phenomena. In this sense, a person’s experience in agriculture explains much more than age (Slegers, 2008; Gbetibouo, 2009; Fosu-Mensah et al., 2012). For example, a 60-year-old person may have lived for 40 years outside the community and participated in activities unrelated to agriculture; and a 35-year-old person could have worked in agriculture for 30 years. In this case, the younger person has more experience in agriculture than the older person and, therefore, would tend to perceive a greater number of extreme weather events and risks related to these phenomena. We believe that studies that consider categorizing sampling units according to the length of experience in agriculture (which was not our study proposal), can provide interesting insights.
Data Analysis
The incidence index (Ii) and the severity index (Sj) attributed to each perceived illness were initially calculated to test our hypothesis using the method suggested by Baird et al. (2009), adapted from Smith et al. (2000) (see Supplementary Table S2), and the objective was to understand and describe the local risk perception (in this case, diseases and risks to human health). Originally, this method—Participatory Risk Mapping (PRM)—was developed to access and quantitatively evaluate perceived environmental risks (see Smith et al., 2000; Baird et al., 2009). Compared to other methods used for this same purpose, the PRM stands out for being an extremely accurate and easily applicable method, which enables the researcher to assess the potential that a particular risk has of affecting people’s lives (da Silva et al., 2014; Magalhães et al., 2019). To the best of our knowledge, this is the first time the PRM has been applied to the perception of specific risks to human health (diseases).
The incidence index (Ii) corresponds to the ratio between the number of people who mentioned a certain disease (nr) and the total number of people in the sample (nj), represented by the equation:
[image: image]
The values assumed by Ii can vary between 0 and 1, which corresponds to the lowest and 1 corresponds to the highest incidence respectively.
Following the method proposed by Baird et al. (2009), the disease severity indexes (Sj) were calculated in two steps. Initially, the individual value of the risk severity index (Rij) was obtained by the equation:
[image: image]
where ni represents the total number of risks mentioned by each informant (i), and rij represents the classification of each risk individually. Next, all the results found for Rij were summed and divided by the number of times the risk was mentioned as the most severe (Nj). Next, the severity index (Sj) was obtained, with values ranging between 0 (risks that are not considered severe) and 1 (risks considered extremely severe), using the following equation:
[image: image]
Some of the obtained Ij and Sj results were represented using risk maps, graphical representations that allow the analysis of the space and distribution of incidence and severity of the mentioned diseases. As observed in the risk maps (Figures 6, 7), the upper part of the graph illustrates the first quadrant (where it is possible to observe the diseases classified as low incidence and very severe) and the second quadrant (where the diseases locally considered as high incidence and very severe appear); and the lower part displays the third quadrant (where the diseases perceived as low incidence with low severity are illustrated) and the fourth quadrant (where flu, a disease classified as not very severe, although with high local incidence is illustrated). Here, influenza is highlighted because it was the only disease mentioned in the fourth quadrant whose incidence was high. For this purpose, the PRM proposed by Baird et al. (2009) is the most recommended because the type of severity index (Sj) classification used facilitates both the elaboration and interpretation of risk maps (Baird et al., 2009) due to the similarity of the type of values presented by the incidence indices (Ii) and severity (Sj). For that reason, we opted for this model.
[image: Figure 6]FIGURE 6 | Map of disease incidence and severity perceived by farmers in the Catimbau NAPAR.
[image: Figure 7]FIGURE 7 | Map of disease incidence and severity perceived by farmers in Carão.
To calculate the incidence of adaptive strategies used to mitigate the diseases perceived by farmers, a similar logic to that used to calculate the incidence of risk (Ij), mentioned earlier, was adopted. The difference was to divide the number of adaptive strategies mentioned for each disease by the participants’ total number of adaptive strategies (see Supplementary Table S2). The indexes obtained in relation to the incidence of adaptive strategies (whose values could also vary from 0 to 1) were used in our analysis as dependent variables. The values of Ij and Sj were used as independent variables.
Subsequently, the data regarding perceived diseases were categorized (into direct and indirect diseases), and the mentioned adaptive strategies were classified (into therapeutic and prophylactic behavioral strategies) by the resident farmers of the Catimbau NAPAR (see Tables 1, 3) and Carão (see Tables 2, 4) regions to facilitate the explanation and discussion of our results. Finally, our hypothesis was tested for both areas using generalized linear models (GLM) with Gaussian distribution, in which the data were processed by calculating the logarithm (base 10) of n + 1 value to reduce the possible effects of large variation amplitudes. The statistical test was performed using the software R, version 3.6.3 (R Development Core Team 2019).
TABLE 2 | Climate change-related diseases perceived by small-scale farmers living in the Catimbau NAPAR, Pernambuco State, Northeastern Brazil.
[image: Table 2]RESULTS
Perceived Diseases Related to Climate Change and Adopted Adaptive Strategies
A total of 42 diseases related to drought and prolonged rainfall events were mentioned by farmers living in the Catimbau NAPAR. The farmers in Carão mentioned 31 diseases related to extreme climate change events. These diseases were listed in two categories based on their sources of transmission: direct (or primary) and indirect (subcategorized into secondary and tertiary), when transmission occurs through climatic phenomena, such as rain and heatwaves, and mediation of natural processes or systems (such as contaminated water or vectors) or human systems (fatigue caused by the need to walk long distances in the intense heat to work) respectively.
In both Catimbau NAPAR and Carão, most of the diseases mentioned were from direct transmission (n = 34, 26), followed by secondary indirect transmission (n = 6,4) and tertiary indirect transmission (n = 2, 1). Influenza stands out in the first category as the most frequently mentioned disease among residents of the rural communities of the Catimbau NAPAR (NC (number of citations) = 77) and Carão (NC = 39). The most mentioned diseases in the second category in both areas were chikungunya (NC = 23,15) and dengue (NC = 11, 10) (Table 3).
TABLE 3 | Climate change-related diseases perceived by smallholder farmers living in Carão, Pernambuco State, Northeastern Brazil.
[image: Table 3]It is evident that all diseases perceived by farmers living in the two study areas are considered to have a low local incidence (except for influenza, whose incidence is very high, although with low severity; Figures 6, 7). Among these, diseases of low severity, such as dengue and cold predominated. Diseases perceived as having high severity were also mentioned, such as pneumonia and chikungunya, a disease of indirect transmission perceived as more severe.
Adaptive strategies were listed in two categories referring to the behavior adopted for developing the strategy: therapeutic behavior, subcategorized according to the origin of the behavior; and prophylactic behavior (Tables 4, 5). In the Catimbau NAPAR, 19 adaptive strategies were mentioned, including therapeutic (n = 10) and prophylactic behavior strategies (n = 9). In Carão, 14 adaptive strategies were mentioned by local farmers, including therapeutic (n = 8) and prophylactic behavioral strategies (n = 6).
TABLE 4 | Adaptive strategies used to mitigate diseases perceived by farmers living in the Catimbau NAPAR, Pernambuco State, Northeastern Brazil.
[image: Table 4]TABLE 5 | Adaptive strategies used to mitigate diseases perceived by farmers living in Carão, Pernambuco State, Northeastern Brazil.
[image: Table 5]Among the therapeutic strategies, the subcategory that obtained the highest number of mentions, both in the Catimbau NAPAR (n = 4) and Carão (n = 3), is related to the use of pharmaceutical drugs: NC = 112 in the Catimbau NAPAR used for the treatment of 30 locally perceived diseases; and NC = 80 in Carão, used for the treatment of 21 locally perceived diseases. Among the adaptive therapeutic strategies related to the local medical system, the number of citations referring to treatment with local herbal medicines is noteworthy: NC = 89, 63 in the Catimbau NAPAR and Carão, used for the treatment of 19 and 17 locally perceived diseases respectively. It is also worth noting that adaptive strategies were also cited related to individual care, such as resting (NC = 5, two in the Catimbau NAPAR, and Carão); and taboo/beliefs in Carão such as using “magic” medicine (NC = 2).
Among the adaptive strategies of prophylactic behavior (n = 9 in the Catimbau NAPAR and n = 6 in Carão), the most frequently mentioned was hydration (NC = 4 in the Catimbau NAPAR and NC = 9 in Carão). This category demonstrates the significance of strategies related to escape/evasion behaviors to avoid sources or vectors that transmit diseases.
Relationship Between the Incidence and Severity of Perceived Illnesses and the Frequency of Used Adaptive Strategies
The incidence and severity attributed to perceived diseases related to climate change explained the frequency of adaptive strategies used among farmers in both the Catimbau NAPAR (z = 5.221; p = 6.22e - 06) and Carão (z = 5.617; p = 5.15e—06; Tables 6, 7). Among the independent variables tested in our models, the incidence of perceived diseases had great predictive power in both the Catimbau NAPAR (z = 5.151; p = 7.77e - 06) and Carão (z = 5.288; p = 1.26e - 05). Severity did not demonstrate predictive power in the models, suggesting that severity may not influence people’s perception of diseases related to extreme rainfall and drought events that affect them the most, rather than potentiating them, as expected.
TABLE 6 | Generalized Linear Model used to test the effect of incidence and severity of diseases perceived by farmers in the Catimbau NAPAR on the frequency of used adaptive strategies. The p-values for the significant predictors are highlighted in bold. Significance code p-value: *** [0, 0.001]; ** (0.001, 0.01]; * (0.01, 0.05]; (0.05, 0.1]; (0.1, 1].
[image: Table 6]TABLE 7 | Generalized Linear Model used to test the effect of disease incidence and severity perceived by Carão farmers on the frequency of used adaptive strategies. The p-values for significant predictors are highlighted in bold. Significance code p-value: *** [0, 0.001]; ** (0.001, 0.01]; * (0.01, 0.05]; (0.05, 0.1]; (0.1, 1].
[image: Table 7]DISCUSSION
The results obtained demonstrate that diseases with the highest incidents tend to be prioritized in relation to the adoption of adaptive strategies to deal with their effects, both in the Catimbau NAPAR and Carão. This information is extremely relevant for understanding the importance of local therapeutic and prophylactic behaviors. Few diseases were mentioned very often by farmers, and most diseases had a low incidence. A possible explanation is that the diseases experienced by the population and the resources used for their treatment vary within time scales, which points to the existence of dynamic medical systems that can influence the perception of local populations (Santoro and Albuquerque, 2020). A diachronic study (with data collected over an 8-year time interval) also conducted in Carão, Santoro and Albuquerque (2020) observed that although incidence has a positive effect on the number of adaptive strategies, both allopathic and traditional medicines, it does not explain the variation in knowledge associated with these treatments, nor their efficacy. Thus, we believe that diachronic variations should not be disregarded in the analysis of disease perception or the related factors because disease incidence can drive the evolution of medical systems at different time scales (Santoro and Albuquerque, 2020).
Another possible explanation is that the diseases identified in this study with low incidence (almost all of them) may correspond to diseases perceived as common locally. People’s perception of these diseases is a complex phenomenon related to cognitive factors, such as judgment of environmental events and their local consequences on their way of life (Nyantakyi-Frimpong and Bezner-Kerr, 2015). Although common illnesses are considered to have less severity, data from the United Nations Children’s Emergency Fund (UNICEF) and the World Health Organization (WHO) demonstrate that common conditions, such as diarrhea, are among the leading contributors to child mortality worldwide (WHO and UNICEF, 2004; Young et al., 2012). Therefore, this category of perceived diseases should not be neglected in the development of prophylactic and emergency adaptive measures by civil society or public authorities.
In this study, although disease incidence and severity explained the frequency of adaptive strategies used to cope with their effects, the evidence also demonstrated that the predictive power of incidence is greater. This indicates that severity may not exert any influence on people’s perception of the diseases that affect them the most in their social-ecological systems, instead of potentiating it, as expected. One possible explanation may be related to the vulnerability of the socio-ecological systems: recent and regular experiences of prolonged drought in the regions (Martins et al., 2015) and their harmful consequences on agroecosystems and farmers. Among these implications, the scarcity of water is highlighted, with implications for people’s health; poor infrastructure, which does not meet local needs (the poor condition of local roads, for example); remoteness from the nearest urban centers; and the low purchasing power of farmers. Given this completely unfavorable scenario, it was observed that, as the farmers attested, they find themselves unmotivated or unable to seek adaptive strategies and treatments to deal with diseases perceived as more severe.
Observations about the lack of significance of severity in relation to people’s perception of diseases arising from climate change in the Catimbau NAPAR and Carão demonstrate that local conceptions of severity may be related to people’s previous experiences with certain diseases. This possible explanation finds support in evidence from the scientific literature (Miceli et al., 2008; Sachs et al., 2017; Scheideler et al., 2017; de Silva et al., 2019). For example, Sachs et al. (2017) demonstrated that diabetic patients’ concerns about adverse health events that they consider severe are systematically related to their past personal experiences with the diseases. da Silva et al. (2019) observed that university students from Northeastern Brazil tend to store adaptive information regarding diseases considered common and have low severity, which might be related to their experience with the diseases in question. Haque et al. (2012) found that farmers in Bangladesh perceive of greater concern diseases whose incidence is correlated with local extreme climate change events that they have had past personal experiences, such as drought and floods. This correlates with our field observations. Thus, this study supports the authors’ argument that these risks related to people’s past experiences should receive greater attention when designing and implementing adaptive coping strategies (Haque et al., 2012).
Finally, it was observed that farmers use more adaptive prophylactic behavior strategies. This might be because they are well supported by health information and services, either through a non-governmental organization (in the case of the Catimbau NAPAR communities) or a community health post (in the case of Carão). Research has highlighted that the adoption of personal prophylactic measures is influenced by factors such as knowledge, experience with the disease, and beliefs about health (Weinstein, 1993; Beaujean et al., 2013). Kisomi et al. (2016) found that the low index and inefficiency of prophylactic practices adopted among Malaysian farm workers regarding tick bites, which are transmitters of diseases in humans and animals, are related to low levels of knowledge and health beliefs, although they have extensive experience with the disease. Jin et al. (2020) highlighted the role of emotional factors, negatively correlated with risk communication, in the adoption of prophylactic behaviors related to the COVID-19 contagion. In this case, people’s experience with the disease and the amount of information about the risk of contamination is low because it is an emerging disease. Our study concluded that adequate prophylactic planning should be based on an open, honest, and updated flow of information, which can positively direct the adoption of adaptive measures, both prophylactic and therapeutic.
CONCLUSION
Our findings can provide useful information regarding the proposal and development of projects aimed at controlling and mitigating the diseases that most affect local populations in a scenario of increasingly extreme climate change in terms of speed and intensity. Hence, the growing importance of the dialogue between local ecological knowledge and scientific knowledge. The absence of this information can hinder understanding how people behave in these risk contexts and, consequently, the proposition of government policy measures favorable to social development in affected regions.
Our results suggest that some people’s understanding of incidence and severity may differ from the scientific community’s consensus. In this sense, it is advisable to conduct studies at local and global levels to identify the criteria people residing in different sociocultural contexts use to understand the concepts of incidence and severity. We also believe that diachronic studies that consider the influence of disease perception on the number of adaptive measures to treat them and the variation of knowledge associated with these treatments and their efficacy can help unravel the different factors that direct the evolution of medical systems. This can help fill gaps in the health literature.
Methodologically, our research introduced the PRM as a new approach for specific studies on the perception of human health risks. However, although it is a method that has a simple application and great practicality allowing researchers to analyze and evaluate results easily, these results may offer a limited and biased scope if not applied optimally or not considering an ideal scenario. In this sense, some considerations must be acknowledged. Although the low population density of the investigated communities, in addition to the low heterogeneity and the context of socio-environmental conflict evidenced in some communities of the Catimbau NAPAR, did not invalidate our results and conclusions, they may have limited its scope. Thus, further studies are recommended to compare more heterogeneous scenarios with more robust population densities. If the studies occur in conflict areas, we suggest that this factor must be considered in the experimental design of the research (which was not the case in our study).
Finally, it is recommended that this study is replicated, considering all the previously mentioned considerations, in different scenarios of prolonged climate change events (with high rainfall variation, for example) and, consequently, new diseases. Although our study focused only on diseases “perceived by people” and not “scientifically designated” diseases, we believe that further studies that compare these two types of information can provide broader insights. These additional studies may provide a more accurate understanding of the effect of the perception of diseases (especially those with the highest incidents) on the development of adaptive measures adopted to deal with their adverse effects and evaluate which strategies are more efficient. This information is essential for the proposition, elaboration, and application of predictive models based on people’s experiences in socio-environmental vulnerable contexts enhanced by extreme environmental changes and more efficient and favorable governmental policy measures for social development in affected regions.
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