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ABSTRACT 

In South Africa, acute upper respiratory diseases pose a significant public health challenge, 

influenced heavily by climatic factors. Recognizing the critical need for detailed seasonal 

analysis. This thesis delves into the inter-annual and inter-seasonal impacts of climate on 

disease caseloads, offering four pivotal contributions to health biometeorology. The first 

contribution refines the understanding of the acute upper respiratory disease season in South 

Africa, previously recognized as the winter months of May to September. This research 

provides a more granular analysis by pinpointing specific onset timings and fluctuations within 

the season that are crucial for optimizing healthcare responses, particularly in vaccination 

schedules. The second contribution is an in-depth analysis of climatic variables affecting acute 

upper respiratory disease prevalence. Utilizing Spearman's correlation analyses and the 

Distributed Lag Non-linear Model across Johannesburg, Cape Town, and Gqeberha, this study 

identifies negative correlations between temperature and disease cases, pinpointing 

significant risk thresholds most prevalent during the winter peak. The third contribution 

investigates the impact of extreme climate events (ECEs) over twelve years, elucidating how, 

while individual ECEs influence medical aid claims and disease incidence, it is the broader 

seasonal patterns that predominantly dictate acute upper respiratory disease prevalence.The 

fourth contribution offers a nuanced exploration of the climate-health nexus, demonstrating 

that routine weather variations play a more significant role in the peak transmission of acute 

upper respiratory viruses than extreme events. This thesis elucidates the substantial yet 

nuanced influence of climate on respiratory health in South Africa. By specifying the disease 

season with greater precision and clarifying the relationship between temperature variations 

and disease prevalence, the research provides essential data for health practitioners to plan 

targeted interventions. This study moves beyond the focus on extreme weather events to 

expose the subtler, yet more consistent, impact of seasonal climate shifts on health 

outcomes, enriching our understanding and serving as a vital reference for enhancing disease 

preparedness in an era marked by climatic uncertainty. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Background 

Infectious diseases pose a formidable challenge to global health, with acute lower respiratory 

infections notably standing as the second leading cause of death and the foremost contributor 

to disability-adjusted life years worldwide (Pinner et al., 1996; WHO, 2000). Among these 

infections, diseases such as influenza, respiratory syncytial virus (RSV), and the common cold 

significantly contribute to morbidity and mortality, exerting signifant strain on healthcare 

systems, particularly in resource-limited settings (Fauci, 2001; Tempia et al., 2019). This study 

narrows its focus to acute respiratory diseases, deliberately excluding COVID-19 to preserve 

the integrity of the data up to 2019. Such a historical approach enables a clear analysis of pre-

pandemic patterns and establishes a foundational baseline for future epidemiological 

assessments (David and Hansen-Flasche, 2019; NICE, 2008). The burden of these diseases is 

acute in Africa, where the prevalence of severe illness and mortality rates associated with 

influenza far exceed those in other regions, posing a significant economic and health 

challenge (Lafond et al., 2017; Iuliano et al., 2018). In South Africa, the annual toll of influenza 

is substantial, with estimates indicating that millions of people are affected by mild but work-

impeding symptoms, hundreds of thousands by severe illness, and thousands of deaths 

annually are attributed to influenza-related complications (Cohen et al., 2018; Tempia et al., 

2019). 

 

Respiratory infections exhibit a distinct seasonality, often associated with colder weather. 

Research has consistently linked lower temperatures to a surge in respiratory diseases, 

especially influenza (Lowen and Steel, 2007; Troeger et al., 2017). Yet, in the context of South 
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Africa—with its dense population, high incidence of comorbidities such as HIV and 

tuberculosis, and a geographical span from subtropical to mid-latitudes—it becomes crucial 

to determine if these established global patterns hold (Lofgren et al., 2007; WHO, 2016; 

Statistics SA, 2017). This research aims to address this gap, examining the seasonality of 

respiratory infections in South Africa and exploring the extent to which global patterns align 

with local epidemiological data. 

 

Biometeorology, bridging atmospheric science with biology and health, investigates how 

climate affects organisms, particularly human health (Hondula et al., 2017). This field uses 

time-series and Distributed Lag Non-linear Models (DLNMs) to analyze the timing and 

intensity of weather-related health outcomes (Hajat et al., 2002; Gasparrini et al., 2010). 

Remote sensing provides wide-scale environmental monitoring, critical for understanding 

large-scale health impacts (Hay et al., 2000), while Geographic Information Systems (GIS) 

enable the mapping of climate-health data, crucial for pinpointing disease hotspots and 

directing health resources (Rocklöv and Dubrow, 2020). 

 

Integrating diverse data, biometeorology applies big data analytics to discern complex 

climate-health links (Lowe et al., 2011; Bhaskaran et al., 2013). For instance, GIS has been 

used to model dengue fever risks (Acharya et al., 2018) and assess the impact of air pollution 

on respiratory health (Chai et al., 2020), enhancing our grasp of how climate factors affect 

health and aiding in emergency response to extreme weather events. 
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1.1.1 Global Climate Impacts on Health 

The impact of climate on global health extends beyond direct outcomes to a range of indirect 

effects that compound the challenge of managing public health (Campbell-Lendrum et al., 

2015). Exposure to extreme weather events has been linked with a spectrum of health 

outcomes, notably affecting the incidence and severity of diseases. While the direct effects 

of phenomena such as heatwaves intensify the burden of heat-related illnesses and mortality 

(Balato et al., 2014), cold spells present contrasting challenges by inducing a rise in respiratory 

complications, a relationship that has been substantiated by recent studies (Davis and Enfield, 

2018). The indirect effects of climatic shifts are profound and multifaceted. For example, 

changes in temperature and humidity have been observed to influence the geographic 

distribution of disease vectors, contributing to an increased spread of vector-borne diseases, 

such as dengue fever, with substantial public health implications (Bal and Sodoudi, 2020; 

Cheng et al., 2021). Additionally, climate-induced alterations in air quality can exacerbate 

respiratory diseases, as air pollution serves as a crucial mediator between climatic conditions 

and respiratory health (Chai et al., 2020). 

 

Furthermore, climate-driven changes in food production and water quality may lead to 

nutritional deficits and an uptick in the spread of water-borne diseases, compounding the 

indirect health consequences of climate variability (Phung et al., 2015; Cheng et al., 2019). 

The need for robust public health frameworks that can adapt to these diverse challenges is 

crucial, and researchers continue to emphasize the importance of incorporating climate 

considerations into global health policies to effectively mitigate and manage emerging health 

risks (Tapak et al., 2018; Hossain et al., 2019). The complex relationship between climate and 

health requires a nuanced understanding of both direct and indirect pathways. The 
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contemporary literature underscores the critical need for integrated climate health policies 

and interventions that can withstand and address the multifaceted impacts of climate change 

on human health. 

 

1.1.2 Climate and Respiratory Diseases Globally 

The relationship between climate factors and respiratory diseases is complex and 

multifaceted (Davis and Enfield, 2018; Chai et el., 2020). Temperature and humidity, for 

example, directly affect the survival and transmission of respiratory pathogens. Studies such 

as those by Lowen et al. (2007) have shown that influenza virus transmission is optimized at 

low temperatures and low relative humidity, facilitating the virus's survival and increasing its 

transmission potential during colder months (Moriyama et al., 2020). This phenomenon helps 

explain the seasonal peaks of influenza in temperate climates during winter (Motlogeloa et 

al., 2023). In contrast, tropical regions often experience a different pattern, where higher 

humidity and rainfall are associated with increased respiratory ailments (Neumann et al., 

2022). This can be attributed to enhanced growth of moulds and proliferation of other 

allergens due to moist conditions, which aggravate respiratory conditions, particularly among 

susceptible populations (Moriyama et al., 2020). 

Moreover, precipitation plays a dual role. While excessive rainfall can lead to increased 

humidity and mould growth, thereby exacerbating respiratory conditions, it can also 

temporarily reduce the concentration of airborne pollutants, including particulate matter 

(Gamba-Sanchez et al., 2016). However, the latter scenario can lead to a rebound effect 

where, post-rainfall, evaporated pollutants become more concentrated, potentially leading 

to increased respiratory distress (Uttajug, 2023). 

Arid regions present unique challenges for respiratory health due to the low moisture content 

in the air (Kalankesh et al., 2022). Dry air leads to the drying of the nasal passages and 

respiratory mucosa, which are first-line defences against airborne pathogens (Ahlawat et al., 

2020). When these mucosal barriers are compromised, their ability to trap and clear viruses 

and bacteria is significantly reduced, leading to increased susceptibility to respiratory 

infections (Ahlawat et al., 2020; Kalankesh et al., 2022). 
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Research by Kudo et al. (2019) has highlighted that mucosal dryness can lead to an increased 

risk of infectious diseases, including common respiratory viruses. The physiological impact of 

arid conditions extends to the aggravation of chronic respiratory conditions such as asthma, 

where dry air can trigger pulmonary distress. 

Extreme weather events, including heatwaves, cold spells, and floods, significantly impact 

respiratory health (Bal and Sodoudi, 2020; Feng et al., 2021). Each type of event contributes 

differently based on its nature and the environmental changes it brings. Heatwaves often 

exacerbate respiratory problems in individuals with pre-existing conditions like chronic 

obstructive pulmonary disease (COPD) and asthma (Cheng et al., 2016). The high 

temperatures increase the formation of ground-level ozone, a potent respiratory irritant, and 

elevate levels of airborne particulates, especially in urban areas (Chai et al., 2020). Research 

indicates that during heatwaves, there is a noticeable increase in hospital admissions for 

respiratory issues due to exacerbated symptoms and direct irritation of the respiratory tract 

(Anderson et al., 2013). 

Cold spells are particularly harsh on respiratory health, promoting conditions that favour the 

survival and transmission of common respiratory pathogens such as the influenza virus 

(Mourtzoukou and Falagas, 2007). The cold air itself can trigger asthma attacks and other 

respiratory conditions by causing airway constriction and increased mucosal irritation. 

Moreover, people tend to spend more time indoors during cold spells, which increases the 

risk of transmitting infections within crowded settings. 

Floods contribute to respiratory health issues by promoting the growth of mould and mildew 

in water-damaged buildings and homes (Hoppe et al., 2012). Inhalation of mould spores can 

lead to severe respiratory symptoms, allergic reactions, and asthma exacerbations. 

Additionally, standing water and increased humidity can enhance the proliferation of other 

biological allergens, affecting air quality and respiratory health (Cann et al., 2013). 

The linkage between air pollution and respiratory infections is well-documented, with climate 

change playing a significant role in exacerbating this issue (Glenn et al., 2022). Air pollutants 

such as particulate matter (PM), nitrogen dioxide (NO2), and sulfur dioxide (SO2) from 

industrial emissions, vehicle exhaust, and other sources are known to irritate the airways, 
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reduce lung function, and impair the body's ability to clear respiratory pathogens (Ortega-

Garcia et al., 2020). Furthermore, climate change contributes to increased air pollution in 

several ways. For instance, higher temperatures can enhance the chemical reactions that 

form ground-level ozone, while wildfires, which are becoming more frequent and severe due 

to climate change, produce significant amounts of smoke and fine particulate matter (Deng 

et al., 2020). A study by Anenberg et al. (2018) demonstrated that wildfire-related PM2.5 

exposure is associated with increased rates of respiratory infections, particularly in children 

and the elderly, who are more vulnerable to air quality issues. 

Climate change significantly impacts the production, distribution, and allergenicity of pollen 

and other airborne allergens, with direct consequences for respiratory diseases such as 

asthma and allergic rhinitis. Higher atmospheric carbon dioxide levels and rising temperatures 

stimulate the growth of many allergenic plant species, leading to an increase in pollen 

production (Paudel et al., 2021). Studies have shown that plants like ragweed exhibit longer 

growing seasons and produce more pollen in response to higher CO2 concentrations (Ziska et 

al., 2019). Additionally, warmer temperatures advance the start of the pollen season and 

extend its duration, which can increase exposure times and potentially worsen allergy and 

asthma symptoms (D’Amato et al., 2020). Altered precipitation patterns can also affect pollen 

production. For example, increased rainfall in certain areas can boost plant growth and 

subsequent pollen output, whereas drought conditions might lead to reduced overall pollen 

counts but could increase the concentration of airborne pollen during dry spells (Barnes, 

2018).  

Climate change is also causing shifts in the geographic distribution of plants, which can 

introduce new allergens to areas where they were previously absent (Tran et al., 2023). This 

not only affects local biodiversity but also poses new health risks to populations that may not 

have prior exposure or immunity to these new allergenic plants. The geographic distribution 

of respiratory diseases is profoundly influenced by local climate conditions, which can vary 

dramatically across different regions (Andersen et al., 2023). For instance, urban areas might 

experience higher levels of air pollutants, exacerbating respiratory conditions, while rural 

areas might face different challenges such as increased exposure to agricultural dust and 

pollen. In regions experiencing rapid industrialization, increased emissions from factories and 
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vehicles degrade air quality, impacting respiratory health (Odo et al., 2022). Conversely, in 

areas where deforestation is prevalent, there may be less pollen but increased dust levels, 

which can also affect respiratory health (Odo et al., 2022). Climate change can exacerbate 

these regional disparities, as some areas may become hotter and drier, increasing the 

prevalence of dust and particulate matter, while others may become wetter, leading to higher 

humidity and mould growth, both of which can worsen respiratory conditions (Mirsaeidi et 

al., 2016). 

Comparative studies, such as those examining respiratory health impacts in different climatic 

zones of Europe compared to those in the tropics, reveal significant variations in the type and 

frequency of respiratory ailments, underscoring the need for region-specific public health 

strategies (Motlogeloa and Fitchett, 2024). Adapting to the changing climate and its impact 

on respiratory health requires comprehensive strategies that encompass surveillance, public 

education, and healthcare infrastructure enhancements (Fox et al., 2019). Effective 

adaptation strategies involve multiple stakeholders, including government bodies, healthcare 

providers, and communities. 

Improved surveillance systems are essential for tracking climate-related changes in 

respiratory disease patterns (Moulton and Schramm, 2017). This includes monitoring air 

quality, pollen counts, and respiratory disease outbreaks. For example, real-time air quality 

monitoring and pollen alerts can help individuals with respiratory conditions make informed 

decisions about outdoor activities, thereby minimizing exposure and preventing 

exacerbations. Educating the public about the risks associated with climate change and 

respiratory health is critical (Frumkin et al., 2008). Programs designed to inform individuals 

about how to manage their conditions during poor air quality days, heatwaves, or pollen 

seasons can significantly reduce emergency room visits and improve quality of life. 

Enhancing healthcare infrastructure to cope with the expected increase in respiratory cases 

is another crucial strategy. This may involve increasing the availability of respiratory 

specialists and allergists, expanding emergency room capacities, and ensuring that primary 

care providers are well-trained in managing climate-related respiratory issues. Predictive 

modelling plays a pivotal role in understanding and responding to the impacts of climate 

change on respiratory health (Pizzulli et al., 2021). These models integrate data from 
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climatology, epidemiology, and public health to forecast future trends and inform policy 

decisions (Ku et al., 2021). 

The study on the seasonality of respiratory infections in South Africa, focusing on diseases 

such as influenza and RSV, is poised to fill several critical gaps in the current understanding of 

climate-health interactions. By leveraging biometeorology to integrate atmospheric science 

with health data through Distributed Lag Non-linear Models (DLNMs) and Geographic 

Information Systems (GIS), the research specifically elucidates how diverse climatic zones 

within South Africa influence respiratory disease outbreaks. This approach not only provides 

a localized perspective on global patterns of disease seasonality but also offers a crucial pre-

pandemic baseline for future epidemiological assessments. Additionally, the spatial mapping 

of disease hotspots through GIS and remote sensing significantly enhances resource 

allocation and health policy formulation, particularly in regions burdened by comorbidities 

such as HIV and tuberculosis. Ultimately, the study improves the understanding of the timing 

and intensity of weather-related health outcomes, aiding in the refinement of emergency 

responses and preparedness for climate-induced health crises, thereby advancing both local 

and global public health strategies. 

 

1.1.3 Environmental Factors and Their Impact on Respiratory Health in South Africa 

In South Africa, the relationship between climate and respiratory diseases is of particular 

interest due to the country’s wide range of climatic zones, from the dry, arid regions of the 

Karoo to the moist, subtropical climate of the eastern coastline (Engelbrecht and Engelbrecht, 

2016). This diversity results in a complex interaction between environmental factors and 

health outcomes, especially respiratory conditions which are affected by both temperature 

fluctuations and humidity levels. While Wright et al. (2014) and Myers et al. (2013) have 

provided valuable insights, there is a need for more nuanced research that considers the local 

and short-term variations in climate and their impacts on respiratory health.  
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Temperature fluctuations, particularly in vulnerable populations, have been shown to 

influence respiratory diseases. In the South African context, studies have observed that 

heatwaves can significantly exacerbate respiratory distress, while cold snaps may amplify the 

risk of respiratory infections (Coetzee et al., 2016). The multifaceted role of humidity in 

modulating the prevalence of respiratory illnesses has been observed, with studies indicating 

that high humidity levels may facilitate the spread of diseases, and conversely, low humidity 

conditions could exacerbate respiratory symptoms (Blumberg et al., 2015). Urbanization and 

its consequent air pollution represent a notable risk for respiratory health, with a clear 

association between high pollutant levels and the exacerbation of respiratory conditions 

(Thomson et al., 2017). Industrial activities in urban centres contribute to poor air quality, 

thus necessitating effective environmental and health policies to mitigate these impacts 

(Johnston et al., 2018). Urban air pollution in South Africa has been recognized as a significant 

contributor to respiratory health problems, with industrial and vehicular emissions impacting 

urban populations (Garland et al., 2013). Although research into indoor air pollution has 

advanced, further study is needed on the health outcomes of using 'dirty' fuels like paraffin, 

particularly in urban areas, and the term 'biomass burning' should be clearly distinguished 

from veld fires in discussions of domestic air quality issues (Bruce et al., 2000). 

 

1.1.4 Policy Implications 

The imperative for effective policy formulation, anchored in climate health research, is 

underscored by the dynamic interplay between climatic variables and respiratory disease 

epidemiology. In South Africa, biometeorological research has significantly informed the 

development of respiratory health policies. These include the optimisation of influenza 

vaccination campaigns, which are calibrated according to the seasonality of the virus and the 
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prevailing climatic conditions (Ebi and Semenza, 2008; Cohen et al., 2015; Tempia et al., 

2019). Additionally, climate health research has been instrumental in shaping emergency 

preparedness strategies in response to extreme weather events, and in formulating long-term 

responses to the health impacts of climate change. 

 

Translating complex and nuanced scientific findings into actionable policies, however, 

presents substantial challenges. The persistent divide between research outputs and policy 

enactment necessitates continued attention (Ebi et al., 2006; McMichael and Lindgren, 2011). 

This research endeavours to assess the integration of biometeorological research within 

health policy frameworks and to appraise the current policies' effectiveness in mitigating 

climate-related health risks. 

 

In the context of South Africa, the National Department of Health's influenza vaccination 

campaign prioritizes high-risk groups, reflecting an understanding of climate-health 

interactions. The 2022 influenza guidelines articulate the need for vaccination prioritization, 

especially among healthcare workers, individuals over 65 years of age, and those with 

underlying chronic conditions, considering the concurrent risks posed by COVID-19 (National 

Department of Health, South Africa, 2022). This targeted approach is instrumental in reducing 

the healthcare burden, particularly when facing the likelihood of simultaneous influenza and 

SARS-CoV-2 transmission, underscoring the importance of climate-health research, as 

explored in this thesis. 

 

This thesis provides empirical evidence supporting the need for specific policy enhancements 

related to influenza management in South Africa. The findings suggest that integrating 
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climate-health research data into the annual update of vaccine compositions and review of 

vaccination target groups can significantly enhance the protection of vulnerable populations. 

This is particularly crucial in light of the variability in influenza strain prevalence and 

environmental factors affecting disease transmission, as documented in the research findings 

(National  Department of Health, South Africa, 2022). Additionally, the thesis underscores the 

benefits of expanding the availability of quadrivalent vaccines in public healthcare settings. 

The data presented demonstrate how broader protection against prevalent influenza strains 

can reduce transmission rates, which is essential for protecting high-risk groups such as 

children and healthcare workers (National  Department of Health, South Africa, 2022). The 

research also highlights the efectivness of evidence-based isolation, cohorting, and 

vaccination practices in managing influenza outbreaks, particularly in closed community 

settings. These strategies are informed by the documented patterns of outbreak dynamics 

and could be essential components of a proactive public health response (National  

Department of Health, South Africa, 2022). Finally, the integration of influenza vaccination 

strategies within comprehensive pandemic preparedness plans is advocated. This thesis 

draws on the experiences from the COVID-19 pandemic, showing how robust preparedness 

plans can enhance the healthcare system's resilience against concurrent disease outbreaks 

(National  Department of Health, South Africa, 2022). 

 

While current policies in South Africa address the intersection of influenza and climatic 

factors, ongoing research in biometeorology presents opportunities for further policy 

refinement. Future updates must consider the fluid nature of influenza viruses, the lessons 

from the COVID-19 pandemic, and the detailed insights from biometeorological studies. The 
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objective is to foster the development of flexible and responsive health policies that are well-

equipped to address both present and emerging climate-related health challenges. 

 

1.2 Rationale 

The interplay between climate and health outcomes is increasingly critical in light of evolving 

global climate patterns (Pecl et al., 2017). In South Africa, this interaction is compounded by 

a unique climatic heterogeneity and the burden of diseases like HIV and tuberculosis, which 

may be influenced by climatic variables, affecting disease seasonality and transmission 

(Lofgren et al., 2007; WHO, 2016; Statistics SA, 2017). Despite a strong policy framework, 

execution in the context of the South African health system often struggles due to legacy 

management and stewardship issues (Coovadia et al., 2009; Burger and Christian, 2018). 

Addressing a lacuna in the extant literature, this research delineates the ornate connections 

between respiratory diseases and climate in South Africa, aiming to bolster health system 

readiness and inform policy. This alignment not only supports the Sustainable Development 

Goals but also serves the insurance industry by providing essential data on the risks associated 

with climate-sensitive health conditions (Hák, et al., 2016; Sach et al., 2019). 

 

1.3 Study Aim and Objectives 

The primary aim of this research is to investigate the interplay between climatic factors and 

the seasonality of acute respiratory diseases in South Africa, underpinned by an in-depth 

analysis of various climatic influences. To address the primary aim of this research, the specific 

objectives of this research are: 
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1. To define seasonality: Establish the timing of the onset and cessation of the primary 

period during which acute upper respiratory diseases occur across South Africa, using 

both public-sector hospitalization data and private-sector medical aid scheme data. 

2. To assess the impact of mean climatic conditions on the incidence of acute upper 

respiratory diseases: 

3. To determine the influence of climatic factors, including extreme weather events and 

variability, on the incidence and prevalence of acute upper respiratory diseases. 

In addition to these data-driven objectives, this thesis will also include a comprehensive 

review of the literature on climate and health in the International Journal of 

Biometeorology, as this forms the foundation of this research. 

 

1.4 Structure of the Thesis 

This thesis is presented as a PhD by publication, incorporating four core papers that 

contribute to the body of knowledge on the impact of climatic variations on respiratory 

health, with three of these papers having been published to date. Following this introductory 

chapter, the second chapter provides a detailed description of the South African study region, 

covering aspects such as topography, climate, and socioeconomic conditions. The third 

chapter, while not a standalone methodological chapter due to the inclusion of detailed 

methodologies within each paper, offers a synopsis of the overarching methodological 

approaches that underpin the research. Chapters four to six are dedicated to the individual 

papers, each a peer-reviewed piece that addresses specific aspects of the research questions. 

The seventh chapter engages in a general discussion that weaves together the themes across 

the four papers, situating them within the wider academic discourse and acknowledging the 

limitations of the study. The eighth and final chapter concludes the thesis by reflecting on the 
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research objectives, summarizing the key findings, and their significance, and suggesting 

directions for future research. A comprehensive reference list follows, collating all citations 

from the journal papers and thesis chapters, with specific reference lists for chapters three to 

six adhering to the citation styles of their respective journals. The appendices provide the 

necessary ethical clearance documentation, underscoring the stringent ethical adherence 

throughout the research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

15 

CHAPTER 2: STUDY REGION 

 

2.1 Introduction 

This chapter describes South Africa, showcasing the reasons for its selection as the focal point 

of this study. South Africa is distinguished by its diverse geographic location and topography, 

which creates a unique mosaic of climatic and environmental conditions across the country. 

The choice of South Africa, as opposed to neighbouring countries like Lesotho or Botswana, 

or vastly different contexts such as the United States of America (USA), is rooted in its 

distinctive blend of climatic diversity, disease burden, and varied socioeconomic conditions, 

including a wide range of evaporation rates and a nuanced poverty index. The rationale for 

concentrating on the provincial scale is twofold. First, it allows for an examination of 

respiratory diseases within diverse but defined climatic zones, offering a balance between 

specificity and generalizability. Second, the provincial focus aligns with the administrative and 

health service structures in South Africa, facilitating relevant public health insights. The study 

region's land use zones are particularly pertinent to this research, as they influence human 

settlement patterns, environmental exposure, and consequently, the epidemiology of 

respiratory diseases. 

 

It is important to note that while the individual papers included in this thesis provide succinct 

study site descriptions relevant to each paper's focus, this chapter expands upon those 

details. Here, we explore the geographic, climatic, and socioeconomic characteristics of the 

study region more comprehensively. This detailed overview provides the contextual backdrop 

necessary for a nuanced understanding of the complex interplay between environmental 
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factors and health outcomes, thereby underpinning the research's provincial focus and 

justifying the selection of South Africa as the study site. 

 

2.2 Geographic Location and Topography  

South Africa occupies the southernmost part of the African continent, extending from 22-35° 

S and 17-33° E, with a total land area of 1,219,602 km² (Figure 2.1; Mokoena, 2019). It shares 

national borders with Namibia, Botswana, Zimbabwe, Mozambique, and Eswatini, and 

entirely encloses Lesotho (Mokoena, 2019). The Atlantic Ocean borders the western and 

southwestern coastline of the country, where the Benguela Current, a cooler current, 

influences the maritime climate (Davis-Reddy and Vincent, 2017). The Indian Ocean borders 

the southern and eastern coastlines, where the warm Mozambique and Agulhas Currents 

influence the coastal climate up to Cape Agulhas (Davis-Reddy and Vincent, 2017; Mokoena, 

2019). 

 

The country's topography is characterized by the presence of the Great Escarpment, a 

significant geological feature that marks the division between the high interior plateau and 

the lower coastal plains (Grab and Knight, 2018; Mokoena, 2019; Roffe et al., 2019). The 

escarpment sweeps through Limpopo and south-eastern Mpumalanga, and ascends to its 

peak along the border between Lesotho and KwaZulu-Natal province, with the Drakensberg 

region reaching elevations of up to 3,482m.asl (Figure 2.1; Grab and Knight, 2018; Mokoena, 

2019). The vast interior plateau stands at an average elevation of 1,200 meters, while the 

higher plateau regions, including the western, eastern, and southern escarpments, average 

around 1,250 m.asl (Figure 2.1; Landman et al., 2017). The Cape Fold Belt mountain range in 
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the southwestern Cape and along the southern coast reaches elevations of approximately 

2,249 m.asl (Grab and Knight, 2018). 

 

 

Figure 2.1: Location and Topography of South Africa. 

 

2.3 Climatic Characteristics of South Africa 

Before examining the evaporation range within South Africa, an exposition of the 

fundamental climatic components is warranted. The Köppen-Geiger climate classification 

delineates the diverse climatic zones of the region, categorizing them into desert, semi-arid, 

subtropical, and oceanic climates (Engelbrecht and Engelbrecht, 2016). This classification is 

useful in interpreting the heterogeneous temperature and precipitation profiles throughout 

the nation. Thermal variations within South Africa are substantial and are predominantly 

attributed to the nation's distinct topography coupled with maritime influences (Akinyemi et 
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al., 2019). The elevated interior plateau is typically subject to higher thermal readings in 

contrast to the coastal regions, which experience moderated temperatures due to oceanic 

currents (Lennard, 2019). Precipitation distribution is similarly variable, with the eastern 

seaboard receiving substantial rainfall, in stark contrast to the markedly arider western areas. 

(Landman et al., 2017;  Roffe et al., 2021). 

 

 

Figure 2.2: Koppen-Geiger Climate Classification (Engelbrecht and Englebrecht, 2016) 

 
Within the climatic framework of South Africa, the parameter of evaporation is particularly 

salient when considering the balance between evaporation and precipitation (Culiis et al., 

2015). As depicted in the Evaporation Range map (Figure 2.3), a gradient of aridity traverses 

the country, highlighting zones where limited water availability may serve as a surrogate for 

potential respiratory health risks (Silvermane et al., 2021). Areas with pronounced 

evaporation rates suggest arid conditions and correlate with a heightened presence of 

airborne dust and particulate matter (Arenas-Diaz et al., 2022). In South Africa, the correlation 

between arid conditions and the presence of airborne dust and particulate matter does not 



 
 

19 

align with patterns observed in other regions (Manisalidid, 2020). Here, higher particulate 

matter levels are often found in densely populated areas rather than regions with high 

evaporation rates, highlighting the need for a specific focus on urban and industrial emissions 

in air quality studies (Gili et al., 2022). Although arid conditions are associated with increased 

airborne dust globally, in South Africa, particulate matter's impact on respiratory health is 

more strongly linked to emissions from urban and industrial activities (Glenn et al., 2022). This 

link is particularly pronounced in socioeconomically disadvantaged populations, where 

exposure to industrial pollutants rather than natural aridity contributes to a higher incidence 

of respiratory conditions such as transient irritation and COPD (Figure 2.3; Gordon, 2003; 

Thompson,2005).

 

Figure 2.3: Evaporation Range Zones of South Africa 

 



 
 

20 

The transmission dynamics of respiratory pathogens are modulated by environmental 

variables, notably temperature and humidity (Wang et al., 2021). The Evaporation range map 

affords a predictive perspective on the regions where climatic conditions may enhance the 

persistence and propagation of respiratory viruses, thus influencing epidemiological patterns 

of disease manifestation and spread (Lofgren et al., 2007). It is imperative to show that aridity 

is not solely contingent upon evaporation rates; rather, it is the interplay between 

evaporation and precipitation that is determinative. 

 

The primary focus of this thesis is the examination of specific climatic variables concerning 

respiratory diseases. Therefore, the emphasis placed on evaporation should be 

contextualized within its association with the primary variables under study. Although the 

evaporation data was not a direct variable of investigation, its relevance lies in its interaction 

with other climatic factors. This understanding furnishes a foundational context for the 

research and contributes to the discourse on potential indirect climatic influences on 

respiratory health outcomes. 

 

2.4 Socioeconomic Conditions and Health Outcomes: The Poverty Index 

The Poverty Index offers a stark visual representation of the socioeconomic disparities that 

pervade the South African landscape (Figure 2.4). Figure 2.4  indicates that the highest levels 

of poverty, represented by the darkest shades (above 81% poverty index), are predominantly 

found in the northeastern regions of South Africa. Additionally, certain central and eastern 

regions also show high poverty levels, within the 71-81% range. Such disparities have 

profound implications for the nation's health profile, particularly concerning respiratory 

diseases. Research has consistently demonstrated a correlation between socioeconomic 
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status and health outcomes, emphasizing that higher poverty indices are often associated 

with increased respiratory disease incidence due to a multitude of interrelated factors 

(Ataguba et al., 2011). 

 

In South Africa, healthcare delivery ranges from primary services to advanced, specialized 

care across public and private sectors (Harris et al., 2011). Despite the state contributing 40% 

of the total health expenditure, the public sector is burdened with serving 80% of the 

population. This dichotomy in healthcare financing means access to private care is largely 

contingent on one’s financial means—either through direct payment or insurance—while the 

public sector struggles with challenges such as protracted waiting times, outdated facilities, 

and compromised quality of care (Naiker et al., 2009; Burger and Christian, 2018). The over 

400 public hospitals contrast with more than 200 private facilities, reflecting a disparity in 

healthcare resources, particularly pronounced in impoverished regions where limited 

infrastructure contributes to delayed diagnosis and treatment of diseases, including 

respiratory conditions (Mayosi et al., 2012; Coovadia et al., 2009). 

 

The land use patterns in South Africa, particularly urbanization, have significant health 

implications. Urban areas, with their dense populations and industrial activities, are often 

implicated in the formation of urban heat islands, which may amplify the prevalence and 

severity of respiratory diseases among susceptible populations (Ackerman, 1985; Harlan and 

Ruddell, 2011). Urbanization alters the environment in ways that can directly impact 

respiratory health. The conversion of natural landscapes to built environments predominantly 

exacerbates air quality degradation through increased emissions in urban areas. This 

deterioration is exacerbated by the accumulation of particulate matter and pollutants from 
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vehicular and industrial sources, creating conditions conducive to respiratory diseases (Pope 

III et al., 2002). 

 

Conversely, the integration of green spaces within urban areas has been shown to enhance 

air quality and reduce respiratory ailments, underscoring the health benefits of maintaining 

natural vegetation within cityscapes (Hartig et al., 2014). In contrast, deforestation and the 

loss of natural vegetation detrimentally affect air quality and biodiversity. While some types 

of vegetation can indeed trigger allergies, the broader implications of reduced biodiversity 

and altered air quality contribute significantly to the increase in allergy and asthma 

prevalence (Hanski et al., 2012). Incorporating land use considerations into public health 

strategies is crucial for addressing the varied health challenges across different zones. By 

understanding the land use-health nexus, policies can be tailored to mitigate the adverse 

health effects of environmental and lifestyle factors prevalent in both urban and rural 

settings. 
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Figure 2.4: Poverty Index of South Africa 

 

South Africa is an exemplary setting for a study focused on the climate-related fluctuations in 

respiratory disease patterns due to several distinct attributes. The country's climatic diversity 

spans Mediterranean to subtropical climates, offering a range of environmental conditions 

for analysis. The clear seasonal transitions in South Africa provide a structured framework to 

investigate the temporal relationship between climate and respiratory health. Additionally, 

the nation's healthcare infrastructure yields high-quality data, essential for such a study. 

Socio-economic variability across the region may affect disease incidence and outcomes, 

allowing for a comprehensive examination of environmental and social determinants of 

health. The rich biodiversity, including a variety of allergens, further enriches the study 

context, enabling an in-depth exploration of the ecological factors contributing to respiratory 
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health. Together, these elements position South Africa as an ideal location for research into 

the climate dynamics of respiratory disease prevalence. 
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CHAPTER 3: METHODOLOGICAL CONSIDERATIONS 

 

3.1 Introduction 

This chapter delineates the methodological framework adopted to analyze the impact of 

inter-annual and inter-seasonal climate variations on respiratory disease prevalence in South 

Africa. The exposition begins with an overview of the data collection methods, specifying the 

data sources, selection criteria, and the measures implemented to verify data accuracy. 

Subsequent to this, the discussion transitions to the ethical considerations integral to the 

study, focusing on confidentiality, informed consent, and the ethical approval processes 

upheld during the research. 

 

Central to the data analysis were the statistical tools and programming techniques employed, 

particularly the use of R—a statistical computing environment favoured for its capacity to 

handle complex data and perform detailed statistical modelling. The analysis also made 

supplementary use of Excel for its versatile data manipulation and visualization capabilities. 

The chapter provides a detailed account of the selection and application of various statistical 

models, including those used to elucidate the nuanced relationships between climate 

variables and disease patterns. 

 

The chapter then addresses the inherent challenges encountered in the research process, 

such as data heterogeneity and bias, articulating the strategies adopted to manage these 

issues effectively. In particular, it emphasizes the use of R for its advanced package ecosystem 

and robust data handling features, which were pivotal in ensuring the integrity and 

robustness of the research results. The chapter culminates with a reflection on the 



 
 

26 

methodological significance of the study within the broader context of climate health 

research.  

3.2 Datasets  

This section details the dual-dataset approach used in analyzing acute respiratory diseases by 

combining data from public and private healthcare sectors in South Africa. Data from Chris 

Hani Baragwanath Hospital provides insights into public healthcare trends and diseases' 

seasonality. Complementarily, data from the Discovery Health Medical Scheme offers a 

broader spectrum of respiratory conditions treated in the private sector, from mild to severe 

cases. Together, these datasets enable comprehensive analysis of respiratory disease 

prevalence and trends across socio-economic settings, enhancing understanding and aiding 

public health strategy development. The study employs meticulous temporal and 

geographical data analysis to identify patterns and inform effective interventions. It is 

important to note that all datasets used in this study include data from 2008 to the end of 

2019, specifically chosen to avoid the confounding impact of the COVID-19 pandemic. This 

timeframe allows for a comprehensive analysis of respiratory disease prevalence and trends 

across socio-economic settings, enhancing understanding and aiding public health strategy 

development. 

 
This study employed a dual-dataset approach for the analysis of acute respiratory diseases, 

incorporating data from both public and private healthcare sectors in South Africa. The 

dataset from Chris Hani Baragwanath Hospital, a significant public healthcare provider as one 

of the largest hospitals in the world, was utilized for three fundamental reasons: 

1. Representation of Public Healthcare: As the largest hospital in Africa and one of the 

most extensive in the world, Chris Hani Baragwanath Hospital caters to a large portion 
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of the South African population. It is estimated that around 80% of the population 

relies on public healthcare services.  

2. Specificity of Respiratory Disease Data: The dataset includes test-confirmed cases of 

respiratory diseases, such as Influenza, Respiratory Syncytial Virus (RSV), and 

coronaviruses. The specificity of the data for named respiratory diseases enhances the 

precision of the study, allowing for a focused investigation into the incidence and 

seasonality of these particular illnesses. 

3. Global Comparability for Seasonality and Climatic Impact Assessment: Hospitalization 

data is a widely recognized measure in global health research for assessing the 

seasonality and climatic influences on acute upper-respiratory diseases. By utilizing 

this dataset, the study aligns with international research methodologies, facilitating 

comparisons and benchmarking with global data. 

 

These data were paramount in offering a granular view of the disease burden within a hospital 

setting, allowing for an examination of the severity of cases, response to treatments, and 

patient outcomes. This comprehensive analysis provided a solid foundation for understanding 

the progression, impact, and seasonal trends of respiratory diseases in a public hospital 

environment, offering a valuable comparison with private healthcare data and contributing 

to a holistic understanding of respiratory health in varied socio-economic settings. 

 

The dataset from the Discovery Health Medical Scheme (DHMS) complemented the hospital 

data by providing a panoramic view of acute respiratory disease cases within the private 

healthcare sector. This dataset is comprehensive, documenting instances that span from 

minor symptoms treated with over-the-counter medications at local pharmacies, general 
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practitioner consultations for common colds identified by the ICD-10 code J00 (Acute 

nasopharyngitis), to severe cases of Influenza, some of which necessitated Intensive Care Unit 

(ICU) admission, denoted by codes J118 (Influenza with other manifestations, virus not 

identified), J111 (Influenza with other respiratory manifestations, virus not identified), and 

J110 (Influenza with pneumonia, virus not identified). 

 

This variety in data captures the full distribution of acute upper respiratory diseases—beyond 

just the severe cases that result in hospitalization—across individuals who have medical aid 

coverage through DHMS. Although medical aid covers approximately 20% of South Africans, 

with DHMS being only one among various providers, their dataset is notably expansive. It 

surpasses the hospitalization data in volume, even when considering the Johannesburg region 

served by Baragwanath Hospital. 

 

The inclusion of such a spectrum of cases—from the common cold to more severe influenza—

is crucial to understanding the broader impact of respiratory diseases. It allows for a more 

comprehensive analysis of disease prevalence, the effectiveness of public health 

interventions, and the overall health status of the community with respect to respiratory 

conditions. Moreover, the use of ICD-10 codes ensures a precise and consistent classification 

of diseases, which is imperative for the analytical accuracy and relevance of the study to its 

research questions. 

 

By incorporating both the specific, test-confirmed hospital data with the more comprehensive 

symptom-based medical scheme data, a more holistic view of acute respiratory diseases in 

South Africa is revealed. To facilitate comparison of these two datasets, the DHMS data were 
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aggregated to weekly total claims, with the weekday starting on a Sunday, to align with the 

format of the Baragwanath data.   

 

The data analysis in this study meticulously examined both temporal and geographical 

dimensions. Data was analyzed at daily and weekly intervals, tailored to the specific analysis 

being performed and the desired outcomes. This flexible approach provided a comprehensive 

temporal perspective, enabling a detailed understanding of the fluctuating patterns of 

respiratory diseases over time. By varying the temporal scale of analysis, the study effectively 

captured both short-term fluctuations and longer-term trends in disease occurrence, 

ensuring that unique disease patterns were accurately reflected in changing environmental 

and climatic conditions. Additionally, the geographical span of the study covered multiple 

locations within South Africa, offering a nuanced understanding of the spatial dynamics of 

disease incidence. This granular approach to analyzing data across time and space was pivotal 

in identifying regional variations and temporal trends in respiratory diseases. 

 

3.3 Meteorological Data 

The study period for our analysis spanned from 2008 to 2019. During this time, the 

meteorological data was collected with a daily temporal resolution, including measurements 

of minimum, maximum, and calculated mean temperatures, as well as rainfall data. The 

geographical distribution of the meteorological data involved a total of 24 weather stations 

strategically situated in and around Cape Town, Gqeberha, and Johannesburg, selected to 

represent areas with similar climatic conditions. This configuration provided a comprehensive 

dataset that allowed for detailed analysis of the environmental factors affecting respiratory 

health across these diverse yet climatically comparable regions. 
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We obtained meteorological data from the South African Weather Service (SAWS), including 

temperature, humidity, rainfall, and wind speed. To ensure the reliability of the data, a 

comprehensive verification process was conducted. This involved quality checks to identify 

anomalies and correct them, enhancing data consistency and accuracy. When faced with 

missing or inconsistent data, we employed interpolation techniques. These statistical 

methods estimated missing values based on the temporal and spatial trends of the 

meteorological variables, using sophisticated algorithms to minimize errors and accurately fill 

gaps in the dataset. 

 

The alignment of meteorological data with health data involved both temporal and spatial 

considerations. Temporally, we matched health record timestamps with corresponding 

meteorological data dates and times. This precise synchronization allowed for an accurate 

analysis of the correlation between weather conditions and respiratory disease occurrences. 

Spatially, we mapped the geographical coordinates of weather stations to the locations of 

health data records. This step ensured that the analysis reflected the impact of local weather 

conditions on health outcomes in specific regions. Spatial alignment was crucial for identifying 

potential links between environmental factors and disease prevalence at a regional level. 

 

We also addressed the different scales of meteorological and health data through 

geostatistical methods, aggregating weather data to match the health data's scale. This 

careful alignment and aggregation allowed us to conduct a detailed analysis of the 

relationship between weather conditions and respiratory disease patterns, revealing 

potential seasonal trends and disease prevalence variations linked to specific meteorological 

conditions. 
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3.4 Key Methods Used  

This study employed a diverse range of methods to thoroughly address its multifaceted 

research objectives. The methods varied across different papers within the study to suit the 

specific analytical needs: 

 

1. Systematic Literature Review: The study began with a systematic literature review to 

establish a foundation of existing knowledge and identify gaps in current research. 

This review informed the direction of subsequent analysis (Hossain et al., 2018). 

2. Threshold Analysis: Following the literature review, threshold analysis was employed 

to identify specific climatic conditions that significantly increase the risk of respiratory 

diseases. In the context of the study on respiratory diseases, a percentage threshold 

refers to a specific point or limit in the data analysis that indicates when climatic 

conditions become significantly associated with an increased risk of respiratory 

diseases. This method of threshold analysis involves determining a percentage level 

at which certain climatic variables—such as temperature, humidity, or pollutant 

concentration—reach a critical point beyond which there is a measurable and 

statistically significant increase in the incidence of respiratory diseases. This method 

was pivotal for determining critical risk points relevant to public health advisories and 

policymaking (Eurich et al., 2008; CDC, 2022). 

3. Percentage Differences in the Extreme Climate Events (ECE) Paper: After establishing 

thresholds, we used the percentage differences approach in the ECE paper to quantify 

relative changes in disease incidence associated with extreme weather events. This 

method provided a clear representation of the impacts of extreme weather on health 

(Hay et al., 2000). 
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4. Distributed Lag Non-linear Models (DLNM): Lastly, DLNMs were utilized to examine 

the relationship between temperature and respiratory disease incidence. This method 

was particularly effective in accounting for non-linear relationships and delayed 

effects, key aspects in environmental health studies (Dixon et al., 2014). 

Each method was informed by key papers in the field, ensuring that the study's application of 

these statistical techniques was grounded in established research. The details and application 

of these methods are described in the respective papers, with each paper focusing on a 

different aspect of the climatic impact on respiratory diseases. The methods were applied in 

a sequence that built upon the insights gained from each step, culminating in a 

comprehensive understanding of the complex relationship between climate variability and 

respiratory health. 

 

3.5 Scale of Analysis: Provincial vs. Local Perspectives 

The research adopted a dual-scale approach, analyzing data at both provincial and local  

levels. This strategy was pivotal in addressing the diverse aspects of the study's objectives. By 

examining the data at these two distinct scales, the research was able to capture the 

heterogeneity inherent in climatic conditions, healthcare infrastructure, and health outcomes 

across South Africa. At the provincial level, the analysis provided a macroscopic view of 

respiratory disease trends across different provinces. This broad perspective was crucial for 

identifying overarching patterns and regional variations in disease incidence and prevalence. 

The provincial scale analysis helped in understanding how different climatic zones across the 

country correlate with respiratory health outcomes, offering insights that are vital for 

formulating regional public health strategies and resource allocation. 
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Whilst the local scale analysis conducted in this study focused on specific geographical and 

demographic contexts within urban and rural settings. This detailed examination was 

targeted at distinct levels. This granular approach was crucial for understanding how local 

environmental factors, demographic compositions, and variations in healthcare access 

influence the patterns and impacts of respiratory diseases. 

This analysis was part of a multi-tiered approach to the research: 

1. Threshold Analysis was performed at the provincial level, providing an overview of the 

broader climatic impacts on respiratory health. 

2. Distributed Lag Non-Linear Models (DLNM) focused specifically on metropolitan areas, 

analyzing the temporal dynamics between environmental variables and health 

outcomes in urban centres. 

3. Percentage Differences in the Extreme Climate Events (ECE) was applied to specific 

areas, assessing the localized effects of environmental factors in defined urban and 

rural settings. 

 

The choice of conducting analyses at both provincial and local scales was guided by the 

objective to comprehensively understand the impact of climatic variables on respiratory 

diseases. Recognizing South Africa's varied climatic, demographic, and healthcare landscapes, 

it was essential to adopt a multi-scale approach. This method ensured that the study's findings 

were not only broadly applicable at the national and provincial levels but also deeply relevant 

and actionable at the local community level. By encompassing both provincial and local 

perspectives, the study's findings offer valuable insights for public health policymakers at 

multiple administrative levels. The dual-scale analysis allows for the development of both 

broad-reaching policies and targeted local interventions, ensuring that public health 
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strategies are effectively aligned with the specific needs and challenges of different regions 

and communities. 

 

In summary, the scale of analysis in this research was carefully chosen to ensure that the 

findings provide a comprehensive understanding of the relationship between climatic 

variables and respiratory diseases. This approach facilitated the generation of insights that 

are critical for informed decision-making in public health, catering to both provincial and local 

healthcare planning and intervention strategies. 

 

3.6 Ethical Considerations 
 
Our research followed ethical guidelines from the Wits University Human Research Ethics 

Committee (Medical), with clearance certificate number M210617. This approval reflects our 

commitment to ethical research, guiding all stages including data handling and analysis. Wits 

University's ethics committee endorsement indicates our study's design and conduct met high 

ethical standards, especially concerning patient confidentiality. We strictly protected 

individuals' identities by anonymizing data throughout the research process. Our procedures 

complied with ethical norms and underscored the importance of privacy in medical research. 

 

Every phase of the research, from initial data gathering to detailed analysis, adhered to ethical 

practices. This consistent application of ethical guidelines across all research stages ensured 

the integrity of our work and the ethical treatment of all participants. Adherence to these 

standards is essential to maintain the trustworthiness of our research outcomes and 

contribute responsibly to scientific knowledge. 
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CHAPTER 4: CLIMATE AND HUMAN HEALTH: A REVIEW OF PUBLICATION TRENDS IN THE 

INTERNATIONAL JOURNAL OF BIOMETEOROLOGY 

 

4.1 Brief Synopsis 

 

This review article, "Climate and Human Health: a review of Publication Trends in the 

International Journal of Biometeorology," explores the confluence of meteorological factors 

and specific health conditions. Surveying the 180 papers from the International Journal of 

Biometeorology that empirically tested the relationship between diagnosed medical 

conditions and climate, this corpus represents 8.3% of the total 2183 publications that more 

broadly focused on human health and climate. The review underscores a burgeoning interest 

in the nexus of climate and health since 2011, with research intensifying in 2017. It highlights 

a predominance of studies emanating from the Global North, especially Asia and Europe, 

juxtaposed against a scant output from African and South American scholars. Predominant 

health concerns explored include respiratory, cardiovascular, and cerebrovascular diseases. 

The piece accentuates the exigency for persistent inquiry, particularly in territories with low 

and lower-middle incomes, which bear the brunt of climate-sensitive health conditions. This 

analysis underpins the rationale for this doctoral study, which seeks to delve into the existing 

body of knowledge specific to biometeorology and underscores the necessity for 

geographically tailored studies in Africa. It also brings to light the evolution in research 

methodologies, advancing from elementary linear regression and correlation assessments to 

more sophisticated Distributed Lag Non-linear Models (DLNM). This academic progression 

mirrors the objectives of this PhD research, which aims to not only fill the geographical gaps 
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identified but also to enhance the analytical techniques applied in the field of climate and 

health. 
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CHAPTER 5: DEFINING THE SOUTH AFRICAN ACUTE RESPIRATORY INFECTIOUS DISEASE 

SEASON 

 

5.1 Brief Synopsis 

 

The paper titled "Defining the South African Acute Respiratory Infectious Disease Season" aims 

to determine the start and end dates of the acute respiratory infectious disease season in 

South Africa. The study utilizes public-sector hospitalization data and private-sector medical 

insurance claims, applying the intensity threshold methodology to define the season. The CDC 

first case onset, and European Union 5% thresholds yielded year-round seasons; the thresholds 

that aligned with the NICD 19-week threshold was found to be at 11 - 25% It finds that the 

respiratory disease season in South Africa typically starts in May and ends in September, with 

significant regional variations. This research aids in improving surveillance and preparedness 

in both public and private healthcare sectors. 
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CHAPTER 6: EXPLORING THE ROLE OF EXTREME CLIMATE EVENTS (ECES) IN THE INCIDENCE 

OF RESPIRATORY DISEASE IN SOUTH AFRICA. 

 

6.1 Brief Synopsis 

 

The manuscript titled "Exploring the Role of Extreme Climate Events (ECEs) in the Incidence of 

Respiratory Disease in South Africa" examines the association between extreme climatic 

phenomena—such as storms and heatwaves—and the incidence of respiratory diseases. This 

research constitutes a segment of the broader National Research Foundation (NRF) project on 

ECEs, which provided funding for this doctoral study. The investigation focuses on the 

immediate and direct implications of ECEs on public health. Through the analysis of health 

insurance claims corresponding to 48 documented ECEs, the study observes that respiratory 

disease claims are influenced by both the presence and absence of these climatic events. 

Crucially, the analysis reveals that seasonal weather variations exert a more significant impact 

on the patterns of respiratory diseases than the extreme events themselves. The implications 

of this research underscore the importance of strategic health planning that anticipates 

seasonal climatic variations, rather than solely reactive measures to ECEs. Such insights are 

pivotal for the development of effective public health policies and resource allocation 

strategies aimed at mitigating the burden of respiratory diseases. 
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ABSTRACT 

In recent decades, escalating extreme climate events (ECEs) have raised concerns regarding 

their impact on South African public health, particularly respiratory health. This study 

investigates the complex link between ECEs and respiratory health. 48 ECEs were analysed, 

with 28 in regions with over 100 medical claims for respiratory disease. The events, 

including storms, heat waves, cold waves, floods, and tornadoes, underwent a thorough 

examination. A two-week lag period assessed their connection to medical claims. The 

findings indicated notable correlations between specific storms, heatwaves, cold waves, 

floods, and tornado occurrences and medical claims, both positive and negative. However, 

seasonal patterns had a more substantial impact on respiratory health than individual 

events. Positive percentage variations for significant events ranged from about 16% to 

121%, while negative differences spanned approximately -178% to -5%. Despite some 

significant individual events, the overall seasonal context more profoundly affected 

respiratory health. Significant events were dispersed across municipalities and provinces 

from 2008 to 2019, lacking distinct clustering in seasons or time frames. Consequently, the 

study suggests prioritizing seasonal preparedness to enhance respiratory health instead of 

focusing on isolated extreme events. These outcomes hold vital policy and public health 

intervention implications. Effective strategies are necessary to mitigate extreme event 

impacts and enhance respiratory health in South Africa. Prioritizing seasonal readiness aligns 

with evidence that collective effects during specific periods wield a more substantial 

influence on respiratory health than isolated incidents. Developing comprehensive, targeted 

public health measures is pivotal to safeguarding vulnerable populations and enhancing 

overall respiratory health in South Africa amid changing climate and increased extreme 

weather frequency. 
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SIGNIFICANCE STATEMENT 

The findings of this study underline the complex interplay among extreme weather 

events, flu seasons, and acute respiratory disease claims in South Africa. Although certain 

events exhibited significant changes in respiratory claims, the overall analysis reveals 

varying impacts. Seasonal effects on respiratory health surpass the influence of individual 

events, underscoring the importance of prioritizing seasonal preparedness in policy and 

public health strategies. Addressing cumulative seasonal variations can enhance 

preparedness and response measures to mitigate the consequences of extreme events. This 

research highlights the ongoing need to comprehensively address public health challenges 

in the context of a changing climate. The insights garnered can contribute to strengthening 

South Africa's healthcare system to better navigate extreme weather events and their 

associated health impacts. 

1. Introduction  

An extreme climate event (ECE) can be defined as a notable deviation from the historical 

mean or anticipated weather conditions within a specific geographic area, manifesting itself 

over a relatively limited temporal period, usually hours to days (Stephenson and Mtsweni, 

2008; Smith, 2011; Van Der Walt and Fitchett, 2022). These events exhibit distinctive features 

in terms of their intensity, duration, or frequency, and frequently have substantial 

ramifications for human societies, ecosystems, and the environment at large (Smith, 2011). It 

is anticipated that climate change will increase the frequency and severity of ECEs globally, 

posing a significant danger to food security, water security, and economic stability in Southern 

Africa (Abrams et al., 2018; IPCC, 2021; Lahsen and Ribot, 2022). In Southern Africa, ECEs such 
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as droughts, heat waves, and floods are becoming more frequent and severe (Davis-Reddy et 

al., 2017; Van Der Walt and Fitchett, 2022). These events already have substantial effects on 

South Africa, including decreased agriculture yields, limited access to clean water, and 

property destruction (Apraku et al., 2021). The most vulnerable populations, including those 

living in rural communities and informal settlements, are often disproportionately affected 

(Curtis et al., 2017). ECEs have also been associated with an increase in the spread of 

infectious diseases and exacerbate existing health problems (McMichael, 2015). 

 

Infectious respiratory diseases are a major public health problem in South Africa due to the 

high prevalence of influenza and pneumonia (Tempia et al., 2020; Fraser et al., 2022), and the 

challenges posed by co-morbidities of HIV/AIDS and Tuberculosis (Bates et al., 2015). 

Influenza results in thousands of hospitalizations and fatalities annually (Duque et al., 2014; 

Tempia et al., 2019, 2020). Influenza typically has a seasonal pattern, with most cases 

occurring during the autumn and winter months in temperate regions of the world (Iuliano et 

al., 2018; Smit et al., 2020). In South Africa, the respiratory disease season spans 19 weeks 

(NICD, 2019), spanning approximately May to August with considerably inter-annual and 

spatial variability (Motlogeloa et al., 2023). Common respiratory viral epidemics, such as 

influenza and respiratory syncytial virus (RSV), as well as concomitant bacterial pneumonia, 

display marked seasonal and interannual variability (Tellier, 2006; Palache, 2011; Weinberger, 

2021). The occurrence, total duration, and severity of infectious pandemics may become 

unpredictable as a result of climate change, including the effects of extreme climate events.  

(Towers et al., 2013).  

 



 
 

84 

ECEs can have a significant impact on the spread and incidence of diseases (McMichael, 2015; 

Davis-Reddy, 2017). These events temporarily heighten adverse weather conditions, and can 

disrupt the natural environment and increase the risk of exposure to disease-causing 

organisms or vectors, leading to outbreaks of infectious diseases (Matsumoto et al., 2012; 

Towers et al., 2013). Floods can result in the dissemination of waterborne diseases and the 

formation of favourable conditions for disease-carrying vectors like mosquitoes, as 

highlighted by Loevinsohn (1994). Heatwaves can directly result in heat exhaustion, heat 

stroke, and dehydration, particularly in vulnerable populations such as the elderly, children, 

and those with pre-existing health conditions (Campbell et al., 2018; Van Der Walt and 

Fitchett, 2021a). ECEs can also have an impact on the spread of respiratory diseases such as 

influenza (Feng et al., 2021). Events such as tropical cyclones and floods can lead to 

overcrowding in emergency shelters, thereby increasing the risk of the spread of respiratory 

diseases (Beveridge, 1991; Cavallo and Noy, 2010), and it has been observed that the number 

of pneumonia cases may increase following tornadoes (Forshee-Hakala, 2015; Chapungu, 

2020). Furthermore, studies have shown that the disruption caused by such events can 

exacerbate the incidence of respiratory conditions (Kontowicz et al., 2022). Climate change is 

projected to result in an increase in the frequency and severity of extreme weather events, 

leading to further impacts on human health and the spread of disease (Hathaway and 

Maibach, 2018, IPCC, 2021). While the direct mortality from ECEs is often recorded and 

published, the impacts on specific medical conditions are less frequently explored.  

 

This study examines changes in respiratory disease burden following ECEs using proxy case 

data in the form of private-sector medical aid claims from Discovery Health Medical Scheme. 

Using the EM-DAT list of ECEs that have occurred in South Africa, coupled with Google News 
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reports, this study compares the timing of ECEs to incidence peaks observed in medical 

insurance claims data post the occurrence of an ECE. These findings will enable the correct 

prediction of the change in respiratory disease after an extreme climate event. 

 

2. Material and Methods 

a. Study Site 

South Africa is the southernmost country in Africa, situated between 22-35°S and 16-33°E. It 

has a land area of 1,220,000 km2 (Figure 1) bordered by Botswana, Mozambique, Namibia, 

and Zimbabwe. A mountainous escarpment separates the coastal plain from a high plateau in 

the interior (Grab and Knight, 2018). South Africa, with its diverse geography, experiences 

various extreme climate events (ECEs) across different regions. During the summer months, 

the interior areas, particularly the Northern Cape, Free State, and North West Province, are 

more susceptible to intense heatwaves, with temperatures often exceeding 30°C and 

occasionally surpassing 40°C (Figure 1; Van Der Walt and Fitchett, 2021a; LeComte, 2020). In 

contrast, the southern coast and interior regions, including the Free State, Gauteng, and 

Mpumalanga province, are more prone to cold spells during the winter months, as cold fronts 

from the southern Atlantic Ocean bring colder air to these areas (Schulza and Maharaj, 2007; 

Roffe et al., 2019; Lone and Ahmad, 2020; Van Der Walt and Fitchett, 2021b). Some South 

African locations also face significant flooding during the summer due to cut-off lows (COLs) 

and synoptic-scale baroclinic systems, while tornadoes are more common in the north-

eastern regions, such as Mpumalanga, Gauteng, and KwaZulu-Natal, albeit relatively rare 

compared to other parts of the world (Figure 1; Milford et al., 1994; Roffe et al., 2019; Grab 

and Nash, 2023). Moreover, the country experiences recurring droughts, particularly in the 
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western and central parts, characterized by semi-arid and arid conditions, resulting in 

significant impacts on agriculture, water resources, and the economy (Figure 1; Zucchini and 

Adamson, 1984; Rouault and Richard, 2005; Sousa et al., 2018). The Day Zero drought in South 

Africa was one of the country's most significant droughts, particularly impacting Cape Town 

(Wolski, 2018; Ziervogel, 2019). 

 

Urban areas in South Africa, which are the focus of this study can experience particularly 

severe  impact of ECEs. The presence of built infrastructure in cities and towns makes them 

vulnerable to destruction or damage during severe weather events, including floods, 

tornadoes, and storms. Additionally, the urban heat island effect can exacerbate heat waves, 

accelerating infrastructure deterioration and increasing energy demands for cooling (Salimi 

and Al-Ghamdi, 2020). As urbanization continues to grow in South Africa, addressing the 

effects of ECEs on built environments becomes imperative for enhancing community 

resilience and promoting sustainable urban development. 
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Fig. 1. Map illustrating the number of ECEs that have occurred in South Africa between 2008-

2019. 

 

b. Data Sources 

1) CASE DATA 

In this study, we analyzed two datasets to explore the correlation between extreme climate 

events (ECEs) and the incidence of respiratory diseases in South Africa. The primary dataset 

comprised a 12-year series (2008-2019) of medical insurance claims, specifically for 

individuals diagnosed with acute respiratory diseases as classified by ICD-10 codes J00 (Acute 

nasopharyngitis), J110 (Influenza with pneumonia), J111 (Influenza with respiratory 

infection), and J118 (Influenza with other infestations). This data was sourced from Discovery 

Health Medical Scheme and detailed daily claims from various municipalities, towns, and 

cities nationwide. Each record included the location of the claim, the filing date, and 
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demographic details of the claimant such as age and gender. We aggregated the data weekly, 

starting each Sunday, and consciously excluded data post-2019 to prevent COVID-19 cases 

from distorting the analysis of seasonal and climatic trends. The research received ethical 

approval from the University of the Witwatersrand's Human Health Research Ethics 

Committee (HREC), with the reference number M210617. 

 

While it is recognized that medical aid coverage in South Africa extends to less than 20% of 

the population as of 2022, the dataset of medical insurance claims used in this study serves 

as a valuable proxy for monitoring trends in respiratory disease following extreme climate 

events (ECEs). This dataset, derived from a leading health insurance provider, captures a 

substantial volume of systematic data over a 12-year period, offering a robust foundation for 

analyzing temporal patterns and associations with ECEs. The insured population's claims data 

can reflect broader public health trends because insured individuals are distributed across 

various municipalities, towns, and cities, and their increasing demographic diversity provides 

a heterogeneous sample. Moreover, claims data represent the full spectrum of symptomatic 

responses to acute upper respiratory infections, from mild symptoms requiring over-the-

counter medication at a pharmacy, through to severe cases leading to hospitalization up to 

the level of intensive care units. Although the results reflect the health outcomes of insured 

individuals, these individuals are part of the wider community ecosystem that includes both 

urban and rural settings. Therefore, the patterns observed in this segment can offer important 

insights into the potential health impacts of ECEs at a larger scale. Comparisons of these 

medical aid claims against hospitalization data for Baragwanath Hospital, the largest hospital 

in Africa, confirm consistency in the trends in the seasonality of the data observed 

(Motlogeloa et al., 2023).  
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2) EXTREME CLIMATE EVENT DATA 

The complementary dataset utilized in our investigation documented the occurrence, 

geography, and classification of extreme climate events (ECEs). This information was 

extracted from the Emergency Events Database (EM-DAT), which catalogues natural disasters 

dating back to 1900 and is curated by the Centre for Research on the Epidemiology of 

Disasters (CRED) at the Université Catholique de Louvain's School of Public Health in Brussels, 

Belgium. EM-DAT compiles extensive details on disasters, including their nature, location, 

dates, affected populations, casualties, injuries, and financial impact. Its reliability and 

comprehensiveness make EM-DAT an indispensable resource for scholars, policy formulators, 

and humanitarian groups. It supports the monitoring and analysis of disaster patterns, 

assisting in the formulation of measures for disaster risk mitigation and management of 

disaster response initiatives. 

 

The methodology for classifying extreme climate events (ECEs) in this study was strategically 

aligned with the categorizations used by the EM-DAT database. This choice diverges from the 

approaches outlined by Jong et al. (2023) and Perkins and Alexander (2013), which rely on a 

percentile-based analysis of historical weather data to define extreme events. Instead of 

determining ECEs by percentile thresholds for significant meteorological phenomena such as 

heavy rainfall or extreme temperatures, our method leveraged the established classifications 

and descriptive keywords provided by EM-DAT. This facilitated a comprehensive and targeted 

search for relevant ECEs within the South African context, spanning from 2008 to 2019. 

 

Further enriching our methodology, we expanded our data gathering through Google News 

to include additional reports on ECEs, using keywords like 'flood', 'drought', 'heatwave', and 
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'cold wave'. This approach allowed us to build on the EM-DAT records and address potential 

under-reporting issues, noted in studies by Rataj et al. (2016) and Van Der Walt and Fitchett 

(2021a). To effectively collect and manage this information, a custom web scraping tool was 

developed. This tool was designed with advanced algorithms capable of accurately identifying 

and extracting relevant news content about ECEs, which were then saved in a structured CSV 

format for detailed analysis. 

 

The collected data underwent a rigorous cleaning process, including a manual review to verify 

the relevance and severity of the events, ensuring the elimination of duplicates and 

maintaining a focus strictly on climatic ECEs pertinent to our research objectives. This 

meticulous approach to data collection has resulted in a robust and comprehensive dataset, 

crucial for analyzing the impacts of ECEs on respiratory health outcomes accurately and 

comprehensively. 

 

3. Data Analysis 

In our analysis of the claims data, we used a detrending process to isolate the impact of 

extreme climate events (ECEs) on respiratory diseases, independent of seasonal variations. 

We applied the Seasonal and Trend decomposition using Loess (STL) method within R, 

suitable for non-stationary time series data (Cleveland et al., 1990). This involved 

decomposing the data into trend, seasonal, and irregular components, and removing the 

trend component to stabilize the time series mean across the study period. The STL method 

was chosen for its non-parametric nature, allowing for accurate modeling and removal of 

both linear and non-linear trends without assuming a specific form for the seasonal 
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component (Cleveland et al., 1990). After detrending, we analyzed the residual component 

to identify deviations due to ECEs. The procedure was validated to ensure that the detrended 

data did not retain long-term trends, confirming the effectiveness of our seasonality removal 

and enabling precise analysis of the ECEs' effects. 

 

Following the detrending, our analysis proceeded with inferential statistical methods to 

examine the relationship between ECEs and the frequency of medical insurance claims for 

respiratory diseases. To ensure the robustness of our findings, we excluded events from 

locales with fewer than 100 total claims. This exclusion minimizes the impact of statistical 

anomalies or outliers that can distort the analysis, particularly in less populated areas. By 

setting this threshold, we focused on areas with sufficient data to yield statistically meaningful 

insights, enhancing the statistical integrity of our findings and focusing on substantial, 

actionable insights suitable for public health interventions. For the included ECEs, we 

conducted a comparative analysis where the number of claims during the ECE week and the 

following two weeks was measured against the average number of claims for the same 

calendar weeks over the previous nine years (Roshan et al., 2022). This approach provided a 

baseline that accounted for normal fluctuations in disease incidence. We incorporated a two-

week lag period in our analysis to capture the incubation and typical symptom duration of 

respiratory illnesses, which is critical for assessing the delayed effects of ECEs on health. 

 

In our analysis, we quantified the impact of each Extreme Climate Event (ECE) on the number 

of medical claims for respiratory diseases by calculating the percentage deviation from a 

baseline of claims established from historical data. To assess the variability of claims data 
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around this mean deviation, we computed the standard deviation for each type of ECE. This 

measure provided insight into the spread of the data and helped in understanding the 

consistency of the impact across different occurrences of the same type of event. 

To evaluate the statistical significance of the observed deviations from the baseline, we 

applied a t-test to each ECE (Roshan et al., 2022). This analytical approach enabled us to 

identify any statistically significant fluctuations—either increases or decreases—in the 

number of respiratory disease cases that could be directly attributed to specific ECEs. The t-

test results helped to ascertain whether the changes in claim numbers during ECEs were likely 

due to random variation or were statistically significant reflections of the impacts of these 

climate events. After establishing significance and assessing data variability, we further 

analyzed the data to understand how different types of ECEs and their geographic locations 

influenced the volume of respiratory disease cases. This detailed scrutiny allowed us to 

uncover nuanced insights about the spatial and event-type specific impacts of ECEs on public 

health, particularly respiratory health outcomes. 

3. Results 

a. ECEs in South Africa 2008-2019 

The EM-DAT database records 32 ECEs in South Africa between 2008 and 2019. Each of these 

events was covered in at least one news article captured by Google News. Excluding 

earthquakes, fires, and ecological extreme events, the dataset was reduced to 29 ECEs. An 

additional 19 ECEs were identified from Google News, of which ten were extreme 

temperature events and nine were tornadoes (Table 1). A total of 47 ECEs were therefore 

included in the combined database. These included droughts (3), tornadoes (9), heatwaves 

(5), cold waves (5), storms (11), and flooding (14; Table 1). The eThekwini district of KwaZulu-
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Natal has experienced the greatest number of storms and flood events (4). Droughts occurred 

frequently in the Western Cape over the period 2008-2019 (3), including the ‘Day Zero 

Drought’ which made global headlines. The mortality associated directly with these ECEs 

varied over the years; flood and storm events resulted in the greatest loss of life, resulting in 

a total of 363 deaths from 2008 to 2019 (Table 1).  

 
Table 1. Overview of ECEs occurring in South Africa from 2008-2019.  
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2008_25 Cold wave Cape Town (Western Cape); 
Gqeberha, East London 
(Eastern Cape); 
Durban (KwaZulu-Natal); 
Johannesburg (Gauteng) 

7 Google 
News 

2008_46 Storm Durban City (KwaZulu-
Natal) 

1 EM-DAT, 
Google 
News 

2008_47 Tornado Molweni (KwaZulu-Natal) 1 Google 
News 

2008_25 Flood eThekwini district 
(KwaZulu-Natal) 

1 EM-DAT, 
Google 
News 

2009_1 Storm Inchanga town - eThekwini 
district, Umzimkhulu area - 
Sisonke district, Richmond 
area - Umgungundlovu 
district (KwaZulu-Natal) 

1 EM-DAT, 
Google 
News 

2009_4 Heatwave Johannesburg, Pretoria 
(Gauteng); 
Durban (KwaZulu-Natal); 
Cape Town (Western Cape) 

1 Google 
News 

2009_9 Flood Kwadukuza (KwaZulu-Natal) 1 EM-DAT, 
Google 
News 

2009_45 Tornado Bulwer (KwaZulu-Natal) 1 Google 
News 

2009_47 Storm Cacadu district (Eastern 
Cape); Central Karoo 
district (Western Cape) 

1 EM-DAT, 
Google 
News 
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2009_29 Flood City of Cape Town district 
(Western Cape) 

4 EM-DAT, 
Google 
News 

2010_51 Storm Free State, Mpumalanga, 
North West, Northern 
Cape, Limpopo, Gauteng, 
KwaZulu-Natal, Eastern 
Cape 

2 EM-DAT, 
Google 
News 

2011_1 Flood Buffalo City, Amathole, Joe 
Gqabi, O. R, Tambo, Alfred 
Nzo, Chris Hani districts 
(Eastern Cape); Fezile Dabi, 
Thabo Mofutsanyane, 
Xhariep districts (Free 
State); City of 
Johannesburg, Ekurhuleni, 
Sedibeng, West Rand 
districts (Gauteng) 

4 EM-DAT, 
Google 
News 

2011_1 Flood Amajuba, eThekwini, 
iLembe, Sisonke, Ugu, 
Uthukela districts 
(KwaZulu-Natal); Mopani, 
Sekhukhune, Vhembe, 
Waterberg districts 
(Limpopo); Frances Baard, 
Namakwa, Pixley ka Seme, 
Siyanda districts (Northern 
Cape); North West Province 

4 EM-DAT, 
Google 
News 

2011_41 Tornado Duduza (Gauteng) 1 Google 
News 

2011_41 Tornado Fiksburg (Free State) 1 Google 
News 

2011_54 Storm KwaZulu-Natal 1 EM-DAT, 
Google 
News 

2011_41 Storm Meqheleng area-Ficksburg, 
Thabo Mofutsanyane 
district (Free State); Duduza 
town-Ekurhuleni district 
(Gauteng) 

1 EM-DAT, 
Google 
News 

2011_46 Heatwave Johannesburg, Pretoria 
(Gauteng); Polokwane 
(Limpopo) 

16 Google 
News 

2011_47 Cold wave Kimberley (Northern Cape); 
Cape Town (Western Cape); 
Gqeberha (Eastern Cape) 

8 Google 
News 
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2012_1 Storm Limpopo, Mpumalanga 1 EM-DAT, 
Google 
News 

2012_19 Cold wave Cape Town (Western Cape); 
Gqeberha (Eastern Cape); 
Kimberley (Northern Cape) 

7 Google 
News 

2012_25 Tornado Bethlehem, Deneysville 
(Free State) 

1 Google 
News 

2012_43 Flood Bathurst, Port Alfred, 
Kenton-on-Sea, 
Grahamstown (Eastern 
Cape) 

5 EM-DAT, 
Google 
News 

2013_22 Storm Bishop Lavis, Hout Bay, 
Gugulethu, Strand, 
Khayelitsha, City of Cape 
Town (Western Cape) 

1 EM-DAT, 
Google 
News 

2014_9 Flood Gauteng, KwaZulu-Natal, 
Limpopo, Mpumalanga, 
North West 

1 EM-DAT, 
Google 
News 

2014_46 Heatwave Johannesburg, Pretoria 
(Gauteng); Polokwane 
(Limpopo); Kimberley 
(Northern Cape) 

7 Google 
News 

2015_1 Drought KwaZulu-Natal, Free state, 
Limpopo, Mpumalanga, 
North-West, Cape Town 
(Western Cape) 

~730 EM-DAT, 
Google 
News 

2016_1 Heatwave Ngaka Modiri Molema 
(North West) 

9 EM-DAT, 
Google 
News 

2016_31 Flood Cape Town, Phillipi, 
Khayelitsha (Western 
Cape); Durban, Cato Manor, 
Amanzimtoti, Inanda, 
Ntuzuma, KwaMashu, 
uMlazi, Yellow Wood Park, 
Chatsworth -eThekwini 
Metropolitan Municipality, 
Ugu district (KwaZulu-
Natal) 

1 EM-DAT, 
Google 
News 

2016_31 Tornado Tembisa (Gauteng) 1 Google 
News 

2016_46 Flood Gauteng, KwaZulu Natal 1 EM-DAT, 
Google 
News 

2016_51 Tornado Standerton (Mpumalanga) 1 Google 
News 
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2016_52 Tornado Standerton (Mpumalanga); 
Vaal Marina (Gauteng) 

1 Google 
News 

2017_23 Storm Kraaifontein, Lavender Hill, 
Strand, Kalkfontein, Delft, 
Mfuleni, Mandalay, Hout 
Bay, Kraaifontein, Cape 
Town, Rheenendal, 
Welbedacht, Knysna, 
Pacaltsdorp, Mossel Bay, 
George to Plettenberg Bay -
Eden, Welbedacht - Cape 
Winelands (Western Cape) 

1 EM-DAT, 
Google 
News 

2017_41 Storm Durban, Bluff, Jacobs, 
Montclair, Glenwood, 
Umlazi, Merebank, Isipingo, 
Nquthu, Umzinyathi 
(KwaZulu-Natal); 
Johannesburg, Ekurhuleni-
West Rand District 
Municipality (Gauteng) 

1 EM-DAT, 
Google 
News 

2017_18 Drought Cape Town, Cape 
occidental, Cape oriental, 
North Cape (Western Cape) 

~365 EM-DAT, 
Google 
News 

2017_46 Cold wave Johannesburg, Pretoria 
(Gauteng) 

7 Google 
News 

2017_20 Flood Kquthu-Umzinyathi District, 
Zinkwazi-Ilembe District, 
Mzingwenya-Uthungulu 
District, uMzumbe 
municipality, uMdoni, 
uMuziwabantu (KwaZulu-
Natal) 

5 EM-DAT, 
Google 
News 

2018_6 Heatwave Johannesburg, Pretoria 
(Gauteng); Klerksdorp, 
Potchefstroom (North 
West) 

7 Google 
News 

2018_25 Cold wave Cape Town (Western Cape) 1 Google 
News 

2019_10 Flood KwaZulu-Natal, Eastern 
Cape, Free State 

4 EM-DAT, 
Google 
News 

2019_17 Flood Ntuzuma,Verusalam, 
Inanda, KwaMashu 
(KwaZulu-Natal) 

4 EM-DAT, 
Google 
News 

2019_18 Flood Eastern Cape 1 EM-DAT, 
Google 
News 
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2019_46 Storm Inanda (KwaZulu-Natal) 1 EM-DAT, 
Google 
News 

2019_1 Drought Western Cape, Eastern 
Cape, Northern Cape 

12 EM-DAT, 
Google 
News 

2019_49 Flood Pretoria (Gauteng) 9 EM-DAT, 
Google 
News 

2019_51 Tornado New Hanover (KwaZulu-
Natal) 

1 Google 
News 

 

b. ECEs and the incidence of acute respiratory diseases 

Of the 48 ECEs (Table 1), only 28 occurred in regions which had more than 100 total DHMS 

medical aid claims and were thus retained for further analysis. Importantly, some ECEs 

affected more than one area, resulting in duplicate entries of the event where the local 

medical aid claim response is tested (Table 2). Extreme climate events, such as storms, heat 

waves, cold waves, floods, and tornadoes, have significant implications for public health and 

medical health insurance claims. To examine the association between these extreme climate 

events and medical health insurance claims, a comprehensive analysis was undertaken, 

incorporating a two-week lag period for each event. The findings from this study are 

summarized below. 

 

A subset of storm events correlated with significant fluctuations in medical health insurance 

claims, as reflected by p-values ranging from <0.001 to 0.1, detailed in Table 2. These events 

resulted in a range of insurance claim adjustments, with increases between 16% to 121% and 

decreases from -5% to -178%. The incidences of these storm events were distributed across 

various locations and spanned from 2008 to 2019, exhibiting no discernible seasonal or 

temporal trends. Notably, the standard deviations for claims in other years and the standard 

deviations for claims in the test year provide additional context, indicating the variability of 
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claims associated with each event, as seen in the entries for each city and event in Table 2. 

For instance, the storm in Inanda in 2019 showed a standard deviation of 1.55 for other years 

and 0.78 for the test year, highlighting the variability in claim amounts. 

 

Similarly, heatwave events were associated with notable variations in insurance claims, 

evidenced by p-values in the same statistical range. Heatwaves led to a rise in claims by 18% 

to 27% and a reduction by -7% to -40%, without a focused spatial or temporal distribution. 

The standard deviations in claims for other years and in the test year for these events show 

the fluctuations in claim amounts during heatwaves, providing insight into the variability of 

claims, which ranges from 0.72 to 2.51 for other years and 0.89 to 2.02 for the test year. Cold 

wave events were linked to significant changes in claims, with increases noted from 16% to 

85%, and decreases ranging from -83% to -178%. The occurrence of significant cold wave 

events did not show any regular patterns in their distribution. The standard deviations for 

claims during cold wave events demonstrate considerable variability, with figures ranging 

from 0.50 to 3.90 for other years and 1.15 to 2.90 for the test year, underscoring the 

unpredictable nature of insurance claims related to cold waves. 

 

Flood-related events also showed a significant correlation with changes in insurance claims, 

with p-values ranging from <0.001 to 0.1. These events accounted for claim increases from 

75% to 86% and decreases ranging from -5% to -178%, occurring without a consistent pattern 

in location or timing. The standard deviations for these events highlight the variability in 

claims, with figures ranging from 0.65 to 3.12 for claims in the test year and 1.48 to 4.36 for 

claims in other years, emphasizing the unpredictable nature of insurance claims associated 

with flood events. Tornado events displayed a similar trend, with significant impacts on 
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insurance claims ranging from positive changes of 38% to 135% to negative changes between 

-61% to -70%. Like other ECEs, tornado events did not present any particular spatial or 

temporal patterns. The variability in claims related to tornadoes is evident in the standard 

deviations, with figures ranging from 0.46 to 5.93 for claims in the test year and 1.40 to 3.94 

for claims in other years. These statistics underscore the substantial fluctuations in insurance 

claims associated with tornado occurrences . 
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Table 2. Changes in Medical Insurance Claims Relative to Baseline in the Event of ECEs 1 

Municipality/City Week Year Disaster 
Type 

Province Baseline 
Claims 

Change in 
Claims 

% Change 
from Baseline  

95% CI 
for 
Change 

P Value Sd Claims 
Other Years 

Sd Claims 
Year Test 

Pretoria 49 2019 Flood Gauteng 54 -3 -5 54 0,0004 1,87 0,65 

Inanda 46 2019 Storm KwaZulu-
Natal 

34 -14 -42 17 0,0549 1,55 0,78 

Inanda 17 2019 Flood KwaZulu-
Natal 

87 75 86 42 0,0773 3,98 3,12 

Durban 41 2017 Storm KwaZulu-
Natal 

113 -38 -34 42 0,0799 1,68 1,48 

Johannesburg 41 2017 Storm Gauteng 82 18 22 151 0,0007 1,79 0,72 

Inanda 42 2017 Storm KwaZulu-
Natal 

51 -27 -53 10 0,8318 1,71 1,96 

Kempton Park 42 2011 Storm Gauteng 21 17 85 12 0,1348 1,28 2,52 

Johannesburg 1 2011 Flood Gauteng 85 -5 -5 31 <0.0001 1,48 0,79 

Durban 2 2011 Flood KwaZulu-
Natal 

135 -40 -29 58 0,0180 2,45 1,51 

Durban 46 2008 Storm KwaZulu-
Natal 

113 -28 -25 54 0,0109 1,87 1,28 

Durban 25 2008 Flood KwaZulu-
Natal 

328 -178 -54 37 0,3030 4,36 2,42 

Pinetown 27 2008 Flood KwaZulu-
Natal 

23 -2 -7 10 0,7008 2,17 1,51 

Durban 1 2009 Flood KwaZulu-
Natal 

139 -64 -46 26 0,9264 2,29 1,29 
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Pretoria 4 2009 Heatwave Gauteng 98 -38 -39 58 <0.0001 2,51 1,36 

Johannesburg 4 2009 Heatwave Gauteng 117 -7 -6 67 0,0412 1,88 2,02 

Durban 4 2009 Heatwave KwaZulu-
Natal 

150 -25 -16 59 0,6856 2,36 1,70 

Johannesburg 46 2011 Heatwave Gauteng 72 -12 -17 43 0,2096 1,21 0,89 

Pretoria 46 2011 Heatwave Gauteng 61 -40 -66 16 0,0144 2,01 0,87 

Johannesburg 6 2018 Heatwave Gauteng 143 27 19 98 0,0515 2,27 1,81 

Pretoria 6 2018 Heatwave Gauteng 103 23 23 62 0,8234 2,49 1,55 

Gqeberha 33 2008 Coldwave Eastern 
Cape 

29 -24 -83 2 0,1831 2,15 1,15 

Durban 35 2008 Coldwave KwaZulu-
Natal 

237 -127 -54 43 0,0159 2,93 1,67 

Johannesburg 36 2008 Coldwave Gauteng 226 -101 -45 137 <0.0001 3,23 1,22 

Gqeberha 21 2012 Coldwave Eastern 
Cape 

42 -13 -31 15 0,1089 3,74 2,13 

Pretoria 46 2017 Coldwave Gauteng 56 16 28 35 0,5330 1,83 2,90 

Johannesburg 47 2017 Coldwave Gauteng 65 -15 -23 83 <0.0001 1,20 0,50 

Johannesburg 31 2016 Tornado Gauteng 319 121 38 58 0,0002 3,94 5,93 

Kempton Park 41 2011 Tornado Gauteng 24 32 135 12 0,0081 1,40 2,67 

Durban 47 2008 Tornado KwaZulu-
Natal 

115 -70 -61 149 <0.0001 1,94 0,46 

 2 
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The results, detailed in Figure 2 and Table 2, consistently reveal no statistically significant 

relationships between medical health insurance claims and extreme climate events. While 

some events showed statistically significant associations, both positive and negative, there 

were no discernible trends or patterns regarding spatial or temporal clustering. For example, 

the flood in Pretoria in 2019 and the tornado in Durban in 2008 both show p-values well below 

0.05, indicating statistically significant impacts on insurance claims for those specific weeks. 

However, when considering broader trends within groups of similar ECEs (like all floods or all 

heatwaves across multiple events and years), the data does not show consistent trends that 

reach statistical significance. This suggests that while individual events can have significant 

impacts, these effects do not uniformly manifest across all occurrences of the same type of 

ECE. These findings emphasize the complexity of the relationship between extreme climate 

events and medical health insurance claims, warranting further research and consideration 

for policy and healthcare planning (Figure 2). The comprehensive analysis presented provides 

valuable insights into the diverse impact of extreme weather events on the health insurance 

system. 
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Fig. 2. Significance of ECEs in South Africa from 2008-2019 at a two-week lag period. 
 
 

5. Discussion 

a. Variations in Medical Claim Patterns Following Extreme Climate Events (ECEs) 

The primary observation of this study is the consistent absence of statistically significant 

relationships between extreme climate events (ECEs) and fluctuations in medical health 

insurance claims, suggesting a more complex interplay of factors than initially hypothesized. 

This consistency points to the potential influence of other, as yet unexplored variables that 

may modulate the health outcomes of such climatic events (Table 2; Figure 2). This lack of 

consistency is evident as certain ECEs elicited noteworthy changes in respiratory disease 

claims, while others demonstrated negligible effects (Table 2; Figure 2). Furthermore, among 

the significant ECEs, disparate trends emerged, with both increases and decreases in claims 

recorded across different event types (Table 2; Figure 2). To understand the underlying 

factors of these results, we must investigate the diverse influences that ECEs may have on 

medical health insurance claims. To understand the underlying factors of these results, it is 
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important to consider how ECEs affect the practical aspects of seeking medical care. Extreme 

weather conditions, such as floodwaters or severe cold, can impede travel to healthcare 

facilities, influencing whether individuals decide to seek medical help during such times. This 

factor needs to be considered as it could suppress the number of claims despite potential 

increases in respiratory illnesses. 

 

 Firstly, ECEs engender transient alterations in local weather conditions, which can either 

augment or hinder the survival and transmission of respiratory viruses (Iwasaki and Pillai, 

2014). For instance, certain ECEs, such as storms and floods, can heighten the risk of exposure 

to respiratory pathogens and allergens, consequently leading to escalated respiratory 

infections (Iwasaki and Pillai, 2014; von Gottberg et al., 2014). Conversely, cold temperatures 

during cold waves may foster the penetration of viruses into the respiratory system, owing to 

the provocation of dry and irritated airways (Leon-Gomes et al., 2015; Carmona et al., 2016). 

However, the variable impact of ECEs on local weather conditions and viral survivability may 

account for the observed divergences in medical health insurance claim patterns (Kovats et 

al., 2004). 

 

Secondly, the response of medical health insurance claims to ECEs is also influenced by human 

behaviour and transient shifts in individual immunity (Kovats et al., 2004). During heatwaves, 

individuals tend to seek shelter indoors within air-conditioned environments, potentially 

culminating in escalated transmission rates in densely populated spaces (Gaillat et al., 2008). 

Conversely, flooding and the subsequent evacuation procedures may facilitate person-to-

person contact and thereby contribute to the dissemination of influenza viruses (Kontowicz 

et al., 2022). These behaviour-related factors are contingent upon the severity and scale of 
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the ECE, thus contributing to the pronounced heterogeneity evident in medical health 

insurance claim responses (Killingley and Nguyen-Van-Tam, 2013). Furthermore, short-term 

changes in individual immunity following ECEs may play a role in the variation of respiratory 

disease claims. Severe weather events and the associated stressors may weaken the immune 

system, making individuals more susceptible to infections. However, the extent of this impact 

can vary depending on the baseline health status of the population and the overall healthcare 

infrastructure. 

 

The complex interplay of meteorological variables, human behaviour, and individual 

immunity makes it challenging to predict the precise impact of ECEs on respiratory health 

outcomes. The observed variations underscore the influence of specific contextual factors on 

the relationship between ECEs and medical health insurance claims for respiratory diseases, 

as shown in Table 2 and Figure 2. Generalizing the impact of ECEs on respiratory disease claims 

may not be appropriate, as the effects can be counteractive and vary based on a myriad of 

interrelated factors (von Gottberg et al., 2014; Mendelson, 2020). For example, the time of 

the year, the presence of holidays, the scale of the ECE, the severity of the ECE, the level of 

infrastructural damage, and the baseline climate can all influence the responses observed. 

Additionally, different regions may exhibit more consistent responses to ECEs, and further 

research is needed to understand the reasons behind such variations (Booysen, 2003; Busayo 

et al., 2022). 
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b. Implications for Respiratory Disease Preparedness 

The findings of this study highlight the variability in the impact of extreme climate events 

(ECEs) on respiratory disease claims, reinforcing the assertion that seasonal patterns of 

respiratory illness exert a more significant influence than individual ECEs (Motlogeloa et al., 

2023). Hence, healthcare initiatives should concentrate on managing the direct impacts of 

ECEs, such as heatstroke from heatwaves, hypothermia due to cold snaps, and injuries or 

fatalities from tropical cyclones (Campbell et al., 2018; Codjoe and Atiglo, 2020). While ECEs 

have a role in respiratory health outcomes, their effects are often eclipsed by the dominant 

seasonal patterns (Forshee-Hakala, 2015; Kimambo, 2018). 

 

However, in the face of climate change, where shifts in mean climate conditions and an 

increase in the frequency and severity of ECEs are expected, it is imperative to continue 

monitoring their impact on respiratory health (Beniston and Stephenson, 2004). Climate 

change is projected to amplify both the occurrence and intensity of ECEs, potentially leading 

to novel interactions between weather patterns and respiratory pathogens (Guha-Sapir et al., 

2016; Codjoe and Atiglo, 2020). Therefore, sustained surveillance and preparedness are 

essential to mitigate future risks to respiratory health. 

 

The observed inconsistency in health insurance claim responses to ECEs underscores the 

complexity of factors such as meteorological conditions, human behavior, and individual 

immunity. This multifaceted, context-dependent relationship necessitates a sophisticated 

approach to understand and mitigate the impacts of ECEs on respiratory health. Despite the 

overarching influence of seasonal disease trends, it is crucial to maintain vigilance and tailor 

respiratory disease preparedness strategies to the evolving realities of climate change and 
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the increasing prevalence of ECEs (Iuliano et al., 2018; Tempia et al., 2019). A more profound 

comprehension of these dynamics will empower public health authorities to develop more 

effective responses to protect respiratory health during extreme climate occurrences 

 

6. Conclusion 

In conclusion, the results of this study underscore the complex dynamics between extreme 

climate events and the pattern of acute respiratory disease claims in South Africa.. While 

certain extreme climate events demonstrated statistically significant changes in respiratory 

disease claims, the overall analysis points to a lack of uniformity and consistency in their 

impact. Moving forward, it is evident that the seasonal impacts on respiratory health are 

much stronger and more consistent than the isolated effects of individual extreme events 

(Apraku et al., 2021; Rataj et al., 2016). Therefore, it is crucial for policy and public health 

interventions to prioritize seasonal preparedness rather than solely focusing on individual 

extreme events. Preparedness efforts should be geared towards addressing the cumulative 

impacts of seasonal variations, as these have a more substantial influence on respiratory 

health outcomes (Onuma et al., 2017). Incorporating strategies that consider the broader 

patterns and trends in weather and disease during specific seasons will enable more effective 

preparedness and response measures, ultimately mitigating the impact of extreme events on 

respiratory health (Curtis et al., 2017; Salimi and Al-Ghamdi, 2020; Fraser et al., 2022). 

 

While this study provides valuable insights into the implications of extreme weather events 

on respiratory health in South Africa, it also underscores the importance of continued 

research and vigilance in addressing public health challenges posed by extreme weather 
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events in the context of a changing climate (Codjoe and Atiglo, 2020). By understanding the 

interplay of multiple factors and the significance of seasonality, authorities can develop 

proactive policies and guidelines aimed at protecting vulnerable populations and minimizing 

the health burden associated with acute respiratory diseases during extreme weather events 

(Apraku et al., 2021; Rataj et al., 2016). This study highlights that the impact of extreme 

weather events on respiratory health is complex and influenced by various factors. Seasonal 

preparedness and response strategies should be prioritized over a singular focus on individual 

events to promote better respiratory health outcomes in the context of climate change. The 

lessons from this research can contribute to building a more resilient healthcare system in 

South Africa, equipped to address the challenges posed by extreme weather events and 

safeguard the well-being of its population (Monirul Qader Mirza, 2003). 

Acknowledgements. 

O.M. has received funding for her doctoral studies from the South African Weather Service, 

the South African National Research Foundation (136477), and the University of the 

Witwatersrand Postgraduate Merit Award. J.F. received funding from the National Research 

Foundation and the University of the Witwatersrand Research Committee Friedel Sellschop 

Award. O.M., J.M., and N.S. received funding from the National Research Fund ESSRP Grant, 

and South Africa/Japan Joint Collaboration.  

 

Data Availability Statement. 

Due to confidentiality agreements, supporting data can only be made available to bona fide 

researchers subject to a non-disclosure agreement. 

 



 
 

109 

 

REFERENCES 

Abrams, R. W., J. F. Abrams, and A. L. Abrams, 2018: Climate change challenges for Africa. 

Elsevier, 2, 177-194, https://doi.org/10.1016/B978-0-12-809665-9.09754-8. 

Apraku, A., J. F. Morton, and B.A. Gyampoh, 2021: Climate change and small-scale agriculture 

in Africa: does indigenous knowledge matter? Insights from Kenya and South Africa. Int. 

J. Acad. Res. Bus. Soc. Sci, 12, e00821, https://doi.org/10.1016/j.sciaf.2021.e00821. 

Bates, M., Marais, B.J., and A. Zumla, 2015: Tuberculosis Comorbidity with Communicable and 

Noncommunicable Diseases. Cold Spring Harb. Perspect. Med., 5. 

10.1101/cshperspect.a017889 

Beniston, M., and D.B. Stephenson, 2004: Extreme climatic events and their evolution under 

changing climatic conditions. Glob. Planet. Change, 44, 1-9, 

10.1016/j.gloplacha.2004.06.001.  

Beveridge, W. I. B., 1991: The Chronicle of Influenza Epidemics. Hist. Philos. Life. Sci. 13, 223–

234. 

Booysen, F., 2003: Urban–rural inequalities in health care delivery in South Africa. Dev. South. 

Afr. 20, 659–73, http://dx.doi.org/10.1080/0376835032000149298. 

Busayo, E. T., A. M. Kalumb, G. A. Afuye, A. O. Olusola, O. Ololade, and I. R. Orimoloye, 2022: 

Rediscovering South Africa: Flood disaster risk management through ecosystem-based 

adaptation. Environ. Sustain. Indic, 14, 100175, https://doi.org/10.3390/su141912368. 

Campbell, S., T. A. Remenyi, C. J. White, and F.H. Johnston, 2018: Heatwave and health impact 

research: A global review. Health and Place, 53, 210-218, 

https://doi.org/10.1016/j.healthplace.2018.08.017. 

https://doi.org/10.1016/j.sciaf.2021.e00821
https://doi.org/10.1101%2Fcshperspect.a017889
http://dx.doi.org/10.1016/j.gloplacha.2004.06.001
http://dx.doi.org/10.1080/0376835032000149298
https://doi.org/10.3390/su141912368
https://doi.org/10.1016/j.healthplace.2018.08.017


 
 

110 

Carmona, R., J. Diaz, I. J.Miron, C. Ortíz, I. León, and C. Linares, 2016: Geographical variation 

in relative risks associated with cold waves in Spain: The need for a cold wave 

prevention plan. Environ. Int, 88, 103-111, https://doi:10.1016/j.envint.2015.12.027.  

Cavallo, E., and I. Noy, 2010: The aftermath of natural disasters: beyond destruction. CESifo 

Forum, 11, 25 -35. 

Chapungu, L, 2020: Mitigating the impact of cyclone disasters: Lessons from Cyclone Idai, 

https://doi.org/ 10.13140/RG.2.2.25933.46563.   

Cleveland, R.B., Cleveland, W.S., McRae, J.E., and Terpenning, I., 1990: STL: A Seasonal-Trend 

Decomposition. J. Off. Stat., 6, 3-73. 

Codjoe, S. N., and D. Y. Atiglo, 2020: The implications of extreme weather events for attaining 

the sustainable development goals in sub-Saharan Africa. Front. Clim. 2, 592658, 

https://doi.org/10.3389/fclim.2020.592658. 

Curtis, S., A. Fair, J. Wistow, V.V.Dimitri,  and K. Oven, 2017: Impact of extreme weather events 

and climate change for health and social care systems. Environ. Health. 

https://doi.org/10.1186/s12940-017-0324-3.  

Davis-Reddy, C.L., K. Vincent, and J. Mambo, 2017: Socio-economic impacts of extreme 

weather events in Southern Africa. Climate Risk and Vulnerability: A Handbook for 

Southern Africa. 30-47. 

Duque, J., M. L. McMorrow, and A.L. Cohen, 2014: Influenza vaccines and influenza antiviral 

drugs in Africa: are they available and do guidelines for their use exist?. BMC. Public. 

Health, 14, https://doi.org/10.1186/1471-2458-14-41. 

EM-DAT, C. and EM-DAT. 2020: Em-dat: The ofda/cred international disaster database. Centre 

for Research on the Epidemiology of Disasters, Universidad Católic a de Lovaina, 

Bruselas. 

https://doi:10.1016/j.envint.2015.12.027
http://dx.doi.org/10.13140/RG.2.2.25933.46563
https://doi.org/10.3389/fclim.2020.592658
https://doi.org/10.1186/s12940-017-0324-3


 
 

111 

Feng, F., Y. Ma, Y. Zhang, J. Shen, H. Wang, B. Cheng, and H. Jiao, 2021: Effects of extreme 

temperature on respiratory diseases in Lanzhou, a temperate climate city of 

China. Environ. Sci. Pollut. Res, 28, 49278–49288, https://doi.org/10.1007/s11356-021-

14169-x. 

Forshee-Hakala, B. A., 2015: Pneumonia cases following an EF-5 

tornado. Am. J. Infect. Control, 43, 682-685, 

https://doi.org/10.1016/j.ajic.2015.02.027. 

Fraser, H., and Coauthors, 2022: Costs of seasonal influenza vaccination in South Africa. 

Influenza. Other. Respir. Viruses, 16, 873-880, https://doi.org/10.1111/irv.12987. 

Fraser, K., and J. M. Fitchett, 2022: Misinformation and instant access: inconsistent reporting 

during extreme climatic events, reflecting on tropical Cyclone Idai. Wea. Climate 

Soc. 14, 273-286, https://doi.org/10.1175/WCAS-D-21-0085.1. 

Gaillat, J., G. Dennetière, E. Raffin-Bru, M. Valette, and M. C. Blanc, 2008: Summer influenza 

outbreak in a home for the elderly: application of preventive measures. J. Hosp. Infect, 

70, 272-277, https://doi.org/10.1016/j.jhin.2008.07.009. 

Grab, S.W. and J. Knight, 2018: Southern African Montane Environments. In Holmes, P.J. and 

Boardman, J. (eds.). Southern African Landscape and Environmental Change. Routledge: 

Oxon. 

Grab, S. W., and D. J. Nash, 2023: A new flood chronology for KwaZulu-Natal (1836–2022): 

the April 2022 Durban floods in historical context. S. Afr. Geogr. J, 1-22, 

https://doi.org/10.1080/03736245.2023.2193758. 

Guha-Sapir, D., R. Below, and P. Hoyois, 2016: EM-DAT: the CRED/OFDA international disaster 

database. 

https://doi.org/10.1007/s11356-021-14169-x
https://doi.org/10.1007/s11356-021-14169-x
https://doi.org/10.1016/j.ajic.2015.02.027
https://doi.org/10.1111/irv.12987
https://doi.org/10.1175/WCAS-D-21-0085.1
https://doi.org/10.1016/j.jhin.2008.07.009
https://doi.org/10.1080/03736245.2023.2193758


 
 

112 

Hathaway, J., and E. W. Maibach, 2018: Health Implications of Climate Change: a Review of 

the Literature About the Perception of the Public and Health Professionals. Curr. Envir. 

Health. Rpt, 5, 197–204, https://doi.org.10.1007/s40572-018-0190-3. 

IPCC 2021 Intergovernmental Panel on Climate Change 6th Assessment Report Working 

Group 1: The Physical Science Basis. WMO: Geneva. 

Iuliano, A.D., and Coauthors, 2018: Global Seasonal Influenza-associated Mortality 

Collaborator Network. Estimates of global seasonal influenza-associated respiratory 

mortality: a modelling study. Lancet, 391, 1285-1300, https://doi.org/10.1016/S0140-

6736(17)33293-2. 

Iwasaki, A., and P. S. Pillai, 2014: Innate immunity to influenza virus 

infection. Nat. Rev. Immunol, 14, 315-328, https://doi.org/10.1038/nri3665. 

Jong, B. T., Delworth, T. L., Cooke, W. F., Tseng, K. C., and Murakami, H., 2023: Increases in 

Extreme Precipitation over the Northeast United States Using High-Resolution Climate 

Model Simulations. Clim. Atmos. Sci, 6, 18, https://doi.org/10.1038/s41612-023-00207-

7. 

Killingley, B., and J. Nguyen-Van-Tam, 2013. Routes of influenza transmission. Influenza. 

Other. Respir. Viruses,  7, 42-51, https://doi.org/10.1111/irv.12080. 

Kimambo, O., 2018: Tornadoes in South Africa: An overview with a Case Study. 

Kontowicz, E., G. Brown, J. Torner, M. Carrel, M, K.K. Baker, and C.A. Petersen, 2022: Days of 

Flooding Associated with Increased Risk of Influenza. J. Environ. Health, 2022, 8777594, 

https://doi.org/10.1155/2022/8777594. 

Kovats, R. S., Hajat, S. and P. Wilkinson, 2004: Contrasting patterns of mortality and hospital 

admissions during hot weather and heat waves in Greater London, UK. Occup. Environ. 

Med, 61, 893-898, https://doi.org/10.1136/oem.2003.012047. 

https://doi.org/10.1007/s40572-018-0190-3
https://doi.org/10.1016/s0140-6736(17)33293-2
https://doi.org/10.1016/s0140-6736(17)33293-2
https://doi.org/10.1038/nri3665
https://doi.org/10.1038/s41612-023-00207-7
https://doi.org/10.1038/s41612-023-00207-7
https://doi.org/10.1111%2Firv.12080
https://doi.org/10.1155/2022/8777594
https://doi.org/10.1136/oem.2003.012047


 
 

113 

Lahsen, M., and J.  Ribot, 2022: Politics of attributing extreme events and disasters to climate 

change. Wiley. Interdiscip. Rev. Clim, 13, e750, https://doi.org/10.1002/wcc.750. 

LeComte, D., 2020: International weather events 2019: Historic heat, tropical cyclones, and 

fires. Weatherwise, 73, 24–31. 

Leon-Gomez, I., C. Delgado-Sanz, S. Jimenez-Jorge, V. Flores, F. Simón, D. Gomez-Barroso, A. 

Larrauri, and S. de Mateo Ontanon, 2015: Excess mortality associated with influenza in 

Spain in winter 2012. Gaceta Sanitaria, 29, 258-265, 

https://doi.org/10.1016/j.gaceta.2015.01.011. 

Loevinsohn, M.E., 1994: Climatic warming and increased malaria incidence in Rwanda. The 

Lancet, 343, 714-718, https://doi.org/10.1016/s0140-6736(94)91586-5. 

Lone, S.A. and A. Ahmad, 2020: COVID-19 pandemic - an African perspective. Emerg. 

Microbes. Infect, 9, 1300-1308, https://doi.org/ 10.1080/22221751.2020.1775132. 

Matsumoto, T., K. Kaku, H. Kato, K. Kudo, S. Sakurai, and M. Takahashi, 2012: Infectious 

disease after a disaster. Jpn. J. Infect. Dis, 86, 257-273. 

McMichael, J.A., 2015: Extreme weather events and infectious disease 

outbreaks. Virulence, 6, 543-547, https://doi.org/10.4161/21505594.2014.975022. 

Mendelson M., 2020. Could enhanced influenza and pneumococcal vaccination programs 

help limit the potential damage from SARS-CoV-2 to fragile health systems of southern 

hemisphere countries this winter?,  Int. J. Infect. Dis. 94, 32–33, 

https://doi.org/10.1016/j.ijid.2020.03.030. 

Milford, R. V., A. M. Goliger, and J. F. Vinsen, 1994: Tornado activity in South Africa. J. 

S. Afr. Inst. Civ. Eng, 36, 17-23, https://doi.org/10.3763/cpol.2003.0330. 

Monirul Qader Mirza, M., 2003: Climate change and extreme weather events: can developing 

countries adapt? Climat Pol, 3, 233-248. 

https://doi.org/10.1002/wcc.750
https://doi.org/10.1016/j.gaceta.2015.01.011
https://doi.org/10.1016/s0140-6736(94)91586-5
https://doi.org/10.1080/22221751.2020.1775132
https://doi.org/10.4161/21505594.2014.975022
https://doi.org/10.1016/j.ijid.2020.03.030
http://dx.doi.org/10.3763/cpol.2003.0330


 
 

114 

Motlogeloa, O., J.M. Fitchett, and N. Sweijd, 2023: Defining the South African Acute 

Respiratory Infectious Disease Season. Int. J. Environ. Res. Public Health, 20, 1074, 

https://doi.org/10.3390/ijerph20021074. 

NICD. 2019: National Institute for Communicable Diseases [Internet]. Available from: 

https://www.nicd.ac.za/flu-season-is-around-the-

corner/#:~:text=Although%20the%20timing%20of%20the,years%20has%20been%201

9%20weeks. 

Onuma, H., K.J. Shin,  and S. Managi, 2017: Household preparedness for natural disasters: 

Impact of disaster experience and implications for future disaster risks in Japan. Int. J. 

Disaster. Risk. Sci, 21, 148-158, https://doi.org/10.1016/j.ijdrr.2016.11.004. 

Palache, A., 2011: Seasonal influenza vaccine provision in 157 countries (2004–2009) and the 

potential influence of national public health policies. Vaccine, 29, 9459-9466, 

https://doi.org/10.1016/j.vaccine.2011.10.030. 

Panwar, V., and S. Sen, 2020: Disaster damage records of EM-DAT and DesInventar: a 

systematic comparison. Econ. Disaster. Clim. Change, 4, 295-317. 

Perkins, S.E., and L.V. Alexander, 2013: On the measurement of heat waves. J. Clim,  26, 4500-

4517, https://doi.org/10.1175/JCLI-D-12-00383.1 

Rataj, E., K. Kunzweiler, and S. Garthus-Niegel, 2016: Extreme weather events in developing 

countries and related injuries and mental health disorders-a systematic review. BMC. 

Public. Health. 16,1-12, https://doi.org/10.1186/s12889-016-3692-7. 

Roffe, S.J., J.M. Fitchett, and Curtis, C.J. 2019:  Classifying and mapping rainfall seasonality in 

South Africa: a review. S. Afr. Geogr. J, 101, 158-174, 

https://doi.org/10.1080/03736245.2019.1573151.  

https://doi.org/10.3390%2Fijerph20021074
https://doi.org/10.1016/j.ijdrr.2016.11.004
https://doi.org/10.1016/j.vaccine.2011.10.030
https://doi.org/10.1175/JCLI-D-12-00383.1
https://doi.org/10.1186/s12889-016-3692-7
https://doi.org/10.1080/03736245.2019.1573151


 
 

115 

Rother, H-A., R. A.  Etzel, M. Shelton, J.A. Paulson, R.A. Hayward, and L.C. Theron, 2020: 

Impact of Extreme Weather Events on Sub-Saharan African Child and Adolescent 

Mental Health: A Protocol for a Systematic Review. Atmosphere. 11, 493, 

https://doi.org/10.3390/atmos11050493. 

Roshan, G., R. Sarli, and J.M. Fitchett, 2022: Urban heat island and thermal comfort of Esfahan 

City (Iran) during COVID-19 lockdown. J. Clean. Prod. 352,  131498, 

https://doi.org/10.1016/j.jclepro.2022.131498.  

Rosvold, E.L. and H. Buhaug, 2021: GDIS, a global dataset of geocoded disaster locations. Sci. 

Data, 8, 61.  

Rouault, M., and Y. Richard, 2005: Intensity and spatial extent of droughts in southern 

Africa. Geophys. Res. Lett. 32, https://doi.org/10.1029/2005GL022436. 

Salimi, M., and S.G. Al-Ghamdi, 2020: Climate change impacts on critical urban infrastructure 

and urban resiliency strategies for the Middle East. SCS, 54, 101948, 

https://doi.org/10.1016/j.scs.2019.101948.  

Schulze, R.E., and M. Maharaj, 2007: Rainfall seasonality. In Schulze, R.E. (eds.). South African 

Atlas of Climatology and Agrohydrology WRC Report 1489/1/06. Water Research 

Commission: Pretoria. 

Smit, A.J., J.M. Fitchett, F.A. Engelbrecht, R.J. Scholes, G. Dzhivhuho, A.N. Sweijd, 2020: 

Winter Is Coming: A Southern Hemisphere Perspective of the Environmental Drivers of 

SARS-CoV-2 and the Potential Seasonality of COVID-19. Int. J. Res. Public Health. 17. 

https://doi.org/10.3390/ijerph17165634. 

Smith, M.D., 2011: An ecological perspective on extreme climatic events: a synthetic 

definition and framework to guide future research. J. Ecol, 99, 656-663, 

https://doi.org/10.1111/j.1365-2745.2011.01798.x. 

https://doi.org/10.3390/atmos11050493
https://doi.org/10.1016/j.jclepro.2022.131498
https://doi.org/10.1029/2005GL022436
https://doi.org/10.1016/j.scs.2019.101948
https://doi.org/10.3390/ijerph17165634
https://doi.org/10.1111/j.1365-2745.2011.01798.x


 
 

116 

Sousa, P. M., R.C. Blamey, C.J. Reason, A.M. Ramos, and R.M. Trigo, 2018: The ‘Day 

Zero’Cape Town drought and the poleward migration of moisture corridors. Environ. 

Res. Lett, 13, 124025, https://doi.org/10.1088/1748-9326/aaebc7.  

 Suliman, R., and J. Mtsweni, 2022: Adding up the numbers: COVID-19 in South Africa. S. Afr. 

J. Sci, 118, https://doi.org/10.17159/ sajs.2022/13874.  

Stephenson, D. B., H.F. Diaz, and R.J. Murnane, 2008: Definition, diagnosis, and origin of 

extreme weather and climate events. Clim. Extremes. Soc, 340, 11-23, 

https://doi.org/10.1017/CBO9780511535840.003. 

Tellier, R., 2006: Review of aerosol transmission of influenza A virus. Emerg. Infect. Dis, 12, 

1657– 1662, https://doi.org/10.3201/eid1211.060426. 

Tempia, S., and Coauthors, 2019: Health and economic burden of influenza-associated illness 

in South Africa, 2013-2015. Influenza. Other. Respir. Viruses, 13, 484-495, 

https://doi.org/10.1111/irv.12650. 

Tempia, S., and Coauthors, 2020: Influenza disease burden among potential target risk groups 

for immunization in South Africa, 2013-2015. Vaccine, 38, 4288–4297, https://doi.org/ 

10.1016/j.vaccine.2020.04.045. 

Torres, P.H.C., A.L. Leonel, G. Pires de Araújo, and P.R. Jacobi, 2020: Is the Brazilian national 

climate change adaptation plan addressing inequality? Climate and environmental 

justice in a global south perspective. Environ. Justice, 13, 42-46, https://doi.org/ 

10.1089/env.2019.0043. 

Towers, S., G. Chowell, R. Hameed, M. Jastrebski, M. Khan, J. Meeks, A. Mubayi, and G. Harris, 

2013: Climate change and influenza: the likelihood of early and severe influenza seasons 

following warmer than average winters. PLoS currunts, 5, 

https://doi.org/10.1371/currents.flu.3679b56a3a5313dc7c043fb944c6f138. 

https://doi.org/10.1088/1748-9326/aaebc7
http://dx.doi.org/10.1017/CBO9780511535840.003
https://doi.org/10.3201%2Feid1211.060426
https://doi.org/10.1111%2Firv.12650
https://doi.org/10.1016/j.vaccine.2020.04.045
http://dx.doi.org/10.1089/env.2019.0043
https://doi.org/10.1371%2Fcurrents.flu.3679b56a3a5313dc7c043fb944c6f138


 
 

117 

Van der Walt, A.J., and J.M. Fitchett, 2021a: Exploring extreme warm temperature trends in 

South Africa: 1960–2016. Theor. Appl. Climatol, 143, 1341–1360, https://doi.org/ 

10.1007/s00704-020-03479-8. 

Van Der Walt, A.J., and J.M. Fitchett, 2021b: Trend analysis of cold extremes in South Africa: 

1960–2016. Int. J. of Climatol, 41, 2060-2081, https://doi.org/10.1002/joc.6947. 

Van Der Walt, A.J. and J.M. Fitchett, 2022: Extreme Temperature Events (ETEs) in South Africa: 

a review. S. Africa. Geo. J, 104, 70-88, 

https://doi.org/10.1080/03736245.2021.1907219. 

von Gottberg, A., and Coauthors, 2014: Effects of vaccination on invasive pneumococcal 

disease in South Africa. N. Engl. J. Med, 371, 1889–1899, https://doi.org/ 

10.1056/NEJMoa1401914. 

Wolski, P., 2018: How severe is Cape Town's “Day zero” drought?. Significance, 15, 24-27, 

https://doi.org/10.1111/j.1740-9713.2018.01127.x. 

Weinberger, B, 2021: Vaccination of older adults: Influenza, pneumococcal disease, herpes 

zoster, COVID-19 and beyond. Immun. Ageing, 18, 38, https://doi.org/10.1186/s12979-

021-00249-6. 

Ziervogel, G, 2019: Unpacking the Cape Town drought: lessons learned. Cities support 

programme | Climate resilience paper. African Centre for Cities, February. 

Zucchini, W. and P. T. Adamson, 1984: The occurrence and severity of droughts in South 

Africa. 84.  

 

 

https://ui.adsabs.harvard.edu/link_gateway/2021ThApC.143.1341V/doi:10.1007/s00704-020-03479-8
https://doi.org/10.1002/joc.6947
http://dx.doi.org/10.1080/03736245.2021.1907219
https://doi.org/10.1056/nejmoa1401914
https://doi.org/10.1111/j.1740-9713.2018.01127.x
https://doi.org/10.1186/s12979-021-00249-6
https://doi.org/10.1186/s12979-021-00249-6


 
 

118 

CHAPTER 7: ASSESSING THE IMPACT OF CLIMATIC VARIABILITY ON ACUTE RESPIRATORY 

DISEASES ACROSS DIVERSE CLIMATIC ZONES IN SOUTH AFRICA 

 

7.1 Brief Synopsis 

 

The publication "Assessing the Impact of Climatic Variability on Acute Respiratory Diseases 

Across Diverse Climatic Zones in South Africa" investigates the connection between climate 

variables (like temperature and rainfall) and the prevalence of acute respiratory diseases in 

Johannesburg, Cape Town, and Gqeberha. It uses Spearman's correlation analyses and the 

Distributed Lag Non-linear Model (DLNM) to explore this relationship. The findings indicate 

complex, non-linear influences of climate on respiratory health and emphasize the need for 

region-specific public health strategies in South Africa. 
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CHAPTER 8: DISCUSSION 

  
8.1 Introduction 

The nexus between climate and respiratory health forms a critical focus within health 

biometeorology, particularly in the climatically diverse context of South Africa (Wright et al., 

2021). This discipline, situated at the intersection of atmospheric science and public health, 

offers invaluable insights into how weather and climate variations impact human health, 

especially concerning respiratory conditions that exhibit clear seasonality and variability (Smit 

et al., 2020). South Africa, with its wide range of climates from the Mediterranean in the 

southwest to subtropical in the northeast, provides a unique natural laboratory for studying 

these dynamics (Lennard, 2019). 

 

The initial aims and objectives of this research were to uncover the nuanced ways in which 

climatic factors influence the incidence and severity of respiratory diseases in South Africa 

(Engelbrecht et al., 2015). By applying specific intensity thresholds and conducting a 

comprehensive examination of regional data, this study aimed to illuminate the complex, 

heterogeneous climatic influences across various provinces (Lazenby et al., 2014). These 

efforts are particularly critical in light of the socio-economic disparities that exacerbate health 

vulnerabilities in the region (Maphumulo and Bhengu, 2019). 

 

Through the methodology adopted, this thesis has distilled insights from extensive research 

into the seasonality and variability of respiratory diseases, moving beyond mere 

epidemiological statistics to a nuanced understanding of the complex relationships between 

climate and public health outcomes (Tempia et al., 2017). It has critically examined the 
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interplay between meteorological conditions and the prevalence of respiratory ailments, 

highlighting the importance of integrating meteorological data with health surveillance for 

effective public health strategies (Meerhoff et al., 2004). 

 

This discussion begins by reviewing the aims and objectives of the research, critically 

evaluating the methodology for its ability to comprehensively capture the complex dynamics 

at play. Furthermore, the analysis of the results will be contextualized within the wider 

framework of their implications for policy formulation and healthcare planning (Landman et 

al., 2017). This section aims to provide a concise yet thorough analysis, setting the stage for 

subsequent research and policy formulation that addresses the multifaceted challenges of 

climate and respiratory disease dynamics in South Africa. The ultimate goal is to contribute 

to a body of knowledge that supports more resilient and adaptive health systems in the face 

of climatic uncertainties. 

 

8.2 Seasonality of Respiratory Diseases: Global to Local Perspectives 

Climate change emerges as a significant global challenge with profound implications for 

human health, particularly in the realm of acute respiratory diseases (Davis, 2018). The 

relationship between the changing climate and the prevalence of these diseases is complex, 

influenced by a multitude of factors beyond just the increase in atmospheric carbon dioxide 

(CO2) levels and pollen production (D’Amato et al., 2015). Instead, the emphasis is on the 

broader impacts of climate change, including shifts in seasonal patterns and how these 

changes exacerbate respiratory conditions (Wang et al., 2021). The seasonality of respiratory 

viral diseases, such as the common cold and influenza, aligns closely with environmental 

changes, with annual epidemics peaking during the winter months in temperate climates 
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(Moriyama et al., 2020). This pattern extends to more recent viral outbreaks like SARS-CoV 

and SARS-CoV-2, which also show a tendency to surge during colder periods (Scholes and 

Engelbrecht, 2021). These observations underscore the critical role of environmental 

parameters, including temperature and humidity, in driving the seasonality of respiratory 

infections (Lennard, 2019). 

 

The intricate relationship between climate change and respiratory health is further 

highlighted by the exacerbating effects of air pollution (Cui et al., 2003; Tran et al., 2023).  

Airborne pollutants, such as particulate matter and ozone, are significant triggers for 

respiratory conditions such as asthma and COPD (Engelbrecht et al., 2015). These pollutants, 

often intensified by climate-related factors such as increased temperature and altered 

precipitation patterns, can interact with respiratory viruses to amplify the severity of diseases 

(Wright et al., 2021). Urbanization and the shift towards urban lifestyles contribute to this 

problem by increasing exposure to vehicle emissions and other sources of urban pollution, 

aggravating the risk of respiratory allergies and infections (Tempia et al., 2017). 

 

Crucially, the marked seasonality of acute respiratory diseases is shaped by an array of factors 

including, but not limited to, temperature fluctuations, changes in humidity, and variations in 

human behaviour (Cohen et al., 2015). These elements collectively influence the transmission 

dynamics of respiratory viruses and the immune response of hosts, highlighting the deep-

seated connections between environmental changes and respiratory health (Zhang et al., 

2020). The development and implementation of comprehensive mitigation strategies become 

paramount (Landman et al., 2017). 
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The exploration of this thesis, through the lens of seasonality and through the use of the 

DLNM to model the impacts of daily weather, unveils intricate patterns of disease incidence 

significantly influenced by climatic variations (Gasparrini et al., 2015). This analysis, compared 

with similar studies, provides a rich understanding of how geographical and climatic nuances 

shape the public health landscape concerning acute upper respiratory diseases (Engelbrecht 

et al., 2016). Chapter 5, "Defining the South African Acute Respiratory Infectious Disease 

Season," embarked on identifying the precise timeframe of heightened acute upper 

respiratory disease prevalence, motivated by the pressing need to optimize public health 

interventions, particularly vaccination timing, by accurately delineating the start and end of 

the acute upper respiratory diseases season (NICD, 2022). Utilizing hospitalization and 

medical insurance claim data, the study adeptly used intensity threshold methodologies to 

demarcate the acute upper respiratory diseases season as spanning from May to September, 

a period characterized by lower temperatures and aligned with the universally observed 

uptick in respiratory infections during colder months, a pattern corroborated by other studies 

through its national survey approach, emphasizing winter as the peak season for acute upper 

respiratory diseases (WHO, 2012). 

 

Chapter 7, "Assessing the impact of climatic variability on acute respiratory diseases across 

diverse climatic zones in South Africa," further enriches our understanding by dissecting the 

complex relationship between climatic factors and acute upper respiratory disease incidence. 

Spearman Correlation Analysis and DLNM application revealed an inverse relationship 

between temperature and disease incidence, showcasing the non-linear and delayed effects 

of climatic variables on health, offering deep insights into how specific weather conditions 

precipitate variances in disease patterns across Johannesburg, Cape Town, and Gqeberha 
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(Motlogeloa and Fitchett, 2024). Such region-specific findings underscore the imperative for 

public health interventions to be acutely tailored to local climatic idiosyncrasies, mirroring 

adaptation strategies that might be inferred elsewhere (Patz et al., 2003). 

 

The comparative analysis with other studies underscores the universal impact of climatic 

conditions on acute upper respiratory disease seasonality, yet also emphasizes the critical 

importance of localized, climate-informed public health strategies (Cannell et al., 2006; Chen 

and Kirk, 2013). Both the South African and Australian contexts reveal a clear seasonal pattern 

in acute upper respiratory disease incidence, peaking during colder months, which 

corroborates the global understanding of temperature and humidity as pivotal environmental 

drivers (Chen and Kirk, 2013; Takaro et al., 2013). 

 

The influence of climate on the seasonality and incidence of acute upper respiratory diseases 

varies significantly with geographical latitude (Motlogeloa et al., 2023; 2024). Regions 

situated further from the equator, sharing similar temperate climates, often exhibit a 

pronounced seasonality in the incidence of acute upper respiratory diseases, characterized 

by peak periods during the colder months (Cannell et al., 2006). This pattern contrasts with 

areas in the tropics, where the absence of significant temperature fluctuations leads to a less 

distinct seasonality in acute upper respiratory disease patterns (Zhang et al., 2020). 

 

In temperate regions, such as parts of Australia and South Africa, the colder seasons bring 

about a marked increase in acute upper respiratory disease cases (Chen and Kirk, 2013). The 

cooler, drier air facilitates the survival and transmission of respiratory viruses, such as 

influenza and the respiratory syncytial virus, leading to seasonal outbreaks (Lennard, 2019). 
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The distinct drop in temperature during the winter months in these regions creates conditions 

conducive to indoor crowding, further enhancing the transmission dynamics of acute upper 

respiratory diseases (Engelbrecht et al., 2015). 

 

Conversely, tropical regions experience relatively consistent temperatures throughout the 

year, with seasonal variations in disease incidence more closely tied to rainfall patterns than 

to temperature changes (Nicholson, 2000). The lack of a cold season means that acute upper 

respiratory diseases do not exhibit the same pronounced seasonality seen in temperate 

zones. Instead, acute upper respiratory disease incidence in these areas may peak during the 

rainy season, driven by different environmental and social factors (Gasparrini et al., 2015). 

 

The contrasting patterns of acute upper respiratory disease seasonality between temperate 

and tropical regions underscore the importance of tailoring public health interventions to 

specific climatic and geographical contexts (Wang et al., 2021). In temperate regions, 

vaccination campaigns and public health advisories can be timed to precede the expected 

seasonal increase in acute upper respiratory disease incidence, maximizing their effectiveness 

(NICD, 2022). 

 

In tropical regions, where acute upper respiratory disease seasonality may be less 

pronounced or tied to different environmental factors, disease surveillance and public health 

strategies need to be adaptable, focusing on monitoring and responding to disease outbreaks 

about variable factors like rainfall and humidity (WHO, 2012; Mosegui et al., 2022). This 

approach ensures that interventions are responsive to the unique epidemiological patterns 

of acute upper respiratory diseases in these regions, potentially involving year-round vigilance 
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and targeted measures during periods of increased risk associated with specific climatic 

conditions (Tempia et al., 2017). 

 

The distinct trends in acute upper respiratory disease seasonality between temperate and 

tropical regions highlight the complex interplay between climate, geography, and disease 

dynamics (Jin et al., 2021). Understanding these patterns is crucial for developing effective 

public health strategies tailored to the specific needs of each region, ensuring that 

interventions are both timely and contextually appropriate. This knowledge enables health 

authorities to anticipate and mitigate the impact of seasonal disease peaks, ultimately 

reducing the public health burden of acute upper respiratory diseases across diverse climatic 

zones. 

 

The influence of climate on the seasonality of acute upper respiratory diseases not only varies 

with geographical latitude but also significantly depends on hemispheric location (Cannell et 

al., 2006). While South Africa and other countries in the Southern Hemisphere experience 

seasonal peaks in these diseases during their winter months (June to August), countries in the 

Northern Hemisphere observe similar seasonal patterns, albeit during the boreal colder 

months of December through February (Wang et al., 2021). This hemispheric difference 

means that the drivers of acute upper respiratory disease seasonality—primarily temperature 

and indoor crowding—are consistent across both hemispheres, with the seasonality of these 

diseases manifesting at opposite times of the year (Lennard, 2019). 

 

In the Southern Hemisphere, the winter season, which includes months like June, July, and 

August, marks a significant increase in the incidence of acute upper respiratory diseases. This 
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is due to the colder, drier weather that facilitates virus survival and transmission, coupled 

with the tendency for people to spend more time indoors, which enhances virus spread 

among the population (NICD, 2022). Conversely, the Northern Hemisphere experiences its 

winter season during December, January, and February, during which there is also an 

observed increase in acute upper respiratory diseases for the same reasons (WHO, 2012). The 

replication of these conditions across hemispheres, albeit at different times of the year, 

underscores the universal impact of specific climatic factors on the transmission dynamics of 

these diseases (Engelbrecht et al., 2015). 

 

The predictable seasonality of acute upper respiratory diseases, driven by climatic conditions 

that are consistent in both hemispheres but occur at opposite times, has significant 

implications for global public health strategies. It necessitates a coordinated approach to 

disease surveillance, vaccination campaigns, and public health advisories that are tailored to 

the seasonal patterns of each hemisphere (Moriyama et al., 2020). For instance, flu 

vaccination efforts are ramped up in anticipation of the winter season in both hemispheres, 

ensuring populations are immunized before the peak transmission periods begin (Gasparrini 

et al., 2015). 

 

This staggered seasonality also allows for the sharing of surveillance data and resources 

between hemispheres. (Abbas et al., 2017; Motlogeloa et al., 2023) As one hemisphere exits 

its peak disease season, it can offer insights and support to the other hemisphere that is 

approaching its seasonal increase in disease incidence. This global perspective enhances the 

ability to forecast disease trends, allocate resources efficiently, and implement timely public 

health interventions (Alahmad et al., 2019). 
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The mirrored lag in the seasonality of acute upper respiratory diseases between the Northern 

and Southern Hemispheres highlights the global nature of these health challenges Shea et al., 

2014; Jackson et al., 2020). Understanding and anticipating these seasonal trends are crucial 

for the development of effective, timely public health responses that can mitigate the impact 

of these diseases worldwide. By recognizing the shared drivers behind disease seasonality and 

leveraging the staggered timing of seasons across hemispheres, global health authorities can 

foster collaboration and enhance preparedness for seasonal peaks in acute upper respiratory 

diseases, ultimately aiming to protect public health across diverse climatic and geographical 

landscapes (Tempia et al., 2017). 

 

Chapter 4, emphasizes the increasing attention toward the climate-health nexus, particularly 

the impact of climate on human health (Watts et al., 2015). While the excerpt does not 

directly mention South Africa or developing countries' specific challenges related to climate 

change and health, it highlights a broader concern for the global disparity in research focus 

and empirical evidence, particularly the underrepresentation of studies from the global 

South, including Africa (Wright et al., 2021). 

 

Given the context provided and the broader implications of climate change on health as 

discussed in various research, including the underrepresented regions like South Africa, we 

can infer the importance of addressing climate change's health impacts in developing 

countries (Ebi & Forsberg, 2009). Here is a detailed section that addresses why a developing 

country like South Africa must be cautious as climate change persists, incorporating general 

insights from biometeorological research trends and the specific challenges faced by such 

regions (Landman et al., 2017). 
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As climate change continues to manifest through global warming, altered precipitation 

patterns, and more frequent extreme weather events, its impact on human health becomes 

increasingly significant, especially in developing countries like South Africa (McMichael et al., 

2006). The underrepresentation of empirical evidence from such regions in global research, 

as highlighted in the review of publications in the International Journal of Biometeorology, 

underscores the need for a focused and cautious approach to understanding and mitigating 

these impacts (Wright et al., 2021). 

 

Developing countries, due to their limited resources, often have healthcare systems that are 

less equipped to handle the surge in disease incidence and environmental health hazards 

associated with climate change (Mosegui et al., 2022). For South Africa, a nation already 

grappling with significant health challenges, including high rates of communicable diseases 

and a growing burden of non-communicable diseases, the added stress of climate-related 

health impacts poses a critical threat (Maphumulo & Bhengu, 2019). 

 

Chapter 4 emphasis on the climate-health nexus points to the significance of understanding 

seasonal disease patterns, which are likely to shift as global climates change. In South Africa, 

climate change could alter the seasonality of acute upper respiratory diseases, potentially 

leading to longer seasons or increased disease incidence outside traditional peak periods. This 

shift necessitates adaptable public health strategies that can respond to changing disease 

dynamics in real-time (Engelbrecht et al., 2015). 

 

The socioeconomic disparities prevalent in developing countries like South Africa mean that 

the health impacts of climate change are likely to be felt most acutely by the most vulnerable 
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populations (Watts et al., 2015). Urban poor, rural communities, and those already facing 

health inequities are at greater risk. A focused approach to climate change and health in South 

Africa must address these disparities, ensuring that adaptation and mitigation strategies are 

equitable and inclusive (Wright et al., 2021). 

 

The call for more empirical research from under-represented regions, including South Africa, 

is crucial for informing policy and intervention strategies (Ebi & Forsberg, 2009). As the global 

focus shifts towards addressing the climate-health nexus, developing countries need to 

prioritize research that reflects their unique climatic, environmental, and socioeconomic 

contexts (Landman et al., 2017). This research is essential for developing targeted, effective 

public health interventions and for informing policy decisions that can mitigate the adverse 

health impacts of climate change (Engelbrecht et al., 2015). 

 

The persistence of climate change presents a complex array of challenges for human health, 

particularly in developing countries like South Africa. The insights from the review in the 

International Journal of Biometeorology, while highlighting the global scope of climate-health 

research, also underscore the critical gaps in knowledge and evidence from the global South 

(Cohen et al., 2015; Fitchett, 2021). For South Africa, a cautious, proactive approach to 

understanding and addressing the health impacts of climate change is not only necessary but 

urgent. This approach requires a commitment to increasing research output, enhancing 

healthcare system resilience, and implementing equitable public health strategies that can 

adapt to the changing climate landscape (Maphumulo & Bhengu, 2019). 
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Summary of Key Findings from Research Articles on Climate and Health:  

From "Climate and Human Health: A Review of Publication Trends in the International Journal 

of Biometeorology" (Chapter 4): 

1. Growth in Publications: Increased publications since 2011, with peaks in 2017 (18 

publications) and 2021 (17 publications). 

2. Disease Focus: Respiratory diseases (37.2%), cardiovascular diseases (17%), and 

cerebrovascular diseases (11.1%) are the main focus. 

3. Geographical Imbalance: Predominantly features studies from Asia and Europe, with 

limited research from Africa (only 2.2% of studies). 

4. Methodological Advancements: Utilization of sophisticated statistical methods like 

regressions and distributed lag nonlinear models. 

5. Interdisciplinary Collaboration: Encourages cooperation among climatologists, health 

practitioners, and others to mitigate climate change's health impacts. 

From "Defining the South African Acute Respiratory Disease Season" (Chapter 5): 

1. Season Onset and Duration: Identifies May to September as the respiratory disease 

season in South Africa using intensity threshold methodologies. 

2. Provincial Variations: Notable variations across provinces, with Gauteng displaying a 

pronounced seasonal peak. 

3. Impact on Public Health Strategy: Supports effective influenza vaccination timing and 

resource allocation. 

4. Data Utilization and Methodology: Combines public and private sector data for robust 

seasonal trend analysis. 

From "Exploring the Role of Extreme Climate Events (ECEs) in the Incidence of Respiratory 

Disease in South Africa" (Chapter 6): 
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1. Correlation of ECEs with Health Claims: Specific ECEs like storms and floods 

significantly impact respiratory disease claims, both positively and negatively. 

2. Geographical and Temporal Distribution: Health impacts of ECEs are dispersed across 

various municipalities without clear seasonal patterns. 

From "Assessing the impact of climate variability on acute respiratory diseases across diverse 

climatic zones in South Africa" (Chapter 7): 

1. Differential Impact by City: 

• Johannesburg: Higher respiratory disease risk with extreme cold and 

moderate winter temperatures. 

• Cape Town: Increased respiratory risk with extreme heat; positive 

correlation with rainfall. 

• Gqeberha: Indistinct temperature-respiratory disease relationship due to 

moderate, rainy climate. 

2. Temperature and Respiratory Disease Correlation: Negative correlations in 

Johannesburg and Cape Town, with varying impacts based on specific climatic 

conditions. 

These findings collectively underline the critical interactions between climate conditions and 

respiratory health, pointing towards necessary adaptations in public health strategies and 

further research needs, especially in underrepresented regions like Africa. 

 

8.3  Looking Forward: Future Trajectories of Acute Respiratory Disease in South Africa 

Climate change poses significant risks to public health, with an especially acute impact on 

respiratory disease patterns. South Africa faces a forecasted rise in average temperatures of 

up to 2°C by 2050, accompanied by modifications in rainfall patterns, which are likely to 
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extend the transmission seasons for respiratory pathogens (Baker et al., 2022). These 

environmental changes are intricately linked to public health outcomes, necessitating a 

strategic and adaptable response from health policy and infrastructure. 

 

Baker et al. (2022) highlight the anticipated warming in South Africa, suggesting a direct 

correlation with altered disease dynamics. This warming trend, alongside the projected 

increase in the frequency and intensity of extreme weather events like heatwaves and severe 

storms, could lead to a higher incidence of respiratory diseases and the introduction of novel 

pathogens to the region (Codjoe et al., 2020; Cheng et al., 2021). The health challenges posed 

by these changes are further exacerbated by the potential for increased air pollution and the 

disruption of healthcare systems during extreme weather events, a concern raised by 

researchers (Stephenson, 2004; Guha-Sapir et al., 2016.. (2016).  

 

To counteract the anticipated rise in respiratory diseases, it is imperative to enhance 

infrastructure resilience against extreme weather and to develop healthcare models that are 

adaptable to the emerging patterns of climate-induced diseases. The establishment of vaccine 

production centres in South Africa during the COVID-19 pandemic marks a strategic shift 

towards healthcare resource self-sufficiency (Maphumulo and Bheng, 2019). Furthermore, 

the planned implementation of the National Health Insurance (NHI) is set to revamp the 

healthcare landscape, aiming to provide equitable health services to all South Africans 

(Gqirana, 2015). This system seeks to pool resources to ensure that every citizen and resident 

has access to essential healthcare services, mitigating the financial hardship often associated 

with healthcare (SA News, 2015).  
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Health policies must evolve to keep pace with the rapid climatic shifts and their implications 

for disease prevalence. Moving away from a reliance on static historical data, these policies 

should integrate real-time climatic data and forecasts into the health planning process. Such 

an approach is advocated by Fuhrmann (2010), who emphasizes the need for health planning 

that anticipates and responds to current and future climatic conditions. Adjusting vaccination 

campaigns to align with emerging disease incidence patterns, such as early autumn peaks, 

can enhance the efficacy of these preventive measures ( Shea et al., 2014; Nsoesie et al., 

2014).   

 

A comprehensive response to the health impacts of climate change requires an 

interdisciplinary approach. Collaborations across various domains, including meteorology, 

healthcare, urban planning, and policy, are crucial for developing strategies that address 

predictive modelling, emergency planning, and public education. Jury (2018) underscores the 

importance of such a cross-sectoral strategy in effectively managing the health impacts of 

climate change. Based on the insights provided in Chapter 7, it is recommended that 

vaccination campaigns in South Africa should be initiated before the early autumn period. 

This timing is suggested because early autumn has been identified as conducive to influenza 

transmission. Adopting such a proactive vaccination strategy can enhance community 

immunity, reduce susceptibility to infection, and limit the spread of the influenza virus. The 

chapter also emphasizes the importance of developing adaptive public health strategies that 

are attuned to the prevailing weather patterns, which are significant in the transmission 

dynamics of respiratory viruses. Therefore, a flexible vaccination strategy that includes short-

term weather predictions could enable a rapid response to the forecasted cooler and wetter 

conditions associated with an increase in respiratory diseases. This approach would require a 
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re-evaluation and recalibration of current public health strategies, especially vaccination 

campaigns, to closely align with the weather patterns identified in the study 

 

The relationship between climate change and respiratory health in South Africa calls for an 

integrated, proactive public health strategy. The South African health policies, including the 

prospective NHI, must be robust and adaptable to protect and enhance respiratory health 

amid a changing climate. By reinforcing infrastructure, revising healthcare models, and 

fostering interdisciplinary collaboration, South Africa can build resilience against the health 

impacts of climate change and secure a healthier future for its population. The insights from 

several researchers, including Baker et al. (2022), Beniston and Stephenson (2004), Guha-

Sapir et al. (2016), Maphumulo and Bhengu (2019), SA News(2015), Fuhrmann (2010), Shea 

et al. (2014), Nsoesie et al. (2014), and Jury (2018), to underscore the complex nature of 

climate change's impact on health. It highlights the need for a multifaceted and responsive 

healthcare system capable of addressing the challenges posed by climate change on 

respiratory health. 

 

In summation and in light of this analysis conducted in this study, it is possible to project 

changes in the incidence of respiratory diseases in South Africa in response to climate change. 

Here are scientifically grounded inferences: 

1. Temperature Variability and Respiratory Illnesses:The research documented in the 

Seasonality and DLNM papers indicates a significant correlation between respiratory 

diseases and temperature fluctuations. With climate change likely to increase 

temperature variability, an escalation in respiratory disease incidence during both 
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unusually cold spells and heatwaves can be anticipated, especially in densely 

populated urban areas susceptible to the urban heat island effect. 

2. Frequency and Impact of Extreme Climate Events (ECEs): Findings from the ECE 

manuscript reveal that extreme weather events, such as storms, floods, and 

heatwaves, directly affect respiratory health. With projections suggesting an increase 

in both the frequency and severity of these events due to climate change, respiratory 

illnesses are expected to display more frequent and intense fluctuations. 

3. Changes in Seasonality and Disease Duration: Climate change may alter the traditional 

timing and prolong the duration of respiratory disease seasons, as indicated by the 

Seasonality study. Such shifts could extend periods of high respiratory disease 

incidence, necessitating adjustments in healthcare planning and resource distribution. 

4. Regional Variations in Disease Incidence: The impact of climate change on respiratory 

diseases will likely vary regionally across South Africa, reflecting the country’s diverse 

climatic conditions. This variability calls for localized health surveillance and tailored 

response strategies to manage the differential impacts effectively. 

5. Enhancing Public Health Preparedness: The expected increase in severity and 

unpredictability of climate-related impacts on respiratory health emphasizes the need 

for improved public health infrastructure. This includes enhanced disease surveillance 

systems, broader public health education on preventive measures, and optimized 

resource and vaccination distribution strategies. 

Collectively, these projections highlight the necessity for South Africa to develop an adaptive 

public health framework that incorporates advanced predictive modeling and robust scenario 
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planning. This strategic approach will enable proactive responses to the evolving challenges 

posed by climate change on the patterns of respiratory diseases. 

 

8.4 Limitations of the Study 

The study exploring the impact of climate on respiratory diseases, particularly within the 

South African context, presents numerous challenges that can constrain the breadth and 

depth of research findings. These constraints necessitate a candid discussion about the 

limitations of current studies, acknowledging the gaps and exploring how they can be 

addressed to refine future research. 

 

One of the primary limitations is the geographical focus of the data, which has centred on the 

urban hubs of Cape Town, Gqberha and Johannesburg. Although these metropolitan areas 

provide a rich source of climate and health data, the paucity of information from rural and 

peri-urban areas introduces a significant bias. This urban-centric view overlooks the variability 

in climate impacts across different regions, which is crucial for a nuanced understanding of 

climate's role in respiratory health. To partially address this gap, the study was supplemented 

with regional climate and health data where available, offering a broader yet still incomplete 

picture (Philippon et al., 2012; Favre et al., 2016). By incorporating data from neighbouring 

peri-urban suburbs, an attempt was made to bridge this divide. However, the limitations 

remain, as the unique seasonality and climate impacts in rural areas—exacerbated by factors 

such as the urban heat island effect—are still under-represented. Consequently, when 

considering the implications for public health interventions, such as vaccination programs and 

healthcare centre preparedness, it is advisable to incorporate a margin of error and adopt a 

more conservative stance (Roffe et al., 2019). 
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Another limitation arises from the reliance on medical insurance claims data. While this data 

is invaluable, it is not wholly representative of the population, especially not of the 

underinsured or those dependent on public health services. Efforts were made to cross-

reference insurance claims with hospital admission records to mitigate this limitation, yet 

disparities persist. This reliance on medical claims can lead to an underrepresentation of 

respiratory disease incidents in less affluent areas, causing potential underestimations of 

disease burdens in the findings (Motlogeloa et al., 2023). 

 

The research also grapples with external variables like socioeconomic status, healthcare 

access, and individual behaviours, all of which are recognized as potential confounders in 

understanding the impact of climate on respiratory diseases. Statistical controls and 

comparative analyses were employed to manage these variables' effects. Nonetheless, the 

controls' effectiveness is limited by the available data and the inherent complexity of these 

socio-economic factors. These limitations suggest that while the study provides valuable 

insights, there is a need for caution when interpreting the relationship between climate 

variables and respiratory diseases (Iwasaki and Pillai, 2014; Kovats et al., 2004). 

 

For future research, a more comprehensive approach is required. Expansive data collection 

efforts that encompass broader demographics and geographic areas are essential. 

Methodological enhancements should also include qualitative analyses to augment 

quantitative data, thereby providing a more complete understanding of the climate's impacts 

on health. Interdisciplinary and collaborative research efforts are paramount in transcending 

the current study's limitations and enabling more sophisticated and holistic findings (Tout, 
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1987; Sheridan and Allen, 2017).  While the research conducted provides valuable insights 

into the urban impact of climate change on respiratory diseases, the acknowledged 

limitations point to a clear need for ongoing scrutiny and methodological refinement. These 

limitations must be carefully considered in the context of public health policy and planning. 

Future studies should strive for inclusivity and comprehensiveness, ensuring that the intricate 

relationship between climate and health is thoroughly examined, and the findings can be 

applied to safeguard the health of all South Africans, irrespective of their locale or socio-

economic status. 
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CHAPTER 9: CONCLUSION  

 

9.1 Synthesis 

The research studies compiled in the thesis titled "Assessing the Inter-annual and Inter-

seasonal Climate-Induced Variation in Caseload of Respiratory Diseases" offer pivotal insights 

into the multifaceted yet profound effects of climatic factors on respiratory disease patterns 

within the diverse climatic zones of South Africa. This synthesis underscores the climatic 

complexities affecting public health and contributes to the strategic development of health 

interventions. 

 

In synthesis, the collected body of work within this thesis elucidates the intricate relationship 

between climatic factors and respiratory disease trends in South Africa. It advocates for 

adaptable and nuanced public health responses attuned to climatic subtleties and 

seasonalities. By combining these research insights, the thesis "Assessing the Inter-annual and 

Inter-seasonal Climate-Induced Variation in Caseload of Respiratory Diseases" significantly 

contributes to the foundation for future policy formulation, research, and public health 

initiatives both within the South African context and in the broader scope of climate change 

and health globally. 

 

9.2 Achievement of Study Aim and Objectives 

The quest to understand the interplay between climatic factors and respiratory diseases in 

South Africa has led to a multifaceted investigation within this research. Grounded in a 

rigorous methodological framework, the study sought to unpack the seasonality and climatic 

impacts on the patterns of disease incidence. This section articulates how the specific 
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objectives of the research align with the overarching aim to provide a comprehensive analysis 

of climatic influences on acute respiratory diseases. 

 

The primary aim of this research is to investigate the interplay between climatic factors and 

the seasonality of acute respiratory diseases in South Africa, underpinned by an in-depth 

analysis of various climatic influences. To address the primary aim of this research, the specific 

objectives of this research are:  

 

1. To Define Seasonality: Establish the timing of the onset and cessation of the 

primary period during which acute upper respiratory diseases occur across 

South Africa, using both public-sector hospitalization data and private-sector 

medical aid scheme data. 

 

The research successfully established clear patterns of seasonality for acute respiratory 

diseases by analysing hospitalization and medical insurance claims data. It was ascertained 

that the respiratory disease season predominantly spans from May to September, aligning 

with the colder months, which concur with increased incidence rates. This finding was 

corroborated by employing statistical intensity thresholds that highlighted inter-annual and 

spatial variability. 

 

2. To Assess Climatic Impacts: Determine the influence of climatic factors, 

including extreme weather events and variability, on the incidence and 

prevalence of respiratory diseases. 
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A thorough examination of climatic data in conjunction with medical claims revealed that 

while extreme climate events (ECEs) have an impact on respiratory disease claims, these are 

not as pronounced as the shifts attributable to more subtle, routine weather patterns. The 

study's findings suggest that seasonal trends have a stronger influence on respiratory health 

outcomes than individual extreme events. This conclusion was drawn from a comprehensive 

analysis that included Spearman's correlation and Distributed Lag Non-linear Models (DLNM), 

which elucidated the non-linear and delayed effects of climatic factors. 

 

3. To determine the influence of climatic factors, including extreme weather 

events and variability, on the incidence and prevalence of acute upper 

respiratory diseases. 

 

By examining the effects of both routine climatic conditions and extreme weather events, the 

research has clarified the complex interdependencies between climate and disease incidence. 

This has reinforced the need for an integrated approach to public health planning that takes 

into account both climatic variability and extreme events. 

This body of work has illuminated the complex relationship between climatic factors and the 

incidence of respiratory diseases in South Africa, thereby fulfilling the primary aim of the 

research. The evidence gathered underscores the need for a nuanced understanding of 

seasonality and its implications for public health strategies. It emphasizes the importance of 

considering climatic variability and extreme events in the planning and execution of health 

interventions, such as vaccination campaigns and resource allocation for healthcare services. 
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9.3 Directions for Future Research 

The investigation into the climatic factors affecting the prevalence and seasonality of 

respiratory diseases in South Africa has provided valuable insights, yet it also highlights the 

need for further research. Future studies should broaden demographic inclusivity to 

encompass more comprehensive healthcare data across urban and rural settings. This will 

allow for an equitable understanding of the climate-health nexus across different population 

groups and inform tailored public health strategies. 

 

A deeper analysis of the interactions between air pollution and climatic variables is warranted 

given their synergistic effects on respiratory conditions. Understanding these relationships 

will be crucial for developing robust preventive measures and health interventions. Research 

into the perceptions and behaviours of healthcare practitioners and the general public 

regarding the links between climate and health can offer valuable insights. Such studies could 

improve the effectiveness of public health messaging and intervention uptake, contributing 

to the overall health resilience of communities. 

 

The application of advanced epidemiological models, such as Distributed Lag Non-linear 

Models, to a wider range of medical conditions could shed light on the broader implications 

of climate variability. This approach could be particularly insightful for conditions with varying 

transmission dynamics, offering a more comprehensive understanding of the health impacts 

of climatic factors. 

 

Longitudinal studies on the impacts of climate change are essential for proactive public health 

planning. These studies should track changes in disease patterns over time and consider 
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climate change projections to ensure the adaptability and resilience of healthcare systems. 

The adaptability of healthcare systems to the growing burden of climate-related diseases also 

presents an area ripe for research. Evaluating the resilience of healthcare infrastructure and 

the capacity of health services to meet climate-related health demands will be critical for 

future planning and response. 

 

Integrating research findings into policy-making and healthcare practice is another important 

direction. Future research should explore how evidence from climate-health studies can be 

translated into policy frameworks to enhance disease surveillance and healthcare planning. 

The potential of emerging technologies, including big data, machine learning, and artificial 

intelligence, should be harnessed to improve disease surveillance and predictive capabilities. 

These technologies could revolutionize how health systems anticipate and respond to 

climate-related health challenges. Lastly, it is crucial to consider the socioeconomic 

determinants that interplay with climatic factors to affect health outcomes. Research in this 

area can lead to more comprehensive public health strategies that address both the 

symptoms and root causes of vulnerability to climate-sensitive illnesses. 

 

In summary, the synthesis of these research directions underscores the need for an integrated 

and interdisciplinary approach to future studies. Such a concerted effort will be key to 

addressing the multifaceted challenges posed by climate change to public health, ensuring 

that populations, especially in vulnerable regions like South Africa, are prepared to thrive 

amidst climatic uncertainties. 
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