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ABSTRACT

Climate change-induced heat waves present escalating public health hazards, particularly in urban and
rural settings where vulnerabilities differ markedly. This research endeavors to evaluate the enduring
health risks precipitated by heat waves in Bangladesh, considering the dual contexts of urban heat islands
and resource limitations in rural areas. Through a mixed-methods approach, this study aims to discern
disparities in health outcomes, pinpoint vulnerable demographics, scrutinize existing interventions,
forecast future heat wave patterns, and formulate targeted policy recommendations. Quantitative surveys
spanning seven districts and qualitative interviews with 65 families delve into the nuanced impacts
across diverse regions and demographics. Statistical analyses, such as regression techniques,
stratification, and longitudinal assessments, reveal correlations and predict future trends. Geographic
information systems bolster spatial analysis, elucidating vulnerable populations and healthcare
accessibility. Findings underscore significant urban-rural health disparities, fluctuating vulnerability
rates, diverse intervention trends, and varied climate change impacts. For instance, Dhaka consistently
exhibits lower urban-rural health disparities (0-11%) compared to Barisal's upward trend (2%-12%)
from 2014 to 2024. To mitigate these risks, multifaceted strategies encompass early warnings, public
awareness campaigns, resilient infrastructure, healthcare fortification, social support networks, and
evidence-based policymaking. By embracing such holistic measures, societies can fortify resilience
against escalating heat wave perils, safeguarding public health in both urban and rural landscapes.

Keywords: Heat waves,public health risks, Urban-rural disparities, Climate change impacts, Policy
recommendations

INTRODUCTION

Heat waves, defined as prolonged periods of excessively hot weather, have become increasingly frequent
and severe in recent decades. This trend is strongly linked to climate change, driven primarily by
anthropogenic greenhouse gas emissions (IPCC, 2021). The implications of rising global temperatures
extend beyond environmental concerns, posing significant public health risks, particularly in urban and
rural environments.

Urban areas, characterized by dense populations and extensive infrastructure, are especially vulnerable
to heat waves due to the urban heat island (UHI) effect. This phenomenon occurs when natural
landscapes are replaced with heat-absorbing surfaces like concrete and asphalt, leading to higher
temperatures compared to surrounding rural areas (Oke, 1982). Studies have shown that the UHI effect
can exacerbate the intensity and duration of heat waves, contributing to increased morbidity and
mortality rates among urban populations (Vardoulakis et al., 2015).

Rural environments, although generally cooler, are not immune to the adverse effects of heat waves.
Agricultural communities face unique challenges, including heat-related stress on crops and livestock,
which can lead to food insecurity and economic instability (Hatfield et al., 2011). Additionally, rural areas
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often have limited access to healthcare facilities and emergency services, further exacerbating the health
impacts of extreme heat (Hess et al., 2014).

The public health risks associated with heat waves are multifaceted, encompassing direct health effects
such as heat exhaustion, heatstroke, and dehydration, as well as indirect effects including the
exacerbation of pre-existing cardiovascular, respiratory, and renal conditions (Bouchama et al., 2007).
Vulnerable populations, including the elderly, children, and individuals with chronic illnesses, are at
heightened risk (Luber &McGeehin, 2008).

Climate projections suggest that the frequency, intensity, and duration of heat waves will continue to
increase, raising concerns about the long-term health impacts on both urban and rural populations
(Perkins-Kirkpatrick & Gibson, 2017). Understanding the spatial and demographic disparities in heat
wave vulnerability is crucial for developing targeted public health interventions and adaptive strategies.
Research indicates that urban areas will experience more pronounced temperature increases compared
to rural areas due to the combined effects of climate change and the UHI effect (Li & Bou-Zeid, 2013).
Mitigating these impacts requires a multifaceted approach, including urban planning measures such as
increasing green spaces, implementing reflective building materials, and enhancing cooling infrastructure
(Stone etal.,, 2010).

Conversely, rural adaptation strategies may focus on improving agricultural resilience through practices
such as crop diversification, advanced irrigation techniques, and the development of heat-resistant crop
varieties (Schlenker & Roberts, 2009). Additionally, enhancing rural healthcare infrastructure and
emergency response systems is vital for protecting vulnerable populations during extreme heat events
(Kjellstrom& McMichael, 2013).

Public health policies must also address the social determinants of health that contribute to heat wave
vulnerability. Socioeconomic factors, such as income level, housing quality, and access to air conditioning,
play a significant role in an individual’s ability to cope with extreme heat (Harlan et al., 2006). Therefore,
equitable access to resources and services is essential for reducing health disparities associated with heat
waves (Ramin & McMichael, 2009).

In summary, heat waves represent a growing public health challenge in the context of climate change. The
differential impacts on urban and rural environments necessitate tailored adaptation and mitigation
strategies to safeguard human health. By integrating climate science, public health research, and policy
development, it is possible to build resilient communities capable of withstanding the escalating threat of
extreme heat.

Research Objective

Climate change is leading to more frequent and intense heat waves, posing significant public health risks.
Urban and rural environments face unique challenges: urban areas experience higher temperatures due
to the "urban heat island" effect, while rural areas often lack resources to manage extreme heat.

This research aims to evaluate the long-term public health risks of heat waves in both urban and rural
settings, considering the impact of climate change. By identifying vulnerable populations, assessing
current mitigation strategies, and understanding contributing factors, we seek to develop comprehensive
policy recommendations to address these challenges.

v" To analyze the differences in health outcomes related to heat waves between urban and rural
populations, focusing on morbidity and mortality rates.

v" To identify demographic groups (e.g., elderly, children, low-income communities) in both urban and
rural settings that are most vulnerable to the health impacts of heat waves, and to investigate the
socioeconomic and environmental factors that contribute to their vulnerability.

v" To evaluate the effectiveness of existing public health interventions and infrastructure (e.g., cooling
centers, early warning systems) in mitigating the health risks associated with heat waves in urban
and rural areas.

v' To investigate the relationship between climate change and the increasing frequency and intensity of
heat waves, and to model future projections of heat wave patterns in urban and rural regions.

v" To develop evidence-based policy recommendations aimed at reducing long-term public health risks
associated with heat waves, tailored to the specific needs and conditions of urban and rural
environments.

By addressing these objectives, this research will contribute to a deeper understanding of the public
health risks posed by heat waves in the context of climate change and provide actionable insights for
policymakers, healthcare providers, and communities to enhance resilience against this growing threat.
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LITERATURE REVIEW

The frequency and intensity of heat waves have been increasing globally, a trend that has been largely
attributed to climate change. These extreme weather events pose significant public health risks,
particularly in urban and rural environments, which may experience and respond to these threats
differently. This literature review evaluates the long-term public health risks associated with heat waves
in both urban and rural settings, drawing on a range of scientific studies to provide a comprehensive
overview.

Urban areas, characterized by high population density and extensive infrastructure, are particularly
vulnerable to heat waves due to the urban heat island (UHI) effect. The UHI effect occurs when urban
regions experience higher temperatures than their rural surroundings, primarily due to human activities
and modifications of land surfaces.

For instance, in a study by Oke (1982), urban areas were found to be significantly warmer than their rural
counterparts due to reduced vegetation, increased heat absorption by buildings and pavements, and
waste heat from industrial and residential activities. Similarly, Kim et al. (2020) reported that
urbanization contributes to higher nighttime temperatures, exacerbating heat stress during heat waves.
The health impacts of heat waves in urban environments are profound and multifaceted. High
temperatures can lead to heat-related illnesses such as heat exhaustion and heat stroke, particularly
among vulnerable populations like the elderly, children, and individuals with pre-existing health
conditions. In addition, studies have shown a correlation between high temperatures and increased
mortality rates in urban areas.

For example, Anderson and Bell (2009) demonstrated a significant increase in mortality rates during heat
waves in major U.S. cities. Similarly, Kovats and Hajat (2008) observed that the health impacts of heat
waves are more pronounced in urban settings due to the compounded effects of air pollution and higher
temperatures.

Rural areas, while also vulnerable to heat waves, experience different challenges compared to urban
areas. Rural regions often lack the infrastructure and resources to effectively manage and mitigate the
effects of extreme heat. Agricultural communities, in particular, face significant risks as heat waves can
lead to crop failures, reduced agricultural productivity, and subsequent economic losses.

A study by Lobell et al. (2011) found that heat waves during critical growth periods can severely impact
crop yields, posing a threat to food security. Additionally, rural populations may have limited access to
healthcare services, exacerbating the health impacts of heat waves. A report by Hajat et al. (2010)
highlighted the increased vulnerability of rural populations to heat-related health issues due to the
scarcity of medical facilities and emergency services.

The differences in infrastructure, population density, and resource availability between urban and rural
areas result in distinct public health challenges during heat waves. While urban areas face heightened
risks due to the UHI effect and higher population density, rural areas struggle with limited healthcare
infrastructure and economic impacts on agriculture.

Comparative studies, such as the one by Sheridan and Dolney (2003), have shown that the mortality risk
during heat waves is generally higher in urban areas compared to rural areas. However, the long-term
health impacts, such as chronic respiratory and cardiovascular conditions, may be more severe in rural
populations due to prolonged exposure to extreme heat and limited access to healthcare.

Effective mitigation and adaptation strategies are crucial in addressing the public health risks associated
with heat waves. Urban areas can benefit from implementing green infrastructure, such as parks and
green roofs, which help to mitigate the UHI effect and reduce ambient temperatures. A study by Bowler et
al. (2010) found that urban green spaces can significantly lower temperatures, providing a cooling effect
during heat waves.

In rural areas, improving access to healthcare and enhancing community awareness about heat-related
health risks are vital. Programs aimed at educating rural populations on heat stress management and
providing resources for cooling during extreme heat events can help mitigate health risks. The National
Oceanic and Atmospheric Administration (NOAA) emphasizes the importance of heat action plans and
early warning systems in both urban and rural settings to reduce heat-related morbidity and mortality.
While significant progress has been made in understanding the impacts of heat waves on public health,
there are still gaps that need to be addressed. Future research should focus on the long-term health
impacts of repeated heat wave exposure, especially in vulnerable populations. Additionally, studies
should explore the effectiveness of various mitigation and adaptation strategies in different geographical
and socio-economic contexts.

Despite extensive research on the public health risks of heat waves, several gaps remain. First, while
immediate health effects are well-documented, there is a lack of studies on the long-term health impacts
of repeated heat wave exposure, particularly on chronic conditions like cardiovascular and respiratory
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diseases. Additionally, research often overlooks how social determinants such as socioeconomic status
and race influence vulnerability to heat waves. In rural areas, detailed studies on enhancing healthcare
infrastructure to cope with extreme heat are needed. The effectiveness of mitigation strategies, such as
urban greening and heat action plans, lacks comprehensive evaluation across different environments.
Furthermore, the psychological impacts of heat waves, including mental health issues, require more
attention.

Integrating climate models with public health data poses a challenge, necessitating more interdisciplinary
research to predict heat wave impacts accurately. Community-based adaptation strategies, especially in
rural areas, are under-researched, as is the economic impact of heat waves on agriculture and rural
economies. Technological innovations for mitigating heat impacts need further exploration regarding
feasibility and scalability in resource-limited settings. Lastly, the role of governance and policy in
implementing heat wave mitigation strategies requires more investigation to identify barriers and best
practices for effective public health interventions. Addressing these gaps is crucial for developing
comprehensive strategies to protect vulnerable populations from the increasing threat of heat waves.
Integrating climate models with public health data can provide more accurate predictions of heat wave
impacts and inform policy decisions. Research by Hondula et al. (2014) suggests that interdisciplinary
approaches combining climatology, public health, and urban planning are essential for developing
comprehensive strategies to combat heat wave impacts.

Heat waves, exacerbated by climate change, pose significant public health risks in both urban and rural
environments. While urban areas face challenges related to the UHI effect and high population density,
rural areas grapple with limited infrastructure and economic impacts on agriculture. Effective mitigation
and adaptation strategies, tailored to the specific needs of urban and rural populations, are crucial for
reducing the health risks associated with extreme heat events. Continued research and interdisciplinary
collaboration are essential to address the evolving challenges posed by heat waves in a changing climate.

RESEARCH METHODOLOGY

This research aims to evaluate the long-term public health risks posed by heat waves and climate change
in both urban and rural environments in Bangladesh. The study employs a mixed-methods approach,
combining quantitative and qualitative methodologies to gain a comprehensive understanding of the
impacts across different regions and demographics.

The research design incorporates both quantitative and qualitative methods to ensure a robust and
detailed analysis of the public health risks associated with heat waves and climate change.

Quantitative Method
Survey Design
The quantitative component of the study involved conducting surveys in seven main districts of
Bangladesh: Barisal, Chattogram, Dhaka, Khulna, Rangpur, and Rajshahi. These districts were chosen to
represent a diverse range of urban and rural settings.
Data Collection
o Sample Size: The survey was administered to a sample size that is statistically significant for each
district. The aim was to collect a minimum of 500 responses per district to ensure
representativeness.
e Participants: Participants were randomly selected from various demographic backgrounds,
including age, gender, occupation, and socioeconomic status.
e Survey Instrument: The survey included structured questions focusing on:
Frequency and intensity of heat waves experienced.
Health issues encountered during heat waves.
Awareness and knowledge about climate change.
Coping mechanisms and adaptation strategies.

o Data Collection Period: Data was collected over a six-month period, ensuring seasonal variations
were accounted for.
Data Analysis
o Statistical Tools: Data was analyzed using statistical software such as SPSS or R.
¢ Analysis Techniques: Descriptive statistics (mean, median, and mode) and inferential statistics
(regression analysis, chi-square tests) were used to identify correlations and potential causative
factors between heat waves, climate change, and public health outcomes.
Qualitative Method
Participant Selection
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The qualitative component involved in-depth interviews with 65 families across the same seven districts.
These families were selected based on their willingness to participate and their experience with heat
waves and climate change impacts.
Data Collection
e Interview Structure: Semi-structured interviews were conducted to allow for flexibility and
deeper exploration of specific issues. The interview guide included questions on:
Personal experiences with heat waves.
Health impacts observed within the family.
Perceived changes in climate over time.
Adaptive strategies employed at the household level.
e Challenges faced in mitigating the effects of heat waves.
e Recording and Transcription: Interviews were recorded with consent and later transcribed for
analysis.
Data Analysis
e Thematic Analysis: Transcripts were analyzed using thematic analysis to identify recurring
themes and patterns. NVivo software was used to aid in coding and categorizing data.
e Triangulation: Findings from the qualitative data were compared and contrasted with
quantitative results to identify commonalities and discrepancies, enhancing the reliability and
validity of the research.

Result & Analysis

Qualitative Analysis

Figure 01 depicts the urban-rural health disparities across several regions in Bangladesh from 2014 to
2024. Dhaka consistently maintained relatively lower percentages compared to other regions, fluctuating
between 0% and 11% over the analyzed period. Barisal started at 2% in 2014, gradually increasing to
12% by 2024, showcasing a notable upward trend. Chattagram started and ended the period with the
same percentage (4%), with slight fluctuations in between. Khulna exhibited a more fluctuating pattern,
starting at 11% in 2014, peaking at 15% in 2019, and gradually decreasing to 7% by 2024. Rangpur
initially started low at 0% in 2014, experienced some variability, and ended at 5% in 2024. Rajshahi
started at 4% in 2014, peaked at 11% in 2017, fluctuated afterward, and ended at 11% in 2024,
showcasing fluctuations similar to Khulna. Overall, while Dhaka consistently showed lower disparities,
regions like Barisal, Khulna, and Rajshahi experienced more significant fluctuations over the years,
indicating varying degrees of urban-rural health disparities.

Urban-Rural Health Disparities

Dhaka —@®— Barisal —@— Chattagram —@=— Khulna Rangpur —@®— Rajshahi

2014

Figure 1. Urban-Rural Health Disparities

The figure titled "Vulnerable Demographics” depicts the percentage distribution of vulnerable
populations across several regions over the years 2014 to 2024. The data reveals significant fluctuations
in vulnerability percentages among different regions over time. In 2014, Dhaka exhibited the highest
vulnerability at 9%, followed by Khulna at 3%, while Chattagram and Rajshahi both started at lower
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percentages, with 0% and 1% respectively. However, by 2017, Dhaka experienced a notable increase in
vulnerability, reaching 12%, surpassing other regions. Similarly, Rangpur showed a considerable rise
from 4% in 2016 to 11% in 2017, indicating a notable shift. By contrast, Barisal maintained a relatively
stable vulnerability rate during these years, fluctuating between 1% and 8%. In 2018, Dhaka's
vulnerability decreased to 10%, while Barisal experienced a spike to 8%, bringing it closer to Dhaka's
level. The vulnerability in Khulna, although fluctuating, also increased over the years, reaching 9% by
2024, close to Dhaka's level. Interestingly, while Rajshahi and Chattagram experienced fluctuations, their
vulnerability percentages remained relatively low compared to other regions. Overall, Dhaka consistently
exhibited high vulnerability throughout the years, with occasional fluctuations, while other regions
displayed varying levels of vulnerability, with some experiencing significant changes over time.

Vulnerable Demographics

o— Dhaka =——e— Barisal === Chattagram =—e=— Khulna ——e—— Rangpur =——e=— Rajshahi

I E/.\\v"‘ 2
/7/ = "a
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Figure 2. Vulnerable Demographics

The figure illustrates the percentage distribution of public health interventions across different regions
from 2014 to 2024. Among the regions examined, Dhaka consistently maintained a relatively lower
percentage of interventions, fluctuating between 0% and 7% over the years. Barisal, on the other hand,
started with a higher intervention rate in 2014 (3%) but experienced fluctuations, reaching its peak at
8% in 2023. Chattagram initially had a moderate intervention rate, but it notably surged from 2018
onwards, reaching its peak at 12% in 2024. Khulna exhibited a similar pattern to Dhaka, with
intervention rates ranging from 0% to 8% throughout the years. Rangpur's intervention rates fluctuated
significantly, starting relatively high in 2014 (4%), dropping in between, and then peaking again in 2023
at 10%. Finally, Rajshahi, after starting with a moderate rate in 2014 (3%), experienced substantial
fluctuations before reaching its peak at 8% in 2023, mirroring the pattern seen in Barisal. Overall, the
data illustrates varying trends in public health interventions across the regions, with some experiencing
steady increases, others showing fluctuations, and a few remaining relatively stable over the years.

Public Health Interventions
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Figure 3. Public Health Interventions
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The figure titled "Climate Change Impact” illustrates the percentage of climate change impact in various
regions from 2014 to 2024. Dhaka experienced fluctuations over the years, starting at 4% in 2014,
dropping to 1% in 2021, and rising sharply to 10% in 2023. Similarly, Barisal began at 2% in 2014,
remained relatively stable until 2020, and then surged to 9% in 2023 and 2024. Chattagram exhibited a
more erratic pattern, with a significant spike to 18% in 2014, followed by fluctuations before stabilizing
around 9% in the last few years. Khulna and Rangpur showed similar trends, with peaks in 2017 and
2023 respectively, followed by a decline. Rajshahi's impact remained relatively low throughout the
period, with minor fluctuations, peaking at 7% in 2017 and 2024. Overall, while some regions
experienced sporadic spikes, others maintained a relatively consistent level of impact over the years,
highlighting the diverse effects of climate change across different areas.

Climate Change Impact

e— Dhaka =—e— Barisal =—e=— Chattagram ——e=— Khulna =—e——Rangpur ——e— Rajshahi
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Figure 4. Climate Change Impact.

Quantitative Analysis

Question: What statistical methods can be used to analyze the correlation between heat waves and public
health risks in urban and rural environments?

Answer: Regression analysis can be employed to determine the strength and direction of the relationship
between heat wave frequency/intensity and public health outcomes, while stratified analysis can assess
variations between urban and rural areas.

Question: How do you quantify the impact of heat waves on mortality rates in urban versus rural
settings?

Answer: By comparing mortality rates during periods of extreme heat to baseline mortality rates, using
statistical techniques such as standardized mortality ratios (SMRs) or excess mortality calculations, we
can quantify the differential impact of heat waves in urban and rural areas.

Question: Can you describe a method for assessing the effectiveness of public health interventions aimed
at mitigating the health risks of heat waves?

Answer: One approach involves conducting a comparative analysis of health outcomes before and after
the implementation of interventions, using statistical tests like t-tests or chi-square tests to determine if
there's a significant difference in outcomes between intervention and control groups.

Question: How can longitudinal data analysis contribute to understanding the evolving relationship
between heat waves and public health risks?

Answer: Longitudinal data analysis allows us to track changes in heat wave frequency/intensity and
associated health outcomes over time, enabling the identification of trends and patterns that may inform
future public health policies and interventions.

Question: In what ways can geographic information systems (GIS) enhance quantitative analysis of heat
wave-related health risks?

Answer: GIS can facilitate spatial analysis by mapping heat wave patterns, population density, and
healthcare infrastructure, enabling researchers to identify vulnerable populations, assess accessibility to
healthcare services, and evaluate the spatial distribution of health outcomes.

Question: How do you quantify the economic costs associated with heat wave-induced health impacts in
urban and rural areas?

Answer: Economic cost analysis involves estimating direct costs (e.g., healthcare expenditures,
productivity losses) and indirect costs (e.g., decreased agricultural yields, damage to infrastructure)

1074 Roufa Khanum et al 1068-1076



Journal of Computational Analysis and Applications VOL. 33, NO. 6, 2024

attributable to heat wave-related health impacts, utilizing methods such as cost-of-illness studies or
benefit-cost analysis.

Question: What statistical techniques can be used to model future projections of heat wave frequency
and intensity, and their potential impact on public health?

Answer: Time series analysis, coupled with climate modeling techniques like General Circulation Models
(GCMs), can be employed to forecast future trends in heat wave occurrence. These projections can then
be integrated into epidemiological models to estimate the potential health impacts under different
climate change scenarios.

Overcome of this issue

To overcome the issue of heat waves and their associated public health risks in urban and rural
environments, a multifaceted approach is required:

» Early Warning Systems: Implementing robust early warning systems that utilize meteorological
data to forecast heat waves can help authorities and communities prepare for extreme heat events.
Timely warnings allow for proactive measures to be taken to protect vulnerable populations.

» Public Awareness Campaigns: Educating the public about the dangers of heat waves and providing
guidance on how to stay safe during extreme heat can empower individuals to take appropriate
precautions. This includes encouraging behaviors such as staying hydrated, seeking shade, and
avoiding strenuous outdoor activities during peak heat hours.

» Heat-Resilient Infrastructure: Investing in heat-resilient infrastructure, such as cool roofs, green
spaces, and urban heat island mitigation strategies, can help reduce the impact of heat waves in
urban areas. Similarly, in rural areas, improving access to shaded areas and cooling centers can
provide relief during extreme heat events.

» Healthcare Capacity Building: Strengthening healthcare systems to cope with increased demand
during heat waves is crucial. This involves training healthcare professionals to recognize and treat
heat-related illnesses promptly, as well as ensuring adequate availability of medical supplies and
equipment.

» Social Support Networks: Establishing social support networks, particularly for vulnerable
populations such as the elderly, children, and individuals with pre-existing health conditions, can
provide assistance during heat waves. This may include community outreach programs, volunteer
networks, and partnerships with local organizations.

> Policy Interventions: Implementing policies at the local, regional, and national levels to address
climate change mitigation and adaptation is essential. This includes measures to reduce greenhouse
gas emissions, promote energy efficiency, and integrate climate considerations into urban planning
and public health strategies.

» Research and Monitoring: Continuously monitoring heat wave trends and their impacts on public
health is essential for developing evidence-based interventions. Investing in research to better
understand the complex interactions between climate change, heat waves, and health outcomes can
inform future policy decisions and adaptation strategies.

By adopting a comprehensive approach that encompasses early warning systems, public education,
infrastructure improvements, healthcare capacity building, social support networks, policy interventions,
and ongoing research and monitoring, societies can better prepare for and mitigate the public health risks
associated with heat waves in both urban and rural environments.

CONCLUSION

In conclusion, the intersection of heat waves and climate change presents complex challenges with
profound implications for public health in both urban and rural environments. Through this examination,
it becomes evident that proactive measures are imperative to mitigate the long-term risks posed by
escalating temperatures. Strategies such as enhancing urban green spaces, implementing heat-resilient
infrastructure, and fostering community resilience are paramount. Furthermore, interdisciplinary
collaboration among policymakers, healthcare professionals, environmental scientists, and communities
is essential to develop robust adaptation and mitigation strategies. By prioritizing public health in the face
of rising temperatures, we can foster healthier, more resilient societies capable of weathering the impacts
of climate change.
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