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Abstract

This chapter investigates the profound intersection of climate change and public health, offering a comprehensive analysis that bridges
environmental science and health policy. The introduction underscores the significance of climate change as a driver of health inequities,
with a focus on vulnerable groups such as children and individuals in low-income regions. Statistical data reveal alarming trends, including
a 20-30% rise in respiratory illnesses in areas with severe smog and air pollution, as well as increased mortality linked to heatwaves and
vector-borne diseases. Prospects proposes actionable strategies, including the development of adaptive healthcare systems, stronger
regulatory frameworks for emission reduction, and public awareness campaigns. By prioritizing a sustainable and equitable approach, this
chapter envisions a path toward resilience in public health amidst ongoing climate challenges.
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Introduction

Significant worldwide changes that have occurred over the last several decades include continuous rise in temperature and predicted climatic
shifts of the current century. Temperature is rising on many planets due to climate change (Schuurmans, 2021). the widely recognized national
and worldwide consequences of changing climate include erratic weather shifts, the disappearance of the worldwide glaciers, and the resulting
rise in the level of seawater. Natural processes such as wildfires, earthquakes, and volcanoes are thought to be the primary contributors of
greenhouse emissions such as CO., CHy, N2O, and H-O in the surrounding environment, before the industrial revolution (Murshed, 2022).

Climate change significantly jeopardizes human health directly and indirectly through heat stress, deteriorating air quality, higher sea
levels, food and water insecurity, severe natural disasters (e.g., droughts, floods, earthquakes, volcanic eruptions, tsunamis, hurricanes),
inadequate shelter, and population displacement. The degradation of the environment may promote the spread of diarrhea, infectious diseases
carried by vectors, cardiac and respiratory diseases, malnutrition, and more. The indirect consequences of climate change, including mental
health issues stemming from stress, displacement, economic instability, and compelled migration, are undeniably significant (Abbass et al.,
2022). The elderly, poor individuals and children are among the groups most at risk from the negative consequences of climatic fluctuations
(Kim et al., 2014).

Levels of Impacts of Climate Change

The problem of climatic variations is complex and will affect individuals in many ways. A three-ringed pyramid of consequences was
developed to better comprehend the various manners that which climate change may affect pediatric populations. The primary impacts of
climate change, which are related to both direct weather and future climatic changes brought on by human-induced climate change, are
included in the bottom tier. Extreme weather events, drought, increasing temperatures, and sea level rise are some of the main repercussions
(Trenberth, 2018). The second rung illustrates the secondary consequences, which will be contingent upon the fundamental impacts of climate
change that will lead to ecosystem changes, such as disruptions in water and dietary systems and changed pathways for disease transmission.
The tertiary consequences and long-term societal changes brought about by climate and environmental changes are covered at the highest
level. The complex socio-political, economic, and cultural reactions to climate change will have tertiary repercussions (Rosenzweig and Neofotis,
2013). The "primary," "secondary," and "tertiary" health effect frameworks are conceptually similar to the one shown in Fig. 1.

Impacts of Climate Change on Human Health
The detrimental effects of the changing climate on people's health are widely recognized (Costello et al., 2009). According to WHO
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estimation, climate change may be to blame for an extra 250,000 fatalities each year between 2030-2050 (Watts et al., 2015). These deaths
have been linked to the global spread of vector-borne illnesses as well as mortality and morbidity brought on by harsh weather. Regardless of
the environment, temperature is essential to the existence of nature and life. Therefore, a specific creature, particularly a disease, needs a
complicated range of temperatures to thrive on the planet. Another significant component of environmental change is precipitation, which has
an impact on the migration and distribution patterns of several harmful organisms (Yang and Usman, 2021).

Fig. 1: Levels of the effect of climate

Levels of effects of climate change change (Parsons et al., 2024)
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A major contributing factor to the extinction of many species is the global warming. While some new organisms may thrive because of
the warmer climate, various species are possibly becoming extinct due to the changing ambient temperature. In this case, it was clear that
certain infections may also become more prevalent when they were previously unknown or unreported (Patz et al., 2000). The Republic of
China's recent coronavirus (COVID-19) outbreak, which resulted in pneumonia and serious acute respiratory problems, serves as an example
(Song et al., 2021). Many animals, especially snakes and bats, host a huge family of viruses, which may then spread to humans. Consequently,
it is crucial to understand that climate change affects the survival of many pathogens and carriers that carry different illnesses (Santos et al., 2021).

Climate change is already influencing human health and well-being, even though its effects and outcomes are probably numerous and
intricate. Mortality and disease from high temperatures, extreme cold, floods, or storms, as well as alterations to water and air quality brought
on by variations in temperature, precipitation, and other climatic factors, are examples of direct health consequences. On the other hand, health
consequences can be indirect as illustrated in Figure 2, including alterations in the ecology of transmissible diseases or effects on landscapes
and quality of air that might influence people's health (Semenza and Menne, 2009). The increasing number and prevalence of diseases, in
particular, are posing serious risks to human health and are linked to elements of worldwide environmental change. Extreme weather events
and fluctuations in the climate both contribute to these challenges to human health by changing the risk of disease (Leisnham and Slaney, 2009).

Direct Health Effects of Climate Change

The direct health implications include variations in heatwave and thermal stress-related mortality and morbidity. According to
climatologists, heatwaves will occur more frequently due to a combination of rising mean temperatures and potential increases in weather
variability. The ability of human communities to adjust both culturally and physically to such shifts over decades, however, is comparatively
poorly understood. Additionally, temperature extremes may not have a significant average influence on life expectancy since they
disproportionately harm the elderly and unwell (Patz et al., 2005). Additional direct effects include the health effects on the respiratory system
of changed concentrations of aeroallergens (like molds and spores), air pollutants (like ozone) from temperature-sensitive photochemical
reactions, and the numerous health effects of a changed pace of severe catastrophic events, such as hurricanes, thunderstorms and overflow of
seawater (Kinney, 2008).

Indirect Health Impacts of Climate Change

Many of the indirect health impacts that might arise from the disruption of intricate ecological processes are potentially more serious.
These include variations in the spread and activity of infectious vector-borne diseases; altered human-to-human transmission of infections
(such as food poisoning and waterborne pathogen transmission); the health and nutritional effects of regional shifts in farming productivity;
and the different effects of sea level rise (Haines et al., 2006). Population shifts and regional disputes over food and water shortages brought
on by climate change would also have an impact on public health (Myers and Patz, 2009).

Human Diseases in Association with Climate Change
Rising temperatures can raise the quantities of pollen, smog, harmful air pollutants, and ash as a result of wildfire burning. Numerous
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symptoms, such as headaches and migraines, inflammation of the eyes, nasal congestion, difficulty breathing, itchy skin, coughing, and chest
discomfort might be brought on by these variables. Particularly susceptible to the consequences of climate change are young ones, elderly people,
and those with breathing issues (such as bronchitis, emphysema, and asthma (D’Amato et al., 2014). Changes in the climate would also have an
impact on several directly transmissible illnesses, particularly those brought on by contaminated food and drinking water. (Sharma et al., 2013).

e Fig. 2: Direct and indirect effects of climate
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Climate-related changes in the vector organisms of diseases including schistosomiasis, dengue fever, trypanosomiasis, malaria, and viral
encephalitides (even those in temperate zones) will result in changes in the probabilities of infectious diseases. The range, development, and
behavior of pathogenic organisms, along with the survival and developmental phases of the pathogenic organisms, would all be impacted by
rising temperatures and altered rainfall patterns. In subtropical and tropical countries, inhabitants on the outskirts of endemic areas might be
more vulnerable to vector-borne illnesses, even though wealthier, developed nations could be likely to maintain public health defenses against
their spread (Jones et al., 2018).

Psychological Impacts of Climate Change

Climate change may have psychological consequences on vulnerable civilizations in addition to its obvious effects on agriculture, forestry,
health, and other areas. This is exemplified by the most recent COVID-19 epidemic in several countries throughout the world (Pal, 2021). In
addition, those with symptoms of this viral infection have made unaffected people more afraid and anxious. After such epidemics, those who
have high temperatures or the flu are likewise scared and have to follow certain rules. People who live in such circumstances are constantly
terrified and become accustomed to stress, which ultimately weakens their mental health (Doherty and Clayton, 2011).

People are more likely to experience worry, distress, and other problems as a result of climate change, which also encourages the
development of several mental health conditions. Posttraumatic disorder is also impacted by repeated exposure to extreme weather events,
such as geological disasters, and their frequent occurrence can lead to the development of long-lasting mental health issues. Additionally, media
use regularly raises a person's stress level. Communities in food-prone places also live in continual fear of flooding and food-related deaths.
One particular factor contributing to the strain on these communities is the devastation of physical infrastructure brought on by hunger, in
addition to the loss of human life (Ogden, 2018).
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Climate Change Impacts on the Agricultural Sector

Since over two-thirds of the people of Pakistan live in rural regions and depend on agriculture for their survival and livelihood, the
agricultural sector's resilience to changing climates is one of the most crucial issues for the country's economic development (Abid et al., 2011).
Furthermore, Pakistan's local food security, which mostly depends on cereal crops, may be seriously impacted by climate change due to negative
effects on cereal output and food costs (Table 1). Sustainable adaptation at the level of agriculture is necessary to protect livelihoods in rural
areas and assure food safety from the negative effects of climate change (Abid et al., 2015).

Nevertheless, a significant obstacle at the regional level is the fact that farmers, who are the main beneficiaries, will have to shoulder the
majority of the adaptation responsibilities themselves. In an ideal market, farmers may still benefit from rising prices, which would compensate
for the greater expense of production, but in developing nations like Pakistan, where rates are mainly determined by external factors (imperfect
conditions), farmers may experience lower returns and higher production costs. Governmental adaptation strategies that take into account
farmers' goals and ability to adapt are therefore desperately needed. Understanding the variables that influence farmers' adaptation choices
and how their actions affect agricultural productivity—which might differ between areas and scales—is therefore essential from a policy
standpoint (Niles et al., 2015).

Table 1: Impact of climate change on Pakistan’s agriculture sector

Impact area Statistics Reference

Projected productivity Climate change could reduce agricultural productivity by 8 to 10% by 2040, particularly the Sommer et al., 2013.
decline wheat mostly affected.

Economic losses An approximate loss of US$19.5 billion in rice and wheat production by 2050. Agriculture
Department Punjab

Extreme weather 50% of crops were destroyed in the 2022 floods, affecting 33 million people and causing food Qamar et al., 2023

events shortages

Heatwaves 2022 heatwaves saw temperatures rising 49.5, severely affecting crops and water availability  Ali, 2022

Climate Change Impacts on Socio-Economic Status

Climate change has profound implications for socioeconomic status, as it disrupts livelihoods, exacerbates inequality, and hampers
economic development (Table 2). Rising temperatures, extreme weather events like floods and droughts, and shifting rainfall patterns have a
direct impact on key sectors such as agriculture, fishing, and tourism. Concerns about a particularly catastrophic impact on economies in
emerging nations, which have very little ability to adjust to the negative consequences of climate change, are among these concerning tendencies
of growing climate change impacts generally (Symanski et al., 2021). Despite being present in all finances, areas societies, and fields the effects
of climate change are not uniform Compared to established economies, developing economies with little adaptation ability are more likely to
be affected (Mihiretu et al., 2021). Climate change might put millions of people in poverty in emerging nations with inadequate supplies of
food, water, medical care, and infrastructure systems.

For certain crops, a regional rise of 1-3 °C (1.8-5.4 °F) may result in a slight gain in agricultural output in temperate areas; however,
greater warming will often result in a decline in productivity. Models indicate that even little increases in local warming will result in lower
agricultural productivity in tropical and subtropical regions. In certain instances, it is anticipated that adaptations like modified planting
techniques will lessen productivity losses for mild warming. Further declines in agricultural productivity and livestock output, especially among
subsistence farmers in tropical countries, would probably result from an increase in the frequency of drought and flood occurrences (Huang et
al.,, 2022).

Vulnerable Populations

The catastrophic consequences of climate change have had a significant impact on vulnerable groups, and these impacts are being
exacerbated by wide socioeconomic divides, unbalanced power dynamics, inadequate governance, and elevated risks with few and inefficient
adaptation and mitigation measures (Kosanic et al., 2022). During and after climate-related catastrophes, women and children experienced
extraordinary abuse, including sexual violence, loss of security and safety, and mental trauma, while the offenders were shielded (Desai and
Mandal 2021). These vulnerable populations are well-shown in Figure 3. According to Ronoh et al., (2015), there are an estimated seven million
children with disabilities worldwide who are prone to natural hazards and impacted by catastrophes.

Climate change and fluctuations have a significant influence on women, who are among the most vulnerable groups. This is especially
true for rural women who depend heavily on agriculture. For rural women, agriculture is the only way to maintain their families,
communities, and livelihoods in the face of poverty (Akerlof et al., 2015). The majority of climate casualties in Asian nations are
impoverished women. Food insecurity has influenced resilience as well as vulnerability among groups susceptible to climate-induced
catastrophes, and thus women are more susceptible than males in both rural and urban settings, which are made worse by gender inequality
(Tanjeela and Rutherford, 2018).

Due to the threats that climate change poses to their growth, safety, family security, and survival, as well as the possibility of
illnesses such as diarrhea, dehydration, and heat stress, children and newborns are particularly negatively impacted (Goldhagen et al.,
2020). The catastrophic consequences of the changing climate and the resulting variations affect different populations, and in certain
nations, they cause large-scale migration. Serious incidents of physical assault against young girls have been recorded following the
2005 Kashmir earthquake (Memon, 2020). Ten years later, the World Bank issued a warning in which it stated that women were at
greater risk of suffering from physical and sexual harassment during and after catastrophes, as well as a rise in domestic abuse and its
severe consequences (WHO, 2015).
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Table 2: Impact of climate change on Pakistan’s socio-economic status

Impact area Statistics Reference

Poverty and Over 60% of the population of Pakistan depends on agriculture for livelihoods, which is increasingly at Farah et al., 2023
livelihoods risk due to climate-induced disasters.

Food security In 2022, over 4 million acres of crops were destroyed due to the floods, leaving 33 million people facing Ahmad et al., 2022

food shortage and food insecurity.
Health challenges Malaria and dengue, both of which are linked to climate change, have become much more prevalent; in Igbal, 2020
2022 alone, over 75,000 cases of dengue were documented.
Migration and Over 8 million people were displaced by the floods in 2022, making it one of Pakistan's worst climate- Farah et al., 2023
displacement related migration disasters.
Economic losses  Pakistan loses over $3.8 billion a year due to climate-related disasters, which include losses in Shah et al., 2021
infrastructure, health, and agriculture.
Infrastructure Over $30 billion was damaged in the 2022 floods, which had an impact on public services, Khan et al., 2022
damage transportation, and housing.
Gender inequality According to reports, as families face financial difficulties, the number of forced marriages in flood- Igbal et al., 2023
affected areas has increased by 30%.
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Climate Change and Health Inequity

Inequitably, the negative consequences of human-caused climate change fall disproportionately on already vulnerable groups. BIPOC
(Black, Indigenous, and People of Color) communities, women, and those with lower incomes are among the groups most in danger from the
negative consequences of climate change. Compared to previous generations, kids and subsequent generations will bear a disproportionate
amount of the burden of climate change. Numerous variables, including local topography, regional climates, and colonial disparities, will
increase susceptibility to climate change (Carey, 2012).
The world's inhabitants are increasingly at risk from adverse weather conditions, drought, elevated sea levels, extreme temperatures, food
insecurity, resource shortages, and illness, even while certain communities may experience small benefits like prolonged growing seasons and
mild weather (Huppert et al., 2006). Indigenous communities, residents of the Global South, which includes the continent of Africa and South
Asia, and residents of several island governments are among the groups most at risk.

Mitigation and Adaptation Strategies for Climate Changes

Despite the rise in emissions from 1990 to 2019, many mitigation measures have facilitated emission reductions in the battle against
climate change (Waheed et al., 2021). These include the establishment of a plantation development support to promote plantation development
in the private sector, the execution of an agricultural plantations development initiative aimed at establishing plantations on degraded forest
lands, and a government policy prohibiting the shipment of round wood to improve native timber handling (Jahanzad et al., 2020). Other
measures include the industry's efforts to reduce greenhouse gas emissions, which have reduced emissions by approximately 11.8% between
1990 and 2019, the oil and gas sector's efforts to recover and use natural gas and limit gas flaring, the expansion of renewable energy, clean
cooking and lighting, energy efficiency in homes, businesses, and industries, and creative management of waste through reduce, reuse, and
recycle (Botzen et al., 2021).
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Conclusion

Climate change has the potential to have a substantial impact on human health, with direct consequences like heat stress and floods as
well as indirect ones like altered disease transmission and starvation as a result of increased competition for water and food resources. Exposure
to natural disasters has led to increased levels of psychological, emotional, and physical fatigue among those who are most susceptible to the
consequences of adverse weather conditions, such as the impoverished, the elderly and crippled, children, prisoners, and drug abusers. As the
earth heats, it alters the incidence of disease transmission, increases the prevalence of vector-borne illnesses, and affects mortality via poor
health, especially in the summer months for the elderly. Furthermore, the significance of the cooperation between adaptation and mitigation
is underlined. Research to determine the ideal balance between adaptation and mitigation is likewise becoming more and more demanded.
Focusing on adaptation or mitigation alone is insufficient; the best durable effects come from combining the two.
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