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Introduction
This guidebook aims to offer a clear 
framework for understanding climate 
change and its impacts on health and to 
provide practical guidance for educators 
on developing engaging teaching 
materials and lectures for medical 
students.

In recent decades, the profound 
implications of climate change on 
human health have become increasingly 
evident, prompting urgent calls for 
action across various sectors, including 
medical education. As the next 
generation of healthcare professionals, 
medical students must have the 
knowledge and skills to understand and 
address the complex interplay between 
climate change and health. Recognizing 
educators’ critical role in shaping future 
physicians’ learning experiences, this 
guidebook serves as a resource to 
support university lecturers in effectively 
integrating the topics related to climate 
change and its impact on health across 
different subjects within medical school 
curricula.

At its core, this guidebook seeks 
to provide educators with a clear 
framework for navigating the 
multifaceted relationship between 
climate change and health. Part 1 
explores the fundamental concepts 
of climate change, including its 
causes, effects, and direct and indirect 
impacts on human health. From the 
exacerbation of respiratory illnesses 
due to air pollution to the heightened 
risk of infectious diseases in a 
changing climate, educators will better 

understand the intricate connections 
between environmental shifts and 
public health outcomes.

Building upon this foundational 
knowledge, Part 2 of the guidebook 
offers practical guidance for educators in 
developing engaging teaching materials 
and lectures tailored to medical 
students. Considering the students’ 
diverse learning preferences and 
backgrounds, educators will find various 
concepts and approaches to captivate 
and inspire learners. From interactive 
case studies and role-playing exercises to 
multimedia resources and community 
engagement projects, educators are 
empowered to create dynamic learning 
experiences that foster critical thinking, 
collaboration, and a deep sense of 
societal responsibility.

In light of the current environmental 
and public health issues, educating and 
empowering the next generation of 
healthcare professionals has never been 
more challenging. This guide provides 
insights and resources for educators to 
train physicians capable of addressing 
the systemic challenges climate change 
poses to human health and wellbeing, 
not just diagnosing and treating 
individual patients.

http://climatemed.eu
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1. Understanding Climate Change 
and its Impact on Health
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1.1. Overview of Climate Change

Climate change encompasses 
alterations in the average weather 
patterns and variability for a specific 
region or globally over time. This 
phenomenon is assessed through 
variations in temperature, precipitation, 
wind, storms, and other climatic 
indicators. Key indicators, such as rising 
sea levels, are also utilized to evaluate 
climate change (UN-HABITAT, 2021). 
Moreover, climate change denotes a 
shift in the climate’s state that can be 
detected (e.g., via statistical tests) by 
changes in the mean and variability of 
its attributes, enduring for extended 
periods, typically decades or longer. 
These changes can arise from natural 
internal processes or external forces, 
including solar cycle fluctuations, 
volcanic eruptions, and ongoing human-
induced changes in atmospheric 
composition or land use. The Framework 
Convention on Climate Change 
(UNFCCC) defines climate change as a 
change of climate which is attributed 
directly or indirectly to human activity 
that alters the composition of the global 
atmosphere and which is in addition to 
natural climate variability observed over 
comparable periods (IPCC, 2018).

After introducing the definition of 
climate change, this subchapter 
provides an overview of the three crucial 
characteristics of climate change: 1) Key 
concepts of climate change, 2) Causes of 
climate change, and 3) Effects on global 
climate patterns.

1.1.1. Key Concepts

There are numerous concepts related to 
the investigation of climate change, but 
the fundamental concepts of climate 
change mentioned in this subchapter 
are: 1) Global warming; 2) Greenhouse 
effect; 3) Carbon footprint; 4) Climate 
models; 5) Climate change mitigation; 
and 6) Climate change adaptation. 

Global warming is indicated by an 
estimated rise in the global mean 
surface temperature (GMST) averaged 
over 30 years. These 30 years, centred on 
a specific year or decade, are typically 
compared to pre-industrial levels unless 
specified otherwise (IPCC, 2018). One 
excellent graphical representation of 
global warming is the use of warming 
stripes. Figure 1 shows warming strips 
for the Planet in 1850-2023, with red 
indicating warmer years and blue 
indicating colder years compared to the 
long-term average (1961-2010). Creating 
warming stripes for any continent 
and country worldwide for free is also 
possible using the website 

	´ https://showyourstripes.info
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Greenhouse gases are natural and 
artificial atmospheric constituents that 
absorb and emit radiation at specific 
wavelengths within the spectrum of 
terrestrial radiation emitted by the 
Earth’s surface, atmosphere, and clouds. 
This process results in the greenhouse 
effect. Key greenhouse gases in the 
Earth’s atmosphere include water 
vapour (H2O), carbon dioxide (CO2), 
nitrous oxide (N2O), methane (CH4), and 
ozone (O3) (IPCC, 2018). The greenhouse 
effect is a natural occurrence that 
maintains the Earth’s temperature at 
habitable levels by trapping infrared 
radiation through atmospheric water 
vapour and carbon dioxide (CO2) 
concentrations. However, over the last 
century, there has been a significant 

rise in the levels of anthropogenic 
greenhouse gases and halogenated 
compounds in the atmosphere. 
Concurrently, a notable increase in 
global mean temperature has been 
recorded. Growing evidence indicates 
that emissions of greenhouse gases 
from human activities are intensifying 
the greenhouse effect, leading to global 
warming (EEA, 2024).

A carbon footprint quantifies the 
total greenhouse gas (GHG) emissions 
generated directly and indirectly by 
an individual, organization, event, or 
product. It aids in identifying primary 
sources of emissions and highlights 
opportunities for their reduction. 
This measurement serves as an initial 

Figure 1. Warming stripes showing global temperature change. NOTE: The UK Met 
Office HadCRUT5.0 dataset is used for the global average, and the colour scale goes 
from -0.9°C to +0.9°C. Source: https://showyourstripes.info

http://climatemed.eu
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benchmark for tracking progress and 
facilitates the creation of a carbon 
reduction strategy (Carbon Trust, 2024).

A climate model is a numerical 
representation of the climate system, 
built on the physical, chemical, 
and biological characteristics of its 
components, their interactions, and 
feedback processes, incorporating some 
of its known properties. Climate system 
models can vary in complexity; for any 
element or combination of components, 
a range or hierarchy of models can 
be identified. These models differ in 
aspects such as the number of spatial 
dimensions, the explicit representation 
of physical, chemical, or biological 
processes, and the extent of empirical 
parameterizations involved. There is a 
trend towards developing more complex 
models integrating interactive chemistry 
and biology. Climate models serve as 
research tools to study and simulate 
the climate and are used for practical 
applications, including monthly, 
seasonal, and interannual climate 
predictions (IPCC, 2018).

Climate change mitigation involves 
actions or activities aimed at limiting the 
emissions of greenhouse gases (GHGs) 
into the atmosphere and reducing 
their atmospheric concentrations. This 
includes decreasing GHG emissions 
from energy production and usage, such 
as by reducing fossil fuel consumption 
and land use. Mitigation strategies also 
encompass methods to counteract 
warming, such as carbon sinks, which 
remove emissions from the atmosphere 
through land-use practices or other 

mechanisms, including artificial ones 
(IPCC, 2022).

Climate change adaptation involves 
adjusting ecological, social, or economic 
systems in response to actual or 
anticipated climatic stimuli and 
their effects. This includes altering 
processes, practices, or structures to 
lessen potential damages or capitalize 
on opportunities arising from climate 
change. Adaptation aims to reduce the 
vulnerability of communities, regions, 
or activities to climate variability and 
change. Addressing climate change 
in two key areas is crucial: assessing 
impacts and vulnerabilities and 
developing and evaluating response 
strategies (Smit and Pilifisova, 2003).

1.1.2. Causes of Climate Change

The causes of climate change are 
multifaceted and involve human 
activities (anthropogenic causes) 
and natural processes. The leading 
anthropogenic causes are 1) Greenhouse 
gas emissions, 2) Deforestation and Land 
Use Changes, 3) Fossil Fuel Combustion, 
4) Industrial Processes, 5) Agriculture, 6) 
Waste Management, and 7) Aerosols and 
Other Pollutants. 

Human activities, primarily through the 
emission of greenhouse gases, have 
unequivocally led to global warming, 
with global surface temperatures 
rising to 1.1°C above 1850-1900 levels 
from 2011 to 2020. Global greenhouse 
gas emissions have continued to 
rise, with uneven historical and 
ongoing contributions resulting from 

http://climatemed.eu
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unsustainable energy usage, land use 
and land-use changes, and varying 
lifestyles and consumption and 
production patterns across different 
regions, countries, and individuals 
(Figure 2) (IPCC, 2023).

The primary human activity driving 
the enhanced greenhouse effect is the 
combustion of fossil fuels, which results 
in CO2 emissions. Other significant 
contributors to greenhouse gas 
emissions include agricultural practices, 
land-use changes like deforestation, 
and specific industrial processes such 
as cement production, waste landfilling, 
refrigeration, foam blowing, and solvent 
use (EEA, 2024) (Figure 2).

Agriculture, Forestry and Other Land 
Use (AFOLU) activities accounted for 
around 13% of CO2, 44% of methane 
(CH4), and 81% of nitrous oxide (N2O) 
emissions from human activities globally 
during 2007-2016, representing 23% 
(12.0 ± 2.9 GtCO2 eq yr-1) of total net 
anthropogenic emissions of GHGs. 
Land is simultaneously a source and 
a sink of CO2 due to anthropogenic 
and natural drivers, making it hard to 
separate anthropogenic from natural 
fluxes. Global models estimate net CO2 
emissions of 5.2 ± 2.6 GtCO2 yr-1 from 
land use and land-use change during 
2007–2016. These net emissions are 
primarily due to deforestation, partly 
offset by afforestation/reforestation and 
emissions and removals by other land 
use activities (IPCC, 2019).
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Figure 2. The causal chain is from emissions to the warming of the climate system. 
Source: IPCC https://www.ipcc.ch/report/ar6/syr/figures
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Waste management activities produce 
carbon dioxide and methane, both 
greenhouse gases. Everyday waste 
includes readily biodegradable organic 
matter, such as kitchen scraps, garden 
waste, and paper, as well as slowly 
degradable materials like lignin (similar 
to wood). Some products, like plastics, 
contain carbon derived from fossil fuels 
used in their production. The methods 
used to treat and dispose of these 
wastes directly impact greenhouse 
gas emissions and can contribute to 
climate change. Therefore, in addition 
to individuals and businesses reducing 
their climate impact through waste 
prevention, reuse, and recycling, the 
waste management sector is also 
responsible for implementing the 
necessary technology, infrastructure, 
and knowledge to significantly reduce 
greenhouse gas emissions from residual 
waste (DEFRA, 2022).

Aerosols are tiny particles in the 
atmosphere that can influence the 
climate. The estimated range of 
total human-induced global surface 
temperature increase from 1850-1900 
to 2010-2019 is between 0.8°C and 1.3°C, 
with a best estimate of 1.07°C. Well-
mixed greenhouse gases (GHGs) likely 
contributed to a warming of 1.0°C to 
2.0°C, while other human activities, 
mainly aerosols, contributed to a cooling 
effect of 0.0°C to 0.8°C. Natural factors 
changed global surface temperatures 
by -0.1°C to +0.1°C, and internal variability 
accounted for changes of -0.2°C to 
+0.2°C. Well-mixed GHGs were likely 
the primary driver of tropospheric 
warming since 1979, and human-caused 

stratospheric ozone depletion was 
probably the leading cause of lower 
stratosphere cooling between 1979 and 
the mid-1990s (IPCC, 2021).

Numerous natural causes lead 
to changes in the climate system. 
Natural cycles can cause the climate 
to alternate between warming and 
cooling. Natural factors also force the 
climate to change, known as ’forcings’. 
Even though natural causes contribute 
to climate change, we know that they 
are not the primary cause, based on 
scientific evidence. Some of the natural 
cycles include: a) Milankovitch Cycles. 
As Earth orbits the Sun, its path and 
the tilt of its axis can shift slightly. 
These changes, known as Milankovitch 
cycles, influence the amount of sunlight 
reaching Earth, which can alter the 
Planet’s temperature. However, these 
cycles occur over tens or hundreds of 
thousands of years and are unlikely to 
be responsible for the current climate 
changes; and b) El Niño Southern 
Oscillation (ENSO). ENSO involves 
changes in Pacific Ocean water 
temperatures. Global temperatures rise 
during an ’El Niño’ event, and during 
a ’La Niña’ event, they fall. While these 
patterns can affect global temperatures 
for months or years, they do not explain 
today’s long-term warming trend. 
Natural forcings that can contribute 
to climate change include a) Solar 
Irradiance. Variations in the Sun’s energy 
have influenced Earth’s temperature. 
However, recent changes in solar power 
are not significant enough to alter our 
climate. Increased solar energy would 
warm the entire atmosphere, yet we 

http://climatemed.eu
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only observe warming in the lower 
atmosphere; and b) Volcanic Eruptions. 
Volcanoes have a mixed impact on 
climate. They emit aerosol particles 
that cool the Earth but release carbon 
dioxide, contributing to warming. 
Volcanoes produce 50 times less carbon 
dioxide than human activities, so they 
are not the leading cause of global 
warming. Moreover, the cooling effect 
of volcanic eruptions is more dominant 
than the warming effect (MetOffice, 
2024).

1.1.3. Effects on Global Climate Patterns

Widespread and rapid changes have 
been observed in the atmosphere, 
ocean, cryosphere, and biosphere. 
Human-induced climate change 
influences numerous weather and 
climate extremes in every global region. 
This has resulted in extensive negative 
impacts and related losses and damages 
to both nature and human populations. 
Vulnerable communities, historically 
contributing the least to climate change, 
are disproportionately affected (IPCC, 
2023) (Figure 3). 

http://climatemed.eu
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Figure 3. Observed changes in hot extremes, heavy precipitation and drought in the 
world’s regions. Source: IPCC https://www.ipcc.ch/report/ar6/syr/figures
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Human-induced greenhouse gas 
emissions have been a significant factor 
in the increased frequency and intensity 
of particular weather and climate 
extremes since the pre-industrial era, 
especially temperature extremes. The 
evidence linking observed extreme 
changes to human activities, including 
greenhouse gas and aerosol emissions 
and land use changes, has become 
more robust. This is particularly true 
for extreme precipitation, droughts, 
tropical cyclones, and compound 
extremes such as dry/hot events and 
fire weather. Some recent extreme 
heat events would have been highly 
improbable without human influence 
on the climate system. Generally, 
regional variations in the intensity and 
frequency of climate extremes correlate 
with global warming. Recent evidence 
supports the conclusion from the IPCC 
Special Report on Global Warming of 
1.5°C (SR1.5) that even small incremental 
increases in global temperature 
(+0.5°C) lead to statistically significant 
changes in climate extremes globally 
and in large regions. This is especially 
relevant for temperature extremes, the 
intensification of heavy precipitation, 
including that associated with tropical 
cyclones, and the exacerbation of 
droughts in some regions (Seneviratne et 
al., 2021) (Figure 3).

Various climate conditions influenced 
by human activities contribute to 
the observed impacts. They can be 
categorized by the level of confidence 
in their attribution from a) an increase 
in agricultural and ecological drought, 
an increase in fire weather, and an 

increase in compound flooding 
(medium confidence); b) an increase in 
heavy precipitation (likely); c) glacier 
retreat and global sea level rise (very 
likely); to d) upper ocean acidification 
and increase in hot extremes (virtually 
certain) (Figure 4) (IPCC, 2023).

As mentioned above, climate change 
has caused widespread impacts, related 
losses, and damages to human systems 
and altered terrestrial, freshwater 
and ocean ecosystems worldwide 
(Figure 4). Observed widespread and 
substantial adverse impacts attributed 
to climate change are noticed for a) 
water availability and food production 
(agriculture and crop production, 
fisheries yields and aquaculture 
production); b) health and wellbeing 
(infectious diseases; heat, malnutrition, 
and harm from wildfire; mental health; 
and displacement); and c) cities, 
settlements and infrastructure (inland 
flooding and associated damages, flood/
storm-induced damages in coastal areas, 
damages to infrastructure, and damages 
to critical economic sectors) (Figure 4) 
(IPCC, 2023).

The projected impacts of different 
emission scenarios on individuals born 
in 1950, 1980, and 2020 show that in 
2050 and 2090, the level of warming 
and its effects on people aged 70 will 
depend on the emission path followed 
(from very low to very high emission 
scenarios). If humanity follows the 
high emission scenario, this will lead 
to higher levels of warming and more 
severe impacts on human health and 
the environment. Overall, the results 
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underscore the critical importance 
of current and near-term choices in 
shaping the future climate and its 
impacts on the environment and human 
societies.

http://climatemed.eu
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Figure 4. Adverse impacts from human-caused climate change will continue to 
intensify. Source: IPCC https://www.ipcc.ch/report/ar6/syr/figures
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1.2. Health Impacts of Climate Change 

The scientific community affirms that 
the 0.99°C warming between 1850 and 
2020, with about 0.5°C occurring in 
the second half of the 20th century, 
is most likely due to human activities. 
It is highly improbable that this 
warming is a natural environmental 
fluctuation. The latest (6th) report of the 
Intergovernmental Panel on Climate 
Change (IPCC) published in 2021 is more 
apparent than ever before, stating with 
great certainty that human activities 
have significantly impacted the Earth’s 
climate system.

The current climate changes could 
have various adverse effects worldwide: 
glaciers are retreating, arctic ice is 
melting, sea levels are rising, the growing 
season of plants is shifting, and more 
invasive plant species are emerging. 
Diseases transmitted by animal carriers 
(vectors: insects, rodents, etc.) are 
appearing in new locations and times. 
Diseases previously eradicated may 
return to Europe, or new diseases may 
emerge. Heat waves are increasingly 
burdensome for Europe’s population 
and are considered the most severe 
risk. Based on current experience, the 
human body cannot fully adapt to 
these changes under normal conditions. 
Those with chronic diseases and the 
elderly over the age of 65 are the most 
vulnerable. Greenhouse gas emissions 
can be reduced and mitigated, and 
individual and societal adaptation can 
be facilitated to prevent these effects 
partially.

1.2.1. Direct Health Impacts 

Heatwaves 
Extreme heat can lead to exhaustion, 
heat cramps, heat stroke, and heat-
related death. People with chronic 
cardiovascular or lung diseases, 
metabolic syndromes, diabetes, or other 
conditions are at greater risk of heat-
related complications or death. The 
impact of heat waves on mortality varies 
from year to year; spatial characteristics 
can also be detected by examining 
more extended time series. Excess 
mortality is mainly determined by the 
excess temperature above the threshold 
temperature on days warmer than the 
so-called threshold temperature with 
a frequency of 90% for the area. The 
number of heatwave days is expected to 
increase; heatwave days will be warmer 
due to the predicted climate change. 
Vulnerable populations such as young 
children, pregnant women, older adults, 
and individuals with specific medical 
conditions are particularly susceptible to 
heat-related illnesses due to difficulties 
in regulating body temperature. 
Additionally, outdoor workers, athletes, 
and homeless individuals face increased 
exposure to extreme heat. Urban 
populations are particularly vulnerable 
due to the urban heat island effect.

Extreme weather events
Health impacts associated with climate-
related changes in exposure to extreme 
events include death, injury, or illness; 
exacerbation of underlying medical 
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conditions; and adverse effects on 
mental health.

Extreme weather events like typhoons, 
floods, heat waves, wildfires, droughts, 
and snowstorms threaten human health 
and well-being. They can also disrupt 
the physical and social infrastructure 
people and communities rely on to stay 
safe and healthy before, during, and 
after a weather-related disaster. The 
health effects of extreme weather are 
worsened when these events disrupt 
critical infrastructure, such as electricity, 
drinking and wastewater services, roads, 
and health care facilities.

The immediate effects on human 
health during extreme weather events 
can include exposure to the elements, 
mental health impacts, injury when 
attempting to escape, and even death 
caused by the weather event itself, such 
as drowning in a flood.

Climate-related events such as heavy 
rainfall and flooding can contaminate 
water sources, increasing exposure 
to waterborne pathogens and toxins. 
Runoff and flooding from extreme 
precipitation events introduce 
pathogens like bacteria, viruses, and 
parasites into water bodies used for 
recreation and drinking. Furthermore, 
warmer temperatures promote the 
growth of waterborne bacteria like 
Vibrio, contributing to the emergence of 
harmful algal blooms and toxins. 

When floodwaters recede from indoor 
spaces, there is an increased risk of 
mould growth and impacted or poor 
indoor air quality. Mould spores can 
cause headaches and irritation of the 

eyes, nose, and throat. Mould exposure 
can also worsen lung diseases, such as 
asthma, and increase the risk of lung 
infection in immunocompromised 
individuals.

Wildfire smoke can travel long distances, 
potentially exposing people near and 
far from the fire to a mixture of air 
pollutants irritating the respiratory 
tract. Wildfires burn vegetation and 
emit smoke, seriously affecting the 
cardiovascular and respiratory systems. 
When they reach residential areas, 
wildfires can burn buildings and release 
toxic chemicals into the environment.

Thunderstorms should also be 
considered when asthma epidemics 
occur predominantly during seasons 
with high atmospheric levels of airborne 
pollen, which pose challenges for 
those with pollen allergies. The start 
and end periods of a thunderstorm are 
particularly critical in this context. 

1.2.2 Indirect health impacts

Climate change and infectious diseases
Climate change is expected to affect 
the spatial and temporal occurrence 
of certain infectious diseases - 
caused by viruses, bacteria, and 
protozoa - transmitted by animal 
vectors (mediators: insects, rodents) 
as the habitat of the vectors will 
spread. Changes in temperature and 
precipitation patterns expand the range 
of these diseases, resulting in earlier 
occurrences and broader distribution. 
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For instance, rising temperatures 
accelerate the activity of ticks that 
transmit Lyme disease. At the same 
time, certain climate conditions 
favour the proliferation of mosquitoes, 
amplifying the transmission of diseases 
like West Nile virus, dengue fever, and 
Chikungunya fever. In the long run, the 
number of malaria cases transported 
to the central part of Europe can be 
expected to increase. Nowadays, this 
mosquito-borne disease causes a 
severe epidemic in the tropics and the 
Mediterranean. Due to climate change, 
the re-emergence of temperate zone 
malaria may be possible shortly.

The appearance of leishmaniasis spread 
by Psychodidae (sandflies) should also 
be mentioned as a significant threat. 
This disease is already a serious problem 
in tropical and Mediterranean countries 
and also affects dogs. Currently, 
vaccinations are only available for dogs, 
not for humans. An increase in rodent-
borne Hantavirus infections has been 
observed since the 1990s. 

The spread of these diseases is 
influenced by climate as well as non-
climate factors such as land use, 
socioeconomic conditions, disease 
control measures, and the development 
and use of vaccinations.

Impact of climate change on air 
pollutants and related diseases
In connection with the more frequent 
heat waves, the effect of increasing air 
pollution during the so-called “summer-
type smog” situations must also be 
considered. The meteorological situation 

that causes heat waves contributes to air 
quality deterioration, increasing ground-
level ozone and fine particulate matter. 
Short-term high concentrations of ozone 
and PM in the summer increase the risk 
of emergency admissions and deaths 
due to all causes and cardiovascular 
diseases.

Impact of climate change on UV 
radiation
Climate change modifies exposure to 
UV radiation in several ways, depending 
on geographical location and current 
UV exposure. It changes clouds’ 
distribution, affecting the amount of UV 
radiation reaching the Earth’s surface. 
Higher outdoor temperatures affect our 
dressing habits and time spent outdoors, 
which can increase the risk of UV 
radiation. The 4th IPCC report states that 
changing UV radiation should be treated 
as a risk factor for the adverse health 
effects of climate change. Excessive UV 
radiation is associated with an increase 
in the incidence of both melanoma 
and non-melanoma-type skin cancers. 
Excessive exposure to sunlight should be 
avoided by the European Cancer Code, 
which aligns with the EU’s cancer code.

Impact of climate change on allergic 
plants
The increase in greenhouse gas 
emissions has altered the release 
pattern of pollen grains and is proven 
to change the timing and magnitude 
of pollen release of flowering plants. 
As pollen is responsible for respiratory 
allergies in humans, climate change can 
adversely affect the health of susceptible 
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individuals. Furthermore, increased air 
pollution can alter the production of 
local and regional pollen depending on 
bioclimatic parameters. According to 
release models, warmer temperatures 
will enhance pollen production and 
release in some specific locations and 
for more extended periods. An increased 
future allergic disease burden can be 
anticipated, leading to an increased 
incidence of respiratory disorders such 
as rhinitis and asthma, especially among 
vulnerable groups, including children 
and older adults.

The main pollination period in Europe 
spans half the year, from spring to 
autumn. Birch, grasses, olive, and 
ragweed are the allergenically important 
airborne pollen taxa in Europe.

Impact of climate change on food 
safety
Climate change poses significant 
challenges to food safety. Long-term 
changes in temperature, humidity, 
rainfall patterns, and the frequency 
of extreme weather events are 
already affecting farming practices, 
crop production, and the nutritional 
quality of food crops. The sensitivity 
of germs, potentially toxin-producing 
microorganisms, especially fungi and 
other pests, to climate factors suggests 
that climate change can affect the 
occurrence and intensity of some 
foodborne diseases. 

Environmental factors such as 
temperature, rainfall, humidity levels 
and soil can explain the distribution 
and survival of bacteria such as 

Salmonella and Campylobacter. The risk 
of infections caused by Campylobacter 
is directly proportional to the increase 
in temperature. There is a potential 
association between Salmonella growth 
and proliferation with environmental 
factors besides meteorological factors, 
like pollution, nutrient availability, 
and other climate change-induced 
phenomena. Seafood and shellfish are 
common vectors for salmonellosis in 
humans and other animals and are 
responsible for food poisoning-related 
deaths every year.

Environmental contaminants include 
several naturally occurring toxins 
produced by fungi and plankton. Certain 
species of fungi produce mycotoxins, 
some of which can be highly toxic. 
They can affect the health of infected 
plants and enter the food chain via 
contaminated food and feed crops 
(cereals, legumes, nuts). Temperature 
and humidity influence fungal growth, 
crop infection and mycotoxin toxicity. 
Climate change is considered to 
be a driver of recent changes in the 
occurrence of mycotoxins in Europe.

One of the most important groups of 
mycotoxins, aflatoxins, are carcinogenic 
(causing liver cancer) and produced 
by two species of Aspergillus, a fungus 
found in hot and humid areas. Other 
important mycotoxins are produced by 
species of the mould genus Fusarium, 
affecting maize and other cereals like 
wheat, oats and barley first. Fusarium 
occurrence is linked to drought stress. 
Nowadays, as it is a common problem 
in Africa, it is predicted that with an 

http://climatemed.eu
https://www.efsa.europa.eu/en/topics/topic/mycotoxins
https://www.efsa.europa.eu/en/topics/topic/aflatoxins-food


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

23

increase in extreme weather events, 
the problem will also appear in Europe. 
Fusarium species cause a broad 
spectrum of infections in humans, 
including superficial infections such 
as keratitis, onychomycosis, and locally 
invasive and disseminated infections. 
Invasive fungal infections can enhance 
cancer development. The most common 
genera and species of fungi involved 
in this process are Candida albicans, C. 
glabrata, C. tropicalis, Aspergillus flavus, 
A. parasiticus, Fusarium verticillioides 
and F. proliferatum.

Surface seawater warming and 
increased nutrient input lead to 
the profusion of toxin-producing 
algae, causing outbreaks of seafood 
contamination. Climate change also 
enhances algal blooms, interacting with 
increased nutrient loading from fertilizer 
runoff into water bodies. Several algae 
produce toxic compounds, phycotoxins, 
contaminating seafood like mussels 
and clams. After consuming these food 
items, paralytic Shellfish poisoning and 
Diarrheic Shellfish poisoning can occur. 
Ciguatera fish poisoning is a pantropical 
illness caused by the bioconcentration 
of algal toxins, known as ciguatoxins, 
in marine food webs. Ciguatera fish 
poisoning is among the world’s most 
common seafood-toxin diseases.
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1.3. Vulnerable populations

The impact of climate change on health 
is more and more acknowledged as a 
global public health challenge. However, 
the adverse health effects of climate 
change are not evenly distributed across 
populations. Vulnerable groups – such as 
children and young people, the elderly, 
and socioeconomically disadvantaged 
people – face uneven health risks due 
to specific physiological, social, and 
economic factors. Understanding the 
association between climate change’s 
health impacts and these vulnerable 
populations is essential for developing 
effective health policies, interventions, 
and adaptive measures tailored to 
protect those most at risk.

As global temperatures rise, climate 
change has intensified the frequency 
and severity of extreme weather events, 
including heatwaves, floods, hurricanes, 
and droughts. These climate events 
exacerbate existing health issues, 
increase exposure to infectious diseases, 
and elevate risks associated with food 
insecurity, poor air quality, and access 
to clean water (Haines & Ebi, 2019). 
Vulnerable populations often do not 
have the physical resilience or resources 
needed to adapt to rapid environmental 
changes, which makes them more 
susceptible to health risks related to 
climate change. For example, children 
have developing immune systems and 
are at a higher risk of suffering from 
respiratory diseases and heat stress 
(Sheffield & Landrigan, 2011). Similarly, 
the elderly face more significant 
challenges due to age-related declines 

in thermoregulation and the prevalence 
of chronic diseases (Vandentorren et al., 
2006).

Socioeconomically disadvantaged 
groups are primarily at risk due to 
limited access to healthcare, poor living 
conditions, and employment in high-
risk sectors, such as outdoor labour, 
including agricultural work. Climate 
change worsens health inequalities, as 
affected groups lack resources to deal 
with extreme weather events, increasing 
their risk of illness, injury, and death 
(Watts et al., 2018). 

Addressing climate-related health 
disparities requires a comprehensive 
approach integrating environmental, 
social, and public health perspectives. 
By examining the specific health 
impacts of climate change on children, 
the elderly, and socioeconomically 
disadvantaged groups, this chapter aims 
to highlight the urgent need for targeted 
interventions to protect and support the 
health of vulnerable populations.

1.3.1. Young People under the age of 18

Children and young people under 18 
are among the most vulnerable to the 
health impacts of climate change. 
Physiologically, children are more 
susceptible to climate-related health 
risks due to their still-developing organs 
and immune systems, heightening their 
vulnerability to respiratory illnesses, 
infectious diseases, and heat-related 
conditions (Sheffield & Landrigan, 2011). 
Furthermore, children have a higher 
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surface area-to-mass ratio than adults, 
which makes them more susceptible to 
dehydration and heat stress, especially 
during extreme heat events (Basu & 
Samet, 2002).

One of the most direct climate-related 
health risks for children is respiratory 
illness, primarily from exposure to 
increased air pollution, such as ground-
level ozone and particulate matter 
(PM2.5). Studies show that prolonged 
exposure to these pollutants can 
obstruct lung development in children, 
leading to chronic respiratory issues such 
as asthma and reduced lung function. 
For example, research in Southern 
California found that children exposed 
to higher air pollution experienced 
significantly slower lung growth than 
those living in cleaner areas (Gauderman 
et al., 2004). Rising global temperatures 
and fossil fuel emissions, both 
contributors to worsening air quality, 
directly impact the respiratory health 
of young people, leading to increased 
asthma rates and hospitalizations 
(Bernstein & Rice, 2013).

Waterborne diseases also pose a 
growing hazard to child health as 
climate change affects water quality 
and sanitation. Higher temperatures 
and shifting precipitation patterns 
facilitate the spread of pathogens in 
water sources, increasing the risk of 
diseases like diarrheal infections, which 
are particularly dangerous for children 
under five (Levy et al., 2016). Diarrheal 
disease is already a leading cause of 
mortality among children globally, and 
climate-induced disruptions to water 

systems are projected to worsen this 
issue, particularly in low-resource areas 
(WHO, 2018).

Climate change also substantially 
disrupts the education of children 
and young people. Natural disasters, 
including hurricanes, floods, and 
wildfires, often lead to school closures, 
displacement, and long-term 
infrastructural damage, interrupting 
children’s schooling and educational 
progress (Kousky, 2016). For example, 
the 2010 Haiti earthquake damaged 
over half of the schools in affected areas, 
resulting in long-term educational 
setbacks for approximately 2.5 million 
children. The psychological trauma from 
these climate events can also impact 
children’s ability to concentrate and 
perform academically (Furr et al., 2010).

Extended school absences and 
disrupted routines can have a long-
term effect on children’s learning and 
prospects. When children are displaced 
or their schools are closed for extended 
periods, they often lose valuable 
learning time, which is especially 
disadvantageous for younger children in 
critical developmental stages. Repeated 
educational disruptions can lead to 
higher dropout rates, further affecting 
children’s socioeconomic opportunities 
in adulthood. Educational setbacks from 
climate-related disruptions highlight 
the need for resilient infrastructure and 
adaptive policies to ensure continuity of 
learning even during extreme climate 
events (Peek & Richardson, 2010).

Challenges in leisure time activities 
also appear. Leisure time and physical 
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activities, essential for children’s 
physical and mental development, are 
increasingly challenged by climate 
change. Rising temperatures and poor 
air quality limit outdoor play, reducing 
opportunities for physical activity, 
which is crucial for children’s physical 
health and development (Tucker et al., 
2011). Studies have shown that when 
air pollution levels rise, children are 
more likely to experience respiratory 
symptoms, discouraging outdoor 
activities and sports (Bernstein & Rice, 
2013).

Additionally, extreme heat events can 
make outdoor activities dangerous for 
children, particularly in urban areas 
where the urban heat island effect can 
lead to even higher local temperatures. 
The limit in the places where children 
can spend most of their outdoor time 
reverses the probability of engaging 
children into recreational activities that 
can make an impact on their sociality 
as well as fitness levels (Sheffield & 
Landrigan, 2011). Other studies conclude 
that reduced accessibility of green 
spaces attributed to climate change is 
linked to increased childhood obesity 
rates, anxiety problems, and other 
psychological mental disorders (Sallis et 
al., 2012).

These physical and psychosocial 
consequences reinforce the need for 
targeted interventions to safeguard 
children from the climate change-
related health risks. Policies aimed at 
improving air quality, ensuring safe 
water and sanitation, and supporting the 
mental health of children after disasters 

are critical for protecting the health of 
young people in a warming climate.

1.3.2 The Elderly (age 65+)

Older adults, particularly those over 
65, are among the most susceptible to 
the adverse health effects of climate 
change. Physiological ageing, preexisting 
health conditions, and increased 
social isolation contribute to their 
heightened vulnerability during extreme 
weather events and climate-related 
environmental changes (Vandentorren 
et al., 2006). This section explores 
climate change’s health risks for elderly 
populations, including increased 
susceptibility to heat-related illnesses, 
air pollution-related health effects, 
mental health challenges, and social 
vulnerabilities.

Susceptibility to Heat-Related Illnesses: 
One of the most pressing climate-
related health risks for the elderly is the 
increased likelihood of heat-related 
illnesses. As global temperatures rise 
and heatwaves become more frequent 
and severe, the elderly are extremely 
affected due to age-related declines 
in thermoregulation and physical 
resilience. Research indicates that older 
adults have a diminished ability to cool 
down through sweating and may also 
experience a weakened thirst response, 
which increases the risk of dehydration 
during heatwaves (Bouchama & Knochel, 
2002). This diminished heat response 
is often compounded by common 
medications for chronic conditions, 
such as beta-blockers and diuretics, 
which interfere with the body’s ability 
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to regulate temperature (Kenney & 
Craighead, 2020).

Research on the 2003 European 
heatwave demonstrated that in France 
alone, over 70% of fatalities were 
among individuals aged 75 and older 
(Vandentorren et al., 2006). This event 
highlighted the importance of public 
health interventions, such as cooling 
centres and emergency alert systems, 
to support elderly populations during 
extreme heat events. Further studies 
have shown that neighbourhoods with 
green spaces and tree shades can help 
mitigate urban heat and reduce heat-
related health risks, particularly for 
elderly residents (Loughnan et al., 2012).

Air Pollution and Respiratory Health: 
Air pollution, intensified by climate 
change, poses another severe health 
risk for the elderly. Older adults are 
more likely to have chronic respiratory 
and cardiovascular conditions, making 
them particularly susceptible to poor 
air quality, especially high particulate 
matter (PM2.5) and ground-level ozone. 
Exposure to these pollutants can worsen 
conditions such as chronic obstructive 
pulmonary disease (COPD), asthma, 
and cardiovascular disease, leading to 
increased hospitalizations and mortality 
among the elderly (Anderson et al., 2012).

Studies suggest that older adults 
living in urban areas are more likely to 
be affected by air pollution, as urban 
regions tend to experience higher 
levels of pollutants due to dense traffic 
and industrial activities. For instance, 
research has shown that the elderly have 
a 15-20% increased risk of cardiovascular 

events and mortality when exposed 
to high concentrations of PM2.5 and 
ozone (Mills et al., 2015). Additionally, 
long-term exposure to fine particulate 
matter has been linked to accelerated 
cognitive decline and increased risk of 
dementia in elderly populations, further 
highlighting the need for air quality 
management to protect this vulnerable 
group (Chen et al., 2017).

Increased Risk of Infectious Diseases: 
The elderly are also at heightened risk for 
infectious diseases that are exacerbated 
by climate change, including vector-
borne and waterborne illnesses. As 
temperatures rise and precipitation 
patterns shift, the geographic range 
of disease vectors, such as mosquitoes 
and ticks, expands, increasing exposure 
to diseases like West Nile virus, Lyme 
disease, and malaria. The elderly, 
particularly those with weakened 
immune systems, are more vulnerable to 
these diseases and face higher mortality 
rates compared to younger individuals 
(Beard et al., 2016).

Waterborne diseases are another 
significant concern, as extreme weather 
events like floods and hurricanes can 
contaminate water supplies with 
pathogens such as Vibrio cholerae 
and E. coli. During such events, elderly 
individuals may face more significant 
challenges in accessing clean water and 
sanitation, putting them at higher risk 
for gastrointestinal illnesses. Following 
Hurricane Katrina, studies documented 
increased rates of waterborne infections 
among elderly populations in affected 
areas, underscoring the vulnerability of 
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this group to climate-related infectious 
disease risks (Sinigalliano et al., 2007) 

Mental Health Challenges: Climate 
change not only impacts physical health 
but also has profound effects on the 
mental health of elderly individuals. 
Natural disasters, including floods, 
hurricanes, and wildfires, can lead to 
significant emotional and psychological 
stress, particularly for older adults who 
may lose homes, possessions, and 
community connections. Research 
indicates that older adults are more 
likely to experience anxiety, depression, 
and post-traumatic stress disorder 
(PTSD) following such events, with 
symptoms often persisting for years 
(Gamble et al., 2008).

Social isolation, which is more 
prevalent among elderly populations, 
can exacerbate these mental health 
challenges. Many elderly individuals 
live alone, and limited social support 
networks can hinder their ability to seek 
help or access mental health resources 
following a traumatic event. A study 
following Hurricane Sandy, for example, 
found that older adults reported higher 
levels of emotional distress and had 
limited access to mental health care 
(Towers & Norris, 2013). Furthermore, the 
anticipation of climate change-related 
threats, such as rising sea levels and 
extreme weather, has been associated 
with increased chronic anxiety and 
“eco-anxiety” among elderly populations 
(Clayton et al., 2017).

Social and Economic Vulnerabilities: 
Besides physiological and mental 
health challenges, the elderly often 

face social and economic vulnerabilities 
that heighten their risk during climate-
related events. Many older adults live 
on fixed incomes, limiting their ability 
to invest in adaptive measures, such 
as home air conditioning, insulation, 
or evacuation resources. This financial 
constraint is particularly problematic 
during prolonged heatwaves or after 
disasters that require costly recovery and 
rebuilding efforts (Haq et al., 2010).

Importance of Adaptive Strategies: 
Addressing the climate-related health 
risks elderly populations face requires 
targeted adaptive strategies. Public 
health interventions, such as the 
establishment of cooling centres, early 
warning systems, and community 
resilience programs, are essential for 
protecting the elderly during extreme 
heat events and natural disasters (Haq et 
al., 2010). Policies that improve access to 
healthcare, mental health services, and 
safe housing for older adults are critical 
components of climate resilience for this 
vulnerable population.

Investing in green infrastructure, such 
as urban green spaces with trees, 
can reduce local temperatures and 
improve air quality, benefiting elderly 
individuals. Community-based initiatives 
that promote social connectedness 
and provide access to mental health 
support are also vital in mitigating the 
psychological impact of climate change 
on older adults (Haq et al., 2010). Elderly 
individuals with strong social support 
networks are more resilient to climate-
related stressors, highlighting the 
need for community engagement and 
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support systems tailored to their needs 
(Towers & Norris, 2013).

In conclusion, the elderly population 
experiences substantial health 
challenges due to climate change, 
which is influenced by various 
physiological, social, and economic 
factors. Protecting this vulnerable group 
requires a multidisciplinary approach 
integrating healthcare, social support, 
and community resilience efforts. By 
implementing adaptive strategies 
and policies that address the specific 
needs of older adults, society can better 
safeguard their health and well-being in 
an era of accelerating climate change.

1.3.3. Socioeconomically Deprived 
Groups

Socioeconomically disadvantaged groups 
face heightened risks from climate change 
due to limited access to resources, poor 
or insufficient living conditions, and a lack 
of adaptive capacities. The members of 
these groups often experience significant 
obstacles that affect their well-being and 
resilience to various stressors, including 
climate change. Members of these groups 
can be defined as:

	´ Low-Income Individuals and 
Families: People living below or near 
the poverty line, often struggling to 
afford basic needs such as housing, 
food, and healthcare. Limited financial 
resources reduce their ability to 
prepare for, adapt to, or recover from 
climate-related events.

	´Uninsured or Underinsured 
Populations: Individuals lacking 

adequate health insurance often 
defer medical care or lack access 
to preventive healthcare, leaving 
them vulnerable to health impacts, 
especially during environmental crises.

	´ People with Limited Educational 
Attainment: Lower levels of education 
can restrict job opportunities, leading 
to lower income and limited access to 
resources. Education also influences 
an individual’s awareness and 
understanding of climate risks and 
health measures.

	´ Individuals in Inadequate Housing: 
Socioeconomically disadvantaged 
individuals are more likely to live in 
substandard or overcrowded housing 
with poor insulation, limited cooling 
or heating systems, and greater 
susceptibility to damage from climate 
events like floods and storms.

	´ Residents of Marginalized 
Communities: Often, marginalized 
communities are located in high-
risk areas for flooding, pollution, and 
other environmental hazards. Poor 
infrastructure and limited access to 
emergency services increase their 
vulnerability to climate impacts.

	´ Ethnic and Racial Minorities: 
Historical and systemic inequalities 
often place minority groups at 
a socioeconomic disadvantage, 
resulting in limited access to 
resources, healthcare, and safe living 
environments, further compounding 
their vulnerability to climate-related 
health risks.
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This subchapter explores how 
climate change impacts the health 
of socioeconomically disadvantaged 
individuals through increased exposure 
to extreme weather events, food and 
water insecurity, occupational hazards, 
and limited healthcare access.

Growing exposure to extreme weather 
events, such as heatwaves, floods, 
hurricanes, and droughts, poses a 
significant climate-related risk for 
socioeconomically disadvantaged 
populations. People in lower-income 
communities are more likely to reside 
in areas vulnerable to these events, 
often due to lower property costs in 
flood-prone or poorly constructed 
neighbourhoods (Rudolph et al., 2018). 
This increased exposure results in 
heightened risks of injury, displacement, 
and mortality during disasters, as 
disadvantaged groups often lack the 
financial means to evacuate or prepare 
adequately for such events (Harlan et al., 
2006).

For instance, during Hurricane Katrina 
in 2005, impoverished communities 
in New Orleans experienced 
disproportionately high mortality rates, 
mainly because they were unable 
to evacuate and had limited access 
to emergency resources (Adeola 
& Picou, 2014). The lack of resilient 
infrastructure in these neighbourhoods 
exacerbates the damage and health 
risks associated with extreme weather 
events. Additionally, studies show that 
post-disaster recovery is slower in lower-
income communities, as rebuilding and 
rehabilitation efforts are hindered by a 

lack of resources and support networks. 
These communities are thus at increased 
risk of long-term health issues resulting 
from exposure to unsafe housing, mould, 
and other hazards in poorly maintained 
post-disaster environments (Cutter et al., 
2006).

Food and Water Insecurity: Climate 
change-induced shifts in agricultural 
production, water availability, and food 
supply chains disproportionately impact 
socioeconomically disadvantaged 
groups, leading to higher rates of food 
and water insecurity. Climate disruptions 
such as droughts, floods, and changing 
seasonal patterns threaten crop yields, 
increasing food prices and reducing 
access to affordable, nutritious food. 
Research has shown that low-income 
families often have limited capacity 
to cope with food price fluctuations, 
making them more vulnerable to 
malnutrition and diet-related illnesses 
(Godfray et al., 2010).

Water insecurity is also critical for 
socioeconomically disadvantaged 
populations, especially in 
regions where water sources are 
compromised by pollution, climate-
induced droughts, or infrastructure 
failure. Low-income communities 
frequently rely on inadequate water 
systems and face higher exposure 
to contaminated drinking water. 
For instance, communities in Flint, 
Michigan, experienced a water crisis 
in 2014 when cost-cutting measures 
led to contamination with lead, 
disproportionately affecting lower-
income and minority households 
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(Hanna-Attisha et al., 2016). Such 
incidents illustrate the compounded risk 
of water insecurity for disadvantaged 
communities and highlight the broader 
public health implications, as chronic 
exposure to contaminants can lead 
to a range of long-term health issues, 
including developmental delays, kidney 
disease, and neurological impairments 
(Schwartz et al., 2020).

Occupational Health Risks: 
Socioeconomically disadvantaged 
individuals are more likely to work in 
jobs with high exposure to climate-
related health risks, such as agriculture, 
construction, and outdoor labour. 
These jobs expose workers to extreme 
temperatures, air pollution, and physical 
hazards, significantly increasing their 
vulnerability to heat-related illnesses, 
respiratory issues, and injuries (Kjellstrom 
et al., 2016). Outdoor workers, for 
example, face a heightened risk of heat 
exhaustion, heat stroke, and dehydration 
during extreme heat events, which are 
projected to become more frequent 
with climate change.

Limited Access to Healthcare: Access to 
healthcare is a significant determinant of 
health outcomes, yet socioeconomically 
disadvantaged populations often face 
barriers to accessing quality medical 
care. Lower-income individuals are more 
likely to be uninsured, live farther from 
healthcare facilities, and experience 
financial constraints that prevent them 
from seeking care. In the context of 
climate change, inadequate healthcare 
access means that socioeconomically 
disadvantaged populations are less 

likely to receive timely treatment or 
preventative care for climate-sensitive 
conditions. Chronic conditions that can 
be exacerbated by climate impacts, such 
as cardiovascular disease and respiratory 
illness, may go unmanaged, increasing 
morbidity and mortality rates in these 
communities (Watts et al., 2015).

Mental Health Impacts and Social 
Isolation: Climate change also impacts 
the mental health of socioeconomically 
disadvantaged groups. Individuals in 
low-income communities are more likely 
to experience anxiety, depression, and 
post-traumatic stress disorder following 
extreme weather events due to factors 
such as the destruction of their homes, 
loss of livelihoods, and disruption of 
social networks (Clayton et al., 2017). 
Studies show that mental health issues 
often go untreated in disadvantaged 
communities due to the high cost of 
mental healthcare and the limited 
availability of mental health services 
(Alegría et al., 2018).

Furthermore, disadvantaged individuals 
often face social isolation, which climate-
related stressors can exacerbate. During 
floods or hurricanes, low-income 
areas may lack the social support 
systems that facilitate recovery and 
access to resources. The destruction of 
community infrastructure, including 
schools and social centers, exacerbates 
the isolation of affected populations, 
thereby hindering efforts to build 
resilience against future climate-related 
challenges (Aldrich & Meyer, 2015).

Adaptive Capacity and Community 
Resilience: Socioeconomically 
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disadvantaged groups frequently lack 
the necessary resources to implement 
adaptive strategies that can mitigate the 
health impacts of climate change. Many 
low-income individuals are unable to 
afford essential adaptive measures, such 
as air conditioning, home insulation, or 
emergency preparedness kits, which 
could decrease their vulnerability to 
extreme temperatures and disasters 
(Islam & Winkel, 2017). As a result, the 
health effects of climate change are 
often more immediate and severe for 
individuals in lower-income groups than 
those in higher-income groups who can 
invest in preventive measures. 

Nevertheless, several community 
resilience strategies have demonstrated 
effectiveness in supporting 
disadvantaged populations. Community-
based initiatives, such as neighborhood 
associations and local nonprofits, play 
a vital role in providing assistance 
during extreme events, particularly 
in underserved areas. Programs 
emphasizing resource sharing, 
emergency preparedness, and mutual 
aid have shown promise in helping 
certain low-income communities 
recover more effectively from climate-
related events (Aldrich & Meyer, 2015). 
Furthermore, policies dedicated to 
enhancing infrastructure – such as 
developing green spaces and ensuring 
access to clean water – can mitigate 
climate vulnerability and promote 
health in disadvantaged regions 
(Jennings & Bamkole, 2019).

Importance of Policy Interventions: 
Addressing the climate-related health 

challenges of socioeconomically 
disadvantaged groups requires 
targeted policy interventions. Policies 
that increase access to affordable 
healthcare, improve housing quality, 
and enhance public infrastructure can 
significantly reduce the health disparities 
exacerbated by climate change (Woolf et 
al., 2015).

Investing in climate-resilient 
infrastructure, such as flood-resistant 
buildings and clean energy initiatives, 
can further reduce the exposure of 
disadvantaged populations to climate 
risks. In addition, enforcing occupational 
health regulations and providing 
resources for safe working conditions can 
protect low-income workers from the 
hazards of climate-sensitive industries 
(Kjellstrom et al., 2016). Creating social 
safety nets like unemployment insurance 
and disaster relief funds is essential for 
supporting individuals experiencing 
severe challenges due to climate effects 
(Watts et al., 2015).
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1.4. High-Risk Geographic Regions 

The IPCC’s Working Group II (WG2) 
thoroughly evaluates observed climate 
change impacts, future risks, and 
vulnerabilities across different sectors 
and regions based on established 
climate scenarios. Their contribution 
to the Sixth Assessment Report 
(AR6) published in 2023 is based on 
scientific literature. This report strongly 
emphasises the human influence 
on global warming, which has 
demonstrably affected the atmosphere, 
oceans, and land. Since the pre-
industrial era, global warming has 
reached 1.1 °C, with projections indicating 
a likelihood of exceeding 1.5 °C by 2030. 
This worrying trend leads to widespread 
and significant consequences, including 
intensified extreme weather events, 
rising sea levels, increasing food and 
water scarcity, and mass extinction 
events. Even with immediate and drastic 
emission reductions, global warming will 
continue for several decades. However, 
limiting warming to 1.5 °C is still possible, 
but it depends on swift and significant 
emission reductions across all sectors. 
The effects of climate change are already 
a global phenomenon, but specific 
regions, such as developing nations, 
island states, and coastal areas, are 
particularly vulnerable. These regions 
often face a combination of factors, 
including greater exposure to extreme 
weather events, limited resources for 
adaptation, and increased susceptibility 
to additional climate change impacts 
such as food and water insecurity (IPCC, 
2023).

The IPCC defines vulnerability as the 
„degree to which a system is exposed 
to, susceptible to, or unable to cope 
with, the adverse effects of climate 
change, including climate variability and 
extremes” (IPCC, 2023). This susceptibility 
is determined by the interacting 
characteristics, magnitude, and rate of 
climate change and climate variability, 
alongside the traits and adaptive 
capacity of the system itself. The IPCC’s 
Sixth Assessment Report (AR6) assesses 
observed and projected climate 
change impacts and vulnerabilities 
across sectors and regions and explores 
potential adaptation options. The AR6 
report underscores the concern about 
the rise in vulnerability to climate 
change across numerous global regions. 
This escalation is attributed to various 
factors, including rising temperatures, 
increasingly extreme weather events, 
and escalating sea levels. The report 
further emphasises that vulnerable 
populations suffer disproportionately 
from climate change impacts. These 
populations include those living in 
poverty, women, children, and the 
elderly. Several actions can be taken to 
reduce vulnerability to climate change, 
including reducing greenhouse gas 
emissions, investing in adaptation, and 
supporting sustainable development.

Figure I illustrates the projected spatial 
distribution of vulnerability across 
countries in 2050 under varying climate 
scenarios and sensitivity levels. The left-
hand panels demonstrate a scenario 
with a global temperature increase 
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of 1.5°C by 2050, where vulnerability 
is classified as moderate across most 
regions. Conversely, the right-hand 
panels depict a scenario with a more 
severe temperature increase of 5.5°C 

by 2050, significantly escalating global 
vulnerability. Certain Asian and African 
nations and Central America emerge 
as hotspots of heightened vulnerability 
under this scenario.

Figure I. Spatial distribution of vulnerability in 2050 for different climate scenarios 
and climate sensitivities, considering aggregate impacts (Source: Yohe et al., 2006).
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Figure II expands on Figure I by including 
the expected effects of extreme weather 
events in evaluating spatial vulnerability. 
Although the general geographical 
pattern of vulnerable areas is similar to 

what was seen in Figure I, the risk levels 
for these areas are noticeably higher in 
Figure II. This emphasises the possibility 
of extreme weather events worsening 
existing vulnerabilities.

Figure II. Spatial distribution of vulnerability 2050 for different climate scenarios and 
climate sensitivities considering extreme impacts (Source: Yohe et al., 2006).
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1.4.1. Europe

Scientific evidence demonstrates that 
climate change significantly influences 
various aspects of Europe and its natural 
environment (European Environment 
Agency (EEA), 2022). The EEA highlights 
a notable disparity in vulnerability to 
climate change across Europe’s northern 

and southern regions, with projections 
indicating a more severe impact on 
southern Europe due to its prevailing 
warmer and drier Climate. Furthermore, 
as Figure III illustrates, the sensitivity 
of specific sectors within different 
European regions is likely to vary 
considerably (EEA, 2022).

Figure III. The observed and projected climate change and impacts on the central 
biogeographical regions in Europe (Source: EEA, 2022).
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Climate change is expected to worsen 
regional differences in natural resources. 
The risk of flash floods in rivers is 
expected to increase. Sea-level rise 
and the anticipated increase in storm 
frequency will also raise the incidence 
of coastal flooding, leading to more 
severe coastal erosion. The Netherlands 
is particularly susceptible, with 26% of 
its territory below sea level. Another 
example is the vanishing of small alpine 
glaciers in some areas and a projected 
30-70% decline in larger ones by 2050 
(Schneeberger et al., 2003). The latest 
findings confirm a rapid retreat of 
glaciers in the Alpine region, not just 
lower areas. (Sommer et al., 2020). 
The expected changes indicate that 
high mountain ecosystems and their 
services will be impacted in various 
ways. Five services evaluated were 
identified as most affected: habitat 
provision (biodiversity), water provision 
and regulation, erosion protection, 
water quality, and recreational services 
(Barredo et al., 2020).

Southern Europe is the most vulnerable 
region on the continent. The expected 
increase in temperatures and the 
intensification of droughts will reduce 
the available water resources. By 
the 2070s, hydropower potential is 
projected to decrease by around 20-
50% (compared to an increase of 15-
30% in northern and eastern Europe). A 
reduced sense of comfort due to intense, 
prolonged heat waves will hurt summer 
tourism. Health risks and the frequency 
of forest fires are increasing due to more 
intense heat waves.

In Central and Eastern Europe, expected 
changes in the timing of rainfall could 
lead to water shortages in the summer 
and flooding in the winter (Pongrácz 
et al., 2011). Additionally, more frequent 
heat waves pose increased health risks 
in this region. Projections suggest a 
decrease in forest productivity in the 
area and an expected rise in forest and 
peat fires.

In Northern Europe, climate change 
is causing occasional adverse impacts, 
which may also have some benefits. 
Positive effects may include reduced 
heating demand, higher crop yields, 
and accelerated growth of forest stands. 
However, negative impacts such as 
more frequent winter floods, vulnerable 
ecosystems, and increased surface 
instability may outweigh the positive 
ones as climate change progresses.

1.4.2. Africa

In Africa, the effects of climate change 
are expected to be most severe in 
areas already facing challenges such 
as unequal access to natural resources, 
higher food insecurity, and poor public 
health. Climate change and growing 
climate variability worsen these pre-
existing difficulties, further heightening 
the vulnerability of African populations. 

The effects of climate change are likely 
to lead to decreased agricultural yields 
due to drought and soil degradation, 
particularly in areas with low yields 
and challenging cultivation conditions. 
Various climate scenarios suggest 
changes in the length of the growing 
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season. In the A1FI scenario, which 
emphasises globally integrated 
economic growth, the most significant 
changes are expected in the coastal 
regions of Southern and Eastern Africa. 
Under scenarios A1 and B1, climate 
change will significantly impact non-
irrigated (rain-fed agriculture) and semi-
arid areas of the Sahel. The amount of 
arable land in developing countries is 
expected to decrease by 110 million 
hectares by 2080. Additionally, sub-
Saharan Africa’s land available for double 
or triple cropping is likely to decline due 
to moisture constraints and increased 
variability (Agathokleous and Calabrese, 
2019). The Great Lakes region and other 
parts of East Africa cultivated with 
irrigated and upland perennial crops 
are significantly impacted by climate 
change (Figure IV). 

According to Scenario B1, which 
assumes more excellent environmental 

protection, the overall prediction is that 
there will be lower impacts. However, 
the effects are expected to be more 
extreme in marginal areas, such as 
semi-arid regions, and more moderate 
along the coast. By the 2080s, arid and 
semi-arid areas will increase by 5-8% 
(60-90 million ha) under several climate 
scenarios (Fisher et al., 2005). 

The current water scarcity in many 
parts of Africa is expected to worsen 
due to climate variability and change 
(Figure IV). By the 2050s, there is a 
projection of increased runoff in East 
Africa, potentially leading to flooding 
(de Wit and Stankiewicz, 2006). On the 
other hand, areas like South Africa may 
experience a decrease in runoff, leading 
to an increased vulnerability to drought. 
This could significantly impact local food 
supplies, as changes in the production 
of primary organic matter in large lakes 
may affect fish yields.
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1.4.3. Asia

The high population density, rapid 
urbanisation, and critical agricultural 
land make river deltas crucial for 
creating healthy and prosperous 
communities. However, these deltas are 
vulnerable to upstream development, 
changes in water and sediment flows, 
and rising sea levels (Nicholls et al., 2021). 
For instance, a one-meter rise in sea level 
would lead to the loss of almost half of 
the mangrove zone in the Mekong River 
Delta (2,500 km2) and the conversion 
of about 100,000 hectares of cultivated 
land and aquaculture into the salt 
marsh (Tran et al., 2005). Coastal areas, 
especially in densely populated regions 
of South, East, and Southeast Asia, are 
at the most significant risk of flooding 

due to their proximity to the sea and 
frequent river flooding (Figure V.).

Glaciers shorter than 4 km on the 
Tibetan Plateau are expected to 
disappear with a temperature rise of 
3 °C and unchanged precipitation. If 
the current rate of warming does not 
change, Himalayan glaciers will retreat 
rapidly (Shen et al., 2002). Although 
the specific details of future climate 
change remain uncertain based on 
global climate models (GCM) scenarios, 
there is a robust consensus among the 
models: a consistent trend of increasing 
temperature and precipitation is 
projected for most regions of the Tibetan 
Plateau within the next 90 years (Hao et 
al., 2013) (Figure V.).

Figure IV. The observed changes in vegetation and freshwater ecosystems in Africa. 
(Source: Trisos et al., 2022.)
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Around 30% of Asian coral reefs will 
disappear within the next 30 years, 
not solely due to climate change but 
because of a combination of factors. 
By 2050, an estimated 185-980 million 
people will face water scarcity (Arnell, 
2004). The projected decline in per 
capita freshwater availability in India is 

significant, dropping from 1,900 m3 in 
2010 to 1,000 m3 by 2025 due to the 
combined effects of population growth 
and climate change. The intensified 
rainfall during the monsoon and 
more frequent tidal surges will cause 
higher runoff, potentially reducing 
groundwater.

The impact of climate change on 
agriculture in different regions is 
significant. Rising temperatures, irregular 
rainfall, and extreme weather events 
are projected to cause a substantial 
decrease in crop yields (Habib-ur-
Rahman et al., 2022). By the middle of 
the 21st century, agricultural yields in 
East and Southeast Asia will increase by 
around 20%. In contrast, in Central and 

South Asia, they could decline by up 
to 30% (Rosenzweig et al., 2001). When 
considering rapid population growth 
and urbanisation, the risk of famine 
remains high in many developing 
countries. In addition, due to climate 
change and extreme weather events, 
the frequency and scale of forest fires 
in North Asia are expected to rise, 
potentially limiting forest expansion.

Figure V. Location of ‘priority places’ in Asia. (Source: Warren et al., 2018, modified by 
Shaw et al., 2022.)
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1.4.4. Australia and New Zealand

The most at-risk sectors in Australia 
and New Zealand include natural 
ecosystems, water security, and coastal 
communities. Many ecosystems in this 
region have already been altered, with 
the Great Barrier Reef, Southwestern 
Australia, the wetlands of Kakadu 
National Park, rainforests, and alpine 
areas being the most threatened. 
Climate change is expected to worsen 
issues such as the spread of invasive 
species, habitat loss, and species 
extinction. The degradation and decline 
of ecosystems will also impact tourism, 
fisheries, forestry, and water supply. It is 
expected that water supply issues, which 
are currently quite serious, will become 
more common in the future, both in 
Australia and New Zealand. For instance, 
by 2050, it is anticipated that river flows 
in the Murray-Darling Basin (Southeast 
Australia) will decrease by 10-25%.

As it is projected, the frequency of forest 
and bushfires will increase yearly. The 
frequency of forest megafire years (>1 
Mha burned) has increased dramatically 
since 2000 due to climate change 

(Canadell et al., 2021). The mega forest 
fires have increased peak discharges of 
floods during the two years following 
the fires (Xu et al., 2023). More frequent 
droughts and fires are expected to cause 
a substantial reduction in agricultural 
production and logging by 2030 in 
South and Eastern Australia, as well as 
in many regions of Eastern New Zealand 
(Figure VI.).

However, in the west and south of New 
Zealand and near major rivers, there 
will initially be positive changes due 
to a longer growing season, less frost, 
and increased rainfall. In the south and 
west of New Zealand, the productivity of 
economically essential plantation crops, 
mainly Monterey pine (Pinus radiata), 
is expected to increase due to carbon 
fertilisation, warmer winters, and wetter 
conditions.

It is predicted that there will be a 
rise in heat-related deaths among 
individuals over the age of 65. By 2050, 
it is estimated that there could be an 
average of 3,200-5,200 such deaths per 
year, assuming population growth and 
ageing without adaptation.
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1.4.5. Central and South America

In the next few decades, many tropical 
glaciers in Latin America are expected 
to vanish. This will lead to decreased 
available water and reduced hydropower 
production in Bolivia, Peru, Colombia, 
and Ecuador. The Cordillera Blanca, 
home to 25% of the Earth’s tropical 
glaciers, has experienced a significant 
loss in glacier area, decreasing from 850-
900 km2 to less than 450 km2 (INAIGEM 
2018). This means the Cordillera Blanca 
has lost nearly half its glacier area. 
Projections suggest that by the end of 
the 21st century, the glacier area could 
range from 260 km2 (RCP2.6) to just 7 
km2 (RCP8.5) (Schauwecker et al., 2017). 
Any future reduction in rainfall is likely 
to lead to severe water shortages in the 

arid and semi-arid regions of Argentina, 
Chile, and Brazil. By the second half 
of the 21st century, up to 170 million 
people could be exposed to increased 
water resources stress in 2050 with a 2.7 
°C temperature rise (following the A1B 
climate scenario), compared to pre-
industrial levels (Arnell et al., 2016).

The anticipated impacts of future 
climate change, including extreme 
weather events and sea-level rise, are 
expected to affect various regions and 
aspects. Low-lying areas such as El 
Salvador, Guyana, and the coastline 
around Buenos Aires in Argentina, as 
well as buildings and tourism in Mexico 
and Uruguay, will likely be impacted. 
Additionally, coastal morphology in Peru, 
mangrove forests in Brazil, Ecuador, 

Figure VI. Change in the number of dangerous fire weather days. (Source: Lawrence 
et al. 2022.)
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Colombia, and Venezuela, and available 
drinking water resources on the Pacific 
coast of Costa Rica and Ecuador are also 
at risk (Figure VII). 

Climate change will cause sea surface 
temperatures to rise, which is estimated 
to adversely affect coral reefs in Central 

America (Mexico, Belize, Panama) and 
fish stocks in the Southeast Pacific 
(off the coasts of Peru and Chile). A 2 
°C temperature increase and reduced 
soil moisture would transform tropical 
forests into savannahs in eastern 
Amazonia and central and southern 
Mexico (Lyra et al., 2017).

Figure VII. Key risks in Central and South America (Source: Gutiérrez et al., 2021, 
modified by Castellanos et al., 2022.)
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1.4.5. North America

The intensification of coastal storms 
could significantly increase damage 
caused by extreme weather events. The 
expected rise in sea levels will worsen 
the resulting losses. Future sea-level 
rise and the consequent increase in 
tidal phenomena and flood risk could 
significantly impact transportation and 
infrastructure along the Gulf of Mexico, 
the Atlantic coast, and the northern 
coast.

In cities with harmful health effects, 
the frequency of intense heat waves 
with stagnant warm air masses and 
the number, strength, and duration of 
consecutive nights with high minimum 
temperatures are likely to rise. 

By the mid-21st century, warming in 
the Rocky Mountains is expected to 
significantly reduce snowpack, earlier 
snowmelt, more winter rainfall, increased 
winter maximum flows, flooding, and 
reduced summer runoff (Halofsky et al., 
2017).

Climate change may increase forest 
productivity in the first few decades of 
the 21st century. However, forests may 
also be susceptible to drought, storms, 
and insect damage. Moderate climate 
change is projected to increase the yield 
of rain-fed (non-irrigated) agriculture 
by 5-20% in the early decades of the 
century (Reilly, 2002). However, the 
impact may vary significantly between 
regions (Figure VIII). Crops already 
close to their heat tolerance limits are 
particularly at risk.

By the second half of the 21st century, 
there will be a heightened emphasis 
on evaluating the effects of wildfires on 
forests. Projections for Canada by the 
year 2100 indicate that elevated summer 
temperatures are anticipated to prolong 
the duration of high fire risk by 10-30% 
annually and escalate the affected 
area by 74-118% (Flannigan et al., 2004). 
Additionally, the anticipated rise in the 
annual frequency of fire spread days is 
projected to range from 35% to 400% by 
2050 (Wang et al., 2015).
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1.4.6. Arctic Regions

Climate projections indicate that the 
average coverage of Arctic Sea ice 
will decrease by 22-33% by the end 
of the century because this region is 
warming twice as fast as the rest of 
the Earth (Koenigk, Key, and Vihma, 
2020). The future of Antarctic Sea ice 
volume is uncertain, with possibilities 
ranging from minor increases to almost 
complete summer melting. Due to 
global warming, the thickness and 
coverage of Arctic glaciers, ice caps, and 
the Greenland ice sheet will significantly 
reduce in the coming centuries. Glaciers 
on the Antarctic Peninsula will continue 
to retreat, and the West Antarctic 

Ice Sheet will continue to thin. These 
changes could significantly contribute 
to Sea level rise, possibly even within this 
century (Koenigk, Key, and Vihma, 2020).

The extent of permafrost regions in the 
Northern Hemisphere is projected to 
decrease by an estimated 20-35% by 
2050 (Anisimov and Belolutskaia, 2004; 
Anisimov, Kokorev and Zhiltcova, 2016). 
For most areas, a 15-25% increase in 
the depth of summer thaw is expected, 
although it could exceed 50% in the 
northernmost regions of the continents. 
In the Arctic, the initial thawing of 
permafrost changes drainage systems, 
allowing aquatic communities to 
establish in areas previously dominated 

Figure VIII. Observed and projected climate changes in North America. (Source: 
Hicke et al. 2022.)
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by terrestrial species (Jin et al., 2021). 
Further thawing will introduce more 
surface water into the subsurface, which 
damages ecosystems. Coastal soil 
erosion is expected to intensify.

Forecasts indicate that by the end of 
the 21st century, forests will replace 
10–50% of the Arctic tundra, while 
tundra will expand to cover 15–25% of 
the polar desert (Sitch et al., 2003). If 
the increasing scale and frequency of 
disturbances in the warming Arctic 
exceed the capacity for vegetation 
and permafrost recovery, changes to 
Arctic ecosystems could be irreversible 
(Heijmans et al., 2022). Climate change 
will reduce habitats for migratory birds 
and mammals in both polar regions, 
significantly impacting predators such 
as seals and polar bears. Changes in the 
populations and distribution of many 
species are expected. Harmful insects, 
typical of boreal and some tundra 
forested areas, may increase in warmer 
weather, causing more significant 
damage.

A decrease in lake and river ice cover is 
anticipated in both polar regions. This 
will affect the thermal stratification of 
lakes, the quantity and quality of sub-ice 
habitats, and the timing and severity of 
ice jams and related floods in the Arctic. 
Predicted hydrological changes will 
impact the productivity and distribution 
of aquatic animal species. Warming 
freshwater may lead to declining fish 
stocks, particularly for cold-water fish.

Changes will likely have negative and 
positive effects on the infrastructure 
and traditional lifestyles of human 

communities living in the Arctic, mainly 
due to changing ice cover. In Siberia 
and North America, the importance of 
agriculture and forestry may increase as 
the northern boundary of these activities 
could shift several hundred kilometres 
by 2050. This may benefit some 
communities while adversely affecting 
others with traditional lifestyles.

Changes in the frequency, type, and 
temporal distribution of precipitation 
will increase the washout of atmospheric 
pollutants and the pollutant load in 
Arctic freshwater systems. The pollutant 
load is likely to increase despite the 
expected global emission reductions.

1.4.7. Small Islands

sea level rise and increased water 
temperatures are expected to speed 
up coastal erosion and damage natural 
coastal defence systems like coral reefs 
and mangrove forests. These changes are 
likely to hurt the tourist appeal of small 
islands. It is estimated that tourist traffic 
to endangered islands could decrease 
by up to 80% if rising temperatures and 
sea levels damage coral reefs and cause 
harm to coastal areas (Martyr-Koller et 
al., 2021).

On small islands, international airports 
and main roads are mainly located along 
the coast, just a few kilometres from the 
ocean. Based on scenarios predicting 
sea level rise, these roads are at risk of 
inundation, flooding, and erosion.

A decrease in average precipitation 
is highly likely to reduce the size of 
freshwater lakes. For instance, a 10% 
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decline in annual average rainfall by 
2050 could lead to a 20% reduction in 
the small freshwater lakes of Tarawa 
Atoll (Kiribati). It is estimated that land 
loss due to sea level rise could reduce 
the depth of freshwater lakes on the 
atoll by up to 29% (World Bank, 2000).

Without adaptive measures, climate 
change is expected to cause agricultural 
damages by 2050, amounting to 2-3% 
of the 2002 GDP (under scenario A2 
predicting a 1.3°C temperature increase) 
or 17-18% (under scenario B2 predicting a 
0.9°C temperature increase). This applies 
to both islands with mountainous 
regions (e.g., Fiji) and those consisting 
mainly of flat areas (e.g., Kiribati).

http://climatemed.eu


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

51

References

	´ Agathokleous, E. and Calabrese, 
E.J. (2019) ‘Hormesis can enhance 
agricultural sustainability in a 
changing world’, Global Food Security, 
20, pp. 150–155. Available at: https://
doi.org/10.1016/j.gfs.2019.02.005

	´ Anisimov, O.A., Belolutskaia, M.A. 
(2004) ‘Predictive modelling 
of climate change impacts on 
permafrost: effects of vegetation.’ 
Russian Meteorology and Hydrology, 
11, pp. 73–81.

	´ Anisimov, O., Kokorev, V. and Zhiltcova, 
Y. (2017) ‘Arctic Ecosystems and their 
Services Under Changing Climate: 
Predictive‐Modeling Assessment’, 
Geographical Review, 107(1), pp. 108–
124. Available at: https://doi.org/10.1111/
j.1931-0846.2016.12199.x

	´ Arnell, N.W. et al. (2004) ‘Climate 
and socio-economic scenarios for 
global-scale climate change impacts 
assessments: characterising the SRES 
storylines’, Global Environmental 
Change, 14(1), pp. 3–20. Available 
at: https://doi.org/10.1016/j.
gloenvcha.2003.10.004

	´ Arnell, N.W. et al. (2016) ‘The impacts 
of climate change across the globe: A 
multi-sectoral assessment’, Climatic 
Change, 134(3), pp. 457–474. Available 
at: https://doi.org/10.1007/s10584-014-
1281-2

	´ Barredo, C.J.I., Mauri, A. and Caudullo, 
G. (2020) Impacts of climate change 
in European mountains — Alpine 
tundra habitat loss and treeline shifts 
under future global warming, JRC 

Publications Repository. Available at: 
https://doi.org/10.2760/653658

	´ Castellanos, E. et al. (2022) 2022: 
‘Central and South America.’ In 
Climate Change 2022: Impacts, 
Adaptation and Vulnerability. 
Contribution of Working Group II 
to the Sixth Assessment Report 
of the Intergovernmental Panel 
on Climate Change. Cambridge 
University Press, Cambridge, 
UK and New York, NY, USA, pp. 
1689–1816, Available at: https://doi.
org/10.1017/9781009325844.014

	´ Canadell, J.G. et al. (2021) ‘Multi-
decadal increase of forest burned 
area in Australia is linked to climate 
change’, Nature Communications, 
12(1), p. 6921. Available at: https://doi.
org/10.1038/s41467-021-27225-4

	´ Ciais, P. et al. (2005) ‘Europe-wide 
reduction in primary productivity 
caused by the heat and drought in 
2003’, Nature, 437(7058), pp. 529–533. 
Available at: https://doi.org/10.1038/
nature03972

	´ Environmental Statement Report 
2022 — European Environment 
Agency (no date). Available at: https://
www.eea.europa.eu/publications/
environmental-statement-
report-2022 (Accessed: 28 May 2024).

http://climatemed.eu
https://doi.org/10.1016/j.gfs.2019.02.005
https://doi.org/10.1016/j.gfs.2019.02.005
https://doi.org/10.1111/j.1931-0846.2016.12199.x
https://doi.org/10.1111/j.1931-0846.2016.12199.x
https://doi.org/10.1016/j.gloenvcha.2003.10.004
https://doi.org/10.1016/j.gloenvcha.2003.10.004
https://doi.org/10.1007/s10584-014-1281-2
https://doi.org/10.1007/s10584-014-1281-2
https://doi.org/10.2760/653658
https://doi.org/10.1017/9781009325844.014
https://doi.org/10.1017/9781009325844.014
https://doi.org/10.1038/s41467-021-27225-4
https://doi.org/10.1038/s41467-021-27225-4
https://doi.org/10.1038/nature03972
https://doi.org/10.1038/nature03972
https://www.eea.europa.eu/publications/environmental-statement-report-2022
https://www.eea.europa.eu/publications/environmental-statement-report-2022
https://www.eea.europa.eu/publications/environmental-statement-report-2022
https://www.eea.europa.eu/publications/environmental-statement-report-2022


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

52

	´ Fischer, G. et al. (2005) ‘Socio-
economic and climate change 
impacts on agriculture: an integrated 
assessment, 1990–2080’, Philosophical 
Transactions of the Royal Society B: 
Biological Sciences, 360(1463), pp. 
2067–2083. Available at: https://doi.
org/10.1098/rstb.2005.1744

	´ Flannigan, M.D. et al. (2005) ‘Future 
Area Burned in Canada’, Climatic 
Change, 72(1), pp. 1–16. Available at: 
https://doi.org/10.1007/s10584-005-
5935-y

	´Habib-ur-Rahman, M. et al. (2022) 
‘Impact of climate change on 
agricultural production; Issues, 
challenges, and opportunities in 
Asia’, Frontiers in Plant Science, 13. 
Available at: https://doi.org/10.3389/
fpls.2022.925548

	´Halofsky, J.E. et al. (2017) 
‘Understanding and Managing 
the Effects of Climate Change on 
Ecosystem Services in the Rocky 
Mountains’, Mountain Research and 
Development, 37(3), pp. 340–352. 
Available at: https://doi.org/10.1659/
MRD-JOURNAL-D-16-00087.1

	´Hao, Z. et al. (2013) ‘Characteristics 
and Scenarios Projection of Climate 
Change on the Tibetan Plateau’, 
The Scientific World Journal, 2013, 
p. e129793. Available at: https://doi.
org/10.1155/2013/129793

	´Heijmans, M.M.P.D. et al. (2022) ‘Tundra 
vegetation change and impacts on 
permafrost’, Nature Reviews Earth & 
Environment, 3(1), pp. 68–84. Available 

at: https://doi.org/10.1038/s43017-021-
00233-0

	´Hicke, J.A. et al. (2022) ‘2022: North 
America.’ In Climate Change 2022: 
Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II 
to the Sixth Assessment Report 
of the Intergovernmental Panel 
on Climate Change. Cambridge 
University Press, Cambridge, UK 
and New York, NY, USA, pp. 1929–
2042. Available at: https://doi.
org/10.1017/9781009325844.016

	´ INAIGEM (2018) Inventario Nacional de 
Glaciares - Las Cordilleras Glaciares del 
Perú. Huaraz

	´ Intergovernmental Panel On Climate 
Change (IPCC) (2023) Climate 
Change 2022 – Impacts, Adaptation 
and Vulnerability: Working Group II 
Contribution to the Sixth Assessment 
Report of the Intergovernmental Panel 
on Climate Change. 1st ed. Cambridge 
University Press. Available at: https://
doi.org/10.1017/9781009325844

	´ Jin, X.-Y. et al. (2021) ‘Impacts 
of climate-induced permafrost 
degradation on vegetation: A 
review’, Advances in Climate 
Change Research, 12(1), pp. 29–47. 
Available at: https://doi.org/10.1016/j.
accre.2020.07.002

http://climatemed.eu
https://doi.org/10.1098/rstb.2005.1744
https://doi.org/10.1098/rstb.2005.1744
https://doi.org/10.1007/s10584-005-5935-y
https://doi.org/10.1007/s10584-005-5935-y
https://doi.org/10.3389/fpls.2022.925548
https://doi.org/10.3389/fpls.2022.925548
https://doi.org/10.1659/MRD-JOURNAL-D-16-00087.1
https://doi.org/10.1659/MRD-JOURNAL-D-16-00087.1
https://doi.org/10.1155/2013/129793
https://doi.org/10.1155/2013/129793
https://doi.org/10.1038/s43017-021-00233-0
https://doi.org/10.1038/s43017-021-00233-0
https://doi.org/10.1017/9781009325844.016
https://doi.org/10.1017/9781009325844.016
https://doi.org/10.1017/9781009325844
https://doi.org/10.1017/9781009325844
https://doi.org/10.1016/j.accre.2020.07.002
https://doi.org/10.1016/j.accre.2020.07.002


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

53

	´ Koenig, T., Key, J. and Vihma, T. 
(2020) ‘Climate Change in the 
Arctic’, in A. Kokhanovsky and C. 
Tomasi (eds) Physics and Chemistry 
of the Arctic Atmosphere. Cham: 
Springer International Publishing, 
pp. 673–705. Available at: https://doi.
org/10.1007/978-3-030-33566-3_11

	´ Lawrence, J. B. et at. (2022) ‘2022: 
Australasia’ In Climate Change 2022: 
Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II 
to the Sixth Assessment Report 
of the Intergovernmental Panel 
on Climate Change. Cambridge 
University Press, Cambridge, 
UK and New York, NY, USA, pp. 
1581–1688, Available at: https://doi.
org/10.1017/9781009325844.013

	´ Lyra, A. et al. (2017) ‘Projections of 
climate change impacts on central 
America tropical rainforest’, Climatic 
Change, 141(1), pp. 93–105. Available at: 
https://doi.org/10.1007/s10584-016-
1790-2

	´Martyr-Koller, R. et al. (2021) ‘Loss and 
damage implications of sea-level rise 
on Small Island Developing States’, 
Current Opinion in Environmental 
Sustainability, 50, pp. 245–259. 
Available at: https://doi.org/10.1016/j.
cosust.2021.05.001

	´Moulton, H. et al. (2021) ‘Narratives 
of ice loss: New approaches to 
shrinking glaciers and climate change 
adaptation’, Geoforum, 125, pp. 47–56. 
Available at: https://doi.org/10.1016/j.
geoforum.2021.06.011

	´Nicholls, R.J. et al. (2021) ‘A global 
analysis of subsidence, relative sea-
level change and coastal flood 
exposure’, Nature Climate Change, 
11(4), pp. 338–342. Available at: https://
doi.org/10.1038/s41558-021-00993-z

	´O’Reilly, C.M. et al. (2003) ‘Climate 
change decreases aquatic ecosystem 
productivity of Lake Tanganyika, 
Africa’, Nature, 424(6950), pp. 766–768. 
Available at: https://doi.org/10.1038/
nature01833

	´ Pongrácz, R. (2011) ‘ANALYSIS OF 
PROJECTED CLIMATE CHANGE 
FOR HUNGARY USING ENSEMBLES 
SIMULATIONS’, Applied Ecology and 
Environmental Research, 9(4), pp. 
387–398. Available at: https://doi.
org/10.15666/aeer/0904_387398

	´ Reilly, J.M. (ed.) (2002) ‘Agriculture: The 
Potential Consequences of Climate 
Variability and Change.’ Cambridge 
University Press, Cambridge, 136p

	´ Rosenzweig, C. et al. (2001) ‘Climate 
Change and Extreme Weather Events; 
Implications for Food Production, 
Plant Diseases, and Pests’, Global 
Change and Human Health, 2(2), 
pp. 90–104. Available at: https://doi.
org/10.1023/A:1015086831467

	´ Schauwecker, S. et al. (2017) ‘The 
freezing level in the tropical Andes, 
Peru: An indicator for present and 
future glacier extents’, Journal of 
Geophysical Research: Atmospheres, 
122(10), pp. 5172–5189. Available at: 
https://doi.org/10.1002/2016JD025943

http://climatemed.eu
https://doi.org/10.1007/978-3-030-33566-3_11
https://doi.org/10.1007/978-3-030-33566-3_11
https://doi.org/10.1017/9781009325844.013
https://doi.org/10.1017/9781009325844.013
https://doi.org/10.1007/s10584-016-1790-2
https://doi.org/10.1007/s10584-016-1790-2
https://doi.org/10.1016/j.cosust.2021.05.001
https://doi.org/10.1016/j.cosust.2021.05.001
https://doi.org/10.1016/j.geoforum.2021.06.011
https://doi.org/10.1016/j.geoforum.2021.06.011
https://doi.org/10.1038/s41558-021-00993-z
https://doi.org/10.1038/s41558-021-00993-z
https://doi.org/10.1038/nature01833
https://doi.org/10.1038/nature01833
https://doi.org/10.15666/aeer/0904_387398
https://doi.org/10.15666/aeer/0904_387398
https://doi.org/10.1023/A
https://doi.org/10.1023/A
https://doi.org/10.1002/2016JD025943


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

54

	´ Schneeberger, C. et al. (2003) 
‘Modelling changes in the mass 
balance of glaciers of the northern 
hemisphere for a transient 2×CO2 
scenario’, Journal of Hydrology, 282(1), 
pp. 145–163. Available at: https://doi.
org/10.1016/S0022-1694(03)00260-9

	´ Sitch, S. et al. (2003) ‘Evaluation of 
ecosystem dynamics, plant geography 
and terrestrial carbon cycling in 
the LPJ dynamic global vegetation 
model’, Global Change Biology, 9(2), 
pp. 161–185. Available at: https://doi.
org/10.1046/j.1365-2486.2003.00569.x

	´ Shaw, R. et al. (2022) ‘2022: Asia’ 
In Climate Change 2022: Impacts, 
Adaptation and Vulnerability. 
Contribution of Working Group II 
to the Sixth Assessment Report 
of the Intergovernmental Panel 
on Climate Change. Cambridge 
University Press, Cambridge, 
UK and New York, NY, USA, pp. 
1457–1579, Available at: https://doi.
org/10.1017/9781009325844.012

	´ Sommer, C. et al. (2020) ‘Rapid glacier 
retreat and downwasting throughout 
the European Alps in the early 21st 
century’, Nature Communications, 
11(1), p. 3209. Available at: https://doi.
org/10.1038/s41467-020-16818-0

	´ Trisos, C.H. et al. (2022) ’2022: Africa’ 
In Climate Change 2022: Impacts, 
Adaptation and Vulnerability. 
Contribution of Working Group II 
to the Sixth Assessment Report 
of the Intergovernmental Panel 
on Climate Change. Cambridge 
University Press, Cambridge, 
UK and New York, NY, USA, pp. 

1285–1455, Available at: https://doi.
org/10.1017/9781009325844.011

	´ Yong-pin, S. et al. (2022) ‘The Impact 
of Future Climate Change on Ecology 
and Environments in the Changjiang-
Yellow Rivers Source Region’ Journal 
of Glaciology and Geocryology, 
24(3), pp. 308–314. Available at: 
https://doi.org/10.7522/j.issn.1000-
0240.2002.0058

	´Wang, X. et al. (2015) ‘Increasing 
frequency of extreme fire weather in 
Canada with climate change’, Climatic 
Change, 130(4), pp. 573–586. Available 
at: https://doi.org/10.1007/s10584-015-
1375-5

	´De Wit, M. and Stankiewicz, J. (2006) 
‘Changes in surface water supply 
across Africa with predicted climate 
change’, Science (New York, N.Y.), 
311(5769), pp. 1917–1921. Available at: 
https://doi.org/10.1126/science.1119929

	´ Xu, Z. et al. (2023) ‘Mega Forest 
Fires Intensify Flood Magnitudes in 
Southeast Australia’, Geophysical 
Research Letters, 50(12), p. 
e2023GL103812. Available at: https://
doi.org/10.1029/2023GL103812

	´ Yohe, G.W. et al. (2006) ‘Global 
Distributions of Vulnerability 
to Climate Change’, Integrated 
Assessment Journal, 6(3). Available at: 
https://journals.lib.sfu.ca/index.php/
iaj/article/view/2712 (Accessed: 28 May 
2024).

http://climatemed.eu
https://doi.org/10.1016/S0022-1694(03)00260-9
https://doi.org/10.1016/S0022-1694(03)00260-9
https://doi.org/10.1046/j.1365-2486.2003.00569.x
https://doi.org/10.1046/j.1365-2486.2003.00569.x
https://doi.org/10.1017/9781009325844.012
https://doi.org/10.1017/9781009325844.012
https://doi.org/10.1038/s41467-020-16818-0
https://doi.org/10.1038/s41467-020-16818-0
https://doi.org/10.1017/9781009325844.011
https://doi.org/10.1017/9781009325844.011
https://doi.org/10.7522/j.issn.1000-0240.2002.0058
https://doi.org/10.7522/j.issn.1000-0240.2002.0058
https://doi.org/10.1007/s10584-015-1375-5
https://doi.org/10.1007/s10584-015-1375-5
https://doi.org/10.1126/science.1119929
https://doi.org/10.1029/2023GL103812
https://doi.org/10.1029/2023GL103812
https://journals.lib.sfu.ca/index.php/iaj/article/view/2712
https://journals.lib.sfu.ca/index.php/iaj/article/view/2712


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

55

1.5. Mitigation and Adaptation Strategies

1.5.1. Prevention Measures

Introduction. The rise in atmospheric 
greenhouse gases (GHGs), such as 
carbon dioxide (CO2), methane (CH4), 
and nitrous oxide (N2O), is what mainly 
causes climate change. Among the 
many human activities that release 
these gases include burning fossil fuels, 
deforestation, industrial operations, and 
agriculture. Protection of public health 
and climate change mitigation depends 
on lowering greenhouse gas emissions. 
With a particular focus on health effects, 
this part examines the many approaches 
and technologies for reducing these 
emissions, concentrating on energy 
efficiency, renewable energy, sustainable 
transportation, industrial processes, and 
sustainable agriculture and forestry.

Energy Savings and Renewable Energy

Energy Efficiency Increasing energy 
efficiency is among the best strategies 
to lower greenhouse gas emissions 
and slow climate change. Energy 
efficiency can be attained by industry, 
transportation, and buildings 
implementing energy-efficient 
technology and procedures. Energy 
consumption and emissions can be 
greatly reduced, for example, by using 
energy-efficient appliances, high-
efficiency heating and cooling systems, 
and LED lights. Up to 50% less energy 
can be used in the residential sector 
by retrofitting houses with improved 

insulation, double-glazed windows, and 
energy-efficient heating systems.

Direct advantages to health also come 
from energy efficiency. For instance, 
better heating and insulating systems 
can improve indoor air quality and 
lower respiratory problems. Reducing 
energy use also lessens the burning of 
fossil fuels, which reduces air pollution 
and, in turn, lowers the incidence 
of cardiovascular, pulmonary, and 
asthmatic illnesses. The major drops in 
respiratory and cardiovascular disorders 
linked to lower air pollution from 
better energy efficiency measures are 
highlighted in a 2013 study by Smith et 
al.

Lowering energy use in cities can also 
help lessen the urban heat island effect, 
which is linked to higher heatwave 
mortality. According to Ostro et al. 
(2010), improved energy efficiency 
measures, such as green roofing and 
improved building insulation, can 
dramatically lower inside temperatures 
during heatwaves, lowering heat-related 
morbidity and mortality.

Energy-efficient machinery, waste heat 
recovery, and process optimization 
are ways that the industrial sector can 
increase energy efficiency. Combining 
heat and power (CHP) systems can 
improve energy efficiency and lower 
emissions by generating both electricity 
and useable heat simultaneously. These 
steps not only reduce greenhouse gas 
emissions but also, by lowering industrial 
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air pollutants, improve health outcomes 
(Vallero and Letcher, 2013).

Moreover, it is impossible to exaggerate 
the contribution of building energy 
efficiency to decreasing greenhouse gas 
emissions. About thirty per cent of the 
energy used worldwide and many CO2 
emissions are produced by buildings. 
Advanced construction technologies, 
including green roofs, zero-energy 
structures, and passive house design, 
can significantly reduce energy use. 
The International Energy Agency (IEA) 
projects that if all nations used the best 
building technology now available, 
worldwide energy consumption could 
be cut by up to 30%, resulting in 
significant drops in greenhouse gas 
emissions (IEA, 2020).

Case Study: Passive House Standard 
The Passive House standard originated 
in Germany as an exacting, voluntary 
benchmark for construction energy 
efficiency. It lessens the ecological 
impact of a structure considerably. 
Space heating and cooling in passive 
houses use very little energy. According 
to a 2016 study by Feist et al., passive 
houses have far fewer CO2 emissions and 
utilize around 90% less heating energy 
than ordinary buildings. They increase 
thermal comfort and indoor air quality, 
lower respiratory issues, and reduce 
energy poverty, among other health 
advantages.

Reducing CO2 emissions and addressing 
climate change requires switching from 
fossil fuels to renewable energy sources, 
including solar, wind, and hydroelectric 

power. With their recent tremendous 
advancements, renewable energy 
technologies are now more accessible 
and reasonably priced. Among the 
many technologies used to capture 
solar energy are solar water heaters, 
concentrated solar power (CSP) systems, 
and solar photovoltaic (PV) panels. 
Captured by both onshore and offshore 
wind turbines, wind energy has become 
a significant source of renewable 
electricity. Still a major contributor to 
the world’s renewable energy supply, 
hydroelectric power is produced by 
flowing water in rivers and dams.

Greenhouse gas emissions are decreased 
by renewable energy, which also has 
important health advantages. Reducing 
dependence on fossil fuels is one way 
renewable energy lowers air pollution, 
linked to several health problems, 
including cardiovascular and respiratory 
disorders. Research has demonstrated 
that reduced rates of asthma and 
other respiratory diseases are found 
where renewable energy is widely used. 
Moreover, projects related to renewable 
energy can generate employment and 
enhance economic stability, which, 
by lowering poverty and boosting 
healthcare access, indirectly improve 
public health (Haines et al., 2009).

New renewable energy technologies 
like biomass and geothermal energy are 
growing in popularity. Whereas biomass 
energy is produced from organic 
materials like wood and agricultural 
and animal waste, geothermal energy 
extracts heat from the Earth’s core. 
These technologies offer more choices 
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for lowering greenhouse gas emissions 
and advancing the health advantages 
of using cleaner energy sources (Abbasi 
and Abbasi, 2010).

One dependable and regular energy 
source with no environmental effect is 
geothermal energy. Among the health 
advantages of geothermal energy are 
less air pollution and the consequent 
decline in cardiovascular and respiratory 
illnesses. When obtained sustainably, 
biomass energy can offer a sustainable 
energy choice that boosts the rural 
economy and slows down deforestation, 
improving health through improved air 
quality and more forest cover (Hall et al., 
2009).

Problems and Solutions: Although 
renewable energy has many advantages, 
it also has problems like grid integration, 
storage, and intermittency. The erratic 
character of renewable energy sources 
like wind and solar, which do not 
regularly generate electricity, is known 
as intermittent energy. Developed 
sophisticated energy storage devices, like 
pumped hydro storage and lithium-ion 
batteries, are one way to address this 
problem (Lund et al., 2015).

Grid integration involves modifying 
current electrical networks to manage 
the fluctuating output of renewable 
energy sources. To balance supply and 
demand, this entails using smart grid 
technology, improving grid flexibility, 
and creating links between many areas. 
Overcoming these obstacles is crucial 
for achieving the greatest possible 
health and environmental advantages 

of renewable energy (Borenstein et al., 
2019).

For example, greater demand response 
and energy management made 
possible by smart grid technologies 
lower the demand for backup power 
based on fossil fuels and increase the 
dependability of renewable energy 
systems. By guaranteeing a steady 
and clean energy supply, these 
developments facilitate the shift to a 
low-carbon energy system and improve 
public health (Borenstein et al., 2019).

Case Study: Denmark’s Transition to 
Renewable Energy Denmark is a model 
nation for how to move its energy 
system toward sustainability. By 2020, 
Denmark would have produced half 
of its electricity from wind alone. This 
change has significantly lowered CO2 
emissions and enhanced public health 
and air quality. The Danish government 
has invested in smart grid systems and 
energy storage technology to manage 
the intermittent nature of renewable 
energy sources. Research shows that 
Denmark’s air quality improvements 
have reduced the incidence of 
respiratory illnesses and overall death 
rates (DEA, 2020).

Transportation Sustainability

Public transit: Improving public transit 
networks can lessen the need for 
individual vehicles, lowering emissions. 
Investing in light rail, subways and bus 
rapid transit (BRT) systems can offer 
effective and environmentally friendly 
substitutes for individual vehicles. Brazil’s 
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Curitiba and Colombia’s Bogotá have 
successfully installed BRT systems, 
significantly lowering emissions and 
traffic congestion.

Increased availability, cost, and 
dependability of public transit can 
motivate more individuals to use these 
services. Multimodal transportation 
choices, such as combining public 
transportation with biking, can improve 
sustainable transportation systems’ 
effectiveness and ease of use even more. 
With fewer cars on the road, public 
transit lowers the amount of pollutants—
like particulate matter (PM) and nitrogen 
oxides (NOx)—that are dangerous to 
human health (Tzoulas et al., 2007).

Sustainable mobility offers many health 
advantages. Better air quality from 
less traffic and fewer transportation 
emissions can minimize the incidence of 
cardiovascular and respiratory disorders. 
Encouraging walking and biking as 
forms of active transportation can also 
increase physical activity and lower 
the incidence of obesity, diabetes, and 
associated health issues (Woodcock et 
al., 2009).

Public transit not only lessens emissions 
and enhances air quality, but it also 
lessens the psychological toll that long 
journeys and traffic jams take. Public 
transportation users report lower levels 
of tension and anxiety than do vehicle 
commuters, according to studies 
(Nieuwenhuijsen et al., 2017).

Electric Vehicles (EVs) The adoption of 
electric vehicles depends on decreasing 
emissions from the transportation 
sector. EVs are renewable energy 

source compatible and emit no tailpipe 
emissions. Many consumers now see 
EVs as a practical choice because of 
the range and cost improvements 
brought about by battery technology 
breakthroughs. With government 
incentives, the development of charging 
infrastructure, and public awareness 
campaigns, the adoption of electric 
vehicles has grown quickly in nations like 
Norway.

Fast-charging stations in cities and along 
highways must be developed as part of 
a vast charging infrastructure network to 
facilitate the broad adoption of electric 
vehicles. Tax benefits, subsidies, and 
preferred parking are further incentives 
that can persuade customers to go to 
electric vehicles. Changes to electric 
vehicles (EVs) not only lower greenhouse 
gas emissions but also drastically lessen 
urban air pollution, which has positive 
health effects including lower asthma 
rates and better cardiovascular health 
(Millstein et al., 2017).

Urban noise reduction is another way 
that EVs help, and this can be beneficial 
to mental health and general wellbeing. 
Among the health problems associated 
with noise pollution include stress, 
sleep disruptions, and a higher risk of 
cardiovascular illnesses. Urban health 
conditions are greatly improved by EVs, 
which lower noise and air pollution 
(Babisch, 2014).

Moreover, a large-scale use of electric 
vehicles (EVs) can promote economic 
expansion and technical innovation, 
generating new jobs in the production 
and upkeep of EVs and the infrastructure 
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for charging. By raising healthcare access 
and lowering poverty, this economic 
boom can tangentially enhance public 
health (Figenbaum, 2017).

Case Study: The Electric Vehicle 
Revolution in Norway. Here EV adoption 
is leading the world; by 2020, EVs 
will make up more than 54% of new 
car sales. Significant government 
incentives—such as tax breaks, free 
parking, and access to bus lanes—have 
pushed this change. Better public 
health outcomes have resulted from 
the notable decrease in CO2 emissions 
and air pollution in metropolitan areas. 
According to research, greater air quality 
in Norwegian cities has led to decreased 
incidence of asthma and other 
respiratory illnesses (Figenbaum, 2017).

Non-Motorized Transport: 
Encouragement of walking and biking as 
forms of transportation can also help to 
lower emissions. Creating pedestrian and 
bike lanes and other safe and accessible 
infrastructure can persuade more people 
to go with these low-emission choices. 
High rates of bicycle commuting 
and lower urban air pollution are the 
outcomes of major expenditures in 
cycling infrastructure made by cities like 
Copenhagen and Amsterdam.

Nonmotorized transportation has many 
health advantages. Regular exercise 
linked to walking and biking can lower 
the risk of chronic illnesses including 
diabetes, heart disease, stroke, and 
several malignancies. Because it lowers 
stress and anxiety, active transportation 
can also help with mental health. 
Social interactions and community 

cohesiveness can be further promoted 
by safe and well-designed urban settings 
that encourage walking and cycling, 
hence improving well-being (Panter et 
al., 2016).

Beyond the advantages to physical 
and mental health, non-motorized 
transportation can advance 
environmental justice by giving 
underprivileged and low-income 
people access to reasonably priced 
transportation. Equality of access to 
facilities for walking and riding can serve 
to lower health inequalities and advance 
social inclusion (Sallis et al., 2004).

Case Study: Cycling Infrastructure in 
Copenhagen Copenhagen is well-known 
for its cycling infrastructure; about half 
of the city’s inhabitants bike to work. The 
city has made substantial expenditures 
in bike lanes, bike bridges, and bike-
sharing schemes. Lower CO2 emissions, 
less traffic congestion, and major health 
advantages for the populace have 
all come about as a result. Research 
indicates that Copenhagen’s cycling-
focused policies have reduced obesity 
and cardiovascular disease rates as well 
as enhanced mental health among its 
citizens (Panter et al., 2016).

Chemical Industries

Cleaner Production Techniques 
Industries can save emissions by using 
cleaner techniques and equipment. 
This includes lowering waste, employing 
less carbon-intensive raw materials, and 
enhancing industrial processes’ energy 
efficiency. One major contributor of CO2 
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emissions, the cement industry, can cut 
emissions, for instance, by increasing 
energy efficiency and using substitute 
materials like fly ash and slag in cement 
manufacture.

By using electric arc furnace (EAF) 
technology—which employs recovered 
scrap metal rather than raw iron ore—
the steel sector may also drastically cut 
CO2 emissions. Also being investigated 
to lower the carbon footprint of 
steel manufacture are technological 
advancements like hydrogen-based 
steelmaking.

Sulphur dioxide (SO2) and volatile 
organic compounds (VOCs) are among 
the other dangerous pollutants that 
are released less by cleaner industrial 
techniques in addition to GHG 
emissions. Improved air quality and 
lower health hazards linked to industrial 
pollution—including cardiovascular and 
respiratory diseases—follow from this 
(Smith et al., 2013).

Furthermore, because cleaner 
production exposes fewer people to 
dangerous materials, it can enhance 
workplace health and safety. Best 
practices in industrial hygiene and the 
use of safer raw materials can reduce the 
frequency of accidents and illnesses at 
work, therefore promoting a healthier 
workforce (Franco et al., 2017).

Case Study: The Cement Sector About 
8% of all CO2 emissions come from the 
cement sector. These emissions may be 
greatly reduced by innovations like the 
use of substitute materials like slag and 
fly ash and energy efficiency increases. 
Schneider et al. (2011) reported that 

up to 40% of the CO2 emissions from 
cement manufacture might be avoided 
by incorporating alternative materials 
and improving energy efficiency. 
Reduction of air pollution and related 
health advantages follow from this as 
well.

Carbon Capture and Storage (CCS) 
Technology collects CO2 emissions from 
industry sources underground to keep 
them from entering the atmosphere. 
Significant emissions reductions from 
sectors including steel, cement, and 
power generation may be possible 
with this technique. In deep geological 
formations, including depleted oil and 
gas fields or saline aquifers, CO2 is 
captured at the source, transported to a 
storage location, and injected.

Though CCS has promise, issues with 
high costs, energy needs, and public 
acceptance remain. It will take funding 
for research and development, scaling 
up pilot projects, and developing 
appropriate legislative frameworks to 
overcome these obstacles. By lowering 
the exposure to air pollutants, CCS 
implementation done well can help 
lower the total GHG emissions from 
important industrial sectors, hence 
mitigating climate change and 
improving health (Global CCS Institute, 
2020).

Apart from lowering CO2 emissions, 
CCS can also contribute to lessen 
other environmental effects linked 
to industrial operations. For example, 
negative emissions technologies—which 
take CO2 out of the atmosphere and 
store it permanently—can be developed 
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by combining CCS with bioenergy 
generation. This method, dubbed 
bioenergy with carbon capture and 
storage (BECCS), may help to provide 
sustainable energy and reduce climate 
change (Fuss et al., 2018).

Case Study: CCS initiatives in Norway 
Norway is a leader in CCS technology; 
Sleipner and Snøhvit are two examples 
of its initiatives. Millions of tonnes of 
CO2 have been effectively collected 
and stored by these initiatives, keeping 
it out of the atmosphere. Aiming to 
create full-scale CCS infrastructure that 
can be utilized by many businesses, 
the Norwegian government has also 
started the „Longship” project. The 
achievements of these initiatives show 
that CCS is a workable technique for 
lowering industrial CO2 emissions 
and emphasizes the possible health 
advantages of cleaner air (Global CCS 
Institute, 2020).

In Agriculture and Forestry

Sustainable Agriculture Methods A 
significant contributor to emissions 
of CH4 and N2O is agriculture. 
These emissions may be lowered by 
sustainable agricultural methods 
including crop rotation, precision 
farming, and organic farming. By 
optimizing the use of inputs like water 
and fertilizers, precision farming, for 
instance, lowers emissions and increases 
agricultural yields. Also improving soil 
health and carbon sequestration are 
cover crops and conservation tillage.

Furthermore beneficial to health are 
sustainable farming methods. Less 
chemical fertilizers and pesticides are 
used, which lowers the possibility of 
soil and water contamination that can 
be harmful to human health. Organic 
agricultural methods, which do away 
with synthetic chemicals, can raise food 
safety and lower exposure to dangerous 
materials. In addition, by strengthening 
the resistance of food systems to the 
effects of climate change, sustainable 
agriculture can improve food security 
and guarantee a steady supply of 
wholesome food (Tilman et al., 2002).

Furthermore enhancing varied and 
robust farming systems, sustainable 
agriculture can improve the health of 
rural populations. Agroecology and 
permaculture, for example, can improve 
local food sovereignty, lessen reliance on 
outside inputs, and give farmers better 
and more sustainable living conditions 
(Altieri, 2018).

Case Study: Agroecology in Latin 
America Agroecology is the effective 
application of ecological principles into 
agricultural production in many Latin 
American nations. Cuba, for example, 
greatly cut back on chemical inputs and 
improved food security by switching to 
agroecological methods following the 
fall of the Soviet Union. Agroecological 
methods have been demonstrated 
in Cuba to have boosted biodiversity, 
improved soil health, and strengthened 
agricultural systems’ resistance to 
climate change. Because these 
advantages lower exposure to dangerous 
chemicals and enhance nutrition, they 
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have also translated into better health 
outcomes for farming communities 
(Altieri, 2018).

Agroforestry is the practice of 
incorporating trees into agricultural 
landscapes for the purpose of 
sequestering carbon, enhancing soil 
health, and boosting biodiversity. 
Because trees take up and store CO2 
from the atmosphere in their biomass, 
agroforestry is a useful method of 
lowering greenhouse gas emissions. 
Through the combination of crops 
and animals with trees in agroforestry 
systems like silvopasture and alley 
cropping, ecosystem services and 
agricultural output are increased.

Practices in agroforestry may also help 
to enhance health. Shade from trees 
lowers the danger of heat-related 
diseases in farmers and livestock alike. 
By diversifying food supplies and offering 
fruits, nuts, and other tree products 
that increase diet quality, agroforestry 
can also boost nutritional results. More 
biodiversity linked to agroforestry can 
help lower the incidence of illnesses 
and pests, resulting in safer and more 
environmentally friendly farming 
methods (Jose, 2009).

Agroforestry can also help to preserve 
medicinal plants and other natural 
resources that are vital to conventional 
healthcare systems. Agroforestry may 
improve the health and welfare of 
nearby people and safeguard important 
genetic resources for next generations by 
maintaining and enhancing biodiversity 
(Burgess et al., 2005).

Case Study: Agroforestry in India India 
has been encouraging agroforestry by 
means of programs like the National 
Agroforestry Policy, which seeks to 
include trees into agricultural methods. 
Carbon sequestration has increased, soil 
fertility has increased, and biodiversity 
has increased as a result of these 
initiatives. In addition, by selling tree 
products, agroforestry techniques in 
India have given farmers new revenue 
streams, which has helped to stabilize 
the economy and enhance health 
results. Agroforestry in India has been 
shown to improve water retention, lower 
soil erosion, and boost crop yields—all of 
which have a favorable effect on public 
health and food security (Jose, 2009).

Large volumes of CO2 can be stored by 
afforestation, the planting of new forests, 
and reforestation, the restoration of 
degraded forests. As carbon sinks, forests 
take in more CO2 than they release, 
therefore slowing down global warming. 
As they improve carbon sequestration, 
successful regeneration and afforestation 
initiatives—like the Great Green Wall 
project in Africa—seek to counteract 
desertification and rehabilitate damaged 
areas.

Because afforestation and reforestation 
preserve biodiversity, provide 
recreational areas, and improve air and 
water quality, they also provide health 
advantages. Filters of air and water 
pollutants, forests lower the prevalence 
of respiratory and waterborne illnesses. 
Furthermore, woods sustain a variety 
of ecosystems that can provide 
supplies of health-promoting materials 
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and medicinal plants. It has been 
demonstrated that having access to 
green areas enhances mental health, 
lowers stress, encourages physical 
activity, and therefore enhances general 
well-being (Lee et al., 2015).

Because afforestation and reforestation 
create jobs in tree planting, forest 
management, and sustainable 
harvesting of forest products, they can 
also offer economic opportunities to 
rural communities. Better health results 
and more access to healthcare services 
can result from these initiatives, which 
can also help to lower poverty and 
enhance livelihoods (Chazdon, 2008).

An ambitious project called the Great 
Green Wall Initiative seeks to build 
a mosaic of productive and green 
landscapes throughout Africa. Across 
8,000 kilometres of the continent, the 
project aims to reduce desertification, 
increase food security, and strengthen 
climate resilience. The program has 
increased biodiversity, planted millions 
of trees, and restored damaged areas, 
therefore securing large amounts of 
CO2 and giving local communities 
economic prospects. Among the health 
advantages include better air quality, 
fewer respiratory illnesses, and easier 
access to wholesome food (Chazdon, 
2008).

Problems and Solutions Although 
sustainable farming and forestry 
methods have many advantages, they 
also bring problems like land availability, 
economic feasibility, and societal 
acceptance. These problems need for 
integrated strategies that take social, 

economic, and environmental aspects 
into account. Success of these programs 
depends on laws and incentives that 
encourage environmentally friendly 
land management techniques, improve 
farmers’ access to resources and 
technology, and encourage community 
involvement.

Competing land uses can be balanced 
and several benefits can be obtained by 
integrated landscape approaches that 
combine development and conservation 
goals. Reforestation and afforestation 
activities can be made more effective 
and sustainable, for instance, by 
landscape restoration programs 
that include local communities and 
stakeholders. Using sustainable practices 
can also be financially motivated via 
financial mechanisms like carbon credits 
and payments for ecosystem services 
(Smith et al., 2013).

Furthermore, community-based 
methods for sustainable agriculture 
and forestry enhance social acceptance 
and guarantee that local interventions 
are relevant and culturally appropriate. 
By including local people in the design 
and execution of sustainable land 
management techniques, one can 
increase trust, improve information 
exchange, and encourage a long-
term dedication to conservation and 
restoration initiatives (Chazdon, 2008).

Case Study: Ecosystem Services 
Payment in Costa Rica Sustainable land 
management has been encouraged 
by Costa Rica’s Payment for Ecosystem 
Services (PES) program. Landowners 
who preserve forest cover—which offers 
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several ecosystem services, including 
carbon sequestration, water control, and 
biodiversity preservation—get paid by the 
program. PES has successfully lowered 
deforestation rates, increased carbon 
storage, and enhanced water quality. It 
has also benefited rural communities 
economically, which has helped to lower 
poverty and enhance health outcomes 
(Fletcher and Breitling, 2012).

Conclusion Public health protection 
and climate change mitigation depend 
heavily on lowering greenhouse gas 
emissions. Our carbon footprint can be 
drastically reduced, and health results 
can be improved by using energy-
efficient technology, switching to 
renewable energy, improving public 
transportation, and implementing 
sustainable agricultural and industrial 
practices. These objectives and a 
sustainable future depend on ongoing 
innovation, encouraging laws, and 
international cooperation. By including 
health concerns in climate action, the 
advantages can be increased, and the 
path toward a healthier, more resilient 
society can be advanced.

The many routes to significant GHG 
reductions need coordinated actions 
at all levels and sectors. Every stage of 
action - from neighbourhood projects to 
global accords - is essential to creating a 
healthy and sustainable future. Stressing 
the health co-benefits of climate action 
can stimulate more comprehensive 
support and build synergies that 
improve the results for public health and 
the environment.
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1.5.2 Preparedness and Response Plans

Introduction Essential elements of 
strategies for adapting to climate 
change are readiness and response 
plans. With these initiatives, 
communities, governments, and 
organizations hope to be better 
prepared to handle and bounce back 
from climate-related risks. Coordination 
of efforts, distribution of resources, and 
development of capacity are all part of 
effective preparedness and response 
strategies to lessen the effects of severe 
weather, public health emergencies, 
and other climate-induced emergencies. 
Preparedness and response strategies 
are examined in this part, along with 
emergency planning, community 
involvement, early warning systems, 
capacity building, and the role of the 
corporate sector.

Preparedness for emergencies
Systematic attempts to examine 
and control the underlying causes of 
disasters are known as disaster risk 
reduction (DRR). Risk assessments, 
building infrastructure resilient to severe 
weather, and enforcing laws and rules 
that lessen vulnerabilities are all part 
of DRR plans. Climate forecasts are 
included in comprehensive DRR plans 
to foresee future hazards and to include 
adaptive strategies to reduce the effects 
of climate-related occurrences.

The identification of the risks, 
vulnerabilities, and capacities of a 
community or region makes risk 
assessments essential to disaster risk 
reduction. Among these evaluations are 

the mapping of hazardous regions, the 
analysis of past disaster statistics, and 
the assessment of the possible effects 
of future climate scenarios. Authorities 
can efficiently distribute resources 
and prioritize measures by knowing 
the dangers. Regular updates of risk 
assessments should be made to account 
for new information and changing 
circumstances.

Case Study: Risk Assessments in New 
Zealand New Zealand routinely does 
risk assessments to find areas vulnerable 
to floods and earthquakes. The nation’s 
Earthquake Commission (EQC) works 
with scientific organisations to map 
seismic threats and evaluate building 
vulnerabilities. According to Berryman 
et al. (2014), these evaluations help 
shape land-use planning laws and 
building norms, guaranteeing future 
constructions’ seismic resistance.

Development of Resilient Infrastructure 
DRR heavily relies on the development 
of resilient infrastructure. This covers 
creating structures, highways, and 
bridges that resist intense storms, floods, 
and earthquakes. Sea walls and barriers 
can provide storm surge and increase 
sea level protection in coastal regions. 
Green infrastructure options, such as 
mangroves and wetlands, which can 
naturally resist erosion and flooding, 
should also be taken into account during 
infrastructure building.

Case Study: Urban Resilience in 
Singapore Singapore has implemented 
many policies to create resilient 
infrastructure. To handle stormwater 
and prevent flooding, the city-state built 
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a complex system of canals, pumping 
stations, and drains. Singapore has also 
invested in green infrastructure, notably 
the natural water management systems 
integrated into urban planning at 
Bishan-Ang Mo Kio Park. These initiatives 
have made the city far less susceptible 
to severe weather and act as an example 
for other cities dealing with comparable 
issues (Chan, 2016).

Policies and laws Effective DRR requires 
the application of policies and laws that 
support resilience. New developments 
can be made to withstand dangers 
and placed in safe locations according 
to building norms and land-use 
planning laws. Resilience may also be 
increased via incentives for upgrading 
current infrastructure and structures. 
Furthermore, laws should encourage 
environmentally friendly activities that 
lessen environmental damage and 
strengthen long-term resilience.

Case Study: Japan’s Disaster Risk 
Reduction Japan has created strong 
DRR plans to lessen the effects of 
typhoons, tsunamis and earthquakes. 
The nation now has early warning 
systems, strict building regulations, and 
protracted public education initiatives. 
The number of people and property 
lost during disasters has decreased 
significantly due to Japan’s investment 
in DRR infrastructure, such as sea walls 
and emergency shelters. These steps 
provide as a paradigm for including 
climate change adaptation into disaster 
preparedness (Shaw et al., 2011).

Government-developed strategy papers 
called Climate Action Plans (CAPs) 

describe programs and policies to 
lower greenhouse gas emissions and 
strengthen climate resilience. CAPs 
often incorporate particular plans of 
action and readiness for handling 
risks associated with climate change. 
Usually created through an interactive 
process involving stakeholders from 
several industries, these plans guarantee 
inclusive and thorough strategy.

Development Process CAP development 
entails several essential phases. First, 
governments carry out baseline studies 
to comprehend present emissions 
levels and climate concerns. Then, to 
get opinions and establish agreement, 
they include stakeholders from several 
fields, such as business, academia, and 
civil society. Thanks to this participatory 
method, all parties involved have their 
needs and interests addressed by the 
plan. The last stage is creating objectives, 
developing particular policies and 
activities, and building monitoring and 
assessment systems.

Monitoring and Implementation 
Effective application of CAPs calls 
for coordinated efforts from several 
sectors and levels of government. Well-
defined duties and responsibilities 
should be established, as well as 
enough funds set aside to enable the 
execution of the policies. Monitoring and 
assessment systems are needed to track 
development, identify obstacles, and 
make required changes. Additionally, 
regular reporting and openness are 
essential to preserving public confidence 
and accountability.
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Case Study: The Climate Action Plan of 
New York City The Climate Action Plan 
of New York City provides a thorough 
framework for tackling climate hazards 
like storms, heatwaves and coastal 
floods. The strategy specifies particular 
steps to be taken to improve emergency 
response capabilities, safeguard 
vulnerable populations, and reinforce 
the infrastructure. Important elements 
are building flood barriers, growing 
cooling facilities, and creating resilience 
initiatives based in communities. The 
comprehensive strategy of the plan has 
made the city better able to resist and 
bounce back from climatic calamities 
(Rosenzweig et al., 2011).

Exercises and Simulations Disaster 
response plans must be tested and 
improved through exercises and 
simulations. These initiatives may help 
communities and governments pinpoint 
areas of vulnerability and enhance 
cooperation in times of need.

Several emergency exercises include 
Tabletop, Functional, and Full-Scale 
Types. Tabletop simulations involve 
participants experiencing emergencies 
through discussion-based sessions. 
Functional exercises test particular skills 
- like coordination and communication 
- in a controlled setting. Full-scale 
exercises entail the real-time simulation 
of a crisis scenario involving mobilising 
people and resources. Every kind of 
exercise has a different function and 
enhances a different area of emergency 
response.

Evaluation and Enhancement After 
carrying out emergency drills, it is 

imperative to assess performance and 
pinpoint areas that need work. This 
involves getting participant input, 
evaluating the results, and revising 
the response strategies as necessary. 
Response plans are maintained 
current and effective through ongoing 
improvement through routine exercises 
and assessments.

Case Study: California annually 
holds disaster drills to prepare local 
governments and residents for 
earthquakes. These exercises include 
communication tests, resource 
mobilization, and evacuation drills. The 
expansive involvement and gathered 
input have continuously improved 
response plans (Johnson and Johnson, 
2015).

Emergency Response Training Programs 
Effective emergency response depends 
heavily on training programs. These 
seminars, workshops, and practical 
training are designed to improve the 
knowledge and abilities of emergency 
workers.

Comprehensive Training Programs 
Hazardous material handling, search 
and rescue, medical response, and 
disaster management are just a few 
subjects covered in extensive training 
programs for emergency responders. 
These programs frequently combine 
classroom learning with practical 
training to prepare responders for real-
life situations.

Drills and Ongoing Education 
Emergency responders must be kept 
ready via ongoing drills and education. 
Responders can keep current on the 
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newest methods and best practices by 
enrolling in advanced training programs, 
refresher courses, or certification 
renewals. Frequent exercises mimic 
many emergencies, allowing responders 
to hone their talents.

Case Study: Nationwide Firefighter 
Training Program in Australia. Australia 
has instituted a nationwide training 
program for firefighters that covers 
emergency medical interventions, rescue 
operations, and wildfire response. Smith 
et al. (2017) report that the program 
has improved emergency intervention 
efficiency and safety.

Communities Involved
Resilience building requires 
communities to be involved in the 
creation and execution of preparedness 
and response strategies. Working 
together with locals, community groups, 
and other stakeholders, participatory 
techniques identify hazards, establish 
priorities, and provide locally suitable 
solutions. This inclusive approach 
contributes to guarantee that the 
plans take into account the particular 
requirements and weaknesses of the 
community.

The advantages of community 
involvement are many and include 
more trust, ownership, and awareness. 
Communities are more apt to 
comprehend and back the actions being 
taken when they are actively involved in 
the planning process. Better following of 
emergency procedures and a more well-
organized reaction during emergencies 
can result from this feeling of ownership.

Strategies for Involving Communities 
Public meetings, seminars, surveys, 
and focus groups are just a few of 
the strategies available. Different 
points of view are taken into account 
since these techniques facilitate 
candid communication and criticism. 
Leveraging local experience and 
knowledge can also improve the efficacy 
of reaction and preparation plans.

Case Study: Community-Based Disaster 
Management in the Philippines The 
Philippines has embraced community-
based disaster management (CBDM) 
strategies to improve local resilience 
to natural disasters such as floods and 
typhoons. Within CBDM, localized 
response plans are developed, risk 
assessments are carried out, and 
community people are trained in 
disaster preparedness. By enabling local 
communities to take preventative action, 
this strategy has lessened the effects of 
calamities and enhanced the chances of 
recovery. The Philippines’ CBDM success 
emphasizes how crucial community 
involvement is to disaster preparedness 
(Gaillard and Pangilinan, 2010).

Campaigns for public education and 
awareness are essential to improving 
community readiness for risks associated 
to climate change. Information about 
emergency protocols, risk reduction 
techniques, and the value of early 
warning systems is provided by these 
campaigns. Proactive actions can be 
encouraged and public awareness raised 
by effective communication techniques 
include the use of social media, public 
workshops, and instructional materials.
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Public education programs that work 
make use of several communication 
channels to reach a wide audience. 
Information can be widely shared 
via traditional media like radio and 
television, but social media sites can 
involve younger people and offer 
real-time updates. Although printed 
materials, such as brochures and posters, 
can be used as constant references, 
public workshops and community 
gatherings provide chances for direct 
contact and input.

Targeted messaging Public education 
initiatives must be successful in 
adjusting messages to particular 
audiences. Children, the elderly, and 
those with impairments are just a 
few of the categories that could need 
specialized information. Resilience and 
preparation can be improved overall by 
inclusive messaging that attends to the 
needs and worries of every member of 
the community.

Case Study: Heat Health Awareness 
Campaigns in Australia Australia has 
launched significant public education 
initiatives to increase public knowledge 
of the dangers of heatwaves on health. 
These advertisements offer advice on 
how to seek out cool places, drink 
enough of water, and identify the signs 
of heat-related ailments. In particular, 
the efforts have successfully raised public 
awareness and lessened the negative 
effects of heatwaves on vulnerable 
groups including the elderly and small 
children (Nitschke et al., 2011).

Methods of Early Warning
Provision of timely information about 
approaching climate-related risks 
depends on Integrated Early Warning 
Systems (IEWS). To give the people 
and the government precise and 
timely warnings, IEWS combines 
meteorological data, climate forecasts, 
and danger monitoring. Because they 
allow timely and suitable reactions to 
approaching hazards, effective early 
warning systems can save lives and lower 
economic losses.

Key elements of IEWS are danger 
detection, data analysis, risk assessment, 
communication, and response 
coordination. Hazard detection is 
the study of possible hazards and 
environmental circumstances. Advanced 
models and techniques are used in data 
analysis and risk assessment to forecast 
the possibility and effects of hazards. 
System of communication alerts the 
public and authorities, and coordination 
of the response guarantees that the right 
steps are done to lessen the effects.

Problems and Solutions Technical, 
financial, and institutional obstacles 
can make it difficult to put into practice 
efficient IEWS. Accurate and trustworthy 
data is one of the technological 
obstacles, and financial limitations 
could restrict the amount of resources 
available for system development and 
maintenance. Coordinating across 
several agencies and stakeholders 
is a component of institutional 
impediments. Investing in infrastructure 
and technology, getting financing from 
several sources, and creating explicit 
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governance frameworks for system 
management are some ways to address 
these issues.

Case Study: Advanced Cyclone Early 
Warning System of Bangladesh 
Bangladesh has created a sophisticated 
system that combines local knowledge, 
meteorological forecasts, and satellite 
data. The technology gives coastal 
populations prompt alerts so they may 
flee and take precautions. Cyclone 
deaths have been much lowered by 
the early warning system, proving 
how important timely and correct 
information is to disaster planning (Paul, 
2009).

Health Early Warning Systems (HEWS) 
are designed to forecast and track health 
hazards that are sensitive to climate, 
such as respiratory infections, vector-
borne diseases, and heatwaves. For early 
warnings and to direct public health 
initiatives, HEWS combines health and 
climatic data. Public health protection 
in the face of climatic unpredictability 
and change depends critically on these 
systems.

HEWS applications include heat-
related ailments, infectious disorders, 
and problems with air quality. With 
regard to infectious diseases, HEWS 
can monitor the surroundings that 
affect vector populations and forecast 
epidemics. HEWS is able to track 
temperature patterns and send out 
warnings during heatwaves for diseases 
linked to heat. Monitoring of air quality 
can alert susceptible groups to pollution 
levels early on and suggest preventative 
actions.

Case Study: HEWS for Malaria in Sub-
Saharan Africa HEWS have been created 
to anticipate and control the possibility 
of malaria epidemics in Sub-Saharan 
Africa. These systems anticipate the 
risks of malaria transmission and direct 
preventive actions using climatic data, 
including temperature and rainfall 
patterns. Through better timing and 
efficacy of malaria control initiatives, 
HEWS have decreased the frequency 
and intensity of outbreaks (Thomson et 
al., 2005).

Facilities Construction
Effective climate adaptation depends on 
local authorities, emergency responders, 
and community organizations building 
their capability. Programs for training 
might improve abilities in response 
coordination, emergency planning, and 
risk assessment. Among the other goals 
of capacity building programs are to 
improve the institutional frameworks 
and increase the availability of supplies 
and equipment for disaster response 
and preparation.

Building Institutional Capacity Building 
Building institutions means creating the 
systems, rules, and procedures required 
to handle climate hazards successfully. 
This covers setting up disaster 
management organizations, drafting 
laws, and improving cooperation 
amongst agencies. Enhancing data 
collecting and analytical skills—two 
other aspects of institutional capacity 
building—is crucial for well-informed 
decision-making.
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Case Study: Institutional Capacity 
Building in Indonesia Indonesia has 
made a great deal of effort to strengthen 
its institutions in light of its vulnerability 
to earthquakes, tsunamis, and volcanic 
eruptions. Created to oversee disaster 
response and preparedness efforts 
nationwide was the National Disaster 
Management Agency (BNPB). By 
use of simulation exercises, training 
programs, and the creation of a 
national catastrophe database, BNPB 
has enhanced the nation’s capacity to 
handle and react to calamities (Lassa, 
2015).

Community capacity building is the 
process of enabling local people and 
groups to take charge of their own 
catastrophe response and preparation. 
This covers setting up local reaction 
teams, running community exercises, 
and offering instruction on emergency 
protocols. Enhancing social cohesiveness 
and networks that might help in 
an emergency are other aspects of 
developing community capability.

Case Study: Caribbean Capacity Building 
Programmes The Caribbean area has 
put capacity building programmes 
into place to enhance response to and 
preparation for disasters. In addition to 
creating local disaster management 
strategies and improving regional 
cooperation, these initiatives train 
emergency personnel. Coordination 
of these initiatives and provision 
of technical assistance to member 
governments are major responsibilities 
of the Caribbean Disaster Emergency 
Management Agency (CDEMA). The 

area’s ability to react to storms, floods, 
and other climate-related risks has been 
improved by the capacity development 
programs (Pelling and Uitto, 2001).

Advancement of climate adaption 
technologies and strategies requires 
funding research and development 
(R&D). Research and development 
can produce creative ways to lower 
risk, such as better health therapies, 
sophisticated forecasting models, and 
new materials for robust infrastructure. 
Innovation can be stimulated, and 
readiness and response strategies can 
be made more successful by cooperative 
research projects involving governments, 
academic institutions, and the corporate 
sector.

Innovation and Technology Transfer 
New instruments and approaches 
for climate risk management can be 
found in climate adaption technologies 
innovation. Adopting efficient 
solutions can happen more quickly 
when countries and organizations 
share information and technologies. 
Technology transfer can be facilitated by 
governments and other organizations 
by means of financing, alliances, 
and initiatives aimed at developing 
capacities.

Case Study: Information and 
Communication Technologies (ICT) 
Integration of ICT to Improve Urban 
Management and Resilience is the 
idea behind smart cities. Smart sensors 
have been used, for example, in cities 
like Barcelona and Amsterdam to track 
traffic flow, energy consumption, and 
air quality, therefore enhancing their 
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ability to address climate-related issues. 
Real-time data collecting and analysis 
made possible by these technologies 
may improve general urban resilience 
and guide better decision-making 
(Angelidou, 2014).

Collaborative Research Initiatives 
To tackle intricate climate issues, 
professionals from many disciplines 
come together in collaborative 
research projects. Particular areas of 
emphasis for these projects can be 
public health, agricultural adaptation, 
or urban resilience. Working together, 
research projects can produce more 
creative, broadly applicable solutions by 
combining resources and experience.

Case Study: European Collaborative 
R&D for Climate Resilience Developing 
climate resilience solutions has been 
the main emphasis of European 
collaborative R&D projects. Numerous 
subjects have been investigated in 
projects financed by the Horizon 2020 
programme of the European Union, 
such as catastrophe risk management, 
sustainable agriculture, and urban 
resilience. Important discoveries and 
technology resulting from these projects 
are being included into strategies for 
national and regional adaptation. The 
joint strategy has increased innovation 
and knowledge exchange throughout 
Europe, therefore strengthening the 
continent’s ability to adjust to climate 
change (European Commission, 2020).

Part played by the private sector
Public-Private Partnerships (PPPs) are 
cooperative agreements to cooperatively 
solve climate-related issues between 
government organizations and 
commercial sector businesses. By 
using the resources, knowledge, and 
inventiveness of the private sector, PPPs 
can improve response and preparedness 
initiatives. These collaborations might 
include cooperative expenditures in 
early warning systems development, 
community resilience initiatives 
execution, and resilient infrastructure 
construction.

The advantages of PPPs are many and 
include more resources, technological 
know-how, and creativity. Engagement 
of the private sector can improve 
the effectiveness and efficiency of 
preparedness and response programs. 
PPPs can also fill up financing shortages 
and give access to cutting-edge ideas 
and technology that would not be 
possible through public sector initiatives 
alone.

Issues and Solutions PPPs have many 
benefits, but they also bring difficulties, 
such as coordinating the interests 
of public and private stakeholders 
and guaranteeing responsibility and 
openness. PPPs that work need explicit 
agreements, trust between parties, and 
a shared dedication to reaching agreed 
objectives. By developing enabling 
legislative frameworks and offering 
incentives for private sector involvement, 
governments may assist the success of 
PPPs.
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Case Study: PPPs in American Disaster 
Management PPPs have been important 
to American disaster management. 
For instance, state governments and 
private sector partnerships have resulted 
in the creation of sophisticated early 
warning systems for natural calamities. 
Furthermore, enhancing the general 
reaction and recovery efforts during 
emergencies has been the quick 
deployment of resources and services 
made possible by these alliances 
(Birkland, 2006).

Disaster preparedness and response 
can be greatly enhanced by private 
sector Corporate Social Responsibility 
(CSR) programs. Businesses can put into 
place CSR initiatives that emphasize 
helping out local communities, building 
resilience, and offering supplies for 
disaster recovery. Among these projects 
can be money for emergency supplies, 
local responders’ training courses, and 
assistance with the reconstruction 
process.

Impact of CSR Projects Community 
recovery and resilience can be greatly 
impacted by CSR projects. Businesses 
may support the development of more 
robust, resilient communities by funding 
local preparedness and response 
initiatives. Companies’ reputations and 
linkages with stakeholders—customers, 
staff, and local communities—can also be 
improved by CSR initiatives.

Case Study: CSR Initiatives in India A 
number of businesses in India have 
launched CSR programs targeted at 
catastrophe planning and reaction. For 
example, the Tata Group has started 

initiatives to help areas hit by natural 
calamities. These include immediate 
aid, infrastructure reconstruction, 
and skill development for long-term 
employment. Resilience and recovery 
of the community have benefited from 
these programs (Tata Group, 2020).

Strategies for Rebuilding and Recovery
Plans for Post-Disaster Recovery 
Communities Helping impacted 
communities rebuild and recover after a 
disaster requires post-disaster recovery 
plans. Among these strategies are 
steps to stop future disasters, financial 
assistance for impacted people, and the 
restoration of vital infrastructure.

The phases of recovery work usually 
start with quick relief and go on to 
long-term development and rebuilding. 
First, there is an emphasis on giving 
out emergency supplies like food, 
water, shelter, and medical attention. 
Restoring infrastructure and basic 
services is the goal of the intermediate 
phase; community reconstruction 
and increased resilience to future 
catastrophes are the main goals of the 
long-term phase.

Sustainable Reconstruction Resilience 
and sustainability are included into 
recovery activities in order to better 
rebuild. This covers implementing green 
building methods, utilizing durable 
building materials, and including 
catastrophe risk reduction strategies 
into rehabilitation plans. Reconstruction 
done sustainably can help communities 
become less vulnerable to upcoming 
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calamities and advance long-term 
development objectives.

Case Study: Haiti Earthquake 
Reconstruction in 2010 Rebuilding 
of vital infrastructure including 
schools, hospitals, and roads was 
part of the recovery plans following 
the terrible earthquake in Haiti in 
2010. Communities were also helped 
to recover by the start of social and 
economic support initiatives. These 
initiatives helped to increase the 
resilience and revitalize the impacted 
communities (Clinton and Farmer, 2013).

Economic and Psychosocial Support 
Communities impacted by disasters 
must fully recover both economically 
and psychologically. Programs for 
psychosocial support offer counseling 
and other services to assist individuals 
in overcoming the trauma and stress 
brought on by calamities. Support 
for the economy, such as loans and 
subsidies for small firms, can boost living 
standards and revive the economy.

Psychosocial support services include 
community support groups, mental 
health treatment, and counselling 
services. Through helping disaster 
survivors deal with trauma and develop 
resilience, these programs seek to meet 
their emotional and psychological needs. 
These initiatives can be more successful 
if local mental health practitioners are 
trained and psychosocial assistance 
is included into disaster response 
strategies.

Case Study: Post-Disaster Psychosocial 
Support in New Zealand New Zealand 
put in place substantial psychosocial 

support programmes after the 2011 
Christchurch earthquake. These 
comprised mental health programs, 
community support groups, and 
counselling services to assist locals 
in coping with trauma. Furthermore, 
financial support from economic 
recovery programmes helped small 
companies and others impacted by the 
accident, therefore facilitating the whole 
healing process (Gawith, 2013).

Economic Recovery Programs: The 
goals of these programs are to help 
impacted areas’ economies grow 
and to restore livelihoods. This might 
be funding small firms, generating 
employment, and funding infrastructural 
initiatives. Furthermore assisting 
people in reconstructing their lives and 
promoting the economic revival of their 
communities are vocational training and 
microfinance initiatives.

Case Study: Economic Recovery 
following Hurricane Katrina The 2005 
aftermath of Hurricane Katrina brought 
attention to the need of economic 
recovery programs. Working with the 
commercial and nonprofit sectors, 
the US government put in place a 
number of initiatives to assist impacted 
companies and people. While job 
training initiatives were set up to benefit 
the local workers, the Small Business 
Administration offered loans to assist 
firms in rebuilding. These programs 
were essential to the long-term recovery 
and resilience of New Orleans and the 
neighboring communities by reviving 
their economies (Gabe et al, 2005).
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Conclusion Strategies for adapting 
to climate change must include 
preparations for response and readiness. 
Creating thorough emergency plans, 
including communities, putting 
early warning systems into place, 
and increasing capacity can help 
us become more resilient to risks 
associated to climate change. Success 
with these initiatives depends on 
ongoing innovation, R&D spending, 
and encouraging laws. Preparedness 
and response strategies included in 
development planning can produce 
synergies that improve sustainable 
development and climate resilience.

http://climatemed.eu


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

79

References

	´ Angelidou, M. (2014) ‘Smart city 
policies: A spatial approach’, Cities, 41, 
pp. S3-S11.

	´ Berryman, K., Wallace, L., Denham, 
M. (2014) ‘Seismic hazard in New 
Zealand: A risk assessment approach’, 
Geological Society of London Special 
Publications, 402(1), pp. 35-48.

	´ Birkland, T.A. (2006) Lessons of 
Disaster: Policy Change after 
Catastrophic Events. Washington, D.C.: 
Georgetown University Press.

	´ Chan, F.K.S. (2016) ‘Singapore’s 
Response to Climate Change: 
Institutional and Governance Issues’, 
International Journal of Water 
Resources Development, 32(1), pp. 116-
129.

	´ Clinton, W.J., Farmer, P. (2013) 
Rebuilding Haiti: Lessons from 2010. 
Special Report.

	´ European Commission (2020) Horizon 
2020: The EU Framework Programme 
for Research and Innovation. Available 
at: https://ec.europa.eu/programmes/
horizon2020/en

	´Gabe, T., Falk, G., McCarty, M., Mason, 
V. (2005) Hurricane Katrina: Social-
demographic characteristics of 
impacted areas. Congressional 
Research Service.

	´Gaillard, J.C., Pangilinan, M.L.C.J.D. 
(2010) ‘Participatory mapping for 
raising disaster risk awareness among 
the youth’, Journal of Contingencies 
and Crisis Management, 18(3), pp. 175-
179.

	´Gawith, E. (2013) ‘The Christchurch 
earthquake: Psychological impacts 
and recovery’, Australasian Journal of 
Disaster and Trauma Studies, 2013-1.

	´ Johnson, L.A., Johnson, L. (2015) ‘Urban 
Disaster Recovery: A Measurement 
Framework and Its Application to 
the 2011 Christchurch Earthquake’, 
International Journal of Disaster Risk 
Reduction, 14, pp. 188-204.

	´ Lassa, J. (2015) ‘Institutional 
vulnerability and governance of 
disaster risk reduction: macro, meso, 
and micro scale assessment’, Natural 
Hazards, 75(1), pp. 1331-1353.

	´Nitschke, M., Tucker, G.R., Hansen, 
A.L., Williams, S., Zhang, Y., Bi, P. (2011) 
‘Impact of two recent extreme heat 
episodes on morbidity and mortality 
in Adelaide, South Australia: A case-
series analysis’, Environmental Health, 
10(1), p. 42.

	´ Paul, B.K. (2009) ‘Why relatively fewer 
people died? The case of Bangladesh’s 
Cyclone Sidr’, Natural Hazards, 50(2), 
pp. 289-304.

	´ Pelling, M., Uitto, J.I. (2001) ‘Small 
island developing states: natural 
disaster vulnerability and global 
change’, Environmental Hazards, 3(2), 
pp. 49-62.

	´ Rosenzweig, C., Solecki, W., Hammer, 
S.A., Mehrotra, S. (2011) Climate 
Change and Cities: First Assessment 
Report of the Urban Climate Change 
Research Network. Cambridge: 
Cambridge University Press.

http://climatemed.eu
https://ec.europa.eu/programmes/horizon2020/en
https://ec.europa.eu/programmes/horizon2020/en


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

80

	´ Shaw, R., Pulhin, J.M., Pereira, J.J. (2011) 
Climate Change Adaptation and 
Disaster Risk Reduction: Issues and 
Challenges. Bingley: Emerald Group 
Publishing.

	´ Smith, M., Colley, M., Robinson, 
D. (2017) ‘Firefighter training and 
preparedness: Enhancing emergency 
response’, International Journal of 
Emergency Services, 6(1), pp. 14-25.

	´ Tata Group (2020) Corporate Social 
Responsibility Initiatives. Available 
at: https://www.tata.com/corporate-
social-responsibility

	´ Thomson, M.C., Connor, S.J., Milligan, 
P., Flasse, S.P. (2005) ‘The impact 
of climate variability on infectious 
disease in West Africa’, EcoHealth, 2(2), 
pp. 137-150.

http://climatemed.eu
https://www.tata.com/corporate-social-responsibility
https://www.tata.com/corporate-social-responsibility


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

81

1.5.3. Greening healthcare – 
Opportunities and affirmative actions 

The healthcare industry is a major 
cause of environmental deterioration, 
even though it is vital to public health 
and welfare. High energy use, waste 
production, and the use of hazardous 
materials are all part of the sector’s 
environmental imprint. By putting 
sustainable methods into place, 
healthcare can be made greener while 
nevertheless preserving or enhancing 
the standard of treatment. This part 
looks at the chances to green healthcare 
and positive steps that may be done to 
make the industry more sustainable.

Use of Energy
Hospitals rank among the biggest users 
of electricity. Putting into use energy-
efficient methods and technology 
can cut energy use and expenses 
dramatically.

Energy Audits and Benchmarking 
Energy audits are useful in pointing 
up places where energy is wasted and 
in finding areas that can be improved. 
Benchmarking against comparable 
facilities allows one to establish 
objectives and performance criteria 
for energy efficiency enhancements. 
Additionally, highlighting the 
advantages of installing energy-efficient 
heating, ventilation, and air conditioning 
systems in buildings are energy audits.

Case Study: Energy Audits in European 
Hospitals an average 20% decrease in 
energy use was achieved via energy 
audits, according to a research carried 
out in multiple European hospitals. 

These audits found HVAC system 
inefficiencies and suggested energy-
efficient technology upgrade, which 
led to substantial cost savings and 
lower carbon emissions (European 
Commission, 2018).

Including solar, wind, and geothermal 
energy sources into healthcare facilities 
can help to cut greenhouse gas 
emissions and dependence on fossil 
fuels. Hospital property can have wind 
turbines erected, and rooftops or parking 
buildings can have solar panels. Systems 
of geothermal heating and cooling are 
possible.

Solar Energy Solar panels may be put on 
parking lots, rooftops, or vacant ground 
adjacent to medical institutions. They 
can greatly lower power bills and offer a 
dependable supply of clean energy.

Wind Energy Wind turbines may be built 
on hospital property or in neighbouring 
locations with enough wind resources. 
They can supply clean energy as well as 
supplement need.

Geothermal Energy Geothermal 
systems efficiently heat and cool by 
using the earth’s constant subterranean 
temperature. Particularly useful 
are these devices in places where 
temperature swings are considerable.

Gundersen Health System Case Study 
Gundersen Health System in Wisconsin, 
USA, combined renewable energy 
projects with energy efficiency initiatives 
to become energy independent. These 
comprised a biogas facility, wind 
turbines, and solar panels. Together with 
lowering the environmental impact, the 
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program saved a large amount of money 
(Healthcare Without Harm, 2016).

Healthcare facilities’ energy resilience 
may be further improved via microgrids 
and energy storage systems. Through the 
production, storage, and management 
of their own energy, microgrids lessen 
dependency on the main grid and 
guarantee a steady supply of electricity 
during blackouts.

A microgrid that combines advanced 
energy storage, fuel cells, and solar 
power has been put in place at the 
University of California, San Diego 
Health system. By offering a steady and 
environmentally friendly energy supply, 
this technology greatly lowers the 
facility’s carbon footprint and improves 
energy security (UC San Diego, 2020).

Energy-efficient HVAC Systems HVAC 
systems, or heating, ventilation, and 
air conditioning, are significant energy 
users in medical facilities. Converting to 
energy-efficient HVAC systems can lower 
energy use, raise indoor air quality, and 
increase patient comfort.

Case Study: Energy-efficient HVAC 
at Seattle Children’s Hospital Seattle 
Children’s Hospital reduced its energy 
consumption by 15% when it replaced 
its HVAC system with an energy-efficient 
model. Both patients and staff found the 
new system to be more pleasant and 
to have better indoor air quality (Seattle 
Children’s Hospital, 2019).

Designing and building healthcare 
facilities presents several chances for 
sustainability. Environmentally friendly 

building construction requirements are 
provided by green building standards 
like LEED (Leadership in Energy and 
Environmental Design).

Green Building Materials Construction 
with low-VOC (volatile organic 
compounds) paints, recycled steel, and 
timber that is supplied sustainably 
lessens the environmental effect of 
building. Furthermore improving the 
indoor conditions for patients and staff 
are these products.

Consider Energy and Water Efficiency 
When designing healthcare buildings, 
significant long-term savings can result. 
The sustainability of a building can be 
improved by features like green roofs, 
efficient water fixtures, and natural 
lighting. Including areas for physical 
exercise and access to natural settings 
can also enhance the health of the 
workers and the results for the patients.

Case Study: Dell Children’s Medical 
Center The first hospital in the world to 
receive LEED Platinum certification was 
Dell Children’s Medical Center in Austin, 
Texas. Among the many sustainable 
elements of the building are energy-
efficient technologies, a lot of natural 
light, and a rainwater collecting system. 
These elements show that sustainability 
may be included into healthcare design 
and make the surroundings better 
for both patients and staff (U.S. Green 
Building Council, 2008).

Flexible and Adaptable Spaces Including 
flexible and adaptable spaces into 
healthcare facility design can improve 
sustainability. Easy reconfiguration of 
flexible areas to suit various purposes 
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lowers the requirement for new building 
and upgrades. By taking this strategy, 
resources are not only saved but also 
facilities are guaranteed to be flexible in 
meeting evolving healthcare demands.

Case Study: Shepley Bulfinch’s 
Healthcare Design Renowned 
architectural practice Shepley Bulfinch 
creates adaptive and flexible spaces 
for healthcare facilities. Their method 
uses easily reconfigurable multipurpose 
spaces and modular building methods. 
This adaptability lessens the facility’s 
environmental impact and improves 
its capacity to meet future healthcare 
needs (Shepley Bulfinch, 2019).

Improvement of indoor environmental 
quality (IEQ) via use of non-toxic 
materials, natural lighting, and improved 
ventilation can improve patient 
outcomes and staff well-being. Good 
IEQ is linked to lower hospital-acquired 
infection rates and faster healing times.

Johns Hopkins Hospital used low-VOC 
materials, enhanced natural lighting, 
and sophisticated air filtration systems 
among other IEQ enhancements. 
Significantly fewer hospital-acquired 
infections and more patient satisfaction 
followed from these adjustments (Johns 
Hopkins Hospital, 2020).

Waste Management General, hazardous, 
and biological waste are only a few 
of the kinds of waste produced by 
healthcare institutions. Minimizing 
the environmental effect depends 
on effective waste management 
techniques.

Waste Separation and Reduction 
Good waste management depends on 
garbage being separated correctly at 
the source. When at all feasible, facilities 
should put in place thorough waste 
management programs that call for 
reducing, reusing, and recycling items. 
Staff training in trash segregation and 
the promotion of a sustainable culture 
can improve these initiatives.

Safe Disposal of Hazardous Waste To 
avoid environmental contamination, 
hazardous waste—including 
pharmaceutical and biomedical 
waste—must be disposed of carefully. 
Healthcare institutions must use 
licensed hazardous waste disposal 
services and burn hazardous materials 
according to strict guidelines.

Case Study: Waste Reduction at 
Kaiser Permanente One of the biggest 
healthcare providers in the US, Kaiser 
Permanente, has put into place a 
thorough waste reduction initiative. 
Hazardous material disposal done safely, 
recycling, and waste segregation are all 
part of this program. The program has 
greatly lowered the volume of garbage 
dumped in landfills and reduced the 
hazards hazardous waste poses to the 
environment (Practice Greenhealth, 
2018).

The circular economy in healthcare can 
improve waste management even more. 
With this strategy, waste is designed 
out, materials and products are kept in 
use, and natural systems are restored. 
Healthcare institutions may save money, 
cut waste, and build a more sustainable 
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system by putting circular economy 
ideas into practice.

Case Study: Hospitals in the Netherlands 
Embracing the concepts of circular 
economy are a number of hospitals. They 
recycle building materials, reprocess 
medical equipment, and use less single-
use plastics. The promise of circular 
economy techniques in healthcare is 
shown by the substantial waste and 
expense reductions these projects have 
produced (Ellen MacArthur Foundation, 
2019).

Cutting-Edge Waste Management 
Technologies New approaches to 
treating and reducing medical waste 
include autoclaving, microwave 
treatment, and plasma gasification. 
Environmentally benign and more 
effective garbage management is 
possible with these technology.

Case Study: Mayo Clinic’s Plasma 
Gasification System Mayo Clinic 
treats medical waste with a plasma 
gasification system. By utilization of high 
temperatures, this method transforms 
garbage into synthesis gas suitable for 
energy generation. In addition to offering 
the institution a sustainable energy 
source, the technology greatly decreased 
the amount of garbage dumped in 
landfills (Mayo Clinic, 2020).

Water conservation is essential to 
healthcare institutions since it is utilized 
for patient care as well as hygienic 
purposes. Water use and related 
expenses can be lowered by putting 
water conservation measures into place.

Efficient Water Fixtures Installing 
showerheads, toilets, and low-flow 
faucets can drastically lower water use in 
medical facilities. Further cutting back 
on water use can be achieved in kitchens 
and laundries by installing water-
efficient appliances and equipment.

Water Reuse and Recycling Putting in 
place greywater irrigation and cooling 
systems is one way to save water. 
Rainwater collecting devices can be 
utilized to augment the water supply for 
non-potable purposes as well.

Case Study: Water Conservation at 
Cleveland Clinic Leading healthcare 
institution Cleveland Clinic has put in 
place a number of water conservation 
initiatives throughout its locations. 
Among these steps include putting 
in low-flow faucets, making irrigation 
systems more efficient, and landscaping 
with recycled water. The programs have 
established a standard for healthcare 
water conservation and produced 
significant water savings (Cleveland 
Clinic, 2019).

Innovative Water Treatment 
Technologies Innovative water treatment 
technologies can improve attempts 
at water recycling and reuse, such 
membrane bioreactors and ultraviolet 
disinfection. Recycled water is made safe 
and of high quality by these methods, 
which makes it appropriate for a 
range of non-potable applications in 
healthcare institutions.

Advanced water treatment technology 
have been used by St. Joseph’s Hospital 
in California to recycle water for 
irrigation and cooling. Through these 
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technologies, the hospital is now less 
dependent on municipal water sources 
and has seen firsthand how beneficial 
cutting-edge treatment techniques are 
in medical environments (St. Joseph’s 
Hospital, 2020).

Water loss can be avoided and efficiency 
increased by putting leak detection and 
repair processes into place. Using smart 
water management systems and routine 
maintenance can assist in quickly 
locating and fixing leaks.

The installation of smart water meters 
was part of a leak detection and repair 
program that Massachusetts General 
Hospital put in place. In addition 
to greatly lowering water loss, this 
technique increased the facility’s total 
water efficiency (Massachusetts General 
Hospital, 201).

Policy and Leadership Encouraging 
sustainability in healthcare requires 
strong leadership and legislative 
foundations. Healthcare institutions 
must to establish precise objectives and 
goals as well as thorough sustainability 
plans.

Sustainability Committees: Within 
healthcare institutions, forming 
sustainability committees can 
offer specialized supervision and 
coordination of green projects. To 
guarantee a comprehensive strategy 
to sustainability, these committees 
should comprise representatives from 
administration, clinical services, and 
facilities management, among other 
departments.

Green Procurement Rules Using green 
procurement rules guarantees that 
healthcare institutions buy ecologically 
friendly goods and services. This 
entails choosing suppliers who give 
sustainability first priority and choosing 
low-impact items.

Case Study: NHS Sustainability 
Commitments The UK National Health 
Service (NHS) has pledged to become 
the first net zero national health 
service globally. With this pledge 
come a thorough sustainability plan, 
specific goals, and a team tasked with 
monitoring execution. With its strategy, 
the NHS shows how crucial leadership 
and policies are to bringing about 
systemic change in the healthcare 
industry (NHS England, 2020).

Including Sustainability into corporate 
Culture Healthcare institutions can 
effect long-term change by including 
sustainability into their corporate culture. 
This include creating sustainability 
objectives, including sustainability into 
performance measures, and thanking 
and honoring employees for their work 
in this area.

Cleveland Clinic’s Sustainability Culture 
Case Study Cleveland Clinic has 
effectively included sustainability into 
its corporate culture. The management 
of the clinic gives sustainability first 
priority, and employees are urged to 
take part in green projects. Significant 
environmental advantages and a broad 
adoption of sustainable practices are the 
results of this cultural change (Cleveland 
Clinic, 2019).
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Government Policies and Incentives 
The implementation of sustainable 
practices in healthcare can be facilitated 
by government policies and incentives. 
Energy-efficient, waste-management, 
and water-saving regulations can 
encourage innovation and compliance.

The Danish government offers financial 
incentives for healthcare institutions 
to adopt renewable energy systems 
and energy-efficient technologies. The 
Danish Energy Agency (2020) reports 
that these incentives have sped up the 
implementation of sustainable practices 
and lowered the country’s healthcare 
sector’s carbon footprint.

Environmental responsibility culture 
cannot be fostered without educating 
and training healthcare workers in 
sustainable practices. Health care 
facilities must create and carry out 
sustainability-focused training courses. 
Programs on waste management, water 
conservation, and energy efficiency are 
among others. Including sustainability 
into medical and nursing curricula 
can also equip upcoming medical 
professionals to give environmental 
responsibility first priority in their 
work. Campaigns for Awareness 
Increasing knowledge of the value of 
sustainability among patients, staff, and 
the community can lead to behavioural 
change. Informational resources, 
seminars, and events emphasizing the 
advantages of greening healthcare can 
all be part of a campaign.

Case Study: Sustainable Healthcare 
Education in Canada Several Canadian 
medical schools now include 

sustainability into their curricula. For 
instance, environmental health and 
sustainability are included in modules 
of the medical curriculum at the 
University of British Columbia. These 
educational programs get upcoming 
medical professionals ready to support 
sustainability in the healthcare industry 
and take into account the environmental 
effects of their procedures (Bell et al., 
2010).

Including sustainability into continuing 
medical education (CME) programs 
guarantees that working healthcare 
professionals are current with the 
most recent sustainable methods and 
technologies. Environmental effects of 
medical operations, waste reduction, 
and energy management are just a few 
of the subjects covered in CME courses 
on sustainability.

Case Study: Sustainability CME at 
Harvard Medical School Sustainability in 
healthcare is the subject of CME courses 
offered by Harvard Medical School. With 
the help of these courses, healthcare 
workers can apply sustainable practices 
in their clinical settings, therefore 
advancing the more general objective 
of greening healthcare (Harvard Medical 
School, 2021).

Patient and Community Involvement 
Involving the community and patients 
in sustainability projects might 
increase their effect. Programs for 
education and community service 
can increase knowledge and promote 
environmentally friendly actions.

Case Study: Community Involvement 
at Cleveland Clinic Cleveland Clinic 
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has launched community outreach 
initiatives to advance sustainability. 
Among these activities are public events, 
educational seminars, and collaborations 
with neighborhood associations. 
The Cleveland Clinic, 2019 notes that 
involving the community has improved 
sustainability initiatives and established 
an environmental responsibility culture.

Partnerships and Collaboration Working 
with other groups and stakeholders 
can increase the effect of sustainability 
projects. Public-private partnerships 
have the potential to use the advantages 
of both to promote healthcare 
sustainability. Partnerships, for instance, 
with renewable energy firms can make it 
easier for medical institutions to deploy 
wind turbines or solar panels. Interaction 
with Non-Governmental Organisations 
(NGOs) NGOs concentrating on 
environmental health and sustainability 
might offer useful knowledge and 
resources. Working along with these 
groups can improve the efficiency of 
greening projects and advance more 
general environmental objectives. 

A global non-governmental organization 
called Health Care Without Harm strives 
to improve environmental health and 
change the healthcare industry to be 
ecologically sustainable. The group 
has successfully carried out a number 
of projects through alliances with 
healthcare providers, such as energy 
efficiency promotion, chemical usage 
reduction, and support of sustainable 
procurement procedures (Health Care 
Without Harm, 2020).

Joining regional and international 
networks devoted to healthcare 
sustainability might help to exchange 
and cooperate expertise. These networks 
offer healthcare organizations forums 
for resource access, best practice 
sharing, and project collaboration in 
sustainability. Global Green and Healthy 
Hospitals Network is a global community 
of healthcare facilities dedicated to 
lessening their environmental effect. 
Members of GGHH pool resources, 
work on joint projects, and advance 
international sustainability objectives. 
Healthcare institutions can now 
launch more thorough and successful 
sustainability programs thanks to 
this network (GGHH Network, 2020). 
Initiatives for Collaborative Research 
Understanding of sustainability in 
healthcare can be advanced by means 
of collaborative research projects. 
Universities, research institutes, and 
healthcare organizations can together 
investigate innovative methods and 
technology that improve sustainability. 

Stanford University has teamed with 
nearby hospitals to do collaborative 
study on sustainable healthcare 
practices. Because of these cooperative 
projects, new methods and technology 
that lessen the environmental effect 
of healthcare have been developed 
(Stanford University, 2021).

Healthcare sustainability cannot be 
advanced without funding research 
and innovation. Healthcare can have 
less of an environmental effect if 
sustainable technologies are developed 
and implemented. This covers advances 
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made in building materials, waste 
management systems, and medical 
equipment. Innovations that improve 
sustainability can result from funding 
research into new technology. 

Evidence-Based Techniques Putting 
evidence-based techniques into 
practice guarantees that sustainability 
projects are both successful and 
sound scientifically. Research on how 
healthcare procedures affect the 
environment can help to guide policy 
choices and point up sustainable best 
practices.

Case Study: Sustainability and 
Telemedicine The COVID-19 epidemic 
has sped up the use of telemedicine, 
which offers major advantages for 
sustainability. Telemedicine minimizes 
the environmental effect of healthcare 
delivery and reduces carbon emissions 
by removing the need for travel. 
Telemedicine can be used and 
integrated into healthcare systems going 
forward with support from research on 
its long-term sustainability advantages 
(Contreras et al., 2021).

Sustainable Clinical Practices 
Research into sustainable clinical 
practices can point up methods to 
lessen the environmental effect of 
medical operations. Among these are 
investigating low-impact anesthetics, 
cutting back on single-use plastics, and 
refining surgical methods to reduce 
waste.

Case Study: Sustainable Anesthesia 
Practices Lower-emission anesthetic 
gases and reusable anesthesia circuits 
are examples of sustainable anesthetic 

practices investigated by University 
of Michigan research. It has been 
demonstrated that these techniques 
lower surgical procedure environmental 
impact without sacrificing patient safety 
(University of Michigan, 2019).

Green Chemistry in medications Making 
medications using green chemistry 
concepts can lessen their environmental 
effect. This include lowering waste, 
employing safer solvents, and raising 
industrial energy efficiency. The 
multinational healthcare corporation 
Novartis has incorporated green 
chemistry concepts into its medication 
production procedures. Pharmaceutical 
product safety has increased, 
production costs have decreased, and 
environmental effect has all been 
lessened (Novartis, 2018). Pharmaceutical 
and Chemical Use From manufacture 
to disposal, pharmaceuticals and 
chemicals used in healthcare have a 
big environmental impact. Greening 
healthcare depends on managing these 
chemicals sensibly.

Sustainable Pharmaceutical 
Procurement Choosing medications 
made responsibly can lessen the 
environmental effect. This entails 
choosing items with little packaging, 
using generic drugs if feasible, and giving 
suppliers who follow environmental 
regulations priority. Safe Pharmaceutical 
Disposal Pollution of the environment 
and hazards to public health can result 
from improper pharmaceutical disposal. 
Programs for the secure disposal of 
unneeded or expired drugs should be 
put in place by healthcare facilities, like 
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take-back schemes or alliances with 
licensed disposal providers.

Case Study: National Program for 
the Safe Disposal of Pharmaceutical 
Waste Sweden has put in place. The 
general public can return unused 
prescriptions in containers provided by 
pharmacies; these are then gathered 
and properly disposed of. As a model 
program for other nations, this one 
has greatly decreased pharmaceutical 
contamination in the environment 
(Sumpter, 2005).

Lowering Chemical Use in Healthcare 
The environment and human health 
can be safeguarded by lowering the 
use of toxic chemicals in healthcare. 
This involves switching to safer cleaning, 
disinfecting, and medical supply options.

Case Study: Toronto General Hospital’s 
Chemical Reduction Program Toronto 
General Hospital launched a campaign 
to utilize less dangerous chemicals 
for cleaning and disinfection. Among 
the program’s goals was to upgrade 
ventilation systems and switch to green 
cleaning products. The hospital now 
has a smaller environmental impact 
and better interior air quality (Toronto 
General Hospital, 2020).

Healthcare transportation and logistics 
add to carbon emissions. Efficiency 
of these procedures can improve 
sustainability.

Green Transportation Initiatives Hospitals 
can take up green transportation 
programs, includes driving electric or 
hybrid cars for supply deliveries and 
patient transportation. Staff members 

who bike, take public transit, or carpool 
can help cut pollution.

Supply chain optimization can help 
to cut transit distances and increase 
efficiency, therefore reducing the carbon 
footprint. This entails using just-in-time 
inventory techniques to reduce waste 
and, when feasible, obtaining products 
locally.

Case Study: Green Transportation 
at Yale New Haven Health Yale New 
Haven Health has put in place a fleet of 
hybrid cars, incentives for using public 
transportation, and electric car charging 
stations. Through these programs, 
the company has cut its emissions 
associated to transportation and has 
become an example for other healthcare 
providers (Yale New Haven Health, 2018).

Healthcare supply chains may be made 
more efficient by putting in place 
sophisticated logistics management 
systems. More sustainable supply chains 
result from the inventory tracking, 
delivery route optimization, and waste 
reduction capabilities of these systems.

Kaiser Permanente has put in place 
a logistics management system that 
maximizes delivery routes and inventory 
levels. In addition to reducing emissions 
and supply chain inefficiencies, this 
approach has shortened travel lengths 
(Kaiser Permanente, 2019).

Improved access to care and reduced 
carbon emissions can result from the use 
of telemedicine and remote monitoring 
in reducing the need for patient travel. 
Furthermore lowering the need for 
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physical space in healthcare institutions 
are these technologies.

Case Study: Cleveland Clinic’s Expanded 
Telemedicine Services Cleveland Clinic 
now offers patients remote monitoring 
and virtual consultations. With this 
program, fewer in-person visits are 
required, which lowers emissions 
associated to travel and enhances 
patient convenience (Cleveland Clinic, 
2020).

1.5.4. Healthcare institutions’ food and 
nutrition services have chances for 
greening as well.

Sustainable Food Sourcing Healthcare 
facilities might have less of an 
environmental effect by sourcing food 
responsibly. This entails buying seasonal, 
organic, and locally grown vegetables; it 
also entails cutting back on meat intake 
and providing more vegetarian choices.

Reducing Food Waste Better inventory 
management, portion control, and 
composting initiatives are a few ways 
that you can improve sustainability even 
further. To these initiatives can also be 
added the need of teaching patients 
and staff about the need of decreasing 
food waste.

Case Study: Healthy Food in Health 
Care Program The Health Care Without 
Harm-funded Healthy Food in Health 
Care Program collaborates with hospitals 
all throughout the country to advance 
sustainable food practices. Hospitals 
taking part have committed to sourcing 
organic and locally grown food, cutting 
back on meat consumption, and 

reducing food waste. By supporting 
regional food systems, these programs 
have increased the sustainability of 
hospital food services (Health Care 
Without Harm, 2020).

Promoting plant-based diets in 
healthcare settings can lessen the 
environmental effect of food services. 
Comparing diets heavy in animal 
products to plant-based diets, the latter 
need less resources to produce and 
cause less greenhouse gas emissions.

Case Study: New York Presbyterian 
Hospital’s Plant-Based Meals New York 
Presbyterian Hospital’s food services 
has begun offering plant-based meals. 
These meals are less environmentally 
damaging and better for the patients as 
well. Patients and staff have embraced 
the program, proving that plant-based 
diets are practical in the medical field 
(New York Presbyterian, 2019).

Fresh, locally grown produce can be had 
all year round in healthcare institutions 
that use hydroponic and vertical farming. 
By using less water and land than 
conventional agricultural techniques, the 
environmental effect is lessened.

Boston Medical Center has a rooftop 
hydroponic farm that provides fresh 
vegetables for its meal services. By this 
effort, patients now receive wholesome 
meals and the environmental impact of 
food procurement has been lessened 
(Boston Medical Center, 2020).

1.5.6. Green Healthcare 

Health Advantages of Sustainable 
Practices Putting sustainable practices 
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into place in healthcare facilities can 
improve indoor air quality, lower 
chemical exposure, and increase patient 
and staff well-being generally. Research 
indicates that patients in greener 
hospitals heal more quickly, have less 
problems, and express greater happiness 
(Ulrich, 1984).

Healing Environments Patient outcomes 
may be improved by incorporating 
sustainable design components like 
access to natural light, green areas, and 
quiet areas into healing environments. 
These qualities can help with healing, 
lower stress, and improve mood.

Case Study: Maggie’s Centres Maggie’s 
Centres serve cancer patients and their 
families at locations all around the 
United Kingdom. These centers include 
energy-efficient technologies, green 
areas, and natural light all included into 
their design with sustainability in mind. 
Maggie’s Center design has been found 
to enhance visitor well-being, proving 
the link between sustainable design 
and good health results (Jencks and 
Heathcote, 2010).

Healthcare Biophilic design is the 
integration of natural components 
into the built environment to improve 
human health and well-being. Because 
biophilic design lowers stress and 
encourages healing, it can enhance 
patient outcomes in healthcare settings.

Case Study: Biophilic Design at Khoo 
Teck Puat Hospital Green roofs, gardens 
and water features are just a few of the 
biophilic design components included 
into the Singaporean hospital. Higher 
patient satisfaction and better health 

outcomes are two benefits of these 
components’ peaceful and restorative 
atmosphere for both patients and staff 
(Khoo Teck Puat Hospital, 2017).

Patient outcomes can be enhanced by 
lower noise levels in healthcare facilities 
achieved by efficient acoustic design. 
While quieter settings encourage 
relaxation and healing, high noise levels 
are linked to more stress and longer 
recovery periods.

Case Study: Acoustic Design at University 
Hospital Zurich To lower noise levels, the 
hospital used acoustic design elements 
like quiet areas and materials that 
absorb sound. Better quality of sleep 
and general happiness for patients 
have resulted from these developments 
(University Hospital Zurich, 2019).
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1.6 Empirical examples and evidence demonstrating climate change’s 
health impacts – Case Studies 

1.6.1. Health impact: Heat stroke

Case #1: the worker was working under 
a foil tent in summer seasonal work, 
picking peppers, for eight hours a day in 
an extremely hot weather environment 
(during a second-degree heat alert), 
as part of a streamlined employment 
scheme. The workers were provided with 
fluids at all times. On the second day 
of work, at around 3 p.m., the worker, 
although he had not finished scraping 
the row of peppers he had started, took 
a break in a shady place next to the 
foil tent. He told the worker who was 
already there that he felt nauseous and 
immediately afterwards collapsed and 
lost consciousness. He died shortly after 
being taken to hospital. 

According to the autopsy report, “the 
circulatory and respiratory failure which 
was the cause of death was clearly due 
to heat stroke caused by high ambient 
temperatures”

Case #2 – On  18 June 2013, the 35-year-
old employee was working as an 
agricultural labourer in an onion field 
of a farmer employer, where he was 
harvesting onions. He was working 
alongside an agricultural tractor towed 
by an onion “clean-up machine”. 15 kg 
sacks were being filled by the machine, 
followed by stacking the sacks in rows 
on the ground. The 15 kg bags were later 
loaded onto a 1.4 m high sidewall trailer 

with another worker. Four other workers 
were involved in the onion harvest

On that day, the daytime air 
temperature was 34°C, and a 2nd level 
heat warning had already been in force 
the day before (heat wave is defined 
as forecasted daily mean temperature 
>25°C for at least three consecutive days, 
which corresponds to a 15-30 percent 
daily excess deaths).

Due to the high temperature (heatwave) 
workers stopped to rest for 10-15 minutes 
at least in every 40-60 minutes, usually 
at the end of the onion rows. They had 
a rest at the machine or in the shade of 
the umbrellas or at the end of the onion 
field in the shade of a caravan. Mineral 
water and drinking water in sufficient 
quantity and temperature were provided 
for them. 

The trailer was loaded with 450-500 
bags, with about 10-20 bags still on the 
ground, when the worker told his co-
worker that he was not feeling well and 
would rather come down to pick up the 
bags. He came down from the trailer 
and when he put the bags on the trailer, 
it was noticed that he was not feeling 
well, “dizzy, light-headed”. 

The people involved in loading the bags 
immediately rushed over, tried to give 
him a drink and put a wet cloth on the 
back of his head, but they could no 
longer talk to him. They then put him 
in a car and took him to the medical 
emergency room, where he died. 
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According to the death’s certificate, 
the worker died of “heat stroke” and 
“sunstroke” due to respiratory and 
respiratory and circulatory failure.

Explanation: Heatstroke from heavy 
physical work mainly affects young, 
otherwise healthy individuals, especially 
men. It is the result of the worker being 
subjected to a higher than optimal 
workload and is therefore classified as 
an occupational disease. This form of 
heat stroke is caused by exertion in a 
hot, humid environment. In this case, the 
main pathogenic factor (involved in the 
development of the disease) is the heat 
production resulting from the work of 
the striated muscles. 

Working at maximum intensity can 
increase the energy consumption of 
the muscles to 20 times the baseline 
level. Of this, only 25 per cent is used for 
efficiency, the rest being converted into 
heat, which is released from the muscles 
into the blood, raising body temperature. 
The critical value for heat stagnation, as 
for fever, is 41°C.

Around the machinery and on work on 
the trailers, heat generated by the metal 
surfaces and emitted in the environment 
could have contributed to the additional 
strain on the worker.

Questions to identify potential causing 
factors (problems):

	´Did the employee consume enough 
fluid?

	´Did he cool the body?

	´How much time did he spend in 
shade? Did he have a rest?

	´Did the employer ensure that the 
employee was fit to work before 
starting work?

Case #3 – Impact of heat on medication: 
After the massive heat wave had passed, 
a request was sent to the National 
Institute of Environmental Health by the 
head of a psychiatric ward asking for a 
written confirmation of the heat wave as 
an extreme weather event. He explained 
the request as follows: a clinical trial 
of an anti-schizophrenia drug was in 
Phase III at the time of the heat wave. 
The symptoms and reactions of those 
involved in the trial were completely 
different from before, so the 3rd Phase of 
the trial needed a repetition. 

Questions to identify potential causing 
factors (problems):

	´What specific impacts resulted in the 
unusual reaction? 

	´How can be avoided such situation?

	´ Read the article: Fatal Heat Stroke in 
a Schizophrenic Patient: https://doi.
org/10.1155/2012/924328

Case #4 – Impact of heat on neonatal 
mortality: In August 2013, a double 
heatwave resulted in a cumulative 
death toll in the Perinatal Intensive Care 
Centre in Miskolc City, Hungary. The risk 
of prolonged high temperatures was 
considered to be a risk factor for the 
clustering of cases, and the possible role 
of heat was investigated by comparing 
the available data from previous years.
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Premature infant deaths Occurred in 
PIC: When comparing deaths per treated 
patient in June-August for four years 
(2010-2013), the 11 deaths/72 treated 
premature infants in August 2013 was 
found to be significantly higher than the 
June 2010 (2/64) and July-August 2012 
(1/94; 1/76) deaths

The uncertainty of the association was 
cofounded by the fact that the majority 
of preterm infants who died during 
the heat wave in August 2013 (9/11) had 
been under treatment in the ward 
for more than 72 hours. According to 
meteorological data from Miskolc City, 
all days with an average temperature 
above 25°C occurred during a heat 
alert. There was 1 death during the 
June and July alerts and 6 during the 
August alert. When looking at the 
proportion of preterm infants treated 
on cooler and hotter days (12/240 and 
8/157 respectively), the difference is not 
significant. In contrast, when comparing 
the mean mortality of cooler and hotter 
days (0.167 and 0.400 respectively), the 
difference is significant (p=0.058).

Questions to identify potential causing 
factors (problems):

	´How could the heatwave contribute to 
the elevated mortality?

	´ Can we suspect possible nosocomial 
infections related to heat?

	´ Could the heatwaves in June and July 
play a role in preterm births?

Case #5 – Climate change and VBD: 
A beekeeper visited the GP in June. 
Symptoms: severe dizziness, headache, 
fever. The GP initially recommended 
mild painkillers, but the symptoms did 
not subside. At the next appointment, 
he recommended bed rest and ordered 
routine laboratory tests. The patient’s 
condition did not improve.

Questions to identify potential causing 
factors (problems):

	´What diseases should I have 
considered and what tests should I 
have requested?

	´What specific therapy would you use?

Further case studies: https://www.osha.
gov/heat-exposure/case-studies

Case #6 – Roofing worker: In July, a 
42-year-old man started a new job as 
a roofer. His employer did not have a 
formal plan to protect new workers 
from heat-related illness although there 
was plentiful water, ice, and Gatorade 
available at the site. The worker felt fine 
during his first two days of work. His 
third day on the job was slightly warmer, 
with a high temperature of about 86°F 
and relative humidity of 57%, for a heat 
index of 90°F. In the afternoon, the 
worker told his co-workers he felt hot 
and sick. He climbed down from the roof 
and went to sit by himself in the sun. 
When his co-workers checked on him a 
few minutes later, he had symptoms of 
heat stroke. He was taken to a hospital 
where he died. Scattered clouds may 
have reduced the radiant temperature 
somewhat but reconstruction showed 

http://climatemed.eu
https://www.osha.gov/heat-exposure/case-studies
https://www.osha.gov/heat-exposure/case-studies


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

97

a wet-bulb globe temperature of 82°F 
based on data from a nearby airport.

Lessons to learn from this case:

	´ Protect new workers during their first 
two weeks on the job. Make sure they 
take plenty of rest breaks and drink 
enough fluids.

	´Never leave workers alone when they 
complain of heat-related symptoms. 
Their condition can worsen quickly! 
Take them to a cool location and 
provide first aid. Even a brief delay 
in first aid can make the difference 
between life and death.

	´ Temperatures do not have to be 
extremely hot to cause heat stroke in 
workers. Remember, total heat stress 
is a combination of environmental 
heat and workload. Air temperatures 
in the 80s (°F) are high enough to 
result in a Heat Index value of 90°F. 
They are also high enough to kill some 
workers.

Case #7 – Delivery worker: A 50-year-
old man had been working at a 
delivery company for six years. His job 
involved driving a vehicle and walking 
in residential neighborhoods to deliver 
mail and packages. In late May, the 
weather suddenly became hotter. On 
the second day of hot weather, this 
worker developed heat cramps and 
heat exhaustion. He was hospitalized for 
two days with acute kidney failure due 
to dehydration. His condition improved 
after intravenous fluid replacement.

Lessons to learn from this case:

	´ Even experienced workers are 
vulnerable to heat-related illness 
when the weather becomes warmer. 
Throughout the first week of warmer 
conditions, treat all workers as if they 
need to adapt to working in the heat. 
Take extra precautions to protect 
them from heat-related illnesses.

	´Make sure workers drinking enough 
fluids during warm or hot weather.

Case #8 – Foundry worker: A 35-year-old 
employee had worked at a foundry for 
six years. The indoor workplace had high 
levels of environmental heat from ovens 
and molten metal. His normal job tasks 
were in a cooler area of the building. On 
the day of the incident, he was asked to 
perform a job in a hotter environment 
near an oven. He wore heavy protective 
clothing to prevent skin burns. After 
several hours of work, the man collapsed 
and died of heat stroke.

Lessons to learn from this case:

	´Heat-related illness can occur indoors. 
The risk is not limited to outdoor 
workers.

	´ Some types of work clothing prevent 
the release of heat from the body. 
Environmental heat measurements 
underestimate the risk of heat-related 
illness in these situations.

	´Workers are at risk of heat-related 
illness when they are reassigned to 
warmer job tasks.

http://climatemed.eu


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

98

1.6.2 Best practices for addressing 
climate change-related concerns 

This chapter focuses on “Best Practices 
for Addressing Climate Change-
Related Concerns” using a case study 
approach to highlight best practices 
in mitigating and adapting to climate 
change impacts. It will give examples of 
best practices for healthcare providers, 
policymakers, and communities to 
address and adapt to these challenges. 
By integrating scientific insights with 
practical solutions, this resource seeks to 
empower stakeholders to take informed 
actions that protect health and enhance 
resilience in the face of a changing 
climate.

Copenhagen: Integrating Green 
Infrastructure

Copenhagen, Denmark, is a leading 
example of how urban planning 
can integrate green infrastructure to 
combat climate change. The city has 
implemented a comprehensive plan 
called the Copenhagen Climate Plan, 
aiming to become the world’s first 
carbon-neutral capital by 2025. One of 
the key initiatives is the creation of green 
roofs and the expansion of green spaces 
to manage stormwater and reduce 
urban heat islands.

 ´ Best Practice: Green Roofs and 
Parks

 ´ Impact: Green roofs help 
in reducing the heat island 
effect, lower building energy 
consumption, and manage 
stormwater by absorbing 
rainfall. Expanding parks and 

green spaces enhances urban 
biodiversity and provides 
recreational areas for residents, 
improving their mental and 
physical health.

 ´ Success Story: The green roof 
policy in Copenhagen mandates 
that new buildings with roofs 
larger than 30 square meters must 
have green roofs. This initiative 
has significantly reduced urban 
flooding and improved air quality.

The Netherlands: Engineering for 
Resilience

The Netherlands, a country with a 
significant portion of its land below 
sea level, has a long history of battling 
sea-related challenges. The Dutch 
have developed advanced engineering 
solutions to protect against flooding and 
sea-level rise.

 ´ Best Practice: The Delta Works

 ´ Impact: The Delta Works is a series 
of construction projects consisting 
of dams, sluices, locks, dikes, 
and storm surge barriers. These 
structures protect the Netherlands 
from the North Sea’s storm surges 
and rising sea levels.

 ´ Success Story: Completed over 
several decades, the Delta Works 
has proven its effectiveness, most 
notably during the 1953 North Sea 
flood and recent severe weather 
events. It has become a model 
for other countries facing similar 
threats.
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Germany: Renewable Energy Policies

Germany’s Energiewende, or “Energy 
Transition,” represents a comprehensive 
policy shift towards renewable energy. 
This initiative seeks to reduce reliance 
on fossil fuels, enhance energy 
efficiency, and phase out nuclear power, 
positioning Germany as a leader in clean 
energy innovation.

 ´ Best Practice: Energiewende 
(Energy Transition)

 ´ Impact: Germany’s Energiewende 
aims to transition from fossil fuels 
to renewable energy sources. The 
policy includes subsidies for solar 
and wind energy, phasing out 
nuclear power, and increasing 
energy efficiency.

 ´ Success Story: Germany has 
significantly increased its 
renewable energy capacity, 
with renewables accounting 
for over 40% of the electricity 
mix, reducing greenhouse gas 
emissions and fostering innovation 
in green technologies.

Norway: Electric Vehicle Adoption

Norway has emerged as a global leader 
in electric vehicle (EV) adoption, driven 
by extensive incentives such as tax 
exemptions, free parking, and access to 
bus lanes. This strategy has significantly 
reduced urban air pollution and 
greenhouse gas emissions.

 ´ Best Practice: Incentives for 
Electric Vehicles (EVs)

 ´ Impact: Norway offers substantial 
incentives for EVs, including tax 
exemptions, free parking, and 
access to bus lanes, encouraging 
the transition from fossil-fuelled 
cars.

 ´ Success Story: Norway has one 
of the highest per capita EV 
ownership rates in the world, 
significantly reducing urban air 
pollution and greenhouse gas 
emissions.

United Kingdom: Flood Management in 
London

London’s flood management strategy 
includes the Thames Barrier and 
Sustainable Drainage Systems (SuDS). 
These measures protect the city from 
tidal surges and manage urban flooding 
through natural processes, ensuring 
resilience against climate-induced 
flooding.

 ´ Best Practice: Thames Barrier 
and Sustainable Drainage 
Systems (SuDS)

 ´ Impact: The Thames Barrier 
protects London from tidal 
surges, while SuDS manage 
urban flooding through natural 
processes.

 ´ Success Story: These measures 
have effectively safeguarded 
the city from severe flooding, 
demonstrating the importance 
of integrated flood management 
systems.
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Rotterdam: Flood Resilience and 
Mental Health Support

Rotterdam, Netherlands, has 
implemented innovative flood 
resilience measures to address the 
mental health impacts of climate 
change-induced flooding. The city has 
adopted a “room for the river” approach, 
creating multifunctional floodplains, 
green spaces, and water storage areas 
to manage flood risk and enhance 
community resilience.

 ´ Best Practice: Flood-Resilient 
Urban Design

 ´ Impact: Flood-resilient urban 
design measures such as green 
infrastructure, water-sensitive 
landscaping, and flood-proof 
buildings reduce the risk of 
property damage, displacement, 
and traumatic experiences 
associated with flooding events. 
These interventions also provide 
opportunities for community 
engagement, social cohesion, and 
mental health support in flood-
prone areas.

 ´ Success Story: Rotterdam’s 
innovative flood resilience 
strategies have transformed 
the city’s relationship with 
water, fostering a sense of pride, 
resilience, and well-being among 
residents. The city’s proactive 
approach to climate adaptation 
and community engagement has 
positioned it as a global leader 
in flood resilience and urban 
sustainability.

Oslo: Green Transportation and Active 
Living Promotion

Oslo, Norway, has prioritized green 
transportation initiatives and active 
living promotion to address the health 
impacts of air pollution and sedentary 
lifestyles, exacerbated by climate 
change. The city has invested in cycling 
infrastructure, pedestrian-friendly streets, 
and public transit enhancements to 
encourage active transportation and 
reduce carbon emissions.

 ´ Best Practice: Green 
Transportation and Physical 
Activity Promotion

 ´ Impact: Green transportation 
initiatives such as cycling 
infrastructure and public transit 
enhancements reduce reliance 
on cars, lower air pollution levels, 
and promote physical activity, 
improving cardiovascular health 
and respiratory function. Active 
living promotion campaigns 
encourage residents to incorporate 
physical activity into their daily 
routines, reducing the risk of 
chronic diseases associated with 
sedentary lifestyles.

 ´ Success Story: Oslo’s green 
transportation initiatives and 
active living promotion efforts 
have transformed the city’s urban 
landscape, promoting sustainable 
mobility and enhancing public 
health outcomes. The city’s 
commitment to promoting active 
transportation and physical activity 
serves as a model for other cities 
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seeking to address the health 
impacts of climate change.

These case studies illustrate a diverse 
array of best practices for addressing 
climate change-related concerns. These 
examples highlight the importance 
of integrating innovative engineering 
solutions, community-based 
adaptations, sustainable agricultural 
practices, renewable energy transitions, 
health action plans, and indigenous 
knowledge. By learning from these 
successful initiatives, other counties 
can adopt and tailor similar strategies 
to enhance their resilience to climate 
change. Collaborative efforts, informed 
by both modern science and traditional 
wisdom, are essential for building a 
sustainable and resilient future in the 
face of a rapidly changing climate.
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Further Case Studies and Resources

These resources below provide detailed 
examples of past and ongoing case 
studies in climate resilience.

	´US Climate Resilience Toolkit 
(interactive map of all US case studies 
building resilience for climate change) 
https://toolkit.climate.gov/case-
studies 

	´ Best practices and lessons learned 
in addressing adaptation in the least 
developed countries https://unfccc.
int/files/adaptation/application/
pdf/50301_leg_unfccc_bpll_vol3.pdf 

	´McMichael, C., Schwerdtle, P. 
N., & Ayeb-Karlsson, S. (2023). 
Waiting for the wave, but missing 
the tide: Case studies of climate-
related (im) mobility and health. 
Journal of Migration and Health, 7, 
100147. https://www.sciencedirect.
com/science/article/pii/
S2666623522000708 

	´ Case Studies for Climate Change 
Adaptation (United States 
Environmental Protection Agency) 
https://www.epa.gov/arc-x/case-
studies-climate-change-adaptation 

	´ Climate Adapt 10 case studies 
(European Climate Adaptation 
Platform) https://climate-adapt.eea.
europa.eu/en/about/climate-adapt-
10-case-studies-online.pdf 

	´ Climate Adapt 10 Case Studies 
(European Environment and 
European Commission) https://
climate-adapt.eea.europa.eu/en/
about/climate-adapt-10-case-studies-
online.pdf
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2. Developing Engaging Learning 
Materials and Presentations
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2.1. Specific Goals to Increase Student Understanding of Climate 
Change and Its Impact on Health

As climate change accelerates, its 
impact on global health is becoming 
increasingly apparent. From the spread 
of infectious diseases to the growing 
incidence of heat-related illnesses, the 
health consequences of a warming 
planet are multifaceted and profound. 
To adequately prepare students for these 
challenges, educators must set clear 
learning objectives that increase their 
understanding of the mechanisms of 
climate change and the various ways it 
affects public health. This subchapter 
provides examples of key goals to 
improve student understanding of 
climate change and its impact on 
health.

2.1.1. Comprehend the Fundamental 
Mechanisms of Climate Change

Before students can fully grasp how 
climate change affects health, they 
need to understand the underlying 
scientific principles that drive these 
environmental changes. Students should 
gain a foundational understanding of 
how greenhouse gases trap heat in the 
Earth’s atmosphere, leading to rising 
global temperatures and changing 
weather patterns. Lecturers should guide 
students to explore:

	´ The greenhouse effect and human 
contributions to climate change: 
Students should learn how 
activities such as burning fossil 
fuels, deforestation, and industrial 
agriculture contribute to the buildup 

of carbon dioxide (CO2), methane, 
and other greenhouse gases in 
the atmosphere. This increase in 
greenhouse gases accelerates the 
warming of the planet, leading to a 
variety of environmental disruptions.

	´ Consequences of rising global 
temperatures: These disruptions 
include the melting of polar ice 
caps, rising sea levels, changes in 
precipitation patterns, and more 
frequent and severe extreme 
weather events. Understanding these 
processes is essential for students to 
later connect them to health-related 
outcomes.

By understanding the mechanisms of 
climate change, students are better 
equipped to engage in discussions 
about its broader impacts, particularly 
on human health.

2.1.2. Identify the Direct and Indirect 
Health Impacts of Climate Change

Climate change has a variety of direct 
and indirect impacts on health, and 
students must be able to distinguish 
between these two types of effects. 
Direct health impacts are immediate 
and typically arise from exposure to 
extreme weather events or changing 
environmental conditions. Examples 
include:

	´Heat-related illnesses: As global 
temperatures rise, heatwaves become 
more frequent and severe, leading 
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to an increase in conditions such 
as heat stroke and heat exhaustion, 
particularly in vulnerable populations 
like the elderly and children.

	´ Injuries and deaths from extreme 
weather events: Floods, hurricanes, 
and wildfires have become more 
common as a result of climate 
change. These events can cause 
physical harm, displacement, and 
long-term mental health challenges, 
such as post-traumatic stress disorder.

Indirect health impacts occur when 
climate change affects ecosystems, 
food systems, and the infrastructure 
that supports human health. These can 
include:

	´ Spread of vector-borne diseases: 
Warmer temperatures expand the 
range of disease-carrying vectors 
such as mosquitoes, increasing the 
incidence of diseases like malaria, 
dengue fever, and Zika virus in new 
regions.

	´ Food insecurity and malnutrition: 
Changes in precipitation patterns and 
extreme weather events can disrupt 
agricultural production, leading to 
food shortages and malnutrition, 
particularly in low-income regions.

	´Waterborne diseases: Increased 
rainfall, flooding, and poor water 
management can result in water 
contamination and outbreaks of 
diseases such as cholera.

Students need to understand the full 
spectrum of climate change’s health 
impacts and how these risks vary by 

region, socioeconomic status, and 
existing health conditions.

2.1.3. Analyze the Disproportionate 
Effects of Climate Change on 
Vulnerable Populations

Climate change does not affect all 
populations equally. Vulnerable groups, 
such as low-income communities, 
indigenous populations, and people 
living in climate-sensitive regions, 
are often disproportionately affected 
by its health impacts. To foster a 
comprehensive understanding of 
climate justice, students should be 
guided to:

	´ Examine global health disparities: 
For instance, low-income countries 
in sub-Saharan Africa and South Asia 
experience some of the most severe 
health impacts from climate change 
due to their limited resources and 
geographic vulnerability. Students 
should explore how pre-existing 
inequalities, such as lack of access to 
healthcare or clean water, compound 
these effects.

	´Understand the ethical dimensions 
of climate action: Lecturers can 
introduce discussions on climate 
justice, encouraging students 
to reflect on the responsibilities 
of wealthier nations, which are 
historically responsible for the majority 
of greenhouse gas emissions, to 
support vulnerable communities in 
adapting to climate change.

By examining the unequal distribution of 
climate-related health impacts, students 
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can develop a deeper understanding 
of the intersection between climate 
change, health, and social equity.

2.1.4. Understand Mitigation and 
Adaptation Strategies to Reduce 
Health Risks

Students should also learn about the 
strategies that can mitigate climate 
change and adapt to its health 
impacts. Mitigation efforts aim to 
reduce the severity of climate change 
by cutting greenhouse gas emissions 
and transitioning to renewable energy 
sources. These efforts not only slow the 
progression of climate change but also 
have direct health co-benefits, such as 
reducing air pollution and improving 
cardiovascular and respiratory health.

In terms of adaptation, students should 
explore:

	´ Strengthening healthcare systems: 
Public health systems need to be 
resilient in the face of climate-
related challenges. This could involve 
improving surveillance for emerging 
infectious diseases, developing heat 
action plans for cities, and ensuring 
that hospitals and clinics are prepared 
for surges in climate-related health 
issues.

	´Designing climate-resilient 
infrastructure: Adapting cities and 
communities to withstand extreme 
weather events is crucial. Students 
can learn about building sustainable 
water and sanitation systems to 
prevent the spread of diseases, as well 

as designing urban spaces that reduce 
the urban heat island effect.

Encouraging students to think critically 
about mitigation and adaptation 
strategies empowers them to contribute 
to solutions that protect both the 
environment and public health.
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2.2. Embedding the Topic of Climate Change and Health in the 
Curriculum of a Specific Subject

Integrating the topic of climate change 
and its health impacts into university 
curricula is essential for preparing 
students to address the global health 
challenges posed by a warming planet. 
Climate change is a cross-cutting 
issue that affects multiple disciplines, 
making it a relevant topic for courses in 
environmental science, public health, 
medicine, and even social sciences. 
By embedding climate change into 
specific subjects, educators can provide 
students with the tools to understand 
and mitigate the health impacts of this 
pressing issue. This chapter explores 
how lecturers can incorporate climate 
change and health into their teaching, 
focusing on a range of strategies and 
practical examples for different subjects.

2.2.1. Environmental Science and 
Climate Change

Environmental science is one of the 
most obvious subjects where the 
topic of climate change and health 
can be deeply integrated. This subject 
provides students with the foundational 
understanding of climate processes, 
environmental degradation, and 
the human impact on the planet’s 
ecosystems. Educators teaching 
environmental science can include 
modules on the health impacts of 
climate change, connecting scientific 
knowledge to real-world health 
outcomes.

A module in an environmental science 
course might include topics such as:

	´Heat-related illnesses and extreme 
weather: Students can explore 
how rising global temperatures 
contribute to heatwaves and the 
increasing frequency of extreme 
weather events, which have direct 
impacts on public health. Research 
shows that heatwaves, like the ones 
experienced in recent decades, lead 
to spikes in heat-related illnesses 
such as heat exhaustion and heat 
stroke, particularly among vulnerable 
populations. 

	´ Air pollution and respiratory 
diseases: Lecturers can explain the 
connection between climate change, 
air quality, and respiratory illnesses. 
Rising temperatures and increased 
concentrations of greenhouse gases 
are associated with higher levels 
of air pollutants, which exacerbate 
respiratory conditions like asthma. 

	´ Vector-borne diseases: Students can 
learn how climate change alters the 
geographical distribution of vectors 
such as mosquitoes, leading to 
the spread of diseases like malaria, 
dengue, and Zika in regions previously 
unaffected.

Incorporating these topics into an 
environmental science curriculum helps 
students understand the intricate link 
between environmental changes and 
human health, fostering interdisciplinary 
thinking.
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2.2.2. Public Health

Public health courses are another 
critical area where the health impacts 
of climate change can be embedded. 
Climate change poses significant public 
health risks, ranging from infectious 
diseases to malnutrition. Public health 
students, who are future practitioners, 
need to understand the broader 
social, economic, and environmental 
determinants of health, including how 
climate change exacerbates health 
inequalities.

Lecturers can create case studies and 
assignments that explore the following:

	´Global health disparities: Climate 
change disproportionately affects 
low-income countries and vulnerable 
populations. Lecturers can use 
case studies from regions like sub-
Saharan Africa or South Asia, where 
rising temperatures and changing 
precipitation patterns have already 
led to increased food insecurity and 
disease outbreaks. By focusing on 
these real-world scenarios, students 
can explore the ethical and social 
justice implications of climate change 
on health.

	´Disaster preparedness and resilience: 
Public health students should be 
trained in disaster management and 
response, especially in the context 
of climate-related events such as 
floods, hurricanes, and wildfires. 
Incorporating modules on how to 
prepare for and mitigate the health 
impacts of these disasters helps future 

public health professionals build 
resilience in their communities.

	´Mental health: Lecturers can introduce 
discussions about the psychological 
effects of climate change, such as the 
mental health challenges faced by 
communities displaced by rising sea 
levels or extreme weather. Studies 
indicate that individuals experiencing 
the direct effects of climate change 
often suffer from anxiety, depression, 
and PTSD.

By integrating climate-related health 
issues into public health curricula, 
educators can train students to take a 
holistic approach to health promotion 
and disease prevention in a changing 
climate.

2.2.3. Medicine and Health Sciences

In the field of medicine, it is essential 
for future healthcare providers to 
understand how climate change is 
transforming the disease landscape and 
increasing demands on health services. 
Medical students need to be aware of 
the emerging health risks posed by 
climate change so they can incorporate 
these considerations into their practice.

Medical schools can include climate 
change and health as part of their core 
or elective courses by addressing the 
following areas:

	´Disease prevention and treatment: 
Future physicians must be aware of 
how changing climate conditions 
can alter disease patterns, particularly 
for infectious diseases and chronic 
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conditions like cardiovascular diseases. 
For instance, students can explore 
the correlation between increased 
heat exposure and heart attacks, and 
the ways in which hotter climates 
exacerbate pre-existing medical 
conditions. 

	´Hospital preparedness and 
emergency response: Healthcare 
systems must adapt to the increased 
frequency of climate-related 
emergencies such as heatwaves, 
floods, and wildfires. Medical 
students can learn about strategies 
for preparing hospitals and clinics 
to respond effectively to surges in 
patients during extreme weather 
events, ensuring that infrastructure 
is resilient and staff are trained to 
handle climate-induced health crises.

	´Healthcare disparities: Climate change 
exacerbates existing health disparities, 
particularly in communities with 
limited access to healthcare. 
Educators can highlight case studies 
of underserved populations, such as 
rural or indigenous communities, who 
face disproportionate health risks due 
to climate change, and discuss how 
medical professionals can advocate 
for these populations in policy and 
practice.

Embedding these topics into the 
medical curriculum ensures that future 
doctors are equipped to manage the 
complex health challenges posed by 
climate change and advocate for more 
equitable healthcare systems.

2.2.4. Social Sciences and Climate 
Change

While climate change may not seem 
like an obvious topic for social science 
courses, it offers a rich area of study for 
subjects like sociology, anthropology, 
and political science. These disciplines 
can provide students with a broader 
understanding of how climate change 
affects societies, particularly in terms of 
health, inequality, and social justice.

In sociology, for example, lecturers can 
explore the social determinants of health 
and how climate change exacerbates 
them. Discussions could include:

	´ The social impact of climate 
displacement: As rising sea levels 
and extreme weather events force 
people to flee their homes, students 
can examine the health implications 
of climate refugees and the social 
policies needed to protect them.

	´ Climate change and inequality: Social 
science students can investigate how 
climate change disproportionately 
affects marginalized communities, 
leading to worsened health outcomes 
due to unequal access to resources 
such as clean water, healthcare, and 
nutritious food.

In political science, students can study 
how governments and international 
organizations are responding to the 
health impacts of climate change. 
This could involve analyzing policy 
responses, such as the Paris Agreement, 
or exploring the role of public health in 
climate diplomacy.

http://climatemed.eu


Integrating Climate Change and Health Topics 
into Existing Learning Materials

climatemed.eu

111

2.2.5. Practical Teaching Strategies

To effectively embed the topic of climate 
change and health into these various 
subjects, lecturers can use a range of 
practical strategies, including:

	´ Case studies: Real-world examples 
of how climate change is impacting 
health in specific regions can help 
students grasp the immediate 
relevance of the topic. Case studies 
can also be used to stimulate 
discussion and critical thinking.

	´ Interdisciplinary projects: Encouraging 
students from different disciplines 
to collaborate on climate change 
and health projects can foster a 
deeper understanding of the issue’s 
complexity and the need for cross-
sector solutions.

	´Guest lectures: Inviting experts from 
environmental science, public health, 
medicine, and social science to speak 
on climate change and health can 
enrich the curriculum and provide 
students with diverse perspectives on 
the issue.

Embedding the topic of climate change 
and health into university curricula is 
crucial for preparing students to tackle 
one of the most significant challenges 
of the 21st century. Whether through 
environmental science, public health, 
medicine, or social sciences, lecturers 
have the opportunity to equip students 
with the knowledge and skills needed 
to address the health impacts of 
climate change. By using case studies, 
interdisciplinary projects, and practical 
teaching strategies, educators can 

ensure that students leave their courses 
with a comprehensive understanding of 
how climate change is shaping global 
health outcomes – and what can be 
done to mitigate these effects.
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2.3. Case Studies for Problem Based Learning

2.3.1 Scenarios for Student Analysis

Problem-based learning spans a number 
of different teaching techniques, 
including:

	´ Explaining concepts

	´ Self-directed learning: researching 
and information literacy

	´ Applying course content to real-world 
examples

	´ Case studies

	´ Role-plays

These methodologies offer multiple 
scenarios for student analysis. At the 
outset the student should be aware that 
protecting public health and responding 
to climate change require synergistic 
skills: knowledge of public health 
provides insights as to the important 
relevant climate change factors, and 
climate change expertise can serve as a 
lens to attain a deeper understanding of 
public health.  

Explaining concepts
In this lesson, we’ll dive into key concepts 
and mechanisms through which climate 
change impacts human health. We’ll 
examine how rising temperatures, 
altered precipitation patterns, and 
environmental disruptions give rise 
to a range of health challenges, from 
heat-related illnesses to food insecurity, 
vector-borne diseases, and displacement 
of populations. Students will be asked, 
in a small group/tutorial environment 

or class test, to give an oral or written 
explanation of climate change effects 
on human health. Through engaging 
discussions, group activities, and student 
presentations, we’ll unpack these 
concepts and explore their real-world 
implications. You’ll have the opportunity 
to deepen your understanding of the 
intricate relationship between climate 
change and health and develop the 
skills to effectively communicate these 
concepts to others. By the end of this 
lesson, you’ll not only have a clearer 
grasp of the health impacts of climate 
change but also be equipped with 
the knowledge and tools to convey 
this critical information to your peers, 
communities, and policymakers.

1. Concept: Climate change has led to 
an increase in the frequency and 
intensity of heatwaves. Explain the 
concept of this effect on human 
health. 
Student response: Higher 
temperatures can cause heat 
exhaustion, heat stroke, and 
exacerbate existing health 
conditions like cardiovascular and 
respiratory diseases. Vulnerable 
populations, such as the elderly, 
children, and those with preexisting 
health conditions, are particularly at 
risk.

2. Concept: Climate change leads 
to more frequent and severe 
droughts, floods, and storms, 
which affect crop yields. Explain 
the knock-on effects on human 
health. 
Student response: Effect on Human 
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Health: Reduced agricultural 
productivity can lead to food 
shortages and higher food prices, 
contributing to malnutrition and 
hunger, particularly in vulnerable 
populations. Poor nutrition can 
weaken immune systems and 
increase susceptibility to diseases.

3. Concept: Rising sea levels, extreme 
weather events, and prolonged 
droughts can force people to leave 
their homes. Summarise the health 
consequences of this effect. 
Student response: Displaced 
populations may face numerous 
health challenges, including lack 
of access to clean water, sanitation, 
and healthcare. Living in temporary 
shelters can increase the risk of 
infectious diseases and worsen 
mental health conditions.

4. Concept: Increased frequency of 
extreme weather events, such as 
floods and hurricanes, can lead to 
contamination of water supplies. 
Explain how this concept impinges 
on human health. 
Student response: Effect on 
Human Health: Contaminated 
water can cause outbreaks of 
diseases like cholera, giardiasis, and 
other gastrointestinal infections. 
Floodwaters can carry pathogens 
and chemicals that pose health 
risks.

5. Concept: Climate change 
contributes to the spread of 
infectious diseases by altering 
the distribution and behaviour 
of disease vectors, such as 
mosquitoes and ticks. Explain the 
concept of this effect on human 
health. 
Student response: Changes 
in temperature, precipitation, 

and humidity can expand the 
geographic range of disease 
vectors, allowing them to thrive in 
new areas. For example, warmer 
temperatures can accelerate the life 
cycle of mosquitoes, increasing their 
breeding rates and the transmission 
of diseases like malaria, dengue 
fever, and Zika virus. Additionally, 
shifts in climate patterns can 
alter the timing and intensity of 
disease outbreaks, making it more 
challenging for public health 
systems to detect and respond 
effectively. As a result, vulnerable 
populations may face greater risks of 
contracting vector-borne diseases, 
leading to increased morbidity 
and mortality rates. Climate 
change exacerbates existing health 
disparities and underscores the 
importance of proactive measures, 
such as vector surveillance, habitat 
management, and community 
education, to mitigate the health 
impacts of infectious diseases.

2.3.2. Self-directed learning: 
researching and information literacy

We will focus on the theme of self-
directed learning and information 
literacy within the context of climate 
change and health. The students will be 
presented with a series of scenarios that 
require independent investigation and 
research. Through these scenarios, they 
will explore topics such as identifying 
health risks associated with climate 
change, understanding disparities 
in climate-related health impacts, 
evaluating adaptation and mitigation 
strategies, and communicating climate-
health information effectively. By 
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the end of this lesson, the students 
will not only have gained a deeper 
understanding of the health implications 
of climate change but will also have 
honed their research skills, information 
literacy, and ability to communicate 
complex concepts to diverse audiences. 

1. Scenario: Health Risks in a 
Changing Climate

You assign students to explore the 
direct and indirect health impacts of 
climate change in a specific region. Each 
student selects a different region (e.g., 
coastal areas experiencing sea-level rise, 
urban areas affected by heatwaves, or 
agricultural regions facing water scarcity) 
and conducts independent research 
to identify the health risks associated 
with climate change in that area. They 
are tasked with finding credible sources 
such as scientific journals, government 
reports, and NGO publications to gather 
data and statistics on the prevalence 
and projected impacts of climate-
related health issues.

2. Scenario: Vulnerable Populations 
and Climate-Related Health 
Disparities

Students are tasked with researching 
how climate change disproportionately 
affects vulnerable populations, such as 
low-income communities, indigenous 
peoples, and marginalized groups. 
They delve into the underlying social, 
economic, and environmental factors 
that contribute to these disparities 
and identify potential strategies for 
addressing health equity in the face 
of climate change. Through their 

research, students explore case studies 
from different parts of the world to 
understand the varied impacts on 
diverse communities.

3. Scenario: Mitigation and 
Adaptation Strategies for Climate-
Resilient Health Systems

In this scenario, students investigate 
strategies for building climate-resilient 
health systems to mitigate the health 
impacts of climate change. They explore 
how countries and communities are 
adapting their healthcare infrastructure, 
policies, and practices to address 
emerging health threats related to 
climate change. Students may examine 
initiatives such as early warning systems 
for heatwaves, vector-borne disease 
surveillance programs, and community-
based adaptation projects. They are 
encouraged to critically evaluate the 
effectiveness of these strategies and 
identify gaps that require further 
research or policy intervention.

4. Scenario: Communicating Climate-
Health Information to the Public

Students explore the role of 
communication in raising awareness 
about the health impacts of climate 
change and promoting public 
engagement. They research different 
communication strategies, including 
traditional media, social media 
campaigns, community outreach 
programs, and educational initiatives. 
Students analyse case studies of 
successful communication campaigns 
that effectively convey complex scientific 
information in a way that resonates with 
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diverse audiences. They also consider the 
ethical implications of framing climate-
health messages and explore how to 
address misinformation and scepticism 
in public discourse.

2.3.3. Applying course content to real-
world examples

In this lesson, we will explore a series of 
scenarios that challenge us to analyse 
and address the health impacts of 
climate change in specific contexts. 
These scenarios represent real-world 
situations where the intersection of 
climate change and public health 
presents complex challenges and 
opportunities for action. Through 
problem-based learning, we will 
delve into these scenarios, drawing 
on our knowledge of climate science, 
epidemiology, environmental health, 
and public policy to propose evidence-
based solutions. By applying course 
content to real-world examples, we 
will sharpen our critical thinking skills, 
deepen our understanding of the 
interconnectedness of climate and 
health, and develop practical strategies 
for addressing climate-related health 
challenges in diverse settings. By the 
end of this lesson, we will not only have 
gained a deeper appreciation for the 
complexity of the climate-health nexus 
but also have honed our ability to apply 
our knowledge and skills to make a 
positive difference in the world. 

1. Scenario: Heatwaves and Public 
Health

Students are tasked with analysing the 
health impacts of an extreme heatwave 
event in a specific city or region. They 
gather data on temperature trends, 
heat-related illnesses, and mortality 
rates during the heatwave period. Using 
their knowledge of climate change and 
its effects on public health, students 
identify vulnerable populations most 
at risk, such as the elderly, homeless 
individuals, and outdoor workers. They 
propose strategies for local authorities 
to mitigate heat-related health risks, 
such as implementing cooling centres, 
distributing heat advisories, and 
improving urban planning to reduce 
heat island effects.

2. Scenario: Vector-Borne Diseases 
and Climate Change

Students investigate the relationship 
between climate change and the 
spread of vector-borne diseases, 
such as malaria, dengue fever, and 
Lyme disease. They select a specific 
disease and examine how changing 
temperatures, precipitation patterns, 
and ecological factors influence its 
transmission dynamics. Students explore 
real-world examples of regions where 
climate change has facilitated the 
expansion of disease vectors or altered 
disease transmission seasons. They 
propose integrated vector management 
strategies, including vector surveillance, 
habitat modification, and community 
education, to mitigate the health 
impacts of climate-driven vector-borne 
diseases.
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3. Scenario: Air Pollution and 
Respiratory Health

In this scenario, students analyse the link 
between air pollution, exacerbated by 
climate change, and respiratory health 
outcomes. They examine data on air 
quality indicators such as particulate 
matter (PM2.5), ozone (O3), and nitrogen 
dioxide (NO2), and their association with 
respiratory diseases such as asthma, 
chronic obstructive pulmonary disease 
(COPD), and lung cancer. Students 
investigate real-world case studies of 
cities or regions with high levels of air 
pollution and evaluate the effectiveness 
of policy interventions, such as emission 
controls, clean energy initiatives, and 
public transportation improvements, 
in reducing air pollution-related health 
risks.

4. Scenario: Food Security and 
Nutrition Challenges

Students explore the impact of climate 
change on food security and nutrition, 
particularly in vulnerable communities. 
They investigate how shifts in 
temperature and precipitation patterns, 
extreme weather events, and changing 
agricultural conditions affect crop yields, 
food availability, and nutritional quality. 
Students analyse real-world examples 
of regions experiencing food insecurity 
due to climate-related factors, such 
as droughts, floods, and crop failures. 
They propose sustainable agriculture 
practices, resilient food systems, and 
social safety nets to address food 
security challenges and ensure access 
to nutritious food for all populations, 

especially those most affected by 
climate change.

5. Scenario: Mental Health and 
Climate-Related Disasters

Students investigate the often 
overlooked but significant link between 
climate change and mental health 
outcomes, particularly in the aftermath 
of extreme weather events and natural 
disasters. They analyse data on the 
psychological impacts of events such 
as hurricanes, wildfires, and floods, 
including increased rates of anxiety, 
depression, post-traumatic stress 
disorder (PTSD), and suicide. Students 
explore real-world case studies of 
communities affected by climate-
related disasters, examining the long-
term mental health implications for 
survivors, first responders, and vulnerable 
populations. They propose holistic 
approaches to disaster preparedness 
and response that integrate mental 
health support services, community 
resilience building, and psychosocial 
interventions to address the mental 
health impacts of climate change-
induced disasters.

2.3.4. Case Studies for solution-oriented 
public health approaches

In this portion of the lesson, we will 
delve into real-world scenarios that 
exemplify the complex intersections 
between climate change and public 
health, providing us with invaluable 
opportunities for analysis, critical 
thinking, and solution-oriented 
approaches. Through problem-based 
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learning, we will engage with a series 
of case studies representing diverse 
geographical contexts, socio-economic 
conditions, and health impacts of 
climate change. Each case study 
presents a unique set of challenges and 
opportunities, prompting us to apply 
our knowledge, skills, and creativity 
to develop meaningful solutions. Our 
objective in this section is twofold: first, 
to analyse the complex dynamics at 
play in each case study, identifying the 
root causes of climate-related health 
impacts and their consequences for 
affected communities. Second, to 
propose evidence-based strategies and 
interventions that promote adaptation, 
resilience, and health equity in the face 
of climate change.

By the end of our exploration of these 
case studies, we will have honed 
our ability to think critically, work 
collaboratively, and develop actionable 
solutions to address the health impacts 
of climate change.

1. Case Study: The Maldives - 
Rising Sea Levels and Health 
Vulnerabilities

Students examine the case of the 
Maldives, a low-lying island nation in 
the Indian Ocean facing existential 
threats from rising sea levels attributed 
to climate change. They explore the 
health vulnerabilities of Maldivian 
communities due to saltwater intrusion 
into freshwater sources, increased risk of 
waterborne diseases, and displacement 
of populations from coastal areas. 
Students investigate the government’s 
adaptation strategies, such as building 

resilient infrastructure, developing 
early warning systems for flooding, and 
promoting community health resilience. 
They critically evaluate the effectiveness 
of these measures in safeguarding 
public health and discuss potential 
challenges and opportunities for 
addressing the health impacts of rising 
sea levels in island nations.

2. Case Study: California Wildfires - 
Air Quality and Respiratory Health

In this case study, students analyse 
the health consequences of wildfires 
exacerbated by climate change in 
California, USA. They examine the 
impact of wildfire smoke on air quality 
and respiratory health, including 
increased rates of asthma exacerbations, 
respiratory infections, and cardiovascular 
diseases. Students investigate the 
disproportionate burden of wildfire-
related health risks on vulnerable 
populations, such as children, the 
elderly, and outdoor workers. They 
explore public health interventions, 
such as air quality monitoring, smoke 
exposure advisories, and community 
resilience programs, aimed at mitigating 
the health impacts of wildfires. Students 
discuss the role of climate adaptation 
and wildfire management strategies in 
protecting public health and fostering 
community resilience in fire-prone 
regions.
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3. Case Study: Dengue Fever Outbreak 
in Brazil - Climate Change and 
Vector-Borne Diseases

Students analyse the case of a dengue 
fever outbreak in Brazil, where changing 
climatic conditions have contributed to 
the proliferation of Aedes mosquitoes, 
the vectors responsible for transmitting 
the dengue virus. They examine the 
epidemiology of dengue fever, including 
patterns of transmission, geographic 
distribution, and risk factors associated 
with climate variability. Students 
investigate the public health response 
to the outbreak, including vector control 
measures, disease surveillance systems, 
and community education campaigns. 
They discuss the role of climate change 
adaptation strategies, such as water 
management, urban planning, and 
integrated vector management, in 
preventing future outbreaks and 
reducing the burden of vector-borne 
diseases on public health systems.

4. Case Study: Heatwave in India - 
Extreme Heat and Public Health 
Emergency

In this case study, students explore the 
health impacts of a severe heatwave 
event in India, exacerbated by climate 
change and urbanization. They analyse 
the physiological effects of extreme 
heat on human health, including 
heatstroke, dehydration, and heat-
related mortality. Students investigate 
the social and economic determinants 
of heat vulnerability, such as poverty, 
inadequate housing, and lack of access 
to cooling technologies. They examine 
the government’s response to the 

heatwave, including heat action plans, 
heat health advisories, and provision of 
heat shelters for vulnerable populations. 
Students discuss the challenges of 
heat adaptation and resilience in 
rapidly urbanizing environments and 
propose strategies for enhancing heat 
preparedness and protecting public 
health during extreme heat events. 

5. Case Study: Agricultural Drought in 
Sub-Saharan Africa - Food Security 
and Nutrition Impacts

Students delve into the case of 
agricultural droughts in Sub-Saharan 
Africa, where changing precipitation 
patterns and prolonged dry spells 
associated with climate change 
have significant implications for food 
security and nutrition. They examine 
the cascading effects of drought on 
crop yields, food production, and access 
to nutritious food, particularly in rural 
communities dependent on rain-
fed agriculture. Students investigate 
the nutritional consequences of food 
shortages, including malnutrition, 
micronutrient deficiencies, and stunting 
among children. They explore the socio-
economic factors exacerbating food 
insecurity, such as poverty, inadequate 
infrastructure, and lack of access to 
markets and healthcare. Students 
analyse adaptation strategies, such as 
drought-resistant crop varieties, water-
efficient irrigation techniques, and 
social safety nets, aimed at enhancing 
resilience and ensuring food access 
during periods of drought. They discuss 
the importance of holistic approaches 
to addressing food security challenges, 
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including climate-smart agriculture, 
sustainable land management, and 
social protection programs, to build 
resilience and mitigate the health 
impacts of agricultural droughts in Sub-
Saharan Africa. 

2.3.5. Role-plays

In this lesson, we’ll adopt a hands-on, 
collaborative approach to learning, 
centered around problem-based 
learning (PBL). PBL empowers the 
students to take ownership of their 
learning journey as they grapple with 
real-world challenges, analyse complex 
scenarios, and develop practical 
solutions. Throughout our lesson, we’ll 
explore various instructional strategies, 
including scenarios, case studies, 
role-plays, and more, to deepen our 
understanding of the health impacts of 
climate change and cultivate the skills 
needed to communicate this knowledge 
effectively. By the end of our lesson, the 
students not only have gained a deeper 
appreciation for the interconnectedness 
of climate change and public health 
but also have honed their abilities to 
think critically, collaborate with peers, 
and communicate complex ideas in 
engaging and impactful ways.

1. Role-Play: Community Meeting on 
Urban Heat Islands

Students take on roles representing 
various stakeholders, such as city officials, 
urban planners, healthcare professionals, 
and community activists, in a simulated 
community meeting to address the 
health impacts of urban heat islands. 

They discuss the disproportionate heat-
related health risks faced by different 
neighbourhoods, propose mitigation 
strategies such as green infrastructure 
and cool roof programs, and negotiate 
trade-offs between competing priorities 
such as budget constraints and social 
equity concerns.

2. Role-Play: International Climate 
Conference on Vector-Borne 
Diseases

Students assume the roles of 
representatives from different countries, 
global health organizations, and 
environmental advocacy groups at an 
international climate conference focused 
on vector-borne diseases. They negotiate 
agreements on funding for research 
and surveillance, share best practices for 
vector control and disease prevention, 
and advocate for climate adaptation 
measures to reduce the burden of 
diseases such as malaria, dengue fever, 
and Zika virus in vulnerable regions.

3. Role-Play: Emergency Response 
Team in a Climate-Related Disaster

Students play roles as members of an 
emergency response team deployed 
to a simulated climate-related disaster 
scenario, such as a hurricane, flood, or 
wildfire. They collaborate to assess the 
health needs of affected communities, 
prioritize resource allocation for medical 
care and evacuation, and coordinate 
with local authorities, NGOs, and 
international agencies to ensure an 
effective response and recovery effort in 
the aftermath of the disaster.
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4. Role-Play: Public Health Campaign 
on Climate-Related Asthma

Students take on roles as public 
health educators, healthcare providers, 
policymakers, and community members 
in a role-play scenario focused on raising 
awareness about the link between 
climate change and asthma. They 
design and implement a public health 
campaign targeting at-risk populations, 
emphasizing preventive measures such 
as indoor air quality improvements, 
asthma education programs, and policy 
advocacy for clean air regulations to 
reduce asthma exacerbations.

5. Role-Play: Climate Justice 
Tribunal on Environmental Health 
Inequities

Students portray plaintiffs, defendants, 
judges, and expert witnesses in a mock 
climate justice tribunal examining 
environmental health inequities 
exacerbated by climate change. They 
present evidence and arguments related 
to cases of environmental injustice, 
such as disproportionate exposure to 
air pollution, toxic waste, and extreme 
weather events in marginalized 
communities. Through deliberations 
and debates, students explore the 
ethical and legal dimensions of climate-
related health disparities and advocate 
for equitable solutions that prioritize 
the rights and well-being of vulnerable 
populations. 

2.3.6. Discussion Points and Questions

These discussions and questions should 
provide a comprehensive framework 
for exploring the complex relationships 
between climate change and health, 
encouraging critical thinking and 
problem-solving in the context of real-
world scenarios.

1. Urban Heat Islands

Discussion: Urban heat islands 
(UHIs) occur when cities experience 
higher temperatures than their rural 
surroundings due to human activities 
and infrastructure, such as buildings 
and roads, that absorb and retain heat. 
This effect is exacerbated by climate 
change, leading to increased heat-
related illnesses and deaths, especially 
among vulnerable populations such as 
the elderly, children, and those with pre-
existing health conditions. Addressing 
UHIs requires a combination of urban 
planning, green infrastructure, and 
public health initiatives.

Question: How can urban planning and 
design be improved to mitigate the 
health impacts of urban heat islands on 
vulnerable populations?

2. Vector-Borne Diseases

Discussion: Climate change is causing 
shifts in the distribution of vector-borne 
diseases, such as malaria, dengue, and 
Zika virus. Warmer temperatures and 
altered precipitation patterns expand 
the habitats of vectors like mosquitoes 
and ticks, leading to the spread of these 
diseases into new areas. This poses 
significant public health challenges, 
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including the need for enhanced 
surveillance, vector control, and public 
education campaigns to prevent 
outbreaks.

Question: What strategies can be 
implemented to control the spread of 
vector-borne diseases in newly affected 
regions?

3. Air Quality

Discussion: Climate change contributes 
to worsening air quality through 
increased temperatures, changes in 
weather patterns, and higher levels of 
pollutants such as ozone and particulate 
matter. Poor air quality can lead to 
respiratory and cardiovascular diseases, 
affecting millions of people, particularly 
in urban areas. Effective measures to 
combat air pollution include reducing 
emissions from transportation and 
industry, increasing green spaces, 
and implementing strict air quality 
standards.

Question: How can cities reduce air 
pollution levels to protect residents from 
respiratory illnesses?

4. Waterborne Diseases

Discussion: Increased rainfall and 
flooding due to climate change can lead 
to the contamination of water supplies 
with pathogens and chemicals. This 
raises the risk of waterborne diseases 
such as cholera, dysentery, and other 
gastrointestinal illnesses. Ensuring access 
to clean water during and after extreme 
weather events is critical for preventing 
disease outbreaks and maintaining 
public health.

Question: What are effective measures to 
ensure clean drinking water during and 
after extreme weather events?

5. Mental Health

Discussion: Natural disasters and 
extreme weather events, intensified 
by climate change, can have profound 
psychological impacts, including 
anxiety, depression, and post-traumatic 
stress disorder (PTSD). The mental 
health effects can be long-lasting, 
affecting individuals’ overall well-being 
and community resilience. Providing 
adequate mental health services and 
support systems is essential for helping 
individuals and communities recover 
and adapt.

Question: What mental health services 
and support systems should be put in 
place to help communities recover from 
climate-induced disasters?

6. Food Security

Discussion: Climate change affects 
agricultural productivity through 
altered precipitation patterns, increased 
temperatures, and more frequent 
extreme weather events. These changes 
can lead to food shortages, higher food 
prices, and nutritional deficiencies, 
especially in vulnerable populations. 
Adapting agricultural practices and 
improving food distribution systems are 
crucial for ensuring food security in the 
face of climate change.

Question: How can agricultural practices 
be adapted to ensure food security in 
the face of changing climate conditions?
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7. Extreme Weather Events

Discussion: The frequency and intensity 
of extreme weather events, such as 
heatwaves, hurricanes, and floods, are 
increasing due to climate change. These 
events pose significant threats to public 
health, infrastructure, and economies. 
Preparing for and responding to extreme 
weather requires comprehensive public 
health preparedness measures, early 
warning systems, and community 
engagement.

Question: What public health 
preparedness measures can be taken 
to protect communities during extreme 
weather events?

8. Displacement and Migration

Discussion: Rising sea levels, extreme 
weather, and other climate-related 
impacts are forcing people to leave 
their homes, leading to displacement 
and migration. Climate refugees often 
face significant health challenges, 
including lack of access to healthcare, 
poor living conditions, and mental 
health issues. Healthcare systems 
need to adapt to address the needs of 
displaced populations and support their 
integration into new communities.

Question: How should healthcare 
systems adapt to address the needs of 
climate refugees?

9. Allergies and Asthma

Discussion: Climate change is increasing 
the prevalence of allergens such as 
pollen, mold, and air pollutants, which 
can exacerbate conditions like asthma 

and allergies. Longer pollen seasons 
and higher concentrations of allergens 
lead to increased respiratory issues and 
healthcare costs. Public health strategies 
need to focus on monitoring air quality, 
educating the public, and providing 
appropriate medical care.

Question: What public health strategies 
can mitigate the impact of increased 
allergens on populations?

10. Nutritional Changes

Discussion: Climate change affects 
the nutritional quality of food crops 
by altering growing conditions and 
increasing the prevalence of pests 
and diseases. This can lead to reduced 
nutrient content in staple crops, 
impacting dietary health and nutrition. 
Addressing these changes requires 
research into climate-resilient crops, 
improved agricultural practices, and 
nutritional programs that ensure 
adequate nutrient intake.

Question: How can nutritional programs 
be adjusted to ensure adequate nutrient 
intake despite changes in food quality?

11. Vector Control

Discussion: The changing climate is 
expanding the habitats of vectors like 
mosquitoes, leading to the spread of 
diseases such as malaria and dengue. 
Effective vector control involves a 
combination of strategies, including 
environmental management, chemical 
control, and biological methods. 
Integrated vector management (IVM) 
practices are essential for reducing the 
incidence of vector-borne diseases.
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Question: What integrated vector 
management practices can be adopted 
to control these diseases effectively?

12. Water Scarcity

Discussion: Climate change is altering 
precipitation patterns, leading to 
droughts and reduced water availability 
in many regions. Water scarcity impacts 
agriculture, industry, and domestic use, 
posing a significant public health threat. 
Sustainable water management policies 
and technologies are needed to ensure 
reliable access to water and prevent 
health crises.

Question: What policies can be 
implemented to ensure sustainable 
water management and prevent health 
crises related to water scarcity?

13. Heat-Related Illnesses

Discussion: Increasing global 
temperatures and more frequent 
heatwaves result in higher incidences 
of heat-related illnesses such as 
heat exhaustion and heatstroke. 
Vulnerable populations, including 
the elderly, children, and outdoor 
workers, are particularly at risk. Public 
health campaigns and infrastructure 
improvements, such as cooling centers 
and heat action plans, are necessary to 
protect people from extreme heat.

Question: How can public health 
campaigns and infrastructure be 
improved to reduce the health risks 
associated with heatwaves?

14. Infectious Diseases

Discussion: Climate change alters 
ecosystems, affecting the patterns 
and distribution of infectious diseases. 
New areas may become hospitable 
to pathogens and vectors previously 
constrained by climate. Enhanced 
surveillance systems, early detection, and 
rapid response mechanisms are crucial 
for managing the spread of infectious 
diseases linked to climate change.

Question: What surveillance systems 
should be enhanced to detect and 
respond to new infectious disease 
outbreaks linked to climate change?

15. Occupational Health

Discussion: Workers, especially those 
in outdoor occupations like agriculture 
and construction, face increased health 
risks due to extreme weather conditions. 
Heat stress, dehydration, and exposure 
to pollutants are growing concerns. 
Implementing occupational health 
measures, such as providing adequate 
hydration, rest breaks, and protective 
clothing, is vital for safeguarding workers’ 
health.

Question: What occupational health 
measures can be introduced to 
protect workers from extreme weather 
conditions?

16. Chronic Diseases

Discussion: Climate change exacerbates 
chronic health conditions such as 
cardiovascular diseases and diabetes 
by increasing exposure to heat and 
air pollution. Managing the increased 
burden of chronic diseases requires 
integrated healthcare approaches, 
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including patient education, lifestyle 
modifications, and improved access to 
medical care.

Question: How can healthcare providers 
manage the increased burden of chronic 
diseases in a changing climate?

17. Public Health Infrastructure

Discussion: Extreme weather 
events can damage public health 
infrastructure, disrupting healthcare 
services and access to care. Building 
resilient healthcare facilities that can 
withstand climate impacts is crucial for 
maintaining health services during and 
after disasters. This includes designing 
hospitals and clinics with climate 
resilience in mind and ensuring reliable 
backup systems.

Question: What steps can be taken to 
build resilient healthcare facilities that 
can withstand climate impacts?

18. Community Health

Discussion: Climate change affects 
community health by influencing 
social determinants such as housing, 
access to clean water, and food security. 
Enhancing community health initiatives 
that focus on resilience and adaptation 
can improve overall well-being 
and reduce vulnerability to climate 
impacts. Community engagement and 
participatory approaches are essential 
for effective adaptation.

Question: How can community health 
initiatives be designed to improve 
resilience and adaptation to climate 
change?

19. Policy and Legislation

Discussion: Effective policies and 
legislation are essential for addressing 
the health impacts of climate change. 
Governments play a critical role in 
implementing regulations, funding 
research, and supporting public health 
initiatives. Prioritizing policies that 
address climate-related health risks 
can lead to more comprehensive and 
coordinated responses.

Question: What role can government 
policies play in mitigating the health 
impacts of climate change, and what 
specific policies should be prioritized?

2.3.7. Europe Focused Question 

1. Heatwaves in Southern Europe

Discussion: Southern Europe is 
increasingly experiencing more intense 
and frequent heatwaves due to climate 
change. These extreme heat events have 
severe health impacts, including heat 
exhaustion, heatstroke, and exacerbation 
of pre-existing conditions such as 
cardiovascular and respiratory diseases. 
Vulnerable populations, including the 
elderly, children, and outdoor workers, 
are particularly at risk. Addressing the 
health impacts of heatwaves involves 
implementing heat action plans, public 
awareness campaigns, and enhancing 
healthcare services to respond to heat-
related illnesses.
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Question: What specific measures 
can Southern European countries 
implement to protect vulnerable 
populations from the health impacts of 
increasing heatwaves?

2. Air Pollution in Major European 
Cities

Discussion: Major European cities such 
as London, Paris, and Madrid face 
significant air pollution challenges, 
exacerbated by climate change. 
Increased temperatures can lead to 
higher concentrations of ground-level 
ozone and particulate matter, worsening 
air quality and contributing to respiratory 
and cardiovascular diseases. Efforts to 
reduce air pollution include transitioning 
to cleaner energy sources, promoting 
public transportation, and implementing 
stricter emissions regulations.

Question: How can European cities 
effectively reduce air pollution to 
mitigate the associated health risks, and 
what role can policy and technology play 
in this process?

3. Flooding and Waterborne Diseases 
in Central Europe

Discussion: Central Europe is 
experiencing more frequent and severe 
flooding due to climate change, which 
can lead to the contamination of water 
supplies and the spread of waterborne 
diseases such as E. coli and norovirus. 
Floods can overwhelm sanitation 
systems and disrupt access to clean 
water, posing significant public health 
risks. Effective flood management, 
robust water treatment infrastructure, 

and emergency response plans are 
essential to protect public health.

Question: What strategies can Central 
European countries adopt to prevent 
waterborne disease outbreaks following 
severe flooding events?

4. Tick-Borne Diseases in Northern 
Europe

Discussion: Northern Europe is seeing an 
increase in tick-borne diseases like Lyme 
disease and tick-borne encephalitis due 
to milder winters and longer tick activity 
seasons. This shift in disease patterns 
poses new public health challenges, 
requiring enhanced surveillance, 
public education on tick prevention, 
and improved healthcare response 
to diagnose and treat these diseases 
effectively.

Question: How can public health systems 
in Northern Europe be strengthened 
to address the rising incidence of 
tick-borne diseases related to climate 
change?

5. Mental Health Impacts of Climate 
Displacement in Europe

Discussion: Climate change-induced 
displacement is becoming an increasing 
concern in Europe, particularly in areas 
prone to sea-level rise and extreme 
weather events. The psychological 
impacts on displaced individuals, 
including anxiety, depression, and PTSD, 
are significant. Providing mental health 
support, social integration programs, and 
ensuring access to healthcare services 
are critical for helping climate-displaced 
populations adapt and recover.
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Question: What mental health support 
systems and policies should European 
countries develop to address the 
psychological impacts of climate 
displacement?
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2.4. Group works and Projects

To effectively adapt to climate change, 
medical professionals, including 
students, must quickly improve their 
understanding of local risks and their 
ability to respond collaboratively and 
adaptively. We propose that science-
based games, including role-play 
simulation exercises, hold significant 
promise as tools for education and 
engagement to enhance adaptation 
readiness. A significant body of research 
indicates that role-play simulations 
and other games can promote public 
learning and support collective action. 

In this chapter, games fostering climate 
change knowledge and adaptation will 
be presented in three main categories: 
collaborative assignments, role-playing 
exercises and simulated patient 
scenarios.

2.4.1. Collaborative Assignments

Collecting information about health 
effects of climate change

Pair/group-based activity: How can 
climate change affect human health? 
Collect ideas for the health topics related 
to climate change! Students should work 
in pairs/small groups and choose a topic 
from the main fields of climate change. 
Online sources (e.g. Centers for Disease 
Control [CDC] websites, see below) can 
be used for searching information in 
the given topic in a given time frame 
(approx. 10-15 min), then each topic can 
be discussed one-by-one. Students can 
be provided with a QR-code referring to 
the website related to the topic.

Suggested topics and related CDC 
websites:

	´ Air pollution 
https://www.cdc.gov/climate-health/
php/effects/air-pollution.html

	´ Precipitation extremes 
https://www.cdc.gov/climate-health/
php/effects/precipitation-extremes.
html

	´Wildfires 
https://www.cdc.gov/climate-health/
php/effects/wildfires.html

	´ Allergens and pollen 
https://www.cdc.gov/climate-health/
php/effects/allergens-and-pollen.
html

	´ Food security 
https://www.cdc.gov/climate-health/
php/effects/food-security.html

	´Diarrheal diseases 
https://www.cdc.gov/climate-health/
php/effects/food_waterborne.html

	´Mental health and stress-related 
disorders 
https://www.cdc.gov/climate-health/
php/effects/mental-health-disorders.
html

	´ Temperature extremes 
https://www.cdc.gov/climate-health/
php/effects/temperature-extremes.
html

	´ Vector-borne diseases 
https://www.cdc.gov/climate-health/
php/effects/vectors.html
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BINGO game

Distribute the BINGO game template, 
one per person (or in pairs). The task is 
to find someone from the class/group 
for whom the statement is true for 
each statement. Only one name can be 
entered in each rubric on the BINGO 
board (if there are fewer people in the 
group than there are rubrics on the 

board, then one name can appear more 
than once, or we can delete rubrics). For 
the discussion, we can go through the 
statements one by one and participants 
can tell, who it is typical of and whether 
the others guessed it. The winner is the 
first person to gather a name for each 
statement in a column, or in a row, or 
diagonally. Depending on the time, we 
can play until the first three places. 

Uses a reusable 
bottle regularly for 

drinking

Has already 
planted a tree in 

his/her life
Vegetarian

Regularly travels by 
bicycle or scooter

Collects waste 
selectively

Composting
Has already heard 

scary climate 
predictions

Observes meat-free 
days

Wears something 
bought second-

hand

Has seen the 
film of David 

Attenborough: A 
life on our plane

Doesn’t buy soft 
drinks in PET 

bottles

Wears something 
hand-made

Uses his/her own 
bag for shopping, 
not a plastic bag

Avoids single-use 
plastics

Brings snack to 
work/school waste-

free

Wraps the gift 
waste-free

(The inserted bingo game was translated from the Hungarian document “Barna and 
Soós: Kreatívan a klímaváltozásról © PannonPro Kft. 2021, Digitalpress, ISBN 978-615-
01-1033-2.”, available in Hungarian from https://klimainnovacio.hu/files/attachments/
programme/kreativan-a-klimavaltozasrol-tanari-kezikonyv-1.pdf, https://
klimainnovacio.hu/files/attachments/programme/kreativan-a-klimavaltozasrol-
nyomtathato-segedanyagok-1.pdf)

Other climate change related bingo games can also be used; some are available 
from the following websites:

https://schools.leicester.gov.uk/media/7220/activity-1-climate-action-bingo-cards.
pdf

https://www.bayer.com/sites/default/files/SAH_Bingo_EN_final.pdf
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Project planning: Organize a climate 
change program for Earth Day (April 
22)!

Group based activity: by using the action 
planner template, main points of the 
project can be discussed. 

Option 1: Definition of motto and target 
group is done together by the whole 
class, and parts of the program will be 
planned at group level. Suggestions for 
program parts:

Group 1: Invitation of guest speakers, 
topics of presentations

Group 2: Organizing a creative/
interactive session 

Group 3: Organization of an outdoor 
program

Option 2: Each group will find out a 
specific program for Earth Day and plan 
a whole day program.

Discussion: Parts of the daily program 
(Option 1) or the different daily 
programs (Option 2) are presented by a 
representative of each group.
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Comparison of individual 
achievements at group level: 

Insert a QR code or link of the website to 
the teaching material. The task is to fill in 
the quiz individually and then compare 
the individual achievements within the 
group.

What is your Ecological Footprint? 
Source: https://www.footprintcalculator.
org/home/en

Climate Literacy Quiz 
Source: https://cleanet.org/clean/
literacy/climate/quiz.html

Climate Change Quiz 
Source: https://www.earthday.org/the-
climate-change-quiz/

(The inserted action planner template was translated from the Hungarian document 
“Barna and Soós: Kreatívan a klímaváltozásról © PannonPro Kft. 2021, Digitalpress, 
ISBN 978-615-01-1033-2.”, available in Hungarian from https://klimainnovacio.hu/
files/attachments/programme/kreativan-a-klimavaltozasrol-tanari-kezikonyv-1.
pdf, https://klimainnovacio.hu/files/attachments/programme/kreativan-a-
klimavaltozasrol-nyomtathato-segedanyagok-1.pdf)
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2.4.2. Role-Playing Exercises

Climate change simulation games

Group-based climate games are 
available for role play exercises with 
detailed instructions and background 
materials. Climate Action Simulation 
and World Climate are being adopted 
from middle school to higher education 
classrooms. 

	´ Climate Action Simulation 
A highly interactive, role-playing 
game for groups to play different 
stakeholders and explore the solutions 
needed to take action on climate 
change by using the En-ROADS 
Climate Solutions Simulator. Details 
of the game are available at: https://
www.climateinteractive.org/climate-
action-simulation/

	´World Climate 
An in-person role-playing game 
for groups that mimics the UN 
climate change negotiations in 
order to keep global warming up to 
2 degrees Celsius. For the analysis 
of results, the C-ROADS Climate 
Change Policy Simulator is used. 
Details of the game are available 
at: https://www.climateinteractive.
org/world-climate-simulation/ and 
published by: Sterman et al.: WORLD 
CLIMATE: A Role-Play Simulation of 
Climate Negotiations. Simulation & 
Gaming, 46(3-4), 348-382. https://doi.
org/10.1177/1046878113514935

Greenhouse Emissions Reduction Role-
Play Exercise

In this role play exercise, students must 
be involved in a debate on a statement 
aiming to decrease greenhouse gas 
emission and then vote on a legislation. 
Detailed instructions and background 
materials are available from the 
following website:

https://serc.carleton.edu/sp/library/
roleplaying/examples/34147.html

Communicating Adaptation Role 
Playing Exercise

In this role play exercise, students are 
instructed how to communicate climate 
change adaptation. Detailed instructions 
and background materials are available 
from the following website:

https://wwfadapt.org/participatory-
exercises/Communicating_Adaptation.
pdf

Role Play: Six Americas, Six Views on 
Global Warming

This role play is dealing with the “Six 
Americas”, i.e. six unique types of 
personalities (alarmed, concerned, 
cautious, disengaged, doubtful, 
dismissive) within the American public 
and with the way of each responding to 
climate change. Detailed instructions 
and background materials are available 
from the following website:

https://climatecommunication.yale.edu/
for-educators/role-play-six-americas-six-
views-on-global-warming/
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2.4.3. Simulated Patient Scenarios

PATIENT CASE N#1

DEHYDRATED ELDERLY PATIENT 
DURING A HEATWAVE

Context: An elderly patient of 76 is 
brought to the Emergency Room (ER) by 
a family member late in the afternoon 
of a heatwave in July, with symptoms 
of dizziness, thirst, dry mouth and 
tiredness. 

Information for the (simulated) patient

She/He* is a retired teacher, living an 
active life, who has not been to hospital 
for a long time.

Biomedical information/Context 

	´ Current medication: medication 
for hypertension (perindopril and 
nebivolol) and for gastroesophageal 
reflux disease (GERD) (famotidine)

	´ Family history: Father died from 
stomach cancer at 57, mother died 
of natural causes at 86, she has two 
siblings who are alive

	´ Symptoms: She began to feel unwell 
(felt dizzy/lightheaded, tired, had a 
dry mouth and felt very thirsty) in the 
afternoon, so she called her family 
member who brought her to the 
hospital.

	´ Sequence of events: The patient got 
up early that morning, took the dog 
for a walk, then spent some time 
weeding in the garden. Since it was 
almost lunchtime, and she needed 
some eggs the patient went to the 
nearby grocery store. By the time she 
got home and prepared her meal, 

she wasn’t feeling well: she felt a little 
dizzy, tired and thirsty. She drank 
some water then lay down and called 
her family members to tell them she 
wasn’t feeling well.

	´When/if asked by the doctor about 
her food and fluid intake that day, the 
patient replies that she/he had eaten 
her usual porridge in the morning 
and a sandwich after gardening. She 
had drunk her usual cup of tea and 
espresso in the morning, then half a 
glass of water after preparing lunch.

	´When/if asked by the doctor how 
much time she had spent in the sun 
that day, the patient replies that she 
wore a hat when she was working in 
the garden and when going to the 
store.

	´When/if asked by the doctor: she 
thinks her symptoms may have been 
due to the heat, although she made 
sure to always wear a hat when being 
outside in the sun.

	´When/if asked by the doctor: she is 
afraid of having to stay in the hospital 
because she doesn’t want to leave her 
dog alone at home for long.

*The patient’s role can either be played a 
woman or a man

PATIENT CASE N#1

Information for the doctor

You are a resident doctor at the ER. It is 
July and there is a heatwave. The triage 
nurse has informed you that an elderly 
patient of 76 has been brought to the 
ER by his/her family member late in the 
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afternoon with symptoms of dizziness, 
thirst, dry mouth and tiredness.

Take a detailed patient history, 
formulate a possible diagnosis and the 
most probable cause of the patient’s 
illness, give an explanation to the patient 
regarding her illness, then provide a plan 
for managing his/her illness.**

**The part of the consultation that 
typically includes the physical 
examination and/or other examinations 
is omitted in the role play. Instead, the 
‘doctor’ can reference these actions as 
having taken place at the appropriate 
moments during the consultation.

PATIENT CASE N#2

PATIENT WITH BLOOD PRESSURE 
SPIKE DURING COLD WEATHER

Context: A 58-year-old patient presents 
at the GP’s office with symptoms of a 
headache, palpitations and shortness of 
breath. It is the middle of January, with 
heavy snowing and windy weather in the 
past few days.

Information for the (simulated) patient

She/he* is a cashier, who has multiple 
chronic illnesses (hypertension, Type 
2 diabetes mellitus, ischemic heart 
disease, dyslipidemia, obesity and 
depression). She lives with her husband, 
whom she is a caretaker for. 

Biomedical information/Context 

	´ Current medication: Angiotensin 
receptor blocker/diuretic combination 
medication for hypertension, 
metformin for diabetes mellitus, a 
statin for dyslipidemia, and an SSRI for 
depression

	´ Family history: Father and mother 
both died from heart disease at the 
age of 70 and 75.

	´ Symptoms: throbbing headache 
localized to the back of her head, 
a sensation of palpitations and 
shortness of breath

	´ Sequence of events: The patient 
presents at the GP’s office with her 
symptoms. She had started working 
her shift at the supermarket (she 
is a cashier), when she suddenly 
developed a headache, a sensation of 
palpitations and shortness of breath. 
One of her colleagues drove her to the 
GP’s office.

	´When/if asked by the doctor if she 
had done anything else that could 
have triggered her symptoms/ out of 
her usual routine, she mentions that 
she had gotten up an hour earlier 
than usual to shovel the snow in front 
of their house. Since she was afraid to 
take the car in such a snowy weather, 
she took the bus but had to wait for 
half an hour at the bus stop. 

	´When/If asked by the doctor how 
much time she had spent outside, she 
replies that she had shoveled snow 
and waited at the bus stop, taking 
altogether about an hour and a half.
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	´When/If asked by the doctor: she 
thinks her symptoms may have 
been due to the stress she has been 
experiencing lately (working full-time 
at her job, taking care of her sick 
husband, managing the household 
tasks alone, feeling very cold today at 
the bus stop)

	´When/If asked by the doctor: she is 
worried that she may have a serious 
illness in her lungs (she has a feeling 
of being short of breath and chest 
palpitations)

*The patient’s role can either be played a 
woman or a man

PATIENT CASE N#2

Information for the doctor

You are a substitute GP (substituting the 
regular GP). It is a cold, snowy and windy 
day in January. A 58-year-old patient 
with multiple chronic diseases has been 
brought to you by his/her colleague, 
since she fell ill at her workplace.

Take a detailed patient history, 
formulate a possible diagnosis and the 
most probable cause of the patient’s 
illness, give an explanation to the patient 
regarding her illness, then provide a plan 
for managing his/her illness. **

**The part of the consultation that 
typically includes the physical 
examination and/or other examinations 
is omitted in the role play. Instead, the 
‘doctor’ can reference these actions as 
having taken place at the appropriate 
moments during the consultation.

PATIENT CASE N#3

PATIENT WITH COPD EXACERBATION 
IN SMOG

Context: A 64-year-old patient with 
moderate COPD is admitted to the ER 
with symptoms of coughing, wheezing 
and shortness of breath in a large 
industrial town on a chilly, humid day in 
November. 

Information for the (simulated) patient

He is an ex-coalminer, who retired early. 
He was diagnosed with COPD about a 
decade ago, his illness has progressed, 
and he has had two COPD exacerbations 
this year.

He is a smoker (he has smoked for 40 
years, about half a pack/day). He has 
hypertension and dyslipidemia.

	´ Current medication: medication 
for COPD (bronchodilatator), for 
hypertension (perindopril) and for 
dyslipidemia (statin)

	´ Family history: Both parents died 
from old age

	´ Symptoms: coughing, wheezing and 
shortness of breath

	´ Sequence of events: The patient 
developed coughing and wheezing 
in the afternoon after running 
an errand in the city. He used his 
bronchodilators when he got home, 
but his symptoms grew worse, and his 
shortness of breath became worse. So, 
he asked his neighbor to take him to 
the ER.
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	´When/if asked by the doctor to 
explain in detail the circumstances 
of his illness: The patient spent most 
of the day at home, except going out 
to run an errand in the afternoon. As 
he was on his way home, he began 
coughing and wheezing. At home 
he tried using his bronchodilators, 
but his symptoms didn’t improve. 
Despite sitting down, and using his 
bronchodilatator, his shortness of 
breath became worse.

	´When/If asked by the doctor when 
he’d last had an exacerbation of his 
COPD, he replies he had had two 
exacerbations this year, with the 
last one -about four months ago- 
requiring hospital admission due to a 
respiratory infection.

	´When/If asked by the doctor: he does 
not know what could have caused 
his symptoms, since he has taken 
his medications regularly, had not 
smoked more than usual and has 
had no other symptoms (eg. fever) to 
indicate an infection.

	´When/If asked by the doctor: he is 
afraid of having to be admitted to the 
hospital again.

PATIENT CASE N#3

Information for the doctor

You are a doctor at the ER of a large 
industrial city. It is a foggy, chilly, and 
humid day in November. The triage 
nurse has informed you that a 64-year-
old patient with COPD has been 
brought to the ER by his neighbor 
with symptoms of COPD exacerbation 
(coughing and shortness of breath).

Take a detailed patient history, 
formulate a possible diagnosis and the 
most probable cause of the patient’s 
illness, give an explanation to the patient 
regarding his illness, then provide a plan 
for managing his illness.

**The part of the consultation that 
typically includes the physical 
examination and/or other examinations 
is omitted in the role play. Instead, the 
‘doctor’ can reference these actions as 
having taken place at the appropriate 
moments during the consultation.
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ROLE PLAY WITH SIMULATED PATIENT 
TEMPLATE/OBSERVER’S SHEET FOR THE STEPS OF THE MEDICAL CONSULTATION*

BEGINNING THE INTERVIEW

	´Greeting the patient, introduction, listening 
to the patient’s complaints

 no yes  . . . . . . . . . . . . . . . . . . . . . . . . .

GATHERING INFORMATION FROM THE PATIENT

	´ Taking detailed case history (e.g. chief 
complaints, present illness) and past 
illnesses, medications, family history, etc., 

	´Questions relating the symptoms to the 
weather/temperature, etc.

	´ *Questions relating to the patient’s 
thoughts and concerns regarding their 
illness

 no yes  . . . . . . . . . . . . . . . . . . . . . . . . .

**

DISCUSSION and EXPLANATION*

	´ of the (possible) diagnosis 
and/or

	´ of the (possible) treatment 
and/or

	´ planning further tests/examinations, etc.

	´ *utilizing shared decision making

 no yes  . . . . . . . . . . . . . . . . . . . . . . . . .

ENDING THE INTERVIEW

	´ Summarizing the main points of the 
consultation* and saying goodbye

 no yes  . . . . . . . . . . . . . . . . . . . . . . . . .

	´ EMPATHETIC communication (including 
verbal and nonverbal empathy, active 
listening) should be present throughout the 
consultation*

 no yes  . . . . . . . . . . . . . . . . . . . . . . . . .

*Based on and adapted from: Silverman J et al. (2013): Skills for Communicating 
with Patients. 3rd Edition. CRC Press. London. Publisher: Radcliffe Publishing. ISBN: 
9780429091247. https://doi.org/10.1201/9781910227268

**The part of the consultation that typically includes the physical examination and/or 
other examinations is omitted in the role play. Instead, the ‘doctor’ can reference these 
actions as having taken place at the appropriate moments during the consultation.
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Patient case number 1. 2. 3.

BEGINNING THE INTERVIEW

	´Greeting the patient, introduction, listening to the patient’s 
complaints

GATHERING INFORMATION FROM THE PATIENT*

	´Detailed case history (e.g. chief complaints, present illness) 
and past illnesses, medications, family history, etc., 

	´Questions relating the symptoms to the weather/
temperature etc.

	´ *Questions relating to the patient’s thoughts and concerns 
regarding their illness

**

DISCUSSION and EXPLANATION*

	´ of the (possible) diagnosis 
and/or

	´ of the (possible) treatment 
and/or

	´ planning further tests/examinations, etc.

	´ *utilizing shared decision making

ENDING THE INTERVIEW

	´ Summarizing the main points of the consultation* and 
saying goodbye

	´ EMPATHETIC communication (including verbal and 
nonverbal empathy, active listening) should be present 
throughout the consultation*

ROLE PLAY WITH SIMULATED PATIENT 
TEMPLATE/OBSERVER’S SHEET FOR THE STEPS OF THE MEDICAL CONSULTATION*

*Based on and adapted from: Silverman J et al. (2013): Skills for Communicating 
with Patients. 3rd Edition. CRC Press. London. Publisher: Radcliffe Publishing. ISBN: 
9780429091247. https://doi.org/10.1201/9781910227268

**The part of the consultation that typically includes the physical examination and/or 
other examinations is omitted in the role play. Instead, the ‘doctor’ can reference these 
actions as having taken place at the appropriate moments during the consultation.
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