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Abstract 
Climate change (CC) represents a real fact with consequences that start to be seen more and more 
often and that is why it cannot be ignored anymore. It affects many domains of the human activities 
and also the health of the people. Climate-specific actions are needed to be taken in order to protect 
the people and to save the environment. For each affected domain, new regulations and actions 
regarding climate change prevention must be designed, promoted and implemented. Besides 
phenomena like heat waves, storms, increased temperature, forest fires, floods, etc. which represent 
direct results of the CC, also indirect results like human health may be encountered. Human health is 
affected by elements that are having a big impact over the environment of the people and over the 
resources that they need (resources like water, food, air, natural resources, etc.). CC has also 
implications on people migration, the fight over the natural resources, political and economic 
environments. This paper offers an overview of the most important factors that are affecting the 
health of the people from the CC point of view and which are the main challenges that most affected 
countries from EU are dealing with. 
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1. Introduction  
 

During the last 20 years, according to the analysis financed and made by European 
Union (EU) and World Health Organization (WHO), it is shown that our planet is getting 
warmer generally due to CO2 emissions level. For this reason, the climate is changing and 
the extreme weather events occur more and more often. Events like rising average 
temperatures, floods, landslides, droughts, rising sea levels, decreasing the glacier in extent 
and volume, ocean currents are affecting the lives of millions of people every day in 
different ways. In Europe, we can see already an increased number of heat waves with an 
increasing duration and frequency, an increase in the rainfall intensity and quantity. Some 
other phenomena can be observed in the north and central part of the Europe where 
intense flooding along the watercourses and in the coastal area occur because of the 
increased precipitation. According to EU Regional policy (EU-RP 2009), since year 2009, 
62% of the questioned people of EU had considered that CC represents the most 
significant threat that the world confronts with today from which a series of extreme 
events and natural disasters occur. These extreme events are linked to the climate change 
and in a large extend they are affecting the lives of millions of people and, in an implicit 
way, their health (Pricop et al., 2016). According to Talukder et al. (2021), the food and 
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nutritional security of two billion people around the world depend largely on smallholder 
farmers (Radulescu et al., 2020). Papers like (Ricciardi et al. 2018) and (Khalil et al. 2017) 
are also debating this problem.  
The relation between these extreme events / natural disasters and human health is a very 
strong one (Carra, C. et al., 2018). World Health Organization has identified that the health 
may be affected by the seasonality and geographic range of some specific infectious 
diseases which reach the highest numbers of infections when the temperatures are high 
(egg. of diseases: food-borne infections like salmonellosis, vector-borne infections like 
dengue fever and malaria, people with allergies, asthma cases). Also, having high 
temperatures and low temperatures in short and very short period of time will lead to 
thermal extremes and resultant health impacts. Many of these events are also destroying 
the environment in which many people are living (Carra et al., 2016, 2017). For this reason, 
the daily lives of many of them are changed for a certain period of time from a social and 
economic point of view (Burlacu et al., 2021). In these situations, food-production capacity 
related problems may appear. In some cases, they must move from their initial areas, 
movement that will lead to a big mental and physical discomfort (Faggianelli et al., 2018). 
This kind of effect over the human health may be seen only after several years (Sarbu et 
al., 2021).  
Across the Europe, several projects were developed, projects that aims different aspects 
of CC. Some ongoing projects are the following (CA-EE 2021): B4EST(Adaptive 
BREEDING for productive, sustainable and resilient FORESTs under climate change), 
CAScading (Climate risks: towards ADaptive and resilient European Societies), COACCH 
(CO-designing the Assessment of Climate CHange costs), Cities Nature Innovation, 
SOCLIMPACT (DownScaling CLImate imPACTs and decarbonisation pathways in EU 
islands, and enhancing socioeconomic and non-market evaluation of Climate Change for 
Europe, for 2050 and Beyond), SolACE (Solutions for improving Agroecosystem and 
Crop Efficiency for water and nutrient use), URBAN GreenUP. 
In order to understand and reduce the health threats caused by the CC, the European 
Commission and the European Environment Agency, along with other important players 
in the field, have launched the European Climate and Health Observatory. Its goal is to 
identify and highlight connections between CC and health and also to offer sustainable 
solutions for medium and long term (CA-OBS 2021). Concerning the regional areas, 
creating sustainable local green jobs and development it may represent a solution on a 
medium and long term (Bran et al. 2020). 
 
2. Impact Factors Over the EU People Health  
 

The impact of CC on human health is complex, with many implications, both at 
the individual and societal level. Factors resulting from CC may have a direct impact (such 
as temperature-related illness and death, and extreme events) or indirectly (medical services 
that can no longer function at maximum capacity). Also, an important aspect of CC is the 
natural disasters that occur due to these factors. But all of them are contributing to the 
deterioration of human health. Figure 1 shows Europe and the countries that were affected 
by natural disasters in the period 2000-2020. 
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Figure 1: Global occurrence from Climatological Disasters between 2000 and 2020.  
Source: EM-DAT, CRED/UCLouvain, Brussels, Blegium – www.emdat.be (D.Guha-Sapir) 

 
According to Menne (2021) there are a lot of ways in which the public health is and will 
be affected. From this point of view, for EU are indicated the following:  

• the heatwaves are considered to become a very present problem and until the year 2100 
there is expected to be the reason of up to 90000 excess deaths per year in the EU, and to 
have also an economic cost impact of over 150 billion EURO if no further specific actions 
are taken. One reason of these high temperatures especially in the industrial and city areas 
is the air quality and pollution which is most affected by the CO2 gas emissions. Breathing, 
cardiovascular, mental focusing, effort resistance problems are just some examples of the 
negative impact over the human health of the air pollution. Also, having higher 
temperatures and summers with high humidity in new areas, disease-carrying insects (like 
dengue, malaria, Lyme disease) may thrive. Research papers like (Fisher et al. 2010) and 
(Lhotka et al. 2018) are debating this problem. 

• wildfires – The probability of forest fires is predisposed to a sharp increase in the near 
future with the increase of global warming. Usually, the areas in southern Europe are the 
most prone but, given the latest events, even in northern Europe may occur (egg. UK, 
Sweden). The health problems related to these events may consist in respiratory problems. 
Papers like (Dupuy et al. 2020) and (Ruffault et al. 2020) debate also this problem.  

• water resources – another effect of global warming is that there is more rainfall in 
northern Europe which will lead to an increased number of water sources in the north and 
in a decreased one in the south. Southern Europe will be the most affected in terms of 
water sources and ground water level. Papers like (Beniston and Stoffel, 2014) and (Özerol 
et al. 2020) debate also this problem. 

• alpine habitat loss – this habitat occurs at the top of high mountains in Europe and about 
98% of its area is in the Pyrenees, Alps and Scandes. This area contains a very rich 
biodiversity and provides key ecosystem services. Because of the very strong links between 
ecological-climatic bands in mountains, CC could have major effects over the alpine 
ecosystems (Gentili et al. 2015, Barredo et al. 2020). 

• energy supply – within Europe, energy sources are varied. In the northern area where 
water sources and rainfall are more, the energy produced in hydroelectric power units is 
used to a greater extent. Depending on the area and the country, the raw materials used to 
obtain energy is different and in many cases there a mix of energy sources (Newbery 2016, 
Gallego-Schmid et al. 2020). 

http://www.emdat.be/
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• windstorms – Wind storms are also becoming more and more present in Europe. Due 
to the large differences in temperature and air pressure, they end up having a very high 
forward speed. For this reason, they are one of the extreme events that cause the greatest 
damage when they occur. According to Feyen & Ciscar (2020), in Europe it is estimated 
that it would cause annual damage of about 5 billion Euros. 

• droughts – a situation that is making its presence felt more and more in some parts of 
Europe, while in others it is attenuating. The most affected areas in Europe are those in 
the south and west. Research papers like (Koutroulis et al. 2019) and (Peptenatu et al. 
2013) debate also this problem. 

• the coastal and river floods are another event that may affect in a very negative way the 
health of the people, damaging also large inhabited areas. In order to rebuild those areas, 
a lot of time, effort and money are needed. In inhabited places affected by the flood, the 
diseases may spread very quick based on the lake of drinking water and food and due to 
the large time until a possible rescue intervention. For example, in the year 2014 a flood 
took place and has affected the several countries, among them being Croatia, Bosnia and 
Serbia. This flood has caused around 60 deaths and has affected more than 2.5 million 
people. According to Davies (2019), between October and November 2019, in Europe it 
was a totally amount of 680 flood notifications (54 of them formal notifications, 39 
informal notifications and 587 flash notifications). Some direct consequences of the floods 
with negative impact over the human health and also over the environment are 
contamination of the agricultural land and of the drinking water. During the flooding 
event, some unsecure kept chemical solutions may flow into lakes, rivers, seas and oceans 
and to enter into our food chain. 
Several studies and researches have tried to identify the economic and social impact of the 
CC and the extreme events and natural disasters that are related with. The JRC PESETA 
IV (PESETA 2021) study has analyzed this impact, making also a simulation for year 2100 
how the above mentioned factors will affect the EU citizens from two points of view, 
namely if no action is taken and if climate mitigation is done. There are also mentioned 
several adaptation mechanisms to improve all the sectors. The conclusions of this study 
are presented in Table 1 (Feyen et al. 2020). In figures 2, 3 and 4 are mentioned the 
variation values for the two scenarios and measures for people protection. The premises 
of these scenarios are as follows: 

• scenario no. 1 – no action is taken: impacts under 3,0o C global warming scenario and 
assumes the population and economy do not change from present.  

• scenario no. 2 – climate mitigation is done: impacts under 1,5o C global warming scenario 
and assumes the population and economy do not change from present. 
 
Table 1. CC related extreme events and impact over the EU citizens scenarios for year 2100.  

No Sector Metric 
No action 
scenario 

Climate 
mitigation 
scenario 

Adaptation 
mechanisms for 
protection 

1 
Heat and 
cold 
mortality 

Number of 
people 

90000 
additional deaths 
every year from 

heatwaves in 2100 

30000 
additional deaths 
every year from 

heatwaves in 2100 

1. Improves isolation 
2. Green roofs 
3. Urban vegetation 
4. Early warnings 
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No Sector Metric 
No action 
scenario 

Climate 
mitigation 
scenario 

Adaptation 
mechanisms for 
protection 

2 Wildfires 
Number of 
people 

15 million 
additional people 
exposed to high 
wildfire danger 

every year 

5 million 
additional people 
exposed to high 
wildfire danger 

every year 

1. Public awareness 
campaigns 
2. Landscape and 
vegetation management 

3 
Water 
resources 

Number of 
people 

13 million 
additional people 

living in areas with 
very few water 

7 million 
additional people 

living in areas with 
very few water 

1. Water prices 
2. Improved cooling 
3. Reduce water 
dependency 

4 
Alpine 
habitat loss 

Percentages 
(%) 

84% 
alpine domain 

reduction 

48% 
alpine domain 

reduction 

1. Increase conservation 
areas 
2. Create ecological 
corridors 
3. Ecological restoration 
4. Assisted migration 

5 
Energy 
supply 

Percentages 
(%) 

3 % 
increase in 

hydropower 
<1% 

decline in nuclear 
and other thermal 

1 % 
increase in 

hydropower 
<1% 

decline in nuclear 
and other thermal 

1. Less water intensive 
cooling 

6 Windstorms Euro 
6.8 billion 

additional annual 
losses in 2100 

6.8 billion 
additional losses in 

2100 

1. Structural measures 
2. Emergency 
communications 
3. Strom readlness 
4. Improve forecasts 

7 Droughts Euro 
16 billion 

additional annual 
losses in 2100 

36 billion 
additional annual 

losses in 2100 

1. Early warnings 
2. Lighter vessels 
3. Drought resistance 
4. Cooling techniques 

8 
Coastal 
floods 

Euro 
238 billion 

additional annual 
damages in 2100 

110 billion 
additional annual 
damages in 2100 

1. 12 billion additional 
annual for raising dykes 

9 River floods Euro 
40 billion 

additional annual 
damages in 2100 

16 billion 
additional annual 
damages in 2100 

1. 1 billion additional 
annual to store excess 
flood water 

10 Welfare Euro 
175 billion 

additional annual 
welfare loss 

42 billion 
additional annual 

welfare loss 

1. Adaptation to crop yield 
changes, droughts, energy 
production, ad river and 
coastal flooding 

 Source: https://ec.europa.eu/jrc/en/peseta-iv, 2021 
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Figure 2: Wildfires and Water resources scenarios.  
Source: https://ec.europa.eu/jrc/en/peseta-iv, 2021 
 

 
Figure 3: Alpine habit loss and Energy supply.  
Source: https://ec.europa.eu/jrc/en/peseta-iv, 2021 
 

 
Figure 4: Windstorms, droughts, coastal /river floods and welfare.  
Source: https://ec.europa.eu/jrc/en/peseta-iv, 2021 
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According to WHO (WHO-CL 2021), usually, CC conditions can have three kinds of 
health impacts over the people: 
• those that are relatively direct, in general caused by weather with extreme temperatures. 
• different processes of environmental change and ecological disruption with health 
consequences that occur in response to CC. 
• the diverse health consequences like – infectious diseases, traumatic mental or physical 
problems, nutritional issues, and other – that occur for hopeless and removed populations 
in the wake of climate-induced economic dislocation and environmental decline. 
The effects of each factor resulting from CC that can influence people's health is also 
amplified by the location, the population density in the characteristics of the region, the 
degree of development, the medical services available, their quality and the speed with 
which they are achieved. For example, in the case of a population with a very high density 
in a certain region, it will lead to the spread in a very short time of some categories of 
diseases that are easily transmitted from one person to another. Policies and strategies for 
the development and maintenance of the environment and the services offered to people 
play a decisive role in ensuring and maintaining their health. From this point of view, an 
important aspect that represents a continuous challenge is the financial one and implicitly 
the amounts of money necessary to prevent the occurrence of extreme phenomena and 
natural disasters that occur as a result, to keep the air as clean as possible and unpolluted 
and to restore human health as a result of these effects. 
 
3. Methodology and Experiment Data  
 

One of the main challenges in preventing and combating the effects of CC on 
human health is to provide the financial resources needed for it. In this section, an analysis 
is made of 21 countries within the EU and which aims at a clustering process on them in 
terms of Gross Domestic Product data. It is well known that the air quality and the 
pollution have a great impact over the people’s health.  
The research questions for which the analysis tries to offer an answer are how many types 
of countries can be identify between European countries and which are the most 
representative one for each type? 
The analyzed data represent a percentage of Gross Domestic Product (GDP) spent by the 
countries on welfare cost of premature deaths in general due to low air quality and 
pollution. The data source is STAT-OECD (2021) and the information taken into account 
is for the years 1990, 1995 and 2000 and for the period 2005 – 2019. 
The WEKA platform (https://www.cs.waikato.ac.nz/ml/weka/) and the DM – CRISP 
methodology (https://www.datascience-pm.com/crisp-dm-2/) are used to achieve this 
clustering experiment. DM-CRISP methodology consists in several steps, namely: 
requirements understanding, data understanding, data preparation, data modeling, 
evaluation and deployment. For deployment two cluster algorithms were used, as follows: 
EM algorithm (Expectation Maximization – algorithm that assigns a probability 
distribution to each instance which indicates the probability of it belonging to each of the 
clusters/type) was used to analyze the data in order to identify the optimal number of types 
and then the Simple K-Means algorithm to determine the main characteristic for each type 
based on the analyzed period of time. 
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4. Data Analysis Experiment and Results 
 

The dataset comprises 20 relevant attributes and 21 instances. An instance offers 
information about a country regarding the percentage of the GDP spent on welfare cost 
of premature deaths due to low air quality and pollution. In Figure 5 there are represented 
the attributes from the dataset and the values for the country attribute.  
 

 
Figure 5: Dataset – attributes and countries 

 
The number of country types according to the analyzed values and to the EM algorithm 
is 3 and based on the Simple K-Means algorithm the results are shown in Figures 6 and 7. 
The distribution of the instances (countries) in the clusters is as follows:  

• Cluster 0: has 5 instances (24%) and contains the following countries: Czech Republic, 
Hungary, Latvia, Poland, and Slovak Republic. The average percentage of GDP spent on 
welfare cost of premature deaths due to CO2 gas emissions, low air quality and pollution 
for year 2019 is about 6.8 %. Over the years, this average decreases from 11.95% in 1990 
to 6.8038% in 2019. The most representative country for this group is Czech Republic. 
For this group, the difference between 1990 and 2019 is quite double. 

• Cluster 1 with 12 instances (57%) contains: Austria, Belgium, Denmark, Estonia, 
Finland, France, Germany, Ireland, Luxembourg, Portugal, Spain, and Sweden. The value 
decreases over the years, starting from 5,2496% in 1990 and goes to 1,787% in 2019. The 
most representative country for this group is Austria. For this group, the value for 1990 is 
quite three times more that is was in 2019; 

• Cluster 2 with 4 instances (19%) contains: Greece, Italy, Lithuania, and Slovenia. The 
value decreases over the years, starting from 7,326% in 1990 and goes to 4,6633% in 2019. 
The most representative country for this group is Greece. For this group, the value for 
1990 is less than double than it is was in 2019. 
Countries from Cluster 1 are less affected by this problem, and the air quality is better. 
That is why the amount of money spent for this kind of problem is less than the ones from 
Cluster 0 and 2. However, Countries from cluster 0 are most affected by the pollution, 



                                                          R. I. Mogos et al.                                                            105 

© 2021 The Authors. Journal Compilation    © 2021 European Center of Sustainable Development.  

having a low air quality especially around the industrial and very dense populated areas.  
 

 
Figure 6: Cluster assignment 

 

 
Figure 7. Countries assignment into clusters 
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5. Conclusions 
 

In order to minimize, combat and anticipate the effects on human health 
following extreme events and natural disasters that may occur as a result of CC, institutions 
such as the European Climate and Health Observatory have been created and projects like 
JRC PESETA were developed and deployed. These institutions have the role of identifying 
to a large extent, the existing links in CC and human health, as well as all related negative 
aspects. This paper offers an overview of the most important factors that are affecting the 
health of the people from the CC point of view and, based on the financial challenge, a 
data mining analysis is done in order to identify the main groups of countries taking into 
account percentage of the Gross Domestic Product (GDP) spent on welfare cost of 
premature deaths due to CO2 gas emissions, low air quality and pollution.  
The consequences of CC on human health are also felt in terms of medical services and 
infrastructure that are affected to a large extent. For example, as a result of polluted air 
and floods, equipment and surfaces dedicated to healing people are affected. Taking into 
account these aspects, the treatment capacity of the patients is also negatively affected, this 
being considerably reduced for the affected areas. There were many causes when a single 
country could not follow these CC factors, the aid received from neighboring countries 
being of real use. 
One possible solution for CC prevention is to create a global market for green and low-
carbon goods and services. This market has now reached over 4,000 billion euros and is 
growing steadily by over 3% per year. In terms of mitigating the impact of CC specific 
factors on human health and beyond, this market can be a medium and long term solution, 
while also leading to a huge opportunity for the innovative and research sectors, by creating 
as many green jobs as possible. 
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