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This paper explores the significant role of raising awareness in ensuring the resilience of cities towards climate 
change. Climate change is an imminent threat to urban development and its adverse effects can only be mitigated 
with the collective efforts of city dwellers. By evaluating the level of awareness and relating it to the greenhouse 
gas emissions emitted by three selected countries - namely Germany, Brazil and Kenya - this study highlights the 
need for awareness-raising campaigns and community-engagement initiatives centered around the risks of 
climate change and its potential impact on cities. The findings suggest that raising awareness, through several 
social action campaigns, can enhance the public understanding of climate change and facilitate the adoption of 
sustainable behaviors to reduce greenhouse gas emissions. Furthermore, raising the awareness of a population 
will make their participation in the decision-making processes of the different adaptation plans more effective. The 
paper concludes that raising awareness by enhancing public understanding and ensuring their participation in 
combating climate change is a crucial step in building resilience to climate change. 
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1. Introduction 

Although government policies and plans are key 

components when facing challenges, they are insufficient 

in themselves. The public needs to be made aware of the 

risks, acquire knowledge about the options that are 

available in response and be empowered to take their own 

actions [1]. Even though numerous cities aim to mitigate 

their contribution towards climate change and provide a 

liveable environment in the context of sustainable 

development [2], nowadays, cities are facing a growing 

array of threats and challenges ranging from natural 

disasters to social and economic crises. To effectively 

manage these risks and ensure their resilience, it is 

essential to raise awareness among citizens as well as 

stakeholders about these potential threats and their 

impacts. By educating individuals and communities 

about the risks, encouraging them to take action in 

response as well as informing them that in the decision-

making process they should always choose the 

sustainable and low risk initiatives for the environment 

[3], cities can build a culture of resilience that is better 

equipped to withstand and recover from adverse shocks 

and stresses. As a result, raising awareness has becom e 

an increasingly important aspect of urban planning and 
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management [4]. Raising population awareness - through 

surveys, advertisements and mini games [5] - has positive 

impacts on several aspects of life such as our health by 

making people better prepared to make decisions when 

unwell [6]. As an example, a campaign to raise public 

awareness of persistent coughs as a symptom of lung 

cancer was launched in England in 2014, which had a 

positive impact by increasing the percentage of patients 

diagnosed early with lung cancer in the country [7]. 

Furthermore, thanks to various actions aiming to raise 

awareness in several countries, the general public is more 

familiar with how to preserve biodiversity [8]. Public 

awareness can also play a critical role in the waste 

management sector since waste is produced by human 

activities and everyone needs to have a good 

understanding of issues related to it, without which the 

success of even the best conceived waste management 

plan is questionable [9]. 

The main objective of this paper is to study how 

effective raising awareness about reducing the effects of 

climate change and ensuring the resilience of cities is. 

Climate change is one of the most significant global 

challenges facing our world today. It is also a critical 

issue for our cities [10]. Global warming throughout the 
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21st century is projected to be considerably greater than 

over the previous century. The average global 

temperature since 1900 has risen by about 1.5 °C. By 

2100, it is projected to rise by another 2 to 11.5 °C [11]. 

Cities play a key role in developing and implementing 

initiatives to combat climate change because they are at 

the crossroads between local action, climate change 

adaptation on national as well as international levels, and 

mitigation commitments [12]. Consequently, cities have 

started drawing up strong strategies to improve local air 

quality and enhance their resilience, which has become 

widely regarded as a key goal for both adaptation and 

mitigation efforts in cities as well as urban regions [13]. 

In 2008, the European Commission (EC) launched the 

Covenant of Mayors (CoM) whereby local and regional 

authorities are brought together to voluntarily develop 

and implement a Sustainable Energy and Climate Action 

Plan (SECAP) [14]. In order to reduce their energy-

related Greenhouse Gas (GHG) emissions, a voluntary 

agreement was made under which local authorities were 

committed to reducing CO2 emissions by at least 20% 

within 2020 [15], then they focused on the active role of 

local authorities and increased its targets in 2016, through 

the SECAPs in terms of GHG from 20% to 40% by 2030 

[16]. Furthermore, an ambitious target has been set to 

achieve climate neutrality by 2050 [17]. Based on the 

action plans listed on the CoM website, one of the most 

common strategies applied recently by several cities is to 

create tools that include different layers of society 

(adults, researchers, students, stakeholders) in order to 

raise awareness of the current situation as well as provide 

a platform to share their opinions on how to tackle 

climate change. Our goal in this paper is to identify the 

impacts of applying such a strategy as well as determine 

how basic education and awareness can affect the trend 

of greenhouse gas emissions by evaluating the trend in 

emissions in three countries with different levels of 

awareness. 

2. Experimental 

The aim of this study is to evaluate the effectiveness of 

raising public awareness as an adaptation strategy to 

safeguard the resilience and sustainability of cities. 

Consequently, the concept, presented in Figure 1, 

consists of three selected case studies (countries) before 

extracting and analyzing the maximum values of 

awareness indicators from each state. Finally, the 

relationship between the analysis results and emission 

levels is determined in order to compare and deduce the 

impact of the level of public awareness on tackling the 

effects of climate change.  

2.1. Selected case studies 

Selecting the three countries is key to maximize the 

relationship between public awareness and air quality. 

Consequently, they must be located in different climate 

zones as well as belong to various educational and 

awareness levels. In this study, the three countries 

selected are Germany, Brazil and Kenya. Germany is 

situated in a temperate, rainy climate zone of the mid-

latitudes [18]. The difference in annual mean temperature 

between Sylt (an island in northern Germany) and the 

Zugspitze (the highest peak in Germany) from 1961 to 

1990 was 8.2 °C. The education system in Germany is 

ranked third / globally and fourth among the countries 

with the most educated populations (Table 1). 

Brazilians experience equatorial, tropical as well as 

subtropical climates [19]. The annual average 

temperature in the region is 22 to 26 °C with little 

variation between the warmest and coldest months. The 

education system in Brazil is ranked 36 in the education 

ranking of 2023 (Table 1). 

Kenya is subjected to three types of climate: a 

temperate subtropical climate in the west and southwest 

highlands (where Nairobi is located), a hot and humid 

one along the coast, as well as hot and dry weather in the 

north and east [20]. The education system in Kenya is 

ranked 68 in the education ranking of 2023 (Table 1). 

2.2. Secondary data collection 

This step consists of collecting useful data, namely 

visualizing the level of awareness and the air quality in 

each country selected. In addition to the education 

ranking, other education indexes were collected such as 

the percentage of students admitted to tertiary and upper 

secondary education. Surveys were conducted in 

Germany and Kenya in order to determine the level of 

 
Figure 1: Work methodology  

Table 1: Main climatic and educational characteristics 

of Germany, Brazil and Kenya  

Country Population Climatic zone 

Global 

education 

ranking 

(2023) 

Germany 83,294,633 temperate, rainy 3 

Brazil 216,422,446 equatorial 36 

Kenya 55,100,586 
hot, temperate 

subtropical 
68 
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awareness related to some climatic issues. These data 

will be crucial when comparing the level of awareness 

between these two countries. The adaptation plans will 

be collected and specified from the Carbon Disclosure 

Project website in order to check whether these countries 

are taking into consideration social action in their 

strategies or not. 

The main data collected evaluating the air quality in 

Germany, Brazil and Kenya are the annual CO2 

emissions, the contribution of each country towards the 

rise in temperature and the level of harm resulting from 

the GHG emissions. 

2.3. Public awareness – Air quality 

This step consists of analyzing awareness indexes 

extracted and linking them to the emissions in each case 

study in order to compare the emissions of these three 

countries with their different climatic zones and 

education levels, thereby deducting the impact of public 

awareness on air quality and improving the resilience of 

each country. 

2.4. Data sources 

Collecting the maximum amount of useful data is key. 

The data sources used in this study are presented in 

Figure 2: 

- The “Our World in Data” website 

A huge amount of data is being added by researchers 

on this website to tackle the most significant problems 

worldwide. This website was accessed to collect 

several emission levels and education indexes. 

- CDP (Carbon Disclosure Project) 

A more transparent mixed record has been produced 

[21]. In fact, the large amount of data extracted from 

this website was key when initiating this study to 

evaluate the environmental situation in the different 

case studies and analyze the adaptation plans of 

Germany, Brazil and Kenya. 

- Copernicus 

It is a program dedicated to monitoring Earth’s 

atmosphere for the benefit of all European citizens [22], 

in our case, to visualize the climate zones worldwide. 

3. Results 

3.1. Evaluation of the educational situation 

As mentioned in Table 1, Germany is rated the best (3rd) 

in the education ranking among the case studies followed 

by Brazil (36th) and finally Kenya (68th). The extraction 

and analysis of the other education indexes (Table 2) 

confirm this ranking. 

In 2021, only 81.53% of individuals 15 years of age 

and older were literate. Although this rate is higher in 

Brazil (93.23%), it is still less than Germany’s where the 

adult literacy rate is close to 100%. Germany has the 

highest average years of schooling among the 3 

countries, while the lowest is Kenya with 10.7 years. 

Should the number of years of schooling be too low, 

students will not be thoroughly trained which can affect 

their awareness about several topics related to climate 

change and environmental challenges in general. 

Over 99% of primary school students complete their 

schooling in the three countries. However, only 3.4, 20.1 

and 31.3% complete their tertiary education in Kenya, 

Brazil and Germany, respectively. The resilience of cities 

impacts of climate change and different ways of 

improving the air quality are all topics that can be 

mentioned, mainly in upper secondary and tertiary 

education. In the event that the percentage of students 

who complete these levels is low, the knowledge of the 

upcoming generation will be lacking in these areas 

(Table 3).  

 

Figure 2: Data sources  

Table 2: Education indexes of Germany, Brazil and 

Kenya [23] 

Country 
Adult literacy 

rate (2021) 

Average 

years of 

schooling 

(2021) 

Public 

spending on 

education as 

a share of 

GDP (2018) 

Germany >99% 17.01 4.99% 

Brazil 93.23% 15.60 6.09% 

Kenya 81.53% 10.70 5.08% 

 

Table 3: Completion rate of the different educational 

levels in Germany, Brazil and Kenya in 2021 [23] 

Country 
Tertiary 

education 

Upper 

secondary 

education 

Primary 

education 

Germany 31.30% 54.90% 99.02% 

Brazil 20.10% 36.90% 99.00% 

Kenya 3.40% 21.15% 99.68% 
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3.2. Adaptation plans and public awareness 

Adaptation plans play a crucial role in ensuring the 

resilience of communities as well as ecosystems in the 

face of climate change and other environmental 

challenges. By anticipating and preparing for the 

potential impacts of climate change - e.g. rise in sea level, 

extreme weather events as well as changes in temperature 

and precipitation patterns - adaptation plans can help to 

reduce the number of vulnerabilities, moreover, increase 

the capacity of communities and ecosystems to adapt. 

Adaptation plans can also help to identify and prioritize 

actions that can be taken to mitigate the impacts of 

climate change such as reducing GHG emissions, 

conserving natural resources as well as improving 

infrastructure and land use practices. Furthermore, 

adaptation planning can be an important tool for 

promoting equity and social justice by ensuring that 

vulnerable and marginalized communities have a voice 

in decision-making and are included in the planning 

process. Ultimately, adaptation planning is essential for 

building more sustainable as well as resilient 

communities and ecosystems that can withstand the 

impacts of climate change amongst other environmental 

challenges. 

In 2017, 366 action plans were announced by 

different Brazilian cities. Only 6.3% of these intend to 

include the society in their adaptation strategies by 

raising awareness (Figure 3). Out of 7, only one social 

adaptation plan was published in Kenya. Despite the low 

number of action plans announced by German cities that 

year, 22.22% of them have social and educative targets 

to encourage citizens to act in order to tackle the impacts 

of climate change. 

Two sub-categories of social adaptation strategies 

are applied as action plans in the three countries: 

educative actions to improve the knowledge of citizens 

with regard to future challenges and the targets of its 

cities; and another type of social actions encouraging 

public engagement in decision-making through surveys 

and websites. 

A survey conducted in 2020 aimed to evaluate the 

level of awareness related to specific environmental 

impacts in several countries. The results of the survey 

show that the citizens and politicians in Kenya are totally 

unaware of the influence of the layout of cities on the 

urban climate. 9.09% of German citizens are aware of 

this influence, while 36.36% of their politicians have 

been informed about the topic. 45.45% of citizens and 

40% of politicians in Kenya are aware of the influence of 

vegetation on the urban climate. 36.36% of German 

citizens and 90.9% of its politicians are aware of or well-

informed about this influence [24]. 

3.3. Greenhouse gas emissions and climatic 
hazards 

Data presented in the document entitled "Brazil’s Initial 

National Communication" indicated that the country is 

one of the highest GHG emitters worldwide. The vast 

majority of Brazil’s GHG emissions originate from 

deforestation of the Amazon biome to create agricultural 

land on which to raise livestock [25]. 

Sub-Saharan African countries such as Kenya are 

having to face deteriorating air quality in their cities due 

to the high urbanization rates [26]. 

The annual CO2 emissions decreased in Germany 

from 1 billion tons in 1990 to 674 million tons in 2021. 

However, in Brazil, this parameter increased from 218 

million tons in 1990 to 488 million tons in 2021, while in 

Kenya, from 5 million tons in 1990 to 20 million tons in 

2021 (Figure 4). 

The air quality index is good in all three countries: 

highest in Germany at 25, followed by 24 in Brazil and 

just 10 in Kenya. The influence of air pollution on the 

death rate is significant in Kenya, reaching 124 deaths 

per 100,000 people compared to 27 and 14 in Brazil and 

Germany, respectively [27]. In Kenya, 24% of this death 

rate, equating to 29 deaths per 100,000 people, is caused 

by particulate matter, the main pollutant in the country, 

compared to 70% in Brazil and 86% in Germany [28]. 

43% of climatic hazards caused by Kenyan citizens are 

extremely harmful. 86% of those caused by Brazilians 

are either serious or extremely serious. Although no 

hazards occurred in Germany are extremely damaging, 

80% of its emissions are classified as harmful (Figure 5). 

While Germany isn't facing the most extreme weather 

events, climate change still poses a serious threat, with a 

staggering 80% of climate hazards classified as serious.  

 

Figure 3: Classification of adaptation plans in 2017  

 

Figure 4: Annual CO2 emissions in Germany, Brazil 

and Kenya and their contribution towards global 

warming  
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3.4. Awareness level – GHG emissions 

As is shown in Figure 3, 22.22% of German adaptation 

plans published in 2017 seek to involve the society, 

which is higher than in Brazil (despite the large number 

of action plans drawn up there) and Kenya. A calculation 

made intending to link this factor to the air quality index 

on a figure covering multiple dimensions confirms a 

correlation between these two parameters (Figure 6). 

Despite the high quantity of adaptation plans applied in 

several Brazilian cities, the CO2 emissions increased 

between 2017 and 2021 (Figure 4). In fact, applying 

various categories of action plans, depending on the 

situations affecting the cities and related issues, can be 

more effective than focusing on the quantity of them. The 

low percentage of social actions applied in Brazilian 

cities from 2017 to 2021 could be a reason for the rising 

trend in emissions in the country. 

The adult literacy rate and average years of 

schooling are two of several educational indexes that can 

have a direct impact on the level of public awareness. A 

regression calculation was conducted to identify a 

correlation between the adult literacy rate and annual 

CO2 emissions in Brazil and Kenya alone because the 

level of adult literacy has been stable throughout almost 

the whole of Germany over the last decade. The results 

show a strong correlation between these two parameters 

in both countries, that is, a low adult literacy rate can 

cause greater emissions (Figures 7 and 8). 

The adult literacy rate and the years of schooling are 

higher in Germany than in Brazil and Kenya (Table 2), 

moreover, correlate with the nature of the climatic 

hazards occurred in each country. The Kenyan 

population has a low literacy rate and causes a high 

percentage of extremely serious climatic hazards which 

can be explained by their lack of knowledge with regard 

to the impacts of emitting such components, which is not 

the case in Germany (Figure 5). 

Since the percentages of those who complete 

tertiary education are low in Brazil and Kenya, the main 

social actors, namely politicians and citizens, are 

unaware of several topics related to the urban climate. 

This lack of awareness could lead to breaches in the 

decision-making procedure and increase GHG 

emissions. 

4. Conclusions 

Public awareness has become essential to achieve the 

targets of cities in several fields such as agriculture, waste 

management, health and air quality. Many case studies 

have confirmed the effectiveness of engaging the 

community with the decision-making procedure on 

 

Figure 5: Climatic hazards classification in Germany, 

Brazil and Kenya  

 

Figure 6: Multidimensional scale figure linking the air 

quality index with the percentage of social adaptation 

plans in Germany, Brazil and Kenya  

 

Figure 7: The correlation between the adult literacy rate 

and CO2 emissions in Brazil  

 

Figure 8: The correlation between the adult literacy rate 

and CO2 emissions in Kenya  
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achieving set targets and this would not be possible 

without raising their awareness of them. 

Raising the awareness of a population has become 

one of the main categories of adaptation plans published 

by several countries to ensure resilience and 

sustainability due to their positive impacts. An analysis 

of the action plans listed on the Covenant of Mayors 

website shows that approximately 25% of these actions 

seek to raise the level of public awareness and engage 

them with the challenge of tackling climate change. 

Evaluating the education level by extracting several 

education indexes is key to measuring and visualizing the 

level of awareness of the population. The results of this 

study show a high, medium and low education level in 

Germany, Brazil and Kenya, respectively, which 

correlate with the level of awareness of the environment-

related topics measured in these three countries. 

The results show a correlation between GHG 

emissions in Germany, Brazil as well as Kenya and the 

levels of education and awareness in these countries. CO2 

emissions are decreasing in Germany as a result of the 

adaptation plans set by the country. 
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