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SHORT COMMUNICATION

Urbanization Trends in the 21st Century -  
a Driver for Negative Climate, Noise  
and Air Quality Impacts on Urban Population

According to climate change, an increase in var-
ious extreme climate and weather events, such 
as heavy precipitation, storm weather, longer 

drought period, tropical cyclones, snow blizzard, and 
among them more frequent and severe heat waves, can 

be expected in coming decades (IPCC, 2021). In par-
allel with climate change, cities experience very inten-
sive urbanization in the last few decades (UN, 2018), 
and as a result, the urban area will increase by 141 % 
in low-income countries, 44 % in lower-middle-income, 

Figure 1. Projections of the urban area change (in %) and population in cities across the Globe for the period 2020-2050
Source: UN, 2022
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34 % in high-income, and by 13 % in upper-middle-in-
come countries until 2070, compared to city land area 
in 2020 (UN, 2022). Consequently, more land areas and 
more world population (Figure 1) are under modified 
climate (urban climate), changed air quality conditions 
(such as Ozone, NOx, nanoparticles, but particularly in 
PM1, PM2.5 and PM10) and additional noise stress.

The combined climate and urbanization pressures 
on public health and the environment in cities will con-
tinue in coming decades and will increase the necessi-
ty to provide more optimal solutions to monitor and 
assess urban environmental risks, and to find effec-
tive ways to implement these in practice. The defined 

1 The term „global surface temperature“ is used in reference to both global mean surface temperature and global surface air temperature 
throughout the IPCC report.

interaction process “climate change-urbanization-ur-
ban climate” where the climate conditions are recog-
nized as an important risk factor in cities (Savić et al., 
2022), in the further steps of the environmental risk 
adaptation, wider risk factors within cities should be 
considered. Therefore, the interaction process “climate 
change-urbanization-urban environment” should in-
clude, in addition to climate condition risks, air quality 
and noise risks as elements that are directly driven by 
current weather conditions, traffic intensity, industrial 
and construction activity, heating supply in winter, and 
urban design application, and all of that should be in-
cluded in future urban environmental risk assessments.

Significant processes contributing to urban environmental risks - an overview

The latest IPCC report (IPCC, 2021) presented that 
global surface temperature1 has increased by 0.99 °C 
from 1850–1900 to the first decades of the 21st century 
(2001-2020) and by 1.09 °C from 1850–1900 to the last 
decade period (2011–2020). It means, that the increas-

ing temperature trend is constantly enlarging decade 
by decade, and in a parallel concentration of the CO2 
is constantly increasing and reached annual averag-
es of 410 ppm. Also, datasets reveal that hot extremes 
(hot days, heatwaves) have become more frequent and 

Figure 2. A) Contribution to global surface temperature increase from different GHG emissions. It is presented the 
change in global surface temperature in 2081-2100 relative to 1850-1900 (in °C). For this projection were used five 
SSP scenarios based on different CO2 and GHG emission levels (SSP1-1.9, SSP1-2.6 – very low and low, SSP2-4.5 – 
intermediate, SSP3-7.0, SSP5-8.5 – high and very high emissions); B) Spatial distribution of the global annual mean 
temperature change (°C) relative to 1850-1900, in situation if temperature rise by 1.5 °C, 2 °C or 4 °C (simulated)

Source: IPCC, 2021
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more intense across most land regions since the 1950s, 
while cold extremes (frost/ice days, cold waves) have 
become less frequent and less severe. Based on pro-
jections (Shared Socio-economic Pathways - SSP3-7.0 
and SSP5-8.5) of high and very high CO2 and GHG 
(greenhouse gas) emissions, in comparison to the av-
erage temperature from 1850-1900, the global surface 
temperature will be higher by 2.8 – 4.6 °C (SSP3-7.0) 
or by 3.3 – 5.7 °C (SSP5-8.5) until the 2100 (Figure 
2A). In the same Figure (2B) are presented simulated 
temperature levels and spatial distribution of thermal 
conditions that are mostly dominant in the northern 
hemisphere (IPCC, 2021).

In the next five decades, in case that the global sur-
face temperature increases by 2 °C relative to 1850-

1900, the frequency of hot extreme events will in-
crease about 15 times, and intensity will rise by about 
2.5 °C. Even more, the projection shows that if the 
temperature changes by 4 °C, the frequency of hot 
extreme events will increase about 35 times, and in-
tensity will rise by about 5.5 °C (Arias et al., 2021). 
Therefore, today, but also in the future, cities will ex-
perience extreme thermal conditions more often and 
more intense compared to non-urbanized areas (rural 
areas) due to the amplification of air/surface tempera-
tures, and as result this will trigger the urban heat is-
land (UHI) effect (Lauwaet et al., 2016). These tem-
perature-caused effects (UHIs) are contributing to 
more thermal stress and increasing morbidity/mor-
tality cases across European cities, as well as impact-

Figure 3. A) Heat-mortality relations for 16 representative cities where the functions represent the cumulative relative 
risk of death over a 10-days lag period for each temperature value. Exposure-response associations are estimated as 

best linear unbiased predictions and reported as relative risk (with 95 % CI, shaded grey) for a cumulative 10-days lag of 
warm-season temperature, versus the optimum temperature (temperature of minimum mortality)

Source: Vicedo-Cabrera et al., 2021
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ing biodiversity and economic losses (IPCC, 2022). 
Based on the research about the contribution of hu-
man-induced warming to the heat-related mortality 
in 732 locations (cities) from 43 countries over the pe-
riod 1991-2018, it has been found that 37 % of warm-
season heat-related deaths can be attributed to an-
thropogenic climate change (Vicedo-Cabrera et al., 
2021). This heat-related mortality and morbidity have 
been increasing across Europe, particularly in south-
ern Europe, and with a scenario of 3 °C temperature 
change, the projection predicts approximately 90,000 
deaths of Europeans every year due to extreme heat 
events. Moreover, about half of hospitals and schools 
in European cities are in areas with strong UHI effects 
(higher than 2 °C), meaning that their vulnerable us-
ers and staff are exposed to high temperatures (EEA, 
2022a). Figure 3 presents some general tendencies of 
heat risks and heat-related mortality in 16 selected cit-
ies, as well as across European regions.

According to the current report of the European 
Environmental Agency (EEA, 2022b), air pollution 
is the single largest environmental health risk in Eu-
rope, causing cardiovascular and respiratory diseases 
that lead to the loss of healthy years of life and, in the 
most serious cases, to premature deaths. For the area of 
Europe, it can be stated that the fine particulate mat-
ter (PM2.5 and PM10) represents a significant risk for 
air quality, which also confirms the goal of the Euro-
pean Commission to reduce the number of premature 
deaths caused by PM2.5 at least 55% until 2030 com-
pared to 2005 levels. In 2020, according to the World 
Health Organization (WHO) standard (where the 
threshold is 5 μg/m3), about 96% of the European pop-
ulation is exposed to a higher concentration of PM2.5 
and based on the EU standard (where the threshold is 
25 μg/m3), less than 1% of the population is exposed, 
and this difference is a result of obvious distinct stand-
ards. Still, there are real air pollution risks based on the 

Figure 3. B) Trends in heat-related mortality incidence in the period 2000-2020 in Europe (annual deaths per million per 
decade). The smallest regions possible were used, depending on the spatial resolution of the mortality data in a given 

country, i.e., ranging from the NUTS 3 (areas with 150,000-800,000 inhabitants) to a single country
Source: van Daalen et al., 2022
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Figure 4. A) Concentration of PM2.5 in European countries for 2020 (validated data) in relation to the EU and WHO 
standards. Six countries reported PM2.5 concentration above the EU limit (25 μg/m3), and only Estonia did not report 
PM2.5 concentration higher than the WHO standard (5 μg/m3); B) Concentration of PM10 in European countries for 

2020 (validated data) in relation to the EU and WHO standards. 20 countries reported PM10 concentration above the EU 
standard (50 μg/m3), and only Iceland did not report PM10 concentration above the WHO standard (15 μg/m3)

Source: https://www.eea.europa.eu/publications/status-of-air-quality-in-Europe-2022

https://www.eea.europa.eu/publications/status-of-air-quality-in-Europe-2022
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fine particulate matter, particularly in some European 
regions, such as Central Europe, Southeast Europe and 
Italy, where combination of domestic heating, road traf-
fic and some industrial branches cause higher concen-
trations of PM2.5 and PM10 (Figure 4) (EEA, 2022b).

The road traffic noise is one of the major environ-
mental problems in Europe causing health and well-
being issues for millions of people. It is estimated that 

about 113 million people are affected by long-term 
daytime and nighttime traffic noise levels of at least 
55 dB(A). About 22 million people suffer chronic high 
annoyance and 6.5 million people suffer chronic high 
sleep disturbance. Furthermore, projections show 
that road traffic noise in urban areas, in the catego-
ry of day-evening-nighttime – noise level at least 55 
dB(A), will increase by 7.8 % in EU countries by 2030 

Figure 5. A) Estimated percentage of population in cities from EU and EEA (+ CH) countries that are exposed to road 
traffic noise levels Lden ≥ 55 dB in 2017; B) Urban area of Prague that is exposed to day-evening-nighttime average sound 

levels of Lden ≥ 55 dB from road traffic noise. In this exposed area of Prague lives about 876 000 inhabitants
Sources: EEA, 2020 and http://noise.eea.europa.eu

http://noise.eea.europa.eu
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(compared to the level in 2017). Despite these prob-
lems, there are still delays in providing action plans, 
good quality spatial/temporal noise datasets and as-
sessments from both urban and rural areas, and it 

2 More about the project: https://www.fairness-ca20108.eu/

suggests that countries have not taken serious actions 
to address noise pollution (EEA, 2020). More details 
about urban population exposed to the road traffic 
noise risk are presented on Figure 5.

What are the next steps

Effective urban and territorial planning by applying 
the New Urban Agenda and the Sustainable Develop-
ment Goal - SDG 11 should be considered seriously 
in the urbanization policy. For example, integrating 
green infrastructure into the urban design will pro-
vide co-benefits for adapting to climate change, im-
proving health or mitigating the effects of traffic by 
restoring and regenerating natural ecosystems in cit-
ies (UN, 2022). Furthermore, by implementing pub-
lic transport and decreasing individual transport is 
main task for many urban challenges (spatial efficien-
cy, noise mitigation, transport safety, GFG emissions, 
economic efficiency and also air quality). Implement-
ing electric mobility has a positive influence of air 
quality and noise issues, however it does not bring so-
lution to other urban problems mentioned above. For 
these measures and solutions to have a maximum re-
sult on the ground, it is necessary to further develop 
integrative and complex monitoring and assessments 
of environmental and social risks in cities. According 
to international projects and actions there are devel-
oped a few indices with various risk approaches and 
responses to different natural and social sectors. In 
Table 1 is presented more details on the concept and 
idea of these indices. However, based on the natural 
and anthropogenic processes that are occurring and 
will occur in the coming decades in urban areas, the 
creation of a “global/regional urban environmental 

risk index” that would simultaneously integrate the 
most important atmospheric effects on the environ-
ment, as which are thermal conditions (air and sur-
face temperature), noise (dB(A)) and air quality (with 
focus on the fine particulate matter) (Table 1), could 
contribute to the creation of more effective adaptation 
measures and policies that will better response to fur-
ther changes expected in cities during the 21st cen-
tury.

Finally, we cannot think about developing new risk 
approaches or indices only, but we should also think 
about the availability of datasets and information. 
Hence, the FAIR (Findability, Accessibility, Interop-
erability, and Reusability) principle for data usability 
should be considered more in the future. Good exam-
ples could be more environmental observational plat-
forms developed (COPERNICUS, OpenEO, Noise-
Planet, OpenAQ, PM2.5 open data, ECMWF, etc.) that 
provide various spatial and temporal data across the 
globe. But we should focus also on platforms that gath-
er data from specific sources, such as the Micromete-
orological knowledge share platform (Micromet_KSP) 
that is currently developed by the COST Action project 
FAIRNESS2 and will contain the datasets and metada-
ta from urban and rural networks, which are not part 
of official national networks, and this kind of platforms 
could provide additional contributions to more de-
tailed environmental risk assessments in cities.

Table 1. Review of the developed risk indices and possible further actions

Risk index Risk approach Response to sectors Reference

European Green City 
Index

CO2; Energy; Buildings; Transport; Water; 
Waste and land use; Air quality; Environmental 
governance

Environmental performance 
of 30 leading European cities

Economist 
Intelligence Unit, 
2009

Global Urban Risk 
Index

• Natural hazards (earthquakes, landslides, 
floods, cyclones);

• Exposure (covering people, buildings, transport 
infrastructure, economies, communities);

• Vulnerability;
• Losses (mortality, economy)

Different natural and social 
sectors in cities

Brecht et al., 2013

Urban heat risk index • Location within the city;
• Characteristics of the building;
• Characteristics of people

• Physical;
• Social;
• Strategic – before hot 

weather;
• Operational – during hot 

weather

ARUP, 2014

https://www.fairness-ca20108.eu/
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