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Abstract

This study investigates the causes and impacts of air pollution within the municipality and metropolitan area of Athens. The objective is to enhance 
the understanding of prolonged urbanization processes, road network infrastructure, topographic digital mapping, health-related pollution indices, 
and prospective urban planning strategies. The methodology integrates both theoretical frameworks and empirical analyses. Urbanization is exam-
ined through the lens of urban design principles, including the techniques and approaches employed. Furthermore, the benefits and limitations of 
existing transportation networks are assessed. The findings synthesize the environmental and health consequences of air pollution in Athens, which 
ranks among the cities with the highest pollution levels, and provide evidence-based recommendations for future interventions. Emphasis is placed 
on the need for sustainable, low-cost green energy solutions to improve public health outcomes, extend life expectancy, and safeguard vulnerable 
populations.

Territorial and Governance-Related Deter-
minants

The Athens region is classified as both an urban and metro-
politan area. Over time, the historic city of Athens has undergone 
progressive urban expansion, resulting in the extension of its 
boundaries. Currently, the term “Athens” encompasses not only 
the central city-Greece’s historical and administrative capital-but 
also the surrounding suburbs and municipalities that constitute 
the broader Athens Metropolitan Area, situated within the Athens 
Basin (Attica). The designation “administration” refers to the Euro-
pean administrative hub in the northeastern Mediterranean, which 
includes the Greek capital, the Attica region, the municipality of 
Athens, and its constituent districts (Figure 1,2).

Figure 1: Districts of Athens.
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Figure 2: Municipality Athens.

Geographically and administratively, Athens is situated within 
Europe. Greece has been a member of the European Union (EU) 
since 1981 and is also part of the Eurozone, which adopts the euro 
as its official currency, the Schengen Area, enabling passport-free 
movement, the Council of Europe, and NATO. Consequently, Ath-
ens is politically and administratively integrated within the frame-
works of Europe and the European Union. The (Figure 3,4) present 
the corresponding corresponding area of the city of Berlin.

Figure 3: City Berlin.

Figure 4: Berlin in Europe.

The Configuration of Road Network
(Table 1) (Figures 5,6).

Table 1: Presents the Road Network Indices for Athens and Ber-
lin. The study conducts a comparative analysis between Athens 
and one of the largest cities in the European Union, highlighting 
that the number of private vehicles has not markedly declined in 
either urban area. In Germany, policy interventions have driven 
significant changes in road network infrastructure, whereas in 
Athens, developments have predominantly focused on the ex-

pansion of the metro system to improve public transportation. 
Notably, Berlin records the highest vehicle ownership rates per 
1,000 inhabitants across several districts. In contrast, Athens ex-
hibits the greatest road density, particularly in areas character-
ized by a high concentration of roads within a limited geograph-
ic space.

Indexes Athens (Metro Area) Berlin (City)

Population ~ 3.64 million ~ 3.68 million

Urban Area Size ~ 412 km² (Greater 
Athens) ~ 891.8 km²

Total Road Length ~ 868 km (City of 
Athens) ~ 5,334 km

Vehicles per 1,000 
Population ~ 377 – 570 (Attica) ~ 416

Public Transport Bus, trolley, metro, 
tram, suburban

Bus, tram, U-Bahn, 
S-Bahn

Table 2: Presents the relevant indices and their associated val-
ues. The manuscript investigates the key factors driving varia-
tions in air pollution levels.

Indices Values

Elevation 175m <X< 50m

Nitrogen Dioxide High Value in spring

Vapor Pressure 1,10 - 1,30 KPa

Monthly Precipitation 32 – 44 mm

Figure 5 & 6: present a comparative analysis between Athens 
and Berlin, demonstrating that the number of vehicles per 1,000 
inhabitants is disproportionate relative to the urban surface area 

in both cities. While Athens has a marginally lower total number of 
vehicles compared to Berlin, its considerably smaller urban area 

leads to a higher vehicle density. This increased spatial concentration 
is associated with elevated noise and air pollution levels in Athens, 

thereby intensifying environmental and public health concerns.

Nitrogen Dioxide Index
Nitric Oxide (NO) is oxidized in the atmosphere to form nitro-

gen dioxide (NO₂), which exhibits a color range from colorless to 
brown in its liquid phase. Nitrogen dioxide has a boiling point of 
21.15°C [1]. Epidemiological research has linked ambient NO₂ ex-
posure to increased mortality rates; however, it remains unclear 
whether NO₂ acts as a direct causal agent or serves as a surrogate 
marker for other pollutants, such as particulate matter [2]. Acute 
exposure to high concentrations of NO₂ in enclosed environments 
has been associated with severe toxicity, including fatal outcomes. 
Furthermore, ambient NO₂ exposure may enhance susceptibility to 
respiratory infections by modulating immune system function [3].
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(Figures 7 through 10) present nitrogen dioxide concentration 
levels within the municipality of Athens for the period from 1 Sep-
tember 2024 to 1 July 2025. The analysis is focused on the munici-
pality of Athens, with red shading representing the highest concen-
tration levels. The concentration ranges are categorized as follows: 
[1.0E-4, 8.75E-5], [6.25E-5, 3.75E-5], and [1.25E-5, 0].

Figure 7: Nitrogen Dioxide in Municipality of Athens 01-09-2024.

Figure 8: Nitrogen Dioxide in Municipality of Athens 01-01-2025.

Figure 9: Nitrogen Dioxide in Municipality of Athens 01-04-2025.

Figure 10: Nitrogen Dioxide in Municipality of Athens 01-07-2025.

Weather Digital Products
In today’s highly interconnected global society, digital devices 

such as smartphones, tablets, and computers play a pivotal role in 
the dissemination and consumption of weather observations, fore-
casts, climate projections, and information pertaining to global cli-
mate change [4]. Following decades of technological advancement, 
society has fully transitioned into the digital era, wherein digital 
Information and Communication Technologies (ICTs) are deeply 
embedded within the built environment [5].

The wide range and uneven quality of digital weather apps can 
produce conflicting information, making it harder for users to inter-
pret and act on important weather data. Moreover, although smart-
phones enable rapid dissemination of weather warnings, the pres-
ence of such alerts has not consistently translated into increased 
public adherence to recommended protective behaviors, such as 
seeking shelter [4]. The complex interactions between ICTs and 
environmental impacts necessitate thorough evaluation, with qual-
itative studies highlighting both potential risks and opportunities 
arising from the ongoing information revolution [6].

(Figure 11) depicts a proxy measure of humidity, specifically 
the mean annual vapor pressure in Athens for the year 2025. Val-
ues range from 1.10 to 1.20 kPa, with the lowest values indicated by 
dark blue and the highest values, exceeding 1.30 kPa, represented 
in yellow.

Figure 11: Mean Annual Vapor Pressure.

(Figure 12) depicts the mean monthly precipitation for the year 
2025, with maximum values reaching 44 mm and minimum values 
of 32 mm. Spatially, the northern regions exhibit precipitation lev-
els ranging from 36 to 40 mm, while the southern regions record 
lower values, between 32 and 36 mm.

Figure 12: Mean Monthly Precipitation.
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In landscape ecology, there is growing recognition of the coexis-
tence of continuous ecological processes alongside spatial and tem-
poral discontinuities [7]. Visual representations of climate change 
are increasingly generated and disseminated through major digital 
platforms, which play a pivotal role in shaping contemporary visual 
culture. These climate-related visual narratives demonstrate nota-
ble homogeneity and temporal stability within the larger corpus of 
images [8].

Topographical Digital Products
Digital Elevation Models (DEMs) constitute essential datasets 

for the analysis of catchment topography, encompassing the char-
acterization of elevation data sources, the structural properties of 
DEMs, and their applications in geomorphological and ecological 
research [9]. Multiple DEM products such as DEM-TS, DEMs derived 
from Topographic Maps (TM), ASTER DEM, SRTM DEM, and TOPO-
DATA DEM have been systematically assessed for vertical accuracy 
through statistical analyses using ground-truth reference points. 
These evaluations include the computation of roots that mean 
square error (RMSE) and analyses of the frequency and spatial dis-
tribution of spurious depressions [10].

(Figure 13) illustrates the Digital Terrain Model (DTM) of Ath-
ens, indicating that the western regions have the lowest elevations, 
below 100 meters, while the eastern areas reach elevations exceed-
ing 200 meters. Similarly, (Figure 14) presents the Digital Elevation 
Model (DEM) of the same region, revealing a consistent spatial pat-
tern in elevation distribution.

Figure 13: Digital Terrain Model.

Figure 14: Digital Elevation Model.

Landscape ecology investigates the reciprocal interactions be-

tween spatial patterns and ecological processes, establishing itself 
as a well-integrated subdiscipline within the broader field of ecol-
ogy [11]. Topographic digital products, such as Digital Elevation 
Models (DEMs), play a vital role in the preservation and manage-
ment of environmental heritage. In the context of Athens, the quan-
tification and classification of elevation data facilitate a deeper un-
derstanding of spatial heterogeneity and support evidence-based 
environmental decision-making.

A Digital Terrain Model (DTM) represents all or part of a con-
tinuous terrain surface through a collection of discrete elevation 
points. These points are typically arranged in a regular grid struc-
ture and are georeferenced using either geodetic coordinates (lat-
itude and longitude) or planar coordinates (easting and northing) 
[12]. Digital products frequently incorporate interactive functional-
ities and are often characterized by high structural complexity due 
to the extensive data volumes required for accurate representation 
[13]. Accelerated technological progress has contributed to the rise 
of the digital economy, within which digital products have become 
central commodities in market transactions [14].

Results
By the year 2000, atmospheric CO₂ concentrations were pro-

jected to have risen by approximately 25%, a level considered suf-
ficient to induce measurable and potentially substantial changes in 
the climate system, particularly with respect to global temperature 
dynamics [15] (Table 2).

The increase in global land surface temperature has led to a rise 
in the atmosphere’s saturation vapor pressure; however, the actual 
vapor pressure has not increased at a comparable rate, resulting in 
an amplified vapor pressure deficit [16]. Precipitation exhibits vari-
ability across multiple spatial and temporal scales, with broader 
spatial variations typically corresponding to longer time scales and 
being associated with large-scale atmospheric processes [17]. Eco-
logical and societal systems have historically adapted to the estab-
lished range of precipitation variability, and significant deviations 
beyond this historical envelope may have profound environmental 
and societal impacts [18] (Table 3).

Table 3: Presents data on the number of vehicles per 1,000 in-
habitants in Attica, the city of Berlin, and the average across Eu-
ropean cities. While Berlin closely corresponds to the European 
average, Attica displays a notably higher vehicle-per-capita rate.

Vehicles per 1,000 Population Average EU Cities

~ 377–570 (Attica) ~ 416 City Berlin Around 500–550 Vehi-
cles/1,000 people

Urbanized Area: A geographic region consisting of a central city 
and its surrounding suburbs, representing a continuous built-up 
area without regard to administrative boundaries.

Metropolitan Area: A broader term that includes the urban core 
plus surrounding territories socially and economically integrated 
with it, often defined by commuting patterns (Table 4).
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Table 4: Compares the urban area sizes of Athens and Berlin, 
showing that Berlin’s urban extent is approximately comparable 
to that of Athens.

Urban Area Size

~ 412 km² (Greater Athens) ~ 891.8 km² (City Berlin)

The vehicle density is calculated using the formula:

2( )
Total VehiclesVehicle Density

Urban Area Size km
=

 

where vehicle density represents the number of vehicles per 
square kilometer of urban area (Table 5).

Table 5: Iillustrates the average vehicle density (vehicles/km²) 
across EU cities, highlighting that Athens exhibits a substantially 
higher vehicle density per 1,000 population relative to the Euro-
pean average.

Average Vehicle Density (vehicles/km²) EU Cities

Typically, 200 – 400 vehicles/km² in dense urban areas

Discussion
Air pollution represents a critical indicator of inadequate pub-

lic health protection. Access to clean air is closely linked to reduced 
disease incidence and increased life expectancy. Populations resid-
ing in regions with higher air quality such as mountainous areas 
typically experience better health outcomes and greater longevity. 
The author expresses a strong commitment to fostering informed 
dialogue and developing innovative, forward-looking solutions 
concerning air quality, the assessment of environmental indicators, 
and the scientific classification of statistical data. A sustainable fu-
ture must be grounded in rational, evidence-based strategies, with 
shared civic responsibility playing a pivotal role in promoting the 
health and long-term resilience of both communities and urban en-
vironments.

The foundations of medical geography date back to Hippocrates 
and his seminal treatise De Aere, Aquis et Locis. Although the con-
cept is ancient, the term “medical geography” has been employed in 
England for over six decades. Dr. Alfred Haviland notably advanced 
the discipline in his 1892 work, The Geographical Distribution of 
Diseases in Great Britain [19]. Health-related ecological mapping 
can contribute meaningfully to both theoretical frameworks and 
practical applications in urban planning [20]. Moreover, contem-
porary Geographic Information Systems (GIS) technologies enable 
complex spatial comparisons, though these may occasionally be de-
tached from their original contextual grounding [21-24].
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