
 

 

 
Abstract—The Greater Athens Area (GAA) faces photochemical 

and particulate pollution episodes as a result of the combined effects 
of local pollutant emissions, regional pollution transport, synoptic 
circulation and topographic characteristics. The area has undergone 
significant changes since the Athens 2004 Olympic Games because 
of large scale infrastructure works that lead to the shift of population 
to areas previously characterized as rural, the increase of the traffic 
fleet and the operation of highways. However, few recent modelling 
studies have been performed due to the lack of an accurate, updated 
emission inventory. The photochemical modelling system 
MM5/CAMx was applied in order to study the photochemical and 
particulate pollution characteristics above the GAA for two distinct 
ten-day periods in the summer of 2006 and 2010, where air pollution 
episodes occurred. A new updated emission inventory was used 
based on official data. Comparison of modeled results with 
measurements revealed the importance and accuracy of the new 
Athens emission inventory as compared to previous modeling 
studies. The model managed to reproduce the local meteorological 
conditions, the daily ozone and particulates fluctuations at different 
locations across the GAA. Higher ozone levels were found at 
suburban and rural areas as well as over the sea at the south of the 
basin. Concerning PM10, high concentrations were computed at the 
city centre and the southeastern suburbs in agreement with measured 
data. Source apportionment analysis showed that different sources 
contribute to the ozone levels, the local sources (traffic, port 
activities) affecting its formation.  
 

Keywords—Photochemical modelling, urban pollution, greater 
Athens area, MM5/CAMx.  

I. INTRODUCTION 

HE GAA, located at the centre of the Eastern 
Mediterranean Basin, often faces episodic PM and O3 

levels especially during spring and summer, due to the 
anthropogenic and natural sources and prevailing atmospheric 
conditions that favor photochemical production of secondary 
pollutants and the long range transport of polluted air masses 
from Europe and N. Africa, [1]. According to [2], Athens is 
amongst the ten most polluted European cities. It has been 
estimated that inhabitants inhale 1.25- 2.78 μg PΜ10 per kg of 
PM in the air [3]. Experimental campaigns aiming to 
investigate O3 and PM levels and important parameters have 
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taken place in the past, e.g. [4]-[6], [13]. The local sources 
(traffic, navigation and small combustion) dominate over the 
formation of particulates and ozone levels, while the pollution 
character across the GAA is quite uniform regarding the 
former pollutant [7]. However, only a few modeling studies 
have been performed due to the inexistence of an updated 
emission inventory, e.g., [8]-[10], [12]. According to their 
results the combination of local sources and particular weather 
conditions lead to the build-up of high O3 and PM levels. 
Reference [11] revealed the role of sea-salt emissions and 
aerosol re-suspension rates from vehicle movement to the air 
quality of the GAA. 

The purpose of the current work is to present results from 
numerical simulations with the MM5/CAMx modeling system 
for two typical photochemical and particulate pollution 
episodes that occurred in the summers of 2006 and 2010 in 
Athens and the GAA. The mild synoptic conditions that 
occurred favored the development of local circulation systems 
that led to poor emissions dispersion. In this respect the new 
emission inventory was constructed for the GAA in order to 
fill the existing data gap that hindered the detailed modeling 
study of the photochemical and particulate pollution 
characteristics.  

II. METHODOLOGY 

A. Study Area Characteristics 

The GAA (Fig. 1) features a complex topography that 
includes the Athens Basin (covering an area of 450 km2 with 
approx. 4million inhabitants), surrounded by mountains to the 
east, north and west and the sea to the southwest. Outside the 
basin there exist the Thriassion Plain to the west (mainly an 
industrial zone) and the Mesogia Plain to the east, a rural and 
suburban rapidly developing area due mainly to infrastructure 
works such as new highways and the Athens International 
Airport. The topographical features in combination with the 
local pollution sources (traffic, central heating, industries, 
shipping) and the prevailing weather conditions (sea-breeze 
cells, strong temperature inversions, low wind) that impede 
ventilation, lead to pollution episodes in the summer. 

B. Description of F.E.I.-GREGAA 

The new detailed GAA emission inventory, called F.E.I. - 
GREGAA (Flexible Emission Inventory for Greece and the 
GAA), was developed for the period 2006-2010 on a spatial 
scale of 6x6km2 for Greece and 2x2km2 for the GAA, 
respectively and on a temporal scale of 1 h. It was constructed 
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