
Constructing a Global Atlas for Seasonal Dispersal Pathways of Short-Lived 
Pollutants from Major Population Centers 

Alexandros P. Poulidis 

Institute of Environmental Physics (IUP), University of Bremen, Germany 

Author list (excluding presenting author) 

Nikos Daskalakis, Maria Kanakidou, Mihalis Vrekoussis 

Abstract 

The rapid increase in human population since 1900 along with the industrialization of the last century and 
the rapid technological advancements has resulted in intensive urbanization - the process of migration 
from rural into urban areas. This transition has been accompanied by an increase in the emissions from 
combustion of fossil fuel, particularly affecting densely populated areas and inducing significant health 
risks to local population. Protection of human health requires better knowledge of local and regional 
characteristics of urban pollution dispersal. This study addresses the issue of transport dynamics of short-
lived pollutants (here NOx) by developing a methodology to study the seasonality of common dispersal 
pathways of the largest 148 Major Population Centers (MPCs; here cities with population over 3 million). 
For each city, ERA5 reanalysis data were used to drive the FLEXPART lagrangian transport model to 
simulate the dispersion of near-surface emissions released in the early morning and evening, to capture 
the effects of commuting. Estimates of NOx emissions were derived from the CAMS emission dataset. A 
quasi-realistic reduction of NOx amounts in the FLEXPART model was achieved by applying an exponential 
first order decay, based on a representative near-surface NOx lifetime global climatology from the TM4-
ECPL global chemical transport model. Pathways were identified using the k-means clustering algorithm, 
which led to robust groupings that reflect climatological and topographic phenomena and exhibit strong 
seasonality. Finally, the total affected population per MPC was estimated using population density data 
from the Global Human Settlement Layer (GHSL). Despite the focus being on contemporary MPCs, the 
methodology showcased can easily be extended to additional cities and can also be used to carry out 
hypothetical studies to aid in the best development strategies in regions such as Africa and southeast Asia 
that are expected to have a large increase in MPCs. 
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