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Exposure assessment and ground based monitoring
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Martin et al., 2019
https://doi.org/10.1016/j.aeaoa.2019.100040

• High time resolution
• Poor spatial resolution
• Not uniform distribution



(Long-Term) Exposure Assessment - Challenges

1. Pollution concentration diurnal variability

2. Population mobility

3. Limited data in remote/less urbanized areas

4. Spatial resolution of pollution dataset
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“Ecological Fallacy”



• Demography
• Settlement
• Mobility

World Settlement 
Footprint & 
Mobility matrixes 

• Medical 
literature

Dose-response 
functions

• Satellite
• Models
• In-situ

Air quality Maps

Health risk assessment from air pollution
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ExposureRisk Hazard Vulnerabilityx= x
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How does population 
mobility affect health risk 

from air pollution?
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Ground measurements

European Environmental Agency

Long-term exposure and health risk assessment from air 
pollution: impact of regional scale mobility
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Available data:
Downscaling (ML)

Handschuh et al., 2024

Satellite dataSatellite data - assimilated

Credit: F. Baier, 2024

Ensemble Models  



Study Area – Lombardy (Italy)
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Milan



Study Area – Lombardy (Italy)

10 Lorenza Gilardi, German Remote Sensing Data Center - ATM seminar, 
20.02.2025

- One of the most polluted areas in Europe

- Densely populated (~10M 1/5th of Italian
population)

- High industrialization and urbanization

- Peculiar geomorphology limits mountain ranges 
limit the diffusion in the boundary layer 

- Open access mobility dataset from the 
Regional Authority

European Union, Copernicus Sentinel-3 imagery, 
03/10/2023- veil of haze stretching from Piedmont 
to the Adriatic Sea

European Union, Copernicus  Copernicus
Sentinel-5P imagery, average value of 
tropospheric nitrogen dioxide (NO2) measured 
between 1 and 31 December 2021 in the Po 
Valley (Northern Italy).



Methodology: Identification of mobility patterns
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Commuting 
starts

Back-commuting 
ends

 Definition of a daytime and a night time hours
 Definition of a daytime and a night time population



Methodology: Identification of mobility patterns
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Commuting 
starts

Back-commuting 
ends

 Definition of a daytime and a night time hours
 Definition of a daytime and a night time population



Separately for day and night hours:

 Multiannual mean for PM2.5 

 Multiannual mean for NO2

 Seasonal peak parameter for O3
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Methodology: Calculation of long term statistics for the 
pollutants PM2.5, NO2 and O3



 Definition of the Fraction of Settlement Area (FSA) 
from the World Settlement Footprint (Marconcini et al, 
2021)

 Masking by settlement type (building vs street) and 
applying the outdoor/indoor infiltration ratios (IOR)

 Redistribution of the population according to the 
land use and daytime (residential, industrial, 
commercial)
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Methodology: targeting the exposure



Introduction to the concept of Relative Risk (RR)
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DLR.de  •  Chart 15

> 1 ∶ 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 ℎ𝑒𝑎𝑙𝑡ℎ

= 1 ∶ 𝑛𝑜 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 ℎ𝑒𝑎𝑙𝑡ℎ

< 1 ∶ 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡 𝑜𝑛 ℎ𝑒𝑎𝑙𝑡ℎ

𝑅𝑅𝑖

=  
𝑃𝑟𝑜𝑏. 𝑜𝑓 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑤𝑖𝑡ℎ 𝑒𝑥𝑝𝑜sure 

𝑃𝑟𝑜𝑏. 𝑜𝑓 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒

• Measure to estimate the influence of a factor (i) on the exacerbation of a specific 
Health Outcome  (HO, i.e. disease)

• Derived from epidemiological studies 
• RRi = ƒ (level of exposure, health outcome, age, sex) 

RR

• RRi are provided in literature for several pollutants species and/health outcomes 
combinations 

• RRi are usually proportional to an increment of 10 µg/m3 of the pollutant’s concentration
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Methodology: definition of two health risk metrics

Health Risk Increase (HRI): Health Burden (HB):

C = pollutant concentration [µg/m3]
RR = Relative Risk of Mortality due to all causes
FSA = Fraction of Settlement Area
IOR = Indoor/Outdoor ratio
P = population [# of inhabitants]



Effect of pollution dataset spatial resolution and global 
applications

CAMS European reanalysisCAMS Global reanalysis (EAC4)

EuropeGlobalHorizontal coverage

1-hourly3-hourlyTemporal resolution

0.1°x0.1°0.75°x0.75°Horizontal resolution

ECMWF- Atmosphere Data Store (ADS)ECMWF- Atmosphere Data Store 
(ADS)

Source
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Exposure population difference 
(EPD) to long-term concentrations 

above WHO limits

Multiannual means for day and 
night hours of NO2, PM2.5, O3 

concentrations*

Effect of pollution dataset spatial resolution and global 
applications - Methodology 

18 Lorenza Gilardi, German Remote Sensing Data Center - ATM seminar, 
20.02.2025

WSFWSF 2019[1]

Calculation of 
Fraction of  

Settled Area

CAMS 
Global

CAMS 
Europe

Resampling with bilinear method 
to a common grid 100x100m

* Yearly aggregates(2013-2022) according 
to the World Health Organization standards

[1] Marconcini, Mattia und Metz-Marconcini, Annekatrin und Esch, Thomas 
und Gorelick, Noel (2021) Understanding Current Trends in Global 
Urbanisation - The World Settlement Footprint Suite. Austrian Academy of 
Sciences Press. ISDE12, 6 - 8 July, Salzburg, Austria. doi: 
10.1553/giscience2021_01_s33. 

ƒ(FSA)



Outlook
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• time frame: 2013-2022
• WHO limits for long-term 

exposure



Results
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84M inhabitants

10M inhabitants



Effect of pollution dataset spatial resolution and global 
applications

Outcomes:
90 million people (the almost totality) exposed to unsafe PM . levels:

 Nearly the entire population considered (90M) experienced long-term PM₂.₅ concentrations 
exceeding WHO limits.

High exposure to multiple pollutants:
 The majority of the population was exposed to excessive levels of O₃ and NO₂, increasing health 

risks.

Exposure variations due to commuting:
 Accounting for mobility patterns, exposure differences range from 100,000 to several million 

people, emphasizing the impact of daily movement.

Urbanization influences pollution exposure:
 Disparities in air pollution exposure are linked to urban density, as measured by the Fraction of 

Settlement Area.
 However: no FSA fixed threshold could be determined

Global datasets support exposure assessment:
 Satellite-based global air pollution datasets enable preliminary evaluation of long-term population 

exposure, aiding large-scale health risk analyses. 
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Urban morphology and 
health risk



How to build healthy and sustainable cities?

Iungman, T, Khomenko, S, Pereira Barboza, E, Cirach, M, Gonçalves, K, Petrone, P,  Erbertseder, T, 
Taubenböck, H, Chakraborty, T and M Nieuwenhuijsen: The impact of urban configuration types on 
urban heat islands, air pollution, CO2 emissions, and mortality in Europe: a data science approach, 
The Lancet Planetary Health, Vol 8, Issue 7, 2024, https://doi.org/10.1016/S2542-5196(24)00120-7.

 Systematic analysis of 919 cities in Europe concerning the impact of urban configuration 
types on urban heat islands, air pollution, CO2 emissions, and mortality
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How to build healthy and sustainable cities?

Compact cities have lower carbon emissions, but poorer air quality, less green space and higher mortality rates
Lorenza.Gilardi@dlr.de24



How to build healthy and sustainable cities?

Compact cities: 

+ lower carbon emissions
+ better walkability
+ less urban sprawl, 

- poorer air quality, 
- less green space  
- higher mortality rates

Lorenza.Gilardi@dlr.de25
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Future work: an 
environmental justice 

perspective



https://www.leag.de/de/geschaeftsfelder/kraftwerke/kraftwerk-jaenschwalde/

https://www.stadtentwicklung.berlin.de/

Berlin

Kraftwerk Jänschwalde

NO2

Hot Spot

Cold Spot
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https://sdg.esa.int/alpaireo

cloud-based, on-demand 
service displaying air quality 
and health metrics for Europe 
at LAU level.

Contact: Frank.Baier@dlr.de


