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Exposure assessment and ground based monitoring

Martin et al., 2019
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(Long-Term) Exposure Assessment - Challenges ‘#7
DLR

1. Pollution concentration diurnal variability

2. Population mobility

3. Limited data in remote/less urbanized areas

4. Spatial resolution of pollution dataset

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



Health risk assessment from air pollution ‘#7
DLR
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How does population
mobility affect health risk
from air pollution?




Gilard| et al International Journal of
Health Geographics
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Long-term exposure and health risk ogx

assessment from air pollution: impact
of regional scale mobility

Lorenza Gilardi'"' ®, Mattia Marconcini’®, Annekatrin Metz-Marconcini’®, Thomas Esch’® and
Thilo Erbertseder' ®

Abstract

Background The negative effect of air pollution on human health is widely reported in recent literature. It typically
involves urbanized areas where the population is concentrated and where most primary air pollutants are produced.
A comprehensive health risk assessment is therefore of strategic importance for health authorities.

Methods In this study we propose a methodology to perform an indirect and retrospective health risk assessment
of all-cause mortality associated with long-term exposure to particulate matter less than 2.5 microns (PM, ), nitrogen
dioxide (NO,) and ozone (O5) in a typical Monday to Friday working week. A combination of satellite-based settlement
data, model-based air pollution data, land use, demographics and regional scale mobility, allowed to examine the
effect of population mobility and pollutants daily variations on the health risk. A Health Risk Increase (HRI) metric was
derived on the basis of three components: hazard, exposure and vulnerability, utilizing the relative risk values from the
World Health Organization. An additional metric, the Health Burden (HB) was formulated, which accounts for the total
number of people exposed to a certain risk level.

Results The effect of regional mobility patterns on the HRI metric was assessed, resulting in an increased HRI associ-
ated with all three stressors when considering a dynamic population compared to a static one. The effect of diurnal
variation of pollutants was only observed for NO, and O;. For both, the HRI metric resulted in significantly higher
values during night. Concerning the HB parameter, we identified the commuting flows of the population as the main
driver in the resulting metric.

Conclusions This indirect exposure assessment methodology provides tools to support policy makers and health
authorities in planning intervention and mitigation measures. The study was carried out in Lombardy, Italy, one of the
most polluted regions in Europe, but the incorporation of satellite data makes our approach valuable for studying
global health.

Keywords Exposure assessment, Air pollutants, Satellite-based data, Dynamic population, Diurnal variability,
Settlement mask

Lorenza Gilardi, German Remote Sensing Data Center - ATM

seminar, 20.02.2025

1210 IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 17, 2024

The Influence of Commuting on Population Exposure
to Air Pollution: Toward Global Application With

a Proxy on the Degree of Urbanization

Lorenza Gilardi @, Thilo Erbertseder @, Frank Baier @, Heiko Paeth @, Tobias Ullmann @,
and Hannes Taubenbick ©

Abstraci—Urban populations are significantly affected by air
pollution, which poses a major threat to public health. However,
standardized and public mobility dala. essential for an exposure

rth observation-derived

mmmmwwmmm
clally In remote arcas with limited data avallability. This study
Investigates the use of a globally derivable vartable from remote

POF exp

L. INTRODUCTION

HE most recent number of premature deaths in the Eu-
ropean Union attributable to air pollution exposure is
three hundred per year [1]. Accord-

ing to the estimation given by the World Health Organization
(WHO), this number increases (o about 4.2 Mllhun on a global

A health risk usinga ! level [2]. The exp (o air p i ly affects the
resolution air pollution data was performed. This was n:hkvcd urban population, whose :hm in 2022 reached 57% of the
by examining air pollution In two E global population and 75% in Europe [3]. Morcover, beyond

glons, Lombardy, in nxly.mdcmmny.mmrpnnungmmunng
datasets. Accordingly, a ¢ long-term exposure assess-
ment to particulate matter less than 2.5 microns (PM3 5), nitrogen
dioxide (NO3), and ozone (Oy) was performed from 2013 o 2022.
The study evaluates the difference between the resident and the
dynamic exposed to ding the new
limits set by the World Health Organization (WHO). The refation
between pollutant concentration and the Fraction of Settlement
Area (FSA), a proxy of urbankzation levels, derived from the global
World Settlement Footprint dataset was explored. Two pollution
datasets were used: with European, and global coverage. The anal-
mmwuﬂmmmmtummm

the urban-rural difference in exposure, the air pollution burden
is also not equally distributed worldwide. The WHO estimates
that 89% of the premature deaths occur in countries classified
as low- to middle income, where increasing pollution levels
can be observed [2]. Conversely, countries classified as high or
upper middle income, although at higher pollution levels, show
decreasing air pollution trends over the last decade [4], [5].
Nevertheless, the exposure o an even small concentration
of air pollutants poses health risks [6]. [7]. In the new Air
Quality Guidelines (WHO-AQG) released in 2021, the WHO

pollutant specific FSA further d d the threshold of the : a
the population exposure gap. uurllnﬂlng nlgmlgmlneunp.ﬂot TICENE S St 0,, iy :‘;|mg_mm
alr pollution on exposure g i = 2
exceeding WHO limits, particularly for PMa 5, and P nges [8]. For fthe
In health lati to air pollution be s even more crucial.

mm
Index Terms—Alr pollution, remote sensing, risk analysts, urban
areas.
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the exposure assessment due to its specific spatial and temporal
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Long-term exposure and health risk assessment from air
pollution: impact of regional scale mobility

Available data:
Satelli
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Study Area — Lombardy (ltaly)

DLR
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Study Area — Lombardy (ltaly)

- 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

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

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).
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Ratio of commuters to the

Methodology: Identification of mobility patterns

DLR
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Methodology:

Ratio of commuters to the
population residing in the areas [%)]

- Definition of a daytime and a night time hours

Identification of mobility patterns
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Methodology: Calculation of long term statistics for the

pollutants PM2.5, NO2 and O3

Separately for day and night hours:

= Multiannual mean for PM2.5
= Multiannual mean for NO2
» Seasonal peak parameter for O3

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

NO2, O3 and PM2.5 hourly
concentrations with
0.1°x0.1° spatial resolution
(CAMS European Rean.)
Calculation of yearly mean
concentrations during day
and night hours
Resampling with bilinear

method to a higher resolution
(100x100 m)



Methodology: targeting the exposure

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

resolution (WSF 2019)

» Masking by (building vs street) and | |
applying the (IOR)

WSF mask setting:
"street” =1

= Redistribution of the population according to the foldes
land use and daytime (residential, industrial, Calw,m;omm
commercial) B i
coarser resolution
(100mx100m)
with “average”
method |
¢
IOR setting:
"street" = 1

"building" = IOR from
litterature
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Introduction to the concept of Relative Risk (RR)

/ > 1 : negative ef fect on health

RR, L
" Prob. of disease with exposure = 1:no effect on health

Prob.of disease without exposure \ < 1: beneficial ef fect on health

* RR, are provided in literature for several pollutants species and/health outcomes
combinations
* RR, are usually proportional to an increment of 10 ug/m3 of the pollutant’s concentration

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



Methodology: definition of two health risk metrics ‘#7
DLR

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

R

C = pollutant concentration [ug/m3]

RR = Relative Risk of Mortality due to all causes
FSA = Fraction of Settlement Area

IOR = Indoor/Outdoor ratio

P = population [# of inhabitants]

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



Effect of pollution dataset spatial resolution and global
applications DLR

CAMS Global reanalysis (EAC4) CAMS European reanalysis

Horizontal coverage Global Europe
Temporal resolution 3-hourly 1-hourly
Horizontal resolution 0.75°x0.75° 0.1°x0.1°
Source
ECMWEF- Atmosphere Data Store ECMWEF- Atmosphere Data Store (ADS)
(ADS)
CAMS reanalysis ofpaniculatelm-alterd < 2.5 um (PM2.5) CAMS European air quallty reanaiysis

PM2.5 ensemble median, 1 Apr 2018

i 120,
ug/m3

17 Lorenza Gilardi, German Remote Sensing Data Center - ATM seminar,
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Effect of pollution dataset spatial resolution and global ‘#7
applications - Methodology DLR

' Marconcini, Mattia und Metz-Marconcini, Annekatrin und Esch, Thomas
CAMS und Gorelick, Noel (2021) Understanding Current Trends in Global

WSF 201 9[1] Urbanisation - The World Settlement Footprint Suite. Austrian Academy of
Global Sciences Press. ISDE12, 6 - 8 July, Salzburg, Austria. doi:
10.1553/qiscience2021 01 s33.

: oy s Calculation of
Resampling with bilinear method Sometaln o

to a common grid 100x100m Settled Area

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

concentrations™ EPD — f(FSA)

Exposure population difference

(EPD) to long-term concentrations * Yearly aggregates(2013-2022) according
above WHO limits to the World Health Organization standards

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



Outlook

Mobility data
MO/D 2016 & Pendlerrechnung der Linder

Global settlement mask

Air Pollution data D I_ R

CAMS air quality reanalyses Europe

time frame: 2013-2022
WHO limits for long-term
exposure

World settlement Footprint (WSF)
CAMS Global reanalyses (EAC4)

Long term exposure metrics:
Multiannual mean for PM, 5,NO,
Seasonal peak metric for O,

Fraction of Settlement
Area (FSA)

Day population
Night population

FSA geographical distribution

Difference in the .
population exposure
when mobility data
are included for

> —* incrementally higher
FSA values

Day (dynamic) and night (static)
population distribution as f(FSA)

Exposure Population
Diffesence (E7D)

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

Fraction of Settlement Area (FSA) Settled area
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Effect of pollution dataset spatial resolution and global ‘#7
applications DLR

Outcomes:
> 90 million people (the almost totality) exposed to unsafe PM,.; levels:
> Nearly the entire population considered (90M) experienced long-term PM,.; concentrations
exceeding WHO limits.

» High exposure to multiple pollutants:
» The majority of the population was exposed to excessive levels of O; and NO,, 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.

Lorenza Gilardi, German Remote Sensing Data Center - ATM
seminar, 20.02.2025
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Urban morphology and
health risk
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How to build healthy and sustainable cities?

DLR

— Systematic analysis of 919 cities in Europe concerning the impact of urban configuration

types on urban heat islands, air pollution, CO, emissions, and mortality

THE LANCET
Planetary Health

THE LANCET
Planetary Health

v e ot

July 2024
Volume 8, Issue 7

Table of contents >

> View archive

Lorenza.Gilardi@dlr.de

ARTICLES

The impact of urban
configuration types on urban
heat islands, air pollution, CO,
emissions, and mortality in
Europe: a data science
approach

lungman et al.

lungman, T, Khomenko, S, Pereira Barboza, E, Cirach, M, Gongalves, K, Petrone, P, Erbertseder, T,
Taubenbéck, 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.
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How to build healthy and sustainable cities?
DLR
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Compact - Open Lowrise - Open Lowrise - Green -
High Density cities Medium Density cities Low Density cities Low Density cities
Model A [n=246) Model B [n=245) Model C (n=261) Model D [n=167)
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Compact cities have lower carbon emissions, but poorer air quality, less green space and higher mortality rates
Lorenza.Gilardi@dlr.de



How to build healthy and sustainable cities?
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Compact cities:

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

- poorer air quality,
- less green space

Compact - Gresn - - higher mortality rates
High Density cities Low Density cities
Model A (n=246) Model D [n=167)

8.7% 421 33 49 17.3% 1.9% 179 15 18 38.5%
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Future work: an
environmental justice
perspective
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ESA supports the
pevetorment - -ALS

17 GOALS TOTRANSFORM OURWORLD

United Nations

Home

AI pAi rE 0 cloud-based, on-demand

service displaying air quality
and health metrics for Europe

Oy m at LAU level.

Contact: Frank.Baier@dlr.de

https://sdg.esa.int/alpaireo
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