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Context: space-based Air Quality monitoring at various scales

International Air Quality framework: EU Ambient Air Quality
Directives, EU National Emission Reduction Commitments
Directive (NEC), UNECE Convention on Long-Range
Transboundary Air Pollution (CLRTAP)...

Increasing number of local regulations put into place to improve AQ, =
often on a city scale. E.g., the gradually tightening LEZ in Antwerp ~* ( -
(2017), Brussels (2018), Ghent (2020), and entire Wallonia (2023).

SARS-CoV-2 related reduction of human activities offers a low
emissions test case (especially in summer).

In-situ measurements of NOx, O, PM10, PM2.5 and BC are the
standard for AQ monitoring = sparse data sets, made o | o AT
Annual mean (2019) NO, concentration, in-situ

contiquous by (model-based) interpolation. data interpolated (4x4km2) (RIO model, IRCEL-
CELINE)

CEC\?L; IL{) AQ monitoring from space
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Challenges for the uptake of satellite Air Quality data

by policy makers and other stakeholders

¢ In spite of large investment in the Copernicus programme, uptake of satellite data by Air
Quality stakeholders remains limited (in Belgium).

*» Challenges are technical, communicational, and legislative:

» Spatio-temporal resolution lower than classical methods combining near-surface
network data and modelling

Relation to near-surface concentrations not straightforward

Cloud cover

Accuracy

Multiple platforms with different properties: LEO+GEO; S5P, S4, S5, CO2M, S3...
Data and metadata format

Legal requirements

% BRAIN-be 2.0 project LEGO-BEL-AQ (BIRA-IASB + IRCEL-CELINE): aims at a

synergistic application of Air Quality EO satellites (R&D) to bring EO data
closer to Belgian stakeholders (service).
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LEGO-BEL-AQ: a Belgian project for synergistic use of

Copernicus AQ satellites

Spatio-temporal mapping and downscaling toolbox for (Copernicus AQ) satellite data sets

QA/QC, aggregation, interpolation, uncertainty propagation
. Application to S5P TROPOMI data over Belgium and comparison to in-situ data

City-level maps and time series; comparison to in-situ and RIO-modelled surface
concentrations

Ill.  Developments for the specific viewing geometry of the geostationary sounders (S4):

3D LEO and GEO observation operators to assess spatial smearing and potential obscuration
effects along the measured optical path + impact on perceived diurnal cycle

IV. Qutreach and valorisation
Liaison with identified stakeholders, both in AQ policy and in the data retrieval communities
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Balancing spatial and temporal resolution (S5P NO2)

A single Sentinel-5p
overpass over
Belgium

Nominal ground
resolution at nadir:
3.5 x 5.5 km?
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Balancing spatial and temporal resolution (S5P NO2)

S5p-TROPOMI tropospheric NO, column number density [Pmolec/cm?]
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Balancing spatial and temporal resolution (S5P NO2)

Antwerp Ghent
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Two cities with enforced “Low Emission Zones” in their centre but
also with harbour to their North.
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Impact of CoViD-19 related reduced activity (S5P NO2)
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To evaluate (long-term) trends, accuracy and stability are critical.
s PAL reprocessing (V2.3.1) + OFFL (Beware of RPRO + OFFL, see poster by Compernolle et al.).

s CAMS-regional prior substitution
+ Ground-based validation (ESA/Copernicus ATM-MPC + BELSPO TROVA-2)
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QA/QC of these S5P. NO2 data sets

Operational validation of SSP NO2
nominal data product by ATM-MPC, see
Lambert et al., Monday 2pm in A1.02.1:

“Latest Results of the Operational
Validation of Sentinel-5p TROPOMI”

Evaluation of NO2 data evolution by
ATM-MPC and BELSPO/ProDEXx
TROVA-E2, see Compernolle et al.,
Poster Session on Tuesday:

“Evolution of Sentinel-5P NO2 data
product and implications for air
quality applications”

Evaluation of LEGO-BEL-AQ

oversampled NO2 datasets vs. in-situ
and RIO-modelled surface data

TROPOMI

VALIDATION FACILITY

SENTINEL-5 PRECURSOR MISSION PERFORMANCE CENTRE

H-c\«z\

F'ﬁl

The Sentinel-5P Validation Data Analysis Facility (VDAF) portal is the public entry poml to the Routlne Operations Validation Service for TROPOspheric
Monitoring Instrument (TROPOMI).

* Launched on 13 October 2017 on board of the ESNCopemlcus Sentinel-5 Precursor satellite, TROPOMI measures each day the global distribution of

atmospheric trace gases and aerosols for a better understanding of air quality, the ozone layer, atmospheric chemistry and transport ultraviolet radiation, and
climate change. iy

https://mpc-vdaf.tropomi.eu/



Week-end effect (derived from Sentinel-5p NO2)

S5P tropo. NDZ VCD: weekend -working days (multl—annual JJA average, PAL- DFFL} [Pmnlec,’cmz]

51.5 = I3 f'idel".uurg-} Bemml g
1 i 1.5
; Costende ;I“ha!deﬁl
- Chm Aalter
L]
Bl WG - 41
51 gl
T il Rouselare s
? _Jdpcr, Kenrljk.:ﬁ-" -
saln-Omer. : H'all'uln‘ A e E : 1 0.5
3 H.(ILILHIJ( ; i ey s - tal' e N -t |
aqm-ﬁur-f‘ﬂr.-r\ M"r':q'e” Bar-;'Eu '.Hl.'!m ___...F-“_‘T"h'“" 1 An "‘\ ! i Euski-ched, L\ ]
% " Lanh —-l-/{‘E:TL;r-::ai “Ath Salgnies Seialnge=) * ‘.I'er\riers" Machermicha L
3 H:,thuuu e . o 'G-embloux_// Hiry Fléran .- . |
+= 50.5 Biruay “"3'-"55'9-"5, i Carving, PE[UW-EI.Z:\F‘_.——"IiDI'IE"-\__ JCourcelles \ - a EVR Bad Minstereife 10
:._ﬁ' X 2o -\"Ll.':ns_ o Sainl-Ghislain* " i R ot \ Fndernine { k J Any
e L .||r'_l 1"’ A Binche ] s
k] Touci; HaE T, ¢ o~ H '- - d
Arras, . VAlenziennes F s Y =3
| r" . Hautmont_* -~ .~ Walcourt | Marcha-an | "
= = g / * laubeuge  * b e r',a' 2= i ~— 4 -0.5
b ; ||| Mz Cambrai ' | | 0 - .
M o L Y P -t | " /
bbbeville TR | . e ,I\\ ..I k ¥ /
et e \'. . A ™, / . 4
5[] h ||l L oy r ! ] -
) ry \.'; . Y . . ol o =1
ey SR "o\ Balnt-CQuentin ' "““—{/ : o s
- I,u" . ! Charleviile-Méziires | : "7l .\'
) [ ) . A Sadan . - £ Konz™,
s . e B Targnier . o o= ~afyrlon L. "{ =1.5
! B . ’ - g )
P || «Noyon Laon. i , w  =Lluxcmbourg \: ';l_
49 5 'J ; \\I ) l’c‘JEIRA IASB/K.NMI/ESA, contains modified Copernicus data -
- .?mu,‘.ﬂis | it aiacie T ) Background by Stamen Design using OpenStreetMap data  bach
- ol o 1R e . o - -2
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Longitude

BIRA-IASB

rCELine C .
| opernicus

Europe's eyes on Earth b e I S p o



Information at the level of administrative entities

Support policy making,
monitoring and assessment
by tailoring information to
the different administrative
levels, i.e.:

I. Federal

li. Region

iii. Province
Iv. Municipality

Note: This requires technical interfaces
with the administrative-geographical
framework (e.q., projections and file
formats)
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By municipality

The interactive map below presents long-term average tropospheric NO» column values per Belgian municipality. These

results are based on the LEGO-BEL-AQ oversampled (1km by 1km) S5P-TROPOMI data (PAL reprocessing + OFFL
processing).
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Beyond Sentinel-5p NO2

Synergistic use of the constellation

Through creation of an ARD data cube of:

s Specifically tailored Sentinel-5(P) NO2, CO,
CH4, HCHO, and aux. data (e.g. AAl).

s Sentinel-4 diurnal data (+R&D on impact of GEO
vantage point)

s Sentinel-3 AOD data
And intercomparison to in-situ

Facilitate use of satellite AQ data in Belgium

BIRA-IASB
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Interaction with stakeholders LEGOBELAG 7
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a BELSPO BRAIN-be 2.0 project (12/2019 - 32024)
. . Main Menu Belgian air quality as seen from LEO and GEO
| |
** We bS |te ) Home Low-Earth and Geostationary Observations of BELgian Air Quality (LEGO-BEL-AQ) is a projectfunded by BELSPO
Nitrogen dioxide maps under the BRAIN-be 2.0 programme. ts objective is to exploit the full spatio-temporal resolving power of the LEQ

By municipality and GEO Copernicus Atmospheric Sentinel missions to support air quality policies in Belgium.

L ]
- Data access
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and R&D on the complementarity and synergies within the (future) LEO+GED constellation.

Team
Contact us

¢ Our network (IRCEL-CELINE) partners Examplmaps

City-specific results can be found here,
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[ A Grid resolution: 1.0 x 1.0 km2 Date: June-July-August 2021
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*» Publications in specialized =
literature (e.g., magazine “Lucht”)
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https://lego-bel-aq.aeronomie.be/
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