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Á Airborne Remote Sensing of Atmospheric Composition 
Å Air quality monitoring & CTM validation Ą BELSPO BUMBA project (2015-2018) 

Å Instrument testing and cal/val strategies Ą ESA AROMAPEX project (2013-2016) 

Å S-5p/TROPOMI validation Ą ESA S5PVAL-BE project (2019-2021) 
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2 Introduction 

Focus on tropospheric NO2 and APEX hyperspectral imager 



Airborne (APEX) imaging spectroscopy 
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APEX 

I-DOAS (Imaging Differential 
Optical Absorption Spectroscopy) 

Product: Vertical column densities (VCD): integrated amount 
of molecules along the vertical, expressed as molec. cm-2 

 

 

Spectral fit between 
~400-500 nm for NO2 



Airborne Prism Experiment sensor (APEX)  
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Dornier DO-228, operated by DLR 
Spatial performance (at 6000 m AGL) 

Spatial CCD 1000 detectors 

FOV (across-track) 28° 

Swath width  3000 m 

IFOV (across-track) 0.028° 

Spatial resolution (across-track) 3 m (binned 60 m) 

Spatial resolution (along-track) 4 m (binned 80 m) 

Other 

Plane speed 72 mps 

Integration time 58 ms 

APEX total mass 354 kg 

Radiometric calibration yes 

Spectral performance for NO2 calibration window 

Spectral interval 370 - 600 nm 

NO2 fitting interval 470 - 510 nm 

Spectral detectors 249 (unbinned mode) 

Nominal FWHM 1.5 nm 

In-flight FWHM > 2.8 and < 3.3 nm 

Nominal spectral shift from CW < 0.2 nm 

In-flight spectral shift from CW > 0.05 and < 0.8 nm  

Spectral sampling interval (SSI) 0.9 nm 

Sampling rate 3.1 to 3.6 pixels per FWHM 

Introduction 



Motivation 
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Airborne sensors of great relevance for 
high resolution NO2 monitoring at scale of 
cities Ą complementary to spaceborne 
 

OMI            13 x 24 km2 

TROPOMI  7 x 3.5 km2 
APEX          80 x 60 m2 

 



Key applications 

Á Air quality monitoring (BUMBA and AROMAPEX project) 
Å Mapping of the spatial distribution of pollutants (e.g. NO2, SO2, HCHO) at high 

resolution (~100 m) over cities/ industrialised areas 

Å Gapfiller between spaceborne and ground-based observations 

Á Top-down HR source identification and emission estimates 

ÁTrend monitoring and enforcement of (inter)national 
agreements, e.g. LEZ and ECA 

Á Chemistry transport model validation (BUMBA project) 

Á Satellite validation (S5PVAL-BE project) 

Á Support to satellite mission design (NITRO-CAM project) 
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Á BUMBA: Belgian Urban NO2 Monitoring Based on APEX remote sensing 

Á Objectives: 1) Air quality monitoring, 2) AQ/CTM model validation 

Á Published in Tack et al., 2017 in AMT 

 

 

 

BUMBA project 2015-2018 (Belgium) 

 

                    Ground-based campaign 

Á Mobile-DOAS 

Á (Mini-) MAX-DOAS 

 
 

 

Brussels Antwerp Liège Antwerp Liège 
Date 30-06-2015 15-04-2015 15-04-2015 19-07-2016 29-06-2018 

Flight time LT (UTC + 2) 14:43 - 16:04 10:06 - 11:30 11:55 - 12:18 15:33 - 18:03 10:18 - 10:40 

# flightlines 8 9 3 14 4 

Flight pattern (Heading °) 0 - 180 0 - 180 40 - 220 0 - 180 40 -220 

SZA (°) 29.7 - 38.6 60.4 - 49.6 46.0 - 44.1 36.7 - 57.3 - 

Average wind direction (°) 125 235 240 - - 

Average wind speed (Bft) 2 3 3 - - 

Temperature (°C) 27.2 18.7 20.8 - - 

PBL height (m) 1200 450 700 - 700 

Lat (°N) / Long (°E) 50.8 / 4.4 51.2 / 4.4 50.6 / 5.6 51.2 / 4.4 50.6 / 5.6 

Terrain altitude (m ASL) 76 10 66 10 66 

Total population 1.175.173 513.570 195.968 513.570 195.968 

Population density (#/km2) 6751 2496 2828 2496 2828 

7 BUMBA project 

 

Á CAPS in-situ analyzer 

Á Ceilometer, CIMEL, �Y 

 
 

 


