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Take home messages

• The aerosol index is a robust, multi-faceted resource for understanding the 
spatial distribution and (episodic) transport of aerosols that impact

• Regional radiation balance, 

• Biogeochemical cycling, 

• Human health and safety

• Multi-decadal global coverage dataset:  OMI+TROPOMI … more

• Can quantifiably describe climatological scale variability and extent 
of key aerosol emission regions and phenomena   

• New multi-mission synergies present new research opportunities

• Now:  TROPOMI aerosol suite to meld layer height, optical depth

• New:  EarthCare data to unpack the vertical layering information 
contained in aerosol index – see EarthCare results Wednesday!!

• Future:  Sentinel Suite to address diurnal differences consistently
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Looking back & forward

• Starting with the NASA TOMS instruments, the aerosol index 
extends back to November 1978 and is near continuous, now with 
global coverage from multiple missions, both GEO and LEO

• Soon, collection of aerosol index datasets from an ever-increasing 
number of missions will span a period of 50 years!

Overview of this talk 

• Richness of this relatively simple dataset 

• Nuances of the measurement

• Highlight the potential for new multi-mission synergies
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A few applications

• Near-real time aviation safety monitoring 

• Event tracking – plume dynamics studies

• Spatiotemporal climatology of different types of absorbing aerosol

• Aerosol flagging or correction in trace gas retrievals
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Aerosol index short course

• Based on ratio of measured & modeled reflectance at two 
wavelengths as compared to a Rayleigh-only scattering 
atmosphere 

• Calculation yields positive values indicating the presence of UV-
absorbing aerosols including desert dust, smoke from biomass 
burning, and volcanic ash

• The absorption of these types of aerosols is wavelength 
dependent in the UV range, where the longer wavelength serves as 
a reference

• With each instrument, try to optimize spectral spacing within the 
same instrument band, also to minimize interference from ozone at 
the shortest wavelength
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Aerosol index short course

• Simple not simpler

• Overview of main dependencies:
• Aerosol type  - optical properties 

determining amount of absorption 
SSA, Ang-exponent, 

• Aerosol layer height (ALH) – see 
presentation Martin de Graaf

• Does not translate well to near-surface 
PM(2.5), only at extremely high 
concentrations

• Well-suited for measuring aerosol layers 
above or in the presence of clouds; 
wavelength region more sensitivity to the 
strongly absorbing aerosols than clouds, 

• Assumption of a Lambertian surface or 
scene works for most situations
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Sentinel Suite, what’s in a name?

• AI, UVAI, AAI – used interchangeably but with subtle difference

• Collective: AI refers to all aerosol index datasets

• UV-specific:  UVAI distinguishes that AI is calculated in UV-range

• Aerosol-type specific:  AAI Absorbing AI to denote positive AI-
values (> 1) thus strongly absorbing aerosols only 

OMI TROPOMI, S5P Sentinel-4 Sentinel-5

Variable name AI UVAI UVAI UAI

Wavelength pair 354 / 388 nm 354 / 388 nm
340 / 380 nm
335 / 367 nm

354 / 388 nm
340 / 380 nm

335 / 367 nm

Revisit / Coverage Nearly daily, global Daily, global Hourly, 
European sector

Daily, global

Observation time Afternoon Afternoon Daylight, Morning



TROPOMI acts as a base map
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Is more (resolution) always better?

• Tropomi resolution brings 
plume structures into much 
sharper focus

• A trade off with a breakdown 
of the assumption of Lambert 
Equivalent reflector 
surface/scene 

• For example, highly structured 
clouds and cloud shadows can 
yield large positive or negative 
values in AI in the small S5P 
pixels:  3.5 x 5.5 km
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3 June 2025
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Intense burning, dust season 2025

1 June 2025
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Dust & Smoke 
Transport

23 May – 22 June 2025
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TROPOMI mission averages

• Aerosol index has served as a useful indicator of the quality of the 
calibration for both irradiance and radiance

• Histogram percentiles are useful for separately aerosol event-driven 
from background non-aerosol values (highly scattering aerosol could 
be included, but the signals are typically quite weak)

• 25-percentile for background values to better understand non-
aerosol dependencies and connection to the Level 1

• 75-percentile to characterize the trend in global AAI events 
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Open tools, analysis and mapping

http://mpc-l2.tropomi.eu
https://mpc-l2.tropomi.eu/timeseries.html 

https://mpc-l2.tropomi.eu/timeseries.html
https://mpc-l2.tropomi.eu/timeseries.html
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Inter-mission comparison

• Aerosol index is highly sensitive to the calibration of the 
(irr)radiance data (Level 1)

• With OMI the Level 1 data and Level 2 algorithms are closely aligned 
thus allowing for a more direct comparison 

• Datasets have been processed with the same open source tool: 
PyCAMA developed by Maarten Sneep

• All valid pixel values for a given day are stored in daily histograms 
and can be further stratified according land/sea or north/south 
hemispheric 
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TROPOMI vs. OMI for S5P mission
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Calipso heritage, EarthCare new vision

• EarthCare brings an exciting level of detail to our understanding of 
aerosol layer composition, optical properties, vertical stratification, 
aging & evolution of aerosols, both delineation from and interactions 
with cloud, cirrus

• What aerosol index captures in collapsed “plan view”, 
EarthCare slices through, drawing back the curtain to reveal the 
complex vertical structure with insights about aerosol composition, 
cloud phase, polarization, etc.

SYNERGY potential

S5P Aerosol index horizontal plume extent 

+ EarthCare precise layer height and thickness 

= Better characterization of plume optical properties

EarthCare data courtesy of Gerd-Jan van Zadelhoff
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Calipso heritage, EarthCare new vision
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Decades of data still to come

• Synergies will facilitate the next level of global understand of long-
range aerosol transport and lend new insights for understanding 
climate forcing by UV-absorbing aerosol 

• GEO-LEO combination across the northern hemisphere to highlight 
diurnal differences and to improve tracking of transport events in 
more temporal detail

• Calipso climatology ins + new sharp focus of EarthCare can be used 
to link detailed vertical information and feature composition to 
plume mapping of AI covering the daily, global areal/horizontal 
extent and/or daytime regional hourly plume footprint

• Summer of the Sentinels! More aerosol index data coming to work 
together with the TROPOMI afternoon base map in both European 
GEO (S4) and morning LEO (S5)
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Thank you for your attention!

• Hopefully you’ve been able to see how aerosol index can powerfully 
link to the past in climatology and to the future with data synergy

• Feel free to contact me: stein@knmi.nl    www.tropomi.eu 

mailto:stein@knmi.nl
http://www.tropomi.eu/
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EXTRA SLIDES



TROPOMI in the fleet



History lesson

• Aerosol index was developed based on observed discrepancies in 
the tropospheric ozone data above the southern Atlantic basin 
coincident with persistent transported biomass burning plumes

• 1996 publication explained the aerosol index was a useful data 
product in its own, more than a correction for tropospheric ozone

• The relatively straightforward data product was reprocessed for all 
the prior TOMS mission datasets

• Thus the AAI multi-mission set of data records spans a period of 
nearly 50! Years 

• Late 1978 to present from a wide range of missions
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