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Generalities

What are aerosols?

A suspension of tiny solid or liquid particles in the Earth's atmosphere, which can be directly emitted or formed from gaseous
precursors.

Major aerosol types
Sulfate, carbonaceous, mineral, marine, and biological aerosols
Importance of aerosols

Aerosols scatter and absorb a fraction of the incoming solar radiation and, therefore, influence the heat planet’s radiative
balance (climate effects)

Aerosols at the bottom of the atmosphere (planetary boundary layer, PBL) can affect air quality (AQ)
Main aerosol properties

Composition: refractive index (wavelength dependent)

Size, particle size distribution (PSD)

Amount (aerosol optical depth (AOD), wavelength dependent)

PBL particle matter (PM), concentration in micrograms per cubic meter (ug/m®) per size range (PM2.5, PM10)



Registered  Deaths per Week

Aerosols as PM

The Great London Smog of December 1952

Numerous coal-fired electric power stations in the Greater London area added to the pollution.
According to the UK’s Met Office, the following pollutants were emitted each day during the smoggy
period: 1,000 tons of smoke particles, 140 tons of hydrochloric acid, 14 tons of fluorine compounds
and 370 tons of sulphur dioxide which may have been converted to 800 tons of sulphuric acid.
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Aerosols as PM (2)

“Haboob” over Phoenix, Arizona, on the evening of 08-26-2025

The desert dust storm caused near-zero visibility and significant disruptions. The towering wall of dust was followed by
severe thunderstorms, leading to downed trees, power outages affecting thousands of customers, and grounded flights.



Aerosol Particle Size and Composition

Aerosol particles come in many sizes and shapes and can be made up of hundreds of different chemicals.
Some are emitted directly from a source, such as construction sites, unpaved roads, fields, smokestacks or fires.

Most particles form in the atmosphere as a result of complex reactions of chemicals such as sulfur dioxide and
nitrogen oxides, which are pollutants emitted from power plants, industries and automobiles.

Climate Applications: Particle Size Distribution
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Aerosol Measurements

The atmospheric aerosol load can be measured from the surface using sun-photometers (AERONET) and from space

using satellite observations.
Satellite Observations

The resulting angular distribution of scattered light is described by a mathematical function known as the Scattering
Phase Function (P), that describes the angular distribution of the scattered light.

It depends on the wavelength of incoming light, composition (aerosol refractive index) and particle size distribution.
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The actual aerosol vertical distribution can also be measured from the bottom and top of the atmosphere using lidar

systems.
PM cannot be directly measured from satellites.



Connection between total column AOD and PM
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Multi-year average aerosol vertical distribution (left) and calculated layer AOD (right) from Raman lidar profiles at the
Southern Great Plains (SGP) US Department of Energy Atmospheric Radiation Measurement (ARM) facility.

Because the PM is a measure of aerosol concentration at the bottom of the atmosphere, it can not be directly
measured with satellite observations

Yun Lin et al., Science of the Total Environment, Vol. 904, 2023



PM Measurements
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PACE-OCI Unified Aerosol Algorithm
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Converting Satellite-derived Aerosol Optical Depth to Surface PM2.5
A statistical approach

https://appliedsciences.nasa.gov/sites/default/files/D2P3 _AODPMEx.pdf (Tutorial by Pawan Gupta)
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Sinha, P. R., Gupta, P. et al., (2015). Estimation of particulate matter from satellite- and ground-based observations over Hyderabad, India. International Journal of Remote
Sensing, 36(24), 6192-6213.
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Converting Satellite-derived Aerosol Optical Depth to Surface PM2.5
Multivariable linear regression
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Largest Improvement takes place when adding , PBLH, and AOD fraction below 3 km

Chin et al., manuscript in preparation



Converting Satellite-derived Aerosol Optical Depth to Surface PM2.5
Optimal Estimation and Geographically Weighted Regression Analysis

It uses a geographically weighted regression (GWR) statistical model to represent bias of fine particulate matter concentrations (PM2.5) derived from a
1 km optimal estimate (OE) aerosol optical depth (AOD) satellite retrieval that used AOD-to-PM2.5 relationships from a chemical transport model (CTM)
for 2004-2008 over North America. It combines the geophysical understanding and global applicability intrinsic to the CTM relationships and
knowledge provided by observations.

Adjusting the OE PM2.5 estimates according to the GWR-predicted bias yielded significant improvement compared with unadjusted long-term mean
values (R2 = 0.82 versus R2 = 0.62).

The effect of individual GWR predictors on OE PM2.5 estimates provided insight into the sources of uncertainty for global satellite-derived PM2.5
estimates.

These predictor-driven effects imply that local variability in surface elevation and urban emissions are important sources of uncertainty in geophysical
calculations of the AOD-to-PM2.5 relationship used in satellite-derived PM2.5 estimates over North America, and potentially worldwide.
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OMI UVALI as tracker of Sahel Meningitis Outbreaks in the Sahel

A. Deroubaix et al. / Remote Sensing of Environment 133 (2013) 116-127

J.R. Soc. Int. 2013, 10, 20120814 Aerosol Index (OMI)
JOURNAL . . e ”
Seasonality of meningitis in Africa and g

climate forcing: aerosols stand out
Interface :

L. Agier'2, A. Deroubaix’*, N. Martiny®, P. Yaka®, A. Djibo® and H. Broutin’
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rsif.royalsodetypublishing.org 'Combining Health Information, Computation and Statistics, School of Health and Medicine,
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‘Various factors are likely involved in the underlying mechanism of the disease
dynamic, including (re)introduction of consecutive strains , vaccination impact,
population dynamics and immunity , climate and dust are often advocated as 19w 0 15 W°E 45°E
having a large impact.” (Agier et al, 2012)

‘...during the core of the dry season (January to March), when dust is
transported at low altitude, .....the OMI-Al is able to correctly detect
RSE 133 (2013) the dust events and to reproduce the dust variability at the regional scale.’
(Deroubaix et al., 2013)

Contents lists available at SciVerse ScienceDirect

Remote Sensing of Environment

journal homepage: www.elsevier.com/locate/rse

Suitability of OMI aerosol index to reflect mineral dust surface conditions: Preliminary
application for studying the link with meningitis epidemics in the Sahel

A. Deroubaix *®*, N. Martiny , I. Chiapello ¢, B. Marticorena
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