
AEROSOL Particles-What’s 
all the fuss?

Why are they important? 
What are they?

Where do they come from?
How are they measured?

What is AERONET all about?
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What is an AEROSOL 
particle?

l Liquid or solid particle suspended in the 
atmosphere

l Size: Typically 0.01 to 20 m in diameter
l Composition:

– Liquid:  Water, sulfate, sea salt
– Solid:  Carbon, mineral (dust)

l Shape:  Spherical to angular
l Types:  Anthropogenic, Natural <biogenic>



Hair: ~100 m
Water drop: 14 m
Sea salt: 1 m





What are the sources of 
aerosol particles?

l Natural (~90%)
– Volcanoes
– Dust storms
– Wildfires
– Vegetation
– Sea spray

l Anthropogenic (~10% but mostly in N. 
hemisphere)
– Industrial emissions
– Fossil Fuel combustion
– Land use/land cover changes



Aerosol sources-
Volcanoes

l Particles and SO2 may reach the stratosphere, 22 km
l Photo chemical conversion to SO4 aerosols
l Transported globally, cools the surface, direct effect



Aerosol sources-
Volcanoes

l Particles and SO2 may reach the stratosphere, 22 km
l Photo chemical conversion to SO4 aerosols
l Transported globally, cools the surface, direct effect



Natural Aerosols
Marine aerosols, wind/wave generated, large particles (>1m),
lowest 100 m, Non absorbing, restricted to oceans, conc. low



Aerosols from Biomass Burning
Flaming Phaseoxygen starved, black carbon, absorbing

Smoldering Phase oxygen rich combustion, non absorbing



Dust-Natural and Anthropogenic sources



Source: India Today, December 15, 1996, pg. 50.
Bhaskar Paul

Anthropogenic:  Urban Aerosols
Black Carbon (highly absorbing): diesel engines, coal

SO4(small, non absorbing): factories, power plants, gas engines





The lives of aerosols

l Dust and sea salt spray, >1 
micron radius

l Sulfate, soot and smoke 
generated from conversion 
processes, <1 micron 
radius, potential health 
issues

l Mixed and transported by 
atmospheric winds

l Removed by precipitation 
and sedimentation

l Duration 5 to 14 days
l Episodic events make 

prediction and global 
impact uncertain



Why should we care about 
aerosols? -the ‘Direct effect’

l Climate Change
– In the absence of clds 

they have a direct cooling 
effect reflecting sunlight 
back to space

– Magnitude depends on 
size, concentration, 
composition and surface 
reflectance

– Aerosol cooling may 
partially offset global CO2
warming

l Health effects

Mediterranean coast of Turkey
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Another reason we should care-the 
‘Indirect’ effect: Modifies Clouds and 

Precipitation

l Without aerosols there 
would be few clouds

l Few aerosols, dark clds 
& rain

l More aerosols result in 
more and smaller cloud 
drops-less rain

l More cloud drops, 
brighter clouds, more 
sun light reflected to 
space
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What we don’t know about 
aerosols?

l We don’t know to what extent aerosols affect 
regional and global climate

l We don’t know the relative magnitude of natural 
vs man-made aerosols on climate

l We don’t know where on the planet aerosols are 
increasing, decreasing or are unchanged

l We don’t know with certainty, if aerosols are 
heating or cooling the planet

l We don’t know the aerosol burden over the planet 
at any point in time.



Sun Photometry with GLOBE 
and AERONET

l A direct measurement
l Relatively simple measurement
l Highly accurate





 a = Aerosol Optical 
Thickness
  = r + w + g +a
o r =Rayleigh scattering
o w= Water vapor
o g=gaseous absorption
o a=Aerosols

 Ranges between 0.00 and ∞
o 0.05 background
o 1.00 is very polluted
o CP=  Jan. 0.1, July 0.48

 Spectral
 Value depends on size of 

aerosols
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Single Scattering Albedo
e= + s
o= s /( + s)
• Range 0 to 1
(absorbing to non absorbing)
• Mid Atlantic aerosol > 0.95
•Flaming Phase Biomass Burning, 
~0.85













AERONET GSFC Calibration Facility
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What Does AERONET Provide?
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2013- 400 active sites world wide
but there is still a lot of territory to cover

GLOBE can Help!



Maritime Aerosol Network global coverage from October 2006 to May 2013

Maritime Aerosol Network as a Component of AERONET

Smirnov, A., et al., Maritime Aerosol Network as a component of Aerosol Robotic Network, J. Geophys. Res., 114, D06204, doi:10.1029/2008JD011257, 2009.

MAN represents an important strategic sampling initiative and ship-borne data 
acquisition complements island-based AERONET measurements



So what’s the fuss summary

l What are aerosols?
– Properties, composition, definition, shape, size
– Natural vs Anthropogenic

l What are the source regions of aerosols?
– Relate geography and aerosol type
– People vs emissions

l Why are aerosols important?
– Climate forcing
– Health
– Aesthetics



Summary cont.

l How are aerosols measured?
– Active and passive systems
– Satellite, airborne and ground-based
– Sun Photometry-Globe



Extra slides







Source: Summary for Policymakers, IPCC, 2001



Aerosols-general 
characteristics

l Ubiquitous:
– 5 to 1000 mg/m3

l Remote sensing characteristics
– Color:  f( size and composition)
– Directional Scattering efficiency: f(size)
– Absorption: f(composition)

l Lifetime:  5 to 14 days (tropospheric)
years (stratsopheric)


