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DEPENDENCE OF CLOUD ALBEDO ON CLOUD DEPTH
Influence of Cloud Drop Radius and Concentration
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Twomey, Atmospheric Aerosols, 1977

For a given liquid water path, cloud albedo is highly sensitive to cloud
drop number concentration or radius.







INTERHEMISPHERIC CONTRASTS

“ An interesting and unexpected feature of the troposphere
. . . is a division into two parts, with the line of separation
near the equator.

“ Air from the north an south does not freely mix, as any
observer traveling on a ship through tropical regions will
readily perceive from the difference in clarity of the skies
between the clean southern and the relatively dirty
northern hemispheres.

- James Lovelock, Gaia, 1979



COMPARISON OF AEROSOL SULFATE
CONCENTRATIONS IN NH AND SH

cont’d



COMPARISON OF AEROSOL SULFATE
CONCENTRATIONS IN NH AND SH (cont’d)

Schwartz, Nature, 1988



NO SIGNIFICANT INTERHEMISPHERIC
DIFFERENCE IN CLOUD ALBEDO

Schwartz, Nature, 1988





EXAMINATION FOR INDIRECT EFFECT IN
INTERHEMISPHERIC COMPARISONS

Zonal-mean cloud drop effective radius

Han, Rossow, and Lacis, 1994

Smaller effective radius in NH would be indicative of greater cloud

drop concentration due to industrial aerosol.

Unknown
But there is no such indication in comparisons of cloud albedo.



RADIATIVE FORCING OF CLIMATE CHANGE BY AEROSOLS

steve
THE “WHITEHOUSE EFFECT”



AEROSOL INFLUENCES ON
RADIATION BUDGET AND CLIMATE

Direct Effect (Cloud-free sky)
Light scattering -- Cooling influence
Light absorption -- Warming influence, depending on surface

Indirect Effects (Aerosols influence cloud properties)
More droplets -- Brighter clouds (Twomey)
More droplets -- Enhanced cloud lifetime (Albrecht)

Semi-Direct Effect
Absorbing aerosol heats air and evaporates clouds



MONTHLY AVERAGE AEROSOL JUNE 1997
Polder radiometer on Adeos satellite

Optical Thickness τ
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SYDNEY, JULY 15, 2001



BRISBANE, JULY 2, 2001



TOWARD DAINTREE, JULY 5, 2001



TOWARD DAINTREE, JULY 5, 2001



OUT OF CAIRNS, JULY 6, 2001



OUT OF SYDNEY, JULY 17, 2001



SOUTH PACIFIC, JULY 18, 2001
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DUST AND SMOKE PLUMES OCTOBER 23, 2002

Unknown
http://rapidfire.sci.gsfc.nasa.gov/gallery/?2002296-1023/Australia2.A2002296.2355.1km.jpg



SUGAR CANE FIRE
Between Bundaberg and Bargara, September 25, 2003

John Maddocks



“HABOOB” TYPE DUST STORM, GRIFFITH, NSW

Mark Lewis <mklb@optusnet.com.au>
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BUSHFIRE SMOKE PLUMES, JANUARY 16, 2003

Unknown
NASA, MODIS, http://naturalhazards.nasa.gov/shownh.php3?img_id=5350



OBLIQUE ANGLE VIEW, LOOKING EASTWARD,
JANUARY 23, 2003

NASA/GSFC ORBIMAGE SeaWiFS Project
Earth Science Picture of the Day Archive

http://epod.usra.edu/archive/epodviewer.php3?oid=82016



BUSHFIRE SMOKE OVER SYDNEY, DECEMBER 30, 2001

26-Degree forward-viewing camera       60-Degree forward-viewing camera
NASA/GSFC/LaRC/JPL, MISR Team



LOOKING THROUGH SMOKE
IN THE INFRARED

December 28, 2001

Advanced Land Imager (ALI), flying aboard
NASA’s Earth Observing-1 (EO-1) satellite

http://earthobservatory.nasa.gov/Newsroom/
NewImages/Images/ali_sydney_comparison.jpg



PRESCRIBED BURNS
Experimental fire in Australia's eucalypt forest

http://www.fire.uni-freiburg.de/iffn/country/au/au_6.htm

• Unburned forest is “unnatural.”
• Unburned forest, when it burns, burns hotter and smokier.
• Air quality issues: Prescribed burns are “air pollution.”



MIDLAND JUNCTION, WESTERN AUSTRALIA

http://www.railpage.com.au/modules.php?name=Forums&file=viewtopic&t=11384



HOW DARK IS BLACK CARBON?



KUWAIT OIL FIRES

http://www.kolchak.org/History/Desert%20Storm/photo_gallery_Gulf_War.htm



Jay Apt
http://www.orbitexperience.com/Photo_Gallery/Earth_Photographs/earth_photographs.html

• Absorbing aerosol over bright surface increases solar absorption.

KUWAIT OIL FIRE PLUMES



AEROSOL INFLUENCES
ON CLOUD DROP SIZE

South Australia

August 12, 1997

5  Port Augusta power plant
6  Port Pirie lead smelter
7  Adelaide Port
8  Oil refineries

Red Clouds with large drops
Yellow Clouds with small drops
Blue Surface

NOAA AVHRR image

 (350 km by 450 km).

Rosenfeld, Science (2000).



LONG RANGE PLUME
AND DEPOSITION

STUDIES



LONG RANGE PLUME AND DEPOSITION STUDIES



SEA SALT FRACTION OF MARINE AEROSOL, BY NUMBER
Dependence on radius at relative humidity 80%, r80
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Lewis and Schwartz, Sea Salt Aerosol Production, AGU, 2004



 

 
AGU Monograph Series, 2004 

Unknown
 https://www.agu.org/cgi-bin/agubookstore?book=ASGM1524173

Unknown
The second book to buy if you’re buying only two



SOOT IN THE
CLEANHOUSE

ACE - 1

Southern Ocean
South of Tasmania

Soot inclusions in submicrometer
sulfate aerosols

Pósfai et al., JGR, 1999



SOOT IN THE
CLEANHOUSE

ACE - 1

Southern Ocean
South of Tasmania

A substantial fraction of sulfate
particles contain soot inclusions.

Comparable to or exceeding
North Atlantic.

Pósfai et al., JGR, 1999
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AUSTRALIAN BROWN CLOUD, DECEMBER 22, 2002

http://www.nrlmry.navy.mil/aerosol/satellite/seawifs/australia/200212/2002122200_australia.jpg



FINAL THOUGHTS ABOUT THE CLEANHOUSE
• Down Under is a wonderful testbed for examining

aerosol chemistry, microphysics, and life cycle.

• Much better approximation to anthropogenically unperturbed
aerosol than anywhere in the Northern Hemisphere.

• Relative paucity of anthropogenic sources permits study of aerosol
evolution without confounding influences.

• Opportunity to unambiguously attribute long-range-transported
aerosol to source regions.

• Opportunity to study sea salt with minimal interference from
anthropogenic aerosol.

• Large contrasts between anthropogenically influenced vs.
uninfluenced situations . . .

• . . . Especially valuable for examining aerosol influences on cloud
microphysical properties, radiative properties, lifetime against
drizzle formation.
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