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‘« This is NOT what is expected for aerosol direct
effect!

— For decreased aerosols: Expect increase In direct

SW (less attenuation), decrease in diffuse SW
(less scattering)

 Total SW changes not correlated with aeros
optical depth changes!
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US Sites Yearly Clear-Sky SWdn Anomalies
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Clear-Sky Sl €emponents
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US Sites Yearly Clear-Sky Diffuse and Direct SW Anomalies
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Correlatior

erosol versus Clear-sky SW Anomalies

US Sites Seasonal AOD vs Clear-sky SWdn Anomalies
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Puzzlln_,l f

X ear -sky total SWWir
CL eﬁ‘ted aerosol optlc'___

But ¢ 'e'-sky direct and diffuse components did not ch
expected for direct aerosol effect...

All confirmed by more recent study spanning 1995-2010
— Gan, C.-M,, Pleim, J., Mathur, R., Hogrefe, C., Long, C. N., Xing, J.,
Roselle, S., and Wei, C. (2014): Assessment of the effect of air
pollution controls on trends in shortwave radiation over the Unlte(i
States from 1995 through 2010 from multiple observation
networks, Atmos. Chem. Phys., 14, 1701-1715, doi:10.5

1701-2014.
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Larger particle scattering

Rayleigh Scattering

Molecular scattering

Cloud droplets scatter all wavelengths of visible
light creating the appearance of white clouds.
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Wavelength (nanometers)
Blue light scattered ViSiBIERITI o
scattered about -
4X more than red it B
light qiay

Sky Imager classification of cloud and cloud-free pixels uses a ratio of red ov
Ratio is small for blue sky, but approaches 1 for cloud.
So the red/blue ratio increases for increasing “whiteness”...
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» Incident Beam = 104 yum r=0.1 pm
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scatterers

~+ This resulted in the
" increased direct SW being
scattered out of the direct
component into the diffuse
— Large mode scattering still

in forward direction, but
less backscatter

Also scattering more of t
longer wavelengths!




So where dil

larger mode come from?

* contrails & moistening = contrail cirrus = cirrus haz

US Domestic Monthly Revenue Aircraft Hours (Airborne) (Jan 1996 - Sep 2008) 4
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Indlcated in Long et al. (2009) by increase in the clear-sky @ fuse
over direct SW ratio, which is related to increased atmospheric P
turbidity

‘e How can we further test this “whitening” hypothesis?



ctral total, direct, and d|ffuse components

e diffuse 870 nm as “red”, and 415/500 nm as “blue”: .
Use same methodology as for broadband SW in original study

— Use SW detected clear-sky periods and fit functions for the MFRSR
spectral channels, interpolate coefficients for cloudy periods same
as broadband in original study

— Produce yearly averages of clear-sky diffuse 870, 500, and 415 nm_

using same averaging methodology as original study M

If clear-sky whitening is occurring, there should bean
increasing tendency in the 870/415 nm and 870/500 nm ratio
(red/blue like TSI) through the study years




Yearly Aveli@ge870/415 & 870/500 nm Ratio for ARM SGP

Yearly Avg Ratio of Clear-Sky MFR Diffuse Irradiance
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is as one would expect?
“whitening” occurring with same magnitude
1itly, or as often but greater whitening?

» Long et al. (2009) study showed greater SGP clear-sky brlghtenmg
- Summer and Fall, very little for Winter and Spring

— What are the seasonal differences causing these trend
differences?

— Are these seasonal trends the same for other geographic areas?

« Ifindeed caused by air traffic moistening and adding IN to the upper
troposphere, then there should be a diurnal signature with mcreased
whitening in the afternoon. Is there?

Thank You...

Chuck.Long@noaa.gov







Extra info #

- Hofmann et al (1998) Wyoming study of thin aerosol layers from jet
exhaust, not spread over 1-2 km model layers! ~
e 8.6-12.7 km (29 to 41 kft), 1973-1997 |

e Thin layers of highly concentrated CN.

= - Frequency of occurrence of the CN layers approximately doubled from
1980 to 1992. e

Hofmann, DJ, R. Stone, ME Wood, T Deshler, and JM Harris (1998): An analysis of 25 ye \
aerosol data in search of a signature of the subsonic commercial aircraft fleet. GEOPHY,’
LETTERS, VOL. 25, NO.13, PAGES 2433-2436.



US Sites Seasonal Sky Cover vs All-sky SWdn Anomalies
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