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BACKGROUND

® During April 2008 the US Department of Energy Atmospheric Radiation
Measurement (ARM) program conducted a field program called the Indirect
and Semi-Direct Aerosol Campaign (ISDAC). ISDAC’s objectives involved
detailed observations of cloud nucleation and modification by “Arctic haze,”
using research aircraft and supplemental microphysical and radiometric
iInstrumentation at the ARM North Slope of Alaska (NSA) site at Barrow.

* We deployed an Analytical Spectral Devices (ASD, Inc.) spectroradiometer
at NSA from 01 April — 01 June, 2008. This instrument measured
downwelling surface irradiance in the spectral interval 350-2200 nm,
recording spectra every minute throughout the campaign.
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1) RADIATIVE TRANSFER INTERPRETATION OF ASD DATA

A. ISDAC Spectra: Early April 2008
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* To survey the ASD data (above are three examples from thousands of spectra), we use a discrete-
ordinates based radiative transfer model (Stamnes ef af. 1988; Lubin and Vogelmann, 2007) to solve
for the conservative scattering cloud optical depth at 1000 nm, where the decreasing albedo of the
snow surface (Perovich et al., 2002) allows for sensitivity in surface flux to varyving cloud optical depth.
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* We then note that, for a fixed conservative scattering cloud optical depth (5 in the above example, with

solar zenith angle 60°), the presence of ice in the cloud yields more shortwave absorption in the near-
iInfrared windows than would prevail under a liquid water cloud alone. The size of the ice paricles affects

the total additional NIR absorption and the spectral dependence in the surface irradiance (flux).
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FLIGHT 22 PROJECT 14 - 18 APR 2008 19:11 UTC
0.1 . . . E— :
CLOUD OPTICAL DEPTH 3.2
~ 0.08 ICE ABSORPTION EXCESS 6.99 Wm™ = 41%
.
=
‘= 0.06 |
=
o 0.04
-
= |
£ 0.02
0
1400 1600 1800 2000 2200
wavelength (nm)
FLIGHT 34 PROJECT 26 - 29 APR 2008 02:26 UTC
| CLOUD OPTICAL DEPTH 18.8
=~ b | ICE ABSORPTION EXCESS 1.18 W m-2 = 27%
- o
e
‘= 0.06 |
=
o 0.04
=
3 |
£ 0.02

1400 1600 1800

wavelength (nm)

2000 2200

irradianc (W m™ nm™")

irradianc (W m™ nm™) irradianc (W m™ nm™)

irradianc (W m™ nm’™")

FLIGHT 11 PROJECT 03 - 04 APR 2008 20:53 UTC
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FLIGHT 24 PROJECT 16 - 19 APR 2008 01:42 UTC
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* We define the fce absorption excess as the difference between the flux that would prevail under a
theoretical pure liguid water cloud having the optical depth as derived from the data at 1000 nm and the
actual measured flux throughout the NIR. For wavelengths shorter than 1200 nm, this difference is
negligible because cloud scattering is essentially conservative. In the NIR windows, however, we readily
notice the excess cloud absorption due to ice water content in the majority of the |SDAC data obtained
during April 2008. The above are examples of spectra recorded under some of the various flights. These
examples all have the same solar zenith angle (67°). In some spectra (flights 11 and 26) the influence of
iIce is relatively small; but in most of these examples, the ice absorption excess is large enough to have
climatological significance. We are interested in further comparison of this analysis with the actual aircraft

cloud microphysical data from [SDAC.

FLIGHT 12 PROJECT 04 - 05 APR 2008 00:08 UTC

FLIGHT 13 PROJECT 05 - 05 APR 2008 20:42 UTC

0.1 0.04 - |
CLOUD OPTICAL DEPTH 2.7 CLOUD OPTICAL DEPTH 27.4
=~ B8 ICE ABSORPTION EXCESS 6.99 W m™ = 39% ~ ICE ABSORPTION EXCESS 1.72 W m™ = 75%
E E 0.03
‘= 006 k=
= 2 0.02
o 0.04 o
= ko
S T 0.01
£ 002 £
1400 1600 1800 2000 2200 1400 1600 1800 2000 2200
wavelength (nm) wavelength (nm)
FLIGHT 17 PROJECT 09 - 09 APR 2008 00:42 UTC FLIGHT 21 PROJECT 13 - 15 APR 2008 01:20 UTC
0.1 0.1
| CLOUD OPTICAL DEPTH 4.2 CLOUD OPTICAL DEPTH 3.2
~ .08 | ICE ABSORPTION EXCESS 6.52 W m™ = 32% 6 e ICE ABSORPTION EXCESS 10.55 W m™ = 58%
E £
= 006 £ 0.06
2 S
o 0.04 o 0.04
= &
= =
£ 002 £ 0.02
0 0 ; ] ; ; I | ;
1400 1600 1800 2000 2200 1400 1600 1800 2000 2200
wavelength (nm) wavelength (nm)
FLIGHT 26 PROJECT 18 - 20 APR 2008 01:47 UTC FLIGHT 31 PROJECT 23 - 27 APR 2008 02:18 UTC
0.1 0.1
CLOUD OPTICAL DEPTH 3.4 | CLOUD OPTICAL DEPTH 9.3
o 108 ICE ABSORPTION EXCESS 2.66 Wm™ = 16% o T8 ICE ABSORPTION EXCESS 2.55 W m™ = 27%
z o Z 0
. i
‘e 0.06 = 0.06
=3 =3
o 0.04 g 0.04
ks S
=] =
£ 002 £ 0.02
1400 1600 1800 2000 2200 1400 1600 1800 2000 2200
wavelength (nm) wavelength (nm)
MANUSCRIPT
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