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ABSTRACT

Downward solar irradiance at the sea surface, measured on several voyages of an icebreaker in the
Southern Ocean, is used to infer transmittance of solar radiation by clouds. Together with surface albedo
estimated from coincident hourly sea ice reports, instantaneous cloud radiative forcing and effective cloud
optical depth are obtained. Values of “raw cloud transmittance” (trc), the ratio of downward irradiance
under cloud to downward irradiance measured under clear sky, vary from 0.1 to 1.0. Over sea ice, few values
of trc were observed between 0.8 and 1.0, possibly due to the threshold nature of the aerosol-to-cloud-
droplet transition. This sparsely populated region of transmittances is referred to as the Kohler gap.

The instantaneous downward shortwave cloud radiative forcing is computed, as well as the time-averaged
net forcing. The net forcing at a solar zenith angle of 60° is typically —250 W m™2 over open ocean, but only
half this value over sea ice because of the higher surface albedo and less frequent occurrence of clouds.

“Effective” optical depths 7 (for a radiatively equivalent horizontally homogeneous cloud) are classified
by season and surface type. The frequency distributions of rare well fitted by decaying exponentials, giving
a characteristic optical depth of 15 at 47°S, increasing to 24 in the region of maximum cloud cover at 58°S,
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and decreasing to 11 at 67°S near the coast of Antarctica.

1. Introduction

In Fitzpatrick et al. (2004, hereafter Part I), a method
was developed to infer cloud information from mea-
surements of downward broadband solar irradiance us-
ing pyranometers. The observed “raw” cloud transmit-
tance (trc) is used, together with knowledge of the solar
zenith angle 6 and an estimate of surface albedo «, to
infer an inherent property of the cloud field, called the
“effective” optical depth 7. This derived quantity is de-
signed to be useful in climate studies (together with
regional climatologies of cloud cover and surface al-
bedo) for computing the solar transmittance over other
surface types and at other zenith angles. Such an effec-
tive optical depth has been used previously, for ex-
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ample, by Barker et al. (1998). In Part I a parameter-
ization was developed for trc as a function of 7, 6, and
«, by fitting simple functions to the results of a multi-
layer multispectral atmospheric radiative transfer
model, using for the surface boundary conditions the
spectral shapes of albedo for snow, ice, and water. Over
high-albedo surfaces, multiple reflection between the
cloud and the ground enhances the observed downward
irradiance (e.g., Nichol et al. 2003); this is taken into
account in the parameterization. The parameterization
for trc was shown to give rms errors of only 1%-2%
when compared to the trc computed by the radiative
transfer model. Although the effective droplet size can-
not be obtained from a single broadband measurement,
lack of knowledge of the droplet sizes causes little error
in computed trc (typically 2%) when the inferred T is
applied to other environments of 6 and «.

In this paper we use the parameterization to analyze
pyranometer data from several ship voyages in the
Southern Ocean.




































