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I ntroduction.

Covering approximately 20% of the globe and 30-40% of the tropics, ice cloud plays a significant role in the climate
system. It is well recognized that cloud optical thickness and effective size are two of the most important parameters
determining the sign and magnitude of ice cloud radiative forcing. At present, the global remote sensing of these two
parameters depends primarily on satellite measurements in visible and near-infrared spectral regions and therefore is
limited to the daytime. Because of the capability of providing high-vertical-resolution atmospheric profile that is
crucial for the thermal-infrared remote sensing of ice clouds, the high-spectral-resolution satellite-based sensors, e.g.,
Atmospheric Infrared Sounder (AIRS), the Infrared Atmospheric Sounding Interferometer (1ASI), the Cross-Track
Infrared Sounder (CrlS), and the Hyperspectral Environmental Suite (HES), provide an unprecedented opportunity for
the study of ice cloud optical thickness and effective size during both daytime and nighttime. Some attempts have
already been made to retrieve the two parameters using high-spectral-resolution satellite measurements. However, little
effort has been directed towards understanding the uncertainties in the retrieval caused by the errors and uncertainties
from the atmospheric profile, surface properties, cloud top properties, cloud thermodynamic phase, ice crystal
scattering properties, horizontal and vertical inhomogeneity of cloud, radiative transfer model as well as instrument
noise. The objective of this study is to estimate the impact of these uncertainties on the remote sensing of ice cloud
optical thickness and effective size using high-spectral-resolution satellite measurements.
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IV. Theoretical Sensitivity

Sensitivity of Retrieval to Surface Temperature
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Fig.3 Sensitivity of Retrieved 7, and |5e to T,

Sensitivity of Retrieval to Cloud Temperature
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Fig.5 Sensitivity of Retrieved 7,  and |5e to T,
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Sensitivity of Retrieval to Surface Emissivity
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Fig.4 Sensitivity of Retrieved 7, and |5e to &

Sensitivity of Retrieval to Atmospheric Transmissivity

Fig.6 Sensitivity of Retrieved 7, and |5e tol

V. Concluding remarks

thickness.

> The retrieval of the optical thickness and effective size of cirrus clouds using the hyperspectral infrared
measurements are mainly sensitive to the uncertainties in surface properties, i.e., surface temperature and
surface emissivity, and the clear-sky transmissivity. The uncertainties in the cloud top properties, i.e., the
cloud temperature, has only limited impact on the retrieval.

» The fact that the responses of the retrieval to the uncertainties depend on the wavelength and have opposite
sign over the different spectral region can be utilized to reduce the error of the retrieval.

» The retrieval of the effective size is much more sensitive to the uncertainties than the retrieval of optical
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