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1. Introduction
Arctic Boundary-Layer Mixed-Phase (ABM) Clouds

« Clouds (especially low-level) most important contributor to Arctic surface radiation budget
« Cloud radiative forcing is highly variable and depends on:
cloud water content, fractional ice water content, cloud particle size, surface albedo, aerosol

Ice Crystals in ABM Clouds

« Ice crystal properties one essential factor determining the development and persistence of ABM clouds
« Ice nucleation rate and depletion rate control the life time of ABM clouds
« Uncertainty in cloud dynamic modeling due to ice crystal nucleation processes

=> Information on the vertical distribution of ice crystals is needed
Global coverage - Remote Sensing

2. SMART-Albedometer
(Spectral Modular Airborne Radiation measurements s ysTem)

Horizontal Stabilization of the Optical Inlets [1

A0=1.0°- +5%
Active system using servo motors
« Range + 6°, Accuracy of 0.2°
« Time response 43 ms for angular velocities up to 3°s -t

Radiation Measurements

« 6 grating spectrometers
« 4 optical inlets for radiance I, and irradiance F;

Spectral Cloud Top Reflectance
RWA) =7} | F;

Fig.1: The SMART-Albedometer mounted on the Polar 2
research aircraft. Close-ups show the optical inlets for
irradiance F, ent i-spheres) and i I, (flat
opening). The gray cupola holding the inlets is automatically
tilted for fast and accurate horizontal stabilization during flight.

- | *Necessity for Arctic (6= 709 46=0.2° - +2% deviation in F*

4. Vertical Footprint of Reflectance Measurements

e IO - Air Mass Factor
I-V Optical Inlet « Characterizes photon path length Lg in the atmosphere and cloud
« Enhanced photon paths imply enhanced scattering and thus en-
LS hanced absorption by cloud particles
> Air mass factor provides a A= Ls
measure for absorption by -
cloud particles L'v

Fig.5: Definition of air mass factor.

Box Air Mass Factor [2

« Contribution of distinct cloud layers to the absorption
« assuming vertically homogeneous clouds
=> Vertical footprint §

Fig.6: Vertical profile of box air mass factor
simulated for Case A (upper panel) and the
calculated vertical footprint (lower panel) for
1510nm and 1710nm wavelength.
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3. ASTAR 2007 (Arctic Study of Tropospheric Aerosol, Clouds and Radiation)

*
« Campaign organized by Alfred Wegener Institute for Polar and Marine Research (AWI) AWI @
« Northern flow of cold air outbreak initiated convection over the warm ocean
=> boundary-layer mixed-phase clouds
« In situ measurements with (Polar Nephelometer, FSSP-100, CPI)
« Mixed-phase clouds showed liquid layer at cloud top precipitating ice below
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refractive index is shown in panel b.

5. Observation of Backscatter Glory
. Observation

« Single scattering feature of liquid water droplets
« Backscatter angles larger than 175
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