Cloud phase identification over Arctic boundary layer clouds from
airborne spectral cloud top reflectance measurements
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1. Introduction

Special Conditions in the Arctic

« Low sun elevation/high surface albedo - enhanced interaction of radiation with atmosphere
« Clouds (especially low-level) most important contributor to Arctic surface radiation budget
« Cloud forcing is highly variable and depends on:
cloud water content, cloud particle size, cloud thermodynamic phase, surface albedo, aerosol

Cloud Thermodynamic Phase

« Increasing ice fraction (f=ice water content/total water content)
- Increasing cloud top reflectance
-> Increasing cloud absorptance in near infrared wavelength range

=> |dentification of cloud phase is a key point for remote sensing of cloud properties

4. Definition of Ice Indices
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2. SMART-Albedometer
(Spectral Modular Airborne Radiation measurements sysTem)

Horizontal Stabilization
of the Optical Inlets [1

« Necessity for Arctic (6, = 70°)

* 460 =0.2°> 2%

* 460 = 1.0°> 5%

deviation in F !
« Active system using servo motors
* Range + 6°
* Accuracy of 0.2°
« Time response 43 ms for
angular velocities up to 3° s

Radiation Measurements

« 6 grating spectrometers

« 4 optical inlets for radiance /, and
irradiance F,, connected to the
spectrometers via fiber optics

Fig. 1: The SMART-Albedometer mounted on the Polar 2 research aircraft. Close-
ups show the optical inlets for i i Fa i- i

1, (flat opening). The grey cupola holding the inlets is automatically tilted for fast and
accurate horizontal stabilization during flight.

Reflectance - Albedo

P
for ice and liquid water.

T 1 T « Arctic conditions with solar zenith angle ~70°

« Enhanced scattering into nadir direction of ice crystals
(nonspherical) compared to liquid water particles

(sphere) > higher anisotropy of radiation field

« Define anisotropy B, and ice index /, by
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Fig.5: Scattering phase function of different
individual cloud particles at 640 nm wavelength. The
diameter of the liquid water sphere is 16 uym. All ice

crystals have maximum dimension of 55 ym. 04}
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Fig. 6: Simulated B, for pure liquid water clouds and
pure ice clouds (column shaped crystals) of different
optical (r=2-20) and effectiy i (9-26 0.0 "
um for liquid water and 10-100 ym for ice clouds). 0.0 0.2 0.4 0.6

Polynomial fits are overlaid as solid lines. Reflectance 645 nm
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3. ASTAR 2007 (Arctic Study of Tropospheric Aerosol, Clouds and Radiation)

5. Case Study on April 7th

1sEme o~ Cloud Situation

* Low level mixed-phase cloud investigated

+ CALIPSO lidar profile and in situ
measurements show a detached ice
cloud at the cloud edge 77.3° N to
77.4°N
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