Phase discrimination of Arctic low level clouds using
solar passive remote sensing

Elena Ruiz DonosoAndré Ehrlich Manfred Wendisch

ST % Email: elena.ruiz_donoso@uleipzig.de

Leipzig Institute for Meteorology University of Leipzig

Al Ml?\ LIFI lC/ \TION

@@ 5

TRANSREGIO TR 172 | LEIPZIG | BREMEN | KOLN UNIVERSITAT LEIPZIG @ Universitat Bremen University ;’ B :

Of c0logne - s. Trnposph ¢ Ressarch

1 Motivation

Fig 1: Surface radiative
forcing of mixedphase
clouds in dependenceof

the partition between (hgervationsof smallscale
liqguid water and ice (ice

fraction). Totalwater path ~ ClOud phasedistribution

—ne I ' 2
A Cloudphaseheterogeneityin up and downdraftsA Smallscalephase - tertrestrim was fixed at 100 g/m?, needed
P g yin up A P with clouddroplet and ice

spatialdistribution mayaffectthe largescalecloudradiativeeffects 00 . 0.4 . . o crystal effective radius of

15 umand 90 pm

Arcticboundarylayer mixed-phaseclouds

AMost frequent cloud type in the Arctic A Significantrole in the Arctic
energybudget
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2 Airborne hyperspectral imaging 3 Cloud phase discrimination
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Fig.3: Eagle/Hawk measurement geometry (left) and top vie

of the instruments integrated in Polar 5 (right) A Quantification of the

steepness of the spectral
slope allows cloud phase
discrimination
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Fig. 2 Eagle/Hawk Spectralrange (nm) 400-970 970-2450 1400 7283 1567 1650 1733 1817 1900 to cloudsover snowor ice
hyperspectral cameras [ p\wHM am) 1 25 10 Wavelength (nm) surfaces
Spectralpixels 488 254 Fig.5: Liquid water cloud and ice cloud top reflectivity
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upward spectral radiance at 512 nm
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4 Sensitivity of phase index Iin Arctic environment

PURE PHASE CLOUDS MIXEDPHASE CLOUDS
1. Overopenocean | 2. Over snow surfaces Can we retrieve the ice fraction from the phase index?
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Fig 7. Measurementconaitions over the Arctic (a). | Fig 8: Slopephaseindexdependancen the vertical phasedistribution, the cloudtotal water path
Simulationsof the cloudtop reflectivity of two pure | gndthe liquid-ice partitioning

phase clouds over a snow surface (ro , = 14>m,

ref i = 25 >m, _ = 6) (b). Phaseindex for different A Need for information on the vertical structure and on the total water content
cloudsovera snowsurfaceof grain size1l00>m (c)
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Fig 6. Measurementonditionsoverthe Arctic(a).

Simulationsof the cloud top reflectivity of two
pure phasecloudsoveropenocean(rg; ,, = 14>m,
r i = 25>m, _ = 6) (b). Phaseindexfor different
cloudsoveropenocean(c)

5 Conclusions 6 Outlook

A Capabilityfor phasediscriminationof pure phasecloudsover open oceanand A Further development of phase discrimination methods
snowsurfaceqbut cautionfor opticallythin clouds) - Useof full spectralrange(principalcomponentsanalyse spectralfitting)

A Capability for detecting the presence of ice if TWP > 2@ g/@therwise, clouds - Extendwavelengthrange(useof the absorptionbandaround2000nm)
are systematically classified as pure liquid water clouds A ACLOUD (Majune, 2017)

A Quantitativeretrieval of ice fraction limited by knowledgeon cloudvertical - AISA Eagle/Hawk
structure - MIiRAC(Microwave radiometer + radar)

A A prioriinformation on the TWPandthe cloudverticalstructure(i.e. cloud - AMALI (Lidar)

. T : - SMARRIbedometer(spectral solar irradiance)
phaseverticaldistribution) isneeded Fig.9: ACLOUD logo
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