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cB=800m, TWP=100 gm-2

2 Airborne hyperspectral imaging

=˂ 512nm

Fig. 2: Eagle/Hawk 
hyperspectral cameras

Fig. 4: Sample measurement of 
upward spectral radiance at 512 nm

Fig. 3: Eagle/Hawk  measurement geometry (left) and top view 
of the instruments integrated in Polar 5 (right)

1. Overopen ocean 2. Over snow surfaces
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Fig. 6: Measurementconditionsoverthe Arctic(a).
Simulationsof the cloud top reflectivity of two
purephasecloudsoveropenocean(reff_w = 14˃ m,
reff_i = 25 m˃, =̱ 6) (b). Phaseindexfor different
cloudsoveropenocean(c)

Fig. 7: Measurementconditions over the Arctic (a).
Simulationsof the cloud top reflectivity of two pure
phase clouds over a snow surface (reff_w = 14˃ m,
reff_i = 25 m˃, =̱ 6) (b). Phase index for different
cloudsovera snowsurfaceof grainsize100 m˃ (c)

3 Cloud phase discrimination

Fig. 5: Liquid water cloud and ice cloud top reflectivity

ÅMaximum difference of ni

of liquid water and ice 
around 1600 nm

Å Differences also present on 
cloud top reflectivity 
spectra

ÅQuantification of the 
steepness of the spectral 
slope allows cloud phase 
discrimination

ÅSpecial attention required
to cloudsoversnowor ice
surfaces
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reff = 14 ˃ mLiquidwater cloud

=̱ 6
reff = 14 ˃ mIce cloud

Slope phase index:   Ὅ ρππ
ȟ

a˂ = 1550 nm; ˂ b = 1700 nm

4 Sensitivity of phase index in Arctic environment

Eagle Hawk

Swath(1 km to target) 683 m 640m

Pixelwidth (1 km to target) 0.67 m 2 m

Spatialpixels 1024 320

Spectralrange(nm) 400 - 970 970- 2450

FWHM (nm) 1.25 10

Spectralpixels 488 254
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Phase index over snow (Grain size = 100 ˃m)
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Can we retrieve the ice fraction from the phase index?
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Fig. 8: Slopephaseindexdependanceon the verticalphasedistribution,the cloudtotal water path
andthe liquid-icepartitioning

ÅNeed for information on the vertical structure and on the total water content

5 Conclusions 6 Outlook
ÅFurther development of phase discrimination methods

- Useof full spectralrange(principalcomponentsanalyse, spectralfitting)

- Extendwavelengthrange(useof the absorptionband around2000 nm)

ÅACLOUD (May-June, 2017)

Arcticboundarylayermixed-phaseclouds

ÅMost frequent cloud type in the ArcticĄ Significantrole in the Arctic
energybudget

ÅCloudphasedeterminescloudradiativeforcing(coolingor warming)

ÅCloudphaseheterogeneityin up and downdraftsĄ Smallscalephase
spatialdistributionmayaffect the largescalecloudradiativeeffects

1 Motivation                                      
Fig. 1: Surface radiative
forcing of mixed-phase
clouds in dependenceof
the partition between
liquid water and ice (ice
fraction). Total water path
was fixed at 100 g/m2,
with clouddroplet and ice
crystal effective radius of
15µm and 90µm

Observationsof smallscale
cloudphasedistribution

needed

Heating

Cooling

S
u
rf

a
c
e
 R

a
d
ia

ti
v
e
 F

o
rc

in
g
 (

W
 m

-2
)

Ice FractionLiquid water cloud  ̱ = 21 Ice cloud ̱ = 4

SZA

a

S
lo

p
e

 p
h

a
s
e

 in
d

e
x

Optical thickness

Ic
e:

 Is
>

 4
0

L
iq

u
id

 
w

a
te

r:
  
 

Is
<

 2
0

reff

20 µm

90 µm

25 µm

2 µm

c

Phase index over open ocean
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ÅCapabilityfor phasediscriminationof pure phasecloudsover open oceanand
snowsurfaces(but cautionfor opticallythin clouds)

ÅCapability for detecting the presence of ice if TWP > 20 g/m2.  Otherwise, clouds 
are systematically classified as pure liquid water clouds

ÅQuantitative retrievalof icefraction limited by knowledgeon cloudvertical
structure

ÅA priori informationon the TWP andthe cloudverticalstructure(i.e. cloud
phaseverticaldistribution) isneeded

- AISA Eagle/Hawk

- MiRAC(Microwave radiometer + radar)

- AMALI (Lidar)

- SMART albedometer(spectral solar irradiance)
Fig. 9: ACLOUD logo
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