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Our approach – Combining different sensitivities
Different penetration depths of existing remote sensing methods

Eliassen et. al. (2011)

LidarRadar

Passive (VIS + IR) 

Ewald et. al. (2021)



Combined ice cloud retrieval: Physical basis
Exploting different scattering regimes by using different wavelengths

Ice Cloud Crystals: 5 ~ 1000 μm

Lidar
0.532 μm

Mie

σLext ~ σgeo ~ D2

Radar
8850 μm

Rayleigh

σRext ~ (∑p)2 ~ V2 ~ D6



Combined ice cloud retrieval: Physical basis

Z / ßπ

ßπ =  αL/S(D) ~ N D2

Z ~  αR / 8.3  ~ N D6

Lidar Backscatter

Radar Reflectivity

Rayleigh

σRext ~ (∑p)2 ~ V2 ~ D6

Mie

σLext ~ σgeo ~ D2

Exploting different scattering regimes by using different wavelengths

Ice Cloud Crystals: 5 ~ 1000 μm



Comparison with measurements
WALES ßπ and MIRA Z

State vector x
A priori profile of α, S, N 

Forward modeling of measurements

Lidar signal
incl. multiple scattering  

Radar signal
LUT based reflectivities

Microphysical properties
Calculate IWC and reff

Gauss-Newton iteration
Derive new state vector x

converged?
yes no

Optimal estimate approach of Delanoe et al., 2008:

Combined ice cloud retrieval: The algorithm

ßπ [m-1 sr-1]

Z [dBZ]

Comparing the measured with forward modeled signals adapted from Hogan et. al.













AC3-HALO RF06, 2022/03/16
Varcloud input – WALES and MIRA measurements

FAAM BAe146 

DLR HALO

FAAM BAe-146
HALO

Common flight 
RF06 2016/03/16

Suomi NPP, VIIRS 
1040 UTC, Visible



HALO-(AC)3 RF06, 2022/03/16
Common flight – HALO and FAAM BAe-146

Suomi NPP, VIIRS
1040 UTC, Visible

HALO
BAe-146



HALO-(AC)3 RF06, 2022/03/16
Common flight – HALO and FAAM BAe-146

Suomi NPP, VIIRS 
1040 UTC, SWIR

HALO
BAe-146
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HALO-(AC)3 RF06, 2022/03/16
Varcloud input – WALES and MIRA measurements

BAe-146
contrail
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radar
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both

HALO-(AC)3 RF06, 2022/03/16
Varcloud input – WALES and MIRA measurements

Rayleigh backscatter only
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Varcloud Class Mask

Unreliable or no data
Presence of liquid unknown
Surface and subsurface
Clear sky
Ice clouds
Spherical or 2D ice
Supercooled water
Supercooled + ice
Cold rain
Aerosol
Warm rain
Stratospheric clouds
Highly concentrated ice
Top of convective towers
Liquid cloud
Warm rain + liquid clouds
Cold rain+ liquid clouds
Rain may be mixed with liquid
Multipl. scat. due to supercooled
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Varcloud Input Mask
Valid ice cloud retrieval

Radar+lidar clear-sky+liquid

Surface and subsurface

Melting ice cloud w.o. retrieval

Above platform

Radar data not available

Lidar data not available

Radar sensitivity suboptimal

Lidar sensitivity suboptimal

Melting temps (above -5C)

HALO-(AC)3 RF06, 2022/03/16
Varcloud mask – Input mask and target discrimination
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HALO-(AC)3 RF06, 2022/03/16
Varcloud result – Ice water content and effective radius
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HALO-(AC)3 RF06, 2022/03/16
Varcloud result – Ice water content and effective radius
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HALO-(AC)3 RF06, 2022/03/16
Varcloud result – Comparison to in situ

quicklook provided by Chris Reed

CIP-15 Cloud imaging probe (FAAM BAe-146, C272)
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HALO-(AC)3 RF06, 2022/03/16
Varcloud result – Comparison to in situ

quicklook provided by Chris Reed

CIP-15 Cloud imaging probe (FAAM BAe-146, C272)



Radar-lidar synergy on HALO during HALO-(AC)3

Instrument masks / Target classification
• Consolidated instrument mask 

for radar-lidar curtain
• Ice / mixed / supercooled

discrimination

Ice cloud microphysics
• Retrieval of IWC, Nice, reff
• Combined analysis with H2O measurements from WALES

“How does enhanced moist transport into the Arctic change the ice 
cloud optical and micro-physical properties and the radiation budget?”

Further retrieval development towards EarthCARE
• Microphysics in supercooled and mixed-phased regions
• Validation with collocated insitu from Polar/FAAM/ATR

⟶ PhD Clémantyne Aubry (LATMOS / DLR)

Summary and outlook


