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Consistent ice cloud microphysics

>> Why should we care about radiative closure? <<
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The challenge — Different cloud penetration depths

Different remote sensing techniques with different sensitivities

D RADAR
[ Passive MW
D IR+VIS

B R only
[] LIDAR

Eliassen et. al. (2011)

Instrument synergy: “While radars are sensitive to precipitation and
optically thicker clouds, we need the lidar to
capture cloud tops and optically thin clouds”
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LATITUDE

The problem — Uncertainties in ice cloud microphysics
Impact of uncertain microphysics on ice cloud radiative effect

DARDAR + 2C-ICE
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Uncertainty in CRE due to differences between two radar/lidar retrievals

Hong et. al. (2016)
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— Difference between DARDAR/2C-ICE of up to 15 W/m? at TOA
— Origin: Difference in retrieved ice microphysics at higher altitudes
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The challenge — Different cloud penetration depths

Different remote sensing techniques with different sensitivities

. RADAR
[ Passive MW
D IR+VIS

B R only
[] LIDAR

Eliassen et. al. (2011)

Scientific question: “Can passive measurements of solar reflectance
bridge the gap between radar and lidar and/or
validate radar/lidar retrieval results?”
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The solution — HALO Remote Sensing Payload
An airborne testbed to anticipate EarthCARE

— Ceiling altitude: 16 km / Range: 8000 km
— In operation since 2012
— operated by DLR

/ Microwave N . ) Dropsondes

. ~
V4 Radiometer ~ specMACS

+ HALO-SR
HALO Partner

Universities in Berlin, Bochum, Bonn,
Bremen, Desden, Frankfurt, Hamburg,
Hannover, Heideberg, Hohenheim, Karlsruhe,

. .pe ;.idar Radar 51 _— inch | Ziirich
SC|ent|f1c Instruments Tom | 26 2 GHz Kéln, Leipzig, Minchen, Wuppertal, Ziric
] cabin Deutsches Zentrum fiir Luft- und Raumfahrt e.V.
HSRL-Lidar (WALES, 532 nm) Forschungszentrum Jiilich
CIoud—ProﬁIing Radar (M|RA’ 35 GHZ) Karlsruher Institut fur Technologie
Max-Planck-Institut fir Chemie - Mainz
Hyper-SpektraI Imager (SpeCMACS) Max-Planck-Institut fir Meteorologie - Hamburg
Microwave Radiometer (HAM p) Institut flir Tropospharenforschung

Bundesanstalt fliir Geowissenschaften und Rohstoffe
Physikalisch-Technische Bundesanstalt
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WALES — Water vapour DIAL+HSRL

Water vapor Lidar Experiment in Space

Data Acquisition (obscured

Detector Box
Seed Laser System WALES
HSRL System 532 nm
H,O DIAL 935 nm

Backscatter lidar 1064 nm

Pulse power 48 W
Repetition rate 100 Hz

Range resolution 30 m

Antenna diameter 1m
Beam width 0.09°

Footprint @ 10km 16 m

48 cm Telescope

Pump Lasers OPOs

Wirth et al., Appl. Phys. B (2009)
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specMACS - Hyperspectral line camera (400 — 2500 nm)
Spectral Imager of the Munich Aerosol Cloud Scanner (MIM/LMU)

specMACS

Wavelengths 400 — 2500 nm
Spec. Resolu. 2.2-12 nm
Spat. Resolu. 0.08°/0.2°
FOV 35°

Sampling 30-60 Hz

Spatial Dimension

400 600 800
Spectral Dimension

2D CMOS

i
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HAMP cloud radar MIRA
HALO Microwave Package

- Modified, airborne METEK MIRA-35 “

- Very high peak pulse power Frequency 35.2 GHz

- Mounted in HALO Bellypod Pulse power 30 kW

_ First flown during NARVAL-I (2014) Repetition rate 5 kHz

- Collocated measurements with WALES Range resolution 30m
Antenna diameter 1m
Beam width 0.6°
Footprint @ 10km 100 m
Range resolution 30 m
Min. detect. signal 38 dB7
@ 5km, 1 s integration

1 m antenna with
clutter fence

Max-Planck-Institut
fur Meteorologie




Normalized RCS o [dB]

HAMP cloud radar: Inflight cal. with ocean backscatter
MIRA Normalized Radar Cross Section vs GPM (Ka-band, 35.5 GHz)
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— New calibration validated with sea surface clutter and GPM
— Error in initial receiver calibration + unaccounted attenuation




HAMP cloud radar: Instrument intercomparison
Reflecitivy intercomparison with RASTA and CloudSat (W-band, 94 GHz)
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— Good agreement with RASTA and CloudSat within 1.5 dB
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HAMP

cloud radar: Instrument intercomparison

Reflecitivy intercomparison with RASTA and CloudSat (W-band, 94 GHz)
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HAMP cloud radar: Instrument intercomparison
Reflecitivy intercomparison with RASTA and CloudSat (W-band, 94 GHz)
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Combined retrieval of
ice cloud microphysics

>> Accessing ice cloud microphysics with profilers <<
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Combined ice cloud retrieval: Physical basis
Exploting different scattering regimes by using different wavelengths
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Combined ice cloud retrieval: Physical basis
Exploting different scattering regimes by using different wavelengths

Reflectivity/Backscatter Ratio_ Ice Cloud Crystals: 5 ~ 1000 ym

L 2/ B, . Rayleigh /\/
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Combined ice cloud retrieval: The algorithm

Comparing the measured with forward modeled S|g1g1als adapted from Hogan et. al.

Optimal estimate approach of Delanoe et al., 2008:
State vector x =
A priori profile of &, S, N 2 4l
o 1
l 2 2 > —— Observed
Forward modeling of measurements oi fi77 _ s —hoaaled
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Theory meets reality: Ice cIoud particles are not spheres
It would have been so nice and easy ..
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HALO PHIPS measurements (M. Schnaiter)




15t Generalization: Mass-Size Relationship

Effective particle density decreases with size

1) Soft spheroid approach, e.g. Hogan et. al. 2011

- VARCLOUD: Brown and Francis (1995)
________ M(D) =a D®, with: a =0.0185, b=1.9

—M=00185D"° A - ICON: Noppel et. al (2010)
: M(D) =a D?®, with:a =1.5878, b=2.6

1000

VARCLOUD ]
ICON 1

Effective ice density [kg m~3]

-+=+ Yang et. al (2013), Droxtal
[ — - Yang et. al (2013), SolidColum
| - - - Yang et. al (2013), Aggregate
| —— Yang et. al (2013), Plate

M =1.5878D2%6

[~ Noppel et. al (2010)
100 1000
Dmax [um]
following Delanoe et. al. 2014
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2) Explicit habit approach, e.g. Yang et. al. 2013




Solar radiance closure study

>> How solar radiances can be used to study VarCloud <<
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Retrieval Validation — Closure study
Retrieval of unknown microphysics + closure with measured radiances

- Monte Carlo Raytracing
- Lidar/Radar/Imager Simulator

- Variance reduction methods

- Independent model microphysics

libRadtran

Emde et. al. (2016)
Buras and Mayer (2011)
Mayer (2009)

Yang (2013)

Microphysics specMACS ?V
Forward model

Optimal Estimate

WALES/MIRA
%"?}“\\\ terat i
EARTHCARE - teratuye optimal estimation — o
Delanoe et. al. (2008) Lidar (Mu!‘uscatter)/ Radar (L.UT) ol O
Hogan (2006) Update with numerical Jacobians — | &
Brown and Francis (1995) In development for EarthCARE — <>E
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NAWDEX RF06, 2016/10/01 — Stalactite cyclone (aborted flight)
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Retrieval Validation — Lidar and Radar measurements
NAWDEX RF06, 2016/10/01

Atter]uated Backsclatter coefficierllt 32 - WALES: 532 nm [m—1lsr—1]

30

20

10

O r—
~10N
—20%2.
-30
—40
—50

il O ' Y {1 611 60

09:00:00 09:05:00 09:10: 00 09 15:00 09:20:00 09:25:00
LR '
s o




Retrieval Validation — Solar radiance measurements
NAWDEX RF06, 2016/10/01
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Retrieval Validation — Solar radiance measurements
NAWDEX RF06, 2016/10/01

870 nm

specMACS Sctral Radiance 870 nm
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Retrieval Validation — Solar radiance measurements
NAWDEX RF06, 2016/10/01

specMACS Spectral Radiance 1900 nm
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Retrieval Validation — Measurements

NAWDEX RF06, 2016/10/01
Ewald et. al. (2019), in prep.

Attenuated Backscatter coefficient 32 - WALES, 532 nm [m—1 sr 1]
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Retrieval Validation — Retrieval results
NAWDEX RF06, 2016/10/01
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Ewald et. al. (2019), in prep.
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Retrieval Validation — Forward simulations

NAWDEX RF06, 2016/10/01
Ewald et. al. (2019), in prep.

Attenuated Backscatter coefficient 52 - MYSTIC, 532 nm [m—1lsr—1]
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Retrieval Validation — Forward simulations
NAWDEX RF06, 2016/10/01

Ewald et. al. (2019), in prep.
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Retrieval Validation — Forward simulations
NAWDEX RF06, 2016/10/01
Ewald et. al. (2019), in prep.
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Retrieval Validation — Forward simulations
NAWDEX RF06, 2016/10/01
Ewald et. al. (2019), in prep.
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Retrieval Validation — Forward simulations

NAWDEX RF06, 2016/10/01
Ewald et. al. (2019), in prep.
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Summary and Prospects
Summary and an outlook on further studies

HALO as EarthCARE-like platform
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First-time combination of
Lidar, Radar and Imager on HALO

Retrieval of vertical profiles of
IWC and particle size
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Eleni Marinou: VarCloud target categorization
Characterization of the clouds observed during NAWDEX with the synergistic
HALO Radar-Lidar observations

Julien Delanoé: VarCloud results on RALI
Observations with the RALI platform during the NAWDEX campaign




Retrieval Validation — Comparison with In-Situ
NAWDEX RF11, 2016/10/14 — HALO + FF20 + BAe146
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Radar/Lidar Common Fll§ht Leg: HALO + F20 + BAe146

Comparison of ice water content

Backscatter coefficient 5 - WALES, 532 nm [m~—'sr 1

rom Nevzorov hot wire probe
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Radar/Lidar Common Flight Leg: HALO + BAe146

Comparison of IWC from Nevzorov probe and N, from CIP-15
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Retrieval Validation — Solar radiance measurements
How to get rid of low-level water clouds using water vapor absorption

(H20 profile from ECMWEF)
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The solution — EarthCARE

Spaceborne platform with multiple instruments

— Sun-synchronous orbit (393 km)
— scheduled launch 2021
— co-operation ESA/JAXA
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