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Motivation

AProfilesof the horizontal windcanbe obtainedby
groundbasedremote sensing
ARadar windrofiler (RWP)
ADoppler windidar (DWL)
ADopplercloudradar(DCR)

U ACTRISloudremote sensingnetwork canprovide
wind profiles (DWL, DCR)
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Wind profiles - Methodology

A3D windvectorcanbe derivedfrom off-zenith

azimuthscansby analyzinghe Doppler shiftalong
the lineof sightd a +dcaébtr  + S AZnwith § &
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Methodology

A Detectionneedstracersthat float with the air flow
A RWP: Cleaair fluctuationsof the refractiveindex(Braggscattering
A DCRracers Cloudparticles Insects
A DWLtracers Aerosols

AProblemsLimitations
A Absenceof tracers
A Fallspeedof particles(esp rain)
A Ownmovementof tracers(insect9
A Attenuation of signal(esp by cloudsfor DWL)
A Assumptionof homogeneouswind field (turbulence

A Combinatiorof methods(DCR+DWlincreasesoverage
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Combinedproduct for wind profiles

ADopplerlidar VADscan
A zenithangle 15, every15minutes
A 10degreesangularresolution spatialresolution30 m

ACloudradar VADscan

A zenithangle 8, every30 minutes
A ~5degreesangularresolution spatialresolution30 m

ACombinedproduct

A if both methodsare available aweightedmeanof both
speedanddirectionis useddependingon the uncertaintyof
the fit

A 26 mverticalresolution 30 min temporatesolution

2 yearsof observationsat JOYCE (Julich Observatony
Cloud Evolution)
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Dataavailability per season
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Dataavailability
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Exampleday 10.03.2021
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Exampleday - Wind direction

data availability
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Exampleday - Wind speedboundarylayer
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monthly
overview
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Statistics Mean horizontal windspeed

per season
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Statistics Diurnalcycleof wind

gooo[ T T A =% ]
- 00-03 UTC S i
" 03-06 UTC = ]
- 06-09 UTC /5 i
_ - 12-15 UTC A= 1
E I 102 :
T 2000 72124 UTC S N
g - f'.r- ]
(o)) L , _'_: _
e i =S i
.8 B " “75 4
1] - Sy _
E — .-’/f'. .--L n
© 1000 - a¥ N
S i i
T i i
oL | |

0 5 10 15

Wind speed (m/s)

05.05.2022 ACTRIS CCRS8kshop




Wind direction profiles
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Wind roses
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Application Insectdetection

A Insectsare efficienttargetsto produceradar
backscattedueto their size(Imm1cm)
A Lidarbackscatteiis not affectedbyinsects

A Duringwarm periods(roughlyT > 10C),the Doppler
radarsignalis dominatedby insects

A Comparisorbetweenradarandlidar allowsthe
detectionof insectsandtheir speed
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Insectdetection

Difference Joyrad35-Lidar horizontal wind speed on 22-23/06/2020
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Insectdetection

Joyrad35 horizontal wind direction with height on 22-23/06/2020
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Summary

AWind profileswith a temporalresolutioncanbe
derivedfrom a combinationof Dopplerlidar and
Dopplercloudradar

ASynergygivesbetter coveragethan for single
Instruments

AFuture: Newproductfor ACTRISloudnetstations

ASeverahpplications
A Satellitevalidation
Alnsectdetection
AModel evaluation
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REMOTE SENSING & DEEP LEARNING |
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VOODOO: REVEALING SUPERCOOLED LIQUID
BEYOND LIDAR ATTENUATION

from verticallypointing cloud radar observations

ACTRIS Talk using artificial neural networks
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Groundbased Radakidar Synergy

How to quantify the ]
thermodynamic phase of clouds? EN e

Lidar
A profiles of attenuated backscatter (& depolarization)

A most sensitive to numerous small liquid droplets:
attenuated backscatter coefficierit:x 0§ RO

A full signal attenuation at optical deptht: o

Doppler cloud radar
A spectral profiles of reflectivity and radial velocity

A most sensitive to large ice crystals:
equivalent radar reflectivitycd x { HO

A able to penetrate optically thick cloud layers

28
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Observations from Punta Arenas, Chile and Leipzig, Germany
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REMOTE SENSING & DEEP LEARNING

Case study f

rom 1. August 2019, Punta Arenas, Chile
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Hydrometer Classification: Cloudnet

Synergistic retrieval, producing cloud properties at high temporal and vertical resolution
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New Machine Learning Approach

Feature sampling

A use 6consecutive (high res.) spectra, each range gate
= 30 sec timespectrograms
A noiseffillvalues replaced by radar sensitivity limit

A 3D Doppler spectra/$ 4D features:
AAETY ¢ Ff yro)e
ARE® (2 e uFpip)

A normalization: [I®ll¢ § 5 1t NI~ [rdp]

A encode corresponding Cloudnet labelt,
A wal 50T or <Gy 3£ 0mp

U no manual feature extraction nor labeling
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Time-Spectrogram
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Machine Learning Model Architecture

64 X6 x 32
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’ Input
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Case study of 1. August 2019, PuAt@nas, Chile
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Distribution as function of correlation coefficient of LWP
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Summary

RemoteSensing + Machine Learning —

A Goal: Better estimation of ice/liquid distribution.

A VOODOO able to relate spectral morphologies to the Q 'eveﬁlmg
availability of cloud droplets. supercOO0led

A Shows ability to extend the classification beyond full lidar I“I‘"D
attenuation. begond

lidar attenuatiOn

LR AEE N 4
LA R 4

A Future usage:
A different geographical regions (Arctic data sets)
A different Doppler radar (MIRB5/KAZR/MWACR)

A Outlook: VOODOO as feature for Cloudnet U github.com/remsens-lim/Voodoo
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Retrieval of shape and orientation of multiple
hydrometeor types from observations  of

scanning hybrid -mode Ka-band cloud radar
Majid Hajipour 1

Cloud Remote Sensing Community workshop
Tuesday 3rd and Thursday 5th May 2022

Co Author: Patric Seifert 1
1: Leibniz Institute for Tropospheric Research (TROPOS), Leipzig, Germany
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Motivation: shape retrieval idea in mixed-phase clouds
Layered clouds, 30 Oct 2014, Cabauw,Netherlands
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ACCEPT campaign

\Q)Y@ )) A 6-week measurement campaign at CESAR obs., Cabauw
AOoEPT A Vert. pointing LDR-mode Mira -35 (TROPOS)

: A Scanning STSR -mode Mira -35 (TROPOS/Metek)
Analysis of the A Tilted full polarimetric S-band TARA (TU Delft)
Composition of Clouds . | jgars, MWR, Doppler lidar, wind profiler, radiosondes
with Extended

Polarization Techniques
Vert. 35-GHz LDR Mira scanning 35-GHz STSR Mira 3-GHz TARA
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Original shape retrieval approach: Main peak of Doppler spectrum

Reflectivity [dbZ m* 5]
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Extension of Myagkov et al. 2016 (AMT) shape retrieval approach

Reflectivity [dbZ m* )
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Wind effects

V horizontal wind effects shift

the Doppler spectrum. TI&

shift increases with
decreasing elevation angle.

Doppler shift Aliasing
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Result: Case study: Date: 2014.11.03  Time: 20:00-20:15 Height: 3000 m
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Differential Reflectivity (ZDR) for each Doppler part
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