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Motivation

* Profiles of the horizontal wind can be obtained by
ground-based remote sensing
e Radar wind profiler (RWP)
e Doppler wind lidar (DWL)
* Doppler cloud radar (DCR)

» ACTRIS cloud remote sensing network can provide
wind profiles (DWL, DCR)
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Wind profiles - Methodology

* 3D wind vector can be derived from off-zenith
azimuth scans by analyzing the Doppler shift along
the line of sight (,,VAD scan” Velocity Azimuth
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Methodology

* Detection needs tracers that float with the air flow
 RWP: Clear-air fluctuations of the refractive index (Bragg scattering)
* DCR tracers: Cloud particles, Insects
 DWL tracers: Aerosols

* Problems/Limitations:
e Absence of tracers
Fall speed of particles (esp. rain)
 Own movement of tracers (insects)
Attenuation of signal (esp. by clouds for DWL)
Assumption of homogeneous wind field (turbulence)

 Combination of methods (DCR+DWL) increases coverage

= [
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Combined product for wind profiles

* Doppler lidar VAD scan
* zenith angle 15°, every 15 minutes
* 10 degrees angular resolution, spatial resolution 30 m

e Cloud radar VAD scan

* zenith angle 8°, every 30 minutes
e ~5 degrees angular resolution, spatial resolution 30 m

* Combined product

* if both methods are available, a weighted mean of both
speed and direction is used depending on the uncertainty of
the fit

e 26 m vertical resolution, 30 min temporal resolution

2 years of observations at JOYCE (Julich Observatory for
Cloud Evolution)
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Data availability
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Example day 10.03.2021

e Data availabilitv vs. height

data coverage by height: 2021-03-10
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Example day - Wind direction
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Example day - Wind speed boundary layer
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monthly

overview
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Statistics: Mean horizontal wind speed

per season
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Statistics: Diurnal cycle of wind
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Wind direction profiles
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Application: Insect detection

* Insects are efficient targets to produce radar
backscatter due to their size (1Imm-1cm)
* Lidar backscatter is not affected by insects

e During warm periods (roughly T > 10°C), the Doppler
radar signal is dominated by insects

 Comparison between radar and lidar allows the
detection of insects and their speed
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Insect detection

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

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

* Wind profiles with a temporal resolution can be
derived from a combination of Doppler lidar and
Doppler cloud radar

* Synergy gives better coverage than for single
Instruments

* Future: New product for ACTRIS Cloudnet stations

* Several applications
 Satellite validation
* Insect detection
 Model evaluation
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REMOTE SENSING & DEEP LEARNING |

UNIVERSITAT
LEIPZIG

Leipzig Institute for Meteorology

VOODOO: REVEALING SUPERCOOLED LIQUID
BEYOND LIDAR ATTENUATION

from vertically-pointing cloud radar observations

ACTRIS Talk using artificial neural networks
May 5, 2022
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"TROPOS | 1%
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Ground-based Radar-Lidar Synergy

How to quantify the . T
. R 2.
thermodynamic phase of clouds? Netes,
Lidar
= profiles of attenuated backscatter (& depolarization) N :;'”- . :. ¥ :,’" '°-
. ' &
= most sensitive to numerous small liquid droplets: S "R L
. . ,. °
. L g % -
attenuated backscatter coefficient: § ~ N, D? S 0 S SR U S e
Y Cl o ; T W ° .o
= full signal attenuation at optical depth: 7~3 »* . " ", :
SRS & * .
o , . " *- : »° .
Doppler cloud radar O e el LT e .
@ . e, . % . L e. . = - ,
= spectral profiles of reflectivity and radial velocity L e e .. @ e

= most sensitive to large ice crystals:

equivalent radar reflectivity: Z, ~ N, D®

= able to penetrate optically thick cloud layers
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Observations from Punta Arenas, Chile and Leipzig, Germany

Number of supercooled liquid tops
as observed by CALIPSO in 2008

Il

Dynumics, Aerosol, Cloud
and Precipitution Observations
in the

Pristine Environment
ofthe §5uthern Ocean

CALIPSO in 2008

Leipzig Institute
for Meteorology

number of SCL cloud tops observed by

pristine environment
low INP concentrations . : |
large amounts of supercooled ~ 180°W 120°W 60°W 0° 60°E 120°E 180°W
liquid water [HU ET AL., JGR 2010]
influenced by gravity waves

[Radenz et al. ACP 2021] )
W-band observations Nov 2018 - Sep 2019 "  observations Dez 2020 - Mar 2022

=  anthropogenic pollutions

= high INP concentrations

=  |arge amounts of supercooled liquid
water

SCL ... supercooled liquid
INP ... ice nucleating particles

29

UNIVERSITAT

LEIPZIG willi.schimmel@uni-leipzig.de



REMOTE SENSING & DEEP LEARNING |

Case study f

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

ACTRIS

Synergistic retrieval, producing cloud properties at high temporal and vertical resolution
[Hlingworth et al. BAMS 2007, Tukiainen et al. 2020]

required instruments: 6000 —— ' ' ' ' ' '
q | Cloudnet Target Classification woc .| | Aerosol & insects
* Doppler Cloud Radar (moments) s Insects
I MR Aerosol
e Lidar (attenuated backscatter) 4000 F Ssoc 4 |1 Melting ice & CD
) ) E J Melting ice
¢ Microwave Radiometer (LWP, IWV) = Ice & CD
.§ [ "”Wl“m ’mﬂ_*lm” -15.0°C il Ice
*  Model data: ECMWEF (temperature, pressure) T 2000 l‘h A M 100°c“ ”IW“# Drizzl, rain & CD
retrieved products: [ | | 'lir Drizzle or rain
P ) : 4l -50°C -1 | { Cloud droplets only
. N _ _ ‘ 1| [4 Clear sky
categorization (averaged profiles, common grid, ...) - - W\L‘\m ! e — ]‘ | S ]
o i ificati i iqui \ \ O N N 0 \
atmospheric target classification (aerosol, ice, liquid, ...) O o o @ (O
e quality control flag (instrument availability, corrections, ...) Time [UTC]
LWP ... liquid water path ECMWEF ... European Centre for Medium-Range Weather Forecasts -
IWV ... integrated watervapor GDAS ... Global Data Assimilation System CD ... Cloud droplets
UNIVERSITAT
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New Machine Learning Approach

time-spectrogram at 2400 m

Feature sampling ice
A ,,vqrystalsf

[dBZ (m s-17)-14

use 6 consecutive (high res.) spectra, each range gate
= 30 sec time-spectrograms
noise/fill-values replaced by radar sensitivity limit
3D Doppler spectra S = 4D features X:

* dim(S) = (Ngime, 289, 256)

= dim(X) = (nsampless 256,6,1)
= normalization: [|X|l(Zs0,+20)[aBz; = IIXIl € [0,1]
= encode corresponding Cloudnet label* y:

= y(“cD”)= (1 0)T or y(“no-cD”)= (0 1)T

1
Doppler Velocity [m s-1] 2 S '/
t
-200 -10 0 v

» no manual feature extraction nor labeling
-50 -40 -30
signal [dBZ (m s™1)"]

Punta Arenas, Chile: 1. August 2019 at 2.4 km

Cloudnet label*... only good radar and lidar echos 22

CD ... cloud droplets present
no-CD ... no cloud droplets present

UNIVERSITAT S o
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Machine Learning Model Architecture

Time-Spectrogram Feature Extraction Classification Softmax

: O , - [(1 007, if labeled 0"
1 % - T .
ox3x 128 8x3x256 @) (0 1)", otherwise
/64x6x32 32x6x64 1x2
128x6x 16 1x 256
1x6144
256x6x1
’ Input Strided-Convolution Layer / Fully-Connected Layer O Output
CD ... cloud droplets present 33

no-CD ... no cloud droplets present
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Case study of 1. August 2019, Punta-Arenas, Chile
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Distribution as function of correlation coefficient of LWP

Punta Arenas, ngays =220
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= frequency for higher correlation coefficient r4yp increases for VOODOO predictions

= best performance for LWP > 100 g m~2

» VOODOO able to accurately identify liquid layers beyond lidar attenuation
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10000
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Summary

Remote-Sensing + Machine Learning

Goal: Better estimation of ice/liquid distribution.

= VOODOO able to relate spectral morphologies to the
availability of cloud droplets.

= Shows ability to extend the classification beyond full lidar
attenuation.

= Future usage:
= different geographical regions (Arctic data sets)
= different Doppler radar (MIRA-35/KAZR/MWACR)

= Outlook: VOODOO as feature for Cloudnet

N reVealing
(, ) supercOOled
S liquiD
beyOnd
lidar attenuatiOn

» github.com/remsens-lim/VVoodoo

UNIVERSITAT

LEIPZIG willi.schimmel@uni-leipzig.de
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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?!

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

Co Author: Patric Seifert!
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@ )) 6-week measurement campaign at CESAR obs., Cabauw
AOoEPT Vert. pointing LDR-mode Mira-35 (TROPOS)

: « Scanning STSR-mode Mira-35 (TROPOS/Metek)
Analysis of the + 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

Reflectivity [dbZ m*s)

approach: Main peak of Doppler spectrum
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V4 [Im/s] (neg. down)

Elevation angle

velocity

Raw data

Modeling

Observation

Simulation of polarimetric
variables zDR and p,, for
different values of shape and
orientation as a function of
antenna elevation

Selecting main peak of
Doppler spectrum for
each pair of height and
elevation angle

U
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Comparing observed and modeled
ZDR and p,, to find best agreement.
(using minimum mean square error)

U

Shape
&

orientation
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Extension of Myagkov et al. 2016 (AMT) shape retrieval approach

Reflectivity [dbZ m* )

Retrieval method

Modeling

Observation

Simulation of polarimetric
variables ZDR and p,,, for
different values of shape and
orientation as a function of
antenna elevation

Splitting Doppler
spectrum into 5 bins
for each pair of height
and elevation angle

B B e e S B

velocity

U

U

Comparing observed and modeled
ZDR and p,, to find best agreement.
(using minimum mean square error)

U

Shape
&

orientation
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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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Correlation Coefficient (RHO_HV) for each Doppler part
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Retrieval results

Date: 2014.11.03
Time: 20:00-20:15
Height: 3000 m
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Summary

+** Scanning polarimetric cloud radar enables us to retrieve shape and orientation of ice
particles.

s Using spectrally resolved approach, multiple hydrometeor types can be retrieved.

s+ Automatic retrieval exists

+* Based on one 5-minute RHI scan of ZDR and RHYV, information about shape
distribution can be obtained regularly

¢ Quantitative approach which can be applied to STSR(hybrid-mode) polarimetric
(cloud) radars.

Thanks foryour
attention!
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