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Introduction

AOne of CCRES obijectives is to guarantee the quality of all cloud radar measurements in the
ACTRIS network .

AHowever, cloud radars are complex instruments with intensive calibration needs

AHence, it is necessary to develop a strategy to:
- Calibrate the Cloud Radars of the ACTRIS infrastructure
- Track the measurement quality of every instrument in the network
- Manage the resources available for these tasks

AThis presentation reviews recently developed calibration methodologies and proposes a
first strategy that could be implemented in the ACTRIS network .
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Calibration tracking based on
disdrometemeasurements



Disdrometercalibration tracking

AObjective: develop a method to compare reflectivit§d] (1) measured by the Doppler Cloud
Radar (DCR) with (2) derived from disdrometers to frequently monitor in time shifts, drifts «
deviations of the DCR Calibration Constant (CC)

Alnstrumental setup:

RainGauge (RG)check the
DDmeasurementanddetect
start/end of therain event

Disdrometer (DD) measurethe
rain drop size distribution anéhll

velocityto derivethe reflectivity Doppler Cloud Radar (DCRyeasureprofile of
(Ze at the surface Ze(betweensometensof metersandseveral
— - alreadyanalyzewith python code km)with an «a-priori » Calibration Constanthat
developpedy MA. Drouin will be checked

—— : to bedone
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Disdrometercalibration tracking

A OQuestions and assumptions

A Disdrometer representativiticomparedto the Doppler Cloud radar
A DelaybetweenDCRZesamplingand the DDretrievals: use of the DCRil velocity:

A Volumesampling Heterogeneityof the precipitation: use of a long lastingin eventand of the
_ firstreliablegateof DCR (<200m) ;

A Heterogeneityof sensorsand DSincertainty/ truncation: compareconsistencypetween
sensorgdDD vs RG and DD vs DD),speificrain event (RR rangecumulatedrain)

A Doppler Cloud radaassumptiongcorrections
A Rainattenuation correctionalongthe vertical: parametrical correction can be applied
A Tobe consideredwhen definingéclosest reliable DCRyatefor comparison nearfield effects
_ overlapcorrections,TransmitterReceivelnterferences(crosstalk)
A Wet radome attenuation correctionuse avery efficient blower until a certainrain rate to
KIS | RNE NJ Ra&idats? Xorudedzaramiétéical caliréction to account for the
drop on the radome
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Disdrometercalibration tracking
A Method

Select precipitation evenRR rangesumul, T
duration, Ta,;,,, min and max WS etc.) a2
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A Results
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Absolute calibration method
based on corner reflectors



Absolute calibration using corner reflectors

AMethod developed during 2017,
2018 and 2019 cloud radar
calibration campaigns

Calibration setup

—
—

5
- —
-— -
—

Reference
_ corner

_v reflector

Qﬁw e //////\ .
-~ | ()

Radar G’% A

Antennas

AUsescorner reflectorsas absolute
referencesto retrieve the radar
calibration constant

Calibration constant (C.C.)etrieval
basedon anabsolutereference

ACurrent version of the method
enables theidentification and
guantification of mostbias and

uncertaintysources LA
o L Wlk_pm s
0&8 @ 3 1 YR -
—" V7 1tat 0 O
Radar Calibration
Parameters variables

ACTRIS
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Absolute calibration using corner reflectors

AA typical setup involves the installation of a low crosgctional mast several hundred meters
away from the radar

ARelatively controlled conditions enable the quantification and estimation of bias and
uncertainty sources
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Uncertainty sources

Calibration setup

Absolute calibration using corner reflectors

Reference

corner
reflector

., Yl E_prm 3
—“ 07 1&ai 00O
Radar Calibration
Parameters variables

. Uncertainty sources:

Antennas properties
A Beam lobe shape
A Beam overlap
A Beam width

Radar
Radar gain variations
A Impact of temperature
A Non ideal IF filters

0(i): Sampled power
A Receiver compression

Reference corner reflector
3 dReference target Radar
Cross Section (RCS)

A Theoretical value
A Clutter
A Alignment
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Reflector can be |
/”orien,ted witha |
pan-tilt motor

Uncertainty contribution [dB]

BASTAMINI

10 m mast 20 m mast
Cloud Radar + +
10 cm corner 20 cm corner
reflector reflector

Calibration using corner reflectors: Uncertainty Characterization

Uncertainty budget for three different experiments

|
B 20m mast 2018

[ 20m mast 2019 |
[ 10m mast 2019

—

"N m

—

Calibration Misalignment Signal to Temperature Error propagation
sampling bias correction  clutter ratio correction of the temp.
variability uncertainty correction
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Calibration transfer by
simultaneous sampling of clouds



Calibration Transfer

A Objective: To correct the measurements of a cloud radar based on a reference instrument:

W+ dtmyt L e > > myym®

A Method: The comparison of simultaneous cloud measurements

Cloud observed by BASTA-Mini radar, 12:15 to 13:45 28/05/2018 Cloud observed by RPG radar, 12:15 to 13:45 28/05/2018 "
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In this example:

Reference radar: 95 GHz BASTMInI
Uncalibrated radar: 94 GHz RPG

Reference '

radar

Uncalibrated
radar
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Calibration Transfer

AWhen radars do not have the same sensitivity, data comparison is not straightforward

(a.1) Reflectivity Profile - Reference Radar (a.3) Reflectivity Distributions
10000 16:24 to 18:00 - 20/03/2019 Before data cleansing
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c
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S g ; 0.00
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Differences between the instruments

© 2AZI AAOEOEOU AEOOOE/
same shape

Reflectivity distributions cannot be directly compared, data must be process%
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Calibration Transfer: Methodology

v

0. Cloud period selection No precipitation/ Dry radome

Vs

1. BoundaryLayer Removal

JV

Source of highly variable, inhomogeneous datai{rbone plankton)

‘ After Dynamic Range filter

‘ Before Dynamic Range filter

v Filter data from the most A N
[ 2. Threessigma filter ] _| sensitive radar to match the 5 ;
dynamic range of the less
sensitive one
[ 3. Dynamic Range Filter ]— ‘ ‘ ! J,o a6 | — ] | AL

d: Less sensitive radar dynamic Range
D: More sensitive radar dynamic range

A 4

[ 4. Interpolation

] Uncalibrated radar data is interpolated
to match the reference radar grid

A\ 4

[ 5. Quality Control | Compares the resulting distributions to decide if they are comparable

| =4

(Q-Q plot) ('Y score better than 0.8)
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Calibration Transfer: Methodology

Original reflectivity
distributions (different shape)
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Calibration Strategy



%\ First ACTRIS Cloud Radar network calibration strategy
ACTRIS

Central facilities

A Absolute calibration of a
portablereference radar

A Transportation of the
reference radar to the NEs

using thecalibration transfer
method

to calibrate their instruments

All faclilities

A Calibration trackingusing
disdrometerson site

A Provide infrastructure to
Install the reference radar
close to their instruments

A Implementation of absolute
calibration methods is
optional
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Research and perspectives



Research and perspectives

Some limitations have been identified from the results of our calibration
experiments:

AThere is a need for an absolute characterization of the reference refléator,
reduce the uncertainty of the reference radar

A Calibration transfer works between radars on the same frequency band:

0 Need for calibration transfer methodologies for radars in different frequency
bands (Ka to W band and vigersa),to calibrate all radar types

ANeed for new absolute calibration methods with lower infrastructure
requirementso enable absolute calibration experiments at NFs

AAntenna pointing and alignment characterization must be improved



Research and perspectives

AThere is a need for an absolute characterization of the reference reflggtor,
reduce the uncertainty of the reference radar



Reference Reflector Characterization
ACTRIS _

A Corner reflectors have an RCS that
depends on the beam incidence angle 10 cm corner
and the signal frequency reflector used in
the calibration

A At present, calibration experiments use experiments

its theoretical value, calculated using
geometric equations

a) 2 b) °

Theoretical RCS. Angles with respect to the boresight
Max = 16.31 dBm?, Freq = 95.82 GHz

15 1 17
10 !

16

viewing perspective

elevation - (deg.)

v 15

-

14

Elevation [°]

13

Figure 2.7: a) Viewing geometry of a trihedral CR at boresight. b) The RCS response of a triangular trihedral CR , . . ; -‘ 12
as a function of azimuth (6) and elevation (y) angle relative to the peak RCS. a is known as the inner leg -5 0 5 10 15
dimension. After Doerry and Brock [2009]. Azimuth [ ]

azimuth - (deg.)




Reference Reflector Characterization

ACTRIS

A First characterization of the 10 cm F

corner reflector in an anechoic
chamber (University of Rennes)

Elevation [ *]

A ldentified a slight misalignment of 0.6
corrected using the theoretical model

A Measured RCS is ~0.4 dB above the
theoretical value

A The measured curve shape matches
the theoretical RCS with an RMSE of

0-2 dB 16.50 4
A The difference between the measured 2]
and theoretical RCS is within the .

[-0.25, 0.43] dB range

Measured RCS

Max = 16.66 dBm?, Freq = 95.82 GHz

[

Azimu’l[ 1]

RCS measurement: elevation cut passing

through the boresight

—— Theoretical RCS
—— Measured RCS

T
20

T
25

T T T T
30 35 40 45
Elevation angle [°]

T
50

Elevation [°]

RCS measurement: azimuth cut passing
through the boresight

—— theo RCS

—— meas RCS

-15 -l -5 0 5 10 15
Azimuth angle [°]

Measured- Theoretical RCS

5 Max diff = 0.43 dB, Min diff = -0.25 dB

-0.1
-0.2
-0.3

-0.4

Azimuth [°]



Research and perspectives

A Calibration transfer works between radars on the same frequency band:

0 Need for calibration transfer methodologies for radars in different frequency
bands (Ka to W band and vigersa),to calibrate all radar types



35-94 GHz calibration transfer

Work in progress

. A!\/Iethlod?jlogy based ommatching reflectivity for Rayleigh scattering particlesar the top of
ice clouds

AChilbolton work draws on previous calibration transfer methods4@&nd to Ka and Wband)
developed at University of Reading [Nicol, Westbrook, Stein, lllingworth]

20210614 35GHz Copernicus Radar (uncoded)

9 T T 12000

: —3GHz _ ki s e

d) ---35GHz E 10000 » ~ - P~ ey
al Lo 34 CH £ 8000

. ¥
Stein et al, 6000
I- 17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00

7.

GRL 2014

20210614 35GHz Copernicus Radar (coded)

£l : _
= g £ 10000
T £ 8000
4]
= ]
5f 6000
17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00
4F
3 5

Height (m)

-10 0 10 20
Reflectivity [dBZ]

17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00
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35-94 GHz calibration transfer
ACTRIS

APomts for attention Tridon Battaglia &Kneife| AMT, 2020

AHow to identify Rayleigh scatterers? 20120222 00-34-47

A Simple reflectivity thresholding (such d9<dBg,<5) @2 ®p P
can be problematic ol =] olle—r] |l 1l
e.g. low concentrations of larger particles can give ;
similar reflectivity. £ 8-3 8 me B |

A Use of velocities to assist in identifying the slowly = 4! | &l Ti? | Il €=Rayleigh
falling smallest particles requires accurate zenith -2 I
alignment to avoid bias from horizontal winds. T 4] |4 e ]
Ties in with antenna pointing calibration work. 2t {28 = 2|

A Potential to explore use of Dual Frequency Ratio (DFR),__. %N g ol ol |
plateau method (ridonet. al, AMT, 2020for -30-20-100 02 4 6 810 -6-4-20246
selection of Rayleigh regions. Z [dB] DFR[dB] v_DFR [dB km™]
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%\ 35-94 GHz calibration transfer
ACTRIS

2021-06-14 21:00:17

APoints for attention

ANeed to account for twawvay attenuation from
liquid water and waterapourwhich differs for
each frequency.

A Standardizatiorg Draw on CCRES experience with <
MWR and code base development in CLU. Q

ANeed to consider spatial separation of radars S —— ¢
and determine time lags to synchronize cloud ;. |z \

returns. "
A Ideally radars will be close together. /
)

ANeed to consider dwell time and averaging

radars.

times. al
ANeed to consider relative sensitivity of the
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35-94/95 -GHz Calibration Transfer

Workflow to be evaluated

0 Cloud period selection

v

1. BoundaryLayer Removal

»

No precipitation / Dry radome

\ 4

:

2. Three-sigma filter

v

3. Dynamic Range Filter

v

-

N
4. Synchronization and

Source of highly variable, inhomogeneous data (airborne plankton)

range alignment

A 4

Uncalibrated radar data is interpolated to

, fine time and range gridwith rolling mean
to match the reference radar range bins

and averaging/dwell times.

v

\ 4

5. Interpolation

v

4 )\
6. Identification of Rayleigh

scattering region )

!

A\ 4

Synchronized and range aligned data
from uncalibrated radar interpolated
onto grid of calibrated radar.

Lags intime and rangeidentified to
maximize correlation, and applied
to uncalibrated radar data.

7. Quality Control

Compares the resulting distributions to decide if they are comparable

|1 ~4
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Research and perspectives

ANeed for new absolute calibration methods with lower infrastructure
requirementso enable absolute calibration experiments at NFs



Calibration with UAV and corner reflectors

AUAV flies with the corner reflector above
. a vertically pointing radar

ATested with the BASTini radar in
2019 calibration campaign

AMain constrain: minimum distance to
the radar.

. - Saturation
- Antenna overlap

- Antenna near field

Matrice200 + 10 cm target

. AThe UAV flew ~400 m above the radar to
¢ avoid these issues (safe distance)

<
¢
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A

A

p — RCS sampling of the 10 cm target: UAV flying 400 m above the radar
|

Reflected power profile

RCS at the UAV position

--- Detected UAV iti | iy R L Y U e ———
. H,IZ‘W;;‘F'eK“if e L L e A L
L g 12.5 - )
. . . 400
RCS is retrieved using the 20 m_ TEEY
mast calibration (best) £ 300 = 8
> 60 3 o 207 I
o ‘ a O
T ol 5 & 257
MeasuredRCSor the 10 cm 1 w0 g
target on the10 m mast 100 ~100 5]
= 15.9+0.9 dBm2 -120 -5.0 | | ;
11 13:01 11 13:06 11 13:11 11 13:16
%11 12:50 1113:04 ou 13:09 1113:14 Time UTC
7 flightsprovided a maximum e S0 e RCS at the UAV position (detail)
ObSGI‘VGdRCS — 15ﬁ02 dBm2 Histogram of RCS at the UAV position e
—— Max Theoretical RCS = 16.31 dBm?2 '
(range [15 1’ 157]) 2001 —— Mast retrieved RCS 2019 = 15.92 dBm?2 16.0 -
Lvﬂ -=-=Max RCS for the flight = 15.68 dBm2 I e | -
The method enables a consistent £ 1o 5 1501 m
retrieval of the target RCS the < i 1451
setup can be used for calibration &' % 140
§ 13.5
= 501 13.0
12.5 T T
0 11 13:01 11 13:06 11 13:11 11 13:16
-15 -10 -5 0 5 10 15 Time UTC

Retrieved RCS [dBm2]




RCS sampling of the 10 cm target: Clutter
ACTRIS

A Signal to clutter ratio (SCR)
indicated the uncertainty
introduced by reflections on
objects other than the target

A The drone base was covered
with absorbing material to
reduce its RCS (clutter)

A SCR without absorber = 13.8 dB
A Introduces [ ¢, p&] dB of
uncertainty

A SCR with absorber = 19.0 dB
A Introduces [ p8t, T&] dB
of uncertainty




UAV calibration with corner reflectors: conclusions
AThe sampling of the 10 cm target on the
UAV matches previous observations
done on top of the 10 m mast

AThe repeatability of the result indicates
that this is a feasible calibration method

ASignal to clutter ratio (SCR) should be
Improved by a fewdB.

- 3 more dB of SCR would reduce
uncertainty contrib. totx 0.7 dB

- Absorbing material shows promising
results.

. - Bigger targets at farther distances

%\ are also an option
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Research and perspectives

A Antenna pointing and alignment characterization must be improved (presentations of
LukadPfitzenmaielet al., Matthias Bauer et al.)



CabauwCloud Radar Calibration Campaign 2021

Tobe held in Cabauw TheNetherlandson
Octuber2021

Topics:
AcCalibration tracking usinglisdrometers

ATestingof the CornerReflectorcalibration
technique on RPG Cloud Radars

AClosurestudy betweencorner reflector and
calibration transfer methods

frequencies:
- 1 RPG W band
- 1 RPG W/Ka band
- 1 BASTAnini W band

. ACalibration transfer between different radar

ACTRIS




Calendar of future activities



Calendar

ACabauwcloud radar calibrationcampaign2021

Almplementdisdrometer calibration tracking by 2022
- Communicatedisdrometerdata by 2022

AOperationalproof of concept of the calibratiorstrategyby 2022
- Calibrate1-2 NFother than CCREXenters

ACalibrate~5 NF peryearby ~2024 (continuous operation)
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ACTRIS

CCRES Calibration Strategy
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ACTRIS

Microwaveradiometercalibration

Radiometer Physics
A Rohde & Schwarz Company

Bernhard Pospichal,
TobiasBo6ck

CCRES Workshop September 21, 2021
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Groundbased microwave radiometry

A Overview

A Microwaveradiometer (MWR)introduction

A MWRcalibration

A CalibrationcampaignLindenberg May 2021
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Whatdoesa MW8eeo &

. - z -3
Measurementof downwelling i ——r ey Almaephers, LW U gm, JOUNES

radiation usuallyin one to three
frequencyrangesbetween20-
100 GHz éxampleRPGHATPRO)

AA: 22.235 831.4 GHz,
7 channelson the upper wing
of the water vaporline as well
as windowchannels

AB: 51.26 8 58.0 GHz, G vl AV |
7 channelsalongthe 60 GHz
oxygenabsorptioncomplex F e |

1.000

0.100:

Extinction coefficient [1/km]

ASomeradiometers have only 200! R R AR
one band, some measurealso Frequency [GHz]
at higherfrequencies (for low- . .
humidity conditions) Measuredradiancesare expressedin

aorightnesstemperatureo
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Whatdo we wantto getfrom a MWR?

temperature profileof
the PBL, low
resolution profile

continuous data: resolution of

path-integrated cloud
seconds to minutes

liquid water (LWP) and

water vapor (IWV)
above
. ' N{;’;ﬂm i Temperature profile TOPHAT Juelich 28/11/2020
gg wwww’}w‘"w !ﬂ"rw’_"‘m __________ | ut L
;. \wrr o4 IOW reso utionwater R Free o o)
=1 vapor profile but £ oo aateginas et .
Eamz— 1 — I % ~, ,~ A s i O :
%E OJ‘Vw“J%iv{MMWWJ‘% e Integrated values Eﬁ’ 1 Mo |
o 6 VR . 24 1 w W
Time (UTC) [h] .

12
Time [UTC]

Alevell: brightness temperatures (TB), calibration dependent
Alevel2: atmospheric products®, forward model and retrieval dependent
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/E\ Groundbasedmicrowaveradiometers
ACTRIS |

—

Benefits Limitations/Challenges

A Continuous longerm, unmanned A Limited vertical resolution (24 deg. of
observations on temporal scales down freedom), declines with height
to secondsA fill gaps between

radiosondes A Coordinated network s

A Measurements during both cloudy and A Calibratior
clear air A Absorption modeling
A Commercial availability A Automatic data quality control (QC)
systems
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Radiometercalibration

Sourcesfor measurementuncertainties:

- Randomerrors:

- Instrument sensitivity (signaknoise ratio, T
detection limit) B

- Systematic errors:
- Instrument stability (drifts in signals)
- Absoluteaccuracy >
- Retrievaluncertainties: Time

- Nonrepresentative data for retrieval
training

- Measurement process not modelled
correctly (noise levels, etc.)

- Forward model uncertainties
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MWRcomponents(HATPRO)

Scanning
paraboloid
mirror

ACTRIS

beam combiner

(wire grid) humidity profiler

temperature profiler
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Radiometerformula

Detectedreceivervoltagehasto be
aranslatedointo a brightnesstemperature.
Relationshiphas to be determinedwith a
calibration.

U D — G Cbsysa — G(TR +TA)a

Tys Sy s t roiseotemperature
Tz  Receivernoise temperature (all
Instrumental noise sourcescombined)

TA antennatemperature

(atmosphericsource)
G  Gain [V/K] proportionalityfactor)
A Norinearity factor For calibration purposes, a stable noise

diode can be switched on to provide a
constant additional signal ()
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Radiometerformula/ automatic calibration

AG, andT, s haveto be regularlycalibrated

U = G C'[jsysa — G(TR .|.TA)3 (minutes to seconds
AFormost radiometers, Gis updated by looking
at a blackbodyat ambienttemperature or

Unknowns: : OeA ,
: using a noise diode signal (T). ForHATPRO
A G (Gain factor), o G5, astable noise diode is used that switches
signal by components), AT isu :
: : pdated by looking at blackbodytargets
A A ( Hineanity factor) at ambient temperature (every5-10 minutes)

AThefrequencyand integration time for
automatic calibrations can be determined
when defining a measurement(part of MWR
SOPs in ACTRIS)

AA, and T, are stable over longterm (months) .
and are only updated during absolute
calibrations
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Absoluteradiometercalibration

AAbsolutecalibrations using liquid nitrogen (LN,)
haveto be performedevery6 months or after
relocation of the instrument

Alf possible, performcalibrations at low relative
humidity conditions (RH < 70%Yo reduce the
likelyhood of condensation

ABefore and after acalibration take a short
measurementsample atcold load in orderto
estimate the drift/ offset since the last calibration

d

ADo notrefill liquid nitrogen too often, in order to C
avoid oxygento be mixedinto LN, > causes =
changein boiling temperature and awrong = <
calibration. Sameis valid for using non-pure LN, ,
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Absoluteradiometercalibration

Almpressionsfrom different
calibration intercomparison
campaigns
Lindenberg 2014, 2021
Meckenheim 2015
Jialich 2019
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