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Center for Cloud Remote Sensing (CCRES)

Context and CCRES’ objectives

- ~ 20 National Facilities (NFs)
- 1 Central Facility (CF)
- 1 Data Center (DQ)
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DCR calibration: why ?

Why ?

- Consistency between instruments and
comparability of output data
- Crucial for understanding variability and
representativeness of DCR data

« Important impact on microphysical retrievals
(Protat et al., 2009; Protat et al., 2016; Ewald et al.,
2019)

- Error of 1 dB in horizontal reflectivity — bias in
ice content by about ~ 15-20%

« — CCRES objective is to guarantee a network of
high-quality observations
- Needs of standardized and repeatable
calibrations methods

— Links also with satellite cal/val activities — useful to
have a set of “community accepted” standards and
protocols for maintaining the quality, meta data...
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Diversity of DCRs set up within the CCRES framework

Total 35GHz 8
Frequency

Total 94GHz 14
. Total scanning 13

Scanning or
non-scanning Total non-scanning 7

Complex
task ! Total single polarisation 11
) Polarimetry type

Total dual polarisation 5
Total Metek 8
Total RPG 11

Manufacturer
Total Copernicus 1
Total BASTA 2
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Reminder: the radar Equation

« Definition of radar equivalent reflectivity from the Droplet
Size Distribution (DSD):

Z = f N(D) D® dD [m®m™] =108 f N(D) D¢ dD [mm®m™3]
0 0

* The change to mm units is because these values are more
commonly found in DSD measurements for precipitation

Z(r): Reflectivity ity
* Using the definition of Z and I',, we can replace the RCS in Vel Dopplr Velos
the point target equation to get the radar equation for the

. . . . /
reflectivity of distributed targets: " ///
57
/ Ira(rt)ar1g -?I’:r:)ils:tl:"nf)espheric attenuation
GZA.2P 1018n3 92G2 P Sr KZ P(r): received Power (dB
P, (i:) — a t rv — a Lt Z(i:) 0] (aB) A

(An)3rt 1(r) 512 A2In2  13(r) 12

.
C: radar constant

. 6 / 3 RADAR
Z in mm®/m . :
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Reminder: the Radar Equation for Real Situation

e For real radars, the emitter and receiver can have different gains and losses
that must be accounted for.

In reality I, = Py" /L, ; P97 nominal transmitted power ; L, : Transmitter losses
F Chirp input
SSB F - 15825 GHz F, = 94.95 GHz
+ (Fc +/- dF) ° + 6(Fc +/- dF) —<O /V
P_=29d8m s —
Fc +/-dF
Example from the t . ‘: : 3
ransmitting
BA?TA radar bt
system F, = 9495 GHz
Delancé et al. 15.825 GHe + (6FC +/- AF)
2016 ,
Source
r -------------------- o= -I
IF,,..= : F, = 94.95 GHz i Reﬁe“""g
6Fc +/- AF ; IF = 6FC +/- AF + (6Fc +/- AF) § T
- /\ I
Filter

FIG. 8. Radar block diagram.

And similarly P}““(r) = G, P.(r) ; P}““(r) : measured received power ; G, : Receiver gain
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Reminder: the Radar Equation for Real Situation

« Considering radar gain and losses, the radar equation for point target
becomes:
P)rneaS(i:) — GIZIAZ Gr Pt I = l F(T)

) = 2 A pmeas(z
(4m)3L; 13(r)r cr 12(r) 1 I'(r) = cr 15(x) r* PY™(7)

U

« And for reflectivities :

101873 Q2G2prnomsy (5. K2 1 Z.(%)
PmeaS(i:) — a_t ! 7 (f) - e - 7 (f) = 12(’,) p2 Pr‘nens:(i:)
' 512 A2In2 L, B2 T o Br)r? ’ - ’
* By knowing ¢, and c. we can calculate I"and Z, from radar measurements!
— Radar calibration
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Reminder for the Radar Equation - dB form

To finalize, usually the radar equations are presented in dB form. Applying
10logo(-) at both sides of the equation we get:

I'(r)[dBm?] :@ 2L, (r) +4010g1o (r[m]) + P;****(¥) [dBm]

[ Z(r)[dBZ] :@+ 2L,(r) +20log1o(r[m]) + Py **(¥) [dBm] J

Z(r): Beﬂectivity ‘
With : Hydrometeors Vq(r): Doppler Velocity
- L, = 10logyy(1,(r))

~ //
- PP%(r) = 101og;o (P (1)) &, 7
- r(r) = 10 loglo (r(r)) 4 / Ira:(rt;r?-?;:)i/s;?:wf)espheric attenuat
_ Z('i:) — 10 10g1() (Z(i«’)) P(r): received Power (dB) //
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Absolute calibration (Toledo et al., 2020)

Method developed during 2017, 2018 and 2019 CCRES cloud radar calibration
campaigns

Uses corner reflectors as absolute references to retrieve the radar calibration
constant

Current version of the method enables the identification and quantification of most
bias and uncertainty sources

Calibration setup
Reference
= corner
To et Ly reflector
P Uil
X P net la (7o)
Radarg
= ¥ Antennas
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Absolute calibration (Toledo et al., 2020)

- Atypical setup involves the installation of a low cross-sectional mast several hundred
meters away from the radar

+ Relatively controlled
conditions enable the
quantification and
estimation of bias and
uncertainty sources

SIRTA
observatory
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Absolute calibration (Toledo et al., 2021)

e Based on corner reflectors mounted on a mast (triangular trihedral reflector)
— known Radar Cross Section (RCS) — RCS calibration — Eq. Reflectivity calibration

e Atmospheric attenuation is corrected with SIRTA local measurements

e Takes into account the radar internal characteristics (saturation, antenna beam width, gain
variations at the transmitter and at the receiver IF, near field distance)

e Needs several iterations to quantify the alignment of the system

(b) Calibration coefficient distributions plotted from C samples
Mar-Apr 2019 campaign, 10 iterations performed with the 10 m mast setup

1.0 M N
! '
5 E 1 lter 1| €2 = -79.7 +\- 0.04
-g 0.8 el ] Iter 2 | C% = -79.4 +\- 0.05
2 l | Iter 3 | C = -79.58 +\- 0.05
@ 0 — _ %
206 [ ol T | Iter 4 | C% = -79.6 +\- 0.06
£ Iter 5| C = -79.74 +\- 0.03
& L !_ Iter 6 | C3 = -79.73 +\- 0.04
g 04 P 1 j . Iter 7| C2 = -79.67 +\- 0.06
= ‘ L Iter 8 | C% = -79.53 +\- 0.04
£ R | L
502 J ll ] i . i Iter 9 | Cf, = -79.52 +\- 0.04
=z | J ! Iter 10 | C = -79.52 +\- 0.04
£ LA g o

-799 -798 -79.7 -79.6 -79.5 -79.4 -793 —79.2
Calibration Coefficient Samples [dB(m~2 mW™1)]

Eq. Reflectivity

Reference radar Reference radar

mode Calibration calibration uncertainty
constant
25m -181.5dB 0.8dB
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Absolute calibration (Toledo et al., 2021)

Uncertainty sources

Calibration setup
Reference
B 18 > corner
. 8ln2 2710 l—‘0 o s % = reflector
276 K2 2..4 e 0
G=e°K<or 121 Pi(rs) S
Radar Calibration and 1o (10)
Parameters variables
Antennas properties Radar Reference corner reflector

Beam lobe shape
Beam overlap
Beam width

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

P(r): Sampled power
* Receiver compression

I,: Reference target Radar
Cross Section (RCS)
* Theoretical value
* Clutter
» Alignment
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Constant calibration coefficient and uncertainties/bias

0 [CZ=C0+fIF(r)+fT(T)+ ]

C, : Constant calibration coefficient «— what we would like to determine

Relative corrections (usually given by radar manufacturer):

- :receiver compression

: antenna properties

: signal to clutter ratio

fc (r) : relative variations in receiver loss with distance for Intermediate Frequency (IF)
f. (T): impact of temperature fluctuation on transmitter/receiver (due to solid-state
components)

: Misalignment bias
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Absolute calibration (Toledo et al., 2021)

Uncertainty contribution [dB]

Uncertainty budget for three different experiments
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From Toledo et al., 2020
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Absolute calibration (Toledo et al., 2021)

FMCW radars exhibit frequency-dependent
gain in the intermediate frequency (IF) chain,
which introduces a range-dependent bias in
the calibration.

An IF correction function, derived from
measured noise levels, is applied to
compensate for these variations and ensure
consistent radar calibration across all
ranges.

Power received [dB]

Power received [dB]

Power received [dB]

IF corr. function fit 12m5

v
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Distance [m]

IF corr. function fit 25m

B —— —
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Distance [m]

IF corr. function fit 100m

0
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Distance [m]

mean IF function
—— Order 6 polyfit

mean IF function
—— Order 6 polyfit

mean IF function
—— Order 6 polyfit
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Absolute calibration (Toledo et al., 2021)

Amplifier Temperature

Temperature fluctuations inside the
radar affect the gain of electronic

components, leading to variability in
the calibration coefficient over time.

A linear temperature correction
function is derived from experimental
data, reducing this variability and
improving calibration stability.

Cr(T, Fo) variation [dB]

From Toledo et al., 2021
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Absolute calibration (Toledo et al., 2021)

Signal to clutter ratio

(a) 20 m mast clutter (b) 10 m mast clutter
2018 Campaign 2019 Campaign

* CIUtter from Surrounding ObjeCtS (e-g-: 4.0 gk Pow. at target location = -35.6 dBm ' o qu. at target location = -1§.0 dBm
mast, ground) can contaminate the W 3.0 {SDEEE. v :
. . . 3:5 -5 o 1
measured signal from the calibration e, T on o P 0
target, introducing uncertainty in the 3.0 25 SR . Ty .
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From Toledo et al., 2021
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Absolute calibration (Toledo et al., 2021)

First characterization of the 10 cm corner

reflector in an anechoic chamber (University o _Max = 16.66 dBm?, Freq = 95.82GHz_ I ——
through the boresight

of Rennes) e 1

- theo RCS
meas RCS

16.0

|dentified a slight misalignment of 0.6°
corrected using the theoretical model

RCS [dBm?]
&
w

Elevation [ "]

"
n
o

-
&
wn

-15  -10 -5 0 5 10 15
Azimuth angle [ "]

Measured RCS is ~0.4 dB above the
theoretical value

Measured - Theoretical RCS

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

RCS measurement: elevation cut passing

The measured curve shape matches the through the boresight

theoretical RCS with an RMSE of 0.2 dB

Elevation [ "]

The difference between the measured and
theoretical RCS is within the [-0.25, 0.43] dB
range

- Theoretical RCS \
Measured RCS

20 25 30 35 40 45 50
Elevation angle [ "]

Azimuth [*]
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Absolute Calibration (Toledo et al., 2021)

BASTA-CCRES calibration constante evolution (x-1)
Derived from absolute calibatrion operated at SIRTA Observatory

Palaiseau site (48.717N, 2.209E, 156 m) /_\|\
ACTRIS
Mode: 12m5 pemb i
200
190 4

1801 1754+ 08dB 175.6 + 0.8dB  175.8 + 0.8dB 1768 + 1.0dB  176.5 + 0.9dB

170 1

160 -

150 -

Mode: 25m
200

190 -

1815 + 0.8dB  181.6 + 0.8dB  181.9 + 0.8dB 1829+ 1.1dB  182.6 + 0.9dB

180

Stability over
time

150 -

Mode: 100m
200

190 188.0 = 0.8dB 187.7 + 0.8dB 188.3 + 0.8dB  189.3 + 1.1dB 189.0 = 0.9dB

180 -
170 1

160 1

150 -

10-2023 03-2024 10-2024 12-2024 06-2025




Absolute calibration (Toledo et al., 2021)

e Very reliable method but is work intensive & hard to carry out

e Does not work with all DCRs
o Signal saturation for RPG & Metek DCRs

e Need another solution — a two step DCR calibration strategy
o 1st step: select one radar as the reference and do absolute calibration — BASTA-CCRES
o 2nd step: transfer the calibration of BASTA-CCRES to those that are not calibrate

m  How ? By comparing simultaneous vertical cloud measurements

— BASTA-CCRES (reference and calibrated) DCR radar goes to every NF
calibrate their instruments
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Main steps for the calibration campaign

1 week Absolute calibration of the BASTA-CCRES radar (reference) at SIRTA
(Toledo et al., 2021)
2 1 week Preparation of the two transport cases (radar + equipment)

+ discussion with the transport company
+ cases departure

3 0.5 week CCRES team journeys for BASTA-CCRES set-up

4 8 weeks Data collection
+ Real-time data transfer to Cloudnet
+ remote monitoring of the BASTA-CCRES to ensure everything is running smoothly

5 0.5 week CCRES team journeys for BASTA-CCRES removal
1 week Absolute calibration of the BASTA-CCRES radar (reference) at SIRTA
7 1-2 week-s Data analysis and calibration report

« Total ~ 3.5 months for a calibration campaign

« Time consuming if properly planned, CCRES has the capacity to conduct 3 to 4 campaigns/year
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Before the DCR Calibration Transfer Campaign

To ensure the smooth progress of the campaign

Asked to fill in a CCRES document with all relevant information:
address, contact person, storage for DCR, map and photos, remote
access, ...

Organize a Zoom meeting to discuss technical aspects: radar
installation location, possible interferences, schedule of operation,

NF should perform radar maintenance before calibration campaign
(for RPG: radome replacement, LN2 calibration); create a roadmap
with all technical actions (shared with CCRES for post-analysis)

Check data flow and PIDs on Cloudnet

Close interaction between CCRES, CLU and NF is essential !

ACTRIS

cC

Inform ation for Doppler Cloud Radar calibration

RES

cam paign preparation
[Station name)]

[Dates of th

Station PI:

L Information needed to ship the CCRES reference DCR to or from your site

©General information

ecampaign|

Proposed delfivery date (indicate any
restrictions or propose alternative date)

P

1 by CCRES

To be proposed

opening hours of your site (staff availability)
for delivery

VAT Number of your institution

Contact person for the delivery

Name

First name

Phone number

Email

Address of

the delivery

Institute or company name

Street/street number

City

Zip code
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DCR Calibration Transfer campaign schedule

Previous campaigns
Current campaigns
Future campaigns

Site (NF)

Radar

Calibration period

Juelich (JOYCE)

MIRA 35 GHz

winter 2024

Leipzig (TROPQOS) / Melptiz

2 RPG 94 GHz +
2 MIRA 35 GHz

jan-feb 2025

Lindenberg (MOL-RAQO) / Rzecin

MIRA 35 GHz + RPG 94 GHz +
BASTA 95GHz

mar-may 2025

-

Bucharest (RADO) RPG 94 GHz + MIRA 35 GHz ~ jan-feb 2026
Cluj (RADO) RPG 94 GHz ~ mar-may 2026
Galati (RADO) RPG 94 GHz ~ may-jul 2026
27?7 27?7 Fall 2026
Lampedusa ? Metek 35 GHz Spring 2027 7?7

Otherwise DPOL method ?
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DCR calibration transfer methodology (Jorquera et al.,
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ABSTRACT: This article presents a calibration transfer methodology that can be used between radars of the same or dif-
ferent frequency bands. This method enables the absolute calibration of a cloud radar by transferring it from another
collocated instrument with known by si 1 vertical ice cloud reflectivity profiles. The
advantage is that the added uncertainty in the newly calibrated mslrunu.nl can converge to the magnitude of the reference
instrument calibration. This is achieved by carefully selecting F data, i ing the ifica of the reflectiv-
ity range that avoids the disparitics introduced by differences in sensitivity or scattering regime. The result is a correction

i used to bias in the uncalibrated N transfer inty can be
reduced by increasing the number of sampling periods. The methodology was applied between collocated W-band radars
deployed during the ICE-GENESIS campaign (Switzerland 202021). A ditference of 22 dB was found in their reflectivity
measurements, with an uncertainty of 0.7 dB. The calibration transfer was also applicd to radars of different frequency. an
X-band radar with unknown calibration and a W-band radar with manufacturer calibration; the difference found was
—16.7 dB with an uncertainty of 1.2 dB. The method was validated through closure, by transferring calibration between
three different radars in two different case studies. For the first case, involving three W-band radars. the bias found was of
0.2 dB. In the second case, involving two W-band and one X-band radar, the bias found was of 0.3 dB. These results imply
that the biases introduced by performing the calibration transfer with this method are negligible.

KEYWORDS: Cloud retrieval: Data quality control; Radars/radar ohservations: Weather radar signal processing; Algonthms

1. Introduction

Cloud and precipitation processes occurring in mixed-phase
environments are studied with increasing level of priority as
their importance covers a broad range of scientific and techni-
cal fields. The complex interactions of water vapor, ice crys-
tals, snowflakes, and supercooled liquid water droplets lead
numerical weather models to unavoidably simplify the repre-
sentation of such processes (Rosenfeld and Woodley 2000;
Tapiador et al. 2019), which have a very large impact in their
final performance (Grabowski et al. 2019). Ice and mixed-
phase clouds also present dangerous environments that im-
pact aviation authorities and industr ince it is still hard to
evaluate both u)mcpludlh dm.I empirically, at the time of de-
sign or acceptance of i the | ial risk
exposure to these threats (Il‘u\gul\ et al. 2019; Wang et al.
2012).

@ Denotes content that is immediately available upon publica-
tion as open access.

Corresponding muhor: Susana Jorquera, susanajorquera@atmos.
ipslir

DOIL: 10.1175TECH-D-22-0087.1

© 2023 Amencan Meteorological Society. This publshed article s licensed under the terms of the default AMS reuse hicense.

reuse of this content and general copyright information, consult the AM

Field observations of these cloud types are key to properly
their physical processes. Yel, such retrievals are usually
¢ and hard to gather. This situation motivated the
NESIS campaign (Billault-Roux et al. 2023), which
combined the best available measurement techniques to ob-
and mixed-phase clouds, both in situ and remotely.
In this campaign. we highlight the use of one X-band and
three different W-band radars retrieving reflectivity, Doppler
velocity, and Doppler spectrum observations from the sur-
face. These measurements should prove key in later studies
regarding micro- and macrophysical cloud properties, such as
their liquid water and ice content, melting-layer height, pre-
cipitation rate, and inner cloud turbulence. among others
(e.g.. Protat et al. 2007; Liao et al. 2009; Tromel et al. 2019).
Radar calibration has an important impact when perform-
ing such microphysical retrievals. Errors in the calibration
constant value will bias each reflectivity retrieval. For exam-
ple. a calibration error of 1 dB bias ice content retrievals
by about 15%-20% (Fox and Illingworth 1997;
2019). However, radar calibration can be difficult 1o imple-
ment. One of the reasons is that. in general. the chosen cali-
bration setup will depend on the specific characteristics of
cach instrument and on their operating conditions. Along
with these technical difficulties, there is also the need to

serve ic

‘or inlormation regarding

Copyright Policy (www.ametsoc.ory/PUBSReuse Licenses).

3 nauthenticate Down loade

2023)

4.1 Data collection

4.2 Data selection and pre-processing

1. Cloud period 4. Correspondence
selection filter

2. Aeroplankton

layer removal 3. Interpolation

» 4.3 Data processing

Reflectivity range
selection conditions

4.3.1 Density filter
v
(430 Reflectivity
| range selection

4.4 Correction
coefficient estimation
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Cloud event selection

https://cloudnet.fmi.fi/

No rain before: avoid wet radome attenuation
DCRs same ice & mixed phase clouds

DCR different only ice clouds

reflectivity factor

10
Focus on homogeneous clouds
) 0
QO 8-
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S 6 %
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2 4 -20
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o Jied e ! ,.h'..,_;,_;; ;‘ e ;3 R o
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Time (UTC)
Target classification
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Aerosols & insects
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m;l_.;thlvi;‘r‘- ’.‘W._ x

i

- Melting ice
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Ice & droplets
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https://cloudnet.fmi.fi/

Before applying the methodology

Check list

« Transmitted power
should be constant

* Internal radar
temperature should
be <40°C

Transmitted power [dBm]

20 A

10 -

Transmitted power Transmitted power
BASTA CCRES BASTA SIRTA

25 1

20 1

10 -

Transmitted power [dBm]
&

radar 1 | |radat 2

T T T T T T T T T T
55000 60000 65000 70000 75000 80000 55000 60000 65000 70000
Time [s] Time [s]

Temperature inside the radar

- uncal
= ref

i

55000 60000 65000 70000 75000 80000

N
v
"
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Aeroplankton layer removal
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Interpolation and correspondence filter

Interpolation
« The radar data share the same time grid.
« The radar data share the same spatial grid (range).

Correspondence Filter
« Both radars must have the same data grid time/range

« All data not detected by both radars simultaneously is deleted. Both radars
thus end up with the same amount of coordinate data.

4.1 Data collection

4.2 Data selection and pre-processing » 4.3 Data processing

Reflectivity range

1. Cloud period (4. Correspondencej selection conditions
selection filte

i T [4.3.1 Density filter ]

2. Aeroplankton : v
o smalanen [4.3.2 Reflectivity ]

range selection

4.4 Correction —_—

. CCRES/CLU Training school, Munich, 2-5 Sept. 2025




Before vs after
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Density filter

« The purpose of this filter is to remove uncorrelated data, including outliers that
could skew the calibration transfer.

« The filter removes 2.5% of colocalised data pairs with less repeatability.

4.1 Data collection

4.2 Data selection and pre-processing » 4.3 Data processing

Reflectivity range
selection conditions

[1. Cloud period j [4. Correspondence)

selection filter
1 | 4.3.1 Density filter |
4.3.2 Reflectivity
range selection

2. Aeroplankton

3. Interpolation
layer removal

Ref. radar Reflectivity [dBZ]

W band Reflectivity [dBZ]

a.l) Same band data before density filter
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Data selection

Radar operating at same frequency

* The main source of systematic differences in
their measurements comes from instrumental

sensitivity:

- different antenna sizes

- use of different electronic components

With two radars of different frequencies

* Variations in atmospheric and cloud signal

absorption

4.1 Data collection

4.2 Data selection and pre-processing » 4.3 Data processing

1. Cloud period 4. Correspondence
selection filter

)

Reflectivity range
selection conditions

[4.3.1 Density filter ]

2. Aeroplankton

3. Interpolation
layer removal

v
4.3.2 Reflectivity
range selection

4.4 Correction
coefficient estimation
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Radar 1 Reflectivity [dBZ]
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Reflectivity selection

Selection criteria : best compromise

R*~1
Slope ~ 1

Minimum of RMSE

% of data > 60%

-~ R2 || 0995

-~ Slope

—e~ RMSE

- C0
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Application to Leipzig Campaign
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Correction coefficient estimation

Correction coefficient estimation for N - number of cloud events
one cloud event : radar reference uncertainty

— : standard deviation of correction coeff K.
K=mean(Z .-Z ) i
| ref uncal

Ki std (Zref B Zuncal)

Correction coefficient —
O 25

CC= Vi T +
“ —_—
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Calibration transfer report

»  Write a synthesis of calibration

transfer analysis for each campaign
and uncalibrated DCR radar

Correction Coefficient is
transmitted to CLU Data Center
https://cloudnet.fmi.fi/

ACTRIS
CCRES

Calibration transfer report
BASTA-mini CCRES and MIRA

Document status
Indice Action Date Function Signature
Prepared | 28/05/2024 Susana Jorquera IR
Revised 28/05/2024 Felipe Toledo IR
Approved Julien Delanoé Prof.
Content

Il.  Calibration transfer principle

. Calibration transfer setup

V. Results

[ N S A

V. Selection of periods and results after filters

Resume

The calibration transfer has been carried out between BASTA-mini CCRES and MIRA radar at the
Joyce Observatory (lilich, Germany) with 52 hours of reflectivity measurements divided into 9
periods, between December, 2023 and March 2024. The results are indicated in the following table:

Table 1 : Calibration transfer results.

Correction coefficient Uncertainty
(Reference - MIRA)
-0.2d8 0.9dB

The campaign in Germany has been carried out with the purpose of testing the ACTRIS calibration
transfer strategy, between W and Ka band radars. The correction coefficient for MIRA is calculated
using Cloudnet reflectivity profiles.
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https://cloudnet.fmi.fi/

Summary of calibration transfer campaigns in 2025

Preliminary results

Location Cloud radar Number of Periods duration Correction
cloud events accumulated coefficient [dB]

Leipzig MIRA-35 TROPOS 2 8h15 1.48 £ 1.09
campaign

RPG-94 TROPOS 7 38h30 -1.12 +0.88

MIRA-35 Melpitz 7 38h30 -1.96 + 0.91

RPG-94 Melpitz 7 38h30 -0.29+0.9

Lindenberg | MIRA-35 MOL-RAO 4 17h30 -0.76 £ 1.09
campaign

RPG-94 MOL-RAO 6 24h20 -0.10 + 0.98

BASTA Rzecin 3 14h45 -2.04 + 0.98
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|. Power calibration methods



Calibration constant monitoring with disdrometer
(Dias Neto et al., 2019; Kollias et al., 2019; Myagkov et al., 2020)

Automatically compare DCR Zh and derived disdrometer Zh in stratiform rain
events
— Ongoing CCRES activities
o Aims to monitor time shifts, drifts, DCR calibration constant deviation
e Disdrometer: Optical e Radar: Measures
particle counter, provides reflectivity (Ze) of all
N(D), the droplet size droplets in a volume
distribution during a rain e @ ® . ® . e Ze ~N(D).D®
event <:| - ""ﬁ,flli'tQTfﬂﬁ'{j‘?’ |:> e Correction of Ze for
e o \°* o/ attenuation
e Forward modelling of Ze o O "'\;;_fo_—_“"ff‘. e Compare Ze to
based on measured N(D) . Ze(disdrometer)
8
e Allows to compare forward o
simulated Ze(disdrometer) _
to radar Ze disdrometer
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Calibration constant monitoring with disdrometer
(Dias Neto et al., 2019; Kollias et al., 2019; Myagkov et al., 2020)

Automatically compare DCR Zh and derived disdrometer Zh in stratiform rain
events
— Ongoing CCRES activities

o Aims to monitor time shifts, drifts, DCR calibration constant deviation

e Minimum setup = collocated radar &
disdrometer

e But weather station is crucial to
better identify best rain periods for
more accurate monitoring

e Monitor DD measurement over time
while DD calibration techniques are
not operational
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CCRES disdrometer processing

Preprocessing Preprocessing
s L1 DD netedf file

LO DD netcdf file

J

Processing :

netCDF file with

Merged Good rain event detection
LO WS netcdf file netCDF file QC and flag for disdrometer processed Delta Z
Preprocessed data reflectivity monitoring data and statistics
for reflectivity
LO DCR netcdf file monitoring

got from CLU

Dail Quicklooks and Calibration monitoring
aily alerts on rain event : time series, PDF of Z
quicklooks periods differences

Available for NFs, on CCRES
website

https://github.com/ACTRIS-CCRES/ccres disdrometer processing

+

https://ccres-disdrometer-processing.readthedocs.io/en/latest/index.html
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https://github.com/ACTRIS-CCRES/ccres_disdrometer_processing
https://ccres-disdrometer-processing.readthedocs.io/en/latest/index.html

First product: daily quicklooks

https://ccres.aeris-data.fr/en/data-visualization/

Overview of weather conditions for a given day, and first comparison of Z from DCR (at a
relevant range) and disdrometer, without any quality control

Measurement site: SMEAR Il (61.844N, 24.287E, 150m)

28-04-2024
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https://ccres.aeris-data.fr/en/data-visualization/

Second product: “rain event quicklooks”

Criteria used for rain event selection

W h . d bl Rain duration
eather station data enables more accurate Have significant

selection of interesting rain periods for _ cumulative precipitation
, : o Cumulated rain >3mm 4 4 to ensure good statistics
calibration monitoring

Rain gap <1h v/ v Ensure rain continuity

Quality control to

Relative difference in cumulated rain 30% / X ensure the consistency
seen by pluviometer and disdrometer ’ of disdrometer

measurement

_ Number of timesteps kept from the >0 ¥ g Z Ensure robustness of
AT Remiove solid identified event for Delta Z monitoring points Delta Z statistics
>2°C v/ X v
temperature precipitation
Relative > 80% 7 X Avoid fog cases,
humidity <98% evaporation
Wind speed <7m/s v X Ecn osrl:tgr?uri?t];n
e minn ot Quality control on Quality control for timestep selection
Wind direction Lzsost(t)ht?‘r; 7 X disdrometer . . . .
2 ol measurement inside detected rain periods
Relationship < 30% vs
fall speed Gun and v/ 4 (I)Efn 3:;{: r;bsttlztt]r;ziz
/ drop size Kinzer
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Second product: “rain event quicklooks”

Quicklooks

CCRES PROCESSING @ SMEAR I
File processing on 2024-04-28
Event 1 from 17:58 28-04-2024 to 22:42 28-04-2024

Altitude
[km]

—Z5p W\’\A\ﬂ

Summary of the event : overall statistics, AZ
pdf, ZDD vs ZDCR scatter plot

w

§g CCRES PROCESSING @ SMEAR 11
8= File processing on 2024-04-28
Event 1 from 17:58 28-04-2024 to 22:42 28-04-2024

04
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Third product : long-term monitoring

2021/03 - 2024/10 Time series of METEK MIRA-35 @ Julich CC variability (168 events kept for monitoring)
Reference disdrometer : OTT HydroMet Parsivel2
No weather station data
AZ computed @ 150m AGL
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- bias moving avg (3 values)
—*— median

20.0

10.0

0.0

-10.0¢
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-20.0

2021/03 - 2024/10 AZ PDF for METEK MIRA-35 CC monitoring @ Julich
Reference disdrometﬁr H (%‘I‘I’ Hygr(gMet Parsivel2
No weather station data

-30.0

56131 timesteps kept from 168 rain events

25.0 T TIT T T T
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1
1
1
1
good event 7 4 1
n 15.0 !
@
S 1
= 1
> 1
5 :
= 10.0 ]
I
1
1
1
1
1
5.0 T
1
1
0.0

CCRES/CLU Training school, Munich, 2-5 Sept. 2025 -30 20 -0



References

Dias Neto, J., Kneifel, S., Ori, D., Trémel, S., Handwerker, J., Bohn, B., Hermes, N., Muhlbauer, K., Lenefer, M., and Simmer, C.: The TRIple-frequency and
Polarimetric radar Experiment for improving process observations of winter precipitation, Earth Syst. Sci. Data, 11, 845-863,
https://doi.org/10.5194/essd-11-845-2019, 2019.

Ewald, F., Grol3, S., Hagen, M., Hirsch, L., Delanoé, J., and Bauer-Pfundstein, M.: Calibration of a 35 GHz airborne cloud radar: lessons learned and
intercomparisons with 94 GHz cloud radars, Atmos. Meas. Tech., 12, 1815-1839, https://doi.org/10.5194/amt-12-1815-2019, 2019.

Jorquera, S., and Coauthors, 2023: Calibration Transfer Methodology for Cloud Radars Based on Ice Cloud Observations. J. Atmos. Oceanic Technol., 40,
773-788, https://doi.org/10.1175/]TECH-D-22-0087.1.

Kollias, P., Puigdomenech Treserras, B., and Protat, A.: Calibration of the 2007-2017 record of Atmospheric Radiation Measurements cloud radar
observations using CloudSat, Atmos. Meas. Tech., 12, 4949-4964, https://doi.org/10.5194/amt-12-4949-2019, 2019.

Myagkov, A., Kneifel, S., and Rose, T.: Evaluation of the reflectivity calibration of W-band radars based on observations in rain, Atmos. Meas. Tech., 13,
5799-5825, https://doi.org/10.5194/amt-13-5799-2020, 2020.

Protat, A., and Coauthors, 2009: Assessment of Cloudsat Reflectivity Measurements and Ice Cloud Properties Using Ground-Based and Airborne Cloud
Radar Observations. J. Atmos. Oceanic Technol., 26, 1717-1741, https://doi.org/10.1175/2009|TECHA1246.1.

Protat, A., and Coauthors, 2016: The Measured Relationship between Ice Water Content and Cloud Radar Reflectivity in Tropical Convective Clouds. .
Appl. Meteor. Climatol., 55, 1707-1729, https://doi.org/10.1175/|AMC-D-15-0248.1.

Toledo Bittner, F., 2021: Improvement of cloud radar products for fog surveillance networks: Fog life cycle analyses and calibration methodologies. These
doctorat, Institut Polytechnique de Paris, 144 pp., https://tel.archives-ouvertes.fr/tel-03298445.

Toledo, F., Delanog, J., Haeffelin, M., Dupont, J.-C., Jorquera, S., and Le Gac, C.: Absolute calibration method for frequency-modulated continuous wave
(FMCW) cloud radars based on corner reflectors, Atmos. Meas. Tech., 13, 6853-6875, https://doi.org/10.5194/amt-13-6853-2020, 2020.

CCRES/CLU Training school, Munich, 2-5 Sept. 2025



https://doi.org/10.5194/essd-11-845-2019
https://doi.org/10.5194/amt-12-1815-2019
https://doi.org/10.1175/JTECH-D-22-0087.1
https://doi.org/10.5194/amt-12-4949-2019
https://doi.org/10.5194/amt-13-5799-2020
https://doi.org/10.1175/2009JTECHA1246.1
https://doi.org/10.1175/JAMC-D-15-0248.1
https://tel.archives-ouvertes.fr/tel-03298445
https://doi.org/10.5194/amt-13-6853-2020

ACTRIS



