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Introduction

1. Power calibration methods
a. Absolute calibration
b. Transfer calibration
c. Disdrometer monitoring

2. Antenna pointing accuracy
a. Sun tracking calibration
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Context and CCRES’ objectives

Center for Cloud Remote Sensing (CCRES)
- ~ 20 National Facilities (NFs)
- 1 Central Facility (CF)
- 1 Data Center (DC)

Standardize 
measurements

Calibrate 
instruments

Data 
qualification 

(QA/QC)
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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...

From Ewald et al., 2019

From Protat et al., 2016
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Diversity of DCRs set up within the CCRES framework

Frequency
Total 35GHz 8

Total 94GHz 14

Scanning or 
non-scanning

Total scanning 13

Total non-scanning 7

Polarimetry type
Total single polarisation 11

Total dual polarisation 5

Manufacturer

Total Metek 8

Total RPG 11

Total Copernicus 1

Total BASTA 2

Complex 
task !
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Reminder: the radar Equation
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Reminder: the Radar Equation for Real Situation

● For real radars, the emitter and receiver can have different gains and losses 
that must be accounted for.
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Reminder: the Radar Equation for Real Situation
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Reminder for the Radar Equation - dB form



I. Power calibration methods
Absolute calibration
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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
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• A typical 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

Absolute calibration (Toledo et al., 2020)
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Absolute calibration (Toledo et al., 2021)

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

● Atmospheric attenuation is corrected with SIRTA local measurements
● Takes into account the radar internal characteristics (saturation, antenna beam width, gain 

variations at the transmitter and at the receiver IF, near field distance)
● Needs several iterations to quantify the alignment of the system

Reference radar 
mode

Eq. Reflectivity 
Calibration 

constant

Reference radar 
calibration uncertainty

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

Uncertainty sources
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Constant calibration coefficient and uncertainties/bias

● CZ = C0 + fIF(r) + fT(T) + …

C0 : Constant calibration coefficient ← what we would like to determine 

Relative corrections (usually given by radar manufacturer):
- : receiver compression
- : antenna properties
- : signal to clutter ratio
- fIF (r) : relative variations in receiver loss with distance for Intermediate Frequency (IF)
- fT (T): impact of temperature fluctuation on transmitter/receiver (due to solid-state 

components) 
- : Misalignment bias
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From Toledo et al., 2020

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

Absolute calibration (Toledo et al., 2021)

From Toledo et al., 2021
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Signal to clutter ratio

• Clutter from surrounding objects (e.g., 
mast, ground) can contaminate the 
measured signal from the calibration 
target, introducing uncertainty in the 
retrieved power.

• The Signal-to-Clutter Ratio (SCR) quantifies 
this contamination, allowing the associated 
uncertainty to be included in the overall 
calibration error budget.

Absolute calibration (Toledo et al., 2021)

From Toledo et al., 2021
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• First characterization of the 10 cm corner 
reflector in an anechoic chamber (University 
of Rennes)

• Identified a slight misalignment of 0.6° 
corrected using the theoretical model

• Measured RCS is ~0.4 dB above the 
theoretical value

• The measured curve shape matches the 
theoretical RCS with an RMSE of 0.2 dB

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

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

Stability over 
time
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Absolute calibration (Toledo et al., 2021)

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

● Does not work with all DCRs
○ Signal saturation for RPG & Metek DCRs

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

■ How ? By comparing simultaneous vertical cloud measurements

→ BASTA-CCRES (reference and calibrated) DCR radar goes to every NF to 
calibrate their instruments



I. Power calibration methods
Transfer calibration
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Main steps for the calibration campaign

Step Duration Action

1 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

6 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 !
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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 (TROPOS) / Melptiz 2 RPG 94 GHz + 
2 MIRA 35 GHz

jan-feb 2025

Lindenberg (MOL-RAO) / Rzecin MIRA 35 GHz + RPG 94 GHz + 
BASTA 95GHz 

mar-may 2025

Granada (AGORA) RPG 35-94 GHz ~ oct-dec 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

??? ??? Fall 2026

Lampedusa ? Metek 35 GHz Spring 2027 ???
Otherwise DPOL method ?
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DCR calibration transfer methodology (Jorquera et al., 2023)
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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
Focus on homogeneous clouds

https://cloudnet.fmi.fi/
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Before applying the methodology
Check list

• Transmitted power 
should be constant

• Internal radar 
temperature should 
be < 40°C

radar 1 radar 2
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Aeroplankton layer removal
The data must be removed up to the 
height of the boundary layer

Case 1 : 2m T°C ~ 0°C (winter)

Case 2: 2m T°C ~ 15°C (spring) 
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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.
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Before vs after
Be

fo
re

A
ft

er
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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.
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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

• diffusion regimes 

• instrument sensitivities
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Reflectivity selection

Selection criteria : best compromise
• R² ~ 1
• Slope ~ 1
• Minimum of RMSE
• % of data > 60%
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Application to Leipzig Campaign

Preliminary results for 22nd of 
February 2025 between 08:00 and 
19:00 UTC at LEIPZIG, 

(a) Vertical profiles of reflectivity 
measured by CCRES reference radar,
 
(b) Vertical profile of reflectivity 
measured by the RPG-94 TROPOS 
cloud radar, 

(c) Classification derived by Cloudnet 
algorithm, 

(d) Raw uncalibrated reflectivity versus 
reference reflectivity, 

(e) Processed uncalibrated reflectivity 
versus reference reflectivity. 
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Correction coefficient estimation

Correction coefficient estimation for 
one cloud event
Ki = mean(Zref – Zuncal)

Ki = std (Zref – Zuncal)

Correction coefficient
CC = 

N : number of cloud events
 : radar reference uncertainty
: standard deviation of correction coeff Ki
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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/

https://cloudnet.fmi.fi/
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Summary of calibration transfer campaigns in 2025

check if ok with 
Maelle

Location Cloud radar Number of 
cloud events

Periods duration 
accumulated

Correction 
coefficient [dB]

Leipzig 
campaign

MIRA-35 TROPOS 2 8h15 1.48 ± 1.09

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 
campaign

MIRA-35 MOL-RAO 4 17h30 -0.76 ± 1.09

RPG-94 MOL-RAO 6 24h20 -0.10 ± 0.98

BASTA Rzecin 3 14h45 -2.04 ± 0.98

Preliminary results



I. Power calibration methods
Disdrometer monitoring
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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
○ Aims to monitor time shifts, drifts, DCR calibration constant deviation

● Disdrometer: Optical 
particle counter, provides 
N(D), the droplet size 
distribution during a rain 
event

● Forward modelling of Ze 
based on measured N(D)

● Allows to compare forward 
simulated Ze(disdrometer) 
to radar Ze

● Radar: Measures 
reflectivity (Ze) of all 
droplets in a volume

● Ze ~N(D).D6

● Correction of Ze for 
attenuation

● Compare Ze to 
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
○ Aims to monitor time shifts, drifts, DCR calibration constant deviation

● Minimum setup = collocated radar & 
disdrometer

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

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

https://github.com/ACTRIS-CCRES/ccres_disdrometer_processing

+

https://ccres-disdrometer-processing.readthedocs.io/en/latest/index.html  

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

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

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

https://ccres.aeris-data.fr/en/data-visualization/
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Second product: “rain event quicklooks”

Criteria used for rain event selection

Weather station data enables more accurate 
selection of interesting rain periods for 
calibration monitoring

Quality control for timestep selection 
inside detected rain periods
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Quicklooks

Paragraph

Second product: “rain event quicklooks”

Views of the event +- 1h, quality control

Summary of the event : overall statistics, ∆Z 
pdf, ZDD vs ZDCR scatter plot
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Third product : long-term monitoring
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Thank you !


