
ACTRIS Cloud Remote Sensing Workshop June 2026 - D. Rossi, M. 

Montopoli and D. Cimini

Vicarious calibration monitoring of the 
89 GHz passive channel of RPG FMCW 94 

cloud radars for the ACTRIS network
Opportunity for a routine product?

Davide Rossi, Mario Montopoli, Domenico Cimini 
and support from AQ -NF team

(davide.rossi@graduate.univaq.it )

mailto:davide.rossi@grqduate.univaq.it


ACTRIS Cloud Remote Sensing Workshop June 2026 - D. Rossi, M. Montopoli and D. Cimini

Outline

Ɍ Motivation

Ɍ Spatial and temporal context

Ɍ Absolute calibration and vicarious calibration technique

Ɍ Vicarious calibration method in brief

Ɍ Examples of vicarious calibration monitoring over ACTRIS observatories

Ɍ Conclusions

Ɍ Future developments

2



ACTRIS Cloud Remote Sensing Workshop June 2026 - D. Rossi, M. Montopoli and D. Cimini

Motivation & goal

Ɍ Motivation : radiometric observations are prone to calibration drifts
between maintenance cycles. Detecting and eventually correcting
these shifts is essential for high-quality, continuous observational
datasets and to improve Liquid Water Path (LWP) and Liquid Water
Content (LWC) retrievals

Ɍ Goal : to monitor and maintain the calibration of 89 GHz channel in
RPG-FMCW-94 cloud radars across the ACTRIS network, ensuring
long-term data consistency through uncalibrated measurements
correction.
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Spatial and temporal context

Ɍ Ground based observations: 89 GHz passive channel of RPG FCMW 94 
Ɍ 9 among ACTRIS observatories
Ɍ Time range: Jul 2023 ȿFeb 2026, updates ongoingɍ
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Absolute calibration
Å Accurate measurements come from a 

well calibrated instrument

Å To be performed every 6 months to 
ensure accurate measurements 
(hot/cold procedure)

Å Detect Drifts: constant monitoring of 
instrument calibration

Vicarious calibration
Å Can supplement absolute calibration

Å Comparison of measured signal against 
simulated one using clear sky 
atmosphere as reference

Å Eventual measurement correction

Å Primary focus: 89 GHz passive channel

Absolute calibration and vicarious calibration

Bulky tools, inconvenient 

procedure, but necessary!
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Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment
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Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment

Reanalysis vertical profiles

Data type Gridded

Horizontal coverage Global

Horizontal resolution
Reanalysis: 0.25° x 

0.25°

Temporal coverage 1940 to present

Temporal resolution Hourly

é
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Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment

Clear sky screening
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ERA5 vertical atmospheric profile extrapolation to surface

Cloudy sky

Clear sky
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Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment
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(Mech et al., 2020)

Cloudy sky

Clear sky

difference
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Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment

Observed (Ὕὦ) and simulated ( Ὕȟ ) data 

aggregation ïERA5, whole dataset, per station

9 EU stations
Å Bucharest

Å Cluj-Napoca

Å Galati

Å Granada

Å Hyytiala

Å Julich

Å LôAquila

Å Lindenberg

Å Payerne

10



ACTRIS Cloud Remote Sensing Workshop June 2026 - D. Rossi, M. Montopoli and D. Cimini

Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment

Outliers filtering

11



ACTRIS Cloud Remote Sensing Workshop June 2026 - D. Rossi, M. Montopoli and D. Cimini

Vicarious calibration in brief

Data aggregation and ODR: correction coefficients and calibration state 

assessment

Calibration state assessmenté

&

é and 

correction
Per station

Per  calendar month
+Tb,corr= Tb,obsĀ
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Moving window analysis
Å Some stations (i.e: Hyttiala) exhibited a

large temporal variation of the instrument

calibration state

Å Aggregating data over periods belonging

to different calibration states would lead to

the calculation of wrong correction

coefficient S & I

Å A continuous analysis is needed Ą

30days hourly updating moving windows

Å Linear regression of Ὕ vs.Ὕ in a 30-day

window (W) wrt the considered hour to

estimate slope (S), intercept (I) and bias

B=<Ὕ -Ὕ >W

Å Only windows with at least 150 clear sky

points are retained.

Å The window W slides at hourly steps and S, I,

B are updated consequently.

Å Perfect calibration requires S=1 & I=0 & B=0

Å Otherwise, within a tolerance, a

miscalibration flag may be raised

Å Miscalibrated data may be recalibrated

wrt simulations (assumed as reference)

Ὕ

Ὕ
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Run time calibration

Ɍ The recalibrated TB (Ὕ) at generic i-th hour ɇt iɅis obtained as:

Ὕ Ὕ ɇὛ Ὅ

ὛȟὍare calculated within a window W that covers 30days before time index i

S, I, B are computed on

4 vs. Ὕ

to assess the effect of

recalibration

Ὕ
Ὕ

Ὓ

Ὅ
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A posteriori time calibration

Ɍ The recalibrated TB (Ὕ) at generic i-th hour ɇt iɅis obtained as:

Ὕ Ὕ ɇӶὛ ӶὍ

ӶὛȟӶὍare the average slope and intercept over N windows of length 30 days, W, which extremes always include the time 

index i.

Ὕ

S, I, B are computed on

4 vs. Ὕ

to assess the effect of

recalibration

Ὕ

ӶὛ=
В Ὓ

ὔ

ӶὍ=
В Ὅ

ὔ

Ὓ

Ὅ
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Calibration assessment & a posteriori time calibration
Bucharest
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Measured Corrected (a -posteriori) 

Acknowledgements to Toanca Flori, Anca Nemuc and all INOE colleagues
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Calibration assessment & a posteriori time calibration
Cluj-Napoca

Measured 

Acknowledgements to Andrei - Titus Radovic and UBBCLUJ colleagues

Corrected (a -posteriori) 
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Calibration assessment & a posteriori time calibration
Galati
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Measured 

Acknowledgements to Daniel Constantin, Mirela Voiculescu and UGAL colleagues

Corrected (a -posteriori) 
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Calibration assessment & a posteriori time calibration
Granada (Nephele)

19

Measured 

Acknowledgements Maria J. Granados-Muñoz and UGR colleagues

Corrected (a -posteriori) 
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Calibration assessment & a posteriori time calibration
Granada (Nebula)
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Measured 

Acknowledgements Maria J. Granados-Muñoz and UGR colleagues

Corrected (a -posteriori) 
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Calibration assessment  - Granada insights 
Nebula vs Nephele cal.
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Nephele - measured 

Acknowledgements Maria J. Granados-Muñoz and UGR colleagues

Nebula - measured

LN2 Sky T Neph. Sky T 

BASTA BASTA
NEPHELE moved to a 

location 270m away


