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Motivation & goal

R 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

R 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

R Ground based observations: 89 GHz passive channel of RPG FCMW 94
R 9 among ACTRIS observatories
R Timerange: Jul2023sFeb 2026, updates ongoi ng

RPG-FMCW-94 Site coverage 20 Jul 2023 to 19 Feb 2026

Site (Lat, Lon, Alt)

Payerne (46.8, 6.94, 491) - ‘ ‘HH ‘ ‘H ‘ H payerne_rpg-fmcw-94_37a71c75
Laquila (42.4, 13.3, 683) H || | H H | || H H | H || | | | ﬂ || | | ﬂ H ‘“ H | laquila_rpg-fmcw-94_b7813902
Julich_2 (50.9, 6.41, 111) A -I .. II _ juelich_rpg-fmcw-94_f7e00266

Hyytiala (61.8, 24.3, 150) H | H H ‘ ‘ “ “ ‘ D D hyytiala_rpg-fmcw-94 19156417

S T T AR
Granada 1 (37.2, -3.61, 680) '|:H ‘ ‘ “ ‘ U H l:‘ |:| H I:l granada_rpg-fmcw-94_le67e6c2

Cluj-Napoca (46.8, 23.5, 459) 1 l:l || ‘ | H H H H ‘ ‘ cluj_rpg-fmcw-94_0b458d39
NG 5% 2 W N2 > P 9% N 0% AR A0
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m Absolute calibration and vicarious calibration

CCRES

Absolute calibration Vicarious calibration
A Accurate measurements come from a A Can supplement absolute calibration
well calibrated instrument A Comparison of measured signal against
A To be performed every 6 months to simulated one usinglear sky
ensure accurate measurements atmosphere as reference
(hot/cold procedure) A Eventual measurement correction
S A Primary focus: 89 GHz passive channel

Clear sky atmosphere
‘\.- . Observations
Bulky tools, inconvenient RPG FMCW 94 (T,) ' . ‘
procedure, but necessary!

Measurments
A Detect Drifts: constant monitoring of o 4 8# correction

Instrument calibration ‘—'

Forward simulations
(Tb,sim)
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Vicarious calibration in brief
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ERAS reanalysis RPG FMCW94 meas.

Y Y

Screening & Pre-processing

Y

PAMTRA Processing
(Forward Model)

Y

Results & Comparisons

Data aggregation and ODR: correction coefficients and calibration stat
assessment

Input

Screening ] ‘ Model ’ [ Results
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RPG FMCW94 meas. \

Y Y

ERAS reanalysis ]I

Reanalvysis vertical profiles

Screening & Pre-processing

Y

PAMTRA Processing
(Forward Model)

Y

Results & Comparisons

Data aggregation and ODR: correction coefficients and calibration stat

assessment Data type Gridded

Horizontal coverage Global

Reanalysis: 0.25° x

‘ Input Screening ” Model ’ [ Results Horizontal resolution 0.25°
Temporal coverage 1940 to present
Temporal resolution Hourly
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ERAS reanalysis RPG FMCW94 meas. ERAS vertical atmospheric profile extrapolation to surface

nnnnn

l l ERAS NWP vs Radiosonde - 20250612 - Launch: 16:03 - NWP: 16:00Z

Screening & Pre-processing

Altituds

Y

PAMTRA Processing
(Forward Model)
v Clear sky screening
Results & Comparisons 350 W e Aol i v (107
i Valid periods (std < 0.5 K) Cloudy Sky
Data aggregation and ODR: correction coefficients and calibration stat
assessment e
g o) Clear sky
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Input ’ [ Screening ” Model ’ [ Results
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Vicarious calibration in brief

ERAS reanalysis RPG FMCW94 meas.

uuuuu

y / a0

Screening & Pre-processing

Altitude (m)

15000

PAMTRA Processing
Temperature (K)
(Forward Model)

280 300 [ W & & 400
Relative Humidity (%) Pressure (hPa)

(Mech et al., 2020

89 GHz Brightness Temperature - 2025-07-13 - L'Aquila

Y

=~ Radiometer Tb 89 GHz

Rolling std dev (10 min)
® Tb PAMTRA-ERAS
Valid periods (std < 0.5 K)

Results & Comparisons

assessment

difference

Input ’[ Screening ” Model H Results

Time UTC

Cloudy sky

Clear sky
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R;)GFMCW%mea& Observed ( "Y) and simulated ( "Yy ) data

[ ERAS reanalysis ]
aggregation 1T ERAS5, whole dataset, per station

Y Y

Screening & Pre-processing ~ 9 EU stations
A Bucharest
A Cluj-Napoca
v A Galati
PAMTRA Processing .. L A Granada
(Forward Model) cee A Hyytiala
~ A Julich
A L6AquUI
Results & Comparisons A Llndenberg
A Payerne
Data aggregation and ODR: correction coefficients and calibration stat
assessment
‘ Input ’ [ Screening ” Model ’ [ Results
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Vicarious calibration in brief

ERAS reanalysis RPG FMCW94 meas. Ouitliers filtering

Lindenberg

Y 1 . Lindenberg - Scatters ODR refit inside KDE

distribution

. . 100
Screening & Pre-processing 300 T— T %

-~ reg all: slope=0.954, int=2.00
~—— reg in: slope=0.993, int=0.25

= | =
250 - BIAS =13 (xi—y:)

Overall
N = 6879

PAMTRA Processing BIAS = 0.25

STDE = 4.43 K
RMSE = 4.43 K
(Forward Model) 200|R = 0.9672

KDE refit /

N_in = 5717 Y/, 60
BIAS_in = 0.09 K
STDE_in = 1.90 K
RMSE_in = 1.91 K
R_in = 0.9914

Y

80

150 -
Results & Comparisons

Pamtra Tb [K]

40

Counts density (%)

Data aggregation and ODR: correction coefficients and calibration stat 100 - . :
assessment X

Input ’[ Screening ” Model H Results
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Vicarious calibration in brief

[ ERAS reanalysis ] |' RPG FMCW94 meas. C a I I b r-a t I On S t a t € asSsSe

Y v ‘ - 10% density contour

— - = =2 00
———|reg in: slope=0.99 Iint=0.25

Screening & Pre-processing

Y

PAMTRA Processing | é an d
(Forward Model) .
correction { Y per station
— |
Tb,corr_ Tb,obs'A\S1 &
Results & Comparisons Per calendar month

Data aggregation and ODR: correction coefficients and calibration stat
assessment

‘ Input ’[ Screening ” Model H Results
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Moving window analysis

A Some stations (i.e: Hyttiala) exhibited a
large temporal variation of the instrument
calibration state

A Aggregating data over periods belonging
to different calibration states would lead to
the calculation of wrong correction
coefficient S & |

A A continuous analysis is needed A
30days hourly updating moving windows

Hyytiala
Hyytiala - Scatters ODR refit inside KDE
> distribution
300

100

—— 10% density contour
— reg all: slope=0.352, int=18.15
—— req in: slope=0.782, int=-1.13

250 BIAS =} (x;— i)

Overall
N = 7058
BIAS = 18.17 K

N
(=]
[=]

Pamtra Tb [K]
g
Counts density (%)

=
o
o

50

{: il

100 150 200 250 300
Tb Measured - uncorrected [K]
Y

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

A Linear regression of Y vs.“Y in a 30-day

window (W) wrt the considered hour to
estimate slope (S), intercept (I) and bias
B=<"Y -7Y >y

A Only windows with at least 150 clear sky

points are retained.

A The window W slides at hourly steps and S, 1,

B are updated consequently.

Measured T, and simulated T, time series and their difference
Clear sky - Hyytiala (w=30d)

Measured T, and 5|mulated ﬁ, time series
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wrt simulations (assumed as reference)




Run time calibration

R The recalibrated T; ("Y) at generic i-th h o u tAis gbtained as:

oy Y Y O

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

Measu nd simulated T, time series Corrected measured T, and simulated T, time series
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A posteriori time  calibration

R The recalibrated Tg ("Y) at generic i-th h o u tAis @gbtained as:
"Y uY ¢nf "6

“YHdare the average slope and intercept over N windows of length 30 days, W, which extremes always include the time
index i.

Measured T, and simulated T, time series Corrected measured T, and simulated T, time series
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Calibration assessment & a posteriori time calibration

ACTRIS Bucharest
CCRES

Measured Corrected (a -posteriori)
Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between| Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - |, Bias) between
Measured T, and simulated T, along the period 20 jul 2023 to 20 jul 2025 for Bucharest_2 Clear Sky atmosphere |corrected 7, and simulated 7, along the period 20 Jul 2023 to 20 Jul 2025 for Bucharest_2 Corrected mode - outliers
used as reference - Outliers filtered by KDE density method (Density = 10%) filtered by KDE density method (Density = 10%)
S
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@ 5 ] ! @ 3] : !
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No meas. - - No data - -
w=30d Clear Sky points — w=30d Clear Sky points —
<=150 - <=150 -
Time Time
== lIdeal: S=1, |=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal. == |deal: S=1, |=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal.

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

ACTRIS
CCRES

Measured

ClurNapoca

Locations

22026-03-04 - now Bucharest
2024-05-22 - 2026-03-03 Cluj-Napoca

Corrected (a -posteriori)

Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between
Measured T, and simulated T, along the period 22 may 2024 to 19 feb 2026 for Cluj-Napoca Clear Sky atmosphere

used as reference - Outliers filtered by KDE density method (Density = 10%)

Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between
corrected T, and simulated T, along the period 22 May 2024 to 19 Feb 2026 for Cluj-Napoca Corrected mode -

outliers filtered by KDE density method (Density = 10%)
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== lIdeal: S=1, |=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal. == |deal: S=1, |=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal.
Acknowledgements to Andrei - Titus Radovic and UBBCLUJ colleagues
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Calibration assessment & a posteriori time calibration

ACTRIS Galati
CCRES

Measured Corrected (a -posteriori)

Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between

Measured T, and simulated T, along the period 08 sep 2023 to 19 feb 2026 for Galati Clear Sky atmosphere used as
reference - Outliers filtered by KDE density method (Density = 10%)

Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between

corrected T, and simulated T, along the period 08 Sep 2023 to 19 Feb 2026 for Galati Corrected mode - outliers
filtered by KDE density method (Density = 10%)
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== lIdeal: S=1, |=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal. == |deal: S=1, I=0, Bias=0 === Abs. Cal. 30d post-Abs. Cal.

Acknowledgements to Daniel Constantin, Mirela Voiculescu and UGAL colleagues
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Calibration assessment & a posteriori time calibration

ACTRIS
CCRES

Granada Nephelg

Measured Corrected (a -posteriori)
Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between| Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - |, Bias) between
Measured T, and simulated 7, along the period 26 feb 2024 to 27 nov 2025 for Granada_1 Clear Sky atmosphere corrected T, and simulated T, along the period 26 Feb 2024 to 27 Nov 2025 for Granada_1 Corrected mode -
used as reference - Outliers filtered by KDE density method (Density = 10%) outliers filtered by KDE density method (Density = 10%)
2.0 S 2.0 S
= 2.00 T = 2.00 T
5 1.75 A i 5 1.75 A i
X 150 A i X 150 A i
- 125 - i - 125 - -l
U 100 Fm—mmm e e e e e e U 100 fe=—mmm e e e e e e e —— ey
2075 | “L : ~ &o075 :
W 0.50 ‘\_JJ 1 % 050 ;
~ 025 - ! ~ 025 - :
v 0.00 T T T T T T T T T T T T T T T T T T T - T v 0.00 + T T T T T T T T T T T T T T T T T T - T
- | - I
v 10 > T v v 10 :
D T, L AR VARV U TAURPER: SR SNV SURPUN SUNUIL OV SOVUIEN SUUE SRR SO RN UL UL RN S S it D ¢ R, LU PURPURE NS SORIRN EVESUR SOUUUE WU PUPUE SOOI EPUNEN: SR NI SV R NIV SV S S SO0 Ay
2 -10 - | B -10 - l
9 _20 - | g -20 - |
. [} . 1
0 —-30 - ! @ —-30 - !
- I - I
£ -40 1 : £ 710 l
-5 H———7—7—T—7 — — T - -5 fH—————7— — — ————————
Bias Bias
1 T 1 T
1 1 T 1
] I ] |
— : ! "~ : !
v ] i v ] i
el g I R B I
w 73 | 8 11 :
@ - e e e e e T B ) fr e e e e e W T
—_ - 1 _ - 1
- LN2: -1 LN2:
5 % %8 8 8 % 8 % % R B % 8/ % & k% K B R 5% R & 8§ % % 8 % % B % W A8 % R & X 8 8 %
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Calibration assessment & a posteriori time calibration

ACTRIS Granada (Nebula)
CCRES

Measured Corrected (a -posteriori)

Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - I, Bias) between| Moving window (w=30d) Orthogonal Distance Regression (ODR) coefficients (Slope - S, Intercept - |, Bias) between
Measured T, and simulated T, along the period 26 feb 2024 to 14 jan 2026 for Granada_2 Clear Sky atmosphere |corrected 7, and simulated T, along the period 26 Feb 2024 to 14 Jan 2026 for Granada_2 Corrected mode - outliers

used as reference - Outliers filtered by KDE density method (Density = 10%) filtered by KDE density method (Density = 10%)
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Calibration assessment Granada insights
Nebula vs Nephele cal.
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