Exploring the

AN
J@dd's UNIVERSITY ‘
&\ i _ﬁ'_ 5 OF COLOGNE ACTRIS Atmosphere
SRR &

LATEST DEVELOPMENTS WITHIN THE ACTRIS
NETWORK OF GROUND-BASED MICROWAVE
RADIOMETERS:

ASSESSMENT OF INSTRUMENT UNCERTAINTIES
AND HARMONIZED RETRIEVAL DEVELOPMENT
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Ground-based Microwave radiometer @) EUMETNET
networks in Europe

AGround-based microwave radiometers (MWR) have
been operated in Europe for more than 20 years
(mostly K- and V-Band instruments)

AMore and more stations from various operators are
running continuously throughout Europe

inst. operational &
contact established (35)

ATwo initiatives aim for coordinated networks: ® ACTRIS operational (14)
| O ACTRIS planned (6)

AEUMETNET / E-Profile (operational met services) N vyl

AACTRIS (distributed research infrastructure)

AChaIIenges for network operation (calibration, data
processing, retrievals, quality control, etc.)

Rufenachtetal., 2021
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ACTRIS - Aerosol Cloud and Trace Gases
Research Infrastructure

A() main components (in-situ / remote sensing of Aerosol, Clouds and s
Trace Gases) |

A) 20 European countries, more than 100 observational sites (+chambers)

AMany previous projects/networks were combined, official start in 2023

ACIoudnet: Instrument synergy for providing cloud profiles for research
purposes (Cloud radar, Ceilometer, Microwave radiometer, Doppler lidar,
Disdrometer)

—

ACTRIS
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ACTRIS cloud
remote sensing
network

A 20 ACTRIS cloud remote sensing
sites (blue) plus 7 non-ACTRIS
sites (orange) operating, 4
mobile sites

A ~5 more sites planned

A Topical center CCRES to ensure

data quality and processing (FR,
NL, DE, FI)

A Uni Cologne hosts MWR unit
within CCRES

AHomogeneous measurement
standards (SOP)

Aommon data processing
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ACTRIS cloud remote sensing

A Products: Cloudnet target classification (cloud and ACTRIS
precipitation types)
12 PR . No data
A Cloud liquid water and ice water content Cloudnet target classification perosas & isects
— 81 Aerosols
AFurther synergy products in development Z. el & droplets
-% Ice & droplets
A Water vapor profiles 4 .‘ bzl & droptes
21 U e ; ; Drizzle or rain
. . B H&‘Mim-mww L S TR e BB L350 m«nm roplets
A Profiles of the 3D wind vector o e poe e A
Time (UTC)
APrecipitation type (polarimetric radar variables) | lce water content
. - o ek >
ABoundary—Iayer height E m‘“% TN T
2 64 10-° E
ABoundary—Iayer classification £ q!
21 . n m [ w ST
AComblned Aerosol/Cloud target classification .
. - Time.(UTC) . .
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ACTRIS cloud remote sensing

A Products: Cloudnet target classification (cloud and ACTRIS
precipitation types)
A Cloud liquid water and ice water content Cloudnet target classification e . et
AFurther synergy products in development % :\“j:té&dp't
5 e & droplets
A Water vapor profiles o .‘ - &Zr:p.ets
2] B : ‘ Drizzle or rain
A Profiles of the 3D wind vector ° M'J”“"'Lwi"ﬁi‘éi" e e "m e
APrecipitation type (polarimetric radar variables) lce water content
A Boundary-layer height gm(qm o S E
ABoundary—Iayer classification £ q! n i E
21 . e AT
A Combined Aerosol/Cloud target classification 0
With the use of MWR o
Data available real-time on cloudnet.fmi.fi
A UNIVERSITY Institute for Geophysics and Meteorology — Bernhard Pospichal et al. 27.04.2026
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Microwave radiometer processing in ACTRIS

Station operators transfer Python package MWRpy
raw data to CCRES data implemented in Cloudnet:

center unit (CLU)

AT
%t UNIVERSITY
N f OF COLOGNE

github.com/actris-cloudnet/mwrpy
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ACTRIS

cloudnet.fmi.fi

Integrated water vapor (IWV),
Temperature and humidity profiles

Institute for Geophysics and Meteorology — Bernhard Pospichal et al.

Statistical retrievals based on ERA-5 Cloudnet target classification
profiles Boundary layer profiles, height
Variables: Cloud liquid water path (LWP),


http://github.com/actris-cloudnet/mwrpy
http://github.com/actris-cloudnet/mwrpy
http://github.com/actris-cloudnet/mwrpy
http://github.com/actris-cloudnet/mwrpy
http://github.com/actris-cloudnet/mwrpy
http://github.com/actris-cloudnet/mwrpy

MWRpy processing software

A MWRpy is imp|emented in Cloudnet P man -+ | $18anch 27 Tags Q cotofie ¢ Addie - About

Python package for Microwave

f ra m eWO r k a n d m a I n ta I n e d I n . siiptuo Fix Pandas 3.0 deprecation warning v eddeefl - 3days ago YY) 233 Commits Radiometer processing in ACTRIS
C | O u d n et’ S g i t h u b re pos i to ry 8 .github/workflows Add documentation (#13) last week 0 Readme

&8 MIT license

. - - B docs Add documentation (#13) last week
(https://github.com/ _actris -cloudnet /mwrpy ) A sy
N ) = T o mwrpy Fix Pandas 3.0 deprecation warning 3 days ago & Custom properties
M tests Add documentation (#13) last week T s
— ® 3watching
A Can be used as stand-alone software N |

(d a ta fo r m at S i m i | a r to E - P R O F I L E) [ .pre-commit-config.yaml Add documentation (#13) last week Report repository

[ CHANGELOG.md Release version 0.8.2 last week Releases (57
. @ CONTRIBUTING.md Add documentation (#13) last week © mwrPy 0.8.2 ’:m\}
A Harmonized Cloudnet output follows A
[ LICENSE Update copyright information 9 months ago

ACTRIS vocabular
y [ MANIFEST.in test main branch changes 9 months ago

[ README.md Add documentation (#13) last week Contributors 3

A Software publication (JOSS) available: = e @

tobiasmarke

M a r ke et a | ¥ (2 O 2 4) LRERRME. My INIRN<iE= 7 = . siiptuo Tuomas Siipola

o MWpr Deployments 3
A MWRpy processing example .
. e
https://github.com/ACTRIS-

MWRpy is a Python software to process RPG Microwave Radiometer data and is developed at the University of

C C R E S/mW r —_ t ra i n i n g —_ S C h OO | Cologne, Germany as part of the Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS). Lanuages

The software features reading raw data, Level 1 quality control, generation of Level 2 data products and visualization

and is based on the IDL code mwr_pro. @ Python 100.0%

The netCDF data format including metadata information, variable names and file naming is designed to be compliant
with the data structure and naming convention developed in the EUMETNET Profiling Programme E-PROFILE.

A ﬂ_ UNIVERSITY Institute for Geophysics and Meteorology — Bernhai MWRpy documentation: https://actris-cloudnet.github.io/mwrpy/
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https://github.com/actris-cloudnet/mwrpy
https://doi.org/10.21105/joss.06733
https://doi.org/10.21105/joss.06733
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school
https://github.com/ACTRIS-CCRES/mwr-training-school

Cloudnet data portal

/\|\ CIOUdnei Search data Visualise data Sites Instruments Products Documentation Contact

ACTRIS DATA PORTAL
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Calibration monitoring / Absolute calibration

RPG files created during absolute calibrations

(CovMatrix *.LOG) are collected from all stations

Covariance matrix can be analyzed and visualized in
MWRpy to monitor and characterize measurement

uncertainties

joyhat, history
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Calibration monitoring / Automatic calibration

F

cologne, 2025

CAL.LOG files include gain, receiver noise temperature

Interpretation still difficult and monitoring at CLU is

currently not planned
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Quality control

Spectral consistency check
¥ Part of routine processing (level 1) and one of the quality flags present in level 1&2 files

¥ Compares retrieved and observed spectrum
¥ Detection of rain, interferences, and faulty channels

Housekeeping monitoring in Grafana w B
f Allowing efficient instrument failures  detection N i, i N L R L P Ao
F Help Wlth Instrument malntenance L wm e owe ome ome en an ap me mo  be  we  we Em o we me  me % @m sw wn om o 7.;5;:;
¥  Ensure long -term high quality geophysical data

_ _ :i:n koAbl = 13.8 68
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Quality control

MWR receiver stability in ReOBS

Long-term monitoring, including quality control and
harmonization as described in ATBD (maintained by IPSL;
https://ccres.aeris -data.fr/en/data -visualization -mwr/ )

Monthly reports

Assessment of:

¥ data availability for each instrument
¥ geophysical data quality

¥ CLU implementation planned

5 UNIVERSITY

: Institute for Geophysics and Meteorology — Bernhard Pospichal
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MWR HATPRO TOPHAT G5 @ Juelich
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Examples of receiver
temperature monitoring

M
Besidesannual cycle, also an increase of V-band w
receiver temperatures can be seenin Payerne(right) .. f/lwv',' !

| ( ‘
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Larger changes are possible after
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manufacturer (bottom) e e e e e e e e e e
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Quality control

Observation minus background ( OmB) analysis for clear sky cases
Purpose : Identifying faulty calibrations or larger drifts/jumps in brightness temperatures
Requires radiative transfer calculations based on model data available in Cloudnet (IFS, ..)

More details and an assessment of MWR uncertainties can also be found in Bock et al. 2025
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https://egusphere.copernicus.org/preprints/2025/egusphere-2025-1727/

Microwave Radiometer Retrieval Development

Goal: develop retrieval framework suited for the needs of the European Research infrastructure ACTRIS,
which includes:

Aharmonization in terms of retrieval method, input data, etc.

Aflexible design to adapt to channel malfunction, viewing angle obstruction

Aproviding sufficient metadata and traceability (together with the ACTRIS data center)

A implementation into the ACTRIS-MWR processing chain (MWRpy)

Framework consists of three Python based repositories hosted on GitHub:
AMWRpy: data processing and quality control (already implemented)
AMWpr_sim: simulate brightness temperatures from atmospheric profiles

AMWpr_ret: train retrievals and save coefficient files based on a Neural Network approach

*|g| UNIVERSITY Institute for Geophysics and Meteorology — Bernhard Pospichal et al. 27.04.2026
S OF COLOGNE



Microwave Radiometer Retrieval Development wagfy
Si

ACurrentIy supported input data: ECMWF’s IFS model, ERAS
reanalysis, and specific radiosonde formats

A Profiles are extended with standard atmosphere and near
surface heights get adjusted to the specified station altitude
(to be checked with MET station data)

A Absorption models are based on Rosenkranz 2024
ATo simulate brightness temperatures, torchMWRT is used
A part of openMWR (developed by student in Munich)

A PyTorch translation of the radiative transfer calculation core
of PyRTlib (faster and providing same results)

A also includes forward calculation of the infrared sensor
measurements using libRadtran (solver: DISORT)

A UNIVERSITY

(et 30D Institute for Geophysics and Meteorology — Bernhard Pospichal et al.
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Microwave Radiometer Retrieval Development M%@Py

Method: multi-layer densely-connected NN (also testing other approaches)

Site: lindenberg, Method: Neural Network, Angle: 90.0,
InS%ut: ['DOY*, 'HOD", ‘air_temperature’, ‘air_pressure’, ‘relative_humidity']

A Additional input (including noise): MET station data, DOY, HOD . p
ol ;2: ls;;o.m kg m~?
ARetrlevaI testing (based on splitted input data)
A Retrieval characteristics (e.g. DOF, feature importance) 2| (
AOUtpUt’ netCDF ﬁles Feature Importance for predictand: lwp . L
08 1
" ‘ | fro-
0 10 20 30 40 50
Input Iwv (kg m=%)
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Microwave Radiometer Retrieval Development

Next steps:

A Testbed for evaluating retrievals using data from
Lindenberg for real network applications (e.g.
channels missing, radiometers with higher noise,
etc.)

A Training based on 5 years of IFS data (hourly)

AFrequent and quality controlled radiosonde data
available (GRUAN products)

A Comparison with TROPoe (E-Profile), RPG
retrievals during 2024 & 2025

[ 3§y UNIVERSITY Institute for Geophysics and Meteorology — Bernhard Pospichal et al.
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Retrieval
comparison

Humidity profile retrieval from

a) 14 channels MWR zenith obs (7
channels K-Band, 7 channels
V-Band), surface temperature,
humidity, pressure, day of year,
hour of day

b)AII except 7 channels in V-
Band

C) All except surface observations

d) All except channel 1(22.24
GHz)

RN UNIVERSITY
J§/ OF COLOGNE

Institute for Geophysics al

Error Profiles of Neural Network Retrieval

Error Profiles of Neural Network Retrieval
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Summary / Outlook
AGround-based microwave radiometer networks in Europe (ACTRIS / Cloudnet,
E-Profile) are being implemented with centralized data processing

AACTRIS cloud remote sensing network with ~25 stations around Europe
includes MWR (Uni Cologne being the host of MWR topical centre)

AMWR processing and quality control already implemented
AExtensive data quality monitoring for the whole network
AMWR retrieval framework under development
AOpen—source software MWRpy, MWRpy_sim, MWRpy_ret
ACIoudnet data server is hosting MWR processing
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