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LATEST DEVELOPMENTS WITHIN THE ACTRIS 
NETWORK OF GROUND- BASED MICROWAVE 
RADIOMETERS: 
ASSESSMENT OF INSTRUMENT UNCERTAINTIES 
AND HARMONIZED RETRIEVAL DEVELOPMENT
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ÅGround- based microwave  radiometers  (MWR) have 
been operated  in Europe for more  than 20 years 
(mostly  K-  and V- Band instruments )

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

ÅTwo initiatives aim for coordinated  networks :

ÅEUMETNET / E- Profile (operational met  services)

ÅACTRIS (distributed  research infrastructure )

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

Ground- based Microwave  radiometer  
networks  in Europe
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For E- Profile: 
See presentation  
OS6.4 tomorrow
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Å6 main components (in - situ / remote sensing of Aerosol, Clouds and 
Trace Gases)

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

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

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

ACTRIS ς Aerosol Cloud and Trace Gases 
Research Infrastructure 
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Å20 ACTRIS cloud  remote sensing 
sites (blue) plus 7 non - ACTRIS 
sites (orange) operating , 4 
mobile sites

Å~5 more  sites planned

ÅTopical center  CCRES to ensure 
data quality  and processing  (FR, 
NL, DE, FI)

ÅUni Cologne hosts MWR unit  
within  CCRES

ÅHomogeneous  measurement  
standards (SOP)

ÅCommon data processing

ACTRIS cloud
remote sensing
network
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+4 mobile sites



ÅProducts: Cloudnet  target  classification  (cloud  and 
precipitation  types)

ÅCloud liquid water and ice water content

ÅFurther synergy products  in development

ÅWater vapor profiles

ÅProfiles of the 3D wind vector

ÅPrecipitation  type ( polarimetric  radar variables)

ÅBoundary- layer height  

ÅBoundary- layer classification

ÅCombined  Aerosol/Cloud target  classification

ACTRIS cloud  remote sensing
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Cloudnet  target  classification

Ice water  content
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ÅProducts: Cloudnet  target  classification  (cloud  and 
precipitation  types)

ÅCloud liquid water and ice water content

ÅFurther synergy products  in development

ÅWater vapor profiles

ÅProfiles of the 3D wind vector

ÅPrecipitation  type ( polarimetric  radar variables)

ÅBoundary- layer height  

ÅBoundary- layer classification

ÅCombined Aerosol/Cloud target classification

With the use of MWR 

Data available real- time on cloudnet.fmi.fi

ACTRIS cloud  remote sensing
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Cloudnet  target  classification

Ice water  content
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Microwave  radiometer  processing  in ACTRIS
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Python package MWRpy
implemented in Cloudnet :

github.com/ actris- cloudnet /mwrpy

Station operators transfer 
raw data to CCRES data 
center unit (CLU)

cloudnet.fmi.fi

Statistical retrievals based on ERA- 5 
profiles
Variables: Cloud liquid water path (LWP), 
Integrated water  vapor (IWV), 
Temperature  and humidity  profiles

Cloudnet  target  classification
Boundary layer profiles , height
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MWRpy  processing  software
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Å MWRpy is implemented in Cloudnet
framework and maintained in 
/ƭƻǳŘƴŜǘΩǎgithub repository 
(https://github.com/ actris -cloudnet /mwrpy ) 

Å Can be used as stand- alone software 
(data format similar to E- PROFILE)

Å Harmonized Cloudnet output follows 
ACTRIS vocabulary

Å Software publication (JOSS) available: 
Marke et al., (2024)

Å MWRpy processing example : 
https://github.com/ACTRIS -
CCRES/mwr- training - school
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Cloudnet  data portal
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ɍ RPG files created during absolute calibrations 
(CovMatrix *.LOG) are collected from all stations

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

Calibration  monitoring  / Absolute calibration
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ɍ CAL.LOG files include gain, receiver noise temperature
ɍ Interpretation still difficult and monitoring at CLU is 

currently not planned

Calibration  monitoring  / Automatic  calibration
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Spectral consistency check

ɍ Part of routine processing (level 1) and one of the quality flags present in level 1&2 files
ɍ Compares retrieved and observed spectrum
ɍ Detection of rain, interferences, and faulty channels

Housekeeping monitoring in Grafana

ɍ Allowing efficient instrument failures detection
ɍ Help with instrument maintenance
ɍ Ensure long -term high quality geophysical data

Alerting system will be set up

Quality control  
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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:

ɍ data availability for each instrument

ɍ geophysical data quality

ɍ CLU implementation planned

Quality control  
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Examples of receiver
temperature monitoring
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Besidesannual cycle, also an increaseof V-band 
receiver temperatures can be seen in Payerne(right )

Larger changesare possible after 
maintenance / repair works at
manufacturer (bottom)



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 Böck et al. 2025

Quality control
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absolute calibrations

https://egusphere.copernicus.org/preprints/2025/egusphere-2025-1727/


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

which  includes :

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

Åflexible design to adapt to channel malfunction, viewing angle obstruction

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

Åimplementation into the ACTRIS - MWR processing chain ( MWRpy)

Framework consists of three Python based repositories hosted on GitHub:

ÅMWRpy: data processing and quality control (already implemented)

ÅMWRpy_sim: simulate brightness temperatures from atmospheric profiles

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

Microwave  Radiometer Retrieval Development
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Å/ǳǊǊŜƴǘƭȅ ǎǳǇǇƻǊǘŜŘ ƛƴǇǳǘ ŘŀǘŀΥ 9/a²CΩǎ LC{ ƳƻŘŜƭΣ 9w!р 
reanalysis, and specific radiosonde formats

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

ÅAbsorption models are based on Rosenkranz 2024

ÅTo simulate brightness temperatures, torchMWRT is used

Åpart of openMWR (developed by student in Munich)

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

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

Microwave  Radiometer Retrieval Development
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Method: multi - layer densely- connected NN (also testing other approaches)

ÅAdditional input (including noise): MET station data, DOY, HOD

ÅRetrieval testing (based on splitted input data)

ÅRetrieval characteristics  (e.g. DOF, feature importance )

ÅOutput: netCDF files

Microwave  Radiometer Retrieval Development
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Next steps:

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

ÅTraining based on 5 years of IFS data (hourly)

ÅFrequent and quality  controlled  radiosonde  data 
available (GRUAN products )

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

Microwave  Radiometer Retrieval Development
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Retrieval 
comparison
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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) All except  7 channels in V-
Band

c) All except  surface observations

d) All except  channel 1 (22.24 
GHz) 

a)

b)

c)

d)



ÅGround- based microwave  radiometer  networks  in Europe (ACTRIS / Cloudnet , 
E- Profile) are being  implemented  with  centralized  data processing

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

ÅMWR processing  and quality  control  already implemented

ÅExtensive data quality  monitoring  for the whole network

ÅMWR retrieval  framework  under development

ÅOpen- source software  MWRpy, MWRpy_sim, MWRpy_ret

ÅCloudnet  data server is hosting  MWR processing  

Summary / Outlook
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Thank you for  your  attention ! 


