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MONDAY 27 APR 2026

08:30-09:00 | REGISTRATION

09:00-09:10 | WELCOME

09:10-09:20 | LOGISTICS

09:20-09:30 | Golden Florin Award ceremony

09:30-10:30 | ORAL SESSION (0S1): Advanced radiometer techniques

Session Chairs: Antonia Gambacorta (NASA), Ville Kangas (ESA)

| 0S1.1 Martin-Neira Manuel
WINDI - THE WIND INTERFEROMETER

| 0S1.2 Ricciardulli Lucrezia
SPECIALIZED ALGORITHMS FOR TROPICAL CYCLONE WIND RETRIEVALS WITH SATELLITE
MW RADIOMETERS

0S1.3 Polverari Federica (presented by Shannon Brown)
COMPACT OCEAN WIND VECTOR RADIOMETER (COWVR): LONG-TERM SENSOR
PERFORMANCE AND ENVIRONMENTAL DATA PRODUCTS

| 0S1.4 Jérome Puench (presented by Boulanger Xavier)
AOS/C20OMODO: INNOVATIVE RADIOMETER SUBASSEMBLIES DESCRIPTION AND TEST
RESULTS

10:30-11:00 | BREAK



11:00-12:30 | ORAL SESSION (0S1): Advanced radiometer techniques
(Cont.)

Session Chairs: Antonia Gambacorta (NASA), Ville Kangas (ESA)

| 0S1.5 Gambini Fabrizio (presented by Gambacorta Antonia)
ADVANCEMENT IN SPACEBORNE MICROWAVE-PHOTONIC TECHNOLOGY AT NASA
GODDARD SPACE FLIGHT CENTER

| 051.6 Schmid Philipp
A MODERN MICROWAVE RADIOMETER FOR SOLAR FLUX MONITORING

| 051.7 Krochin Witali
CALIBRATION OF A FULLY POLARIMETRIC TEMPERATURE RADIOMETER TO OBSERVE THE
ZEEMAN-SPLIT EMISSION LINES OF OXYGEN AT 53 GHZ

| 0S51.8 Belousov Dominik
SUBMILLIMETER CRYOGENIC RADIOMETER FOR ICE ACTIVITY OBSERVATIONS

| 051.9 Filinis Adrianos
A NEW GROUND-BASED, CRYOGENICALLY COOLED RADIOMETER FOR MIDDLE
ATMOSPHERIC WATER VAPOR MEASUREMENTS

0S1.10 Anterrieu Eric
AN OVERVIEW OF FANTASIOR, A FLEXIBLE ANTENNAS ARRAY FOR SYNTHESIS IMAGING IN
OBSERVATIONAL RADIOMETRY

12:30-14:00 | LUNCH

14:00-15:30 | ORAL SESSION (0S2): Clouds and precipitation

Session Chairs: Steven Reising (CSU), Vinia Mattioli (EUMETSAT)

| 0S2.1 Crewell Susanne (presented by Pospichal Bernhard)
HOW MUCH DO WE KNOW ABOUT THE WATER CONTENT OF ARCTIC CLOUDS?

| 0S2.2 D'Adderio Leo Pio
NEW PERSPECTIVES AND ADVANCEMENTS IN MICROWAVE-BASED ANALYSES AND
CHARACTERIZATION OF MEDICANES

0S2.3 McEvoy Peter
SUB-MILLIMETRE ATMOSPHERIC OBSERVATIONS: FROM THE ARCTIC WEATHER SATELLITE
TO FUTURE OPERATIONAL APPLICATIONS




0S2.4 Fan Yongzhen
MACHINE LEARNING ENHANCED SNOWFALL RATE RETRIEVALS FROM PASSIVE
MICROWAVE SENSORS

0S2.5 Pospichal Bernhard

LATEST DEVELOPMENTS WITHIN THE ACTRIS NETWORK OF GROUND-BASED MICROWAVE
RADIOMETERS: ASSESSMENT OF INSTRUMENT UNCERTAINTIES AND HARMONIZED
RETRIEVAL DEVELOPMENT

0S2.6 Kim Donghyeck
IMPLEMENTATION OF SELF-SIMILAR RAYLEIGH-GANS APPROXIMATION INTO PASSIVE
MICROWAVE RADIATIVE TRANSFER SIMULATIONS

15:30-16:00 | BREAK

16:00-17:30 | ORAL SESSION (0S3): Sensor Calibration

Session Chairs: Shannon Brown (JPL), Jacqueline BOUTIN (LOCEAN/IPSL)

| 0S3.1 Schobert Dennis (presented by Lupi Tito)
ON-GROUND TEST CALIBRATION FOR THE MICROWAVE IMAGER (MW!I) FLIGHT MODELS

| 053.2 Leslie Vince
NASA TROPICS MISSION: L1 RADIANCE POST-LAUNCH CALIBRATION AND VALIDATION
AFTER TWO YEARS ON ORBIT

0S3.3 Jelenak Zorana
ON THE VARIABLE PERFORMANCE AND CALIBRATION OF THE STEPPED FREQUENCY
MICROWAVE RADIOMETER

0S3.4 Bronnimann Alexandra
CHALLENGES OF ON-GROUND CALIBRATION OF POLARIMETRIC MICROWAVE
RADIOMETERS

0S3.5 Czekala Harald
ADVANCED SPECTRAL RETRIEVALS FOR AUTOMATIC MONITORING OF DATA QUALITY
AND SYSTEM STATUS OF GROUND-BASED RADIOMETERS

0S3.6 Salim Maryam (presented by Brown Shannon)
EMBEDDED PSEUDO-CORRELATION WATER VAPOR RADIOMETER IN NASA’S DEEP SPACE
NETWORK FOR ATMOSPHERIC DELAY CORRECTION




17:30-18:30 | POSTER SESSION (PS1): Instruments and technology

| PS1.1 Kainulainen Juha (presented by Lahtinen Janne)

THE CIMR-AIR INSTRUMENT — AN AIRBORNE RADIOMETER SYSTEM TO SUPPORT THE
COPERNICUS IMAGING MICROWAVE RADIOMETER MISSION

| PS1.2 Ricciardelli Elisabetta

VICARIOUS CALIBRATION FOR MWI AND ICI USING RADIOSOUNDINGS (VICIRS)

| PS1.3 Zheng Xiaomeng

AN ON-ORBIT CALIBRATION METHOD FOR CORRECTION MICROWAVE RADIOMETER
BASED ON PHYSICAL MODEL AND NEURAL NETWORKS

| PS1.4 Pomante Giulio

RECEIVER-CHAIN MODELING OF A POLARIMETRIC RADIOMETER

| PS1.5 Wehres Nadine

THE FRONTEND OF THE ICE CLOUD IMAGER ONBOARD THE METOP SATELLITE B

| PS1.6 Barbieri Stefano

PRELIMINARY TESTS AND MEASUREMENTS OF A PROTOTYPE TWO-ANTENNA
RADIOMETER FOR SUN-TRACKING ATMOSPHERIC CHARACTERIZATION AT 89 GHZ

| PS1.7 Boulanger Xavier

IMPACT OF FREQUENCY RESPONSE UNCERTAINTIES ON THE ACCURACY OF
AOS/C*0OMODO RADIOMETER

| PS1.9 Arpesi Pier Giorgio (presented by Giove Valerio Paolo)

ACTIVE COLD LOAD TECHNOLOGY FOR THE CALIBRATION OF THE COPERNICUS IMAGING
MICROWAVE RADIOMETER

PS1.10 Han Donghao

ORBITING AND GROUND RFI MITIGATION STRATEGY IN MICAP L-BAND INTERFEROMETRIC
RADIOMETER

PS1.11 Boutin Jacqueline

REMOTE SENSING OF SEA SURFACE SALINITY AT HIGH LATITUDES USING CRYORAD 0.4-
2GHZ WIDEBAND RADIOMETER

PS1.12 Shenolikar Justin

THE MIRADOR PROJECT: ENHANCING THE ASSESSMENT OF OFFSHORE WIND RESOURCES
WITH MICROWAVE RADIOMETERS

PS1.13 Kempe Karl-Erik (presented by Riesbeck Johan)

LOW POWER POLYPHASE FAST-FOURIER TRANSFORM SPECTROMETER FOR SPACEBORNE
INSTRUMENTS




PS1.14 Prigent Catherine

A SYNERGISTIC GLOBAL OCEAN AND ATMOSPHERIC ALGORITHM FOR THE COPERNICUS
IMAGING MICROWAVE RADIOMETER

PS1.15 Lazzara Luca

THE ON GROUND CALIBRATION, CHARACTERIZATION AND VERIFICATION APPROACH FOR
THE CIMR INSTRUMENT

PS1.16 Li Yuhang

COMPACT INTEGRATED SWITCHABLE FILTERS BASED ON SILICON STACKED SIP
TECHNOLOGY

| PS1.17 Kristensen Steen Savstrup

TEST BENCH FOR METAL MESH RF EMISSIVITY MEASUREMENTS BY RADIOMETRIC MEANS

| PS1.18 Graziani Alberto

MICROWAVE SOUNDER FOR METOP-SG SATELLITE-A INSTRUMENT STATUS AND IN-ORBIT
RADIOMETRIC PERFORMANCE

PS1.19 Kotiranta Mikko

INTERCOMPARISON OF MICROWAVE BLACKBODY CALIBRATION TARGETS USING A
RADIOMETRIC MILLIMETRE-WAVE TESTBED

PS1.21 Meissner Thomas (presented by Ricciardulli Lucrezia)

COWVR BRIGHTNESS TEMPERATURE CALIBRATION AND TWO-LOOK WIND DIRECTION
PERFORMANCE

PS1.22 Beechler Brad

RETRIEVAL PERFORMANCE OF A NEXT-GENERATION HYPERSPECTRAL DIGITAL
RADIOMETER INSTRUMENT

PS1.23 Acquistapace Claudia

FILLING THE OBSERVING GAP OVER COMPLEX TERRAIN: CHARACTERIZE WATER VAPOR
AND CLOUDS OVER SARNTAL ALPS USING GROUND-BASED REMOTE SENSING
OBSERVATIONS AT DIFFERENT ALTITUDES

PS1.24 Tocca Valerio

THE RADIO FREQUENCY PROCESSING UNIT OF THE COPERNICUS IMAGING MICROWAVE
RADIOMETER: AN UPDATE

PS1.25 Jelenak Zorana

A NOVEL MONITORING TOOL FOR THE STEPPED FREQUENCY MICROWAVE RADIOMETER
INSTRUMENT

PS1.26 De La Llana Patrick

TROPICS MICROWAVE RADIOMETER CALIBRATION ANOMALY IDENTIFICATION AND
CORRECTION FOR THE NASA GLOBAL PRECIPITATION MISSION




PS1.27 Brogioni Marco
LOMIRAD ULTRA-WIDEBAND LOW FREQUENCY RADIOMETER: PERFORMANCE
ASSESSMENT AND PRELIMINARY FEEDBACK FROM MEASUREMENT CAMPAIGN

| PS1.28 Grilli Marco
CIMR: THE DEVELOPMENT CHALLENGES

| PS1.29 Gentile Sabrina
GRUAN PROCESSOR: UPDATES AND CURRENT STATUS WITHIN THE VICIRS PROJECT
FOLLOW-UP

PS1.30 Medina Catalina
THE ARCTIC WEATHER SATELLITE: RADIOMETRIC CALIBRATION CONSIDERATIONS ON
SCAN DEPENDENT BIAS

PS1.31 Rossi Davide
MONITORING 89GHZ RADIOMETRIC CHANNEL FOR SYNERGISTIC ATMOSPHERIC
RETRIEVALS WITH COLOCATED GROUND-BASED CLOUD RADAR OBSERVATIONS

| PS1.32 Albers Roland

QUASI-OPTICAL DESIGN OF TEMPERA-C POLARIMETER AND CHARACTERISING
POLARISATION DEPENDENT BIASES

| PS1.34 Cimini Domenico
QUANTIFYING RADIOSONDE SPATIAL AND TEMPORAL REPRESENTATIVENESS FOR
VICARIOUS ICI/MWI CALIBRATION UNCERTAINTY

| PS1.35 Nagamine Urata Katia
EVALUATION OF IONOSPHERIC FARADAY ROTATION EFFECTS FOR THE CRYORAD EARTH
EXPLORER CANDIDATE MISSION

| PS1.36 Venkitasubramony Aravind (former 0S9.8)
DEVELOPMENT OF A V-BAND 2-PATH (25SQCC) CONTINUQUS CALIBRATING
SPECTROMETER BASED ON THE MULTI PATH CROSS CORRELATION RADIOMETRY (MXCR)
TECHNIQUE

18:30-20:00 | ICE BREAKER



TUESDAY 28 APR 2026

08:30-09:00 | REGISTRATION

09:00-10:30 | ORAL SESSION (0S4): Current and future satellite
missions: higher frequency

Session Chairs: William Blackwell (MIT), Scanlon Tracy (ECMWF)

| 054.1 Mattioli Vinia
THE EUMETSAT POLAR SYSTEM - SECOND GENERATION (EPS-SG) PASSIVE MICROWAVE
IMAGERS, MWI AND ICI: LAST PREPARATORY ACTIVITIES BEFORE LAUNCH

| 0S4.2 Bennartz Ralf (presented by Kroodsma Rachael)
NASA’S POLARIZED SUBMILLIMETER ICE-CLOUD RADIOMETER (POLSIR) MISSION

| 054.3 Colucci Paolo
EUMETSAT MICROWAVE SOUNDER CONSTELLATION: THE EPS-STERNA PROGRAMME

| 0S4.4 Munchak S. Joseph
THE TOMORROW.IO MICROWAVE SOUNDER CONSTELLATION: ACHIEVING FULL ON-
ORBIT CAPACITY

0S4.5 Di Michele Sabatino
ACTIVITIES AT EUMETSAT ASSESSING THE L1B PRODUCT QUALITY AND INSTRUMENT
PERFORMANCE OF THE MICROWAVE SOUNDER (MWS) ONBOARD METOP-SG Al

0S4.6 Misra Sidharth (presented by Brown Shannon)
ON-ORBIT PERFORMANCE OF THE MICROWAVE ELECTROJET MAGNETOGRAM (MEM)
RADIOMETER ON THE ELECTROJET ZEEMAN IMAGING EXPLORER (EZIE) MISSION

Back to top

10:30-11:00 | BREAK

11:00-12:30 | ORAL SESSION (0S5): Submillimeter-wave technology and
experimental campaigns

Session Chairs: Rachael Kroodsma (NASA), Stuart Fox (MetOffice)

| 0S5.1 Graziani Alberto
ON-GROUND CHARACTERISATION AND PERFORMANCES OF THE ICE CLOUD IMAGER (ICI)
FLIGHT MODELS




0S5.2 Adams lan (presented by Kroodsma Rachael, former 0S2.2)
AIRBORNE CAMPAIGN OBSERVATIONS AND ANALYSIS FOR THE CONFIGURABLE
SCANNING SUBMILLIMETER-WAVE INSTRUMENT/RADIOMETER (COSSIR)

0S5.3 Wu Shengli
VICARIOUS CALIBRATION OF MICROWAVE RADIATION IMAGER ONBOARD FENG YUN
SERIES SATELLITES IN YUNNAN FOREST

0S5.4 Pardo Juan R.
ATACAMA PATHFINDER EXPERIMENT (APEX) MEASUREMENTS OF THE 159-752 GHZ
ATMOSPHERIC SPECTRUM AND RESULTING MODEL UPGRADES

| 0S5.5 Brogioni Marco
THE CRYORAD AIRBORNE BAFFIN BAY CAMPAIGN: FIRST RESULTS AND LESSON LEARNED

| 055.6 Zhou Yiwen
P-BAND ICE DIELECTRIC MEASUREMENT SYSTEM FOR THE CRYORAD MISSION

Back to top

12:30-14:00 | LUNCH

14:00-15:30 | ORAL SESSION (0S6): Atmospheric Sounding and Climate

Session Chairs: Lisa Milani (NASA), Tim Hewison (EUMETSAT)

| 0S6.1 Duncan David
PERFORMANCE ASSESSMENT OF NEW MICROWAVE SOUNDERS WITH ALL-SKY NWP
MONITORING

| 0S6.2 Kangas Ville
IN-ORBIT PERFORMANCE OF THE ARCTIC WEATHER SATELLITE

| 0S6.3 Eble Madison
ROTATING UNIVERSAL RADIOMETER FOR PLANETARY BOUNDARY LAYER OBSERVATIONS
AND LAND-ATMOSPHERE INTERACTIONS

0S6.4 Sauvageat Eric
E-PROFILE GROUND-BASED MICROWAVE RADIOMETER NETWORK: TOWARDS
OPERATIONAL REAL-TIME THERMODYNAMIC PROFILING AT THE EUROPEAN SCALE

| 0S6.5 Fennig Karsten
USING MICROWAVE RADIANCES FOR THE GENERATION OF CLIMATE DATA RECORDS FOR
PRECIPITATION, WATER VAPOUR, LIQUID WATER PATH AND EVAPORATION-RELATED
QUANTITIES AT CM SAF




0S6.6 Huckle Roger
SPECIAL SENSOR MICROWAVE IMAGER/SOUNDER (SSMIS) FUNDAMENTAL DATA RECORD

FOR C3S

15:30-16:00 | BREAK

16:00-17:30 | ORAL SESSION (0S7): Theoretical principles and sensor
synergy

Session Chairs: Kachi Misako (JAXA), Manuel Martin-Neira (ESA)

| 0S7.1 Zeiger Pierre
SCATTERING MECHANISMS IN THE ICE SHEET’S PERCOLATION ZONES INFERRED FROM
SMOS INCIDENCE DIAGRAMS

0S7.2 Brown Shannon
POLARIMETRIC RESPONSE OF THE OCEAN SURFACE OVER THE FULL RANGE OF INCIDENCE
ANGLE FROM 18-35 GHZ: RESULTS FROM THE COWVR PITCH EXPERIMENT

0S7.3 Liao Tien-Hao
RADIOMETER AND RADAR REMOTE SENSING OF SOIL MOISTURE AND VOD OF CROPS
WITH ROW STRUCTURES WITH NUMERICAL SOLUTIONS OF 3D MAXWELL EQUATIONS

0S7.4 Picard Ghislain
RECENT EXTENSIONS OF THE SNOW MICROWAVE RADIATIVE TRANSFER (SMRT) MODEL
ENABLING MULTI-MODAL ACTIVE/PASSIVE SIMULATIONS

0S7.5 Chandrasekar V.
EVALUATING THE PHYSICAL CONSISTENCY BETWEEN GMI AND DPR BASED RETRIEVALS OF
PRECIPITATION SYSTEMS

| 0S7.6 Elgered Gunnar
ESTIMATION OF ATMOSPHERIC LIQUID WATER BY COMBINED OBSERVATIONS FROM
GROUND-BASED SINGLE-CHANNEL MICROWAVE RADIOMETRY AND GNSS

Back to top

18:00-20:00 | SOCIAL ACTIVITIES



WEDNESDAY 29 APR 2026

08:30-09:00 | REGISTRATION

09:00-10:30 | ORAL SESSION (0S8): Current and future satellite
missions: lower frequency

Session Chairs: Joel Johnson (OSU), Catherine Prigent (Obs. Paris)

| 058.1 Liu Hao
CALIBRATION OF MICAP L/C/K BAND INTERFEROMETRIC RADIOMETERS DURING IN-ORBIT
COMMISSIONING PHASE

0S8.2 Komaru Ryota (presented by Sakamoto Saori)
EARLY RESULT OF THE ADVANCED MICROWAVE SCANNING RADIOMETER (AMSR3)
PART1: HARDWARE DEVELOPMENT AND LEVEL1 CALIBRATION

0S8.3 Kachi Misako
EARLY RESULTS OF THE ADVANCED MICROWAVE SCANNING RADIOMETER 3 (AMSR3)
PART2: ALGORITHM AND VALIDATION

| 058.4 Grilli Marco
CIMR: A GAME CHANGER

| 0S8.5 Macelloni Giovanni
ADVANCING CRYOSPHERE MONITORING: THE CRYORAD SPACEBORNE MISSION CONCEPT

| 0S8.6 Rodriguez-Fernandez Nemesio (presented by Anterrieu Eric)
THE FINE RESOLUTION EXPLORER FOR SALINITY, CARBON AND HYDROLOGY (FRESCH) L-
BAND MISSION

| 0S8.7 Ekelund Robin (former 0511.6)
TOWARDS PHYSICALLY CONSISTENT COPERNICUS IMAGING MICROWAVE RADIOMETER
LEVEL 2 PRODUCTS FOR THE GLOBAL OCEAN AND ATMOSPHERE

10:30-11:00 | BREAK



11:00-12:30 | ORAL SESSION (0S9): Hyperspectral microwave systems

Session Chairs: Satya Kalluri (NOAA), Axel Murk (U. Bern)

| 0S9.1 Gambacorta Antonia
THE ADVANCED ULTRA-HIGH RESOLUTION OPTICAL AND RADIOFREQUENCY (AURORA)
PATHFINDER

| 059.2 Fox Stuart
AIRBORNE DEMONSTRATION OF HYPERSPECTRAL MICROWAVE OBSERVATIONS

| 059.3 He Jieying
DESIGN AND VERIFICATION OF MICROWAVE HYPERSPECTRAL ATMOSPHERIC SOUNDER
ON THE CHINESE NEW GENERATION METEOROLOGICAL SATELLITE

0S9.4 Kroodsma Rachael
FIRST OBSERVATIONS FROM THE AIRBORNE HYPERSPECTRAL MICROWAVE SOUNDER
COSMIR-H

0S9.5 Kristiansen Nina

HYPERSPECTRAL MICROWAVE SATELLITE OBSERVATIONS: INFORMATION CONTENT AND
CHANNEL SELECTION FOR NUMERICAL WEATHER PREDICTION DATA ASSIMILATION
APPLICATIONS

12:30-14:00 | LUNCH

14:00-14:30 | ORAL SESSION (0S9): Hyperspectral microwave systems
(Cont.)

Session Chairs: Satya Kalluri (NOAA), Axel Murk (U. Bern)

| 0S59.6 Reising Steven
REMOTE SENSING OF THE PLANETARY BOUNDARY LAYER USING NEXT-GENERATION
HYPERSPECTRAL MICROWAVE SOUNDERS: HIGH-FREQUENCY MICROWAVE AND
MILLIMETER-WAVE RADIOMETER — HIGH DEFINITION (HAMMR-HD)

0S9.7 Bliankinshtein Natalia
HISRAMS RADIOMETRIC CALIBRATION AND ENVIRONMENTAL BIASES




14:30-15:30 | POSTER SESSION (PS2): Applications, experimental
campaigns, synergy, Al

| PS2.1 Toanca Flori

EXPLORING THE POTENTIAL FOR REAL-TIME FORECASTING OF LOW-VISIBILITY EVENTS AT
ACTRIS RADO-BUCHAREST FACILITY, ROMANIA

PS2.2 Goliasch Jens

GRAWAC: DUAL-FREQUENCY FMCW RADAR WITH DIFFERENTIAL ABSORPTION
MEASUREMENT IN G-BAND FOR WATER VAPOR AND ARCTIC CLOUDS

| PS2.3 Fennig Karsten

FUNDAMENTAL CLIMATE DATA RECORD OF MICROWAVE IMAGER RADIANCES, EDITION 5

| PS2.4 Apudo Lennox

UPDATES AND IMPROVEMENTS ON ACCURACY TO CALIBRATE CUBESAT RADIOMETER
CONSTELLATIONS

PS2.5 De Jeu Richard

USING THE ANGULAR DEPENDENCE OF THE POLARIZATION RATIO TO ANALYZE AIRCRAFT
PASSIVE MICROWAVE MEASUREMENTS OVER LAND

PS2.6 Frederikse Thomas (presented by Ridderikhoff Margot)

A MULTI-DECADAL HIGH-RESOLUTION SOIL WATER CONTENT PRODUCT BASED ON THE
SMAP CLIMATOLOGY

| PS2.7 Klein Marian

HIGH EFFICIENCY, MILLIMETER WAVE DEPLOYABLE REFLECTOR ANTENNAS

| PS2.8 Milani Lisa

SNOWEFALL REGIME CLASSIFICATION: APPLICATION OF MACHINE LEARNING CLASSIFIER
TO PASSIVE MICROWAVE OBSERVATIONS

PS2.10 Zhao Tianjie

MULTI-SENSOR LONG-TERM GLOBAL SOIL MOISTURE MAPPING WITH ENHANCED SPATIO-
TEMPORAL COVERAGE

PS2.11 Petkovic Veljko

FROM INFRARED TO PASSIVE MICROWAVE: DEEP LEARNING EMULATION WITH
UNCERTAINTY DIAGNOSTICS

| PS2.12 Xu Haokui

MODELING THE L BAND ACTIVE AND PASSIVE MICROWAVE SIGNATURES OF PERENNIAL
FIRN AQUIFER




PS2.13 Sebastianelli Stefano

ON THE DETECTION OF THE ROTATIONAL CENTER OF MEDICANES: COMPARISON
BETWEEN MERCAD AND ARCHER

PS2.14 Karachristos Konstantinos (presented by Barbieri Stefano)

CROSS-LOCATION NEURAL NETWORK TRANSFER LEARNING FOR RAIN ATTENUATION
ESTIMATION AT MILLIMETER-WAVELENGTHS

PS2.15 Rimali Aleksi

UAV-BASED L-BAND RADIOMETER MEASUREMENTS THE NORTHERN BOREAL WETLAND
ENVIRONMENT DURING THE FREEZING SEASON

PS2.16 Tsujimoto Kumiko

A MATRIC-POTENTIAL-BASED DIELECTRIC MODEL FOR MOIST SOILS: LABORATORY
VALIDATION AND APPLICATION TO AMSR2 RETRIEVALS

PS2.17 Kaleschke Lars

EVALUATING CRYORAD PERFORMANCE REQUIREMENTS THROUGH 0.4-2 GHZ
BRIGHTNESS TEMPERATURE SIMULATIONS WITH OCEAN-SEA ICE MODELS

PS2.18 Hossan Alamgir

MICROWAVE RADIOMETRIC ESTIMATION OF LIQUID WATER CONTENT AND INFILTRATION
DEPTH IN POLAR ICE SHEETS USING MULTIFREQUENCY OBSERVATIONS

PS2.19 Rautiainen Kimmo

SIXTEEN YEARS OF TOWER-BASED ELBARA-II L-BAND RADIOMETRY AT THE SODANKYLA
SUPERSITE: FROM SOIL FREEZE/THAW TO FOREST CANOPY TRANSMISSIVITY ACROSS
CONTRASTING BOREAL LANDSCAPES

PS2.20 Loffler Moritz

GROUND BASED MICROWAVE RADIOMETER — CLOUD DETECTION, SKY-CLEARING AND O-
B STATISTICS

PS2.21 Tsang Leung

EMISSION AND BACKSCATTERING OF ROUGH SOIL SURFACES AT L BAND BASED ON
MULTILEVEL SMCG METHOD

PS2.23 Vittucci Cristina

A STUDY TO DERIVE HIGH RESOLUTION L-VOD INFORMATION BY EXPLOITING SMOS LEVEL
2 AND SATELLITE LIDAR DATA

PS2.24 Jelenak Zorana

THE GLOBAL ALL-WEATHER SEA SURFACE TEMPERATURE (GAWSST) ALGORITHM: A
ROBUST METHOD FOR RAIN-CONTAMINATED REGIONS




PS2.25 Camplani Andrea

PASSIVE MICROWAVE SNOWFALL RETRIEVAL AND COMPARISON WITH AIRBORNE
MEASUREMENTS OVER THE ARCTIC REGION

PS2.26 Sano Paolo

THE H SAF EPS-SG MICROWAVE IMAGER AND MICROWAVE SOUNDER GLOBAL
PRECIPITATION PRODUCTS

PS2.27 Chen Keyi

REPORT OF ASSIMILATING MWRI/FY-3D IN ALL SKY OBSERVATIONS OVER SEA WITHIN
ARPEGE

| PS2.28 Montopoli Mario

MACHINE LEARNING APPROACHES OF WIVERN L2 PRODUCTS OF LWP AND IWP AND
CONSEQUENCES ON PATH INTEGRATED ATTENUATION

| PS2.29 Reising Steven

INTERCALIBRATION OF PASSIVE MICROWAVE SENSORS USING THE DYNAMIC
MICROWAVE RADIOMETER ON THE NASA INCUS MISSION BASED ON HERITAGE FROM
THE TEMPEST MISSIONS

PS2.30 Shi Jiancheng

ESTIMATION OF SNOW MELT WATER USING REMOTE SENSING AND SNOW PROCESS
MODEL OVER THE QINGHAI-TIBET PLATEAU

PS2.31 Polverari Federica

THE ADVANCED MICROWAVE RADIOMETER CONTRIBUTION TO THE CRISTAL MISSION
SCIENCE: SNOW DEPTH ON SEA ICE

PS2.32 Colliander Andreas

UNDERSTANDING PASSIVE MICROWAVE VARIABILITY OVER QUEEN MAUD LAND IN THE
CONTEXT OF INCREASING MASS BALANCE

PS2.33 Nilo Saverio Teodosio

ASSESSING ATMOSPHERIC STABILITY FROM GROUND-BASED MICROWAVE RADIOMETER
OBSERVATIONS FOR WIND ENERGY APPLICATIONS

PS2.35 Pace Giandomenico

CLOUD CHARACTERISTICS OBSERVED AT THE ENEA STATION OF LAMPEDUSA, CENTRAL
MEDITERRANEAN

| PS2.36 Gallucci Donatello

INFRARED-MICROWAVE SYNERGY TO SUPPORT CHARACTERISATION OF POLAR LOWS

| PS2.37 Al-Khaldi Mohammad (presented by Johnson Joel, former PS1.20)

DETECTION AND CHARACTERIZATION OF L1 BAND RFI USING SPACEBORNE GNSS-R
SYSTEMS




PS2.38 Mike Schwank (presented by Zhou Yiwen, former 0S10.3)
ESTIMATION OF CRITICAL PARAMETERS IN THE SMOS LAND RETRIEVAL ALGORITHM

15:30-16:00 | BREAK

16:00-17:30 | ORAL SESSION (0S10): Soil moisture, soil state, and
vegetation

Session Chairs: Jancheng Shi (NSSC, China), Simonetta Paloscia (CNR)

| 0510.1 Kerr Yann
SMOS AFTER 16 YEARS IN OPERATION: RESULTS, LESSONS LEARNT AND REMAINING
CHALLENGES

0S10.2 Holmberg Manu
BAYESIAN TIME SERIES APPROACH AND ITS APPLICATION TO RETRIEVE GROUND AND
VEGETATION VARIABLES FROM SMOS

| 0510.3 Kalluri Satya
NOAA SOIL MOISTURE PRODUCTS AND ITS APPLICATIONS

| 0510.4 Madelon Rémi
EVALUATING ALTERNATIVE FORMULATIONS OF THE SMAP LEVEL-4 CARBON MODEL FOR
THE NORTH AMERICAN ARCTIC-SUBARCTIC DURING THE GROWING SEASON

0S10.5 Colliander Andreas
ARCTIC-BOREAL BENCHMARKING OF SMAP SOIL MOISTURE, FREEZE-THAW, VOD, AND
SNOW RETRIEVALS

0S10.6 Cui Huizhen
A PRELIMINARY INVESTIGATION INTO THE POTENTIAL OF HY-4A/MICAP DATA FOR SOIL
MOISTURE RETRIEVAL

20:00-22:00 | SOCIAL DINNER
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08:30-09:00 | REGISTRATION

09:00-10:30 | ORAL SESSION (0S11): Snow, ice, and oceans

Session Chairs: Lucrezia Ricciardulli (RSS), Giovanni Macelloni (CNR)

| 0511.1 Matzler Christian
WHAT RADIOMETRY OF SNOW NEAR 0°C TELLS US ON THE PHYSICS OF ICE AND WATER

| 0511.2 Tsang Leung
NUMERICAL 3D MAXWELL'S EQUATIONS PATHWAYS TO SNOW MICROPHYSICS: WET
SNOW EFFECTIVE PERMITTIVITY FOR L-BAND RADIOMETRY

0S11.3 Haddjeri Ange
CRYORAD: A FORWARD MODEL SENSITIVITY STUDY FOR A LOW-FREQUENCY PASSIVE
MICROWAVE RADIOMETER (0.4-2 GHZ) OVER ICE SHEETS

0S11.4 Wang Wenyu
PRELIMINARY RESULTS OF SEA SURFACE SALINITY RETRIEVAL FROM MICAP COMBINED
ACTIVE AND PASSIVE OBSERVATION

0S11.5 Hossan Alamgir
DEVELOPMENT AND UPDATES OF THE CRISTAL AMR-CR LEVEL 2 ALGORITHM FOR SEA ICE
CONCENTRATION AND TYPE

0S11.7 Boutin Jacqueline
CCI+SSS: ENHANCING OBSERVATIONS OF SEA SURFACE SALINITY TO MEET CLIMATE
CHALLENGES

Back to top

10:30-11:00 | BREAK

11:00-12:30 | ORAL SESSION (0S12): Al and smallsats

Session Chairs: Zorana Jelenak (UCAR), Sabatino Di Michele (EUMETSAT)

| 0S12.1 Blackwell William
RECENT PROGRESS IN SMALLSAT CONSTELLATIONS, BEAM-STEERING ARRAYS, AND
COGNITIVE SENSING FOR MICROWAVE IMAGING AND SOUNDING OF THE ATMOSPHERE




| 0512.2 Hewison Tim
EUMETSAT PERFORMANCE ANALYSIS OF AWS TO PREPARE FOR EPS-STERNA

| 0S12.3 Honeyager Ryan
THE TOMORROW.IO MICROWAVE SOUNDER CONSTELLATION: OBSERVATION IMPACT
ASSESSMENTS

0S12.4 Prigent Catherine
MICROWAVE EMISSIVITY PARAMETERIZATION FROM 1.4 GHZ TO 90 GHZ FOR GLOBAL
APPLICATIONS, USING MACHINE LEARNING

0S12.5 Santi Emanuele
INTEGRATION OF PASSIVE AND ACTIVE MULTIFREQUENCY DATA FROM AMSR-2 AND
COSMO SKYMED FOR ALPINE SNOW MONITORING AT HIGH RESOLUTION

0S12.6 Zhang Zijin
MACHINE LEARNING-BASED ALGORITHM FOR SEA LEVEL PRESSURE RETRIEVAL FROM THE
JOINT OBSERVATIONS OF 50-60 AND 118 GHZ SPACEBORNE MICROWAVE RADIOMETERS

Back to top

12:30-14:00 | LUNCH

14:00-15:30 | ORAL SESSION (0S13): RFI and spectrum management

Beau Backus (JHU), Giulia Panegrossi (CNR)

| 0S13.1 de Matthaeis Paolo
PASSIVE MICROWAVE REMOTE SENSING AT C-BAND: CONSIDERATIONS ON THE NEW
FREQUENCY ALLOCATIONS PROPOSED IN AGENDA ITEM 1.19 OF THE WORLD
RADIOCOMMUNICATION CONFERENCE 2027

| 0S13.2 Arpesi Pier Giorgio (presented by Giove Valerio Paolo)
DESIGN STRATEGY FOR RADIO FREQUENCY INTERFERENCE PROTECTION, DETECTION AND
MITIGATION OF THE COPERNICUS IMAGING MICROWAVE RADIOMETER

0S13.3 Ellzey Hayden (presented by Joel Johnson)

EVOLUTION OF THE RADIO FREQUENCY INTERFERENCE (RFI) ENVIRONMENT IN
NORTHERN CANADA: A COMPARISON OF UWBRAD AND LOMIRAD 500-2000 MHZ DATA
FROM LOW FREQUENCY MICROWAVE RADIOMETER MEASUREMENTS OVER NORTHERN
CANADA

0S13.4 Madrid Angel
RADIO FREQUENCY INTERFERENCE RESILIENT PASSIVE MICROWAVE SENSOR




0S13.5 Scanlon Tracy
IDENTIFICATION, ATTRIBUTION AND SCREENING OF RFI SOURCES USING NWP
DEPARTURE STATISTICS

15:30-16:00 | BREAK

16:00-16:30 | ORAL SESSION (0S13): RFl and spectrum management
(Cont.)

Beau Backus (JHU), Giulia Panegrossi (CNR)

| 0S13.6 Meissner Thomas (presented by Ricciardulli Lucrezia)
DETECTION AND FLAGGING OF RADIO FREQUENCY INTERFERENCE CONTAMINATION IN
SMAP OCEAN OBSERVATIONS

0S13.7 Maeda Takashi
CURRENT STATUS OF RESEARCH AND DEVELOPMENT OF SCANNING ARRAY FOR
HYPERMULTISPECTRAL RADIOWAVE IMAGING (SAMRAI) MOUNTED ON SATELLITE

16:30-17:00 | RFI Panel Discussion

Discussion on Radio Frequency Interference (RFl) and spectrum management in
passive microwave remote sensing

Moderator: Paolo de Matthaeis (NASA GSFC, UMBC, IEEE GRSS)
Panelists: Giulia Panegrossi (CNR), Joel Johnson (OSU), William Blackwell (MIT),
Tracy Scanlon (ECMWF), Markus Dreis (EUMETSAT)

17:00-17:15 | Marzano Award ceremony

17:15-17:20 | Best poster/presentation awards

17:20-17:30 | Adjourn
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WINDI - THE WIND INTERFEROMETER
M. Martin-Neiral, F. Scala?, A. Strangfeld?

1European Space Agency

The WINDI concept aims at exploring the possibility of measuring the horizontal components of the wind vector over a
wide swath of a few hundreds of kilometres, from the planetary boundary to a height of 20 km, with a height resolution
of 2 km, through the use of a distributed interferometric radiometer with an observation frequency centred at the
water vapour resonant rotational line at 22.235 GHz.

The emission of the water vapour molecules can be received by two receivers forming a baseline and cross-correlated.
By filtering the signals with a filter shape similar to that of the line spectrum, it is possible to obtain fringes at the output
of the cross-correlator. These fringes move in the delay axis (fringe-rotation) at a rate proportional to the wind velocity
parallel to the baseline. By setting two baselines at an angle the two components of the wind velocity vector can be
obtained. In order to get the vertical (and horizontal) resolution, antennas with a number of parallel pencil beams are
used on both ends of the baseline, intersecting with each other in the atmospheric volume of interest.

This contribution aims at presenting at the conference the basic preliminary analysis that has been carried out showing
the formation of fringes with a rotation proportional to the Doppler shift, hence the wind velocity. However, a full
sensitivity analysis of this idea is still to be carried out and is work in progress. If once completed the theoretical analysis
remains positive, the WINDI concept could be verified with a ground demonstration experiment which will also be
introduced at the conference.

View in the program



SPECIALIZED ALGORITHMS FOR TROPICAL CYCLONE WIND RETRIEVALS WITH
SATELLITE MW RADIOMETERS

L. Ricciardullil, T. Meissner!

1Remote Sensing Systems

Space-based wind measurements in extreme environments, as those seen in Tropical Cyclones (TC), have historically
been challenging because of the presence of rain, which impacts the observed signal and is hard to discern from the
wind signal. Recent years saw important advancements in extreme wind measurements in storms with microwave (MW)
radiometers, brought first by L-band sensors, such as SMAP or SMOS, which retain very good sensitivity to winds (10-70
m/s) without being affected by rain. Other radiometers such as WindSat and the AMSR series also allow extreme
measurements in rain by taking advantage of the different sensitivity to rain of C- and X-band channels, but they require
statistical algorithms specially trained for extreme wind speeds and in intense rain.

While performing statistically well for intense wind speeds (above 33 m/s, the Category 1 lower threshold), where the
wind-induced signals are stronger than the rain ones, the C/X-band empirical algorithms present residual biases,
particularly significant in the 20-30 m/s storm-wind regime. An examination of many such biased cases in the AMSR2
TC-wind retrievals revealed that they were associated with two types of situations: (1) wind retrievals in the TC rain
bands, or (2) in regions in the core of the storm with unusually cold brightness temperatures (TB) in the 89 GHz (W-
band) channels (lower than 200 K), indicating areas of very deep convective towers. These biases can result in
overestimates of the storm intensity and size. This poses a problem for the operational forecast community, when
ingesting these parameters into their automated forecast systems.

In order to mitigate these biases, we developed a new empirical linear regression algorithm for AMSR2 that utilizes all
frequency channels from C- to W-band, and it is trained specifically in TC conditions. It turns out that including the W-
band channels is essential to improve the performance of the AMSR TC-wind algorithm. The new algorithm has been
trained using an extensive set of storm scenes from the Hurricane Weather Research and Forecast (HWRF) model. The
HWRF wind fields were resampled at the AMSR2 spatial resolution (25 km grid), interpolated at the satellite time and
shifted so that the storm centers of HWRF and satellite passes are matching. The training dataset was based on 38 TCs
in the period 2018-2023 in all basins (~200 storm scenes; ~150000 colocations). The new C to W-band algorithm
significantly mitigates the residual spurious rain/cloud ice bias. The same algorithm methodology can be easily extended
to other radiometers with the same frequency range (i.e., AMSR3). We also plan to explore the potential skill of all-
weather wind algorithms for radiometers without the C-band (for instance GMI or WSF-M).

The presentation will cover the basic methodology for the new C-W-band wind algorithm, it will summarizes some
validation activity of the AMSR2 TC-wind fields, which were processed with the new algorithm for recent storms in
2023-25. The validation includes comparisons of the AMSR TC-winds with wind fields from a testing dataset of HWRF
storms, as well as comparison of satellite-derived storm features such as intensity and size with operational products
such as the Best Track data and the satellite-consensus dataset SatCon.

View in the program



COMPACT OCEAN WIND VECTOR RADIOMETER (COWVR): LONG-TERM SENSOR
PERFORMANCE AND ENVIRONMENTAL DATA PRODUCTS
F. Polveraril, M. G. Morrisi, S. T. Brown!

1Jet Propulsion Laboratory, California Institute of Technology

The Compact Ocean Wind Vector Radiometer (COWVR) is the first space demonstration of a low-cost, small-sat
compatible conical microwave imager for atmospheric and surface observation, specializing in ocean vector winds.
Heritage conical microwave imagers, such as SSM/I, AMSR, WindSat, GMI, and WSF-M have been providing important
Earth observations for over 45 years, including but not limited to surface wind vector, atmospheric and surface
temperature, water vapor, clouds, precipitation, snow and sea ice. However, due to the cost and complexity of these
legacy systems, the ad hoc international constellation is dwindling, extending re-visit times, impacting weather
forecasting. The objective of the COWVR mission is to demonstrate that a new, lower-cost radiometer architecture can
perform as well as the legacy systems.

COWVR was deployed on the International Space Station (ISS) in January 2022 as a part of the Space Force Space Test
Program (STP-H8) mission along with the TEMPEST-H8 microwave sounder. TEMPEST-HS8 provides retrievals of vertical
water vapor profiles and ice cloud properties, including convective intensity. The COWVR sensor provides fully
polarimetric passive microwave observations at 18.7, 23.8, and 33.9 GHz, from which, ocean wind vector, precipitable
water vapor, and cloud liquid water path can be estimated. The design of the COWVR instrument leverages the
Electronic Polarization Basis Rotation (EPBR) technique in order to simplify the mechanical design and is
calibrated using internal polarimetric sources resulting a 360° un-blocked conical scan (similar to SMAP). The un-
blocked scan enables views in both the fore and aft directions from the spacecraft—giving two looks at the Earth scene—
which enables higher skill in the wind vector retrieval. Utilizing two-look capabilities lessens the need for numerical
weather prediction-based ambiguity removal—typically relied upon in a single-look observation geometry (such as
WindSat).

We present the detailed in-flight performance characterization from over 3-years of operation of COWVR and TEMPEST-
H8, focusing on the wind vector, water vapor, precipitation and cloud water products, demonstrating a compact sensor
can perform as well as current generation operational sensors. The validation of the COWVR wind vector retrievals is
carried out with respect to the Advanced Scatterometer (ASCAT)-B and ASCAT-C, with co-locations made within 25km
and + 30 minutes of each other. The ASCAT wind vector retrievals are obtained from the operational near real time
products developed by the European Organization for the Exploitation of Meteorological Satellites (EUMETSAT) Ocean
and Sea Ice Satellite Application Facility (OSI SAF), through the Royal Netherlands Meteorological Institute (KNMI). All
COWVR data products can be downloaded from the Physical Oceanography Distributed Active Archive Center for
research community use.

The work described in this abstract was carried out by the Jet Propulsion Laboratory, California Institute of Technology
under a contract with the National Aeronautics and Space Administration. © 2025 California Institute of Technology.
Government sponsorship acknowledged
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AOS/C>0OMODO: INNOVATIVE RADIOMETER SUBASSEMBLIES DESCRIPTION AND
TEST RESULTS

J. Puechl, X. Boulanger?, L. Hermozo?, R. Redondo?, N. Steunoul, T. Amiot?, H. Brogniez3, R. Rocca?, J. Chaboureau?, F.
Auguste®, D. Bouniol®, T. Fiolleau? J. Delanoe3, J. Tourbot’, D. Sanson’, L. Costes’, C. TuckerS, P. AdeS, I. Walker®, J.
Treuttel’, G. Gay?, L. Gatilova®, A. Feret®, T. Vacelet?, J. Krieg®, M. Brandt10, M. Trasattil0

Icentre National d'Etudes Spatiales (CNES), 2CNES, 3LATMOS, 4LEGOS, >LAERO, ®CNRM, Météo-France, ”Airbus Defence
and Space, 8Cardiff University, °LIRA, 10RPG

In a first part, the C:OMODO (Convective Core Observations through MicrOwave Derivatives in the trOpics) observation
system will be presented. CNES will provide a tandem of two multispectral, high-resolution all-sky atmospheric
microwave radiometers. They will fly on-board the two satellites following the same ground track on the AOS inclined
orbit and separated by about 1 minute. In a second part, the microwave radiometer will be discussed. The third part
will focus on three critical sub-systems that require an increase in their Technology Readiness Level (TRL): the quasi-
optical network of the antenna sub-system and the Front-End at 325 GHz and the Front-End at 183 GHz. The Quasi-
optical network (QON) enables co-location and co-registration of the measurements at the different frequencies. Its
primary functions include feeding the 3 different receivers, generating the 3 radiation patterns, while fitting in a
constrained instrumental volume. A design study led by Cardiff University and Airbus DS has enabled to define the
architecture of the entire QON assembly. Breadboard measurements confirm the RF performances of the assembly,
demonstrating very low insertion losses at each frequency: a key parameter for success. As for the co-localization, a
figure demonstrating the co- measured performances with the measurement of the centroids will illustrate the results.
Downstream, the Front-End at 325 GHz and at 183 GHz convert the RF signal into the intermediate frequency (IF). A
high performance 325 GHz mixer has been designed by the LIRA laboratory with three different topologies evaluated
and compared. Pre-developments to reach TRL6 were also conducted by RPG to develop a high performance 183 GHz
Front-End. The performances at ambient, cold and hot temperatures of the 183 GHz Front-End are summarized will be
presented.

View in the program



ADVANCEMENT IN SPACEBORNE MICROWAVE-PHOTONIC TECHNOLOGY AT NASA
GODDARD SPACE FLIGHT CENTER

F. Gambini%-%3, A. Gambacorta?, M. Fritts2, B. Bulcha?, V. Torres2, P. Mohammed#2, S. Nicholls®>2, E. Leong?, M. Coon?,
R. Banting®2, J. Piepmeier?, M. Stephen?, J. Lucey?

1yniversity of Maryland Baltimore County, 2NASA Goddard Space Flight Center, 3CRESST Il, #Morgan State University,
5Science Systems and Applications INC, 6ASRC Federeal System Solutions

This presentation introduces the latest technological advancements in hyperspectral microwave instruments developed
at NASA Goddard Space Flight Center (GSFC).

Over the past fifty years, microwave spaceborne sensors have been providing critical information on the Earth’s surface
and atmospheric parameters, including temperature, water vapor, and hydrometeors. However, traditional microwave
technology limits the instrument performance due to size, weight, power consumption, and cost (SWaP-C) constraints.
Photonic technology offers a transformative and versatile solution, providing access to an unprecedented bandwidth,
while photonic integrated circuits (PIC) minimize the system SWaP-C without compromising the noise level of the
observations. The combination of PIC technology with application-specific integrated circuits (ASIC) further enhances
the sounding performance by enabling hyperspectral sounding capabilities with thousands of spectral channels.

First, we will present the latest developments from the Hyperspectral Microwave-Photonics Instrument (HyMPI)
project. HyMPI represents the first successful demonstration of PIC applied to hyperspectral microwave sensing. We
will present key aspects of the microwave subsystem and photonic components, particularly the photonic integrated
channelizer, which is based on a NASA Goddard patented design named Serial Arrayed Waveguide Grating (SAWG). The
SAWG is the core of HYMPI’s architecture and is based on an innovative design that enables unprecedented bandwidth
coverage while limiting inter-channel crosstalk and maintaining minimum SWaP-C.

HyMPI recently concluded a rooftop campaign that marked its first demonstration of Earth's atmospheric sounding at
superspectral (4 GHz) and hyperspectral (3.9 MHz) resolution. We will show the results related to the noise performance
of both the superspectral and hyperspectral channels and provide comprehensive findings from the rooftop campaign.
HyMPI pioneers the development of the first space-based hyperspectral microwave sensor: the Advanced Ultra-high
Resolution Optical and RAdiofrequency (AURORA) Pathfinder. AURORA Pathfinder’s mission aims to demonstrate PIC
and ASIC digital spectrometers in space, along with on-board calibration of hyper- and super-spectral microwave
payloads.

This overview concludes with the most recent technological advances of AURORA Pathfinder, focusing on the photonic
instrument that targets the 125 — 175 GHz Planetary Boundary Layer (PBL) window region with previously unattainable
resolution. AURORA’s photonic instrument requirements will be presented together with the performance of a new
generation of the photonic integrated SAWG, which minimizes the channel correlation and provides high channel
frequency stability. Data from this instrument are expected to enable groundbreaking scientific discoveries.
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A MODERN MICROWAVE RADIOMETER FOR SOLAR FLUX MONITORING
P. Schmidl, M. Sartori2, M. Gabella?, A. Murk?!

IUniversity of Bern: Institute of Applied Physics (IAP), Microwave Physics Group, 2MeteoSwiss: Radar, Satellite and
Nowcasting Division (MDR)

We present the latest results of a project collaboration between the Radar, Satellite and Nowcasting Division (MDR) of
MeteoSwiss and the Institute of Applied Physics (IAP) of the University of Bern. The project focuses on the development
of a radiometer system for measuring the solar flux density at centimetric wavelengths. Such measurements are useful
for solar physics and space weather, and find application as calibration datum for other antenna systems such as the
MeteoSwiss C-band and X-band weather radars [1; 2]. Continuous monitoring and regular calibration of the individual
radar receivers are the basis for the quality of the measurements and thus essential for reliable and robust radar
products. Comparing the radar system noise power in the direction of the sun against a well-calibrated reference
telescope, allows to supervise — in a uniform, cost-efficient and computer automated manner — the stability of the
receiver chains of radar networks on a routine basis.

Long-term observations since the mid-1940s at other observatories show frequency-dependent variations of several
decibels on time-scales from milliseconds to years linked to a time-varying mix of emission mechanisms, see e.g. 3, 4].
Generally, accurate cross-calibration thus requires reference measurements at the same frequency and longitude. Using
modern hardware and calibration techniques, the telescope under development will have orthogonal polarization
channels both for C- and X-band. The channels are coherently sampled with a software-defined radio device (Ettus
Research USRP X310) to measure all four Stokes parameters, computing broadband spectra and signal statistics in nearly
real-time.

Summarizing requirements and challenges, we present the hardware design optimized for calibration accuracy and
radiometric sensitivity. We show first measurements, and precis statistical radio-frequency interference mitigation
strategies. Participating at the conference, we hope to discuss the concepts with technical radiometry experts.
Furthermore, it will be an opportunity to review the design of the solar flux monitor according to the needs of the
broader radiometry community.

[1] I. Holleman, A. Huuskonen, M. Kurri, and H. Beekhuis, “Operational monitoring of weather radar receiving chain
using the sun,” Journal of Atmospheric and Oceanic Technology, vol. 27, no. 1, pp. 159-166, 2010.

[2] M. Gabella, “Checking absolute calibration of vertical and horizontal polarization weather radar receivers using the
solar flux,” J. Electr. Eng, vol. 3, pp. 163-169, 2015.

[3] K. F. Tapping, “The 10.7 cm solar radio flux (f10. 7),” Space weather, vol. 11, no. 7, pp. 394—06, 2013.

[4] M. Shimojo and K. Iwai, “Over seven decades of solar microwave data obtained with toyokawa and Nobeyama radio
polarimeters,” Geoscience Data Journal, vol. 10, no. 1, pp. 114-129, 2023.
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CALIBRATION OF A FULLY POLARIMETRIC TEMPERATURE RADIOMETERTO
OBSERVE THE ZEEMAN-SPLIT EMISSION LINES OF OXYGEN AT 53 GHZ
W. Krochinl, R. Albers!, G. Stoberl, A. Murkl

1University of Bern

The 60 GHz oxygen band is widely used for space-borne as well as ground-based temperature sounding applications
because of the oxygen's relatively constant volume mixing ratio up to the upper mesosphere and the strong temperature
dependence of its microwave emission spectra. For retrievals of tropospheric temperature, channels with bandwidths
in the MHz range are used to observe the wings of the emission complex, while for retrieving temperature in the middle
atmosphere, fine structure lines are resolved using high-resolution spectrometers with channel widths in the range of
a few kHz. However, due to oxygen's magnetic moment, the Zeeman broadening effect occurs through coupling to the
Earth's magnetic field. In the upper mesosphere, Zeeman broadening dominates over pressure broadening, leading to
a natural upper altitude limit for temperature retrievals. To address this issue, we have developed a fully polarimetric
radiometer for ground-based temperature sounding (TEMPERA-C) in the Institute of Applied Physics at the University
of Bern [1].
The instrument uses an orthomode transducer to split the two orthogonally oriented linear polarization states and guide
them into two separate but identical receiver chains. Each chain uses an LNA to amplify the signal and a coherent
heterodyne receiver for down-mixing. In the backend, a digital FFT spectrometer calculates a complex spectrum for
each polarization. Afterwards, the two spectra are digitally self- and cross-correlated to produce all four components of
the Stokes polarization vector. In addition to linear polarization, this technique also allows to measure circular
polarization. The spectrometer is tuned to two fine structure emission lines with center frequencies at 53.067 GHz and
53.596 GHz, which are measured simultaneously, each with a bandwidth of 100 MHz and a resolution of 25 kHz. With
the fully polarimetric measurements, the upper altitude limit for retrievals of atmospheric temperature profiles can be
extended to over 60 km. In addition, an overall increase in retrieval quality measures, such as the values of
measurement response and altitude resolution, can be reported [2].
For a test campaign, TEMPERA-C was installed at the High Altitude Research Station Jungfraujoch from March to
November 2024. For ground-based temperature sounding in the middle atmosphere, the high altitude of 3571 m a.s.l.
is advantageous due to reduced tropospheric influence compared to measurement sites at sea level. In this case, we
observed an increase in line strength by a factor of 4 compared to measurements taken in Bern (550 m a.s.l.). For the
test campaign, we developed a case-specific calibration method, in which a set of cross-polarization parameters,
assumed to remain constant over the campaign, were measured in the laboratory. The instrument gain was measured
using a an ambient temperature calibration target and one noise diode for each polarization. Additional phase-
imbalance parameters were also measured on-site by making use of the characteristics of the V-Stokes component for
the observed transitions.
In 2025 TEMPERA-C was updated with a new mounting that allows for 360° scanning in both azimuth and elevation
directions. In this setup, the characteristic dependence of the Q- and V-Stokes components on the angle between the
line of sight and the magnetic field lines can be investigated. First results show a maximal V-Stokes amplitude when the
instrument is directed parallel to the magnetic field lines, as predicted by simulations.
In my talk, | will present specifications and technical details of TEMPERA-C and discuss our calibration method, as well
as the retrieval algorithm and the advantages of fully polarimetric observations for temperature sounding in the middle
atmosphere. Furthermore, | will present the results from the measurement campaign at the high-altitude observatory
and discuss the benefits of the elevated measurement site for ground-based applications. Finally, | will briefly discuss
the polarized Zeeman effect and how this effect can be used for remote sounding of the Earth's magnetic field with our
instrument.

References:

[1] Krochin, W., Stober, G., and Murk, A.: Development of a Polarimetric 50-GHz Spectrometer for Temperature
Sounding in the Middle Atmosphere, |EEE Journal of selected topics in applied earth observations and remote
sensing, 15, https://doi.org/10.48350/186172, 2022

[2] Krochin, W., Murk, A., Luder, A., Stober, G.: Operational calibration of a fully polarimetric radiometer for
stratospheric temperature retrievals, EGUSPHERE-2025-2561 (Under Review), 2025
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SUBMILLIMETER CRYOGENIC RADIOMETER FOR ICE ACTIVITY OBSERVATIONS
D. Belousovl, A. Murk?, J. Fritschil, T. Pliiss?, L. Stécklil, N. Thomas?!

Iyniversity of Bern, Physics Institute, Space Research & Planetary Science Division, Bern, 3012, Switzerland, 2University
of Bern, Institute of Applied Physics, Bern, 3012, Switzerland

Passive rotational spectroscopy under space conditions is a powerful tool in remote sensing, particularly for planetary
atmosphere observations such as Earth limb measurements. During limb observations, a radiometer detects emission
from hot gas molecules against the cold microwave background. Some bodies in the Solar System exhibit active gas
ejection on their surfaces, known as plumes. The same limb technique can be applied to plume observations. The
Microwave Instrument for the Rosetta Orbiter (MIRO), onboard the Rosetta mission, investigated comet
67P/Churyumov-Gerasimenko during its perihelion passage [1]. MIRO was equipped with a submillimeter channel
radiometer to probe the comet atmosphere, probing e.g., water rotation line 556.96 GHz, thereby providing insight into
the comet’s structure and mechanisms of activity. Passive remote sensing of gases in low concentrations (e.g. plumes or
tenuous icy moons atmospheres) requires low-noise receivers with high spectral resolution. Here, we present a 557 GHz
double-sideband cryogenic heterodyne radiometer and its initial calibration tests. The radiometer is the part of the
WEEVIL (the Water Emission of Vapour from Ice in the Laboratory) experimental setup dedicated to studying the
spectroscopy of gas plumes arising from the sublimation of icy, porous and dusty media in the controlled laboratory
environment.

The 557 GHz heterodyne double sideband radiometer setup comprises a heterodyne radiometer with a subharmonic
mixer, cryogenic LNA, local oscillator chain, an FFT spectrometer, calibration targets, and refocusing optics, following the
approach in [2]. The local oscillator (LO) chain, which drives the subharmonic mixer, consists of an active multiplier chain
(AMC) with a multiplication factor of six, a broadband tripler, and a frequency synthesizer with an external 10 MHz
reference. The test setup was designed to evaluate the radiometer under vacuum conditions with cryogenically cooled
components. To achieve high sensitivity, the subharmonic mixer, LNA and a tripler are actively cooled by a cryocooler.
The receiver, operating at 60 K, achieves a double sideband noise temperature as low as 550 K at 560 GHz. Allan deviation
measurements indicate an Allan time of 100 s at 24.4 kHz bandwidth. The frequency-switching baseline offset was
characterized at various frequency steps and local oscillator settings, showing a strong dependence on the chosen local
oscillator frequency.

The phase noise and subharmonics of the signal generator used in the LO of the radiometer are key parameters that
affect the system noise temperature and spectral purity. Based on a case study on our 557 GHz radiometer, we
characterized the effect of phase noise of the local oscillator on the IF spectrum of the radiometer. For this, we compare
the system noise temperature and the IF spectra of the same radiometer, when it is operated using different signal
sources, and we also analyzed and compared the phase noise spectra of those sources.

For double sideband receivers, knowledge of the sideband ratio is crucial. To determine this, we performed spectroscopy
measurements, fully characterizing the 556.936 GHz water rotational line at different gas pressures using a temperature-
controlled water-vapor gas cell.

Literature:

[1] Guilkis, S., Frerking, M., Crovisier, J. et al. MIRO: Microwave Instrument for Rosetta Orbiter. Space Sci Rev 128, 561—
597 (2007).
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A NEW GROUND-BASED, CRYOGENICALLY COOLED RADIOMETER FOR MIDDLE
ATMOSPHERIC WATER VAPOR MEASUREMENTS
A. Filinis12, A. Bell%2, A. Murk’2, G. Stober’2
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Continuous monitoring of atmospheric trace gases in the middle atmosphere presents significant challenges. Remote
sensing instruments are essential for understanding and characterizing changes in atmospheric chemical composition.
Although water vapor is present in low concentrations in the middle atmosphere, it plays a critical role as one of the
most significant greenhouse gases, profoundly influencing climate change. Water vapor is a key climate variable,
important for radiative balance, and is involved in various chemical reactions, including ozone depletion through the
formation of polar stratospheric clouds.

With the ongoing decommissioning of the AURA-MLS instrument, which has long pro-vided valuable measurements of
the 183 GHz water vapor line, there is a growing need to ensure continuity in middle atmosphere water vapor
observations. To support this effort, the Institute of Applied Physics (IAP) has developed a new state-of-the-art
radiometer, CRYOWARA (Cryogenic Water Vapor Radiometer), designed to measure radiation emitted from the 22 GHz
water vapor line. CRYOWARA will succeed the existing MI-AWARA (Microwave Atmospheric Water Vapor Radiometer),
continuing the long-term time series of water vapor profiles at the Zimmerwald observatory in Switzerland with
enhanced sensitivity and technological advancements.

The primary distinction of CRYOWARA is its partially cryogenically cooled front end, which significantly reduces
instrumental noise. This enhancement will enable more ac-curate water vapor retrievals at higher altitudes, further
advancing the study of middle atmospheric dynamics. At the MicroRad 2026 conference, we will present the
instrument’s architecture and calibration techniques along with the first water vapor retrievals of the finalized
instrument.
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AN OVERVIEW OF FANTASIOR, A FLEXIBLE ANTENNAS ARRAY FOR SYNTHESIS
IMAGING IN OBSERVATIONAL RADIOMETRY.

E. Anterrieu?, L. Yu?, P. Gonzalez?, R. Contreres?, N. Mézieres?, G. Le Fur?, O. Fouquet3, M. Goujon3
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Digital beam forming and synthetic aperture interferometry are signal processing techniques that mix the signals
collected by an array of elementary antennas to obtain high-resolution images with the aid of a computer. The latter
approach is routinely exploited by SMOS, the Soil Moisture and Ocean Salinity mission, whereas the former one has
never been implemented operationally in imaging radiometry. Although the two paradigms use the same signals and
share the same goal, they are not necessarily two sides of a same coin as there is no evidence that they provide the
same information in terms of retrieved brightness temperatures. Numerical simulations have shown a certain benefit
of beam forming compared to interferometry regarding the effects of a disparity in the voltage patterns of the
elementary antennas on the reconstruction floor error [1]. However, no experimental study has confirmed, nor
contradicted, this observation, as a consequence of a lack of an instrument allowing the comparison. Within the frame
of FRESCH [2], the Fine Resolution Explorer for Salinity, Carbon and Hydrology project currently undergoing pre-phase
0 studies under ESA contract for the next generation of imaging radiometers from space, it is of great importance to
have this capability to conduct innovative investigations that combine numerical simulations and experimental
measurements in order to compare interferometry and beam forming at different levels such as onboard calculations,
ground processing and of course instrumental performances.

The concrete answer to this need is FANTASIOR: a Flexible ANTennas Array for Synthesis Imaging in Observational
Radiometry. It is a phased array of dual-polarized elementary antennas operating in the L-band, capable of digitizing
and recording few seconds of the signal captured by each antenna. As a consequence, FANTASIOR will be flexible from
the paradigm point of view in as much as these signals will be combined appropriately only in deferred-time with the
aid of a computer. On one hand, pairs of signals will be mixed in a multiplicative way to reproduce cross-correlations
and to obtain complex visibilities, as in any synthetic aperture interferometer. On the other hand, the signals will be
merged all together additively to obtain a map of antennas array temperatures, thanks to beam steering technique.
Moreover, any hybridization of these two approaches will also be conceivable. Whatever the paradigm, these raw data
will be inverted and the brightness temperature maps thus obtained will be compared with each other and also
confronted to the ground truth. Of course, it will be possible to introduce errors in the digitized signals to perturb
synchronization, phase, amplitude or polarization and to investigate how they propagate in every approach. It will also
be easy to degrade the sensitivity of the instrument as well as its resolution and to conduct comparative studies at this
level.

FANTASIOR is the instrumental side of R&D activities initiated at CESBIO with the strong support of the French Space
Agency (CNES). It is a low-cost (~200 k€) “operational breadboard” under construction in the premises of INGEspace, a
company specialized in precise digitization and real-time processing of high-frequency signals with FPGA for defense
and space applications. FANTASIOR relies on a sparse square array of 32 elementary antennas operating in the 1400-
1429 MHz band and regularly spaced every 151 mm (it is upgradable to 64 elementary antennas for filling the square
array). Consequently, when it is mounted on top of a crane at 20 m above ground surface, the swath of the synthesized
field of view is about 18 m and the expected spatial resolution in the Nadir direction is about 2 m. Regardless of any
unforeseen event that might slow down the activities, the delivery of FANTASIOR isscheduled for Q4’25. Every
elementary antenna will be characterized in the anechoic chamber of CNES during Q1’26 so that the 32 elementary
patterns will be compared to those simulated with ANSYS HFSS during the design studies phase. The first synchronized
recordings of the 32 elementary signals will be carried out in the aftermath of this characterization, in the same
controlled environment, to perform end-to-end calibration tests with non-directional beacons [3]. Furthermore, the
behavior of FANTASIOR in the protected band 1400-1427 MHz devoted to imaging will be confronted to that in the
service band 1427-1429 MHz used for calibration. If everything goes right, the first images from outdoor acquisitions
are expected for Q3 or Q4’26 over an experimented field operated by the French National Research Institute for
Agriculture and Environment (INRAE), well in-time for contributing to the submission of FRESCH to Earth Explorer 13.
This contribution aims at giving an overview of FANTASIOR, as detailed as possible, and at discussing the preliminary
results available at the time of the conference.



[1] https://doi.org/10.3390/rs14092285
[2] http://dx.doi.org/10.1109/IGARSS53475.2024.10641846
[3] https://doi.org/10.3390/rs17061098
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HOW MUCH DO WE KNOW ABOUT THE WATER CONTENT OF ARCTIC CLOUDS?
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The amount of cloud liquid strongly influences their radiative effects and precipitation efficiency, yet, little is known
about the average occurrence and the variability of the liquid water path (LWP) in the Arctic. The existing observations
are limited to a few ground-based land stations and satellite measurements associated with specific uncertainties due
to the unique conditions of the Arctic. Here, we exploit reference measurements from four airborne campaigns
conducted in recent years over the Fram Strait, northwest of Svalbard during different seasons to assess the quality of
various LWP products over the sea-ice-free ocean. Brightness temperature measurements from the passive sensor of
the downward-looking Microwave Radar/radiometer for Arctic Clouds (MiRAC) operated onboard the research aircraft
Polar 5 were used to retrieve the LWP over the sea ice-free ocean with an estimated uncertainty of + 22 g m™.
LWP was also derived from visible-near-infrared (VNIR) wavelengths, which were also performed onboard the Polar
5. While good agreement between both instruments could be found for LWP values below 150 g m-2, a strong
overestimation by AISA Hawk could be identified for larger values that might be related to specific retrieval
assumptions. During two campaigns, several profiles of cloud liquid were measured by in-situ probes onboard the Polar
6 aircraft, which performed coordinated flights with the Polar 5. As expected LWP variability during the ascent through
the mixed-phase clouds as measured by the in-situ aircraft is high. However, the few collocated matches provide an
encouraging agreement.

The airborne reference LWP measurements were used to evaluate the performance of reanalysis and satellite
estimates. For this purpose, specific matching techniques for ERA5 reanalysis, the Advanced Microwave Scanning
Radiometer 2 (AMSR2) and the Moderate Resolution Imaging Spectroradiometer (MODIS) were applied. The talk will
highlight the differences between the different products, specifically addressing the aspect of spatial resolution that is
of particular interest for marine cold air outbreaks.
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NEW PERSPECTIVES AND ADVANCEMENTS IN MICROWAVE-BASED ANALYSES
AND CHARACTERIZATION OF MEDICANES
L. P. D'Adderiol, S. Sebastianellil, D. D'Armiento?, D. Casellal, P. Sandl, D. Herndon?, C. Sarran3, G. Panegrossi?
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Medicanes (Mediterraean Hurricane) are meteorological events with the potential to cause devastating floods, storm
surges and windstorms, often leading to significant disruption and casualties. During their mature phase, they exhibit
phenomenological features typical of tropical (or sub-tropical) cyclones, such as a warm core (WC), a cloud free eye
surrounded by spiraling rain bands around the center, a closed vortex associated to strong near-surface winds, and
heavy precipitation. Generally, these cyclones originate from extra-tropical cyclones showing a cut-off from the main
flow allowing the intrusion of relatively warm stratospheric air resulting in a top-bottom WC development. More rarely,
they undergo the so-called tropical-like cyclone (TLC) transition during their mature phase, exhibiting at some point a
deep axi-symmetric WC of diabatic origin (i.e., sustained by the latent heat release due to air-sea interaction), and deep
convection (DC) in proximity of the center (that also trigger the latent heat release). The term Medicane generally refers
to both types of cyclones regardless of the thermodynamical and microphysical processes originating them.

The present work provides an overview of recent studies on the use of satellite observations to monitor and to
characterize the WC, the DC, the presence of a closed eye surrounded by a ring-shaped band of intense winds during
the cyclone evolution, and to identify the TLC transition. Relevant advances on this topic are being accomplished within
the ESA project “Earth Observations as a cornerstone to the understanding and prediction of tropical-like cyclone risk
in the Mediterranean (MEDICANES)”. The detection and characterization of WC and DC are based on satellite passive
microwave (PMW) measurements from different radiometers onboard Low Earth Orbit (LEO) satellites. In particular,
temperature sounding channels in the 50-60 GHz oxygen absorption band are used to identify the presence of the WC,
while high frequency channels (from 88 GHz for higher resolution imagers up to 183 GHz even for sounder radiometers)
are used to identify the presence of the closed eye and the DC areas. On the other hand, near-surface ocean wind
vectors derived from scatterometer measurements (ASCAT onboard MetOp satellites and WindRAD onboard Feng Yun
satellites) are used to monitor the evolution of the surface wind field as the cyclone evolves from the development to
the mature stage. In particular, in analogy with what is done for tropical cyclones, the characterization in terms of radius
of maximum wind (RMW) can be used as a proxy to identify the cyclone’s intensification. The techniques and the
methodologies originally developed for tropical cyclones, have been tuned for the Mediterranean cyclones (e.g.,
medicanes are weaker, smaller in size and have shorter life time than tropical cyclones, and this can reflect in different
channels or variables to be used). An additional step forward in medicanes’ characterization and monitoring is being
carried out exploiting different machine learning (ML) approaches for automated detection of the Medicanes’ features,
including the identification of the WC. New developments and applications of the satellite-based methodologies
developed within the ESA MEDICANES on a large dataset of medicanes cases occurred between year 2000 and 2023 will
be shown.
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SUB-MILLIMETRE ATMOSPHERIC OBSERVATIONS: FROM THE ARCTIC WEATHER
SATELLITE TO FUTURE OPERATIONAL APPLICATIONS

P. McEvoy?, E. May?, P. Erikssonl
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The recently launched Arctic Weather Satellite (AWS) carries a radiometer that measures atmospheric temperature and
humidity through conventional 54, 83, 183 GHz frequency bands, while also featuring novel 325 GHz channels. This
makes AWS the first operational weather satellite to measure in the sub-millimetre band, enabling new retrieval and
detection capabilities for clouds, ice, and snow.

The sub-millimetre band has historically represented an unfilled gap between microwave and infrared frequencies in
meteorological space-borne observation systems, leaving a range of atmospheric particle sizes unobservable. AWS and
upcoming missions are filling this gap for passive observations, enabling new retrievals and other applications for use
in weather forecasting and climate modelling.

To properly utilize these measurements, the underlying physical processes must be understood and modelled. We
present our work on atmospheric radiative transfer simulations utilising our database of microwave and sub-millimetre
scattering properties for hydrometers and compare this with real AWS data. Our simulations demonstrate excellent
statistical agreement with the real observations, though disagreement over ice and snow covered land motivates
further development of surface-emissivity modelling for these cases. Comparisons between simulations and
observations also reveal some cases of missing microphysical assumptions, valuable insights made possible by the sub-
millimetre channels from this new instrument.

Despite these challenges, simulations show very good agreement for the vast majority of atmospheric cases. We
demonstrate two applications made possible by this new frequency band and corresponding simulations: a more
accurate cloud-masking technique that can more robustly and precisely distinguish humidity from clouds, and
physically-based retrieval of ice masses in the atmosphere, which constitute an Essential Climate Variable as designated
by the World Meteorological Organization.

Looking ahead, insights gained from this work can be applied to future missions. Most immediately, the proposed EPS
Sterna constellation will consist of six satellites based on the AWS specification operating in polar orbit for 13 years.
Additionally, the upcoming Metop-SG-B2, carrying the Ice Cloud Imager radiometer sensitive to frequencies from 325
to 664 GHz which enables more capabilities such as vertically resolved ice masses, will be operating for 21 years.
Together, these missions promise a wealth of future sub-millimetre data to exploit.
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MACHINE LEARNING ENHANCED SNOWFALL RATE RETRIEVALS FROM PASSIVE
MICROWAVE SENSORS
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Snowfall accounts for a large fraction of winter precipitation in mid- and high latitudes. The NOAA/NESDIS snowfall rate
(SFR) dataset is a global, liquid equivalent snowfall rate estimation. It is derived from observations taken by passive
microwave radiometers, including ATMS, MHS, GMI and SSMIS sensors, aboard nine polar-orbiting satellites. The SFR
algorithm consists of two main components: snowfall detection (SD) and rate estimation. Recently, the SD component
has been updated to machine learning (ML) models, which was trained against a large collection of in-situ observations.
The XGBoost ML model shows the best performance, hence it’s implemented in the SFR operational retrieval system.
The core of the second component, rate estimation, is a 1DVAR-based inversion model. It has been improved by using
ML-based initial conditions. Lastly, the retrieved SFR values are further biased-corrected with a neural network (NN)
model. The ML SD and SFR algorithms have been successfully applied to cross-scan instruments such as ATMS and MHS
sensors. We will present the development of the ML SD and SFR algorithms for the conical scanning GMI and SSMIS
sensors and their global validation results. Case study compared with Stage IV radar and gauge combined precipitation
rate, CPR near surface snowfall rate, NOHRSC hourly snowfall analysis and ERA5 hourly snowfall rate reanalysis will also
be provided. Another notable improvement to the snowfall rate estimation is the development of a ML multi-ice-habit
algorithm. Our studies show that the snowfall rate derived from space-borne passive microwave (PMW) observations
is highly sensitive to ice habit assumptions in the retrieval algorithm and the currently used sphere-like particles tend
to overestimate SFR. We have selected several non-spherical ice/snow particles that perform well globally and
developed a ML multi-ice-habit algorithm to predict the probability of each ice habit to optimize the snowfall rate
estimation. This multi-ice-habit approach is superior to the single-ice habit method and achieves an overall
improvement of approximately 10% (up to 40% for deep cloud cases) in statistical metrics.
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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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1University of Cologne

Within ACTRIS—the European Research Infrastructure for Aerosol, Clouds, and Trace Gases—a network of about 25
microwave radiometers (MWR) has been established across Europe, together with Doppler cloud radars, ceilometers
and Doppler lidars. The goal of ACTRIS is to provide continuous and comprehensive observations of cloud properties
and water vapor, harmonized across the entire network. The resulting data are comparable between sites and are used
for various applications, such as process studies, model evaluation, or satellite validation. To ensure high-quality data,
ACTRIS places a strong emphasis on rigorous quality control and continuous instrument monitoring.

MWRs have been operating continuously at many sites throughout the world and have proven to be a valuable tool for
observing cloud liquid water, integrated water vapor, and temperature profiles. However, for high quality observations
and data assimilation, it is essential to understand and quantify the uncertainties associated with state-of-the-art
MWRs.

Regarding uncertainties for MWR observations, we need to take into account two sources of errors: first the instrument
related errors, i.e. the errors of the observed brightness temperatures, and second, the error of retrieval products.
Two main sources of uncertainty must be considered in MWR observations: (1) instrument-related errors, such as
inaccuracies in the observed brightness temperatures, and (2) retrieval-related errors when deriving atmospheric
parameters from the raw measurements. To assess instrument-related uncertainties, we analyzed long time-series of
co-located MWR observations, focusing on radiometric noise, long-term drifts and jumps, calibration repeatability,
systematic biases between instruments, and radome degradation. Within ACTRIS, we implement spectral consistency
checks, long-term calibration monitoring, and statistical comparisons with models (observation-minus-background).
Another key development within ACTRIS is the generation of harmonized atmospheric products from MWR
observations across the entire network. Retrieval algorithms—currently under development—are based on statistical
approaches (neural networks), using model reanalysis profiles as input.

In this presentation, we will first give a short overview of the latest developments within the ACTRIS network and MWR
data processing. We will present an overview of the uncertainty assessment, quantify the associated errors, and propose
mitigation strategies. Firnally, we will provide an overview of the common retrieval framework along with associated
uncertainty estimates.

View in the program



IMPLEMENTATION OF SELF-SIMILAR RAYLEIGH-GANS APPROXIMATION INTO
PASSIVE MICROWAVE RADIATIVE TRANSFER SIMULATIONS
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Abstract

Cloud microphysics (MP) assumptions play a critical role in passive microwave radiative transfer (RT) simulations.
Particularly, realistic assumptions for frozen hydrometeors and physical consistency throughout the simulation are
essential for achieving accuracy. Morrison and Milbrandt (2015) proposed a method to capture the inhomogeneity of
frozen hydrometeors using flexible particle size distribution (PSD) and density parameterizations. Meanwhile, particle-
scattering models such as the Discrete Dipole Approximation (DDA) have been used to calculate the single-scattering
properties of nonspherical particles explicitly. However, incorporating these advanced MP assumptions into Radiative
Transfer Models (RTMs) while preserving physical consistency remains challenging. Neglecting either realism or
consistency of MP assumptions can introduce significant uncertainty in simulated brightness temperatures (TBs).

This study presents a method to reconcile the realism and consistency of MP assumptions throughout the RT simulation.
MP configuration based on the Prediction of Particle Properties (P3) scheme is incorporated into the RTM scattering
module to represent the inhomogeneous PSD and density of frozen hydrometeors. For the single-scattering properties
of nonspherical particles, we employ a scattering database based on the Self-Similar Rayleigh-Gans Approximation
(SSRGA; Ori et al., 2021). To improve physical consistency, the optimal habit selection method by Kim et al. (2024) is
applied. This method also enables a flexible representation of nonspherical particle shapes. Input atmospheric fields
from Weather Research and Forecasting (WRF) model simulations with the P3 scheme are utilized to maintain physical
consistency with the RTM.

Results show that the combined implementation of the P3-based density parameterization, the SSRGA scattering
database, and the optimal habit selection method effectively reconciles the realism and consistency of MP assumptions
in RT simulations. The simulated TBs show good agreement with Global Precipitation Measuring Mission (GPM)
Microwave Imager (GMI) TB measurements. Consequently, this approach shows promise for RTM applications in cloud-
precipitation property retrievals and all-sky data assimilation.
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ON-GROUND TEST CALIBRATION FOR THE MICROWAVE IMAGER (MWI) FLIGHT
MODELS
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The MicroWave Imager (MWI) is a conical scan total power microwave radiometer, embarked in the Satellite-B satellite
series (3 satellites) of the MetOp-SG program. MetOp-SG is the space segment of the EUMETSAT Polar System Second
Generation (EPS-SG), developed by the European Space Agency (ESA), aimed to provide operational meteorological
observations from polar orbit.

The MWI instrument is developed by a consortium lead by OHB-Italia in collaboration with AIRBUS Toulouse and AIRBUS
Italia.

MWI is one of the key innovative payload designed to deliver geolocated radiometric measurements for retrieving water
vapor, clouds, and precipitation across a wide spectral range from 18.7 to 183 GHz. Its 26 channels, organized in nine
receiver groups, include dual-polarization measurements from 18.7 to 89 GHz and novel channels in the oxygen
absorption region (50—60 GHz and 118 GHz) to enable improved detection of light precipitation and snowfall, critical at
high latitudes.

Among the three models, the Proto-flight Model (PFM) and the Flight Model 2 have completed their test campaign,
while the Flight Model 3 (FM3) is in an advanced integration phase. For programmatic reasons, the FM2 will be the first
flight model to fly on the MetOp-SG B1 satellite.

This abstract will present the results of the on-ground test campaign of the PFM and FM2, comparing the performances
during the thermal vacuum test of the two instruments.

The data processing is performed with the Ground Prototype Processor (GPP) aimed to convert the raw instrument data
into the Llb brightness temperature product and designed to support both the on-ground testing and the
commissioning phase.

Results confirm compliance with the radiometric accuracy requirement of < 1 K across all channels under varying scene
temperatures. Radiometric sensitivity was also verified to meet requirements with margin under both ambient and
vacuum conditions, confirming the high expected performance of the instrument.
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NASA TROPICS MISSION: L1 RADIANCE POST-LAUNCH CALIBRATION AND
VALIDATION AFTER TWO YEARS ON ORBIT
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The NASA Time-Resolved Observations of Precipitation structure and storm Intensity with a Constellation of Smallsats
(TROPICS) mission, selected by NASA as part of the Earth Venture—Instrument (EVI-3) program, hosts a high-
performance microwave radiometer on a 3U CubeSat with a constellation of four CubeSats. The overarching goal for
TROPICS is to provide nearly all-weather observations of 3-D temperature and humidity, as well as precipitation
horizontal structure, at high temporal resolution to conduct high-value science investigations of tropical cyclones
utilizing a constellation of CubeSats. Before Rocket Lab launched the four CubeSats in May 2023, NASA and Lincoln
Laboratory launched the engineering qualification unit (TROPICS Pathfinder) into a sun-synchronous orbit in June 2021
and continued generating data products until Dec. 2023. Of the four CubeSats launched in May 2023, two continue to
operate into Sept. 2025 (TROPICS-03 & TROPICS-05). TROPICS-07 stopped generating data in July 2023, and TROPICS-
06 stopped in March 2025. This presentation covers the TROPICS constellation mission’s validation activities.

To provide temperature profiles using seven channels near the 118.75 GHz oxygen absorption line, water vapor profiles
using three channels near the 183 GHz water vapor absorption line, imagery in a single channel near 90 GHz for
precipitation measurements (when combined with higher resolution water vapor channels), and a single channel at 205
GHz that is more sensitive to precipitation-sized ice particles. Noise Diodes (ND) are an attractive option for calibration
for small satellite sounders, especially in the face of volume constraints that preclude extensive radiative shielding of
internal calibration targets that is utilized in operational missions.

Pre-launch characterization consisted of antenna pattern measurements, spectral response measurements, and TVac
calibration using precision external calibration targets. Post-launch analysis indicated a significant benefit to using a new
calibration approach relative to the original, more traditional calibration scheme. The new approach uses early-orbit
observations minus simulations (O-S) to optimize the calibration parameters by minimizing the difference between the
O-S under clear-sky conditions. A multilayer feed-forward neural network was used in some channels to infer and
correct complicated calibration artifacts, such as relatively high channel mixing and non-linearity. The calibration
parameters used in the minimization follow a generalized version of the periodic absolute calibration equation typically
used for cross-track passive microwave radiometers. Calibration parameter regression and machine learning use various
telemetry as predictors. Finally, the scan bias corrections of the sidelobe contamination are an affine function with each
term a constant-coefficient polynomial regression with spot number as the predictor.

After the early-orbit optimization freezes the calibration parameters, a causal calibration sustainment system is in place
that minimizes potential calibration drift due to changes in noise diode output power. The sustainment system uses
GEOS-5 NRT forward processing NWP output for its timeliness.

Calibration and Validation activities consisted of simulations and radiance-to-radiance comparisons. The first validation
compared observations minus simulations (O-S), over the mission lifetime, under clear-sky conditions (identified by
GOES binary cloud mask) and cloudy non-precipitating conditions for channels with weighting functions peaking above
most clouds. The simulations use the ERA-5 reanalysis and a Rosenkranz line-by-line absorption radiative transfer
model. Both land and ocean surfaces were modelled (ocean emissivity used SURFEM-Ocean from RTTOV 13.2 and land
emissivity was estimated using a surface channel radiance and RTM). This presentation will also present a second
validation method of double differencing near coincidental observations between TROPICS and ATMS. The matchup
used all spots under any weather conditions with criteria that the matchup had to be within an hour, less than 5 km
apart, and similar scan angles within 15 degrees (i.e., to account for the large altitude difference). The two-part
validation process of simulations and operational microwave sensor comparisons are a comprehensive validation
methodology that accounts for different error sources (e.g., simulation errors) while providing a statistically significant
data set over sufficiently fine temporal resolution.

The validation data is presented in a number of ways to adequately validate the radiances, that is, as histograms,
scatterplots, statistical metrics (e.g., mean and std. dev.), and O-S maps. Furthermore, biases are plotted as a function
of instrument temperature, scene temperature, latitude, and scan position to identify potential hidden issues.
Performance is on par with present operational sounders.

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited. This material is based upon



work supported by the National Aeronautics and Space Administration under Air Force Contract No. FA8702-
15-D-0001. Any opinions, findings, conclusions or recommendations expressed in this material are those of the
author(s) and do not necessarily reflect the views of the National Aeronautics and Space Administration.
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ON THE VARIABLE PERFORMANCE AND CALIBRATION OF THE STEPPED
FREQUENCY MICROWAVE RADIOMETER
Z. Jelenak?3, J. Sapp?l, S. Alsweiss?, C. Shoup?l, S. Soisuvarn?3, H. Holbach*>.6, P. Chang?

1GTSC, 2UCAR, 3NOAA/NESDIS/STAR, 4FSU, >Northern Gulf Institute, SNOAA/AOML/HRD

The Stepped-Frequency Microwave Radiometer (SFMR) has been a vital instrument for observing tropical cyclones,
providing crucial near-real-time wind speed and rain rate data since 2004. This data has been widely utilized by
operational forecasters and for satellite instrument validation.

Over the years, as more SFMR data became available from hurricane reconnaissance flights, the measurement
inconsistencies began to emerge, leading National Hurricane Center forecasters to question the validity of the highest
wind speed retrievals. Efforts to rectify these observed discrepancies fell short, partly due to inconclusive results from
validation analyses that relied solely on dropsonde measurements.

To address these and other inconsistencies, a dedicated experiment was conducted during the 2024 hurricane season,
utilizing coincident data from multiple flights with the high-resolution Imaging Wind and Rain Profiler (IWRAP) serving
as a key reference. IWRAP is a double-frequency Doppler radar and scatterometer capable of providing the highest
resolution atmospheric wind and reflectivity profiles in the lowest levels of the hurricane boundary layer to date, as well
as ocean surface vector winds for storm structure and intensity estimates. Our analysis revealed significant
inconsistencies in SFMR performance, identifying key sources of error, including: inadequate calibration, frequency drift,
time-dependent measurement drift, and flaws in the forward model and inversion scheme. These issues caused variable
performance both within and between flights for the same unit. To rectify discovered issues collaboration with the
SFMR vendor, ProSensing, has been established in order to characterize the performance of three NOAA-owned
instruments through in-lab calibration.

These findings highlight the potential for significant errors in the 20-year SFMR measurement database. In fact, a recent
study on SFMR data assimilation in the HAFS project, utilizing data from the 2022-2024 hurricane seasons, found a
degradation of maximum surface wind and minimum surface pressure when the data was assimilated, prompting the
cessation of SFMR data assimilation during the 2025 hurricane season. This paper will discuss all findings and propose
a path forward, underscoring the urgent need for improved calibration and retrieval methodologies to ensure the long-
term reliability of SFMR data.
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CHALLENGES OF ON-GROUND CALIBRATION OF POLARIMETRIC MICROWAVE
RADIOMETERS
A. Brénnimann?, R. Albers?, L. Ciorba?, G. Wylde2, A. Murk?

IUniversity of Bern, Institute of Applied Physics, 2Thomas Keating Ltd

The calibration of spaceborne microwave radiometers is essential for ensuring accuracy in Earth remote sensing. These
instruments generally include on-board calibration systems, which can either be integrated into the receiver or free
space blackbody calibration targets that are inserted in front of the antenna. However, these on-board systems require
prior calibration on ground before the satellite is launched. This is usually done using the two-point calibration method,
where the on-ground calibration targets (OGCT) provide a hot and a cold load. Polarimetric radiometers, such as the
Copernicus Imaging Microwave Radiometer (CIMR), require more extensive setups with linearly polarised loads. The
size of the OGCT is mainly dependent on the frequency and beam properties of the feeds. For the on-ground calibration
of polarimetric radiometers, the OGCT system has to provide additional input signals with different polarisation states.
One example of such an instrument is the Copernicus Imaging Microwave Radiometer (CIMR). It has a total of 50
polarimetric receivers at 1.4, 6.9, 10.7, 18.7 and 36.5 GHz, which have to be calibrated to an accuracy between 0.5 and
0.8 K [1]. The lowest frequency, the size of the CIMR feed cluster, and the divergence of the beams requires a very large
OGCT in order to maximise coupling into the target.

Thomas Keating Ltd and the Institute of Applied Physics at the University of Bern have developed a concept for a large
aperture polarimetric OGCT which would be suitable for the on-ground calibration of CIMR or similar instruments. In
this paper we will discuss the general challenges of polarimetric on-ground calibration targets in these frequency bands
and our proposed concept for CIMR. We will also show RF simulations and measurements of key components such as
the microwave absorber, window materials and the polariser grid.

[1] Donlon, C. J., Mission Requirements Document for the Copernicus Imaging Microwave Radiometer (CIMR), version
5.0, 2023, https://esamultimedia.esa.int/docs/EarthObservation/CIMR-MRD-v5.0-20230211_(Issued).pdf
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ADVANCED SPECTRAL RETRIEVALS FOR AUTOMATIC MONITORING OF DATA
QUALITY AND SYSTEM STATUS OF GROUND-BASED RADIOMETERS
H. Czekalal

1RPG Radiometer Physics GmbH

Ground-based microwave radiometers provide data with high time-resolution already to a couple of operational
networks around the world. Direct assimilation of brightness temperature (TB) is gaining focus beyond the Level-2
atmospheric data created by retrieval methods. While quality control and the ability to self-diagnose has always been a
strong demand in the research community, the shift to operational networks emphasizes the need for fully automatic
diagnostics of the radiometer’s health status. Beyond instrumental status, any adverse conditions in the atmosphere
which render the data unfit for any retrieval of reliable meteorological information need to be detected as well.
Beyond simplistic range checks and plausibility tests, there exist sophisticated methods to compare observations to
expected behavior by “observation minus background” statistics. Such O-B statistics require elaborate data processing
involving modeled atmosphere and simulated measurements derived thereof. The advantage of the presented
approach is to provide real time analysis of the radiometer system with neither time delay nor using external data or
computer resources beyond the inherent capabilities of the observation system itself. The performance evaluation
relies on a retrieval product which uses the observed microwave brightness temperature data of a multi-channel
radiometer as input and equally as output. Ideally, this self-consistent solution should not generate differences.
Differences between retrieval output to input indicate that problems with either the suitability of the radiative transfer
model to the observed atmosphere, or problems with the technical integrity of the radiometer system. In both
theoretical and practical evaluation, the observed spectral difference between measured TB and retrieved instrumental-
TB (TB minus INS) allows detection of data which is not fit for evaluation.

Deviations due to the inability to precisely model the observed brightness temperatures from the atmospheric state
include the bias due to errors of gas absorption models, but also the modeling of hydrometeors. The numerical model
for radiative transfer used in this study utilizes the Rosenkranz-2024 gas absorption model. The absorption cross
sections for hydrometeors are modeled according to Lorenz-Mie theory. Comparison with high-quality observation data
reveals less than 0.5 K bias in a few channels even in light to moderate rain. In case of heavy rain, the deviations increase
and show a systematic and monotonic trend in frequency. The treatment of scattering particles, which was neglected
in the radiative transfer simulation, leads to large biases. Although the TB readings are technically correct, this observed
spectral difference reveals conditions in which the retrieved atmospheric data is no longer accurate.

When technical problems occur, like channel dropouts, receiver instability in certain channels, or radio frequency
interference (RFI) by artificial signal sources, the self-consistent spectral difference indicates strong deviations in the
affected channel. This strong difference is partially counterbalanced by differences with opposing sign in neighboring
channels. Such behavior clearly indicates that the measured TB vector is not a physically consistent solution within the
modelled database. The spectral pattern of such deviations is different to the spectral dependence originating from
insufficient hydrometeor modeling. Therefore, it is possible to separate quality disturbance by heavy rain from technical
malfunctions of the radiometer.

For the best performance of the quality monitoring by self-consistent spectral retrievals, it is mandatory to minimize
bias errors in the radiative transfer models. Any systematic bias in specific channels, or at certain climate subregions,
will masquerade the deviations which indicate a low performance of the observation. Future improvements in our
radiative transfer model shall improve the microphysical representation of hydrometeors. Such efforts will extend
the range of rain rates at which the quality assessment still yields sufficiently small deviations in the self-consistent
spectral difference. In consequence, the applicability of unbiased Level-2 data retrieval will also be extended.
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EMBEDDED PSEUDO-CORRELATION WATER VAPOR RADIOMETER IN NASA’S DEEP
SPACE NETWORK FOR ATMOSPHERIC DELAY CORRECTION

M. Salim®, A. Tannerl, A. Jongelingl, S. Brown?, L. Lockel, J. Lazio®

et Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

Water vapor is the most variable of the major atmospheric constituents and a dominant factor in radio propagation
delay [1]. Fluctuations in tropospheric water vapor directly degrade the precision of Doppler tracking and ranging of
spacecraft signals, which in turn degrade Radio Science experiments and spacecraft navigation. The current approach
to measuring water vapor fluctuations involves the use of an antenna that observes a slightly different line of sight than
that to the spacecraft, leading to residual phase errors in the measured quantities. To mitigate this, we have developed
the Embedded Water Vapor Radiometer (EWVR) and tested it on a Deep Space Network (DSN) antenna. This integration
enables simultaneous reception of spacecraft telemetry and measurements of atmospheric brightness temperatures
near the 22.2 GHz water vapor absorption line, ensuring corrections to propagation delays without disrupting
communication.

The key innovation lies in the pseudo-correlation radiometer architecture [2,3], which provides simultaneous
amplification of reference and antenna signals. The signal from the antenna is fed into the summing arm of a magic-T
while a reference signal (matched load) is fed into the delta-arm. The two outputs of the magic-T then feed two low-
noise amplifier chains, which are then recombined by a second magic-T to reconstruct antenna and reference outputs.
The spacecraft downlink signal is tapped after the second hybrid antenna signal and passed to the communication
receiver with unchanged performance. This leaves both antenna and reference signals available for the radiometer—
which compares reference and antenna using a switch—essentially functioning as a Dicke switched radiometer. In
this way, calibration occurs transparently, with no interference to the telemetry link.

Embedding the EWVR within the DSN antenna represents an important advance for both atmospheric science and
mission operations. it provides continuous line-of-sight measurements of water vapor, a key element in the Earth’s
radiative budget [1]. For Radio Science (or Gravity Science) experiments, the EWVR reduces the residual phase errors
enabling higher precision determinations of planetary interior structures or other propagation effects within the Solar
System. For mission operations, it enables improved spacecraft navigation accuracy by reducing unmodeled
tropospheric errors. The pseudo-correlation design further demonstrates a modern radiometer architecture that
achieves calibration stability while remaining fully compatible with mission-critical communication systems [2,3].

In summary, the EWVR leverages pseudo-correlation calibration to operate seamlessly within the DSN downlink chain.
Notably, calibration occurs without degrading the DSN link, a critical feature for embedding radiometry into operational
systems. In this presentation, we will describe the EWVR architecture, its integration into the DSN antenna, and the
results of its performance evaluation.

References

[1] M. Bevis, “GPS Meteorology: Remote sensing of atmospheric water vapor using the global positioning system,” J.
Geophys. Res., vol. 97, Oct. 1992.

[2] A. Tanner, J. Bosch-Lluis, and P. Kangaslahti, “Applications of the Pseudo-Correlation Microwave Radiometer,” Jet
Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA.

[3] K. Cortés, R. Reeves, M. Figueroa, P. Kangaslahti, W. Ramirez, L. Mora, P. Cartes, D. Arroyo, G. Burgos, and B. Molina,
“A Pseudo-Correlation MMIC-based 183 GHz Water Vapor Radiometer,” Proc. [Conference/Journal if available],
Univ. de Concepcion, Chile; Jet Propulsion Laboratory, Pasadena, CA, USA.
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THE CIMR-AIR INSTRUMENT — AN AIRBORNE RADIOMETER SYSTEM TO SUPPORT
THE COPERNICUS IMAGING MICROWAVE RADIOMETER MISSION

J. Kainulainen®, T. Saarinen?, J. Uusitalol, T. Hdkkild, T. Yesilyurtl, J. Lahtinenl, J. Lemmetyinen?, K. Rautiainen?, M.
Midkynen?, P. Ahola?, R. Forsberg3, M. Suess?, C. Donlon*

IHarp Technologies Oy, 2Finnish Meteorological Institute, 3Technical University of Denmark, National Space Institute,
4European Space Agency

The Copernicus Imaging Microwave Radiometer (CIMR) mission of the European Space Agency (ESA) comprises two
identical remote sensing satellites that will be launched sequentially, with expected launches in 2029 and 2035. They
will provide a continuum of passive microwave remote sensing data of the Earth over a time period of ten to fifteen
years, providing information on diverse geophysical variables over both oceans and land surfaces, including sea surface
temperature, sea ice concentration, sea surface salinity, soil moisture, and terrestrial snow water equivalent, among
others. The mission payload is a multifrequency radiometer instrument operating at L, C, X, K, and Ka bands and
performing measurements with a ground resolution varying from <5 km (Ka-band) to <60 km (L-band).

Development of an airborne instrument with the main characteristics similar to the CIMR payload instrument was
initiated in 2023 by ESA with Harp Technologies Oy as the prime contractor. The airborne CIMR-AIR system is to be used
in field experiments in various environments for gathering data for geophysical retrieval algorithm development, and
for CIMR calibration and validation activities.

The system consists of the CIMR-AIR instrument, a Level 1 & Level 2 (L1&2) Processor, and supporting equipment such
as laboratory and field calibration loads and hardware for transportation and installation. Further, the CIMR-AIR
instrument consists of five fully polarimetric radiometers, visual and thermal infrared cameras observing the
radiometer’s footprint area, infrared thermometer for sky radiation measurements, power management system,
aircraft-independent attitude and heading reference system for accurate position and footprint position determination,
and an operator’s display unit. The main radiometric characteristics the CIMR-AIR radiometers are similar to those of
the CIMR satellite radiometer. The main characteristics of CIMR-AIR are shown in Table I.

TABLE 1
MAIN CHARACTERISTICS OF CIMR-AIR RADIOMETERS
Parsmater Unit Channel
L-band C-band X-band K-band { Ka-band
Centre freq. GHz 1.425 6.875 10.65 18.7 36.5
Bandwidth MHz 50 400 100 200 300
(f"lflg"l'l't‘:n?;:) m 1220 445 445 195 194
Observation zenith angle g 55
Polarization Full Stokes vector
Total Standard
Uncertainty K 0.5 0.5 0.5 0.6 0.8
(requirement)
L1A Aty simpling ms 500 200 200 100 100
(nominal)
L1B footprint dwell time s 11.4 4.5 4.5 2.0 2.0
L1B NEDT K 0.08 0.04 0.07 0.28 0.16

The CIMR-AIR instrument is operated as a side-looking instrument hosted in an aircraft with adequately large
(approximately >1.4 x 1.4 m) side door opening. The mechanics enable adjustment of the instrument's installation angle,
allowing the nominal beam angle relative to the ground (the observation angle) to be maintained, also during flight
experiments involving circular flight with a constant aircraft roll. The radiometer's modular design also allows for other
mechanical installations, through updates to the mechanical interfaces. The current design is done for Twin Otter
aircrafts, which are commonly used type of aircraft in scientific field experiments. An illustration of the design, mounted
on a Twin Otter’s side cabin door opening, is shown in Figure 1.



The L1&L2 Processor, developed by Finnish Meteorological Institute (FMI), is an offline software tool, which processes
raw radiometer measurements into L1A, L1B, and L2 products. The L1A data are time oriented engineering data that
are corrected for instrument non-idealities. L1B data are temporally aggregated Stokes vectors geo-referenced in local
ground coordinates and polarization. In L2 processing, the L1B data are processed to Sea Ice Concentration (SIC) and
Sea Surface Temperature values (SST) in order to provide a first estimate of these geophysical variables. The L1A, L1B,
L2 data as well as all instrument data necessary to reprocess the data are delivered to user in netCDF format.
Currently (September 2025), the CIMR-AIR system development is in the middle of manufacturing, assembly,
integration, and testing phase. The integration is expected to be finished in early 2026, and the first flight experiment
is currently planned for spring 2026.

In the conference presentation we elaborate the details of the system and explain the timely status of the development.
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VICARIOUS CALIBRATION FOR MW!I AND ICI USING RADIOSOUNDINGS (VICIRS)

E. Ricciardellil, C. Accadia?, V. Barlakas?, F. Carminati3, D. Ciminil, F. De Angelis?, F. Di Paola, S. Gentilel, T. Hewison?,
S. Larosal, F. Madonna?, V. Mattioli?2, M. Montopolil, F. Romano?, M. Viggiano?l

1CNR-IMAA, 2EUMETSAT, 3Met Office, “Universita degli Studi di Salerno

The EUMETSAT-funded study VICIRS (“Vicarious Calibration tool for MWI and ICI using RadioSoundings”) developed a
software tool (named VICIRS tool) for the vicarious calibration of the two conical-scanning radiometers, the MicroWave
Imager (MWI) and the Ice Cloud Imager (ICl), planned to fly from 2026 onwards as part of the EUMETSAT Polar System
(EPS) Second-Generation (SG) program (EPS-SG) aboard of the Metop-SGB satellite. The combined use of MWI and ICI
radiometers will provide an unprecedented set of microwave passive measurements, from 18.7GHz up to 664GHz, on
the same platform. Vicarious calibration using radiosoundings (RS) is particularly important for MWI and ICI channels
that are unprecedented and, therefore, cannot be compared with reference observational data from space.

The VICIRS tool has been drawn up to search and collect clear-sky match-ups (MU) between MW!I/ICI and RS from the
high-quality low-density Global Climate Observing System (GCOS) Reference Upper-Air Network (GRUAN) archive, as
well as from a more comprehensive, homogenized and higher-density archive, the Radiosounding HARMonization
(RHARM) data set, which also provides an estimation of the measurement uncertainty at all pressure levels. NWP
profiles are also handled to fill the gap of surface parameters and data above the RS top levels. The tool provides a
statistical analysis of the difference between observed and simulated brightness temperatures (BTs), considering the
total uncertainty emerging from the various sources (e.g., instrumental uncertainties, forward model uncertainties,
spatial and temporal mismatches) for each MWI/ICI channel.

This paper will introduce the VICIRS tool design and functionalities, reporting the results obtained testing it with
simulated data (MWI/ICI L1B test data product collocated with RHARM), and real observations from a currently
operating conical-scanning radiometer (NASA’s Global Precipitation Measurement Microwave Imager (GMI)) and
GRUAN/RHARM RS.
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AN ON-ORBIT CALIBRATION METHOD FOR CORRECTION MICROWAVE
RADIOMETER BASED ON PHYSICAL MODEL AND NEURAL NETWORKS
X. Zheng!2

INational Space Science Center, 2Chinese Academy of Science

Correction microwave radiometer (CMR) plays a crucial role in providing wet tropospheric path delay for radar
altimeters, a delay caused by atmospheric water vapor and cloud liquid water. The accuracy of geophysical retrievals
from the CMR is fundamentally dependent on the quality of its calibration. This study proposes a novel method for
selecting stable data to serve as the on-orbit calibration references. Subsequently, a novel parallel on-orbit calibration
model that combines a physical model with a neural network (the P-N model) is introduced. In this model, the physical
module calculates the antenna brightness temperature, while the neural network estimates the observed brightness
temperature, the calibration parameters for the antenna brightness temperatures and the observed brightness
temperatures are alternatively optimized. The proposed stable calibration reference and the P-N model are applied to
the HY-2C CMR. The on-orbit calibration results are evaluated using the Observation Minus Background (O-B)
methodology and through simultaneous nadir overpasses with the observed brightness temperatures from the
Advanced Microwave Radiometer 2 (AMR-2) of Jason-3. The O-B residuals and the high-level consistency between the
HY-2C CMR calibrated results and the Jason-3 AMR-2 measurements demonstrate the validity and accuracy of the stable
calibration references and the proposed P-N model.
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RECEIVER-CHAIN MODELING OF A POLARIMETRIC RADIOMETER
G. Pomantel, P. Burghignolil, D. Comite!

1pipartimento di Ing. Informazioni Elettronica, Sapienza University Rome, Italy

Long-term satellite observation of Earth's oceans and polar regions relies heavily on microwave radiometric data,
particularly from dual-polarized satellite instruments. Polarimetric capabilities offer unique opportunities for retrieving
geophysical parameters such as sea ice concentration, ocean surface wind vectors, sea surface temperature, and
salinity. In this context, the European Copernicus Imaging Microwave Radiometer (CIMR), currently under development
as part of the Copernicus Expansion Missions, is designed for monitoring sea ice parameters, both with relatively high
spatial resolution (order of 5 km) and temporal resolution (sub-daily), and high geophysical accuracy.

CIMR is designed as a multi-frequency, conically scanning, polarimetric radiometer operating in the L, C, X, K, and Ka
bands. Its architecture aims to also ensure continuity with predecessor missions such as AMSR-E/2, SMOS, and SMAP
and to extend capabilities by targeting the retrieval of fully polarimetric data. Whereas the measurement of the first
two elements of the Stokes vector is well consolidated, the estimation of the third and fourth remains technologically
challenging due to their weak magnitude and a higher sensitivity to systematic effects introduced by the receiver chain
and the antenna system.

The research in progress at Sapienza University develops a comprehensive modeling framework for the receiver chain
of a polarimetric radiometer. The approach is based on a rigorous Stokes-vector formalism combined with Mueller-
matrix representations, enabling an innovative end-to-end description of how the polarization state of incoming
radiation is transformed by each component of the receiver. The chain is modeled as a series of interconnected blocks —
antenna, ortho-mode transducer, amplification stages, and digitization modules—each represented by a suitable set of
scattering matrices, which must be properly transformed into Mueller matrices. This methodology allows for
systematically characterizing attenuation, cross-coupling, phase instabilities, and noise contributions of the various
blocks. In the first stage, the analysis considers idealized noise-free devices, but it can also include equivalent noise
temperatures.

Based on the proposed analytical modeling, we develop numerical simulations and uncertainty analyses. A Monte Carlo
technique is employed to quantify the propagation of noise and systematic errors through the chain, providing a robust
estimate of the instrument performance under realistic conditions, especially to simulate small magnitude values. These
simulations will not only serve to validate the modeling framework but also offer insights into the design trade-offs and
calibration requirements of future polarimetric radiometers.

The proposed modeling approach and calibration strategies are conceived to be general and applicable to any multi-
frequency polarimetric radiometers. By developing a systematic framework to describe, simulate, and mitigate
imperfections in receiver chains, this research aims to significantly enhance the performance assessment of the
radiometric accuracy of polarimetric measurements from spaceborne radiometers.

DISCLAIMER: Views and opinion expressed are however those of the author(s) only and the European Commission and/or
ESA cannot be held responsible for any use which may be made of the information contained therein.

View in the program



THE FRONTEND OF THE ICE CLOUD IMAGER ONBOARD THE METOP SATELLITEB
N. Wehresl, G. Sonnabendl, M. Brandt?, J. Nies, A. Walber?

IRadiometer physics GmbH, Werner-von-Siemens Str. 4, 53340 Meckenheim, Germany

RPG (Radiometer physics GmbH) has been awarded to design, build, integrate and test the frontend for the Ice Cloud
Imager (IClI) for the MetOp (meteorological Operational) Satellites Second Generation. The instrument is developed
under Airbus Spain and ESA management and is an integral part of the second generation EUMETSAT Polar System.

ICl is a microwave / submillimeter wave radiometer and will provide a unique frequency range that will extend (double)
the current frequency coverage of meteorological satellite applications. Currently, the Arctic Weather Satellite (AWS)
with its 325 GHz receiver provides the highest frequency coverage for weather applications which is delivering data
since September 2024. The 325 GHz receiver of AWS was also built by RPG.

The main topic of this presentation will be on the ICI frontend integration and testing. The frontend consists of a
total of 6 receivers operational between 183 and 664 GHz. These are split in 13 ICl-channels. The test campaign will be
discussed, and results including the stability and sensitivity of the individual receivers will be presented. Additionally,
results from the vibration and EMC testing as well as thermal vacuum tests on the frontend will also be shown. In
general, the noise temperature and short-term gain stability (1/f) of the individual receivers are key aspects to ensure
the desired sensitivity at instrument level. The noise temperature is measured throughout the test campaign using the
Y-factor method and shows consistent results ranging from 600 K for the 183 GHz receiver to 2300 K for the 664 GHz
receivers (Ref 1, Ref 2).

The short-term gain stability is also determined and ensures that all receivers are stable up to 15s integration time,
which is a mission requirement. This in turn yields a NEDT of 0.5 K up to 1.6 K (Ref 3) for the PFM instrument. This
demonstrates state-of-the-art radiometric sensitivity performance and sets a reference for the coming millimeter and
sub-millimeter wave instruments dedicated to atmospheric remote sensing and weather prediction.

RPG has so far delivered the PFM-ICI-frontend, FM2-ICI-frontend and FM3-ICI-frontend to Airbus Madrid where the
integration of the frontend into the instrument takes place. Launch of the PFM satellite B is foreseen for spring 2026.
This new generation of Metop satellites will extend the water vapor and ice cloud observations from the current
ESA/EUMETSAT MetOp program over the 2026-2046 timeframe. Each of these instruments is designed to cover a
minimum of 7.5 years of lifetime.

References:

1. B.Thomas et al., “Radiometric Noise Characterization of the 183-664 GHz Front-End Receivers for the MetOp-SG ICi
Cloud Imager instrument — prospects for future missions”, IEEE/MTT-S International Microwave Symposium — IMS,
2023

2. B. Thomas et al., "Submillimeter-wave receiver developments for ICl onboard MetOP-SG and ice cloud remote
sensing instruments", IEEE International Geoscience and Remote Sensing Symposium, 2012

3. A. Andrés-Beivide, “MetOp-SG ICI Cloud Imager — The Story Continues!”, Proceedings of the European Microwave
Week, Workshop WMO01 “EuMC: Space (Sub)Millimetre-Wave Receivers for Earth Observation and Planetary
Science”, 2024
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PRELIMINARY TESTS AND MEASUREMENTS OF A PROTOTYPE TWO-ANTENNA
RADIOMETER FOR SUN-TRACKING ATMOSPHERIC CHARACTERIZATION AT 89 GHZ

S. Barbieril, F. Consalvi?, L. Amaduzzi?, F. Nunziatal, M. Cavagnarol, M. Biscarini*

1DIET, Sapienza University of Rome, 2Fondazione Ugo Bordoni

The increasing demand for high-capacity satellite communication systems is driving operations toward millimeter-wave
frequencies, where accurate propagation models are still limited. Ground-based radiometry represents a valuable tool
for atmospheric characterization at such frequencies, with the limitation of being reliable only in rain-free conditions.
Recent advances have shown that Sun-tracking (ST) radiometry can overcome this constraint by exploiting the Sun as a
stable reference source, thus enabling reliable measurements also in all-weather conditions [1].
This work presents MASTRad89, a novel dual-antenna ST radiometer designed and built to operate at 89 GHz. Unlike
conventional single-antenna ST systems, which require continuous azimuthal switching between on-Sun and off-Sun
directions [1], MASTRad89 employs two fixed conical antennas (beamwidth = 1.5°, offset = 10°), one pointing at the
Sun and the other off the Sun. This configuration eliminates mechanical complexity and data-processing issues related
to continuous scanning [2], while enabling simultaneous on/off Sun measurements. From their difference, the system
retrieves attenuation and polarimetric brightness temperature of the atmosphere.
The instrument integrates complementary measurement techniques, such as mono-frequency tipping-curve calibration
[3]. Local meteorological data are also ingested to improve calibration accuracy. The dual-antenna setup allows
extinction and attenuation retrieval even under cloudy or rainy conditions, with extended dynamic range. The system
achieves elevation angles from 5° to 90°, a measurement precision better than 1 K, and a noise level below 0.5 K.
After its preliminary concept presentation in [4], MASTRad89 has been fully assembled in a weatherproof enclosure for
continuous outdoor operation. Early tests confirmed a measurement accuracy better than 0.5 K for brightness
temperatures above 300 K (even without nitrogen calibration). At lower temperatures (~20 K), an underestimation of =
5 K was observed.
It is noteworthy that, to date, only two other single-antenna ST radiometers in the W band are operational worldwide
(Rome, NY, US and Milan, IT). The deployment of MASTRad89 thus establishes a new reference site in Rome (IT) with
advanced technology, offering valuable data for both meteorological and climatological applications in a region with
different atmospheric characteristics from existing stations. Ongoing developments include the completion of the
automatic pointing system, the start of an extended measurement campaign, and subsequent data analysis for the
development of atmospheric models in the W band, further consolidating the role of MASTRad89 as a key instrument
for propagation studies and for the validation of Earth observation and satellite communication systems at millimeter
wavelengths.

1. V. Mattioli et al. "Retrieval of Sun Brightness Temperature and Precipitating Cloud Extinction Using Ground-Based
Sun-Tracking Microwave Radiometry," in IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing, vol. 10, no. 7, pp. 3134-3147, July 2017, doi: 10.1109/JSTARS.2016.2633439.

2. L. Luini et al.,, "Development and Application of Advanced Experimental Techniques for Ground Microwave
Radiometry in All Weather Conditions," 2023 17th European Conference on Antennas and Propagation (EuCAP),
Florence, Italy, 2023, pp. 1-5, doi: 10.23919/EuCAP57121.2023.10132964.

3. Yong Han and E. R. Westwater, “Analysis and improvement of tipping calibration for ground-based microwave
radiometers”, IEEE Transactions on Geoscience and Remote Sensing, 38(3):1260-1276, May 2000, doi:
10.1109/36.843018

4. F.S. Marzano et al., "Sun-Tracking Ground-Based Microwave Radiometry: Challenges and Applications," 2021 IEEE
International Geoscience and Remote Sensing Symposium IGARSS, Brussels, Belgium, 2021, pp. 1437-1440, doi:
10.1109/IGARSS47720.2021.9553185.
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IMPACT OF FREQUENCY RESPONSE UNCERTAINTIES ON THE ACCURACY OF
AOS/C*0MODO RADIOMETER

X. Boulangerl, L. Hermozol, J. Puech!

IcNES

The contribution will provide an analysis of the impact of frequency response uncertainties on the brightness
temperatures measured by AOS/C2OMODO Radiometers. More particularly, it will give statistical analyses of the
variations of Brightness Temperatures ATB with respect to Front-End Local Oscillator (LO) shifts, Back-End Intermediate
Frequency (IF) shifts, and simulated realistic spectral response of channels. Meso-NH simulations of the Mesoscale
Convective System (MCS) Hector have been used as reference to extract more than 3200 convective core-class
atmospheric profiles. Those profiles have then been used as inputs of the RTTOV-SCATT v13 radiative transfer model to
derive brightness temperatures on which the impact of frequency drifts and spectral response have been finally
simulated.

C20MODO (Convective Core Observations through MicrOwave Derivatives in the trOpics) observation system [1] is the
French contribution to the AOS mission with the objective of assessing km-scale vertical mass fluxes of ice (mainly
graupel and cloud ice) within convective cores of tropical and sub-tropical convective systems. CNES will provide a
tandem of two identical cross-track total power microwave radiometers named C2OMODOR. They will fly on-board two
satellites following the same ground track on the AOS inclined (55°) orbit but time-delayed by about 1 to 2 minutes. It
will allow the temporal derivatives of Brightness Temperature dTB/dt to be derived [1], [2]. Basically, each COMODOR
is composed of:
. A high rotation speed (144 rpm) scan mechanism associated with a 20 cm-diameter reflector
° A Quasi-Optical Network (QON) for separation and routing of the 3 co-located beams
° 3 different receivers:
o A 89 GHz direct detection Rx (1 channel)
o A 183.31 GHz Single-Side Band (SSB) Lower Side Band (LSB) heterodyne Rx with the LNA ahead (4 channels)
o A 325.15 GHz Double-Side Band (DSB) heterodyne Rx with the Mixer ahead (5 channels)
. An On-Board Calibration Target (OBCT) for hot source calibration. The cold source calibration will be performed by
looking at the cold sky.

The simulation of reference for the whole analysis has been carried out using the Meso-NH model [2], [3]. Meso-NH is
the non-hydrostatic mesoscale atmospheric model of the French research community jointly developed by Meteo-
France and Laboratoire d’Aérologie for research purposes [4]. This simulation considers an MCS called Hector [1],
[2]. RTTOV (Radiative Transfer for Television and Infrared Observation Satellite (TIROS) Operational Vertical Sounder
(TOVS)) is a very fast radiative transfer model for passive visible, infrared and microwave downward-viewing satellite
radiometers, spectrometers and interferometers [5]. The scattering mode (RTTOV-SCATT) has been applied onto the
extracted profiles of the Meso-NH simulation of Hector.

Finally, it will be shown that the bias can be up to several Kelvins on an instantaneous basis (ATB>2 K for Af>100 MHz)
and RMS error can be higher than 1.5 K on a statistical basis. Given the current LO and IF
accuracy and stability requirements of CCOMODOR, the RMS errors due to LO and IF shifts are lower than 0.25 K. The
impact of real Back-End frequency response is less than 0.1 K. A sideband imbalance of £1 dB for the 325.15 DSB receiver
can lead to an RMS error up to 0.2 K.
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ACTIVE COLD LOAD TECHNOLOGY FOR THE CALIBRATION OF THE COPERNICUS
IMAGING MICROWAVE RADIOMETER

P. G. Arpesil, M. Grillil, C. Sopranzil, V. P. Giovel
10HB Italia

The Copernicus programme is an evolution of the previous Global Monitoring for Environment and Security (GMES)
Programme. The Copernicus Imaging Microwave Radiometer Mission, namely CIMR mission, will provide improved
monitoring of the Polar Regions in terms of measurement bands, spatial resolution, temporal resolution and geophysical
accuracy as well as European operational continuity of L-band and enhanced AMSR type measurement capabilities.
The CIMR mission space segment consists in a conical scan microwave imaging multi-frequency (L, C, X, Ku and Ka)
radiometer, with the capability to uniquely observe a wide range of floating sea ice and related ocean parameters, in
particular sea ice concentration and sea surface temperature, and to serve operational systems in non-precipitating
atmosphere conditions, day and night.

The correct calibration approach is essential for the radiometric instruments. All radiometers require frequent
calibration since the characteristics of the receiver chains do not remain stable over time and are affected by
temperature drift. At least two calibration references are needed with linear receivers.

Traditionally, the conical scanning radiometers are based on passive calibration: the two reference points are given by
an on-board calibration target (OBCT) acting as a blackbody for the hot target and by a calibration mirror for the cold
sky view. The proposed approach of calibration for CIMR foresees instead internal calibration targets that are used as
references for the in-flight short-term calibration.

The cold reference is based on an Active Cold Load (ACL) built with BJT/FET transistors that achieves a calibration noise
temperature (Tcold) below its physical ambient temperature, in the range of 70K-140K depending on the frequency
band. The second calibration point (Thot) is generated by a matched load that generates noise at its physical
temperature.

This paper reports the design solutions with main technologies selected for CIMR along with the performance results
achieved at the current development phase.
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ORBITING AND GROUND RFI MITIGATION STRATEGY IN MICAP L-BAND
INTERFEROMETRIC RADIOMETER
D. Han¥2, H. Ma%2, C. Huol2, H. Liu*2

Ichinese Academy of Sciences, 2national space science center

1. Introduction

The Microwave Imager Combined Active and Passive (MICAP) is one of the primary payloads of Chinese Ocean Salinity
Mission satellitell], as shown in Fig.1. This satellite is launched in 14 Nov., 2024. MICAP has the capability of L/C/K
multi-band passive and L-band active measurements, and can simultaneously retrieve sea surface temperature (SST),
wind speed (WS), and sea surface salinity (SSS), which plays an important role in energy exchange between the ocean
and atmosphere.The L/C/K band radiometer of MICAP are both one-dimensional Microwave Interferometric
Radiometer (MIR). MICAP L-band MIR faces an ever increasing threat from man-made radio frequency interference
(RFI) as the global wireless infrastructure has grown(2].

MICAP L-band MIR works at 1413+12.5MHz, which is located in the protected band. There is 4 Data Acquisition Units
(DAU) corresponding 12 receivers with H- polarization and V-polarization. Each DAU includes 6 channels AD @120MSPS,
which is much higher than Naquist sampling rate in order to improve out-of-band suppression. There is 1 Data
Processing Unit (DPU) after DAU cards for digital signal correlation of all channels. As for the ground-based RFI
processing, it will be addressed during the L1 level brightness temperature processing phase.

MICAP (Microwave Imager
Combined Active & Passive)

-~

IMR (Interferometric
Microwave Radiometer)

o

Chinese Ocean Salinity Mission (COSM)

Fig.1 Chinese Ocean Salinity Mission satellite

2. Orbiting and Ground RFI Mitigation Strategy

An on-orbit RFI mitigation strategy is used in MICAP L-band MIR to mitigate the pollution of LO data by RFI
interference3!, and the enabling of on-orbit RFI detection is configurable. RFI detection logic is described in [4], as
shown in Fig.2.
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(a) Orbiting RFI detection (b) Orbiting RFI delete
Fig.2. Orbiting RFI detection and delete logic diagram

In Fig.2, RFI will be detected in multi domain:

* Frequency Domain: 1400~1426MHz band will be separated into 13 sub-bands, and signal processing will be
implemented in every 2MHz sub-band.

« Time Domain: RFI data processing will be implemented in every 10ms.

» Polarization Domain: H/V/HV polarization will be calculated in each 2MHz&10ms cell .

» Probability Spectrum Domain: Kurtosis value is calculated in each H/V 2MHz&10ms cell .

+ The 2MHz&10ms cell data will be deleted if anyone RFI detection(H-T-F /V-T-F/HV-T-F /H-K-T-F/ V-K-T-F) is true.

On ground RFI mitigation strategy is completed in three approaches

» RFIThreshold Detection : if BT > 350K, it will be identified as RFI signals.
« Frequency & Space domain Coherence Analysis RFI detection.

- Diff-Frequency brightness temperature imaging RFI detection.

Which as shown in Fig.3.

RFI Threshold Detection [“oherence Analysis Dclcc(ioJ Diff-Frequency BT Image

B > 350K it will be delesed The sub-band which is differcace
with others(Total 13 sub.band) is

Will be Dedeted in PR

threshold detection The pocet whach is dalfereace withy
pthers(Land Sea separately) i
etected

Fig.3. Ground RFI detection and delete logic diagram



3. Current Results and conclusion

onboard-ground RFI mitigation is employed in MICAP data processing. onboard-RFlI mitigation focuses on the
suppression of strong RFI signals to prevent the pollution of the LO data. Ground-based RFI processing will employ more
advanced signal processing techniques to achieve high-sensitivity RFl processing performance. Current RFI mitigation
result is shown in Fig.4.

-~

(a) No RFI mitigation  (b) ONLY Orbiting RFI mitigation (c) Orbiting+Ground RFI mitigation
Fig.4. Current RFI mitigation result

In the future working:

» RFl processing performance should be evaluated quantitatively .

» Deep learning algorithms will be tried in the ground-based RFI processing.
» Multi-band joint RFI processing will be considered in MICAP.
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REMOTE SENSING OF SEA SURFACE SALINITY AT HIGH LATITUDES USING CRYORAD
0.4-2GHZ WIDEBAND RADIOMETER

J. Boutinl, J. Vergely?, S. Ferron?, L. Bertino3, G. Macelloni®, M. Brogioni*, M. Leduc-Leballeur 4, F. Montomoli®, M.
Drusch®, T. Casal®, M. Fréry®

1] OCEAN/CNRS, 2ACRI-st, 3NERSC, 4IFAC, >ESA, 6CNES

The salinity of polar oceans is undergoing significant changes due to sea ice melt and increased continental runoff, which
have resulted in a decrease in sea surface salinity (SSS) across most regions of the Arctic Ocean, intensifying upper ocean
stratification. In the Southern Ocean, changes in the extent and thickness of Antarctic sea ice are also striking, and are
also linked to SSS changes. These shifts profoundly impact ocean circulation, the ocean's capacity to absorb atmospheric
heat and carbon, and ultimately, Earth’s climate. However, current climate models struggle to accurately represent
high-latitude water mass properties.

SSS is recognized as an Essential Climate Variable (ECV) by the Global Climate Observing System (GCOS). While current
1.4 GHz radiometer missions have revolutionized global SSS measurements at scales of 40-150 km with revisit intervals
of 3 to 8 days, their sensitivity to SSS diminishes by a factor of ~3 between 30°C and 0°C, leading to large SSS
uncertainties in polar regions.

The CryoRad mission, an ESA Earth Explorer 12 mission idea selected for a Phase 0, features a radiometer with an
extended frequency range of 0.4-2 GHz, designed to improve SSS measurement accuracy in cold waters.

As part of the CNES study on "Salinity Estimation in Cold Seas Using Multiband 0.4-2 GHz" and the ESA CryoRad Phase
0 Science and Requirements Consolidation Study (SciReC), we conducted simulations of retrieved SSS uncertainties,
considering various instrumental configurations and various environmental factors such as sea surface temperature,
wind speed, which were modeled using radiative transfer components validated for L-band and extrapolated to lower
frequencies. These simulations demonstrate the potential of a 0.4-2GHz wideband mission to enhance SSS retrieval at
high latitudes. Both the random and the systematic uncertainties are reduced by a factor 3 with respect to L-Band
radiometry, with an even better improvement at moderate SSS (<25pss).

Our presentation will detail academic simulations and performances achieved in estimating SSS within the context of
high latitude environmental conditions. A flight campaign with an instrument simulator (LoMiRad) took place in the Bay
of Baffin in August 2025. When relevant, comparisons of simulated radiometric brightness temperatures with airborne
data will be discussed.
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THE MIRADOR PROJECT: ENHANCING THE ASSESSMENT OF OFFSHORE WIND
RESOURCES WITH MICROWAVE RADIOMETERS
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1Heidelberg University, 2RPG Radiometer Physics GmbH, 3Fraunhofer-IWES, 4The Carbon Trust

In the light of Climate Change, and the dangerous extreme weather it is causing, European governments have increased
their efforts to accelerate the transition from fossil fuel to renewable methods of electricity generation. A key
component of the green transition is the deployment of renewable energy projects, including solar and wind farm
installations.

To meet their ambitious decarbonization targets, it will be crucial to maximize the effectiveness of wind resources,
particularly offshore wind resources. According to the International Energy Agency (IEA), global wind energy capacity is
expected to double between 2024 and 2030, with offshore wind capacity in particular set to quadruple over the same
period. In order to maximize the economic value of these installations, research is needed to understand cost-optimized
wind farm layouts and operational strategies.

We present The Microwave Radiometer for the Detection and Assessment of Offshore Wind Resources (MiRadOr)
project, a year-long measurement campaign investigating how Microwave Radiometer (MWR) technologies can be used
to improve the assessment of offshore wind resources. MiRadOr evaluates vertical profiles of temperature and
humidity and compares them against traditional radiosonde and meteorological mast observations, as well as output
from numerical weather prediction (NWP) and climate models.

The goal is to understand the dynamics of the atmospheric boundary layer in the context of wind energy. We will
evaluate the quality and reliability of MWR observations, when combined with established wind LiDAR technologies,
for assessing atmospheric stability, a key metric for wind energy. We also seek to use MWRs to understand
meteorological phenomena that can influence power production, such as low-level jets, turbine-induced wakes and
blockages and mid-latitude storms.

Finally, the MiRadOr project aims to further develop MWR technologies for use in wholly offshore installations, such as
buoys. We will develop an algorithmic method to retrieve useful MWR signal through a physical platform which
simulates ocean-wave movement and impacts.
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LOW POWER POLYPHASE FAST-FOURIER TRANSFORM SPECTROMETER FOR
SPACEBORNE INSTRUMENTS

K. Kempel, M. Krusl, O. Auriacombel

10mnisys Instruments AB

AAC Omnisys is a world leader in spectrometer back-end systems for radiometers, with a strong heritage in both
spaceborne and ground-based instrumentation. Its autocorrelation spectrometer technology has been deployed in
missions such as ODIN, the Submillimetre Wave Instrument onboard ESA’s Jupiter Icy Moon Explorer (JUICE), and
NASA’s balloon mission GUSTO. The last two use the latest available ICs; HIFAS: 8 GHz 1024 channels [1]

In parallel, Omnisys has developed a Fast Fourier Transform (FFT) spectrometer implemented on FPGA technology,
featuring 5 GHz instantaneous bandwidth, 16k channels, and 40 W power consumption, successfully deployed in
ground-based water vapour radiometers and in the first airborne hyperspectral microwave sounder demonstrator [2—
5].

Building on this experience, a new member of our FPGA based spectrometer family has been developed focusing on a
reduction in power consumption at the expense of a slightly reduced frequency coverage. It is assembled into a 1U
stackable cubesat compatible structure (100 x 100 x 25 mm) with a mass of 200 grams.

Two RF inputs can be used either individually or combined through IQ-mixing to achieve a maximum of 1500 MHz
instantaneous bandwidth at a typical spectral resolution of less than 100 kHz (16384 channels).

The firmware design also includes double buffering capable of reading one buffer while integrating to the other.

Bandwidth Resolution Power consumption
1 x 750 MHz 1 x 8192 channels 5 W

2 x 750 MHz 2 x 8192 channels 8 W (estimated)

1 x 1500 MHz (IQ +-750 MHz) [1 x 16384 channels 6.5 W (estimated)

The unit is powered from a single wide range 8-16 V input power line and performing all subsequent power conditioning

locally inside the box.

A SpaceWire / RMAP interface is used as the nominal communication interface, but custom solutions including UART,

SPI, 12C, etc can be developed on request, both single ended and LVDS differential.

For customization, a separate general purpose 1/O connector can be used for direct and digital control of specific

features.

This development addresses the growing demand for compact, power-efficient, high-resolution digital back-ends in

future Earth Observation hyperspectral missions. The performance and characteristics of this next-generation

spectrometer will be presented.
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A SYNERGISTIC GLOBAL OCEAN AND ATMOSPHERIC ALGORITHM FOR THE
COPERNICUS IMAGING MICROWAVE RADIOMETER
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The Copernicus Imaging Microwave Radiometer (CIMR) is a satellite mission developed under the European Union
Copernicus program expansion. While designed primarily for polar observations, CIMR will also provide unprecedented,
coincident multi-frequency measurements over the global ocean at 1.414, 6.925, 10.65, 18.7, and 36.5 GHz, for all four
Stokes parameters (Donlon et al., 2023). These observations will enable the estimation of key ocean and atmospheric
parameters at global scale. The instrument features a large rotating deployable mesh reflector, providing real-aperture
resolutions from <60 km at 1.4 GHz to <5 km at 36.5 GHz.
A physically based algorithm is proposed to consistently and simultaneously retrieve key global ocean parameters,
including sea surface temperature, ocean wind speed and direction, sea surface salinity, together with atmospheric
parameters above the ocean (the total column water vapor, the liquid water path, and the precipitation rate).
CIMR provides multi-frequency, multi-polarization observations at multiple spatial resolutions but with a complex
observing geometry. Compared with WindSat and AMSR2, the CIMR sampling is particularly complicated, with 8 feeds
per band at Ku and Ka bands, and 4 feeds per band at C and X bands. The feeds are arranged to minimize gaps between
successive scans, causing their boresights to trace distinct arcs on the surface, each with a slightly different incidence
angle (within 1.5°). Since the retrieval algorithm requires antenna temperatures from the different bands to be
collocated and footprint-matched, an appropriate resampling strategy is necessary and a possible methodology based
on the Backus-Gilbert method (Stogryn, 1978) will be described.

To exploit CIMR multi-band capability while addressing its varying spatial resolutions, a cascade multi-parameter, multi-

frequency, multi-scale retrieval algorithm has been designed, based a physically grounded optimal estimation method

(Rodger et al., 2000). The retrieval incorporates SURFEM-Ocean, a recent fast radiative transfer ocean model

implemented in RTTOV (Kilic et al., 2023). The algorithm applies three successive optimal estimation steps at spatial

resolutions of 60 km, 15 km, and 5 km, following methodologies suggested by Wilheit (1987) or Wentz and Meissner et
al. (2000). At each resolution, geophysical parameters are retrieved, along with their associated uncertainties.

Depending on the geophysical parameter, the environmental context, the application, and the estimated accuracy, the

retrieval result from a given resolution is selected as the preferred result. This method maximizes the use of CIMR

capabilities by leveraging a detailed understanding of its complex observing geometry and measurement characteristics.

Retrieval results for the multiple geophysical parameters will be presented, under a large range of environments from

tropical conditions to the poles, for simulated scenes. The algorithms will also be applied to existing close-to-CIMR

observations (SMAP and AMSR?2), for evaluation under real conditions.
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THE ON GROUND CALIBRATION, CHARACTERIZATION AND VERIFICATION
APPROACH FOR THE CIMR INSTRUMENT

L. Lazzaral

IThales Alenia Space Italia

CIMR (Copernicus Imaging Microwave Radiometer) mission, part of the European Commission's (COM) Copernicus
Expansion Programme (CopEx), will carry a wide-swath conically-scanning multi-frequency microwave radiometer and
has as primary objectives to provide observations of sea-surface temperature, sea-ice concentration and to ensure
European operational continuity of L-band as well as enhanced AMSR type measurement capability [1]. Very challenging
requirements for the missions are reflected in a very complex architecture for the instrument that relies on sensing 50
RF chains to retrieve the full Stokes Vector components. Furthermore, in order to cope with the present (and future)
interferer scenario, RFI detection and mitigation capabilities have been included in the radiometer backend.
Nowadays the development of the CIMR instrument is in an advanced stage and the EM ground test phase is coming.
Ground test campaign for space borne radiometers are typically challenging tasks. Stringent requirements to be verified
put hard constraints on the test design, including facility and tools. Often special custom support equipment is needed
to be developed in the frame of the project in order to correctly perform the calibration, characterization and
verification tasks.In the specific case of CIMR, the problems are intensified by the high number of radiometric channels
to be tested, the very wide frequency range of operations and the challenging radiometric requirements. The definition
of the CIMR instrument test campaign is a process that is in progress since the beginning of the program, when the need
of special test tools have been highlighted and is going to be consolidated. Test facilities have been identified and the
test flow flows designed.This work describes the design and development approach for the definition of the CIMR
ground spectral and radiometric test campaign, including brief description of the test philosophy, the test flow and an
overview of the main custom test support equipment developed in the frame of the CIMR project.
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COMPACT INTEGRATED SWITCHABLE FILTERS BASED ON SILICON STACKED SIP
TECHNOLOGY

LI Yu-HangX™* , ZHANG De-Hail , SHI Junl, MENG Jinl

1Key Lab. of Microwave Remote Sensing, National Space Science Center, Chinese Academy of Sciences, Beijing
100190, China

The switchable filters device is one of the core components in broadband communication systems. In a broadband
communication system, the performance of the switchable filters device directly affects key indicators of the system
such as noise figure, sensitivity, dynamic range, and linearity. As wireless communication systems and integration
technologies continue to advance, broadband communication systems are increasingly oriented toward high
integration, enhanced performance, miniaturization, and operation at higher frequency bands. However, conventional
switchable filters devices exhibit several limitations, such as large physical dimensions, high micro-assembly costs,
complex calibration processes, low maturity, and challenges in achieving mass production.

Simultaneously, three-dimensional integrated ultra-wideband Transmit/Receive (T/R) modules are gaining recognition
for their practical application potential and represent a natural progression in phased array development. By
transitioning from the planar circuit models and chip layouts of traditional radio frequency (RF) circuits to a stacked
configuration, multiple chips can be integrated within a confined space, effectively reducing the vertical dimensions of
the T/R module.

Aligned with the development objectives of broadband communication systems, the four-channel switchable filters was
designed using a two-pole Single-Pole Double-Throw (SPDT) Monolithic Microwave Integrated Circuit (MMIC) switch.
Although this configuration increases channel insertion loss and the physical area of the switchable filters, it significantly
enhances channel isolation.

Through-Silicon Via (TSV) technology facilitates vertical interconnection between layers and chips. Functional chips are
interconnected via a silicon-based interposer and subsequently connected to the package substrate. The application of
Stacked System-in-Package (SiP) technology maximizes three-dimensional chip stacking density, reduces the printed
circuit board area required for inter-chip interconnections, and thereby minimizes the overall package size while
enhancing integration levels. Given that the length of the filter resonant structure influences the total area, and to
mitigate parasitic passbands at high frequencies, the filter employs a high-resistance silicon-based LC structure and a
Step-Impedance Resonator (SIR) interdigital structure.

Considering that filter calibration techniques constrain both production costs and development cycles—particularly in
the mass production of commercial communication equipment—it is imperative to develop a method capable of
enabling rapid filter calibration to shorten the production timeline. Leveraging Vector Fitting (VF) and Progressive Space
Mapping (PSM) algorithms in conjunction with electromagnetic simulation software, this study achieves rapid
microwave filter calibration by accurately extracting the equivalent circuit model. Using this approach, the filter
response can closely approximate the ideal value within only 3-5 iterations, demonstrating the accuracy and
effectiveness of the proposed method while overcoming limitations such as slow convergence rates associated with
previous techniques.

Simulation results of the switchable filters device indicate that each channel circuit exhibits an insertion loss of 1.5-2
dB (including the loss from two switches), a passband standing wave ratio better than 16 dB, and a sideband
suppression level exceeding 50 dB at 1 GHz.

Furthermore, the device demonstrates strong adaptability in its process architecture, enabling the internal integration
of additional chips such as amplifiers and attenuators to support expanded functionalities. With its compact size,
superior performance, and high integration level, this device holds broad application potential across various
transceiver modules and is poised to drive emerging trends in RF front-end system development.

Keywords: Switchable filters, Miniaturization, Through-Silicon Via, Stacked System-in-Package technology, Rapid
calibration
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TEST BENCH FOR METAL MESH RF EMISSIVITY MEASUREMENTS BY RADIOMETRIC
MEANS

S. S. Kristensenl, N. Skou?, S. S. Sgbjaergl, M. M. Bilgic?, S. B. Sgrensen?, C. Cappellin, R. Lopes3, E. Romano3, M. Decius?,
P. Moseley®

INational Space Institute, B 348, Technical University of Denmark, DK-2800 Kgs. Lyngby, Denmark, e-mail:
ssk@space.dtu.dk, 2TICRA, Landemaerket 29, 5., DK-1119 Copenhagen K, Denmark, 3Inegi, Rua Dr. Roberto Frias, 400,
4200-465 Porto, Portugal, *TEC-KNIT CCTT GmbH, Am Béwing 10, 46414 Rhede, Germany, e-mail: m.decius@tec-
knit.de, ESA ESTEC, Keplerlaan 1, Postbus 299, 2200 AG Noordwijk, The Netherlands

The requirements for the spatial resolution to be provided by upcoming and possible future spaceborne microwave
radiometers require very large antennas. The size of the antenna needed for the Copernicus Imaging Microwave
Radiometer (CIMR) satellite is approximately 8 meter, and approximately 12 meter for the possible CryoRad satellite.
Current launchers are unable to launch such reflectors. A possible solution for deploying such large antennas is to have
a large reflector antenna using a knitted mesh woven from thin metal threads that can be folded during launch and then
unfolded in space. This mesh based reflector antenna design has been selected for CIMR, covering L-, C-, X-, K- and Ka-
band, and is an option for CryoRad that shall cover 400 MHz to 2 GHz.

The thin metal threads constituting the reflecting antenna will have both non-zero emissivity and non-zero
transmissivity. These parameters affect the radiative transfer equation and need to be known in order to calibrate the
Earth surface brightness temperature to be measured. Asthe emissivity (and transmissivity) is very small it is inherently
difficult to measure but using a radiometer and a cold target like the sky provides a solution.

Assume the brightness temperature of the sky is 10 K. Placing a perfectly reflecting metal plate in a perfectly reflecting
metal bucket so that only the sky is visible, a radiometer can measure the sky brightness temperature of say 10 K
reflected in the metal plate and the bucket. Replacing this perfectly reflecting metal plate by a similar sized mesh
with a reflectivity of 0.01 and at ambient temperature of say 300 K, the radiometer will measure 0.01¢300 K plus
0.99¢10K, a total of 12.9 K. The difference of 2.9 K is easily measured by the radiometer. The drawback of this method
is that a blue cold sky is needed, hence, good weather is an issue. And the uncertainties of measurement situation like
Radio Frequency Interference (RFl) and ambient temperature make repeatability difficult.

We will present the design of an indoor test bench for measuring emissivity and transmissivity of test samples of meshes
for C-band and Ka-band. A shielded test bench box of approximately 2x3x2 meters is envisaged and it is expected to
be installed at the ESAs European Space Research and Technology Centre (ESTEC) in Noordwijk, the Netherlands.

The advantage of an indoor test bench is that it enables control of the measurement environment. The box will shield
from any incoming RFI, and absorbers on the inside of the box will eliminate unwanted reflections. The sky used in
outdoor measurements will be replaced with a microwave absorber soaked with liquid nitrogen in the bottom of the
box. The radiometer including the antenna horn will be placed in a shielded container inside the text bench box. A
triangle shaped sample holder will allow for fast switch between three different targets: mesh sample, absorber and
perfectly conducting metal plate, enabling both calibration of the measurement situation and fast repletion of
measurements.

Index Terms — Radiometer, emissivity
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MICROWAVE SOUNDER FOR METOP-SG SATELLITE-A INSTRUMENT STATUS AND
IN-ORBIT RADIOMETRIC PERFORMANCE

G. Tennantl, M. Newey!, G. Sykesl, S. Dutta-Chowdhuryl, B. Grandclaude?, D. Schobert3, A. Graziani3, M. Labriola?
1Airbus Defence and Space Ltd, 2AIRBUS, 3ESA/ESTEC, *EUMETSAT

The Microwave Sounder (MWS) will serve weather and climate applications from launch in 2025, until at least 2047.
MWS is a total power radiometer that has been selected by ESA as part of the MetOp-SG program, with Airbus Defence
and Space Ltd, chosen as the instrument prime contractor. MWS measures the brightness temperature at various
altitudes and delivers calibrated and geo-located atmospheric temperature and water-vapour sounding data, in all
weather and illumination conditions. MWS is therefore an essential instrument for the provision of operational
meteorology, offering significant improvements in measurement performance over MetOp First Generation and indeed
all microwave sounders currently operating on meteorological satellites.

MWS measures the total power, atmospheric brightness temperature in 24 channels over the spectral range from 23.8
- 229 GHz. Footprints are ranging from 40 km at the lowest frequency to 17 km at the highest frequencies. The 24
channels covering 7 frequency bands, split the Earth radiation into the required frequencies for Numerical Weather
Prediction (NWP). The 14 channels in the 50.3 GHz to 57.6 GHz band are fully redundant.

The MWS program of three instruments has completed at instrument level. Whilst the FM2 and FM3 instruments are
in long-term storage with their respective satellites at the MetOp-SG Satellite Prime in Toulouse, the Proto-flight model
(PFM) has been launched aboard the first Satellite-A on 12th August 2025. One week later on 20t August, the
instrument was powered on, and one day later the first science was retrieved. This heralded the start of the In-Orbit
Validation (IOV) campaign, where several in-orbit tests would be performed to validate instrument functionality and
performance.

The first of these tests (I0T-1) concentrated on ensuring that receiver channel gain was optimised and that receiver
NEdT and Allan Variance performance was comparable to on-ground test results.

The next test (I0T-8) switched the instrument scan cycle to acquire its cold space calibration view in each of the three
pre-programmed positions. This was to determine if any space views were contaminated by near-field platform
obstructions.

Subsequent tests involved tuning the ground processor to correctly flag and ignore the presence of the moon in the
field of view (I0T-6), to verify the geo-location of the footprint (I0T-7) and to verify the scan angle bias in the earth
scene by means of a satellite roll manoeuvre which points the instrument’s earth scene towards deep space (I0T-9).
This paper will present the results and conclusions of the MWS instrument IOV phase via the data processing performed
to level 1b with the specific MWS Ground Processor Prototype (GPP), and key performance parameters verified by
dedicated instrument validation software.

View in the program



INTERCOMPARISON OF MICROWAVE BLACKBODY CALIBRATION TARGETS USING
A RADIOMETRIC MILLIMETRE-WAVE TESTBED
M. Kotirantal, M. Brandt?, A. Murk?

1University of Bern, 2RPG Radiometer physics GmbH

The brightness temperatures of different microwave blackbody calibration targets are determined with a temperature
stabilised radiometric testbed that is equipped with a W-band heterodyne test receiver and a backend allowing
simultaneous measurements with a total power detector and a FFT spectrometer. The testbed was built in the
framework of a technology development project of the European Space Agency to characterise internal calibration
subsystems. Using focusing optics and a rotating planar mirror, the receiver beam is pointed sequentially to three
targets that are mounted next to the testbed. A breadboard of the MetOp-SG MWS on-board calibration target is used
as an ambient target. It is a pyramidal target with an aluminium kernel and a multi-layer epoxy composite coating. A
conical cavity target that is made of carbon-loaded polypropylene is used as a second ambient target. The third target
is a cold target based on a pyramidal foam absorber that is immersed in liquid nitrogen (LN2). A reflective baffle with a
low density foam window, through which the receiver beam enters the target, stands on top of the LN2 tub. The rotating
mirror allows the target to be viewed at different incidence angles. When viewed at an angle of about 20 degrees, the
reflected power from the LN2 surface hits the surrounding baffle and is sent back towards the foam absorber. This not
only reduces the bias caused by the emission of the warm testbed but should also lead to suppression of standing waves
between the target and the receiver when compared to the situation where the target is viewed at a normal incidence
angle. The testbed allows the standing waves to be determined: the rotating mirror is mounted on a linear stage, and
FFT spectra at two different linear stage positions that are separated by a quarter of a wavelength are obtained. The
spectra are subtracted from each other to obtain the standing wave pattern. We compare the standing wave patterns
of the ambient targets with each other and the brightness temperatures of the ambient targets to their physical
temperatures that are measured with platinum resistance thermometers Also, the brightness temperatures and
standing wave patterns of the cold target obtained at different viewing angles are compared with each other.
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COWVR BRIGHTNESS TEMPERATURE CALIBRATION AND TWO-LOOK WIND
DIRECTION PERFORMANCE

K. Nelsonl, F. Wentzl, T. Meissner, R. Lindsley!

1Remote Sensing Systems

The COWVR instrument is a technological demonstration of a compact, low-cost polarimetric microwave radiometer
for measuring wind speed and direction over the ocean surface. COWVR's internal calibration system allows Earth
observations over the entire scan, which enables two-look retrievals. In the first half of the presentation, we will discuss
the additional calibration required to tie COWVR brightness temperatures (TBs) to GMI’s absolutely calibrated TBs. We
will show the post-calibration daily timeseries of TB biases between COWVR and GMI over the ocean and Amazon, and
additionally present the TB biases as a function of scan angle. In the second half of the presentation, we will compare
COWVR's two-look wind directions with retrievals that use only one of COWVR's looks against model winds from NCEP
and ERA5, CCMP, ASCAT-C, and moored buoys. In this analysis, we will discuss how certain relative wind directions are
prone to error in the COWVR one-look retrievals. These include (1) relative wind directions that correspond to the
minima and maxima of the wind direction emissivity model where there are clusters in the frequency of data, and (2)
downwind observations which have lower skill rates and higher root-mean-square errors. Due to the diversity of relative
wind directions when both looks are available, the two-look capability significantly improves the wind direction
retrieval.
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RETRIEVAL PERFORMANCE OF A NEXT-GENERATION HYPERSPECTRAL DIGITAL
RADIOMETER INSTRUMENT
B. Beechlerl, K. Schaeferl?

IWeather Stream, 2University of Colorado, Boulder

The NASA Sounder for Microwave Based Applications (SMBA) instruments will provide the next-generation microwave
sounding capabilities on the Near-Earth Orbit Network (NEON) program. Goals of the SMBA missions include providing
ATMS continuity while enabling next-generation hyperspectral capabilities across several passive microwave bands.
Hyperspectral Digital Radiometry (HDR) has challenges associated with instrument downlink bandwidth, correlation of
observations across channels, and degraded noise characteristics at small bandwidths. However, HDR improves the
vertical resolution of estimated atmospheric profiles in the boundary layer, providing opportunities for improved high-
resolution Numerical Weather Prediction, in addition to flexibility in on-orbit calibration.

We investigated the impact of hyperspectral channel sets on retrieval performance for temperature and humidity for a
range of atmospheric profiles. We used ERA5S reanalysis to generate synthetic, full-frequency-resolution HDR data with
the MonoRTM model. We compressed HDR channels into pseudo-channels using constant optical depth spacing for the
24, 50, 118, and 183 GHz absorption bands. We developed a new Machine Learning (ML) retrieval in addition to a 1D-
Var physical retrieval to 1) compare temperature and humidity retrieval performance and 2) identify the most important
channels for retrieval performance. We identified channel importance using orthogonality metrics for the 1D-Var
retrieval and feature importance for the ML retrieval. Comparing the 1D-Var and ML retrievals demonstrated (1) similar
choices for the most important channels for retrieval performance, (2) improved retrieval performance compared to
using the current ATMS channel set, and (3) a limit to retrieval performance as a function of the number of pseudo-
channels. These results support the design and deployment of on-board and ground data processing for Weather
Stream’s next-generation HDR instrument.
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FILLING THE OBSERVING GAP OVER COMPLEX TERRAIN: CHARACTERIZE WATER
VAPOR AND CLOUDS OVER SARNTAL ALPS USING GROUND-BASED REMOTE
SENSING OBSERVATIONS AT DIFFERENT ALTITUDES

C. Acquistapacel, B. Pospichall, D. Corradinil, A. Oertel?, A. Wieser?

linstitute of Geophysics and Meteorology, University of Cologne, ZInstitute of Meteorology and Climate Research
Troposphere Research (IMKTRO), Karlsruhe Institute of Technology (KIT)

The World Climate Research Programme highlights gaps in observing, understanding, and modeling precipitation,
particularly over mountainous terrain. To achieve such a goal, it is key to characterize environmental conditions before
the rain onset.

With this contribution, we want to introduce and promote a field campaign initiative supported by the IDEA-S4S network
under the umbrella of the GPEX working group. As part of the TEAMx observational summer extensive observation
period, two identical measurement sites formed by one scanning microwave radiometer (MWR), one micro rain radar,
and one disdrometer were deployed along an altitudinal transect in the Alps at approximately 1200 m and 2100 m
altitude along the slope of the Corno del Renon, Bolzano, Italy. They are nested in a network of further ground-based
remote sensing sites of KITcube that surround the mountain and can monitor the valley and mountain flows on a larger
scale. One of these sites at the valley floor (~¥250 m altitude) was also equipped with a MWR.

Here, we would like to present some first results describing the distribution of water vapor and clouds in thermally
driven days over the study area collected between May and September 2025, using MWR observations at three different
altitudes. We analyze products like cloud liquid water path (LWP) and integrated water vapor (IWV) as well as MWR
scans obtaining temperature and water vapor distribution conducted at these sites. Observations will be compared with
ICON high resolution runs over the area, and we will use additional available datasets from the campaign as well as from
satellite to characterize the flow circulation patterns in this precise atmospheric regime.

The overarching aim of the work is to 1) characterize moist convection initiation by monitoring the variability of
temperature and humidity, 2) statistically characterize cloud distributions, 3) evaluate the model representation of
moist convection initiation over complex terrain and 4) discuss the potential of MWR observations to capture these
processes.
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THE RADIO FREQUENCY PROCESSING UNIT OF THE COPERNICUS IMAGING
MICROWAVE RADIOMETER: AN UPDATE

V. Toccal, T. Botticchiol, F. Lollil, L. Simonel, S. Savstrup Kristensen?, J. E. Balling?

1Thales Alenia Space Italy, 2DTU

The Copernicus Imaging Microwave Radiometer (CIMR) programme is part of the Copernicus Expansion Sentinels

(CopEx), an Earth-monitoring initiative led by the European Union (EU) and carried out in partnership with the EU

Member States and the European Space Agency (ESA) established to fulfil the growing need amongst European policy-

makers to access accurate and timely information services to better manage the environment, understand and mitigate

the effects of climate change, and ensure civil security.

To ensure the operational provision of Earth-observation data, the Copernicus Space Component (CSC) today includes

a series of space missions called ‘Sentinels’, which are being developed by ESA; some of these have already entered

their operational life, some are being commissioned, and the remaining are targeted for launch in the coming years.

In the framework of the Sentinels ecosystem, the EC Polar Expert Group (PEG) and Joint EC Communication, identified

the need of an Imaging Microwave Radiometry Mission in order to have the capability to observe a wide range of floating

sea ice and related ocean parameters in cloudy but non-precipitating atmospheric conditions both day and night. This

class of missions is well suited to monitor the Polar Regions if low-frequency (1-37 GHz) multi-band (L, C, X, K, and Ka)

measurements are employed.

The Copernicus Imaging Microwave Radiometer mission, the CIMR mission, will provide continuity of current missions

monitoring the Polar Regions, notably improved in terms of measurement bands, spatial resolution, temporal resolution

and geophysical accuracy in support of Copernicus Services [1].

This article describes the HW architecture and main functionalities of the Radio Frequency Processing Unit (RFPU),

which is part of the CIMR programme’s payload instrument. The RFPU is the instrument unit dedicated to the

digitization of the incoming analogue signals, digital signal processing of these signals and transmitting the processed

signals, both scientific and diagnostic, to the platform via a Space Wire (SpW) interface.

The RFPU is highly configurable from a CAN Bus interface as far as the digital processing Radio Frequency Interference

(RFI) core is concerned. Different threshold values and other operational parameters, such as accumulation and

integration times, can be set in real time to adjust and modify the RFPU behaviour to cope with different kind of RFls,

leveraging 4 different RFI mitigation algorithms: i) anomalous amplitude, ii) cross-frequency, iii) Kurtosis

iv) Polarimetry.

The FPGAs in the RFPU lodge the VHDL-RTL hard-coded RFI detection algorithms (Anomalous Amplitude, Cross-

frequency, Anomalous Polarimetric Amplitude, and Kurtosis) using time-frequency division of each sample into a matrix

of time bins and spectral sub-samples [2]. The downlinked data for all samples consist of the full modified Stokes vector,

both filtered and non-filtered. Additionally it is optionally to downlink diagnostic data containing both the full modified

Stokes vector and the fourth order moments for each matrix element in the time-frequency matrix.

An extensive test campaign is being done to thoroughly test the Unit in different RFI scenarios and verify its

performances.

This article describes the HW architecture and main functionalities of the RFPU devised for the CIMR programme and

gives a status update of the current development and the ongoing activities.
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A NOVEL MONITORING TOOL FOR THE STEPPED FREQUENCY MICROWAVE
RADIOMETER INSTRUMENT

H. Holbachl:2:3, 7. Jelenak®>, S. Alsweiss®>, S. Soisuvarn®>, C. Shoup®, J. Sapp®, P. Chang®

1FSU, 2Northergn Gulf Institute, 3SNOAA/AOML/HRD, UCAR, >NOAA/NESDIS/STAR, 6GTSC

The Stepped-Frequency Microwave Radiometer (SFMR) is a critical airborne remote sensing instrument used to
measure surface winds and rain rate in tropical cyclones. The quality and reliability of SFMR data are paramount for
accurate hurricane intensity and structure analysis. However, real-time monitoring of the instrument's performance
and data quality remains a significant challenge. This abstract proposes the development of a new, comprehensive
monitoring tool designed to address this challenge by providing live, in-situ diagnostics of SFMR instrument health and
data integrity.

The motivation for this tool arose from operational challenges during a recent flight campaign, where subtle instrument
anomalies were not discovered in real-time. The lack of a comprehensive monitoring system made it difficult to assess
the full extent of these issues, which could have compromised the integrity of the collected data. This incident highlights
the critical need for an automated, real-time diagnostic system to ensure data quality and reliability during future
missions. Our proposed tool will continuously process the raw SFMR data stream, providing real-time visualization of
key instrument parameters such as receiver temperature, noise levels, and calibration status. It will also incorporate
algorithms to detect anomalies and flag potential issues, offering immediate alerts to operators.

The system will be designed with a simple, intuitive user interface to ensure that operators can quickly assess the
instrument's status without extensive training. By generating detailed logs and reports, the tool will also facilitate post-
flight analysis and long-term trend monitoring of instrument performance. Additionally, the tool will be utilized on the
SFMR historical database to detect flights from which data was compromised and that shouldn't be used in any research
studies. The ability to provide these insights in real-time represents a significant enhancement to SFMR operations,
moving from reactive troubleshooting to proactive health monitoring.

In conclusion, the proposed monitoring tool aims to provide a robust, real-time solution for ensuring the operational
health and data integrity of the SFMR instrument. Its future deployment is expected to improve the reliability of
hurricane reconnaissance data, and ultimately contribute to more accurate forecasts by preventing the types of data
issues encountered in the past.
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TROPICS MICROWAVE RADIOMETER CALIBRATION ANOMALY IDENTIFICATION
AND CORRECTION FOR THE NASA GLOBAL PRECIPITATION MISSION
P. De La Llanal, W. L. Jones?!
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University of Central Florida, Orlando, FL

Global Precipitation Mission (GPM) has assembled a constellation of cooperative Earth Observing satellite to enable
global measurements of precipitation on a near real-time temporal scale. An integral part of this process is the
intersatellite radiometric calibration (XCAL) between microwave radiometers on sun-synchronous satellites, with the
GPM satellite observatory high quality active and passive microwave remote sensors. While this process has been highly
successful for several decades, future GPM constellations will include a new class of passive microwave remote sensors
of unknown quality and potentially shorter lifetimes. As such, these systems provide XCAL challenges that are outside
of the traditional XCAL approach, and in this case the for the TROPICS (Time-Resolved Observations of Precipitation
structure and storm Intensity with a Constellation of Smallsats) Pathfinder. The TROPICS G-band radiometer had a
random brightness temperature measurement anomaly, whose root cause was found to be caused by the Noise Diode.
Fortunately, the TROPICS sensor payload has two independent radiometers, only one of which exhibited this random
anomaly, so we developed a theoretical electromagnetic model with empirically derived coefficients, which was used
this to identify the root cause and thereby provide a suitable correction for the affected radiometer. This analysis
presents the details of this investigation that includes the derivation of the radiometer models from observations of
deep-space cosmetic background radiances. These radiometric models have non-linear, time-dependent parameters
that are ambient temperature dependent and are highly correlated orbit phase and the seasonal solar cycle. Further,
for a one-year time series of collocated TROPICS and GPM ocean brightness observations, GPM XCAL comparisons are
performed, and results demonstrate that the previous observed G-band brightness temperature anomalies have been
satisfactorily corrected, with the resulting correction algorithm errors being objectively quantified.

We then present Intersatellite radiometric calibration between TROPICS Pathfinder and GPM Microwave Imager (GMI),
using our double difference (DD) technique, whereby GMI is the radiometric standard and TROPICS is the target MWR
to be calibrated. The following is a flowchart with a description of the XCAL procedure used in our submission:
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The GPM XCAL working group radiative transfer model (RTM) is run to calculate the theoretical brightness temperature
(Tbmod)- The single-difference bias (Bsp) is calculated as follows: Bsp = Thops - Thmod Where Thgps is measured data.



Tbmod for both reference and target has the same common mode RTM biases which remove instrument effects when

doing the DD. The DD is thus the differences of the single differences. The following is a flowchart with a description of
the DD method used in our procedure:

Target Th's Reference Th's Target Th's Reference Th's
Observation Observation Simulation Simulation

0sDT, MSD T,

OsD Th = {Th_mRGH-l:rhs - Th_REFEREN{:E-m'?S }

M3SD Th= {Th_TARGE" Sim = * h_REFERENCE -sj'm}
DD=0sD 7, -MSD T,

After generating these GMI/TROPICS DD biases, the results will be carefully examined to discover any systematic
changes that may result. For example, the DDs are cross-correlated as a function of orbital position to discover if time-
varying calibration (over an orbit period) exists.

This analysis is a necessary step in developing XCAL procedures for future constellations of small-Sat MWRs with varying
radiometric quality. The results and lessons learned from creating this procedure is directly applicable for further
research for new small satellite missions of varying MWR quality and orbital parameters.
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LOMIRAD ULTRA-WIDEBAND LOW FREQUENCY RADIOMETER: PERFORMANCE
ASSESSMENT AND PRELIMINARY FEEDBACK FROM MEASUREMENT CAMPAIGN

M. Brogionil, A. Lapinil, A. V. Bosisio?, M. Baldil, F. Montomoli, J. T. Johnson3, G. Macelloni*

1IFAC/National Research Council, Italy, 2IEIIT/National Research Council, Italy, 30hio State University

In the last decade, microwave ultra-wide band radiometry in the 0.4-2 GHz range has opened new frontiers for the
remote sensing of natural surfaces [1] and especially for the cryosphere [2]. To date the only existing radiometer of this
sortis the Ultra-Wideband Software-Defined Microwave Radiometer (UWBRAD) developed by The Ohio State University
[3] and used in international campaigns both on the Arctic [4] and Antarctic [5]. The encouraging results of UWBRAD
have motivated the scientific community to propose mission concepts to NASA and ESA, resulting in ESA’s 2024 selection
of the CryoRad concept as a candidate for the Earth Explorer 12 program. To foster CryoRad’s development and to
acquire new datasets, the Italian Space Agency — ASI funded the construction of an airborne UWB demonstrator called
LoMiRad whose characteristics are reported in Table 1.

The radiometer samples the incoming radiation at a 122KHz spectral resolution and provides brightness temperature
spectra internally calibrated with 4 reference loads (including active cold load and noise sources). The output data is a
spectrum aggregated into sixteen 100 MHz subchannels with a minimum integration time of 100ms. Auxiliary
instruments (e.g. IR and Video cameras, thermodynamic temperatures, attitude, GPS) further provide additional
information needed to process the data and/or infer information on the observed targets. The fine spectral sampling of
the signal allows for the detection and mitigation of radio frequency interference (RFI) given the instrument’s operation
in non-protected bands. LoMiRad manufacturing and coding completed in December 2024, and calibration tests were
performed indicating a linear behavior of the receiver for at least 100-500K input power levels, which corresponds to
the range of the calibration sources. A four-hour acquisition performed with input matched loads placed in evaporating
liquid nitrogen shows a precision of about 0.2K throughout the bandwidth for a 100ms integration time. The value drops
to 0.15K for a 400ms integration. A test-site for sky calibration having low RFI levels was identified on the Tuscan
Apennines (43.877682, 11.622038), where data were collected during Jan 2025.

LoMiRad was deployed in the CryoS4 (CryoRad Survey for Sea Surface Salinity) campaign at Baffin Bay in August 2025.
A full description of the instrument performance and feedback from the campaign will be provided at the conference.

Table I - Specification of LoMiRad

Concept Wideband Total Power Radiometer
Frequency 0.4 — 2 GHz continuos

Polarization Dual (linear or circular)

Spatial resolution 500 m @500m height nadir looking
Radiometric resolution <0.5K

Radiometric Abs Accuracy  |<1.5K
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CIMR: THE DEVELOPMENT CHALLENGES
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The Copernicus programme is an evolution of the previous Global Monitoring for Environment and Security (GMES)
Programme. The Copernicus Imaging Microwave Radiometer Mission, namely CIMR mission, will provide improved
monitoring of the Polar Regions in terms of measurement bands, spatial resolution, temporal resolution and geophysical
accuracy as well as European operational continuity of L-band and enhanced AMSR type measurement capabilities.
The CIMR mission space segment consists in a conical scan microwave imaging multi-frequency (L, C, X, K and Ka)
radiometer, with the capability to uniquely observe a wide range of floating sea ice and related ocean parameters, in
particular sea ice concentration and sea surface temperature, and to serve operational systems in non-precipitating
atmosphere conditions, day and night. For the high performances that will provide in terms of resolution, sensitivity
and accuracy it is often considered a game changer, in particular for operational monitoring of sea-ice. The requirements
drove the definition of a multi-beam instrument with 25 channels at 1.4135, 6.925, 10.65, 18.7 and 36.5 GHz, all of them
working with both polarizations, managed through dual band, dual polarization feed chains for C/X bands (4 feed chains)
and K/Ka bands (8 feed chains), and a single feed array for L-band. A key feature of CIMR is its very large antenna, based
on an unfurlable mesh reflector, first of its kind developed in Europe and largest in the world working in ka-band. Other
world premieres for a conical scan spaceborne radiometer working at those frequencies are the active calibration
approach, based on internal active cold loads and passive matched hot loads instead of the traditional cold sky view and
on-board hot calibration blackbody, and the extensive state-of-the-art on-board data processing for radio-frequency
interference (RFI) detection and mitigation.

The technological challenges of CIMR will be presented, as well as a justification of the architecture driven by the
mission requirement leading to the need of overcome such challenges. In addition to the new developments required
for the RF design of the instrument, non-negligible challenges are the mechanical balance of such a large structure to
allow for safe rotation for the duration of the mission, the capability to dissipate the high power required for the
complex on-board electronics and the capability to pack all the instrument elements in the volume and mass available
for compatibility with the launcher.

DISCLAIMER: Views and opinion expressed are those of the author(s) only and the European Commission and/or ESA
cannot be held responsible for any use which may be made of the information contained therein.
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GRUAN PROCESSOR: UPDATES AND CURRENT STATUS WITHIN THE VICIRS
PROJECT FOLLOW-UP
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The GRUAN processor (Carminati et al., 2019) is a software developed in the framework of the European Horizon 2020
GAIA-CLIM project (http://www.gaia-clim.eu/page/gruan-processor) by the Met Office. The processor exploits the
EUMETSAT NWP-SAF (Numerical Weather Prediction Satellite Application Facility) software RTTOV (Radiative Transfer
for TOVS, Saunders et al., 2018) and the Radiance Simulator (Smith, 2017) to simulate brightness temperature (BT) from
Numerical Weather Prediction (NWP) model profiles and radiosoundings from the GCOS Reference Upper-Air Network
(GRUAN). The original GRUAN processor was based on RTTOV (v11.3) and was designed to work with GRUAN RS92. The
software takes in input spatially and temporally collocated GRUAN and NWP profiles to generate two output files
containing the BT simulated from the two profiles and the BT uncertainty simulated from GRUAN perturbed profile.

In the framework of the EUMETSAT study VICIRS (Development of Vicarious Calibration for MWI and ICl using
RadioSoundings), a new branch of the GRUAN processor has been developed to work with the latest version of RTTOV
(v13.2) and to support the new GRUAN RS41. The aim of the VICIRS study is to develop a vicarious calibration tool for
the two conical-scanning radiometers Microwave Imager (MWI) and Ice Cloud Imager (ICl) aboard the Metop-SGB
(Second Generation) satellites. Validation and vicarious calibration will be performed comparing clear-sky MWI/ICI BT
observations with those simulated from radiosonde profiles using the GRUAN processor.

The follow-up activities on VICIRS study have focused on upgrading and expanding the radiosonde datasets, as
well as supporting the initial feasibility planning for a potential Cal/Val campaign involving dedicated radiosonde
launches during the MWI-ICI commissioning phase. The updated GRUAN processor (currently at v6.3.b.0.3) is part of
the follow-up activities on VICIRS. The code has been updated to calculate the BT uncertainty considering the Jacobians
from RS profiles and the uncertainty covariance matrices from the radiosounde T, g, P profiles and from the surface
parameters T2m, Tskin, Q2m and Psurf. The original GRUAN processor propagated the uncertainties in radiance space
via brute force perturbation assuming a complete correlation of the uncertainties at all levels. Furthermore, a rigorous
estimate of the specific humidity uncertainty has been introduced from RH, T, P uncertainties. In addition, the tool has
been updated to include Jacobians of T, Q, P profiles from NWP and Jacobians of T2m, Tskin, Q2m and Psurf parameters
from NWP and the uncertainties associated to the NWP data are calculated from the ECMWF background error
covariance matrix available in the NWP SAF 1D-Var package.

The GRUAN processor v6.3.b.0.3, being a part of the updated VICIRS tool, has been tested on the MWI/ICI L1B simulated
observations collocated with the corresponding homogenized profiles available from the Radiosouding HARMonization
(RHARM) dataset, as well as on a dataset consisting of match-ups between observations from the NASA Global
Precipitation Measurement (GPM) Microwave Imager (GMI) and GRUAN/RHARM(v2) profiles.
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THE ARCTIC WEATHER SATELLITE: RADIOMETRIC CALIBRATION CONSIDERATIONS
ON SCAN DEPENDENT BIAS

C. Medina?, R. Albersi, A. Murkl

1University of Bern

The Arctic Weather Satellite (AWS) [1] is the prototype flight model for the future meteorological constellation EPS-
Sterna. The satellite carries a cross-track scanning microwave radiometer built by AAC Omnisys operating in the 54, 89,
183 and 325 GHz bands. The satellite development followed a “New space” approach, focusing on rapid construction
with a compact, low-cost design. AWS was launched in August 2024, and operational data is already available.

To achieve a compact design, the optics of the instrument consist of a feed cluster that directly illuminates a scanning
reflector, without additional focusing elements. The individual beams are not co-aligned and are offset from the
boresight of the main reflector, leading to scan-dependent performance variations. Although the antenna design
minimizes total spillover variation, the antenna patterns for each frequency continue to exhibit contributions from far
sidelobes, which vary in shape and distribution as a function of the scanning angle. This introduces additional challenges
for accurate radiometric calibration, requiring antenna pattern corrections to compensate for scan-dependent bias.
The University of Bern was responsible for the optical design of the AWS antenna and for the on-board calibration
system. The antenna simulations were performed using the Method of Moments (MOM) of the Ticra Tools software for
multiple scanning angles. Using this method, it is possible to account for multiple reflections from the structure of the
satellite and their contribution to the antenna pattern far sidelobes and spillover.

m-this work we assess the radiometric calibration of AWS including antenna pattern corrections to account for scan
dependent spillover variations. We perform radiometric calibrations to the satellite operational data for multiple clear-
sky orbits and compare the results to radiative transfer simulations using RTTOV software and ECMWF atmospheric
profiles, showing improvements in scan-dependent bias.

[1] Eriksson et al.(2025). "The Arctic Weather Satellite radiometer." EGUsphere,pp.1-32. DOI: 10.5194/egusphere-
2025-1769
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MONITORING 89GHZ RADIOMETRIC CHANNEL FOR SYNERGISTIC ATMOSPHERIC
RETRIEVALS WITH COLOCATED GROUND-BASED CLOUD RADAR OBSERVATIONS
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Radiometer calibration plays a key role in ensuring the reliability of the inferred atmospheric parameters such as, for
example, integrated water vapor (IWV) and liquid water path (LWP). The accuracy in estimating such quantities is crucial
for several topics spanning from NWP validation to operational meteorology and climatology. A niche but important
aspect where IWV and LWP also play a relevant role is the quantification of the absorption effects that cause the signal
loss (also known as path integrated attenuation, PIA) in active systems. As general rule, more liquid water leads to
greater PIA. Thus, accurate quantifications of LWP would in principle lead to a better estimation of total PIA and,
consequently, a compensation of signal losses in active system can be efficiently achieved. Obviously, such a LWP and
PIA relationship would allow for synergistic atmospheric retrievals with colocated ground-based cloud radar
observations.

A striking example of colocated ground based active and passive channels where accurate LWP would be useful for PIA
calculations, is given by the W-band (RPG-FMCW-94) cloud radar that incorporates an active 94GHz radar system
together with a 89GHz radiometric channel. Such configuration is common within the Aerosol, Clouds and Trace Gases
(ACTRIS) European research infrastructure, making the LWP estimation goal of broader interest.

However, although estimates of LWP from single channel is challenging, the accurate estimate is primarily driven by
absolute calibration. The 89GHz radiometric channel is typically calibrated using a cold target, at liquid nitrogen boiling
temperature, through an off-line procedure that is performed every few months (six, as suggested by the instrument
manufacturer).

This work explores a procedure for calibration monitoring of the (RPG-FMCW-94) 89GHz radiometric channel using
colocated routine radiosounding observations (RAOBS). RAOBS are processed through the Passive and Active
Microwave radiative TRAnsfer forward model (PAMTRA) to obtain reference simulated brightness temperature in clear
sky (TBsim).

The dataset used comes from the Casale Calore observatory of the Department of Chemical and Physical Sciences of
University of L’Aquila (L’Aquila, Italy) and managed by CETEMPS (L'Aquila, Italy). A RPG-FMCW-94 cloud radar is working
in Casale Calore since 2022, where radiosondes are launched routinely usually twice per month. This allows for a dataset
collection of 55 available cases from 215t March, 2023, to 26t" June, 2025. Time colocation between measured TBs
(TBmeas) at 1-second sampling and RAOBS during the balloon flight is accomplished by averaging TBmeas in a 1-hour
time window starting from the RAOB launch time. To avoid cloud contamination, cases for which the maximum standard
deviation of TBmeas calculated for each 10-minute time range inside the 1-hour window is higher than a given threshold
are discarded.

The results overall show a systematic bias between simulated and observed brightness temperatures, with the
radiometer tending to underestimate the brightness temperature. The derived correction factors are computed by
means of linear regression and then provided as a starting point for the radiometer calibration, allowing for a better
retrieval of LWP which is crucial for correcting the W-band radar reflectivity measurements for path attenuation
effects, effectively exploiting radar—radiometer synergy.

Keywords: RPG-FMCW-94 radar; 89 GHz radiometer; Casale Calore observatory; routine radiosonde launches;
calibration monitoring; PAMTRA; radar—radiometer synergy
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QUASI-OPTICAL DESIGN OF TEMPERA-C POLARIMETER AND CHARACTERISING
POLARISATION DEPENDENT BIASES
R. Albersl, W. Krochinl2, G. Stober¥2, A. Murk2
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The Institute of Applied Physics at University of Bern has designed and manufactured a fully polarimetric radiometer for
ground-based temperature sounding called TEMPERA-C. The polarimeter operates in the 60 GHz oxygen band and
compensates the Zeeman broadening effect to extend the upper altitude limit of the retrieval. TEMPERA-C is designed
for campaign measurements, such as at the High Altitude Research Station on the Jungfraujoch.

The instrument uses an orthomode transducer and two coherent receiver chains connected to a digital FFT
spectrometer. A corrugated feedhorn illuminates a static parabolic mirror, which collimates the beam. A secondary flat
flip mirror is used to switch between an ambient load inside the instrument and the scanning mirror. The flat scanning
mirror is located inside a rotatable periscope, which allows for full 360° scanning in the vertical plane. The ambient load
is wedge shaped and uses another parabolic mirror for coupling from the flip mirror to reduce the required aperture
size of the load.

This paper covers the quasi-optical design of the TEMPERA-C instrument and an investigation of the polarimetric biases
induced by the quasi-optics using TICRA Tools. Aside from the wedge shaped load, other polarisation dependent effects
arise from the offset parabolic mirrors and the rotating scanning mirror. It will also cover the particularities of correctly
modelling such effects in TICRA tools. Lastly, measurement results from the Jungfraujoch station through a snow covered
window will be presented, which demonstrate polarimetric biases.
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QUANTIFYING RADIOSONDE SPATIAL AND TEMPORAL REPRESENTATIVENESS FOR
VICARIOUS ICI/MWI CALIBRATION UNCERTAINTY
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The Microwave Imager (MWI) and Ice Cloud Imager (ICl) are two conically scanning radiometers part of the EUMETSAT
Polar System Second Generation (EPS-SG) program that will provide continuity of observations of the current EPS in the
timeframe from 2026 onward. The combined use of MWI and ICI radiometers will provide an unprecedented set of
microwave passive measurements, from 18 up to 664GHz.

The vicarious calibration is a post-launch calibration analysis based on the comparison against one or more reference
observations, such as observations from well-calibrated sensors aboard other satellites. However, since several
channels of the MWI/ICI suite are unprecedented, their vicarious calibration can only be performed indirectly,
particularly against simulated clear-sky observations obtained by radiative transfer computations of atmospheric
thermodynamical profiles measured by radiosondes (RS).

To this aim, EUMETSAT funded a study to develop a tool for the Vlicarious Calibration for MWI and ICI using
RadioSoundings (VICIRS). The VICIRS tool was designed to consider RS from the high-quality low-density Global Climate
Observing System (GCOS) Reference Upper-Air Network (GRUAN) archive, as well as from a more comprehensive and
higher-density archive, the Radiosounding HARMonization (RHARM) data set. NWP profiles are also handled to fill the
gap of surface parameters and data above the RS top levels. In addition, NWP data are used to estimate the spatial and
temporal representativeness uncertainty affecting the measurements of each RS launch, which is needed to evaluate
the total uncertainty of the vicarious calibration. This contribution presents how NWP data are used to characterize the
spatial and temporal representativeness uncertainty of each RS to be considered in the overall uncertainty budget of
the post-launch vicarious calibration of ICI/MWI.
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EVALUATION OF IONOSPHERIC FARADAY ROTATION EFFECTS FOR THE CRYORAD
EARTH EXPLORER CANDIDATE MISSION
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CryoRad is one of Earth Explorer 12 candidate missions and is a wideband microwave radiometer operating in the 0.4-
2 GHz spectrum to observe cryospheric processes at high latitudes (>40 degrees) by retrieving sea surface salinity, ice
sheet temperature profile, and sea ice thickness. At such low microwave frequencies, CryoRad adopts circular
polarization to minimize ionospheric effects. However, Faraday rotation (FR) combined with antenna impurities may
still potentially introduce additional errors in the measured brightness temperatures (Tb).

This work focusses on quantifying these effects through a Stokes-Mueller formalism linking the true and measured
Stokes parameters. A forward model was developed to account for both the ionospheric FR angle, derived from the
International Geomagnetic Reference Field (IGRF) and total electron content (VTEC) maps, and for antenna non-
idealities, represented by the axial ratio and in-quadrature phase delay.

Simulations were performed for the CyoRad configuration at 0.4 GHz, 8 degrees observation zenith angle, and 350 km
ionospheric height.

Preliminary results suggest that although FR angle can vary significantly depending on the geomagnetic field orientation
and TEC conditions, the resulting maximum Tb bias remains constant (~0.2 K for 0.4 GHz) suggesting that FR doesn’t
amplify the Tb error magnitude but rather rotates the (Q,U) polarization vector. The largest contribution to the
radiometric uncertainty comes from the antenna cross-polarization and non ideal circularity.

Ongoing work for mitigation strategies for CryoRad are discussed, which include minimizing antenna axial ratio and
phase error, and L1b post processing corrections.
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DEVELOPMENT OF A V-BAND 2-PATH (25QCC) CONTINUOUS CALIBRATING
SPECTROMETER BASED ON THE MULTI PATH CROSS CORRELATION RADIOMETRY
(MXCR) TECHNIQUE
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Long term direct thermal measurement of the earth’s middle and lower tropospheric temperature on a global basis
along with the determination of a diurnal temperature climatology is needed to 1) correct historic satellite mid-
tropospheric temperature data, 2) estimate the impact of atmospheric greenhouse warming in response to
anthropogenic CO2 emissions, 3) inter-calibrate the international fleet of weather satellites, and 4) monitor naturally
occurring atmospheric temperature trends. Quantifying anticipated temperature trends on a timely basis requires the
globally averaged mid-tropospheric temperature to be observed with a satellite temperature sounding instrument of
very high stability and traceability. Stable on-orbit reference instruments are needed to also prevent instrumental drift
or deterioration from obscuring trends occurring over several decades. With increased anticipated anthropogenic
emission resulting from the imminent deployment of 5G communications electronics and related consumer and defense
applications at V-band, radio frequency interference (RFl) detection and mitigation also becomes indispensable for
accurate temperature retrievals. Given the historical trend of spectral occupancy doubling every ~6 years, RFl detection
and mitigation is an indispensable feature for all future passive remote sensing instruments.

This talk summarizes the work done towards the development of a prototype instrument based on the novel (patent
pending) Multipath Cross Correlation Radiometry (MXCR) technique that attempts to satisfy the above discussed
capabilities desired in future radiometers. The MXCR implementation enables 1) stable spectral detection to precisely
characterize satellite instrument sub-channel spectral variation, 2) kurtosis computation capability to perform real-time
RFI detection and mitigation, 3) rejection of errors in antenna temperature estimate due to receiver path gain
fluctuations and gain compression caused by RFIl, and 4) a continuous calibrating scheme thereby eliminating the
need for external calibration views. The first ever 2-path (2SQCC) digital correlating V-band spectrometer based on the
MXCR technique was developed at the University of Colorado at Boulder (CU) Center for Environmental Technology
(CET). The theoretical background, laboratory prototype development, and preliminary test results of this 25QCC
MXCR spectrometer is discussed. The sensitivity and long-term stability of the instrumentis studied using the real-
time multi-channel data processing solution at Weather Stream Inc. and the results are presented.
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THE EUMETSAT POLAR SYSTEM - SECOND GENERATION (EPS-SG) PASSIVE
MICROWAVE IMAGERS, MWI AND ICI: LAST PREPARATORY ACTIVITIES BEFORE
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The second generation of the EUMETSAT Polar System (EPS-SG) programme includes two conical-scanning radiometer
imaging missions, the Microwave Imager (MWI) and the Ice Cloud Imager (ICl), which will be flown on the Metop-SGB
satellites.

MWI features 18 channels covering frequencies from 18 to 183 GHz, enabling the retrieval of cloud and precipitation
products, including bulk microphysical variables and all-weather surface imagery. It strengthens the legacy of major
microwave imager missions such as the Special Sensor Microwave Imager (SSM/I1), the Advanced Microwave Scanning
Radiometer 2 (AMSR2), and the Global Precipitation Measurement (GPM) Microwave Imager (GMI). Notably, MWI
includes channels near the 50-60 GHz oxygen band and at 118 GHz, an innovative capability for an imager that enhances
sensitivity to weak precipitation and snowfall, which are especially relevant at high latitudes. Dual polarization
observations are available up to 89 GHz.

In contrast, ICI represents a completely novel mission dedicated to the remote sensing of cloud ice. With 11 channels
spanning 183-664 GHz, it operates in both millimetre and sub-millimetre frequencies, making it sensitive to a wide
range of ice crystal sizes. This capability fills a critical gap in microwave observations and significantly improves global
measurements of ice clouds. ICI will also extend operational radiometry into the sub-millimetre range, bridging the
spectral gap between the microwave and far-infrared regions of the spectrum. Dual polarization observations are
available at 243 and 664 GHz MW!I and ICl share common requirements for incidence angle and rotation speed.
Together, the two radiometers will deliver an unprecedented set of passive microwave measurements from 18.7 GHz
to 664 GHz over a 1700 km swath, all from the same platform.

The launch of the Metop-SGB1 satellite is approaching, currently planned in 2026. Therefore, the preparatory activities
for the on-ground characterization of the instruments and for the validation of the centrally generated Level 1B (L1B)
and Level 2 (L2) products during the commissioning phase are now being finalized.

This work presents an initial assessment of the expected in-orbit performances of the MWI and ICl first flight models,
based on analyses of pre-launch data. Our analysis is designed to support the L1 operational processor and specific
studies in preparation for on calibration/validation (Cal/Val). Recent updates on Cal/Val tools and procedures are also
provided, with particular focus on the validation of the radiometric bias requirements.

Finally, the last versions (V3) of MWI and ICI L1 and L2 test data packages have been released by EUMETSAT. These test
data are also introduced in this work.
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NASA’S POLARIZED SUBMILLIMETER ICE-CLOUD RADIOMETER (POLSIR)
MISSION
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In May 2023 NASA has selected PolSIR as the latest addition to its Earth Venture Instrument class missions (EVI-6). In
November 2024 PolSIR has entered implementation phase and launch is planned for early 2027. PolSIR addresses key
research questions related to the earth's atmosphere. In particular it will:

Constrain the seasonally influenced diurnal cycle amplitude, form, and timing of the ice water path (IWP) and
particle diameter in tropical and sub-tropical ice clouds,

Determine the diurnal variability of ice clouds in the convective outflow areas and understand relation to deep
convection,

Determine the relationship between shortwave and longwave radiative fluxes and the diurnal variability of ice
clouds,

Enable improvement of atmospheric models by providing novel observations of the diurnal cycle of ice clouds,
ultimately leading to improved global and regional modeling skills and increased fidelity of environmental
forecasts in support of critical decision-making.

The PolSIR mission consists of two 16U CubeSats, each equipped with a cross-track scanning polarized submillimeter
radiometer near 325 and 684 GHz. The two PolSIR satellites fly in separate, 52-degree inclination, non-sun-synchronous
orbits, to measure the diurnal variation of cloud ice and its microphysical properties on a monthly basis in the tropics
and sub-tropics.

The mission is Pl-led by Vanderbilt University. NASA Goddard provides the project management team that builds the
two instruments, while science operations are conducted by the Space Science and Engineering Center at the University

of Wisconsin. The two spacecraft will be built by Blue Canyon Technologies.

In this presentation | will give an overview on the science to be addressed by PolISIR and on the current project status.
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EUMETSAT MICROWAVE SOUNDER CONSTELLATION: THE EPS-STERNA
PROGRAMME
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The EUMETSAT Polar System (EPS) Sterna has been identified as a potential expansion of the EPS and EPS Second
Generation (SG) programmes, to complement and expand the services provided by the Joint Polar System (JPS) operated
by EUMETSAT and NOAA.

EPS-Sterna programme will be fully funded by EUMETSAT and will contribute to the realisation of the WMO Integrated
Global Observing System (WIGQOS) Vision 2040, in line with the objectives of the EUMETSAT Destination 2030 strategy.
The EPS-Sterna System encompasses the Space Segment, the Ground Segment and the Launcher Services. The EPS-
Sterna Space Segment consists of a constellation of small polar-orbiting satellites, each equipped with a cross-track
scanning microwave sounder, which will allow to retrieve atmospheric humidity and temperature profiles. The initial
constellation will consist of six EPS-Sterna satellites and is planned to be deployed in 2029. The satellites of the
constellation will be replaced with new satellites throughout the mission lifetime of thirteen years and a total of twenty
satellites will be manufactured and launched. The complementarity to EPS-SG and JPS is reflected in the choice of
constellation orbits, designed to optimize the overall global coverage of the constellation while keeping the mission
affordable.

Level 1 products from the EPS-Sterna mission will be disseminated via EUMETCast to support operational meteorology
and will enable the generation of higher-level products (e.g., Level 2) supported by the EUMETSAT Satellites Application
Facilities (SAFs).

The EPS-Sterna programme will capitalise on the experience from the European Space Agency's mission Arctic Weather
Satellite (AWS) launched in August 2024, which served as technology demonstrator and protoflight model for the
satellites to be used in the constellation. The MicroWave Radiometer (MWR) is the instrument embarked on the Sterna
Satellites, which will be based on the AWS instrument, the technology of which has similarities with the EUMETSAT
Polar System — Second Generation (EPS-SG) Microwave Sounder (MWS). The MWR is featuring 19 channels covering
the millimetre-wave frequency range 50-325 GHz. Together with well-established frequencies in the 50 and 183 GHz
bands and windows channel at 89 GHz, the instrument also include 4 channels at 325 GHz, comparable to those of the
EPS-SG Ice Cloud Imager (ICl). The antenna system comprises 4 feedhorns, one for each group of channels without any
guasi-optics and a more compact design than MWS.

This presentation will provide an overview of the EPS-Sterna programme and its status, outlining scientific goals and the
operational objectives.
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THE TOMORROW.IO MICROWAVE SOUNDER CONSTELLATION: ACHIEVING
FULL ON-ORBIT CAPACITY

S. J. Munchak?, E. Watsonl, S. Williams!, W. Blackwell?

1The Tomorrow Companies, Inc., 2MIT Lincoln Laboratory

In August 2024, the first pair of Tomorrow.io Microwave Sounders (TMS) was launched into a sun-synchronous orbit.
Since then, four more launches have placed a total of seven TMS space vehicles into a combination of sun-synchronous
and 45-degree inclined orbits, with several additional launches planned from late 2025 into 2027. The intended steady-
state capacity of at least 14 operating TMS units will provide global hourly revisit rates, augmenting government-
operated satellites in relatively few orbital planes with rapid-revisit observations. These observations enhance short-
and medium range weather prediction, precipitation nowcasting, and tropical cyclone monitoring. By mid-2025, the
TMS constellation was already providing 2.5-hourly average revisit rates and taking measurements covering over 40%
of the Earth in one hour.

TMS is a 6U CubeSat microwave radiometer measuring across 12 channels spanning from 91 to 204 GHz (one W-band
window channel, seven F-band temperature channels, and four G-band water vapor sounding channels). The instrument
design is adapted from the NASA TROPICS mission, with significant changes made to the F-band radiometer back end,
which uses a Digital Intermediate Frequency Processor (DIFP), and the inclusion of an internal calibration target (ICT)
consisting of radar-absorbing material and characterized by four embedded thermistors.

TMS data quality has been quantified by comparison simulations from radiosondes and reanalysis fields as well as
double differences against reference instruments (ATMS and GMI). Based on these metrics, TMS has improved the
calibration accuracy of the F-band channels by a factor of 2-3 compared to TROPICS, with a 20-30% improvement in the
W- and G-band channels. However, the most salient metrics derive from actual impact studies on forecasts. For
precipitation nowcasting, TMS data can improve the accuracy of precipitation detection by 10-15% for up to 70 minutes
post-observation (compared to 20-25% for GMI). For NWP analysis, the per-satellite impact of TMS is about 50% that
of ATMS for temperature and winds, and similar for water vapor. These results show that higher total impacts for these
applications can be achieved at a much lower cost with the TMS constellation compared to legacy satellites, while still
acknowledging the necessity of these satellites as high-quality reference measurements.
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ACTIVITIES AT EUMETSAT ASSESSING THE L1B PRODUCT QUALITY AND
INSTRUMENT PERFORMANCE OF THE MICROWAVE SOUNDER (MWS) ONBOARD
METOP-SG Al

S. Di Michelel, I. Krizekl, J. Ackermann?, M. Labriola®, M. De Bartolomeil, C. Accadia?, R. Munro?, C. Mas., M. SundaZ,
A. Graziani, D. Schobert?

1EUMETSAT, 2ESA-ESTEC

EUMETSAT Polar System Second Generation (EPS-SG) provides continuation and enhancement of the Metop service in
the mid-morning polar orbit in the 2025 - 2046 timeframe. The programme features a two-satellite configuration in a
sun-synchronous orbit, Metop-SGA and Metop-SGB, with the first satellite (Metop-SG A1) launched on August 12th
2025, carrying, among its payloads, a microwave sounder (MWS). Metop-SG is part of the EUMETSAT-NOAA Joint Polar
System.

MWS is a cross-track scanning radiometer, designed to provide comprehensive temperature and water vapor soundings
in all sky conditions. MWS builds on the legacy of previous instruments such as the Advanced Microwave Sounding Unit
(AMSU) and the Microwave Humidity Sounder (MHS), with improved radiometric sensitivity and broader spectral
coverage thanks to its 24 channels ranging from 23.8 to 229 GHz.

The talk will describe the L1B processing at EUMETSAT and discuss the activities on-going to assess the quality of the
near-real-time product. In particular, first results of the instrument in-orbit radiometric and geometric performance
analysis will be shown.
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ON-ORBIT PERFORMANCE OF THE MICROWAVE ELECTROJET MAGNETOGRAM
(MEM) RADIOMETER ON THE ELECTROJET ZEEMAN IMAGING EXPLORER (EZIE)
MISSION

S. Misral, S. Padmanabhan?, P. Kangaslahtil, F. Wernerl, M. Schwartz, F. Ayoub?, S. Leel, S. Yee?, S. Brown’!

1jet Propulsion Laboratory, California Institute of Technology, 2Applied Physics Lab, Johns Hokins University

The Electrojet Zeeman Imaging Explorer (EZIE) mission was launched in March 2025 and is responsible for measuring
the Earth’s ionospheric electrojet currents. EZIE exited its commissioning stage in May 2025 and will release calibrated
brightness temperature datain November 2025. EZIE measures oxygen emissions from the Earth’s ionosphere at around
an altitude of 80km. EZIE measures both Auroral and Equatorial Electrojets Currents (AEJ/EEJ respectively). The AEJ is
derived from the solar and global current system that connects the solar winds, Earth’s magnetosphere, and Earth’s
ionosphere. The EZIE mission is slated to explain the structure of the AEJ and help resolve several competing theories
of the temporal and spatial nature of AEJ.

The EZIE mission consists of three CubeSats within the same polar orbit with an approximately 2-10 minute orbit lag to
allow sufficient temporal sampling of the AEJ phenomenon. Spatial sampling is achieved via four microwave radiometers
on each CubeSat known as the Microwave Electrojet Magnetogram (MEM) that are pointed at four separate incidence
angles across track, allowing a 200-1000 km crossbeam swath coverage.

Each MEM radiometer itself measures V and H-pol emissions through an antenna feed with low cross-polarization
coupling, that gets split via an ortho-mode transducer and sent to front-end InP LNA units, at 118.75GHz. The RF is
mixed down via a common LO (amongst 4 receivers per MEM) to IF. One of the sidebands for each polarization and
each receiver is then fed into a backend FPGA, that does digital polarimetry and spectrometry. The spectrometer
measures the spectral split in the Oxygen line, which is a function of the magnetic field strength in the observed
ionosphere, which in itself is a function of the electrojet currents.

We have presented MEMs unique architecture and EZIEs unique mission design before. Here we will present post-
launch on-orbit performance of all 12 MEM radiometers on three spacecraft. We will present the unique calibration
technique that MEM uses and its behavior. MEM radiometer does not have any internal calibration sources and uses a
novel calibration technique. MEM measures cold-sky before and after every science orbit which is approximately 10
minutes over the magnetic pole. The cold sky has helped tune calibration coefficients post-launch. MEM uses a single
point calibration technique, where the receiver temperature is known and derived from physical temperature of the
radiometer. The other point of calibration is obtained from a radiative transfer forward model predicting temperatures
5-10MHz away from the Oxygen line center. The ratio of the spectra under calibration and the off-line calibration point
allows any common mode variations (and 1/f noise) of the radiometer to be eliminated and the calibration to be
transferred to the full spectra.

We will present challenges to this technique and necessary post-launch calibration tuning that occurred to obtain
reliable measurements. The measured polarimetric brightness temperature spectra has several known physical
behaviors when measuring a Zeeman phenomenon. We take advantage of these expected physical behaviors to
calibrate the full spectra. We used an iterative and minimization technique to calibrate out inconsistencies or anomalies
with respect to the known behavior to tune MEM calibration coefficients. Some of the expected brightness temperature
behaviors that helped with calibration were — (1) Flat cold-sky brightness temperature spectra, (2) Unpolarized
(zero) cold sky third and fourth Stokes, (3) Unpolarized (zero) off oxygen line atmospheric brightness temperature, (4)
Symmetry of V, H, and 3'd Stokes brightness temperature spectra about the oxygen center line, (5) Asymmetry of the
4th Stokes brightness temperature spectra about the oxygen center line, (6) Predictable Doppler shift in line center
due to space-craft movement, Earth’s rotation, Neutral winds, LO shifts, and MEM pointing. We took all of these into
account in order to calibrate gain, receiver temperature, relative phase delay between V and H, antenna pattern matrix
etc.

We will also present validation of the MEM radiometer calibration, which was done by three independent techniques.
In the first technique, we compared the full radiance polarimetric spectra to that generated by the ARTS model
(Atmospheric Radiative Transfer Simulator). The spectra shows good match across the board with ARTS generated
model radiances, with minor differences in line widths etc. We also compared it with another independent radiative
transfer model generated by the Microwave Limb Sounder (MLS) mission that shows even better match. The second
technique is to look at the derived temperature profile product from the oxygen sounding brightness temperature. We



compared EZIE T profiles to that measured by MLS or SABER around the same time and location to see good match and
validate calibration consistency. Finally, we also do a comparison of calibration robustness by comparing derived
magnetic field values with ground validation sites — that show good one to one comparison.

We will present new results from the EZIE mission as well as present an assessment of the unique calibration from the
first year of mission data for all 12 radiometers.

This research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with
NASA.
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ON-GROUND CHARACTERISATION AND PERFORMANCES OF THE ICE CLOUD
IMAGER (ICI) FLIGHT MODELS

A. Graziani?, L. Salghetti Driolil, M. Loiselet, B. E. Lopez Zamora?, M. Bergada?, D. De Castro?, M. Labriola3, V. Mattioli3,
F. De Angelis3, M. Gotsmann?, M. Riede?
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The Ice Cloud Imager (ICl) is a conically scanning total-power microwave radiometer aboard the MetOp-SG Satellite-B
series of the EUMETSAT Polar System — Second Generation (EPS-SG). The instrument is developed by Airbus Defence
and Space for the European Space Agency (ESA).

ICI constitutes the first operational mission providing millimeter- and sub-millimeter-wave measurements for
guantitative cloud ice retrieval, with 11 channels between 183 and 664 GHz, including dual-polarized window channels
at 243 GHz and 664 GHz, enable global estimation of ice water path, effective particle radius, and ice cloud altitude, as
well as atmospheric humidity and hydrometeor vertical profiles.

The EPS-SG mission will operate from 2025 to 2045, extending and improving the meteorological data record
established with the first generation since 2006.

As for the satellite, ICI will be a family of three models which will fly on the corresponding Satellite B series of the
mission.

The ICI Proto-Flight Model has completed development and environmental testing and was delivered for platform
integration in 2022. It is currently installed on the Satellite B1 and it will compelte the satellite level environmental tests
by end of 2025 and it will then be ready for the launch campaign.

The ICI Flight Model 2 (FM2) has been delivered in November 2024 and it is currently installed on the Satellite B2 and it
is ealry storage configuration.

The ICI Flight Model 3 (FM3) will complete the envirmental test campaign mid 2026 and then delviered to satellite prime
for integration on the satellite B3.

This abstract will present and compare the on-ground performance of the three flight models of ICI. focusing on the
instrument radiometric performance assessed during the thermal vacuum test.

The test configuration employed highly stable targets for both cold-sky and Earth-view scenes. Data processing was
carried out using the Ground Prototype Processor (GPP), which converts raw instrument measurements into Level-1b
brightness temperature products and is designed to support both on-ground testing and the in-orbit commissioning
phase.

The radiometric bias requirements—1 K for channels near 183 GHz and 243 GHz and 1.5 K for all other channels—were
evaluated across a range of simulated Earth-scene temperatures and confirmed to be compliant. Additionally, the
radiometric sensitivity of all channels was verified to meet specifications with margin under both ambient and vacuum
conditions, demonstrating the instrument’s expected high radiometric performance.
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AIRBORNE CAMPAIGN OBSERVATIONS AND ANALYSIS FOR THE CONFIGURABLE
SCANNING SUBMILLIMETER-WAVE INSTRUMENT/RADIOMETER (COSSIR)

I. Adams, R. Kroodsmal, J. Gong?, S. Ringerud?, Y. Liu?, L. Milani3*

INASA Goddard Space Flight Center, 2Goddard Earth Science Technology and Research (GESTAR) Il, University of
Maryland — Baltimore County, 3Earth System Science Interdisciplinary Center (ESSIC), University of Maryland College Park

Submillimeter-wave radiometers are an emerging technology for monitoring weather. Early measurements from the
Millimeter-wave Imaging Radiometer (MIR) captured the first observations of the water vapor transition at 325.15 GHz,
and the ability to observe and quantify ice-phase clouds and precipitation was demonstrated during CRYSTAL-FACE with
the first generation of CoSSIR. Subsequent campaigns with both CoSSIR and the UK Met Office’s International Sub
Millimeter-wave Airborne Radiometer (ISMAR) have paved the way for the current and imminent submillimeter-wave
spaceflight instruments: the Arctic Weather Satellite (AWS), the Ice Cloud Imager (IClI) on MetOp-SG B, the Polarized
Submillimeter Ice cloud Radiometer (PolSIR), and the Convective Core Observations through MicrOwave Derivatives in
the trOpics (C2OMODO). After recent upgrades, including a new scanning mechanism and a frequency plan comprising
three bands at 325.15 GHz, three corresponding bands at 183.31 GHz, and window bands at 170 and 684 GHz, CoSSIR
collected observations of winter storms during the Investigation of Microphysics and Precipitation from Atlantic Coast-
Threatening Storms (IMPACTS) and deep convection associated gamma ray flashes during the Airborne Lightning
Observatory for FEGS and TGFs (ALOFT), establishing the instrument as a reliable sensor for airborne science. Now, in
preparation for the North American Upstream Feature-Resolving and Tropopause Uncertainty Reconnaissance
Experiment (NURTURE), we are revising the CoSSIR frequency plan at 325.15 GHz to match both ICl and PolSIR and
adjusting the frequency plan at 183.31 GHz to match altitude sensitivity.

To showcase the valuable science achieved with submillimeter-wave radiometry, our presentation will cover cases
observed by CoSSIR during IMPACTS and ALOFT. Our team’s analysis will further demonstrate the strong relationship
between submillimeter-wave brightness temperature and ice clouds. We will also provide results on the tomography
experiments we have conducted using CoSSIR’s configurable scanning capability. Finally, we will discuss the new
frequency plan in the context of NURTURE and CoSSIR’s sibling sensor, the Conically Scanning Millimeter-Wave Imaging
Radiometer — Hyperspectral (CoSMIR-H), and in the context of the PolSIR mission.
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VICARIOUS CALIBRATION OF MICROWAVE RADIATION IMAGER ONBOARD
FENG YUN SERIES SATELLITES IN YUNNAN FOREST

S. Wul, P. Yaol, W. Xu?

INational Satellite Meteorological Center

As a key calibration technique, vicarious calibration, together with pre-launch laboratory calibration and in orbit
real time calibration, forms the backbone of any microwave radiometer calibration strategy. Laboratory tests provide
controlled measurements of the calibration target, receiver, and antenna, yet they cannot fully replicate the orbital
environment. Calibration targets cannot reproduce the true in orbit radiative scene, cold sky calibration in vacuum does
not capture receiver response below 10 K, and near field antenna measurements must be extrapolated to the far
field with non-negligible error; moreover, antenna emissivity is difficult to measure on the ground. Real time in orbit
calibration reveals the true system response on a second-by-second basis, but its accuracy is still limited by the
laboratory-derived coefficients. To overcome these limitations, in-orbit vicarious calibration is required. Typical
methods include rain-forest, ocean-surface, lunar, and cold-sky pitch-over calibrations. This paper reports on the
rain-forest cross-calibration experiment carried out for China’s FengYun (FY) Microwave Radiation Imager (MWRI).
Between 2022 and 2025 the FengYun MWRI team conducted a series of joint ground—satellite campaigns in Yunnan
Province, China. The objective was to exploit the tropical rain forest around Simao to develop and validate a rain-forest
cross-calibration technique. Two kinds of observations were performed:

1. Ground-based radiometer measurements at 6.925, 10.65, 18.7 and 36.5 GHz in both V and H polarizations, mounted
on a truck, have the ability to move around the experiment area. The radiometer was mainly located on the top of a
small hill, platform and truck base together give an altitude difference of >10 m above the forest canopy, ensuring that
the entire field of view was filled with rain forest.

2. In-canopy vertical temperature profiles measured at nine points. Up to five thermistors were deployed on each
tower between 0 and 15 m height, yielding one temperature profile every 20 min. Nine vertical temperature-gradient
sites are evenly distributed across a 25 km x 25 km area. Each site occupies a different underlying surface type: most
are inside the forest, while a few are located in tea or coffee plantations. Within the forest every site is equipped with
five temperature sensors at different heights; in the tea and coffee plots two sensors are installed at different levels.
Two dry-season radiometric data sets and more than one full year of vertical temperature profiles have been collected.
Combined analysis shows that the forest emission exhibits pronounced diurnal variation, driven jointly by changes in
ambient temperature and in the effective emissivity of the target. Because penetration depth of different frequencies
in canopy is very different, we used the temperature-profile data together with the radiometer observations to quantify
the true response of each channel within the forest medium. By coupling the temporal evolution of channel-dependent
emissivity with the vertical temperature distribution, we constructed a preliminary RT model that uses physically based
temperatures at multiple canopy heights as input and produces brightness temperatures for each channel as output.
Combined analysis of land-cover type and DEM indicates that the residual biases are dominated by (i) geolocation/co-
registration errors and (ii) differences in local incidence angle arising from distinct azimuth angles of observation. Model
refinement targeting these two error sources is on-going.
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ATACAMA PATHFINDER EXPERIMENT (APEX) MEASUREMENTS OF THE 159-752
GHZ ATMOSPHERIC SPECTRUM AND RESULTING MODEL UPGRADES

J. R. Pardo?2, C. de Breuck3, D. Muders?, J. A. Gonzdlez3, J. P. Pérez-Beaupuits?, C. Prigent?
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(France), 3European Southern Observatory, *Max-Planck-Institut fiir Radioastronomie (Germany)

We will present the results of an extensive observational campaign carried out with the Atacama Pathfinder Experiment
(APEX) aimed at measuring with unprecedented spectral resolution (better that 1 MHz) and calibration accuracy, to be
described in the presentation, the 157-752 GHz atmospheric spectrum under various clear sky conditions from the high
and dry site of Chajnantor (Atacama Desert in Chile, 5000 meters above sea level). APEX was, at the time of these
measurements, a collaboration of the Max-Planck-Institut fir Radioastronomie (MPIfR), the European Southern
Observatory (ESO), and Onsala Space Observatory (OSO). These measurements have implications on testing
atmospheric radiative transfer models and, therefore, are important for both astrophysics and Earth's remote sensing:
1) Studies of cold dark clouds, star-forming regions, evolved stars, galaxies, and other objects in space, through
millimeter and submillimeter wavelength observations have broadened our vision of the Universe over the last few
decades. These observations are usually performed from high and dry sites, where conditions allowing some sky
transparency for them are found. An accurate atmospheric model is needed for planning, conducting, and calibrating
the observations.

2) The atmospheric millimeter and submillimeter spectrum is also important for Earth observations. Current
operational meteorological applications are limited to 200 GHz. The upcoming European organization for the
Exploitation of METeorological SATellites (EUMETSAT) Polar System-Second Generation (MetOp-SG), will carry an
instrument, the Ice Cloud Imager (ICl), with frequencies up to 664 GHz. The main objective of ICl is to provide data on
humidity and ice hydrometeors. Furthermore, the deployment of the EUMETSAT Polar System Sterna (EPS-Sterna)
constellation, consisting of 6 microsatellites for launch around 2030, will enhance Numerical Weather Prediction (NWP)
accuracy. Each microsatellite will carry a sounder, including channels around the H,O0 line at 325 GHz, providing global
temperature and water vapor profiles with unparalleled coverage and revisit time. The reference radiative
transfer models for these projects can be directly tested in their finest details with our Chajnantor data.

The contributors to the millimeter and submillimeter atmospheric spectrum are O, through magnetic dipolar (M1)
rotational transitions, H,O through electric dipolar (E1) rotational transitions, weaker E1 features from other "minor"
atmospheric gases, such as O3, N,O, CO. HCN, HCI..., isotopologues and vibrationally excited states of some of these
molecules, and, finally, non-resonant collision-induced absorption (CIA) due to several mechanisms: N,-N5, 05-O; and
0,-Nj; collisions (dry CIA), and Hy0-N; + H,0-0; collisions (foreign wet CIA), as well as Ho0-H»0 collisions (self wet CIA).
The last one, as it involves collisions between water molecules, is almost two orders of magnitude lower than the
foreign wet CIA at the dry conditions of submillimeter astronomical observatories.

A set of receivers, called SEPIA for Swedish ESO Pl Instrument at APEX, are in a cryostat that can accommodate 3 receiver
cartridges with tertiary optics to illuminate them inside the Nasmyth cabin A of the APEX telescope: SEPIA180 (159-211
GHz), SEPIA660 (597-725 GHz), and SEPIA345 (272-376 GHz). It was delivered by the Group for Advanced Receiver
Development (GARD) at OSO in Sweden. Only one of the three receivers can be used at a given time, but the switch
between receivers is very fast, taking only a few minutes. Under relatively stable atmospheric conditions this allows
to scan all frequencies covered by the three receivers in just about one hour for a single air mass. The other bands,
called new FaciLity APEX Submillimeter Heterodyne instrument (nFLASH), were delivered by the MPIfR Sub-mm
technology division in Bonn. It is a receiver with two independently tunable frequency channels: nFLASH230 (196-281
GHz) and nFLASH460 (378-508 GHz). Both channels have two polarizations and two sidebands. The instrument is
designed to work as a dual receiver to allow simultaneously observing in both 230 and 460 channels. Allfive
heterodyne receivers are connected to modern digital Fast Fourier Transform Spectrometers (FFTSs). They are based
on high-speed analog-to-digital converters (ADCs) and highly complex field-programmable gate array (FPGA) chips for
signal processing. The FFTSs used for these measurements transform 4 GHz bandwidth sections of the 2 side-band (SB)
4-12 GHz intermediate frequencies (IFs) into 64k spectral channels, although the resulting kHz spectral resolution
is smoothed to around 1 MHz for the final data products, which is largely enough to resolve even the narrower
atmospheric lines.

For this study it was important to cover a wide range of precipitable water vapor column (PWVC) conditions, but also



different seasons and times of the day. The idea was to gather a data base covering as many situations as possible in
order to perform model tests and statistical analysis that would help us in refining the atmospheric model for its ESO
implementation. In order to conduct the necessary observing campaigns, we applied for APEX telescope time via
technical calibration proposals and, in total, we got around 40 hours of observations that were divided into several
observing sessions in 2020, 2021 and 2022 with a satisfactory distribution of PWVC, diurnal and seasonal conditions.

Although some partial results have been already published, the overall data base is still under analysis and comparison
with our radiative transfer model (ATM) and other models. Our presentation at Microrad 2026 will focus on the
implications of this detailed analysis for both millimeter/submillimeter astrophysics and remote sensing applications.
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THE CRYORAD AIRBORNE BAFFIN BAY CAMPAIGN: FIRST RESULTS AND LESSON
LEARNED
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1CNR-IFAC, 2CNRS-IPSL, 3The Ohio State University, *ESA-ESTEC

Over the past decade, airborne surveys conducted in Greenland and Antarctica have demonstrated the potential of low-
frequency wideband radiometers in monitoring polar regions, offering unprecedented capabilities compared to
spaceborne satellites using the 1400-1427 MHz portion of the spectrum. The ESA Earth Explorer 12 CryoRad mission
candidate aims to fully demonstrate these capabilities and produce key scientific data for advancing cryosphere studies.
The three main mission objectives are: (i) Better assess the mass balance and stability of ice sheets, by bridging the
observation gap for ice sheet temperature profiles of Antarctic and Greenland ice sheets that extend from surface to
base (a dataset previously available only through limited borehole observations or models); (ii) Better assess the
freshwater cycle and water mass formation at high latitudes, by reducing the uncertainty in cold water sea surface
salinity measurements by at least a factor of 2 compared with existing L-band measurements; (iii) Investigate sea ice
dynamics and salinity exchange processes in the Arctic and Antarctic by improving sea ice thickness estimates for sea
ice in the 0.5-1 m thickness range and delivering the first spaceborne observations of sea ice salinity.

In order to advance CryoRad’s progress, ESA funded dedicated experimental activities for investigating key components
of the mission. These activities include detailed assessment of the dielectric permittivity of ice at low frequencies and
temperatures and the collection of experimental data. The August 2025 Baffin Bay campaign contributes to the latter
goal. The campaign’s objective was to test the CNR-IFAC LoMiRad radiometer onboard a Basler aircraft in real world
conditions, to assess its performance, and to collect ultra-wideband brightness temperature data over open water. The
results provide the mission with multiple benefits: an operational airborne demonstrator, investigations of spectrum
occupancy in polar and near-polar regions, and the collection of experimental data over open sea (a target that to date
has seen only limited measurement with ultrawideband radiometry). Campaign flight routes were designed to follow
the 2025 Amundsen expedition, a Canadian scientific cruise that collects many sea water geophysical parameters
including sea surface salinity and temperature (https://amundsenscience.com/discover-expeditions/). Additional flight
routes intersected with an Ungava Bay oceanographic campaign of the Université du Quebec-Trois Rivieres.

The Baffin Bay campaign took place 11 August — 4 September. The LoMiRad scientific team of Marco Brogioni, Marion
Leduc-Leballeur and Francesco Montomoli was supported by the logistic team from Kenn Borek Air. A first campaign
phase in Calgary, AB installed the instrument on the aircraft and performed ground tests using terminations kept at
ambient temperature and dipped in liquid nitrogen. Pt100 probes and inclinometer sensors were tested along with IR
and visible cameras. After certification an authorization by Transport Canada the second campaign phase was conducted
18-28 August. Data collection was carried out over Baffin Bay and during transit to/from the area. In total, eight scientific
flights took place over the south part of Baffin Bay, Davis Strait, Ungava Bay, Penny Ice Cap, north Baffin Bay, and Barnes
Ice Cap. Overall approximately 70 hours of flight data were collected for the flight routes available at
https://www.cryorad.eu/CryoSSSS_GIS/

The datasets are presently undergoing processing and calibration. Results will be shown at the meeting, along with
information on spectrum occupancy over specific sites and lessons learned during the certification and scientific
campaign.
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P-BAND ICE DIELECTRIC MEASUREMENT SYSTEM FOR THE CRYORAD MISSION
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CryoRad is a candidate mission under ESA’s Earth Explorer 12 program, aimed at advancing our understanding of the
cryosphere and its role in the Earth system. The satellite will carry a novel P- to L-band wideband microwave radiometer
(0.4-2 GHz) with continuous frequency scanning, representing the first deployment of a P-band radiometer in space.
The mission has three mission primary objectives, which are 1) the ice sheet temperature profile from the top to the
bottom; 2) the sea ice thickness volume and salinity in the range 0-1 m and 3) the sea surface salinity in cold water with
improved accuracy. For ice sheets, CryoRad’s broad low microwave frequency coverage, particularly its inclusion of P-
band (0.4-1GHz), enables temperature sensing at different depths within ice sheets down to several kilometers. To
achieve this goal, an accurate knowledge of ice dielectric constant is of vital importance, as even a small error will
accumulatively cause a large error in the modelled brightness temperature for an ice sheet with thousands-of-meters
thickness. However, the information for the ice dielectric constant remains sparse, motivating the development of an
accurate dielectric measurement system to support the fundamental concept, forward modeling and retrieval
algorithms of CryoRad.
To meet this goal, we have developed a novel experimental set-up whose key component is a cylindrical cavity
sensor. The cavity, which has a radius of 16.5 cm and a frequency resonance at around 700 MHz, is gold/silver-plated,
making a very high Q of about 16500. The cavity’s top endplate is centrally hollowed with a hole of approximately 4.5
c¢m radius, allowing the ice sample to be placed inside the cavity. A cylindrical Teflon sample holder with a radius of
about 3 cm is placed at the center of the cavity to secure the position of ice sample. The insertion hole is then sealed by
a cap to preserve the resonance condition inside the cavity. Then the real and imaginary parts of the dielectric constant
of the ice sample will be determined by the changes in the resonant frequency and the quality factor, Q, of the cavity,
respectively. Since the ice dielectric constant has a very small imaginary part (in the order of 1e-3 — 1e-5), it isimportant
to have a large sample volume to ensure enough change in Q that can be detected. Furthermore, this design allows the
potential of the measurements of ice cores with radii of 1-3 cm made in lab or collected from the field in the future.
The design of the whole system is inspired by a previous system for seawater dielectric constant measurements [1] but
fundamentally differs in their algorithms to extract the dielectric constant from resonant frequency and Q. While the
previous seawater dielectric constant measurements rely on perturbation theory due to the extremely small volume of
introduced seawater, the present system uses the exact solution of the field inside this three-layer cavity (air-sample
holder-sample) to simulate the resonant frequency and Q. A customized software is developed according to this
approach for analyzing the measurements. Initial results suggest an accuracy better than 2% can be reached for a Teflon
sample (used for calibration) with an imaginary part of around 5e-4. The design, setup and initial results will be
presented at the conference.
[1] R. Lang, Y. Zhou, C. Utku and D. Le Vine, “Accurate measurements of the dielectric constant of seawater at L
band”, Radio Science, 51 (1), 2-24, 2016
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PERFORMANCE ASSESSMENT OF NEW MICROWAVE SOUNDERS WITH ALL-SKY
NWP MONITORING
D. Duncan?, N. Bormann?, C. Accadia?, S. Di Michele?

IECMWEF, 2EUMETSAT

Launched in August of 2024 and 2025 respectively, the Arctic Weather Satellite (AWS) and Metop-D each carry a new,
state-of-the-art microwave sounder designed for assimilation in numerical weather prediction (NWP) models. By
analysing observed radiances against the reference of an NWP model short-range forecast, the radiometric
performance of newly launched microwave sounders can be quickly and accurately assessed. In this study, radiances
from AWS and the MicroWave Sounder (MWS) on Metop-D are assessed using the ECMWF NWP model as a reference.
Biases for AWS and MWS are compared to equivalent channels on heritage microwave sounders such as ATMS using
the NWP model as the transfer standard; radiometric noise performance (NEDT) is also compared for temperature
sounding channels. This method uses all-sky radiative transfer for the forward model simulations with RTTOV-SCATT
v14, and applies a symmetric screening of heavily cloud-affected scenes to remove scenes with known systematic biases
from the cal/val analysis. In contrast to other methods of assessing the performance of a newly launched radiometer,
the NWP method allows millions of data points to be analysed in a matter of hours, covering a wide range of
temperatures and atmospheric conditions. For newly observed spectral regions such as the 325 GHz sub-mm band on
AWS, the NWP method provides an invaluable point of comparison due to the lack of other references.
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IN-ORBIT PERFORMANCE OF THE ARCTIC WEATHER SATELLITE

V. Kangasl, D. Gherardl, M. Langel, S. Thompson!, F. Alvarez Lopezl, A. Brown!, D. Schobertl, B. Samaniegol, A.
Grazianil, G. Mason?

1European Space Agency

European Space Agency (ESA) has completed the development of a new Microwave Sounder Mission named Arctic
Weather Satellite (AWS). The AWS is designed to be a prototype (PFM) for a future constellation of AWS satellites
(named EPS-Sterna). The prime of the AWS mission is OHB Sweden with AAC Omnisys as Payload Prime and ThalesAlenia
Space as Ground Segment Prime.

The development of AWS followed a “New Space” approach, achieving fast and cost effective development allowing
affordable deployment of a constellation of AWS satellites. AWS development contract was kicked-off in February 2021
and was completed in just 36 months. Launch took place in summer 2024. First images from the Payload were taken 10
days after launch, confirming well performing Payload. After in-orbit commissioning and orbit raising, data distribution
to end users started end of 2024.

The AWS provides two different data services for end users. The Stored Mission Data (SMD) is downlinked once every
orbit through a ground station in Svalbard and distributed through EUMETSAT’s EUMETCast system. In additional, Direct
Data Broadcast (DDB) service will be provided through L-band link providing real time measured science data from the
mission. This data available to any end user having L-band Ground station.

The Payload of AWS is a 19 channel cross-track-scanning microwave radiometer covering frequency range from 50 GHz
to 325 GHz. The four channels at 325GHz are for water vapour sounding and for clouds measurements. This is the first
time these channels are used operationally. Antenna projected aperture is 16 cm, providing footprint sizes of 33km@54
GHz, 20km@89GHz and 10km@183/325 GHz and is rotating at around 45 RPM with a swath width of approx. 2000km.
The spacecraft flies at 595 km altitude at 22:38 LTAN, which was defined by the rideshare launch.

At the time of the abstract writing, the AWS performance has been assessed by numerous European meteorological
organisations (Danish Meteorological Office, the German Weather Service, the European Centre for Medium-Range
Weather Forecasts (ECMWF), the Finnish Meteorological Institute, Météo-France, the Norwegian Meteorological
Institute, the UK Met Office, and the Swedish Meteorological and Hydrological Institute). The ECMWF was the first
centre to use the new AWS observations operationally. ECMWF started the operational assimilation in summer 2025
and results are leading to an improvement in weather forecasts.

In-orbit performance and lessons learned are being collected continuously from AWS. Further updates on levell data
processing are still planned during autumn 2025. By the time of the conference, AWS has flown for almost 2 years, and
comprehensive assessment of the in-orbit performance is available.

The constellation of AWS satellites, named EPS-Sterna is designed to complement the existing microwave sounders
from EUMETSAT and NOAA and not to replace them. Therefore, LTANs have been selected to complement the existing
microwave sounders and will fly at 03:30, 07:30 and 11:30 LTDN. The EPS-Sterna will be developed in cooperation with
EUMETSAT.

This paper will summarise the AWS in-orbit performance, including geolocation, noise, accuracy/biases, etc. The impact
on weather forecast will be described and the lessons learned from in-orbit performance and planned improvements
for the constellation (EPS-Sterna) will be identified.
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ROTATING UNIVERSAL RADIOMETER FOR PLANETARY BOUNDARY LAYER
OBSERVATIONS AND LAND-ATMOSPHERE INTERACTIONS
M. Eblel, M. Kleint

1Boulder Environmental Sciences and Technology

Around to 40% of the Forecast Sensitivity to Observation Impact (FSOI) is provided by space based passive microwave
humidity and temperature measuring sensors (Geer, et al.,, 2019). All other observations (e.g. infrared sensors,
radiosondes, surface stations, ships, and buoys) provide the remaining 60%. Many other papers have documented the
importance of radiometer observations for short term and long term weather forecasting.

There is more that passive microwave sensors could provide. A number of papers also examine the impact of adding
more of these sensors on orbit, e.g., (Duncan, Bormann, & Holm, 2021), (Rivoire, et al., 2024). All of the studies confirm
that more radiometer sensors on orbit will provide a significant positive impact on numerical weather prediction (NWP)
model errors.

Many papers have also described the benefits of hyperspectral microwave sensors and how this approach to sensor
design can further improve observations, e.g., (Boukabara & Garrett, 2011), (Maddy, lturbe-Sanchez, & Boukabara,
2024).

While much of the current work focuses on space based sensors, ground based microwave radiometers also have the
potential for improving atmospheric observations, especially in the atmospheric boundary layer. However, the ground
based microwave radiometer technology currently in use is at least 40 years old. Sensor electronics might have
improved during past decades, but not observational capabilities. Ground based radiometers are still using a rotating
mirror, with two frequency bands (e.g. 20-30 and 50-58 GHz) mix polarizations in their observations, and they require
regular liquid nitrogen calibration by a Ph.D. level operator.

We will describe a sensor known as the Rotating Universal Radiometer (RUR). This constantly rotating sensor can
observe in dual polarizations, cover a wide frequency range, e.g., 6 to 220 GHz, and provide hyperspectral benefits,
all in one integrated, rugged, IP67 sealed instrument that calibrates autonomously and reduces the need for user
intervention. In addition to providing humidity and temperature profiles with much improved vertical resolution within
the atmospheric boundary layer, the RUR sensor can also observe during precipitation events, thus enabling the
measurement of precipitation rates. The sensor is capable of operating from a buoy without requiring platform
stabilization. The RUR sensor can also perform simultaneous measurements of the surface below the sensor (land or
ocean) and the atmosphere, thus providing valuable information for analyzing the interactions between these two
regimes.

We will present the simulated capabilities of the RUR sensor for temperature and humidity profiling in the atmospheric
boundary layer and further aloft. Simulated retrievals have shown significant improvements to retrieval accuracy over
the current ground based technology.
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E-PROFILE GROUND-BASED MICROWAVE RADIOMETER NETWORK: TOWARDS
OPERATIONAL REAL-TIME THERMODYNAMIC PROFILING AT THE EUROPEAN SCALE
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E-Profile is the EUMETNET observation programme that collects, processes and disseminates atmospheric vertical
profiles of wind, aerosols and clouds in near real-time, focusing on operational meteorology. Building on a business case
published in its previous phase (2019-2023), E-Profile now expands its profiling capabilities with the setup of an
operational network of ground-based microwave radiometers (MWRs) dedicated to humidity and temperature
profiling. MWRs are mostly sensitive to the atmospheric boundary layer (ABL) and can operate under cloudy conditions,
which makes them good complement to satellite observations in the context of data assimilation. The synchronous
measurements of humidity and temperature also allow for the derivation of Stability and Forecast Indices (Fl) at high
temporal resolution from MWR, which is of particular interest for forecasters in rapidly evolving convective situations.
Since early 2024, E-Profile operates a pilot network of 16 instruments from 7 European countries and 3 different
manufacturers, providing continuous measurement of K- and V-band brightness temperatures (L1) at high time
resolution (seconds) and with relevant timeliness (10-90 min for most instruments). Following recent updates to the
reading and conversion software, the distribution of the L1 products in near real-time is due to start soon.

In addition, work is ongoing to finalize the retrieval setup and prepare the distribution of humidity and temperature
profiles (L2) from the MWR observations. For the retrievals, we rely on TROPoe, a 1D-Var retrieval software based upon
optimal estimation. The processing is done centrally and in near real-time on the European Weather Cloud (EWC), for
now restricted to a subset of the 16 pilot instruments, but with the aim to process all by the end of 2025.

In this contribution, we present the latest developments and current status of the E-Profile MWR network. It includes
the tools setup for the monitoring of the data quality as well as the first results from over a year of continuous operation
of our pilot network. We also show the challenges associated with setting up harmonized real-time processing for
different type of MWR and discuss the remaining work and improvements.
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USING MICROWAVE RADIANCES FOR THE GENERATION OF CLIMATE DATA
RECORDS FOR PRECIPITATION, WATER VAPOUR, LIQUID WATER PATH AND
EVAPORATION-RELATED QUANTITIES AT CM SAF

K. Fennigl, A. Niedorfl, T. Sikorskil, H. Konradl, M. Schréder?, S. Finkensieper?

Ipeutscher Wetterdienst

The Satellite Application Facility on Climate Monitoring (CM SAF) develops, generates, archives and distributes high-
quality satellite-derived products of the global energy and water cycle and related sustained services in support to
understand our climate. Microwave remote sensing of the atmosphere plays an important role at CM SAF for the
generation of the Global Interpolated RAinFall Estimation (GIRAFE) climate data record (CDR) for precipitation (Niedorf
etal., 2024; Konrad et al., 2025) and the Hamburg Ocean Atmosphere Parameters and fluxes from Satellite data (HOAPS)
CDR which covers atmospheric parameters total column water vapour, liquid water path, evaporation and related
parameters (Andersson et al., 2010, 2017; new version pending). In support of these, as well as external activities, CM
SAF produces a microwave imager fundamental CDR (FCDR) covering quality-controlled, intercalibrated radiances
observed by SSM/I and SSMIS. For a more complete sampling and optimum stability, observations by other microwave
imaging instruments are intercalibrated with the FCDR. In addition, for a further improved monitoring of precipitation
in GIRAFE, observations by microwave sounding instruments — not covered by the CM SAF FCDR-related activities — are
used.

Here, we give an overview of these CDRs, the constellations feeding into them, and the processing that is
necessary to obtain stable timeseries from these diverse constellations. Special emphasis will be put on contrasting
different approaches, for example statistical post-processing of Level-2 data as pursued in GIRAFE vs mimicking target
sensor Level-1 data (the HOAPS approach for radiative transfer modelling via 1d-Var / RTTOV).

Andersson, A, et al.: The Hamburg Ocean Atmosphere Parameters and Fluxes from Satellite Data — HOAPS-3, Earth Syst.
Sci. Data, 2, 215-234, https://doi.org/10.5194/essd-2-215-2010, 2010.

Andersson, A. et al.: Hamburg Ocean Atmosphere Parameters and Fluxes from Satellite Data - HOAPS 4.0, Satellite
Application Facility on Climate Monitoring, https://doi.org/10.5676/EUM_SAF_CM/HOAPS/V002, 2017.

Konrad, H., et al.: GIRAFE v1: a global climate data record for precipitation accompanied by a daily sampling uncertainty,
Earth Syst. Sci. Data, 17, 4097-4124, https://doi.org/10.5194/essd-17-4097-2025, 2025.

Niedorf, A. et al.: GIRAFE v1: CM SAF Global Interpolated RAinFall Estimation version 1, Satellite Application Facility on
Climate Monitoring. https://doi.org/10.5676/EUM_SAF_CM/GIRAFE/V001, 2024.
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SPECIAL SENSOR MICROWAVE IMAGER/SOUNDER (SSMIS) FUNDAMENTAL DATA
REOCRD FOR C3S

R. Hucklel, T. Hanschmanni, V. Johnl, J. Schulz!

IEUMETSAT

The Special Sensor Microwave Imager/Sounder (SSMIS) has been flying on Defence Meteorological Satellite Program
satellites since 2003. SSMIS is the successor to the Special Sensor Microwave/Imager (SSM/I), continuing the
measurements in the same imager channels and adding additional sounding capabilities. The sounding channels add
important information to numerical weather prediction (NWP) and climate re-analysis models. Especially the upper
atmospheric sounding channels provide valuable information on the upper stratosphere and mesosphere up to 100 km
altitude, which are not well represented in these models. Consequently, those channels, peaking in the mesosphere,
are sensitive to the magnetic field via the Zeeman splitting effect. Therefore, it is essential to have access to the
magnetic field in those altitudes to utilise the data for NWP. However, the magnetic field information was not provided
for all measurements.

Within the framework of the Copernicus Climate Change Service (C3S2), EUMETSAT has created a Level 1c
Fundamental Data Record (FDR) for SSMIS, based on data used at the European Centre for Medium Range Weather
forecast (ECMWF) and adding relevant magnetic field data. Further, noise equivalent delta temperature (NEdT) of the
measurements based on warm and cold calibration target measurements have been computed and added to the FDR.
We will present this new FDR, show comparisons against ERA5 data and Microwave Limbs Sounding (MLS)
measurements. We will discuss the influence of the Zeeman splitting and the use of different magnetic field sources.
Our results show the importance of utilising the magnetic field information. Radiance simulations improve
significantly when including the Zeeman splitting effect. This new FDR will help to understand upper atmospheric
biases in pre-satellite aera re-analysis.
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SCATTERING MECHANISMS IN THE ICE SHEET’S PERCOLATION ZONES
INFERRED FROM SMOS INCIDENCE DIAGRAMS
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The Soil Moisture and Ocean Salinity (SMOS) mission conducts L-band passive microwave measurements since 2010
with an incidence angle ranging from nadir to ~65°. Spatial and temporal variations of SMOS observations have been
extensively used over the ice sheets to map subsurface melt and refreeze and internal temperature profiles. These
applications have been developed using measurements restricted to a small incidence angle bin of 5° (e.g. 50 — 55°), to
limit the complexity and sources of uncertainties arising from the use of full incidence diagrams. Here, we explore the
incidence signatures of SMOS over characteristical ablation, percolation and dry snow areas using radiative transfer
modeling and observations from the Level 3 brightness temperature (L3TB) and the new SMOS enhanced resolution
dataset at 40° and 52.5° incidence angle. The shape of SMOS incidence diagrams is closely related to scattering
mechanisms in the firn, which is reflected in the ratio of 40° over 52.5° brightness temperature (TB). The “incidence
ratio” shows strong spatial variations at both H and V polarizations with minima located in the percolation zone of the
Greenland ice sheet (GIS) and at specific locations of Antarctic ice shelves. Simulations of L-band TB using the Snow
Microwave Radiative Transfer (SMRT) model show that neither the superposition of semi-infinite layers with alternated
densities nor artificially-created isotropic scattering are able to reproduce these minima. Only anisotropic scattering
created by disk-type ice features in the firn explains well the observed incidence signatures in the percolation zones.
The spatial and temporal variability of this signal is informative about the evolution of scattering mechanism in ice
sheet’s firn.
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POLARIMETRIC RESPONSE OF THE OCEAN SURFACE OVER THE FULL RANGE OF
INCIDENCE ANGLE FROM 18-35 GHZ: RESULTS FROM THE COWVR PITCH
EXPERIMENT

S. Brown?, F. Polveraril, M. Morrisl, A. Akins!
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The Compact Ocean Wind Vector Radiometer (COWVR) is an 18-35 GHz fully polarimetric, conically imaging microwave
radiometer with a 75cm aperture designed to provide measurements of ocean vector winds COWVR has been operating
on the International Space Station (ISS) since January 2022 as a part of the Space Force Space Test Program (STP-H8)
mission for demonstrating this new radiometer design. The sensor performed extremely well over its 3.7-year mission,
meeting all objectives for sensor calibration and wind vector retrieval performance.

In August 2025, as the mission was in its final month, two special maneuvers were conducted to sample the ocean
surface over the full range of incidence angle. The first maneuver pitched COWVR by 47° pointing the antenna boresight
to nadir in the back portion of the scan and covering 0-60° incidence angle over the remainder of the scan. The second
maneuver pitched COWVR to 101° to view incidence angles between 60-90°. In all, 5 weeks of data were acquired in
these two configurations, yielding the most extensive database ever acquired of fully polarimetric data (V,H,3rd,4th
stokes) at 18-35 GHz over 0-90° incidence angle.

Previously, only very limited data from airborne campaigns was able to test ocean emissivity models.

The COWVR top-of-atmosphere brightness temperature (TBs) are converted to surface emissivity using a one-layer
radiative transfer algorithm and ancillary sea surface temperature. The surface emissivity is combined with ancillary
wind vector data to derive harmonic emissivity model functions of the four stokes vectors. We find the harmonic
coefficients over incidence angle generally agree with predictions from two-scale emissivity models, but important
differences are observed, particularly in the frequency dependence and shape of the harmonic coefficients over
incidence angle.

We will summarize the COWVR pitch experiment and highlight the new insights gained of the polarimetric response of
the ocean surface over incidence angle. We will compare COWVR derived emissivity as a function of wind vector to
two-scale models. We will show how adjusting free parameters in the two-scale models (such as wave spectrum) can
produce better fits to the data. These results will be important for physical model development and improved fast
empirical models that are used in modern data assimilation systems (e.g. FASTEM).
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RADIOMETER AND RADAR REMOTE SENSING OF SOIL MOISTURE AND VOD OF
CROPS WITH ROW STRUCTURES WITH NUMERICAL SOLUTIONS OF 3D MAXWELL
EQUATIONS
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The integration of passive radiometer data from the Soil Moisture Active Passive (SMAP) mission and active radar data
from the recently launched NASA-ISRO Synthetic Aperture Radar (NISAR) mission enables new opportunities for
advancing vegetation and soil moisture studies. SMAP continues to provide vegetation optical depth (VOD) retrievals
alongside soil moisture estimates, while NISAR offers dual-polarization (HH and HV) L-band radar observations at 10 m
resolution, yielding an unprecedented dataset for capturing vegetation structure and dynamics. Together, these
complementary missions enhance sensitivity to soil moisture, canopy properties, and scattering mechanisms.
Vegetation scattering is strongly influenced by the distribution and orientation of plant components. In agricultural
fields, stalks are generally more uniformly distributed, while leaves exhibit greater variability in space and orientation.
The row structure of crops such as corn further enhances anisotropy, complicating retrieval algorithms. Traditional
incoherent models emphasize stalks as the dominant contributors, especially at VV polarization. However, recent
analyses reveal that leaves, particularly under conditions of high vegetation water content, significantly affect the
scattering response at horizontal polarization (HH). This polarization sensitivity underscores the need to better
represent leaf contributions in VOD retrieval frameworks.

Over the past several decades, radiative transfer (RT) models have been widely applied, typically representing branches
as cylinders and leaves as disks. However, these RT models rely on several ad hoc assumptions, including incoherent
independent scattering and constant densities for the cylinders and disks. In recent years, we have pursued numerical
3D solutions of Maxwell’s equations using the Fast Hybrid Method (FHM). The accuracy of FHM has been validated
through comparisons with results from commercial software packages such as FEKO, which are widely used in
electromagnetic simulations. Importantly, FHM has demonstrated far greater efficiency, requiring up to two orders of
magnitude less CPU time and memory than commercial software. The method integrates full-wave electromagnetic
principles with computational efficiency by representing each plant as a single scatterer, extracting plant-level T-
matrices with commercial solvers, and applying a hybrid multiple scattering scheme for fields with row structures. This
approach captures detailed scattering, absorption, and bistatic responses while reducing CPU and memory
requirements by more than two orders of magnitude compared to conventional solvers.

Crops such as corn and rice exhibit row structures in which the spacing along the row direction is much larger than that
in the orthogonal direction. As a result, crops with row structures display anisotropic vegetation optical depth (VOD).
Applied to corn fields, three representative scenarios—stalk-only, leaves-only, and combined plants—show that while
stalks dominate at VV polarization, leaves contribute substantially at HH, particularly in bistatic scattering. These results
demonstrate the critical roles of crop geometry, leaf distribution, and polarization sensitivity in shaping remote sensing
signals, confirming the importance of integrating SMAP and NISAR observations for improved vegetation and soil
moisture retrievals.
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RECENT EXTENSIONS OF THE SNOW MICROWAVE RADIATIVE TRANSFER (SMRT)
MODEL ENABLING MULTI-MODAL ACTIVE/PASSIVE SIMULATIONS
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The Snow Microwave Radiative Transfer (SMRT) model is now 10 years old. Originally developed to address theoretical
guestions about the role of snow microstructure in microwave scattering, it has been widely used for the interpretation
of radiometric measurements. Over time, it has evolved into a versatile, general-purpose radiative transfer model with
applications across various cryospheric environments, sensor types, and satellite missions.

While most previous studies have focused on individual sensor types (e.g., radiometers, imaging radars, and altimeters),
SMRT enables a consistent treatment of scattering and radiative transfer processes. This makes it possible to simulate
multiple observables simultaneously, such as brightness temperature, radar backscatter, altimetric waveforms, and
delay-Doppler maps, from a single physical configuration (e.g., a specific snowpack or sea-ice layer).

In this presentation, we first provide an overview of SMRT and highlight recent extensions that broaden its applicability
to a wider range of sensors. We then illustrate the synergistic use of SMRT for active/passive microwave simulations in
Antarctica through two examples. First, we investigate the frequency-dependent behaviour of brightness temperature
and radar backscatter in a highly scattering region of the Antarctic continent. This study aims to improve our
understanding of the extremely radar-bright surfaces observed on Saturn’s icy moons. Second, by combining passive
microwave and altimetric simulations over Antarctica, we demonstrate how this approach enables us to constrain the
simulations better and achieve an accurate balance between surface and volume scattering contributions, which is
critical for altimetry.

We conclude this presentation with a discussion of potential future applications of SMRT, particularly in the context of
recently launched or upcoming satellite missions.
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EVALUATING THE PHYSICAL CONSISTENCY BETWEEN GMI AND DPR BASED
RETRIEVALS OF PRECIPITATION SYSTEMS
V. Chandrasekar 1, C. Radhakrishnan?, S. C. Reising?

1Colorado State University

Spaceborne microwave sensors provide vital observations of the global atmosphere, particularly over remote regions
and the open oceans, where conventional ground-based measurements are limited or unavailable. These instruments
are generally categorized into two groups: microwave radiometers and active radar systems. Radiometers detect
natural thermal emission at a variety of frequencies, which provide information about integrated and sounding
properties of the atmosphere, such as water vapor, cloud liquid water, and precipitation. Radars transmit microwave
pulses and measure the energy scattered back from hydrometeors, thereby capturing the detailed vertical structure of
precipitation with range profiling. Together, these complementary observing systems form the foundation for
comprehensive monitoring of precipitation and related atmospheric processes.
The Global Precipitation Measurement (GPM) Core Observatory, launched in 2014, is unique in combining both passive
and active microwave sensors on a single platform. It carries the GPM Microwave Imager (GMI) and the Dual-frequency
Precipitation Radar (DPR), which together provide synergistic information on precipitation systems across the globe.
DPR operates at Ku- and Ka-band frequencies, providing three-dimensional profiles of radar reflectivity. These profiles
reveal critical features such as the vertical distribution of rain and snow, the presence and location of the melting layer,
as well as hydrometeor microphysical characteristics. In contrast, GMI observes at 13 frequencies ranging from 10 to
183 GHz, offering a wide swath of coverage sensitive to surface emission and scattering from hydrometeors. By
combining these capabilities, GPM enables physically consistent retrievals of precipitation properties that no single
instrument could provide on its own. The GPM combined product [1] integrates GMI radiances with DPR vertical
reflectivity to generate improved global precipitation estimates, capitalizing on the complementary strengths of the
two instruments [2].
The present study aims to evaluate the physical consistency between GMI and DPR measurements. Specifically, we
examine coincident observations during precipitation events and study how these instruments yield mutually consistent
descriptions of precipitation structures. Our approach employs a combination of observational and physical models to
tie the observations together. It is achieved by using the Monochromatic Radiative Transfer Model (MonoRTM) to
retrieve hydrometeor profiles from GMI brightness temperatures. The newly developed Version 8 GPM DPR Level-2
algorithm [3] provides vertical profiles of hydrometeors. In its initial phase, five hydrometeor types are used: dry
snow/ice crystals (DS/ICE), wet snow (WS), graupel (GPL), hail (Hail), and rain (Rain). DS/ICE, GPL, and Hail represent
low-density, medium-density, and high-density particles, respectively. This study integrates microphysics modeling, the
newly developed vertical hydrometeor profiles, and atmospheric reanalysis data from numerical weather prediction
models as input to radiative transfer model simulations. The radiometer-based retrievals are then compared with
newly-developed vertical hydrometeor distributions obtained from DPR. This comparison provides a framework to
assess the degree of consistency between passive and active microwave retrievals.

Evaluating consistency between retrievals from GMI and DPR is important for several reasons.

First, it builds confidence in the GPM combined products, which are used in hydrological applications, climate studies,

and model validation. Second, it supports the development of multi-sensor retrieval frameworks that integrate both

active and passive data streams. Such integration enhances the accuracy of precipitation and atmospheric property
estimates. Third, it offers new insights into the microphysical processes of precipitation by linking vertically
resolved radar information with radiometer observations sensitive to integrated column properties.

[1] Olson, Willam S., Hirohiko Masunaga, and Combined Radar-Radiometer Algorithm Team Gpm. "GPM combined
radar-radiometer precipitation algorithm theoretical basis document (version 4)." NASA: Washington, DC, USA
(2016).

[2] Grecu, M., W. S. Olson, S. J. Munchak, S. Ringerud, L. Liao, Z. Haddad, B. L. Kelley, and S. F. McLaughlin, 2016: The
GPM Combined Algorithm. J. Atmos. Oceanic Technol., 33, 2225-2245.

[3] Chandrasekar, C. V., Le, M., and Harri, A.-M.: THE HYDROMETEOR IDENTIFICATION FOR THE GPM DPR: Version 8
Updates, EGU General Assembly 2024, Vienna, Austria, 14—19 Apr 2024, EGU24-13739.
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ESTIMATION OF ATMOSPHERIC LIQUID WATER BY COMBINED OBSERVATIONS
FROM GROUND-BASED SINGLE-CHANNEL MICROWAVE RADIOMETRY AND GNSS
G. Elgered?, J. L. Davis?, P. Forkman?

1chalmers University of Technology, 2Lamont-Doherty Earth Observatory of Columbia University

We assess the accuracy of a one-channel ground-based microwave radiometer (MWR) co-located with a GNSS station
of geodetic quality with the goal of having a simple inexpensive MWR design to determine the integrated liquid water
(ILW) in the atmosphere. The contributions to the sky brightness temperature observed by the MWR are mainly the
integrated water vapour (IWV) and the ILW. Two additional and significant contributions are from oxygen and the
cosmic microwave background. These two contributions can however be modelled with high accuracy using surface
meteorological observations. Therefore, for an isolated MWR at least two channels, at separated frequencies, with
different sensitivity to the IWV and the ILW are needed. With the launch of global navigational satellite systems (GNSS)
it has been shown that a ground-based receiver station is able to provide estimates of the signal delay due to the
atmosphere which includes the effect caused by water vapour. This equivalent zenith wet delay (ZWD) is approximately
proportional to the amount of water vapour in the atmosphere and can be estimated from GNSS with an accuracy which
is comparable to that of an MWR. Thus, a GNSS station co-located with a single-channel MWR can provide the
information needed to separate the contributions from the IWV and the ILW in the atmosphere. Furthermore, during
conditions with no clouds containing liquid water, the GNSS observations will offer a method to determine the sky
brightness temperature and can then be used to calibrate the MWR.

We use 24 days of MWR data from June 2018 to assess this new approach. The MWR has two independent channels
with centre frequencies at 21.0 GHz and 31.4 GHz. The latter channel is used together with GNSS data to estimate the
ILW. In order to obtain reference values of the ILW the channels were calibrated using elevation scans, also known as
tip curves. The GNSS station ONS1 is part of the IGS network and the data and the estimated total propagation delays
are publicly available. When using GNSS data to account for the water vapour contribution to the sky brightness
temperatures observed by the MWR we need to subtract the so called hydrostatic signal delay resulting in a time series
of equivalent ZWD. The pressure observations needed are obtained from a calibrated barometer located close to the
GNSS station.

The results indicate that a one-channel MWR together with a GNSS station is comparable in terms of accuracy to a two-
channel MWR. Given the proliferation of GNSS stations and the relative low-cost of single-channel MWRs, this method
may represent an improvement on inferring IWV by GNSS data only. We present our result and discuss possible
methods further to improve the technique.
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CALIBRATION OF MICAP L/C/K BAND INTERFEROMETRIC RADIOMETERS DURING
IN-ORBIT COMMISSIONING PHASE
H. Liul, D. Hanl, C. Zhang?, L. Niul, X. Tong?, T. Wang?, B. Li%1
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COSM (Chinese Ocean Salinity Mission), the first Chinese mission dedicated for ocean salinity measurement, was
successfully launched by CZ-4B carrier rocket from Taiyuan Satellite Launch Center in north China’s Shanxi Province, on
Nov.14, 2004. COSM takes two payloads on board, namely LASMR (2-D L-band Aperture Synthesis Microwave
Radiometer) and MICAP (Microwave Imager Combined Active and Passive). LASMR is an L-band two-dimensional
synthetic aperture radiometer with Y-shape array, similar to SMOS/MIRAS instrument but with 56 dual-polarization
antenna units and receivers whose least spacing is 0.82 wavelength. MICAP is a new type of multi-frequency
active/passive payload proposed by NSSC, which consists of three one-dimensional synthetic aperture radiometers
working at L/C/K band (1.4/6.9/18.7GHz) with 12/14/14 dual-polarization antenna feeds respectively (least spacing of
each band is 0.618 wavelength), and an L-band (1.25GHz) digital beamforming scatterometer with 10 dual-polarization
antenna feeds. All the feeds share a 3m x 5.5m solid deployable parabolic cylinder reflector made by carbon fiber,
forming fan-beam shape secondary antenna pattern covering swath above 950km and same footprint projection
geometry on ground. The designed performance specifications of L-band radiometer are 0.15K NeDT, 0.12K stability,
and 50kmx75km on ground boresight resolution, while C/K band target on 0.3K NeDT and 25 kmx15km boresight
resolution. The commissioning phase of COSM lasted about 10-month.

It is the first time that 1D/Multi-frequency interferometric radiometers have been put into operational in space. The

multi-frequency feature of MICAP enables joint measurement on multiple physical parameters over ocean, including

not only sea surface salinity, but also sea surface wind and sea surface temperature, which has been identified as a key
feature of next generation SSS mission. It also brings potential benefits on soil moisture application and other
cryosphere applications.

Detailed introduction of calibration, brightness temperature (TB) reconstruction and in-orbit performances of MICAP

L/C/K band radiometers will be introduced in this paper, including:

1. The total power calibration of each single receiving channel (TA Calibration) is achieved by periodical dicky switching
of the receiver inputs to match loads and internal noise diodes. External calibration with cold sky maneuver has also
been carried out to mitigate the uncertainties of internal noise diodes.

2. The calibration of inter-channel cross-correlation outputs (Baseline Calibration) is achieved by dicky switching to
correlated noise injection. All the correlation efficiency (or correlator complex gain) specifications show very good
stability, which is less than 0.1% variation in amplitude and 0.3° variation in phase. So far, only less than 10 percent
observation time has been used for calibration, TA and Baseline Calibration in total, thanks to the excellent thermal
stability of the radiometer receivers achieved in-orbit.

3. A differential TB reconstruction approach has been used for MICAP 1D interferometric radiometers, utilizing
dedicated calm ocean surface as reference strictly selected with constrain of localization and
ocean/atmosphere/ionosphere states. This approach largely reduces the effects of element antenna pattern’s
uncertainty and non-consistency on TB image reconstruction.

4. In commissioning phase, the tested results of MICAP instrument specifications have fulfilled all the mission
requirements. As a new payload, MICAP features with its joint multi-frequency active/passive observation capability,
in-orbit RFI detection & mitigation capability of L-band, and world-leading spatial resolution specification (15x25
km) of C-band. The in-orbit performance of MICAP instrument during commissioning phase ensures promising
application over ocean, land and cryosphere.
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EARLY RESULT OF THE ADVANCED MICROWAVE SCANNING RADIOMETER (AMSR3)
PART1 : HARDWARE DEVELOPMENT AND LEVEL1 CALIBRATION

R. Komarul, S. Sakamoto?, S. Ikeda?, H. Matsuzawa?, T. Ishikawa?, Y. Taniguchi3, K. Murata3, M. Kachi®, K. Inaoka®, T.
Miura®, H. Morita®
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The Advanced Microwave Scanning Radiometer 3 (AMSR3), launched in June 2025 aboard the Global Observing
SATellite for Greenhouse gases and Water cycle (GOSAT-GW), is a remote sensing instrument designed to measure
weak microwave emissions from the Earth's surface and atmosphere. AMSR3 is characterized by its very wide range of
observation channels and is equipped with a G-band antenna subsystem (G-AS) in addition to the conventional AMSR
series, enabling the measurement of snowfall and upper-level water vapor. Furthermore, a 10.25 GHz channel has been
added to improve the resolution of sea surface temperatures (SST). This paper presents an introduction to the hardware
configuration of AMSR3 and reports on the evaluation of its observation performance in orbit.
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EARLY RESULTS OF THE ADVANCED MICROWAVE SCANNING RADIOMETER 3
(AMSR3) PART2: ALGORITHM AND VALIDATION

M. Kachil, R. Shimadal, E. Yoshizawa?l, K. Ohara?, K. Aida?, K. Nakata?l, T. Suzukil, K. Inaoka?, T. Miura?, Y. Kojima?, N.
Ebuchi?
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The Advanced Microwave Scanning Radiometer (AMSR) series is a series of Japanese microwave imager that has unique
capabilities in its high spatial resolution with large-sized main reflector (~2-m diameter), dual polarization channels for
all frequency bands from 6.9 to 89 GHz, and frequent global observation with wide swath more than 1500-km, to obtain
water-related information inside clouds and at the Earth’s surface through clouds. Major mission targets of the AMSR
series are: 1) monitoring and prediction of water cycle variations; and 2) operational applications. It continues global
water cycle observations more than 23 years by previous two missions, AMSR-E on board the NASA’s Aqua satellite
launched in 2002 and AMSR2 on board the Global Change Observation Mission — Water (GCOM-W) launched in 2012.
The Global Observing SATellite for Greenhouse gases and Water cycle (GOSAT-GW), which carries AMSR3, the latest
sensor of AMSR series, was successfully launched at 1:33 on June 29, 2025 (JST) from the JAXA Tanegashima Space
Center by H-1IA rocket #50 (final flight) and entered its nominal operational orbit on July 20. AMSR3’s main reflector
was set to rotate at a speed of 40 revolutions per minute to ensure stable observations, and AMSR3 started collecting
observation data as part of the satellite’s initial functional verification activity since August 11. First images from AMSR3
were released to public on September 5. Upon successful verification during the Initial Functional Verification
Operations phase, which is planned to take 3 months after the launch, JAXA will conduct the initial calibration and
validation of AMSR3 data and make transition to the nominal observation operation. For the calibration of AMSR3 Level
1 brightness temperature and validation of Level 2 geophysical parameters, we will make an adjustment of Level 2
algorithms that were developed based on that for AMSR2 and verify the product accuracy for public data release. Those
activities will be conducted in cooperation with our partner agencies, universities, and institutes. We use data from in-
situ networks operated routinely, or satellite observations in case of difficulty in obtaining in-situ data, for validation. In
addition, we operate ground observation sites for soil moisture in Mongolia since 2000 and in Australia since 2012, and
plan to establish new ground observation site for snow depth in Canada in fall 2025. Early verification results of AMSR3
standard products will be presented at the meeting.

AMSR3 succeeds in afternoon orbit observation of AMSR2, which is currently operation in orbit, and expands its
observation capability to respond to new user needs. Major improvements in AMSR3 are new high-frequency channels
(166- & 183-GHz) for snowfall retrievals and water vapor analysis in numerical weather predictions, and additional
10.25-GHz channels with better NEDT for robust sea surface temperature (SST) estimates. We will distribute new
products, including solid precipitation and 10-GHz SST, as well as existing products to keep continuation from AMSR2.
While public data release of AMSR3 is scheduled after the completion of initial calibration and validation phase (1-year
after the launch), JAXA plans to distribute early data to partner agencies to enable preparing implementation of AMSR3
data in their operational applications.
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CIMR: A GAME CHANGER
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The Copernicus programme is an evolution of the previous Global Monitoring for Environment and Security (GMES)
Programme. The Copernicus Imaging Microwave Radiometer Mission, namely CIMR mission, will provide improved
monitoring of the Polar Regions in terms of measurement bands, spatial resolution, temporal resolution and geophysical
accuracy as well as European operational continuity of L-band and enhanced AMSR type measurement capabilities.
The CIMR mission space segment consists in a conical scan microwave imaging multi-frequency (L, C, X, K and Ka)
radiometer, with the capability to uniquely observe a wide range of floating sea ice and related ocean parameters, in
particular sea ice concentration and sea surface temperature, and to serve operational systems in non-precipitating
atmosphere conditions, day and night. For the high performances that will provide in terms of resolution, sensitivity
and accuracy it is often considered a game changer, in particular for operational monitoring of sea-ice. The requirements
drove the definition of a multi-beam instrument with 25 channels at 1.4135, 6.925, 10.65, 18.7 and 36.5 GHz, all of them
working with both polarizations, managed through dual band, dual polarization feed chains for C/X bands (4 feed chains)
and K/Ka bands (8 feed chains), and a single feed array for L-band. A key feature of CIMR is its very large antenna, based
on an unfurlable mesh reflector, first of its kind developed in Europe and largest in the world working in ka-band. Other
world premieres for a conical scan spaceborne radiometer working at those frequencies are the active calibration
approach, based on internal active cold loads and passive matched hot loads instead of the traditional cold sky view and
on-board hot calibration blackbody, and the extensive state-of-the-art on-board data processing for radio-frequency
interference (RFI) detection and mitigation.

The technological challenges of CIMR will be presented, as well as a justification of the architecture driven by the
mission requirement leading to the need of overcome such challenges. In addition to the new developments required
for the RF design of the instrument, non-negligible challenges are the mechanical balance of such a large structure to
allow for safe rotation for the duration of the mission, the capability to dissipate the high power required for the
complex on-board electronics and the capability to pack all the instrument elements in the volume and mass available
for compatibility with the launcher.

DISCLAIMER: Views and opinion expressed are those of the author(s) only and the European Commission and/or ESA
cannot be held responsible for any use which may be made of the information contained therein.

View in the program



ADVANCING CRYOSPHERE MONITORING: THE CRYORAD SPACEBORNE MISSION
CONCEPT
G. Macellonil, T. C. Team?
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Over the past decade, the availability of new low-frequency microwave spaceborne data at L-band has provided key
parameters of the cryosphere and polar ocean that can be assimilated into Earth System Models, enhancing our
understanding of fundamental processes. Building on these findings, new initiatives have emerged to explore the
potential of using even lower frequencies (with the current lower limit being 1.4 GHz). These lower frequencies can
penetrate deeper into ice and have shown greater sensitivity to sea surface salinity in cold waters. Airborne surveys
conducted in Greenland and Antarctica have demonstrated the potential of low-frequency wideband radiometers in
monitoring polar regions, offering unprecedented capabilities compared to existing and planned spaceborne satellites.
Today, mission proposals are being developed in both the U.S. and Europe. Notably, ESA recently approved the CryoRad
mission for Phase-0 studies as a potential candidate for Earth Explorer 12. CryoRad mission candidate aims to fully
demonstrate these capabilities and produce key scientific data for advancing cryosphere studies. CryoRad consists of a
single satellite equipped with a broadband low-frequency microwave radiometer operating in the range 0.4 to 2 GHz
with continuous frequency scanning with frequent revisit and a complete coverage of polar regions. The antenna system
consists in a feed horn matrix and a large deployable antenna (i.e. around 12 m) that provides a native spatial resolution
that ranges from 40 Km at 0.4 Ghz to 10 Km at 2 GHz which could be improved thanks to further studies thanks to
enhanced resolution techniques. Measurements are performed in multiple contiguous frequencies over the0.4
— 2 GHz bandwidth, in order to detect and mitigate radio frequency interference (RFl). Indeed, RFl is a key challenge for
CryoRad, due to spectrum allocations in the 0.4 - 2 GHz range, within which measurement of the background Earth
thermal emission may be corrupted by manmade transmissions and special effort is devoted in industrial studies on this
subject. The three main mission scientific objectives are: (i) Better assess the mass balance and stability of ice sheets,
by bridging the observation gap for ice sheet temperature profiles of Antarctic and Greenland ice sheets, extending
from surface to base, a dataset previously available only through limited borehole observations or models; (ii) Better
assess the freshwater cycle and water mass formation at high latitudes, by bridging the observation gap for sea surface
salinity in cold waters enhancing the uncertainty by at least a factor of 2 compared with existing L-band measurements;
(i) Investigate sea ice dynamics and salinity exchange processes in the Arctic and Antarctic, by bridging the observation
gap of sea ice thickness in the range 0.5-1 m and deliver the first spaceborne observations of sea ice salinity. Scientific
and industrial studies are currently on-going to improve the mission concept and to accurately design the products’
requirements and instrument parameters. The aim of the paper is to present the mission concept to the scientific
community, discuss the methodologies for extracting geophysical parameters, and evaluate the potential impact of
these new parameters on Earth System Models. The instrumental preliminary concept and the campaign plan to
consolidate the scientific mission readiness will be also presented.
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THE FINE RESOLUTION EXPLORER FOR SALINITY, CARBON AND HYDROLOGY
(FRESCH) L-BAND MISSION
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Monitoring the dynamic evolution of the coastal ocean at the interfaces with the land, the atmosphere and
the cryosphere, is key to understanding the present and future climate of the Earth, the impact of human-
induced environmental perturbations and their effect on the marine ecosystems and the society.
Understanding the energy and biogeochemical cycles at the interfaces requires a proper representation of
(sub)mesoscale processes that are ubiquitous in the entire ocean and occur at spatial scales of 1 to 100 km
and temporal scales of days to months. The sea surface salinity (SSS) can be used to trace transport
phenomena associated with (sub)mesoscale dynamics. In combination with other, SSS enables the
identification of water masses that carry various carbon contents or other compounds in the ocean and
across interfaces, via e.g. river outflows, and influence the air-sea gas exchange. and can be used to estimate
the sea surface partial pressure of CO2 (pCO2), which drives air-sea CO2 flux.

The lack of sensors to observe SSS at the spatial resolution required to study interface regions (1-10 km) has
not yet allowed these comprehensive studies except in the regions of the world’s largest rivers plumes.
Therefore, the primary goal of the Fine Resolution Explorer for Salinity, Carbon and Hydrology (FRESCH)
mission is to produce SSS and pCO2 maps with a spatial resolution of ~10 km at temporal scales of 1-3 days
and with an accuracy of 0.4 pss and <12 microatm, respectively. The objectives are: (i) Understanding the
spatial and temporal variability of the processes taking place at the ocean’s interface with land, ice and the
atmosphere in coastal regions, (ii) Resolving (sub)mesoscale circulation patterns in the ocean, and (iii)
Estimating pCO2 in the surface ocean.

In addition to SSS and pCO2, FRESCH will also provide estimates of soil moisture, vegetation water content
and soil freeze-thaw state over land, sea ice thickness, stability and melting of ice sheets in polar regions.
FRESCH will deliver data on four Essential Climate Variables (ECVs: SSS, sea ice, soil moisture and biomass)
and data related to another four ECVs (dissolved inorganic carbon, evaporation from land, fires and
permafrost surface temperature). Thanks to these variables, FRESCH will address a number of secondary
mission objectives such as: (i) Reducing uncertainties in the terrestrial carbon and water cycle to better
understand fluxes in the land- ocean interface regions, (ii) Improving estimates of the shrinking cryosphere
in support of better understanding of the ice-ocean interfaces, (iii) Monitoring of extreme events, hazards
and operational applications.

FRESCH is a multi-polarization, multi-incidence angle, L-band imaging radiometer composed of an array of
172 antennas distributed along a cross with four ~8.5 m orthogonal arms. An innovative beamforming
approach will be used to provide a native resolution of 11-14 km. The radiometric sensitivity over the ocean
will be ~0.2 K. FRESCH will be equipped of sophisticated filtering techniques to mitigate the effect of radio
frequency interference from artificial sources at L-band. FRESCH was submitted to the ESA Earth Explorer 12
program. It was evaluated as “commended mission” and it is currently the subject of an ESA pre-phase 0
study to consolidate the science requirements.
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TOWARDS PHYSICALLY CONSISTENT COPERNICUS IMAGING MICROWAVE
RADIOMETER LEVEL 2 PRODUCTS FOR THE GLOBAL OCEAN AND ATMOSPHERE
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As part of the Copernicus component of the EU Space Programme, the European Space Agency (ESA), and the European
Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) are preparing for the expansion of the
Copernicus Space Infrastructure with new observation capabilities including the development of a Copernicus Imaging
Microwave Radiometer (CIMR). The primary objective of CIMR is to monitor ice in the polar areas, in support of the EU
Arctic policy, and secondly to monitor land, ocean, and atmosphere parameters globally. The first satellite is planned
for launch in 2029, followed by a recurrent unit planned for launch about 6 years later. The satellites will fly in sun-
synchronous dawn-dusk orbits and observe using a 360 degrees conical scanning viewing geometry with a minimum of
1900 km swath width. Measurements are provided with full polarisation at L, C, X, K, and Ka bands.

Through a Contribution Agreement with the European Union, EUMETSAT was entrusted to contribute to the
development of the CIMR global ocean and atmosphere Level 2 products. The current activities and status of the
development at EUMETSAT will be presented, which considers the provisioning of the operational L2 processor,
establishment of the ground segment infrastructure, and preparation for the validation activities.

The CIMR global ocean and atmosphere L2 products comprise the sea-surface temperature (SST), sea surface salinity
(SSS), ocean wind vector (OWV), total column water vapour (TCWV), liquid water path (LWP), and liquid precipitation
(PCP). The selected retrieval algorithm is a physically based optimal estimation algorithm that will ensure the physical
consistency between the retrieved product variables.

The EUMETSAT ground segment will feature an interface with ESA’s Copernicus Space Component (CSC) Ground
Segment for the collection of the L1 data needed to generate the global ocean and atmosphere L2 products for further
archiving and dissemination to the users, in compliance with the mission availability requirements.

The validation framework will consider collocations with ECMWF model analysis data, Argo profiling floaters, drifting
buoys, and reference satellite data. Of significant interest is the potential synergy with Metop-SGB that will carry the
MicroWave Imager (MWI), the Ice Cloud Imager (ICl), and Scatterometer (SCA). Thanks to their synchronized orbits,
collocated observation within 10 minutes at the poles will enable inter-satellite comparisons of their respective wind
and atmospheric products. Moreover, utilizing the full frequency spectrum from 1.4 GHz to 664 GHz through passive
radiometry, in synergy with active SCA observations, will enable unprecedented characterization of the surface-ocean-
atmosphere system within the dynamic hotspot regions of the Poles.
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(AURORA) PATHFINDER
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This paper provides an overview of the Advanced Ultra-high Resolution Optical Radiometer (AURORA) Pathfinder, a
project awarded in 2024 and led by NASA GSFC in collaboration with academia and private industry partners.

AURORA Pathfinder aims to advance Photonic Integrated Circuit (PIC) and Application-Specific Integrated Circuit (ASIC)
technologies in space. It is the first steppingstone towards enabling contiguous and hyperspectral measurements of the
full Earth's thermal microwave radiation spectrum from space. AURORA Pathfinder will measure the Earth’s thermal
microwave spectrum in the 100-200 GHz range, which contains critical information in the Earth’s surface and
atmospheric Planetary Boundary Layer, as well as atmospheric temperature, water vapor and hydrometeors. AURORA’s
enhanced spectral coverage and resolution will significantly improve information retrieval regarding PBL
thermodynamic structure and free tropospheric conditions.

This presentation will provide an overview of the mission science objectives, instrument design and trade studies. We
will explore novel developments in hyperspectral microwave radiative transfer and inversion techniques aimed at
mitigating computational challenges in data assimilation (e.g., spectral thinning) and uncertainties hindering retrieval
performance (e.g., surface emissivity, water vapor continuum spectroscopy, geophysical constraints, radiative transfer
uncertainties, etc.).

Additionally, we will present results from the 2024 West-Coast and Heartland Hyperspectral Microwave Sensor
Intensive Experiment (WH2yMSIE). WH2yMSIE performed first airborne hyperspectral microwave measurements using
the Conical Scanning Millimeter-wave Imaging Radiometer Hyperspectral (CoSMIR-H) sensor and served as a
preliminary tech demo for AURORA Pathfinder. Observation Sensitivity Experiments (OSE) will be presented, focusing
on factors impacting the performance of temperature, water vapor, and hydrometeor retrievals, such as spectral
coverage and resolution, viewing geometry, noise levels, scene dis-homogeneity and radiative transfer accuracy.
Intercomparisons with operational sensors from the Program of Record (e.g., AWS, ATMS, AMSU/MHS) will be
presented as well along with data fusion techniques with active sensors.

This presentation will conclude with a few recommendations intended to inform future microwave sounding technology
developments endorsed by space and meteorological agencies.
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Hyperspectral microwave remote sensing is an emerging technique that exploits fine-scale spectral structure in
microwave absorption bands. This has the potential for improved characterization of temperature and humidity
profiles, as well as providing greater opportunity to detect and mitigate against radio frequency interference (RFl). We
describe the SERMON radiometer (Spectrosopic system for EnviRonmental MONitoring), a new airborne instrument
developed collaboratively by the Met Office, STFC RAL Space, STAR-Dundee, and Spire Global, with the aim of advancing
hyperspectral microwave instrumentation for future satellite missions.

SERMON makes spectrally-resolved observations in the 50-60GHz oxygen absorption band and 183GHz water vapour
absorption band with a nominal spectral resolution of up to 300kHz. It has been installed and flown on the UK's FAAM
research aircraft. We describe the instrument design and calibration approach, and show preliminary results from a
recent flight campaign aimed at evaluating the instrument performance and demonstrating the enhanced capabilities
of hyperspectral observations.
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Introduction

Atmospheric temperature and humidity are key elements in global weather forecasting and climate change research.
They are two important parameters describing the thermodynamic state of the atmosphere, which directly affect the
interaction between solar shortwave radiation and longwave radiation from the Earth-atmosphere system, thereby
influencing the balance of global radiant energy budget.

Current numerical weather prediction systems have put forward higher requirements for the detection accuracy and
vertical resolution of atmospheric temperature and humidity profiles. Therefore, it is necessary to explore new technical
means to enhance the detection capability of atmospheric temperature and humidity profiles.

Description of Microwave hyperspectral Instrument

The Microwave Hyperspectral Sounder of FY-5 is an upgraded replacement for the microwave humidity sounder and
microwave temperature sounder of FY-3. It adopts an integrated design based on the mature existing microwave
temperature sounders and microwave humidity sounders.Channel densification design is implemented in the 183GHz
detection frequency band, and 229GHz detection channels are added. Meanwhile, fine spectrum detection technology
is applied in the 50-60GHz and 22-32GHz detection frequency bands. This technology is mainly characterized by refined
spectral sampling within the frequency bands, enabling the reception of nearly one hundred or more narrowband
spectral channels and the near-continuous sampling of atmospheric radiation signals in the microwave frequency
bands.Since particles such as ice, clouds, rain, and snow in the atmosphere exert a certain attenuation effect on
microwave radiation from the Earth's surface, different atmospheric information can be obtained from different
channels. Through calibration and inversion, an accurate description of the Earth's atmosphere can be derived.

There are 8 detection frequency bands in total, ranging from 22 to 229 GHz, specifically: 22-32 GHz, 50-60 GHz, 89 GHz,
118 GHz, 166 GHz, 183 GHz, and 229 GHz. These bands cover all the detection frequencies of MWTS (Microwave
Temperature Sounder), MWHS (Microwave Humidity Sounder), and MWS (Microwave Sounder). On the basis of the
existing temperature sounders and humidity sounders of the Fengyun-3 series, channel densification has been
implemented. Additionally, the two absorption bands (22-32 GHz and 50-60 GHz) are equipped with both digital fine-
spectrum channels and analog channels, achieving simultaneous coverage of the two types of channels. The digital
channels adopt a standard modular design for flexible configuration, and the number of digital channels and their
bandwidth can be programmed on-orbit. For polarization settings, the co-polarization mode for both dual-oxygen and
dual-water vapor channels is adopted. Simulation and verification have shown that the combination of dual-oxygen and
dual-water vapor channels significantly improves the inversion accuracy.

Two sets of high-speed digital spectrometers (operating at 23.8/31.4 GHz and 50-60 GHz) are added to enable fine
spectrum detection. Flexible implementation of different bandwidth subdivision schemes is achieved through
software programming, with a maximum spectral resolution of up to 3 MHz. Parameters such as the number of
channels, bandwidth, and frequency range can be flexibly adjusted according to actual temperature and humidity
inversion requirements. By configuring the number of channels for sudden weather phenomena, the capability to
monitor and early warn of severe weather can be further enhanced.The proposal of the variable channel bandwidth
configuration strategy is intended to overcome the limitations caused by fixed bandwidths. This strategy optimizes
channel bandwidth configurations for different frequency bands and absorption lines to maximize inversion accuracy
and vertical resolution.



Research results show that different frequency bands require specific bandwidth configurations to adapt to different
observation targets. In the 60 GHz frequency band, using a 3 MHz bandwidth can achieve better performance in
indicators such as effective detection height and full width at half maximum (FWHM). The configuration of spectral
bandwidth has become one of the key factors affecting inversion performance. Traditional microwave fine-spectrum
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radiometers use fixed bandwidths to cover different frequency bands, but this fixed-bandwidth scheme may not provide
the optimal inversion effect under all atmospheric conditions. Therefore, how to flexibly adjust bandwidth
configurations to adapt to different atmospheric conditions has become an important direction for improving inversion
accuracy.

Campaigns and retrievals

The finally constructed channel configuration scheme was systematically compared across indicators such as
measurement response, FWHM (Full Width at Half Maximum), posterior error improvement rate, and inversion RMSE
(Root Mean Square Error). The results show that the optimized fine-spectrum configuration achieves optimal
performance across multiple performance dimensions: the RMSE of temperature inversion can be as low as 1.2 K, the
RMSE of humidity inversion is reduced to 2.5 x 1072 kg/kg, the improvement in posterior error is over 10% higher than
that of ATMS (Advanced Technology Microwave Sounder), and the scheme demonstrates significant ability to resolve
the layered structure of the boundary layer. Specifically, the FWHM of temperature is reduced by approximately 1 km,
and the FWHM of humidity is reduced by approximately 500 m.

Conclusions

The FY-5 microwave fine-spectrum observation instrument was developed as a quantitative upgrade solution to meet
the operational needs of the next-generation polar-orbiting meteorological satellites, based on the FY-3 microwave
humidity and temperature instruments. Simultaneously, technical index feasibility analysis and validation were
conducted for the upgrade scheme. Through field trials and retrieval analyses, it has been demonstrated that the
innovative fine-spectrum observation approach can enhance observational capabilities, providing sufficient technical
support for the establishment of the next-generation meteorological satellite program.
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FIRST OBSERVATIONS FROM THE AIRBORNE HYPERSPECTRAL MICROWAVE
SOUNDER COSMIR-H

R. Kroodsma?, I. Adams®, M. Frittsl, A. Gambacortal, P. Mohammed?1, S. Nicholls31

1NASA Goddard Space Flight Center, 2Morgan State University, 3Science Systems and Applications Inc.

Spaceborne passive microwave sounders have been used for decades to retrieve temperature and humidity profiles on
a global scale using selected frequencies near the 60-GHz or 118-GHz oxygen absorption lines for temperature profiling
and 22.235 GHz and 183.31 GHz water vapor absorption lines for humidity profiling [1]. Current spaceborne passive
microwave sounders sparsely sample the oxygen and water vapor absorption lines in the microwave spectrum, but
recent analysis using simulated data shows that increasing the number of channels around these absorption lines may
improve the accuracy and resolution of retrieved temperature and humidity profiles [2-5]. A hyperspectral microwave
(HMW) sounder with hundreds or thousands of channels versus tens of channels gives high sensitivity to the
thermodynamic structure not seen by the current program of record, e.g. ATMS (Advanced Technology Microwave
Sounder).

NASA’s Goddard Space Flight Center (GSFC) developed an airborne HMW sensor by modifying the existing Conical
Scanning Millimeter-wave Imaging Radiometer (CoSMIR) receivers with digital spectrometers. The new CoSMIR-
Hyperspectral (CoSMIR-H) retained the dual-polarized (vertical and horizontal) window channels at 89 and 165 GHz and
replaced the two 50-GHz channels and three 183-GHz channels with hyperspectral channels spanning a range of 8 GHz
between 50.0 and 58.0 GHz near the 60-GHz oxygen absorption band and a range of 16 GHz between 175.31 and 191.31
GHz centered on the 183.31 GHz water vapor absorption line. The Pacific Microchip Corporation Application Specific
Integrated Circuit (ASIC) spectrometers give CoOSMIR-H 3.906-MHz spectral resolution in these frequency ranges [6]. The
fine spectral resolution can be averaged to match the bandwidth of current spaceborne sounders for inter-comparison
of measurements and to validate improvement in vertical resolution of retrievals.

CoSMIR-H flew in two campaigns in 2024 on the high-altitude NASA ER-2 aircraft out of Edwards Air Force Base,
California, USA. The July 2024 engineering check flights campaign collected approximately 20 hours of observations and
provided essential information about CoSMIR-H’s performance in-flight that allowed the team to optimize the sensor
prior to flying again in a science campaign. CoSMIR-H was the primary instrument flying on the ER-2 during the
WH2yMSIE (Westcoast and Heartland Hyperspectral Microwave Sensor Intensive Experiment) campaign in Oct-
Nov 2024 and collected approximately 43 hours of observations [7]. Observations collected during WH2yMSIE were
primarily clear sky over both ocean and land surfaces to perform calibration/validation (cal/val) for CoOSMIR-H. There
were two ER-2underflights of the NOAA21 satellite to allow direct comparison between CoSMIR-H and ATMS (Advanced
Technology Microwave Sounder) as well as multiple overflights of radiosonde launch locations to validate the
hyperspectral measurements.

This presentation will briefly describe the CoSMIR-H instrument, highlight the observations collected during WH2yMSIE,
and show calibration/validation (cal/val) of the observations. Overall, the cal/val analysis shows that CoSMIR-H
performed extremely well during the campaign and provided quality HMW observations that can be used to
demonstrate improvements in thermodynamic retrievals.
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HYPERSPECTRAL MICROWAVE SATELLITE OBSERVATIONS: INFORMATION
CONTENT AND CHANNEL SELECTION FOR NUMERICAL WEATHER PREDICTION
DATA ASSIMILATION APPLICATIONS

N. Kristiansen?!, C. Harlow?!
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Microwave satellite temperature and humidity sounding observations, such as those from ATMS and AMSU-A/MHS, are
the most impactful observation types used in data assimilation (DA) for numerical weather prediction (NWP).
Assimilating these data greatly improves the accuracy of weather forecasts.

Recently, hyperspectral microwave instruments have been developed, offering hundreds to thousands of channels in
contrast to around 20 channels on current state-of-the art microwave satellite sensors. Theoretical studies have shown
that increasing the spectral resolution increases the vertical resolution of the information allowing for better vertical
description of atmospheric temperature and water vapour profiles.

We examine the impact of hyperspectral microwave observations in DA, using satellite observations from the
Hyperspectral Microwave Sounder (HyMS) developed by Spire. This highly compact sensor has over 1600 channels
across the strong oxygen absorption lines between 50-58 GHz with a narrow bandwidth of 4.8 MHz, and more than 200
channels in the water vapour band between 183-191 GHz.

We use the Degrees of Freedom for Signal (DFS) methodology to estimate the information content of simulated HyMS
observations obtained with radiative transfer modelling. DFS is a linear technique that quantifies the gain in information
provided by each observation. It measures the effective number of independent quantities whose uncertainty has been
improved by the measurement, i.e. it seeks to minimise the error in the NWP analysis.

We rank the channels based on their DFS value to select the most informative channels for assimilation, as only a few
hundred channels can be practically assimilated in operational NWP applications.

We find that from the DFS analyses for channels in the oxygen absorption band, the main impact from high spectral
resolution is primarily at the upper levels of the atmosphere. This means that the full spectral resolution HyMS
observations provide information on atmospheric temperature mostly at the uppermost levels of the NWP model,
where the observations have largest sensitivities to temperature, and where the background errors of the NWP model
are largest. Assessments of alternative spectral resolutions indicate that more information on tropospheric
temperatures can be obtained with larger bandwidth configurations of 40-100 MHz. These resolutions can be obtained
by combining or averaging several neighbouring channels from the full resolution HyMS observations, reducing the noise
levels of each channel resulting in greater DA impact at lower atmospheric levels.

Further work includes trailing the assimilation of various sets of selected channels including the full spectral resolution
and higher bandwidth selections. We will use the operational UK Met Office DA system to evaluate the impact of the
HyMS observations in combination with other currently assimilated observation data, as well as evaluating potential
Radio Frequency Interference issues.
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REMOTE SENSING OF THE PLANETARY BOUNDARY LAYER USING NEXT-
GENERATION HYPERSPECTRAL MICROWAVE SOUNDERS: HIGH-FREQUENCY
MICROWAVE AND MILLIMETER-WAVE RADIOMETER — HIGH DEFINITION (HAMMR-
HD)
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The 2017 National Academies’ Earth Science Decadal Survey has identified the planetary boundary layer (PBL) as a new
frontier for remote sensing that requires investment in new technologies, retrieval approaches and observational
techniques. Current passive microwave systems and those planned to be launched over the next decade are not
optimized for the frequency-resolving flexibility and resilience necessary for near-surface atmospheric remote sensing.
These conventional microwave sounders typically rely on difficult-to-tune analog back-ends with total power detectors
and are therefore limited to only a few tens of spectral channels. This limitation results in under sampling of the vertical
atmospheric temperature and moisture profile and increases retrieval errors. Additional drawbacks include potential
passband variability between detectors, susceptibility to a changing radio frequency interference environment and
limited use of the available spectral bandwidth at each vertical sounding level. On the other hand, next-generation
software-defined spectrometers based on high-speed digitizer circuits, or so-called “hyperspectral” radiometers, have
the capability to overcome these limitations. Such systems are well poised to meet the needs of the atmospheric science
community while taking advantage of the maturation of analog and digital components for high-frequency system
design.

NOAA-sponsored radiometer technology development and demonstration activities are ongoing at JPL in close
collaboration with Colorado State University (CSU) and World View Enterprises. The stratospheric balloon instrument is
an upgraded version of the CSU High-frequency Airborne Microwave and Millimeter-wave Radiometer (HAMMR).
HAMMR-HD (high definition) preserves the original three narrowband channels from 18.7 to 34 GHz. In addition,
HAMMR-HD includes wide-bandwidth (18 GHz) coverage with high spectral resolution (~4-6 MHz) near each of the 60
GHz oxygen (0O3) absorption complex, and the 118 GHz O, and 183 GHz water vapor absorption lines. Additionally, two
SMICES (Smart Ice Cloud Sensing) radiometers will be integrated into HAMMR-HD to perform brightness temperature
observations at 250 GHz, 310 GHz and 670 GHz. HAMMR-HD will be mounted onto a high-altitude (~20 km) balloon for
acquisition of up to 30 days of brightness temperature observations. The HAMMR-HD instrument will provide a rich
data set on both the upper atmosphere and the planetary boundary layer (PBL) by sampling the full microwave spectrum
from 18-200 GHz over a variety of atmospheric scenes.

This work includes design principles of very wide-band millimeter-wave radio frequency (RF) front ends (> 40-GHz
frequency span) as well as high speed ASIC-based digital back-ends (18-GHz frequency spans) and associated calibration
challenges. We will also present extensive sub-system characterization with spectral response, white noise
characteristics, and flicker (1/f) noise performance and their respective effects on instrument sensitivity and operational
concepts. This includes end-to-end laboratory testing results demonstrating new hyperspectral technology across the
spectrum. Lastly, outdoor performance during clear skies will be discussed, along with associated radiometric calibration
requirements and techniques.
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HISRAMS RADIOMETRIC CALIBRATION AND ENVIRONMENTAL BIASES
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The High-Spectral Resolution Airborne Microwave Sounder (HiISRAMS) is one of the first sensors of its kind that was
developed and flight-tested on an airborne platform [1]. The system consists of two compact hyperspectral radiometers
[2], one at 54 GHz and the other at 183 GHz, that were extensively validated in clear sky conditions using forward and
inverse radiative transfer models [3,4]. HISRAMS was also tested in presence of warm clouds [5] and more recently in
more complex cloudy conditions during the WHAFFFERS flight campaign [6].

Throughout the system development, the team discovered many artifacts in the observed data that necessitated

specific, targeted corrections. Some of the identified issues were specific to a hyperspectral system and previously not

as common among conventional radiometers [7]. Others were present because of design constraints, as HISRAMS was
made to be sufficiently small and lightweight to fly on a wingtip of the NRC Convair-580 research aircraft.

A particular artifact that is addressed in this work is the state-dependent bias of HISRAMS brightness temperatures [8]

that appears due to a wide range of operating conditions (from -40 deg C to +40 deg C) and due to imperfections of the

calibration subsystem. This presentation will detail findings from recent calibrations tests with external calibration
targets and from wintertime flight data, and suggest possible mitigations.
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EXPLORING THE POTENTIAL FOR REAL-TIME FORECASTING OF LOW-VISIBILITY
EVENTS AT ACTRIS RADO-BUCHAREST FACILITY, ROMANIA

F. Toanca?, A. V. Dandocsil2, A. lliel3, J. G. Vasilescul, D. N. Nicolael, A. Nemucl, R. Pirloaga’

INational Institute of Research and Development for Optoelectronics, INOE, Mdgurele-Bucharest, Romania, 2UNST
Politehnica of Bucharest, Bulevardul luliu Maniu 1-3, Bucharest, 061071, Bucharest, Romania, 3Faculty of Geography,
University of Bucharest, Bulevardul Nicolae Bdlcescu 1, 010041, Bucharest, Romania

Low-visibility events (LVEs), such as fog and haze, significantly affect transportation, safety, and public health. We
present a real-time forecasting system for LVEs at the ACTRIS RADO-Bucharest facility, integrating a microwave
radiometer (RPG-HATPRO G5), a ceilometer (Lufft CHM15k), and surface air quality measurements (PM2.5, PM10, NOx).
LVEs were defined as horizontal visibility below 1 km, detected by surface sensors and verified via ceilometer
backscatter. Thresholds for fog preconditioning were derived from 53 episodes (Oct 2021-Mar 2023), including relative
humidity RH >65% in the lowest 100 m, total cloud cover TCC >6 oktas with >50% cloud fraction between 0-1000 m,
and vertical optical range VOR <1000 m. One hour before onset, RH exceeded 80% in 38 cases, TCC reached 7—8 oktas
in ~50% of episodes, and VOR ranged 100-2000 m. At fog initiation, 96% of cases showed TCC = 9 oktas and VOR
dropped to 140-240 m, confirming nearly saturated, aerosol-rich conditions. The system successfully generates timely
alerts, potentially supporting operational LVE forecasting.
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GRAWAC: DUAL-FREQUENCY FMCW RADAR WITH DIFFERENTIAL ABSORPTION
MEASUREMENT IN G-BAND FOR WATER VAPOR AND ARCTIC CLOUDS
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Quantifying the vertical distribution of water vapor throughout the lower troposphere is central to understanding cloud
and precipitation formation and evolution processes. Current observational systems perform well in clear-sky
conditions, but lack vertical resolution and accuracy in cloudy or precipitating conditions.

We demonstrate the development of a novel and unique Doppler capable FMCW-RADAR. The Instrument allows for
differential absorption measurements in G-Band on the water vapor absorption line to derive water vapor profiles in
Clouds and precipitation.

In this presentation, insights on the technical details of the GRaWAC Instrument are given. This FMCW Radar allows
for simultaneous dual frequency operation at 167.3 and 174.7 GHz. The Radar consists of a bistatic antenna design with
a beam width of 0.36°. Chirp generation is realized by Direct Digital Synthesis and the chirps for transmitter and
receiver are fully synchronized for both frequencies. By applying the Differential Absorption Radar (DAR) technique
retrieval of water vapor profiles in cloudy and precipitating conditions is achieved. The Instrument has been operated
for observation periods at ground-based sites in the Arctic and the mid-latitudes. With GRaWAC mounted in a bellypod
in dual-frequency configuration with the W-band radar Mirac, first airborne measurements were performed from
Kiruna, Sweden aboard the Alfred-Wegener-Institute’s Polar-6 aircraft. We hereillustrate first results of measured radar
moments, spectra and retrieved water vapor profiles. Radar measurements and retrieval of water vapor profiles
are evaluated using radiosonde and dropsonde measurements. We further discuss the potential for synergy with
passive microwave radiometer measurements and conventional cloud radar measurements for water vapor profiling
and cloud microphysics.
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FUNDAMENTAL CLIMATE DATA RECORD OF MICROWAVE IMAGER RADIANCES,
EDITION 5
K. Fennigl, H. Konradl, M. Schréder!
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The satellite-based HOAPS (Hamburg Ocean Atmosphere Parameters and Fluxes from Satellite Data) climatology,
released by EUMETSATs Satellite Application Facility on Climate Monitoring (CM SAF), is primarily based on passive
microwave measurements from the SSM/I (Special Sensor Microwave/Imager) and SSMIS (Special Sensor Microwave
Imager / Sounder) sensor families. In order to derive reliable long-term trend estimates of the global water and energy
cycle parameters it is strictly necessary to carefully correct for all known problems and deficiencies of the radiometers
as well as to inter-calibrate and homogenize the different instruments. Moreover, all applied corrections need to be
clearly documented to provide a complete calibration traceability for a Fundamental Climate Data Record (FCDR).
Following these recommendations, CM SAF also provides the underlying Brightness Temperatures as a stand-alone
climate data record. The CM SAF FCDR of Microwave Imager Radiances comprises inter-calibrated brightness
temperatures from the SMMR, SSM/I and SSMIS radiometers. The new 5th edition of this FCDR covers the time period
from October 1978 to December 2024 including all available data from the SMMR radiometer aboard Nimbus 7, the
SSM/I radiometers aboard FO8, F10, F11, F13, F14, and F15 and the SSMIS radiometers aboard F16, F17, and F18. It
provides homogenized and inter-calibrated brightness temperatures in a user-friendly data format.

The homogenization and inter-calibration procedures ensure the long-term stability of the FCDR for climate related
applications. All available raw data records have been reprocessed to a common standard, starting with the calibration
of the raw Earth counts, to ensure a completely homogenized data record. The data processing accounts for several
known issues with the instruments and corrects calibration anomalies due to along-scan inhomogeneity, moonlight
intrusions, sunlight intrusions, and emissive reflector. Also, an adjustment to the SSMIS geolocation has been
implemented in order to improve the consistency.

The inter-calibration model incorporates a scene-dependent inter-satellite bias correction and a non-linearity correction
to the instrument calibration. The data files contain all available original sensor data (SMMR: Pathfinder Level 1b) and
metadata to provide a completely traceable climate data record. Inter-calibration and Earth incidence angle
normalization offsets are available as additional layers within the data files in order to keep this information transparent
to the users. The data record is complemented with radiometer sensitivities, quality flags, surface types, and Earth
incidence angles.

While the SSM/I data record remains unchanged compared to the previous edition, the SMMR data quality is improved
with an additional screening for calibration issues. An adjustment to the SSMIS geolocation has been implemented in
the data record since version 4 in order to improve the consistency. Also issues with solar angle depending differences
in F17 and F18 data have been identified and corrected, leading to an improved inter-satellite calibration and stability.
The consistency and homogeneity of the FCDR are statistically compared using the inter-satellite differences between
the individual sensors. Also, differences between GMI and SSMIS and differences between observations and simulated
brightness temperatures using ERA-5 and ERA 20c data are analyzed. The observed remaining variability in the inter-
calibrated brightness temperatures is mainly caused by the natural variability due to differences in overpass times and
sampling. Trends of the inter-sensor differences are below 0.03 K/decade and hence fulfill the stability requirements.
The public release of the 5th edition of the FCDR of Microwave Imager Radiances is planned in early 2026 and will be
freely available from the CM SAF web user interface (https://wui.cmsaf.eu/).
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UPDATES AND IMPROVEMENTS ON ACCURACY TO CALIBRATE CUBESAT
RADIOMETER CONSTELLATIONS
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CubeSat-based radiometer constellations are increasingly being used for science missions as they provide
unprecedented spatial coverage, shorter revisit times in a cost-effective way. One of the biggest challenges in using
CubeSat constellations, however, is the decrease in accuracy and increase in uncertainty in the calibrated
measurements due to sensitivity to ambient conditions and infrequent external calibration. In an effort to overcome
this challenge, a software-based framework called “Adaptive Calibration of CubeSat Radiometer Constellations
(ACCURACY)” has been developed [1].
ACCURACy has been built to intercalibrate homogeneous constellations of CubeSat radiometers in real time. The
framework utilizes the relationship between the gain of the individual radiometers in the constellation and their
telemetry data such as physical temperature measurements recorded by thermistors placed in various parts of the
CubeSats. Telemetry data are used to identify and cluster constellation radiometers in similar states into time-adaptive
groups. Calibration data are shared within each such group to determine cluster-level gains, which are used to calibrate
all radiometers in the clusters.
ACCURACYy runs behind a graphical user interface (GUI) that has been developed using MATLAB's App Builder and uses
a linear least squares regression approach to calibrate measured brightness temperatures in each cluster. On the other
hand, we are currently building the next version of the GUI which uses a convolutional neural network (CNN) calibration
model instead of linear regression. A CNN calibration algorithm has been trained and evaluated using synthetic and real
radiometer data which include steady-state and power cycling induced transient measurements. The performance of
the CNN approach was compared to that of a linear least squares regression-based calibration method, and significant
improvements have been noted. Such CNN models will be incorporated into the new version of ACCURACYy.
Furthermore, in the interest of generalizing the framework, we are developing methodologies for expanding the
ACCURACy framework to intercalibrate heterogeneous radiometer constellations where the relationship between
telemetry data and radiometer gain characteristics may be different for each constellation member.
In this presentation, we will present the updates in the ACCURACy framework regarding the integration of CNN
calibration algorithms and capabilities to calibrate heterogeneous constellations. The performance of ACCURACy will
be compared to the state-of-the-art constellation intercalibration methods to highlight the improvements in accuracy
and precision.
[1] Bradburn, J., Aksoy, M., Apudo, L., Vukolov, V., Ashley, H., & VanAllen, D. (2025). ACCURACy: A Novel Calibration
Framework for CubeSat Radiometer Constellations. Remote Sensing, 17(3), 486.
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USING THE ANGULAR DEPENDENCE OF THE POLARIZATION RATIO TO ANALYZE
AIRCRAFT PASSIVE MICROWAVE MEASUREMENTS OVER LAND
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The interpretation of passive microwave measurements over land has always been a challenge. Soil conditions, land
cover, and the atmosphere affect the measurements to different degrees, and it is difficult to isolate individual
components. In this study, we explore whether multi-angle observations can improve our understanding of these
measurements and support us in deriving the different contributions. Between October and November 2024, a series
of airborne flights carrying the Advanced Microwave Precipitation Radiometer (AMPR) were conducted over the United
States. Three land-based flights with multi-angle observations from 0 to 45 degrees and dual-polarized measurements
at 10.7, 19.35, and 37.1 GHz were analyzed. The data showed a strong linear relationship between the microwave
polarization ratio and the incidence angles within the 25 to 45 degree range (e.g., RZ > 0.9 for 79.8% of all flight scans
analyzed at 10.7 GHz). This linearity cannot be captured by a w-t based radiative transfer model. The observed linearity
was further evaluated with satellite observations from the Advanced Microwave Scanning Radiometer (AMSR2). This
evaluation analysis confirmed the observed linearity for the three frequencies. The slope between the polarization ratio
and the incidence angle was calculated for each multi-angle flight scan to characterize the linearity and used as input in
regression models to derive soil moisture. A model solely based on 10.7 GHz data revealed a strong correlation (R2
= 0.81) with Level-3 soil moisture from the Soil Moisture Active Passive (SMAP) mission, exemplifying the added
value of multi-angle observations.
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A MULTI-DECADAL HIGH-RESOLUTION SOIL WATER CONTENT PRODUCT BASED ON
THE SMAP CLIMATOLOGY
T. Frederiksel, A. Geers!, A. de Nijsi, A. Mulder!
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Over the last decade, the SMAP mission has provided global high-quality soil water content (SWC) estimates. However,
for many applications, especially in the domain of climate science and anomaly detection, long records are fundamental.
Previous missions, such as AMSR-E, provide an opportunity to extend the record back in time and to create a 25-year
SWC record. Furthermore, the current AMSR-2 and recently-launched AMSR-3 microwave radiometers provide
additional SWC estimates and ensure continuity for the coming decade.

Here, we present a novel approach to combine SWC estimates from multiple missions to create a long unified high-
resolution record. First, we utilize the overlapping microwave footprints to extract kilometer-scale brightness
temperature estimates. We use the Land Parameter Retrieval Model (LPRM) to compute SWC from these brightness
temperatures. Finally, we harmonize and combine the multiple estimates from each radiometer and band using a robust
statistical framework. This framework uses the decade-long SMAP record as its baseline. This procedure results in a
near-daily soil water content estimate that is consistent in space and time.

With this method, we can combine AMSR2 C-band and X-band signals to almost fully replicate SMAP-derived SWC,
except for regions with very dense vegetation. The method is able to combine the outputs from upcoming multi-
frequency microwave radiometer missions, such as AMSR3 and CIMR, into a single robust SWC estimate.

The figure below shows the unified SWC time series over the Netherlands versus SWC derived from SMAP-only
observations. The green estimate uses all available radiometer missions, except SMAP, and the yellow line is only based
on AMSR2 data.
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HIGH EFFICIENCY, MILLIMETER WAVE DEPLOYABLE REFLECTOR ANTENNAS
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Space based microwave sensors offer unique insights into climate dynamics and the water and energy cycle. The
complete water cycle, i.e. precipitation, soil moisture, evaporation, and condensation can be measured by microwave
sensors, active or passive. These processes are the drivers behind disruptive weather events, such as flooding, droughts,
stronger hurricanes, and heat waves, among others.

The observation and measurement of precipitation (rainfall and snowfall) on a global scale is one of the most crucial
variables for our understanding of the Earth’s system. Precipitation provides a direct link between the local cycle of
energy and water. However, observations of precipitation are challenging. To provide observations for a wide range of
precipitation events, from heavy rain and tropical cyclones, to light precipitation and snow, a wide range of microwave
frequencies need to be used. Active sensors, such as the Tropical Rainfall Measuring Mission’s (TRMM) Precipitation
Radar (PR) (13.6 GHz), the Dual frequency Precipitation Radar (DPR) of The Global Precipitation Measurement (GPM)
mission (13.6 and 35.5 GHz), and the Cloud Profiling Radar (CPR) (94 GHz) operate between 13 and 95 GHz. Passive
microwave imagers and sounders contribute to precipitation retrieval significantly and use frequencies up to 200 GHz
and higher. Extending radiometers’ frequency coverage can improve precipitation retrieval, as shown by (Bauer,
Moreau and Di Michele 2005), (Di Michele and Bauer 2006), and others.

To improve global precipitation mapping, improved spatial, spectral, and temporal resolution of observations are
required, (Kidd, et al. 2021). The authors state, “Since the spatial variability of precipitation is on the order for a few
kilometers, resolving this variability at 1 km or less would be ideal...” Improved spatial resolution has to be accompanied
with a corresponding improvement in temporal resolution, i.e. the revisit time must be shorter. For example, with a 15
km spatial resolution, achieving a correlation coefficient better than 80% between precipitation observed in situ and
space based passive microwave sensor retrieval would require sampling at 1.5 hours intervals. That requires ~8 sensors
on orbit. To achieve this spatial resolution at 7 GHz, the antenna aperture for a conically scanning passive microwave
sensor would need to be ~7 m.

Offset parabolic deployable antennas can enable the economical deployment of such passive or active sensors. The
advantage of a parabolic reflector is that it can support a wide range of operational frequencies, e.g., from 1 to 120 GHz.
In addition, the offset parabolic reflector is considered electrically the most efficient antenna solution.

Compact deployable reflectors are the solution that enables a new generation of microwave observing systems with
improved spatial resolution, while keeping the sensors costs affordable and enabling shorter sensor revisit times.

The talk will describe the state of the art of deployable antenna technology developed by BEST and the solutions that it
provides. It will describe the improved range of capabilities that this technology affords to remote sensing systems.
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SNOWFALL REGIME CLASSIFICATION: APPLICATION OF MACHINE LEARNING
CLASSIFIER TO PASSIVE MICROWAVE OBSERVATIONS
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Several studies demonstrated the importance of snowfall regime identification when retrieving snowfall rate from
Passive Microwave (PMW) observations. Different environmental conditions affect the ice microphysics consequently
impacting the passive microwave response observed by satellite sensors. The availability of complete and
representative datasets taking into account the specific snowfall regime characteristics is crucial to correctly detect and
quantify snowfall from space. Within the Global Precipitation Measurement (GPM) mission, the Goddard PROFiling
(GPROF) algorithm snowfall retrieval is investigated. A combined CloudSat-GPM dataset is used to build a training
dataset for an eXtreme Gradient Boost (XGB) model in which the GPM Microwave Imager (GMI) brightness
temperatures are associated with a Cloud Profiling Radar (CPR) snowfall regime, classifying the observed scene into
‘dry’ (no precipitation detected), ‘shallow convective’, ‘deep stratiform’ or ‘other’ snowfall class. The Machine Learning
(ML) approach is crucial to interpret strong but complex relationships between PMW signals within the atmosphere and
snowfall regimes at the surface. The ML classifier training is performed using a CloudSat classifying technique, based on
snowing profiles and cloud classification, and applied to GPROF. A couple of case studies will be presented to show the
benefits of classifying the snowfall regime for PMW snowfall retrievals.
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MULTI-SENSOR LONG-TERM GLOBAL SOIL MOISTURE MAPPING WITH ENHANCED
SPATIO-TEMPORAL COVERAGE
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1Aerospace Information Research Institute, Chinese Academy of Sciences

Soil moisture is a fundamental variable governing the exchanges of water, energy, and carbon cycles between the land
surface and the atmosphere. Its accurate monitoring at a global scale is therefore critical for advancements in weather
forecasting, climate change research, agricultural management, and drought early warning systems. While satellite-
based passive microwave remote sensing provides a unique capability for all-weather, large-scale soil moisture
observation, the creation of a consistent long-term data record is significantly challenged by the multitude of sensors
with differing orbital characteristics, retrieval algorithms, and service periods. These inconsistencies lead to substantial
gaps and disparities in spatio-temporal coverage, limiting the utility of the data for robust trend analysis and process
studies.

This study introduces a novel two-stage paradigm that synergistically integrates physics-based retrieval with machine
learning to overcome these multi-sensor inconsistencies and generate a harmonized, long-term global soil moisture
dataset. In the first stage, we leverage the superior sensitivity of L-band observations from the Soil Moisture Active
Passive (SMAP) mission. A sophisticated physical retrieval algorithm, the Multi-Channel Collaborative Algorithm (MCCA),
is employed to generate high-fidelity soil moisture estimates. This MCCA SMAP product serves as a physically anchored
and high-quality training target for the machine learning model, ensuring the foundation of our approach is rooted in
robust radiative transfer principles.

In the second stage, we harness the extensive historical archive of brightness temperature observations from a
constellation of key passive microwave sensors: the Tropical Rainfall Measuring Mission's Microwave Imager (TMI,
1997-2015), the Advanced Microwave Scanning Radiometer for EOS (AMSR-E, 2002-2011), the Global Precipitation
Measurement mission's Microwave Imager (GMI, 2014-present), and the Advanced Microwave Scanning Radiometer 2
(AMSR2, 2012-present). These multi-sensor observations are first cross-calibrated to ensure inter-sensor consistency.
A global grid-specific Long Short-Term Memory (LSTM) neural network is then designed and trained to learn the
complex, non-linear mapping between these multi-frequency brightness temperatures and the target MCCA SMAP soil
moisture values.

The trained LSTM model is subsequently applied to the full historical record of each sensor, producing four harmonized
soil moisture data streams. These are then fused into a single, seamless daily global product, named MCCA-ML,
providing a continuous record from 1997 to 2023 at a 25 km spatial resolution. Extensive validation against a
comprehensive suite of in-situ measurements from dense soil moisture networks across the globe demonstrates that
the MCCA-ML product successfully captures the spatial patterns and seasonal dynamics of soil moisture. The product
shows remarkable consistency with the physical benchmarks set by MCCA SMAP while dramatically improving upon the
spatio-temporal coverage of any single sensor. Notably, the daily global land coverage frequently exceeds 80% during
periods when two or more satellites were operational, far surpassing the coverage of existing merged products.

This work demonstrates the powerful synergy between physical modeling and machine learning for Earth observation.
The resulting MCCA-ML dataset effectively bridges the gaps between multiple satellite missions, mitigating the
limitations of individual sensors and traditional fusion techniques. It provides the research community with a long-term,
high-coverage, and consistent soil moisture data record that is invaluable for studying long-term hydrological and
climatic trends, validating land surface models, and monitoring global environmental change.
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Satellite passive microwave (PMW) sensors provide critical information for precipitation, cloud, and hydrological
retrievals, yet their observations are limited in spatial and temporal coverage due to the low-Earth-orbit platforms on
which they are typically deployed. In contrast, geostationary InfraRed (IR) imagers offer virtually continuous, high-
resolution coverage but do not match the physical sensitivity of PMW to hydrometeors and atmospheric water vapor.
Bridging these two observational domains by emulating PMW radiances from IR measurements can reduce spatio-
temporal sampling gaps and improve the readiness of satellite-derived products for operational use by providing an
insight into their common information content.

This work explores Bayesian Deep Learning (BDL) for emulating microwave brightness temperatures from geostationary
IR radiances, focusing on both predictive performance and uncertainty quantification. Over ocean, a BDL regression
model was trained to map GOES-16 ABI observations to synthetic GPM Microwave Imager (GMI) brightness
temperatures across multiple frequencies. Results show that while deterministic and Bayesian models achieve similar
accuracy (2K to 6K, frequency dependent), BDL uniquely decomposes predictive uncertainty into epistemic and aleatoric
components. Epistemic uncertainty decreases with additional training data, while aleatoric uncertainty remains tied to
irreducible scene variability such as cloud structures, demonstrating how uncertainty diagnostics can guide data
collection strategies and model refinement.

To extend applicability over land surfaces, where surface heterogeneity increases retrieval difficulty, transfer
learning is employed by adapting the ocean-trained model to land conditions. This stage was performed using
a deterministic framework. Nevertheless, the transferred model retained expected predictive capability,
highlighting the potential of leveraging ocean-based training to improve performance in more complex land
environments. Together, these results demonstrate that uncertainty-aware deep learning and deterministic transfer
learning provide complementary pathways for advancing IR-to-PMW emulation. BDL offers interpretability and
guidance over ocean training domains, while transfer learning enables expansion to land, supporting the
development of more reliable and operationally relevant remote sensing algorithms.
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MODELING THE L BAND ACTIVE AND PASSIVE MICROWAVE SIGNATURES OF
PERENNIAL FIRN AQUIFER
H. Xu?
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Mass loss from polar ice sheet is one of the major contributors to the global mean sea level rise. Studies have shown
that half of the mass loss from Greenland Ice sheet is due to melt water run-off. However, the question of how the melt
water goes into the sea still needs to be answered. Perennial Firn aquifer was first discovered in the Arctic Circle
Transverse(ACT) mission in 2011. In situ and airborne Ground Penetration Radar(GPR) in the consecutive studies have
revealed its extensive distributions over the percolation zone. Studies over the aquifer water table level changes have
shown that this change is highly related to the surface melt events. Such studies are valuable but are limited by the
coarse weather, high cost and distance travels to the polar regions. Microwave remote sensing satellite data has shown
its sensitivity to the existence of firn aquifer, but efforts are still needed in the modeling studies of the microwave data
signatures both in polarization and angular dependence. With the launch of NISAR, using the combined active and
passive method for the study of firn aquifer becomes possible.

This paper presents the L-band modeling work for the active and passive observables of the firn aquifer region. Vector
radiative transfer model based on 3-D random media description is used for the incoherent emission and scattering
modeling. Results have shown that the forward models can explain the microwave data well. This work provides a
theoretical basis for the quantitative study of firn aquifers with microwave remote sensing data.
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ON THE DETECTION OF THE ROTATIONAL CENTER OF MEDICANES: COMPARISON
BETWEEN MERCAD AND ARCHER
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Mediterraean Hurricanes (hereafter medicanes) belong to a particular subcategory of Mediterranean cyclones that
often cause devastating floods, storm surges and windstorms, leading to significant disruption and casualties (despite
their intensity rarely exceeds category 1 on the Saffir-Simpson hurricane scale). During their mature phase, they acquire
a tropical cyclones (TCs) typical features such as a warm core (WC), a cloud free region (i.e. the eye) of quasi-calm winds
around the center surrounded by spiraling rain bands, and a closed cyclonic circulation. Generally, they originate as
extra-tropical systems showing a cut-off from the main flow allowing the intrusion of relatively warm stratospheric air
leading to a top-bottom WC development. In certain instances, during the mature phase medicanes show a tropical-like
transition acquiring a deep axi-symmetric WC of diabatic origin in proximity of the center. In the tropical-like phase the
WC is attributable to the deep moist convection (DC) that is produced as a consequence of latent heat exchange with
the sea surface. The diabatic process provides the energy for self-sustaining the medicane or potential intensification.
It has been observed that the wind field shows different characteristics depending on the phase of the medicane life
cycle. In particular, during the mature phase, a closed ring-shaped band of strong near-surface winds appears around
the eye. In addition, within the closed-ring of strong winds an area of maximum winds (AMW) can be always recognized.
As for TCs, the radius of maximum wind (RMW) is derived as the distance between the medicane’s rotational center
(RC) and the AMW. The RMW can provide information on both the intensification of medicanes and reaching the mature
phase in analogy with what happens for TCs. During the mature phase, a significant decrease in RMW, often down to a
few tens of kilometers, is associated with the cyclone intensification. To properly calculate the RMW, it is first necessary
to identify the RC. To this end, the Medicane Rotational Center Automated Detection (MeRCAD) algorithm has been
recently developed. However, it has been demonstrated that MeRCAD can be used to ascertain the RC’s position of
several types of cyclones (namely, extratropical cyclones, medicanes or TCs). MeRCAD algorithm needs the ingestion of
the wind speed and direction data collected over the sea surface. Data provided by the Advanced SCATterometer
(ASCAT) on board MetOP satellites are used for this purpose. The ASCAT Coastal Winds at 12.5 km Swath Grid data
(wind speed and direction) are provided in NetCDF format by the European Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT) SAF on Ocean and Sea Ice (OSI SAF) with global coverage in 1.5 days. In addition,
according to their availability, also data collected by the WindRAD instrument on board the Feng-Yun 3E satellite have
been processed only for Medicane Daniel at this time. Similarly, the Automated Rotational Center Hurricane Eye
Retrieval (ARCHER) algorithm is widely used to objectively identify the center of TCs. ARCHER is developed by the TC
group of the Cooperative Institute for Meteorological Satellite Studies (CIMSS) of the University of Wisconsin-Madison.
In this work, the ARCHER algorithm considers only brightness temperature data collected by means the 183.3 GHz
channels observations of the Microwave Humidity Sensor (MHS) on board MetOp satellites (ARCHER can work with
different high frequency channels from different radiometers). The objective of this study is to provide a comparative
analysis between MeRCAD and ARCHER in order to establish whether ARCHER can be applied to medicane case studies,
or whether further developments are necessary. All the medicanes that occurred in the Mediterranean basin from 2011
until 2023 are taken into account for the analysis. Preliminary results show that there is not always full agreement
between the two algorithms depending on both the strength of the cyclone and the phase of its lifecycle. Usually,
during the mature phase, when the cyclone is more intense and the ring shaped is more defined, the locations of the
RCs provided by the two methodologies are closer to each other. In addition, MeRCAD appears to be more effective in
identifying the medicanes’ RC, even during their development phase.
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ATTENUATION ESTIMATION AT MILLIMETER-WAVELENGTHS
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Accurate atmospheric attenuation estimation during precipitation events represents a critical challenge for millimeter-
wave satellite communications. Classical radiometers utilize the radiative transfer equation to estimate attenuation by
combining measured antenna noise temperatures with estimated mean radiating temperature (MRT). This approach is
reliable in clear-air and cloudy conditions, where MRT can be accurately estimated from surface meteorological data.
However, during precipitation, when scattering effects become significant, especially at millimeter-wavelength, the
estimation from surface meteorological data is no longer accurate. Sun Tracking (ST) radiometers circumvent the MRT
estimation issue by using the Sun as a stable reference and exploiting the difference between toward-Sun and off-Sun
measurements, thus enabling accurate attenuation retrievals in all weather conditions [1]. However, ST installations
remain geographically limited and ST measurements are limited at daylight time and at pointing directions determined
by the Sun ecliptic. Recently, machine learning approaches have emerged to train neural networks using ST-derived
MRT values, enabling classical radiometers to operate during precipitation with ML-predicted MRT instead of unreliable
surface-based estimates [2]. However, existing implementations are limited by location-specific training data
requirements.

We propose a novel cross-location transfer learning framework enabling artificial neural networks trained on
precipitation data from Rome, NY to accurately estimate attenuation during rain events at Milan, Italy. The Rome, NY
dataset was collected at the Air Force Research Laboratory using RPG LPW-U72-82 radiometer with ST capability
operating at 23.8, 31.4, 72.5, and 82.5 GHz frequencies [1], while Milan data originated from a ST radiometric
measurement campaign using in Milan (same radiometer model) [2]. The approach evaluates both direct cross-location
transfer and domain adaptation techniques that enhance model generalization by adjusting training procedures before
cross-location validation.

Results demonstrate successful cross-location transfer learning during precipitation events. Direct transfer achieves
root mean square error (RMSE) values ranging between 0.206 dB (23.84 GHz) and 1.093 dB (82.50 GHz), while domain
adaptation further improves performance to 0.929 dB at 82.50 GHz, significantly outperforming classical radiometer
approaches (5.4 dB RMSE). These outcomes support the combination of ground-based radiometry and machine learning
to experimentally evaluate the atmospheric effects on millimeter-wave Earth-space links without the need of space-
borne signals.
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UAV-BASED L-BAND RADIOMETER MEASUREMENTS THE NORTHERN BOREAL
WETLAND ENVIRONMENT DURING THE FREEZING SEASON
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Challenge

Seasonal soil freezing strongly affects water and energy exchange between atmosphere and land. In northern boreal
wetlands, freeze-thaw dynamics are crucial for understanding greenhouse gas fluxes, especially during shoulder
seasons [1]-[6]. In situ measurements are sparse and fail to capture spatial variability in these heterogeneous
landscapes, while remote sensing products often lack the resolution to detect local differences. UAV-based L-band
radiometer observations offer an intermediate solution, bridging the gap between in situ and satellite data. They cover
larger areas than ground measurements while resolving fine-scale variability. The low L-band frequency enables
penetration through dry snow and surface vegetation to monitor freeze—thaw states, though wet snow complicates
interpretation during spring melt.

Methodology used

We employed a UAV equipped with a Portable L-Band Radiometer (PoLRa) [7] (1.4 GHz) to monitor freeze—thaw
dynamics and spatial variability in a boreal wetland. Between 2022 and 2025, UAV surveys were conducted at least
monthly during autumn to track freezing progression in two areas of the Halssiaapa wetland, Sodankyla, Finland.
Measurements started before snowfall and continued through winter into late spring.

The study sites are heterogeneous wetlands with flarks, strings, and sparse pine forest. Each UAV campaign covered
~200 x 250 m, with a spatial resolution of 21 x 27 m at 25 m altitude. The radiometer antenna recorded vertical (Tbv)
and horizontal (Tbh) brightness temperatures. Soil liquid water content affects permittivity, producing distinct
signatures between frozen and thawed states, enabling detection of soil condition.

To complement UAV data, continuous observations were made with the ELBARA-II [8] radiometer near one site, and
manual soil frost tube measurements supported validation.

Results

Initial results show that brightness temperature varied across the wetland during freezing, reflecting differences in
vegetation, soil moisture, and microtopography. Contrasts between flarks and strings highlighted site heterogeneity.
Fluctuating air temperatures produced alternating freeze—thaw cycles, visible in radiometric and in-situ data. Early-
winter snow timing and thickness influenced freezing dynamics, frost depth, and mid-winter thawing episodes. As
winter progressed, temperatures fell, snow accumulated, and soils froze. Later spring snowmelt increased liquid water
in the snowpack, limiting ground-state detection with L-band.

Main conclusions

Freeze—thaw in boreal wetlands is shaped by soil liquid water, vegetation, snowfall timing, and air temperature
fluctuations. While UAV-based L-band radiometry can be affected by interference, wind, cold, or late-winter snow, it
offers clear advantages over in situ and satellite observations: reduced field labour, flexible resolution, and access to
remote areas. UAVs thus provide a critical link between point-scale in situ data and coarse-resolution satellites, offering
validation for spaceborne radiometer missions.

We will continue UAV observations at Halssiaapa and expand to varied environments. Future campaigns will test
different flight altitudes to optimize resolution. In parallel, UAVs will be coupled with fixed L-band radiometers to build
a comprehensive framework for monitoring freeze—thaw processes in northern regions.
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Figure 1. (a) PoLRa radiometer mounted on a DJI Matrice 600 UAV. Photograph by: Elmeri Viuho. (b) Brightness
temperature (vertical polarization) measured over study area 1 in the Halssiaapa wetland on 20 November 2024. Note:
the background map is not from the same time period.
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A MATRIC-POTENTIAL-BASED DIELECTRIC MODEL FOR MOIST SOILS: LABORATORY
VALIDATION AND APPLICATION TO AMSR2 RETRIEVALS

K. Tsujimotol, T. Ohta?, I. Kaihotsu3

10kayama University, 2Assistance Unit for Research and Engineering Development (U-PRIMO), 3Hiroshima University

Dielectric models of moist soils are a critical component of microwave radiative transfer modeling and satellite soil
moisture retrieval algorithms. Conventional models, such as those proposed by Wang and Schmugge (1978), Dobson et
al. (1985), and Mironov et al. (2004), have advanced the field substantially but remain limited across diverse soil
textures. Moreover, these models rely on empirical formulations that are not directly connected to the parameters used
in soil water flow simulations. This disconnect constrains the integration of satellite observations with land surface
models and data assimilation frameworks, which are needed to fill observational gaps and interpolate soil moisture
estimates to finer temporal and spatial resolutions.

In this study, we propose a refinement of soil dielectric models by explicitly linking dielectric properties to soil hydraulic
characteristics. Specifically, we explore the use of van Genuchten (1980) parameters, which describe the soil water
retention curve in Richards’ equation (1931), to represent the relationship between volumetric water content and
matric potential. These parameters can be estimated from pedotransfer functions using sand and clay content together
with bulk density, and such soil information is available from global databases such as those provided by the FAO. This
framework therefore allows the proposed dielectric model to be applied consistently in global-scale remote sensing,
while ensuring physical compatibility with hydrological modeling.

We conducted a comparative analysis of the Dobson, Mironov, and Wang—Schmugge models together with our newly
developed model under a wide range of hypothetical soil conditions, focusing on how each represents bound water
content and dielectric properties. These results were further validated against complex permittivity measurements
obtained using a vector network analyzer (VNA). In the proposed model, bound water content was represented by the
air-dry water content at a relative humidity of 50%, and the dielectric constant of bound water was derived from Hilhorst
et al. (2001) at a matric potential of -=500 MPa. Above this threshold, the dielectric properties of free water were
incorporated using the Birchak mixing model (Birchak et al., 1974), and the frequency dependence was described using
Debye’s (1929) formula with an estimated relaxation frequency. The matric-potential-based model reproduced
measured complex permittivity across a wide frequency range (25 MHz-18 GHz) and diverse soil types, including
Toyoura sand, bentonite, Japanese soils (Andosol, Shirasu, Masado, paddy soils), and Cambodian paddy soils.
Comparisons revealed that although the Mironov and Wang—Schmugge models yield similar overall dielectric estimates
despite their different theoretical foundations, they diverge markedly in their treatment of bound water. This confirms
that the characterization of bound water content and its dielectric properties remains a key source of uncertainty and
an essential target for refinement in dielectric modeling.

Furthermore, when the refined dielectric model was implemented within the AMSR2 soil moisture retrieval
algorithm—replacing the Dobson model currently used in the JAXA standard product—it reduced the regional
dependence of retrieval accuracy. The original AMSR2-JAXA algorithm exhibited a pronounced dry bias across most
global validation sites, showing relatively higher accuracy only at the Mongolian site. By contrast, the application of the
proposed model alleviated this dry bias and improved consistency across diverse regions, demonstrating the critical
importance of adequately modeling the soil-type dependence of the soil moisture—dielectric relationship.

In conclusion, integrating matric potential into dielectric modeling provides a promising framework for reconciling soil
physics with microwave remote sensing. By enabling parameter sharing between hydrological modeling and radiative
transfer simulations, and by leveraging globally available soil datasets, the proposed approach strengthens the physical
basis of dielectric models. This refinement not only enhances the reliability of satellite soil moisture retrievals, but also
paves the way for next-generation retrieval algorithms and data assimilation applications using AMSR2, AMSR3, and
beyond.
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EVALUATING CRYORAD PERFORMANCE REQUIREMENTS THROUGH 0.4-2 GHZ
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CryoRad is a candidate satellite mission concept equipped with a broadband low-frequency microwave radiometer
operating between 0.4 and 2 GHz with continuous frequency scanning. Its primary objective is to advance cryosphere
science by delivering new geophysical variables critical for ocean and climate studies. CryoRad will provide temperature
profiles of the Antarctic and Greenland ice sheets from surface to bedrock, previously accessible only through sparse
borehole observations, and will address long-standing limitations of L-band radiometers in retrieving sea surface salinity
(SSS) in cold waters. Furthermore, the mission aims to significantly improve estimates of sea ice thickness, volume, and
salinity, thereby enabling a more comprehensive characterization of the polar ocean—sea ice system.

To quantify the scientific return and define radiometer performance requirements, we combine forward modeling and
retrieval experiments with data from the ECMWF ORAS6 ocean reanalysis. ORAS6 includes a multicategory sea ice
model with prognostic salinity, providing spatially and temporally consistent fields of sea ice concentration, thickness,
volume, temperature, and salinity. These parameters serve as a physically consistent baseline for simulating CryoRad
brightness temperatures using simplified one-layer emissivity models as well as more advanced retrieval frameworks.
Sensitivity analyses reveal the frequency-dependent impact of ice thickness, salinity, and ocean surface properties on
measured brightness temperatures, and allow us to define thresholds, breakthrough, and goal levels for uncertainty in
line with WMO requirements for sea ice climate data records. Initial results show that CryoRad retrievals of sea ice
thickness and volume are able to meet or surpass uncertainty requirements, whereas the retrieval of ice salinity remains
more challenging and may require additional constraints.

As an outlook, we are extending these investigations with a new simulation framework using the Snow Microwave
Radiative Transfer (SMRT) model in combination with the CICE sea ice model to generate brightness temperatures that
are then resampled to the satellite swath geometry. This approach will deliver a synthetic dataset including both
physical and satellite parameters, providing a testbed for further algorithm development and sensor performance
evaluation.
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Polar ice sheets have become major contributors to global sea level rise, now losing mass over three times faster than
in early 1990. Surface meltwater plays a critical role by altering the surface energy balance and enhancing ice flow via
basal lubrication and hydrofracturing. In Greenland, surface melt accounts for over half of recent mass loss, while in
Antarctica, it contributes to ice shelf weakening and dynamic instability. Recent increases in melting and refreezing have
reduced firn pore space and created impermeable layers, enhancing lateral runoff and impacting surface mass balance
(SMB). Accurate quantification of seasonal meltwater volumes and infiltration depths is essential for improving SMB
estimates, firn densification modeling, and projections of sea level rise. However, significant uncertainties persist in
model-derived estimates of liquid water content and percolation depth.

Microwave radiometry offers unique advantages for monitoring melt processes due to its sensitivity to liquid water and
ability to provide frequent, all-weather, day-night observations. High-frequency channels (e.g., 18.7, 36.5 GHz) are
sensitive to surface melt, while low-frequency channels, particularly L-band (1.4 GHz), offer greater penetration and
sensitivity to subsurface liquid water. The upcoming ESA Copernicus Imaging Microwave Radiometer (CIMR) will, for
the first time, provide multi-frequency (L- to Ka-band) coincident observations over the polar regions several times daily,
enabling depth-resolved monitoring of firn meltwater.

We present a multi-frequency retrieval approach using L- to Ka-band observations from SMAP, SMOS, and AMSR2 to
estimate daily meltwater amount and infiltration depth. Ground validation is performed using in situ data from
PROMICE/GC-Net AWS (Greenland) and SCAR READER (Antarctica), along with firn models including locally calibrated
energy balance models and the Ice-sheet and Sea-level System Model's Glacier Energy and Mass Balance (GEMB)
module. The resulting product provides twice-daily estimates of surface/subsurface freeze/thaw status, liquid water
content, and wet layer thickness. Frequency-dependent sensitivity enables retrieval of vertical meltwater profiles, with
high frequencies detecting surface melt and L-band capturing subsurface liquid water. Results show significant potential
for improving monitoring of melt/refreeze dynamics and refining sea level rise projections.
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SIXTEEN YEARS OF TOWER-BASED ELBARA-II L-BAND RADIOMETRY AT THE
SODANKYLA SUPERSITE: FROM SOIL FREEZE/THAW TO FOREST CANOPY
TRANSMISSIVITY ACROSS CONTRASTING BOREAL LANDSCAPES
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The Finnish Meteorological Institute (FMI) has operated European Space Agency (ESA) owned tower-based ELBARA-II
radiometers (ETH L-band radiometer for soil moisture research) [1] at the Sodankyld Supersite since 2009 to support
calibration and validation of the Soil Moisture and Ocean Salinity (SMOS) mission [2] and to study boreal soil—
snow-vegetation processes [3], [4]. Since 2018, the Sodankyla site has hosted two ELBARA-II instruments. The supersite
provides permanent reference infrastructure across three main test sites where ELBARA-II radiometers have been
deployed: a forest opening, a wetland, and a forest canopy. At the forest canopy site, two instrument positions—at
ground level and atop a forest tower—enable observations from below and above the canopy. We report on a
consolidated, multi-site record spanning these environments in northern Finland.
At L-band (=1.4 GHz), land-surface emissivity—and thus brightness temperature—is strongly governed by the amount
of free liquid water in the soil. The high permittivity of liquid water gives L-band strong sensitivity for monitoring
soil moisture [2]. Similarly, the large permittivity contrast between liquid water and ice enables the detection of
seasonal soil freeze—thaw (FT) transitions [3]. Building on this physics, we have assembled long, tower-based ELBARA-
Il time series at Sodankylad to support Arctic land applications across three environments (forest opening, wetland,
closed coniferous canopy) and to extend analysis from soil moisture and FT to L-band vegetation optical depth (L-VOD).
Recent L-VOD studies show that forest-canopy transmission varies with canopy temperature, with pronounced changes
near 0 °C [4], which modulates the soil contribution seen at L-band. In this work our primary objective is FT: we
synthesize the multi-site ELBARA-II record to characterize—and improve retrieval of —autumn and spring FT transitions
while accounting for confounding canopy and snow effects.
We report on sixteen years of ELBARA-II observations across the Sodankyla test sites. Typically, we collected 2—3 years
of continuous measurements at one site at a time, and since 2018 we have operated two sites concurrently. The dataset
has supported, for example, improved monitoring of seasonal soil freeze—thaw (FT) transitions [3, 5], investigations of
how a dry snow layer affects the L-band signal [6], retrieval of frozen-ground permittivity [6], and quantification of
temperature-driven changes in forest-canopy transmissivity [4]. Building on these achievements, we continue to use
the ELBARA-II record to reduce canopy/snow uncertainties in L-band soil moisture and FT retrievals and to examine links
between snowpack properties, soil freezing, and winter methane emissions at a wetland site. In parallel, we are curating
the 2009—present record into a harmonized, quality-controlled dataset with standardized metadata, site descriptors,
and co-registered in situ variables. The resulting time series are being prepared for broad scientific reuse—supporting
algorithm development and evaluation, canopy-transmissivity and L-VOD studies, and future boreal carbon-cycle
assessments.
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GROUND BASED MICROWAVE RADIOMETER — CLOUD DETECTION, SKY-
CLEARING AND O-B STATISTICS
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In assimilation experiments at the German Weather Service (DWD), data from ground-based microwave radiometers
(MWR) show a positive impact on the numerical weather prediction (NWP) under clear-sky conditions. However, liquid
clouds involve large random differences between model and observation and therefore, the most frequent reason for
rejecting data in the assimilation process is the suspected presence of clouds. With a balanced detection of clouds, an
artificial cloud-clearing can be performed. Hence, it is possible to obtain cloud-free brightness temperatures (Tg) which
represent the current thermodynamic conditions of the atmosphere.

First, we present the resulting effect of a neural network (NN) based liquid water cloud detection on observation minus
background (O-B, using the ICON-D2 model) statistics and compare it to an established cloud detection scheme. The NN
relies solely on the observed Tg and is trained with Tg computed with a line-by-line radiative transfer model (Rosenkranz
2022, non-scattering) from ERAS reanalysis data.

We will also present O-B statistics with artificially cleared Tg observations. The spectral signature of the liquid water is
subtracted from the observed Tg spectrum using a NN retrieval trained on ERA5. The cloud detection and sky clearing
allow a thorough discussion of 2-years O-B statistics, which provides insights on the model performance and allows
monitoring instrument errors. The presented progress on sky clearing of Tg can be a way forward to increase the benefits
of assimilating MWR Tg in NWP models.
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EMISSION AND BACKSCATTERING OF ROUGH SOIL SURFACES AT L BAND BASED
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The accurate characterization of microwave emission and backscattering from rough soil surfaces is essential for remote
sensing applications such as soil moisture retrieval, hydrology, and snow water equivalent (SWE) retrieval. At L-band, in
particular, soil surface roughness plays an important role in both soil and snow remote sensing. The L band signal can
see through vegetation to retrieve soil moisture under vegetation. In the case of snow, the L band signal can see through
snow and can be used to characterize the surface freeze/thaw state and soil moisture below the snowpack. It can also
be used to characterize the background rough surface at snow-free conditions. This is crucial for SWE retrieval at C, X
and Ku bands.

Analytical and approximate methods such as the Small Perturbation Method (SPM) or Kirchhoff Approximation (KA)
often break down when the roughness parameter, kh (k is the wave number, 2ri/A, and h is the rms height of the rough
surface) exceeds unity, limiting their applicability for realistic natural surfaces. Past full wave numerical rough surface
scattering and emission models have been limited to small rms height such as 0.1\ and exponential correlation functions
while recent airborne lidar measurements indicate land surfaces are more of the that of a fractal surface in which the
roughness increases with the area of interests.

To overcome these challenges, we have significantly improved our previous method of the 3D full wave solutions of
Maxwell equations. The new technique uses the Multilevel Sparse Matrix Canonical Grid (SMCG) method to simulate
both emission and backscattering of rough soil surfaces at L-band. The method is shown to be accurate on comparison
of the results with the FEKO commercial software. However, the multi-level SMCG method is much more efficient than
FEKO requiring 100 times less in memory and CPU than FEKO. This approach enables the modeling of electrically large
rough surfaces while retaining the full-wave accuracy required to capture multiple scattering effects that are crucial at
L-band. We have implemented ML-SMCG to handle, up to 2 roughness and simulate an area of 128x128 rough surface.
We also include the fractal model for rough surface to study the impact of roughness increase with area.

To solve for the backscattering problem in the numerical ML-SMCG method, we calculate the surface currents and then
find the scattered fields. To calculate the surface currents, the electromagnetic wave interaction on the rough surface
is divided into near fields and non-near fields. Near fields are calculated using an exact expression of the Green’s
function. The non-near fields are further divided into multiple levels, level 1,2,3, etc. At each level the Green’s function
is represented as a Taylor Series expansion over a flat canonical grid. The number of terms in the Taylor series is dictated
by the level. At higher levels the EM interaction is weak, and the Green’s function can be represented by just one term.
This reduces the computation time and memory and makes larger roughness and areas possible to simulate.

The emission problem is related to the backscattering problem as the power absorbed by the rough surface is directly
related to the emissivity of the rough surface. Using the surface currents calculated while solving for scattered fields,
we calculate the power absorbed by the rough surface. Taking the ratio of power absorbed by the rough surface to the
power absorbed by a flat surface with same dielectric properties gives us the ratio of emissivity of rough surface to
emissivity of flat surface. Since the emissivity of flat surface, efl@t, can be calculated analytically, we can find
the emissivity of rough surface, e™U8h, and the brightness temperature, Tg™€". This allows the same SMCG
framework to be used for both passive (emission) and active (backscattering) characterizations.

We compare the model with the SMAP data over South Fork, Colorado and Walnut Gulch, Arizona using fractal surfaces.
Numerical experiments demonstrate that the proposed multilevel SMCG method provides stable and accurate
predictions for backscattering coefficients and brightness temperature of rough soils at L-band. In regimes where
approximate models deviate significantly, particularly for moderate to strong roughness, the fast ML-SMCG results
remain consistent with measured data. Furthermore, the method captures polarization dependence with higher fidelity
compared to conventional models.

The proposed framework offers a numerical approach to treat both active and passive microwave interactions with
rough soil surfaces at L-band. The capability to accurately account for realistic soil roughness and dielectric variability
can help the interpretation of L-band radiometer and radar observations, including those from SMAP, SMOS, and NISAR
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A STUDY TO DERIVE HIGH RESOLUTION L-VOD INFORMATION BY EXPLOITING
SMOS LEVEL 2 AND SATELLITE LIDAR DATA
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In addition to continuous soil moisture monitoring, passive microwave L-band missions have introduced a valuable new
tool for vegetation studies: the retrieval of L-band Vegetation Optical Depth (L-VOD). The latter is particularly useful for
forest ecosystems monitoring because it's sensitive to both tree height and biomass. Previous research has
demonstrated that L-VOD values increase with forest height and biomass, reaching saturation at significantly higher
biomass levels compared to measurements from active microwave sensors [1]. This unique characteristic makes L-VOD
a robust variable for monitoring dense forests.

The retrieval of L-VOD in the Soil Moisture and Ocean Salinity (SMOQS) is based on an iterative approach, aiming at
minimizing a cost function whose main component is the sum of the squared weighted differences between measured
and modeled TB data, for a collection of observation angles. In this approach the retrieval accuracy can benefit from a
proper initialization of the parameter [2], which is based on maximum Leaf Area Index (LAl) and LAl seasonal changes
[3].

A primary research objective is to enhance the understanding of the L-VOD and specific plant characteristics. This
improved understanding is critical for more accurately quantifying changes in vegetation water content and for
advancing the electromagnetic modeling of this parameter.

A significant challenge, however, is the relatively coarse spatial resolution of L-VOD products, which is a direct
consequence of the radiometer's footprint. The spatial resolutions for the SMAP (Soil Moisture Active Passive) and
SMOS missions are approximately 36 km and 45 km, respectively. This low resolution poses a considerable limitation
for validating L-VOD data against high-resolution ground-based measurements, which are essential for refining the
accuracy and, consequently, improve the modelling, of both L-band and higher-frequency VOD products.

The availability of LIDAR missions like GEDI and ICESat-2 offers a new way to improve L-VOD retrieval. Recent research
from Vittucci et al. [4, 5] shows a strong correlation between SMOS L-VOD data and LiDAR-derived plant variables like
top-of-canopy height (RH100) and Plant Area Index (PAI). When averaged to match SMOS's resolution, this correlation
is very high for tropical forests (R>0.88) and remains relevant at boreal latitudes (R>0.7 in summer and R20.62 during
winter).

Such interesting results encouraged the investigation about the study of a novel methodology to derive L-VOD map at
1 km of spatial resolution, by exploiting the small footprint size of satellite lidar instruments.

The primary objective of this study is to leverage RH100 and PAI to estimate L-VOD across different seasons and forest
types. Following the methodology established in [4,5], LIDAR variables from GEDI and ICESat-2 were associated with
SMOS L-VOD data on the ISEA 4H9 grid at a 12-km spatial resolution. These prior investigations identified linear
relationships useful for initializing the L-VOD parameter. The present work applies the coefficients of these relationships
to high-resolution LiDAR observations to generate high-resolution L-VOD maps. This procedure required addressing two
primary challenges. First, due to the sampling nature of satellite LIDAR sensors, RH100 and PAI products are provided
as discrete tracks rather than complete spatial maps. To derive continuous, dynamic L-VOD maps, a gap-filling procedure
was required to address these spatial voids. The second challenge was the absence of PAIl data for latitudes above 52°N,
as this is beyond the GEDI mission's coverage area, yet it is where most boreal forests are located.

Both issues were resolved by implementing a random forest (RF)-based gap-filling procedure, which can be applied
recursively over time and at a continental scale. The RF model's training data are computed through an iterative process
that pairs RH100 and PAI samples with multispectral indices from MODIS products, including NDVI, EVI, and FPAR.
Additionally, IGBP land cover classes are included as a supplementary input. The training sets are designed to be
representative of the LiDAR parameter dynamics over a 10-day interval for a given geographic region.

For the missing PAIl information at high latitudes, the same approach is applied by considering data acquired from the
45°N to 52°N range as training information for the RF. The resulting gap-filled maps of RH100 and PAI have a spatial
resolution of 500 m, consistent with native MODIS products. These maps are subsequently downsampled to 1 km, a
resolution closer to the ISEA 4H9 grid, before being used as input for the linear relationship equations to compute the
final 1-km resolution L-VOD maps. The results of the proposed procedure will be shown during the conference.
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THE GLOBAL ALL-WEATHER SEA SURFACE TEMPERATURE (GAWSST) ALGORITHM:
A ROBUST METHOD FOR RAIN-CONTAMINATED REGIONS
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This paper introduces the Global All-Weather Sea Surface Temperature (GAWSST) retrieval algorithm, a novel approach
for accurately retrieving sea surface temperature (SST) from passive microwave radiometers in the presence of
precipitation. Conventional operational SST retrieval methods, such as those applied to Advanced Microwave Scanning
Radiometer-2 (AMSR-2) data, are highly susceptible to rain contamination, resulting in significant data gaps in critical
areas. The GAWSST algorithm addresses this by employing a statistical approach based on a linear combination of
vertically and horizontally polarized brightness temperatures (Tbs) from the 6, 10, and 18 GHz AMSR-2 channels. This
methodology effectively minimizes atmospheric interference. The resultant linear combination of Tbs is a function of
sea surface temperature, surface wind speed, and direction. Hence to retrieve the SST, the effects of wind speed and
direction must be removed. To achieve this, an empirical relationship between the linear combination and these surface
parameters is established. The algorithm is particularly powerful for observing SST within tropical cyclones, providing
data to study immediate cooling effects. Validation against conventional methods, model outputs, and in-situ data from
ocean assets deployed during the 2023-2025 hurricane seasons demonstrates its effectiveness. The results show that
GAWSST provides more comprehensive coverage and captures detailed oceanic features with high fidelity, even in
heavy precipitation. This work highlights GAWSST's potential to significantly improve SST observations for weather
forecasting and climate monitoring, with future work focusing on its application to other microwave radiometers such
as Weather System Follow-on-Microwave (WSF-M).
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PASSIVE MICROWAVE SNOWFALL RETRIEVAL AND COMPARISON WITH
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The retrieval of snowfall over high latitude regions remains a challenging task in the field of meteorological
sciences. The scarcity of ground-based instruments in these areas makes it very difficult to generate a long-
term data set for climatological purposes. However, the analysis of snowfall regimes in polar regions is
fundamental for understanding changes in the water cycle at global and regional scale.

Passive microwave (PMW) observations from polar-orbiting satellites can overcome the scarcity of data in
polar regions, thanks to the scattering signal observed in the high frequency channels (> 90 GHz), related to
the presence of snowfall, and to the excellent temporal coverage at the higher latitudes. In recent years, in
the context of the EUMETSAT Satellite Application Facility for operational Hydrology (H SAF), two snowfall
retrieval algorithms have been developed by CNR-ISAC for the NOAA Advanced Technology Microwave
Sounder (ATMS): the Snow retrieval AlLgorithm for gpM - Cross Track (SLALOM-CT) algorithm, for global
applications, and the High IAtitude sNow Detection and Estimation alLgorithm for ATMS (HANDEL-ATMS),
tailored for the typical dry and cold conditions of the polar regions. These algorithms are based on machine
learning models trained on the “coincidence datasets” built from nearly-coincident measurements from the
CloudSat W-band Cloud Profiling Radar (CPR) and ATMS. However, several factors - the variability of the
surface background emissivity, the extreme environmental conditions typical of the high latitudes, the weak
scattering signal often damped by the presence of supercooled liquid water, the limitations of the CPR
snowfall profiles used as reference - make the snowfall retrieval very difficult. Therefore, the validation of
PMW-based snowfall retrieval with measurements available from dedicated field campaigns remains an
element of great interest. In recent years, several airborne measurement campaigns have been undertaken
in the Arctic region as part of the AC3 project to investigate the causes and feedbacks of the Arctic
amplification. Various instruments were used to take these measurements, including radars, lidars,
radiometers, photometers and nephelometers.

This presentation will show the results of the comparison between the snowfall measurements obtained
from airborne observations - in particular, by using the 95 GHz radar and the 89 GHz radiometer that
constitutes the Microwave Radar/radiometer for Arctic Clouds (MiRAC) - and the snowfall estimates obtained
from SLALOM-CT and HANDEL-ATMS during AC3 flights. The analysis shows a good agreement in the
detection of snowfall areas between the airborne radar and the satellite estimates, while larger differences
are observed in the snowfall rate estimation. The analysis of larger datasets highlights a general difficulty in
detecting very light snowfall events by using PMW observations and the fact that the environmental
conditions have a significant and different impact on the performance of the two algorithms. Further
developments in passive microwave snowfall retrieval based on the recently launched Arctic Weather
Satellite and MetOp-SG-A1l Microwave Sounder (MWS) missions, and on the exploitation of the ESA/JAXA
EarthCare mission, are foreseen in the future.
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THE H SAF EPS-SG MICROWAVE IMAGER AND MICROWAVE SOUNDER
GLOBAL PRECIPITATION PRODUCTS
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Precipitation is an essential element of the global hydrological and energy cycles, and its measurement is of great
importance in a variety of research areas, such as climate studies, management of water resources, natural hazards and
hydrology. A significant effort in the study of the precipitation is carried out in Europe within H SAF (Satellite Application
Facility on Support to Operational Hydrology and Water Management), a EUMETSAT program designed to deliver
satellite products (precipitation, soil moisture and snow parameters) for hydrological applications to research and
operational users worldwide. H SAF precipitation products are based on the exploitation of present and future Low
Earth Orbit (LEO) satellites carrying cross-track and conically scanning passive microwave (PMW) radiometers orbiting
around the globe. The development of precipitation retrieval techniques, as well as the quality assessment of satellite
precipitation estimates around the globe, can benefit from the availability of unique spaceborne cloud and precipitation
radar observations: the NASA/JAXA GPM Core Observatory Dual-frequency Precipitation Radar (DPR), available since
March 2014, and the W-band Cloud Profiling Radar (CPR), onboard the NASA CloudSat (from 2006 to 2023) and currently
the ESA/JAXA EarthCare missions. The DPR and CPR have demonstrated their complementarity in precipitation
monitoring with the DPR more suitable for medium to intense precipitation regimes, and CPR for snowfall.

Within H SAF, two new machine learning (ML) based precipitation retrieval algorithms for the MicroWave Imager (MWI)
and MicroWave Sounder (MWS) radiometers on board the European MetOp Second Generation satellites have been
recently developed. The two algorithms are designed to be used operationally as the EPS-SG MWI and MWS surface
precipitation rate Level 2 day-1 products. Moreover, they will complement the H SAF Level 2 precipitation rate products
for all current and future passive microwave radiometers with precipitation sensing capabilities which are used as input
in H SAF multisensor MW-based and MW/IR products.

The algorithms have been developed by using observational databases built coupling surface precipitation rate
estimates from radar profiles with coincident (in time and space) radiometer brightness temperatures (TB)
measurements. Separate modules for detecting and estimating snowfall and mixed phase/rain precipitation have been
developed considering CPR and DPR as reference, respectively, in order to fully exploit the strengths of each radar.
Regarding the PMW observations, the observational datasets have been built by using the GPM Microwave Imager
(GMI) and Advanced Technology Microwave Sounder (ATMS) measurements, which are the two radiometers having
similar characteristics in terms of channel frequencies to MWI and MWS. In addition to the observed TBs, the algorithm
uses ECMWF model-derived variables as additional inputs. Different ML architectures were tested in order to select the
most suitable one for optimising the algorithm's performance.

The details concerning the coincidence datasets creation, the design of the ML modules and results of both MWS and
MWI algorithms testing are presented.
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REPORT OF ASSIMILATING MWRI/FY-3D IN ALL SKY OBSERVATIONS OVER SEA
WITHIN ARPEGE
K. Chen¥2, H. Dumas3, P. Chambon3, M. Borderies3
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Utilization over Complex Topographic Regions Key Laboratory of Sichuan Province, 3The Centre Nattonal de Recherches
Meétéorologiques, Météo France

MWRI is onboard the afternoon polar satellite Fengyun-3D and worth being evaluated its operational use potential,
especially in all-sky stream. Its data quality is assessed on top of the operational version of the global model ARPEGE of
Météo France. Only the observations from the 18.7 v/h, 23.8v/h, 36.5v and 89v GHz channels over sea are assimilated
in all-sky stream in this study. The results illustrate that humidity sounders, humidity channels of the satellite
instruments and imagers benefit the most by the assimilation with MWRI/FY-3D with the updated configurations, but
there are seasonal changes of forecasts existing between summer and winter, which do not show for assimilating
impacts. Removing the observations of channel 7 can achieve even better assimilating and forecasting impacts and
reduce the seasonal differences of forecasts between summer and winter. However, removing observations of the
whole channel also removes important information and good observations from the assimilating system, which could
lead to negative impacts for forecasts. This study is an important reference for operational use and the evaluation for
the second generation of MWRI onboard since Fengyun-3F.
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MACHINE LEARNING APPROACHES OF WIVERN L2 PRODUCTS OF LWP AND IWP
AND CONSEQUENCES ON PATH INTEGRATED ATTENUATION

P. Sano!, M. Montopolil-2, D. Casellal, M. Coppola3, G. Panegrossil, A. Battaglia®
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The undisputed success of NASA's Cloudsat mission (which carried a W-band radar pointing at the nadir), lasted 17
years, demonstrated how the measurement of cloud profiles on a global scale was one of the key factors in improving
the quantification of the planet's energy and water balance. Building on this momentum, the EarthCARE satellite was
launched in May 2024, carrying, among other sensors, a nadir-pointing W-band radar with Doppler capability. The radar
on the ESA-JAXA EarthCARE mission, with its high sensitivity (-35dBZ), promises to provide a much more accurate picture
of global cloud cover, and with its Doppler capability, it will provide information on cloud dynamics and precipitation
from a satellite for the first time. EarthCARE's nominal lifetime is three years from launch, with possible extensions. The
future scenario, although fraught with uncertainties, including geopolitical ones, sees, among other initiatives, the ESA-
WIVERN mission which is in its B1 phase, moving towards a full implementation. WIVERN is a never-seen-before concept
mission carrying a W-band conical scanning Doppler radar with a simultaneous 89GHZ radiometric channel.

This work covers two aspects aspect of the WIVERN L2 products: i) retrieval performances of Ice Water content (IWC)
and Liquid water path (LWP) exploiting collocated WIVERN radar reflectivity profiles (Z), brightness temperature (Tb)
and ancillary information (e.g. Temperature, surface type and freezing level altitude); ii) how LWP uncertainty maps into
total path attenuation retrieval that is the main driver to compensate the extinction of Z profiles in rain.

The analysis proposed uses WIVERN radar and radiometer simulations from CAPTIVATE dataset (a set of microphysical
retrievals from 1199 polar sunsynchronous orbits of the A-Train 1D of multiple instruments, radar, lidar and IR), and a
two-step multi model machine learning approach to retrieve IWP and LWP. The path attenuation compensation
technigues implemented are those within the Hitschfeld-Bordan suite.

The results are very promising, showing a BIAS and Fractional Standard Error (worst case) of the order of 20% and 40%
for IWC, respectively, whereas for LPW the scores reduce to 5% and 10% respectively. About path integrated
attenuation (PIA) compensation on Z, results suggest an RMSE of 4dB in compensating Z when total PIA is known with
an uncertainty at worst of 5 dB.
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INTERCALIBRATION OF PASSIVE MICROWAVE SENSORS USING THE DYNAMIC
MICROWAVE RADIOMETER ON THE NASA INCUS MISSION BASED ON HERITAGE
FROM THE TEMPEST MISSIONS

S. Reising?, V. Chandrasekar!, C. Radhakrishnanl, S. T. Brown?, S. van den Heever?

Icolorado State University, 2NASA/Caltech Jet Propulsion Laboratory

The INvestigation of Convective UpdraftS (INCUS) is a NASA Earth Venture mission (EVM-3) that will provide the first
global systematic investigation into convective mass flux, the vertical transport of air and water, and its evolution within
deep tropical convection. The overarching goal of the INCUS mission is to understand why, when and where tropical
convective storms form, and why only some storms produce severe weather. INCUS is led by Pl Susan van den Heever
of Colorado State University (CSU), in collaboration with NASA/Jet Propulsion Laboratory (JPL), Blue Canyon
Technologies, and Tendeg Systems. INCUS consists of a series of three small satellites, to be launched from a single
Firefly Alpha and fly in formation, each carrying a Ka-band radar based on RainCube and one cross-track scanning
radiometer based on TEMPEST. A novel time-differencing approach among the three satellites flown in close succession
(30, and 90, and 120 seconds apart) will provide the first estimates of convective mass flux across the tropics.

The selection of the INCUS as a NASA Earth Venture Mission (EVM-3) is based in part on the prior success of two
pathfinder CubeSat missions: RainCube, the first weather radar on a CubeSat, led by NASA/JPL, and the Temporal
Experiment for Storms and Tropical Systems — Demonstration (TEMPEST-D) mission, led by CSU, producing the first
global (up to 58 degrees latitude) observations from a multi-frequency microwave radiometer on a CubeSat, operating
for nearly three years in LEO.

In 2007, the Global Precipitation Mission (GPM) Intersatellite Radiometer Calibration Working Group (XCAL) was
formed to provide a quantitative basis for consistent calibration of passive microwave sensors operating in Low-Earth
Orbit (LEQ) in the GPM constellation. In general, measurements from various passive microwave sensors can be
compared over homogeneous Earth scenes with spatial and temporal collocation. However, the passive microwave
sensors in the GPM constellation are heterogeneous not only in sensor design and manufacturing but also in their center
frequencies, polarizations, bandwidths, spectral responses, scanning patterns, beam sizes, etc. To compensate for these
sensor differences, the double-difference method was developed. First, a radiative transfer model is used to simulate
theoretical brightness temperatures that would be measured by each of two specific sensors, the difference between
which would be equal to the inter-sensor bias if there were no radiometric calibration errors. Then the two observed
brightness temperatures from each of these sensors are subtracted from their corresponding theoretical brightness
temperatures, forming two single differences. Finally, the two single differences are subtracted from each other,
removing any common bias due to radiative transfer model errors and yielding the double difference. This double
difference provides a quantitative basis to determine the radiometric calibration error between any two passive
microwave sensors.

The INCUS Dynamic Microwave Radiometer (DMR) is a build-to-print cross-track scanning passive millimeter-wave
radiometer based on the TEMPEST-D and TEMPEST-HS8 sensors. As such, the double-difference technique is being
applied to TEMPEST-D and TEMPEST-H8 using the GPM Global Microwave Imager (GMI) and the Microwave Humidity
Sensors (MHS) on NOAA and EUMETSAT satellites. The calibration coefficients resulting from the double-difference
technique for DMR will be used to include observations from the other sensors in the GPM constellation in INCUS
mission science and provide much greater spatial and temporal coverage beyond that available from the DMR sensor
alone.

TEMPEST-D, a NASA Earth Venture Technology mission, produced global atmospheric science data, a well-calibrated,
highly stable radiometer over three years of operations. TEMPEST-D brightness temperatures were validated using
scientific and operational microwave sensors, including GPM/GMI and four MHS sensors, operating at similar
frequencies to TEMPEST-D channels at 87, 164, 174, 178 and 181 GHz. Using the double-difference approach, TEMPEST-
D performance was shown to be comparable to or better than much larger scientific and operational sensors, in
calibration accuracy, precision, stability and instrument noise, during its nearly 3-year mission.

A duplicate TEMPEST sensor produced alongside TEMPEST-D was integrated with the Compact Ocean Wind Vector
Radiometer (COWVR) from NASA/JPL and launched by the U.S. Space Force to demonstrate low-cost space
technologies to improve global weather forecasting. COWVR/TEMPEST were launched on the STP-H8 mission on
December 21, 2021, and have performed coordinated observations of Earth’s oceans and atmosphere from the ISS since



January 7, 2022. Retrievals of water vapor profiles, clouds, and precipitation from COWVR/TEMPEST-H8 are being
performed in collaboration between JPL and CSU.

Previous studies have validated the accuracy and precision of TEMPEST-D brightness temperatures using clear-sky
oceanic observations. Recent advances extended the validation of TEMPEST-D and TEMPEST-H8 brightness
temperature observations over tropical cyclones using GPM/GMI brightness temperatures and GPM/DPR vertical
cumulative reflectivity.

Prior studies demonstrated accurate quantitative precipitation estimation using machine learning over CONUS. Recent
advances expanded this capability to a global basis using GPM/GMI and AMSR-2 datasets for training and validation and
IMERG rain rates for cross comparison. The heritage of TEMPEST-D and TEMPEST-H8 will be used to demonstrate the
potential for remote sensing of precipitation from the Dynamic Microwave Radiometer on the INCUS mission.
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ESTIMATION OF SNOW MELT WATER USING REMOTE SENSING AND SNOW
PROCESS MODEL OVER THE QINGHAI-TIBET PLATEAU
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Snowmelt plays a critical role in shaping hydrological processes in cold regions. During the snow-covered period, the
snowpack serves as both the upper infiltration and thermal boundaries for frozen soil. As the "Water Tower of Asia," the
Qinghai-Tibet Plateau (QTP) is endowed with abundant mid-latitude snow and ice meltwater and frozen soil resources.
However, the station measurements are sparse and non-representative in this region. Under the QTP’s complex terrain
and intense solar radiation, snowpacks exhibit deep and heterogeneous distributions in mountainous areas, while flat
regions are characterized by discontinuous and rapidly changing snow cover. Therefore, Estimating key snow cover
variables—including areal extent, snow depth, snow water equivalent (SWE), snowmelt phenology, and snowmelt
runoff—remains highly uncertain in both observational and modeling frameworks.

Remote sensing techniques are essential for addressing the data scarcity issues. We conducted a systematic research on
the QTP snowpack by integrating remote sensing and snow process modeling, with the goal of analyzing the
spatiotemporal distribution and variation characteristics of seasonal snow cover, snow water equivalent and snowmelt.
On Remote sensing aspect, we have developed the algorithms 1) to estimate daily fraction snow cover from optical
sensors of polar-orbiting and geostationary satellites. This method effectively reduces the influence of cloud cover and
mixed pixels, enabling sub-pixel fraction snow cover inversion at a daily scale; 2) to estimate snow depth using
microwave radiometer sensors. We will demonstrate the algorithms and validations in details. 3) It was found that the
significant difference between the maximum SWE and amount of snow melting water. This is because the discontinuous
snowpack on the time scale and new snow fall during melting season, where microwave observations failed to estimate
snow depth. Therefore, we designed a nested-grid observation framework to integrate remote sensing data across two
scales. By physically coupling the SNTHERM snow process model with the microwave snow emission model, we solved
the observation equation based on adjustment computation theory, for snow depth, snow water equivalent (SWE), and
snowmelt dynamics. This framework enables: (1) constraining snow mass in coarse-resolution grids using passive
microwave observations; and; (2) leveraging optical remote sensing to enhance spatial resolution and resolve snowmelt
processes during periods when passive microwave data are unreliable.

We generated a 20-year, 3-km dataset of multiple snow parameters over the Qinghai-Tibet Plateau (QTP), which has
been available in the National Tibetan Plateau Data Center (NTPDC) repository (https://data.tpdc.ac.cn/zh-
hans/data/4ebaef2a-a0c1-48d7-a19c-ebf19fea2167). By incorporating water balance constraints into the energy
balance framework, we clarified the contributions of various components of the snow water balance to snowmelt runoff
and analyzed the spatiotemporal distribution, trends, and regional heterogeneity of snow cover parameters across the
plateau. These systematic advancements in observational capacity have yielded the most reliable and parameter
complete snow datasets currently available, providing robust support for scientific research on the impacts of QTP snow
under climatic change impact in this region.
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THE ADVANCED MICROWAVE RADIOMETER CONTRIBUTION TO THE CRISTAL
MISSION SCIENCE: SNOW DEPTH ON SEA ICE

F. Polveraril, S. Kacimil, M. G. Morrisi, A. Hossan?, S. T. Brown?!
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The highly anticipated Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL) mission, developed by the
European Space Agency (ESA) is planned for launch in ~2027. The payload includes a dual-frequency (Ka-/Ku-band)
Synthetic Aperture Radar altimeter and a nadir-looking microwave radiometer. The Advanced Microwave Radiometer
(AMR-CR) is composed of two systems: the Low-Frequency Microwave Radiometer and the High-Resolution Microwave
Radiometer (HRMR), both developed by NASA-Jet Propulsion Laboratory (JPL). Together, they will provide radiometric
measurements over six-frequency channels ranging from 18.7 to 168 GHz, similar to the radiometer currently flying on
Sentinel-6. This unprecedented combination of active and passive measurements over higher latitudes offers novel
opportunities to enhance the cryosphere science at the core of the CRISTAL mission. In this work, we present our
strategy for retrieving snow depth estimates from AMR-CR observations.

The highly reflective and insulative properties of snow modulate the thickness of the underlying ice cover, making it a
key element of the sea ice systems. In addition, knowledge of snow depth and density is required to estimate sea ice
thickness from satellite altimetry. To leverage the range of frequencies from the AMR-CR, we develop a Bayesian
retrieval approach based on simulations from the Snow Microwave Radiative Transfer (SMRT) model. SMRT is a
versatile tool which computes brightness temperature (Tg) at different frequencies from multi-layered media, such as
snow, overlying a reflective surface, including ice and water. It allows selecting among various electromagnetic and
microstructure formulations. The use of SMRT allows us to investigate the expected sensitivity of the AMR-CR Tg to
various ocean-ice-snow layering configurations and snow-ice conditions.

For our Bayesian retrieval method, we start by building a SMRT-based inversion database. Here we focus on the
Antarctic region. In this presentation, we describe the physical properties of snow and ice collected during field
experiments that informed the creation of the database. We further show initial results from our Bayesian-SMRT
approach and their assessment through a comparison with estimates from the heritage Marcus and Cavalieri (1998)
gradient-ratio algorithm.

The work described in this abstract was carried out by the Jet Propulsion Laboratory, California Institute of Technology
under a contract with the National Aeronautics and Space Administration. © 2025 California Institute of Technology.
Government sponsorship acknowledged.
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UNDERSTANDING PASSIVE MICROWAVE VARIABILITY OVER QUEEN MAUD LAND
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The Queen Maud Land (QML) sector of East Antarctica hosts a complex system of grounded ice sheet and fringing ice
shelves that play a central role in regulating ice discharge to the Southern Ocean. Ice sheet evolution in this region is
governed by interactions between atmospheric forcing, katabatic winds, and underlying bedrock topography, resulting
in spatially variable accumulation and flow regimes. The bordering ice shelves act as buttresses that stabilize inland ice
dynamics but are sensitive to oceanic heat intrusions, changing sea-ice conditions, and episodic seasonal surface melt.
Such melt and refreezing processes enhance firn compaction, weaken surface integrity, and may precondition ice
shelves for hydrofracture under future warming. Notably, QML currently exhibits an increasing mass balance trend, in
contrast to many other sectors of the Antarctic Ice Sheet, motivating this investigation.

Multi-frequency passive microwave observations provide a unique means to probe the structure and dynamics of snow,
firn, and ice, capturing both contemporary and long-term signals. Lower frequencies can penetrate hundreds of meters,
potentially reaching the ice—ocean interface beneath ice shelves, while higher frequencies are sensitive to near-surface
processes. Together, these complementary sensitivities allow monitoring of meltwater evolution, firn compaction, and
subsurface changes in ice-shelf integrity, as well as the structural and thermal properties shaped by decades to millennia
of snow accumulation.

Snow, firn, and ice were represented using the Glacier Energy and Mass Balance model (GEMB), which simulates surface
mass balance from meteorological inputs and provides firn profiles of temperature, density, and liquid water content
(LWC). Microwave brightness temperatures (TB) were simulated with the Microwave Emission Model of Layered
Snowpacks (MEMLS) at 1.4-36.5 GHz, using GEMB-derived layer properties (thickness, temperature, density, grain size,
LWC), including ice layers formed through densification. We employed L-band (1.4 GHz) TB observations from the SMAP
radiometer (6 AM/PM equatorial crossing, 40° incidence angle, 38 km native resolution, ~1000 km swath),
complemented by AMSR2 data at 6.9-89 GHz (1:30 AM/PM crossing, 55° incidence angle, ~1900 km swath), with
footprints from ~41 km (6.9 GHz) to ~5 km (89 GHz). Both datasets provide at least twice-daily coverage of QML since
2012.

Together, the TB observations, GEMB simulations, and MEMLS modelling provide an integrated picture of snow, firn,
and ice evolution across QML. We will present analyses of grounded ice-sheet structure, spatial patterns of surface and
subsurface temperature, fresh snow accumulation, ice-shelf surface melt signals and their structural impacts, and
residuals between observed and modelled TB. Radiometric modelling offers a powerful tool to constrain firn structure
and melt processes in regions lacking in situ data. By combining passive microwave observations with firn models, we
aim to improve calibration, initialization, and the reliability of projections of QML mass balance.
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ASSESSING ATMOSPHERIC STABILITY FROM GROUND-BASED MICROWAVE
RADIOMETER OBSERVATIONS FOR WIND ENERGY APPLICATIONS
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Cologne, 50969 Cologne, Germany, now at: Institute of Environmental Physics, University Heidelberg, 69120 Heidelberg,
Germany

Atmospheric stability is a critical factor influencing wind turbine performance by modulating the evolution of wakes and
blockage effects. Typically, turbine output is enhanced under unstable or neutral conditions. Stability is commonly
quantified via the vertical gradient of potential temperature, a metric derived from temperature profiles that can be
measured by ground-based microwave radiometers (MWR), radiosondes and meteorological towers.

The ability to model and measure atmospheric stability was already evaluated in the previous project Radiometry and
Atmospheric Profiling (RAP) funded by the Carbon Trust as part of the Offshore Wind Accelerator (OWA), using both
onshore and offshore datasets and different scenarios [1]. Results show a MAE between MWR and radiosonde
temperature (and potential temperature) gradients in the 50-300m vertical range going from 0.9 to 3.4Kkm™1, while
the RMS difference ranges from 1.2 to 5.1Kkm~L. Considering this, the uncertainty of MWR for temperature and
potential temperature gradients in the 50-300m vertical range is estimated between ~ 0.5-4.3Kkm~L. The considered
datasets indicate that MWR in general can detect potential temperature gradients from -5 to +50Kkm~1 at least.

A follow-up project has recently started: the Microwave RADiometer for the detection and assessment of Offshore
wind Resources (MiRadOr). The Mirador project aims at quantifying the performance of MWR data for estimating
stability indicators, assessing the quality of other MWR datasets from other campaigns, such as OBLEX-F1 [2] and
FESSTVal [3-4]. This presentation will show preliminary results and outcomes from the first phase of the Mirador
project.

[1] Cimini, D., Gandoin, R., Fiedler, S., Acquistapace, C., Balotti, A., Gentile, S., Geraldi, E., Knist, C., Martinet, P., Nilo, S.
T., Pace, G., Pospichal, B., and Romano, F.: Atmospheric stability from numerical weather prediction models and
microwave radiometer observations for onshore and offshore wind energy applications, Atmos. Meas. Tech., 18,
2041-2067, https://doi.org/10.5194/amt-18-2041-2025, 2025

[2] Mostafa Bakhoday Paskyabi, Mean wind and stability time series at FINO1 between June and July 2015 (from OBLEX-
F1). Zenodo, dic. 10, 2022. doi: 10.5281/zenodo0.7422388.

[3] Hohenegger, C., et al., 2023: FESSTVaL: The Field Experiment on Submesoscale Spatio-Temporal Variability in
Lindenberg. Bull. Amer. Meteor. Soc., 104, E1875-E1892, https://doi.org/10.1175/BAMS-D-21-0330.1.

[4] Lohnert, Ulrich, Knist, Christine, Bock, Tobias, and Pospichal, Bernhard, “Microwave Radiometer Observations during
FESSTVal 2021”. 12-May-2022.
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CLOUD CHARACTERISTICS OBSERVED AT THE ENEA STATION OF LAMPEDUSA,
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F. Monteleone?, S. Piacentino?, D. Sferlazzo®

1ENEA Casaccia, 2ENEA Palermo, 3ENEA Roma Headquarter, *ENEA Frascati, >ENEA Lampedusa

Since January 2024, at the ENEA Station for Climate Observations of Lampedusa (35.52°N, 12.63°E, 45 m a.s.l.), the suite
of cloud remote sensing observations, part of the National Facilities of the Aerosol, Clouds and Trace Gases Research
Infrastructure, i.e. ACTRIS, has been operational, enhancing the observational capabilities of the station established in
the late 1990s. The Station of Lampedusa already hosts long-term measurements of meteorological parameters,
greenhouse gases, aerosols, and radiation at different wavelengths (https://www.lampedusa.enea.it/).

These cloud observations (including Doppler cloud radar, ceilometer, microwave radiometer, disdrometer, and rain
gauge) are processed by the Centre for Cloud Remote Sensing (CCRES) of ACTRIS and disseminated through the ACTRIS
Cloudnet data portal.

This study presents and discusses the first two years of measurements collected at Lampedusa. Due to its small size
(20.2 km?), simple and low orography (maximum elevation ~130 m), and its distance from the mainland (~130 km from
the African coast and 210 km from Sicily), the island constitutes an excellent site for investigating cloud properties and
precipitation over the open sea.

The dataset, representative of a wide sector of the central Mediterranean, is analyzed in terms of both monthly
variability and selected cases of particular relevance.
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INFRARED-MICROWAVE SYNERGY TO SUPPORT CHARACTERISATION OF POLAR
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Polar low systems are small, short-lived but intense low-pressure weather systems that form over high latitude ocean
areas, typically in polar or subpolar regions [1]. The small size and short lifetime of polar lows hinder their detection and
tracking; besides, sparse synoptic observations in areas where polar lows frequently occur provide incomplete data for
modeling and forecasting. Therefore, the comprehensive study of polar lows, their timely detection, tracking, and
forecasting are challenges for today's science.
Polar Orbiting satellites, such as the EUMETSAT Polar System (EPS) MetOp constellation, offer a great deal of
observations on such areas, because of their relatively short revisit period at high latitudes, and are suitable to improve
the detection and monitoring of such phenomena. A project addressing such challenge has recently started: “Study on
Use of IASI L2 MW + IR Products for the Characterisation of Polar Lows (PoLo)”. The PoLo project aims at assessing the
potential benefit as well as limitations of the EPS L2 all sky temperature and humidity profiles retrievals combining
infrared (IR) observations from IASI and microwave (MW) measurements from AMSU and MHS [2] for supporting
the characterisation and monitoring of polar lows.
This presentation will show preliminary results, including the selected dataset of polar low cases in the Arctic/North
Atlantic, and the outcomes from the first phase of the PolLo project.
[1] Moreno-Ibdfiez M., Laprise R. and Gachon P., 2021 Recent advances in polar low research: current knowledge,
challenges and future perspectives, Tellus-A 73-1 (https://doi.org/10.1080/16000870.2021.1890412).
[2] EUMETSAT, 2021, Product User Guide — IASI level2 TS, T,Q, EUM/OPS/DOC/19/1085967, available from:
https://user.eumetsat.int/s3/eup-strapi-
media/Product_User_Guide_IASI_level2_TS T_Q_release_1_d0120f17a6.pdf
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DETECTION AND CHARACTERIZATION OF L1 BAND RFI USING SPACEBORNE
GNSS-R SYSTEMS
M. Al-Khaldi®2, J. Johnson-2
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Studies of terrestrial radiofrequency interference (RFI) sources within bands utilized for conducting microwave remote
sensing of the Earth's surface have had a long history of investigation. For example, in spite of the 1400 to 1427 MHz
frequency being reserved for "passive space research", "passive satellite Earth exploration" and "radio astronomy" the
presence of RFI sources and their impact on the Aquarius, SMOS and SMAP missions has prompted numerous studies
relating to detection, characterization, mitigation and geolocation of related transmitters over a multi-decade period.
Conversely, studies of the RFI environment for more nascent Global Navigation Satellite System Reflectometry (GNSS-
R) systems are less mature, motivating further analysis.

GNSS-R systems operate as a passive bistatic radars in which measured L-band forward scatter is cross correlated with
local 'clean' replicas of navigation signals to form the fundamental GNSS-R measurement, the delay-Doppler Map
(DDM). The DDM partitions received power from the spatial domain to an equivalent delay-Doppler space. An example
is NASA's 2016 CYGNSS (Cyclone Global Navigation Satellite System) Earth Venture Mission that includes eight GNSS-R
observatories. GNSS-R systems like CYGNSS operate passively in the L1 band (1559 to 1610 MHz), reserved for
transmissions by "radionavigation satellite systems" such that interference there can have implications that go beyond
corrupting the quality of measured reflections.

This presentation explores a means by which interference signals within the L1 band can be detected using spaceborne
GNSS-R observatories. The characteristics of the noise environment GNSS-R systems operate in are initially overviewed
using an example commercial dataset as well CYGNSS'’s record to highlight its various complexities. The utility of
CYGNSS's special raw I/F (Intermediate Frequency) mode for RFI detection is then demonstrated using the mission's
complete catalog of more than 510 acquisitions. The raw I/F data provides CYGNSS intermediate frequency data prior
to correlation with the GNSS code or integration. The utility of kurtosis and cross frequency detectors is demonstrated
with both suggesting that up to 25% of acquisitions were exposed to terrestrial RFl sources across all regions within the
constellation's coverage. Detections of interference sources with narrow and wideband spectral signatures and with
low and high amplitudes are all observed. The results highlight how, in addition to the swath of disparate applications
GNSS-R observations have been used for, some of their existing acquisition modes can be instrumental in better
characterizing the GNSS RFI environment and aid in improved understanding of their sources in this vital, protected
frequency band. This will also be complemented with a discussion relating to the geolocation of the sources of
interference over the mission's period of operation. It will be shown that up to 50% of the detections occur in the MENA
(Middle East and North Africa) region as well as Myanmar. More intermittently operated sources are detected in Niger,
Sudan, Venezuela, Guyana, Brazil and Argentina.
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ESTIMATION OF CRITICAL PARAMETERS IN THE SMOS LAND RETRIEVAL
ALGORITHM
S. Mike:2, Y. Zhoul, A. Mialon3, M. Holmberg?, R. Crapolicchio®, Y. Kerr3

1Federal Research Institute for Forrest, Snow and Landscape Research WSL, 2GAMMA Remote Sensing Research and
Consulting AG, 3CESBIO, Université de Toulouse, 4Finnish Meteorological Institute, Earth Observation Research, >ESA-
ESRIN

The SMOS land retrieval algorithm simultaneously derives soil moisture (SM) and vegetation optical depth (VOD) from
L-band Brightness Temperatures (BT) measured at multiple observation angles and different polarizations. Retrievals
are obtained by minimizing the mismatch between observed SMOS BTs and simulated forward operator BTs. In
operational retrievals, simulated brightness temperatures (BTs) rely on the L-band Microwave Emission of the Biosphere
(L-MEB) model, which incorporates the Tau-Omega (TO) Microwave Emission Model (MEM). Here, however, we employ
an upgraded version of L-MEB that uses the Two-Stream (2S) MEM to simulate BTs over vegetated surfaces. The 25-
MEM has a wider range of applicability and includes the TO-MEM when the single-scattering albedo is set to w = 0.
Independent of whether TO-MEM or 2S-MEM is used, the forward operator (the MEM) requires additional
parameters beyond the retrieved SM and VOD. These include effective soil and vegetation temperatures, the H-Q-N
roughness model parameters (h, n), and the single-scattering albedo (w), which characterizes vegetation scattering
relative to extinction. This study investigates different approaches to estimate (h, n, w), and compares their
plausibility with the operational values currently used in SMOS retrievals. In addition to SMOS BTs, the methods
incorporate SM simulated by the European Centre for Medium-Range Weather Forecasts (ECMWF). The finally
estimated parameters (h, n, w) are differentiated and analyzed according to their values within various WWF
ecoregions and IGBP land cover types. This strategy of spatial parameter allocation leverages the complementarity
between the WWF classification, which is ecological and biodiversity-oriented, and the IGBP classification, which is
satellite-based and land-cover-oriented for climate modeling.

Temporal variability in the estimated parameters is also analyzed. Pronounced seasonal cycles are identified and
quantified through Fourier analysis of the time series h(t), n(t), and w(t) of estimated critical retrieval parameters.
Results suggest that accounting for seasonally varying hand w could enhance SMOS retrievals of (SM, VOD). However,
this raises the question of what constitutes “improvement” in the context of SM retrieval; whether retrievals should be
assessed primarily by their agreement with sparse in-situ measurements, or by other quality indicators that are more
directly related to the water fluxes between the soil and the lower atmosphere.

To evaluate potential benefits of the estimated critical retrieval parameters, we examine whether VOD retrieved with
the newly estimated parameters (h, n, w) provides improved information compared to VOD retrieved with standard
parameter settings. This assessment includes comparisons with Above Ground Biomass (AGB) and an analysis of the
temperature dependence of boreal forest VOD.
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SMOS AFTER 16 YEARS IN OPERATION: RESULTS, LESSONS LEARNT AND
REMAINING CHALLENGES
Y. Kerrl.2

1CESBIO, 2CNES

he ESA (European Space Agency) led SMOS (Soil Moisture and Ocean Salinity) mission, operating since November 2009,
is the first satellite dedicated to measuring surface soil moisture and ocean salinity. It has been now in operation
continuously for more than 16 years, delivering a wealth of new measurements including the first time ever global,
frequent, quantitative and absolute measurements of soil moisture and ocean salinity. From these measurements a
large number of science and applied products have emerged ranging from strong wing or thin sea ice thickness to root
zone soil moisture or biomass but also fire or flood risks prediction, snow density or freeze thaw to name but a few.
Operational users (such as numerical weather prediction) have also emerged. To obtain such results several challenges
had to be addressed and overcome but results show the uniqueness of L band radiometry for some crucial water cycle
measurements.

Recent advances have been made and notably rot zone soil moisture fields and drought indices, giving way to first
assessment of irrigation; biomass estimates and related carbon storage estimates; freeze thaw and related greenhouse
gas emissions; snow properties and permafrost indicators or even rainfall estimates. In parallel high resolution fields
are being produced and used operationally.

Currently, using the long term data set and developing approaches to extend it in time, climate trends can start to be
considered as well as teleconnections and SMOS is contributing to a large number of ECV (Essential Climate Variables)
/ CCl (Climate Change Initiative). Moreover, synergisms with other missions either existing (SMAP, AMSR, S3 for
instance) or planned (Biomass, FLEX, LSTM/ Trishna) are being studied or put into use, paving the way to even more
outstanding science results.

At the time of writing SMOS is in very good condition and can last for a few more years, extending the length of the data
sets but will not last forever. Consequently the team is both investing time in new or improved science and application
products but also on potential follow on mission which would be very much similar to SMOS (or SMAP) but with a
significantly improved spatial resolution.

The presentation will give an overview of the most striking new results as well as future plans and remaining challenges.
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BAYESIAN TIME SERIES APPROACH AND ITS APPLICATION TO RETRIEVE GROUND
AND VEGETATION VARIABLES FROM SMOS

M. Holmberg?, J. Lemmetyinen?, P. Richaume?, A. Collianderl, A. Kontul, J. Tamminen?

1Finnish Meteorological Institute, 2Centre d'Etudes Spatiales de la Biosphére CESBIO

The retrieval of geophysical variables from passive microwave observations is based on the inversion of empirical and
physics-based forward models. Retrieval problems are often underdetermined due to the limited information in satellite
observations and the highly complex nature of the observed scenes. This lack of information is resolved by introducing
necessary prior information about the retrieved geophysical variables, for example, through Bayesian theory. While the
contemporary approach is to consider each satellite overpass largely independently, this limits the amount of
information that can be incorporated into the retrieval algorithm. Here, we present an extension of the contemporary
retrieval into a joint retrieval of geophysical variables over a longer time series. By considering time series retrieval,
information on the temporal behavior of geophysical variables can be incorporated into the retrieval process. This
allows, for example, retrieving unknown time-constant parameters and disentangling geophysical signals with different
temporal autocorrelation lengths.

We demonstrate the method by applying it to European Space Agency’s Soil Moisture Ocean Salinity (SMQOS) satellite
data over the Finnish Meteorological Institute’s Sodankyla research site in Northern Finland. In our demonstration, we
retrieved two typical land surface parameters: soil permittivity and vegetation optical depth, with prior information on
their respective temporal autocorrelation lengths. In addition, we retrieved two parameters that are usually not
retrieved: soil surface roughness correction parameter and vegetation single scattering albedo, by assuming them as
time-constant parameters. We compared the retrieved soil permittivity and vegetation optical depth with in situ data
from the Sodankyla research station and found good agreement with the reference measurements. We will also discuss
the role of the two time-constant variables in the retrieval problem. The presented method is general and can be applied
to other passive microwave data sets, particularly for land surface and ocean applications.
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SOIL MOISTURE MEASUREMENTS FROM MICROWAVE SENSORS AT NOAA/NESDIS:
DATA PRODUCTS AND APPLICATIONS

S. Kalluri 1, X. Zhan, L. Zhoul, J. Yin?, L. Liu?
1 NOAA NESDIS, 2ESSIC/CISESS, University of Maryland at College Park

Soil moisture is a vital state variable influencing land surface dynamics across hydrological, meteorological, and
climatological contexts. The Soil Moisture Operational Product System (SMOPS), developed by the National
Environmental Satellite, Data, and Information Service (NESDIS) of National Oceanic and Atmospheric Administration
(NOAA), has been operationally providing satellite soil moisture observational data products for scientific studies and
numerical weather and water predictions. The SMOPS algorithm retrieves soil moisture from a variety of microwave
sensors including AMSR series, ASCAT series, and the dedicated soil moisture missions, SMAP and SMOS. New satellite
observations capable of measure soil moisture are continuously evaluated as older missions go off line. However,
inconsistencies in measuring capabilities of the soil moisture constellation sensors, gaps in spatial coverage led to
pronounced fluctuations in data quality across distinct versions and notable uncertainties for climatological studies and
prolonged data assimilation operations. To address disconnects, a machine learning algorithm has been developed and
implemented to create a consistently processed soil moisture date record from 2002 to present. This presentation will
highlight this effort as well as showcase some high impact applications of the NESDIS soil moisture product.
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EVALUATING ALTERNATIVE FORMULATIONS OF THE SMAP LEVEL-4 CARBON
MODEL FOR THE NORTH AMERICAN ARCTIC-SUBARCTIC DURING THE GROWING
SEASON

R. Madelon2.3, K. A. Endsley?, J. S. Kimball?, G. J. M. De Lannoy®, O. Sonnentag®3, A. Mialonl, A. Roy?3
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Recherche en modélisation et télédétection des environnements nordiques (ReMoTE-Nord) group, Trois-Rivieres, QC,
Canada, 3Centre For Northern Studies (CEN), Québec, QC, Canada, *Numerical Terradynamic Simulation Group (NTSG),
W.A. Franke College of Forestry and Conservation, University of Montana, Missoula, MT, USA, >Katholieke Universiteit
Leuven (KU Leuven), Department of Earth and Environmental Sciences, Division Soil and Water Management, Leuven,
Belgium, éUniversité de Montréal (UdeM), Département de Géographie, Montréal, QC, Canada

The Soil Moisture Active Passive (SMAP) Level-4 Terrestrial Carbon Flux (TCF) model (hereafter referred to as the L4C
model) provides daily estimates of net ecosystem CO2 exchange (NEE), gross primary production (GPP), and ecosystem
respiration (ER) at a global scale. Although the model aims to provide a representative estimation of the CO2 budget of
Arctic and Subarctic (AS) environments, a deeper understanding of carbon cycle processes and targeted refinements
are needed to improve its accuracy.

In this study, alternative model formulations are explored to identify key adjustments to implement for North American
AS regions during the growing season. These formulations are calibrated and evaluated using measurements from 20
eddy covariance towers across Canada and Alaska, covering the period from 2015 to 2022.

Results show that using AS-specific ecosystem calibration, instead of a global plant functional type calibration, improves
overall model performance. Incorporating growing degree days as a phenological proxy in GPP modeling enhances
correlation and reduces unbiased root mean square error. In contrast to taiga forest, vapor pressure deficit is not a
sensitive input variable for modeling GPP in upland tundra and northern wetlands. Finally, implementing a light
response curve in GPP modeling reduces bias in GPP and NEE, which is essential for accurately estimating CO2 budget
over long period of time.

This study highlights opportunities to improve the performance of the L4C model in North American AS regions during
the growing season and underscores the need for additional research on ER in northern wetlands.
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ARCTIC-BOREAL BENCHMARKING OF SMAP SOIL MOISTURE, FREEZE-THAW, VOD,
AND SNOW RETRIEVALS

A. Collianderl, M. Holmberg?, K. Rautiainen?, J. Lemmetyinen?, A. Kontul, J. Pulliainen?

1Finnish Meteorological Institute

L-band (~1.4 GHz) radiometry offers unique information on the terrestrial water and carbon cycles. Because the L-
band brightness temperature (TB) responds to soil permittivity (soil moisture and the soil freeze/thaw state), to
vegetation optical depth (VOD), (biomass, vegetation water content, and vegetation freeze state), and to the
evolution of a snow layer (wet snow, peak snow water equivalent (SWE), and snow density) it can answer questions
spanning ecology, hydrology, climate science, and soil-atmosphere coupling, motivating rigorous evaluation at sites
where satellite, tower, and in situ observations can be coherently integrated. The Finnish Meteorological Institute’s
Arctic Space Centre (FMI-ARC) in Sodankyld, Finland, provides a natural laboratory to address this need, combining
multiple stations and instruments for soil permittivity and volumetric water content; tree permittivity; biomass
inventories; snow depth, density, and SWE; and air and soil temperature. Co-located tower-based radiometers
deliver high-fidelity, multi-angle time series with matched reference measurements, enabling bridging between point-
scale observations and satellite footprints. Since 2009, L-band radiometers have been deployed at FMI-ARC
overlooking diverse ecotypes, including boreal forests and wetlands. Measurements at forested sites include
observations from both above and below the forest canopy, allowing for isolating the canopy contribution on the L-
band signal. Together, these assets enable us to disentangle soil, vegetation, and snow contributions to the L-band
signal across seasons and hydroclimatic extremes.

We analyse a decade (2015-2025) of SMAP L-band TB over Sodankyld alongside the mission’s soil moisture (SM)
and VOD retrievals. Building on the ground and tower records, we recalibrate the retrieval algorithm for boreal and
arctic conditions. The workflow (i) harmonizes reference measurements and quality flags; (ii) performs precise footprint
matching and polarization/angle normalization of SMAP TB; (iii) tunes key forward-model parameters governing soil
permittivity, surface roughness, vegetation attenuation/emission, and snow layering; and (iv) evaluates performance
across freeze/thaw transitions, wet-snow events, growing-season stages, and periods of drought or heat stress.
Uncertainty is characterized via error propagation and consistency checks between independent reference streams (soil
sensors, tree permittivity, biomass inventories, and snow observations) and the tower radiometers.

To place L-band in a broader microwave context, we compare SMAP-based SM and VOD with higher-frequency
observations. The cross-frequency analysis diagnoses frequency-dependent sensitivities and ambiguities, highlighting
conditions where L-band uniquely penetrates canopies and dry snow, versus regimes where higher frequencies add
constraining power (e.g., shallow surface wetness or rapidly evolving snow microstructure). Insights from these
comparisons inform the development of multi-frequency retrieval strategies.

The results demonstrate that recalibrating the SM retrieval parameters substantially reduces SMAP retrieval errors. The
original product showed a mean difference (MD) of 0.086 m3/m?, a standard deviation (STD) of 0.057 m3/m3, and a
Pearson correlation (R) of 0.35. After recalibration, the MD was eliminated, with an improved STD of 0.025 m3/m?3 and
R of 0.75. These improvements are primarily due to correcting an overestimated vegetation attenuation and the surface
roughness parameter. Furthermore, retrievals of frozen-season soil permittivity and VOD indicate potential for
capturing soil and vegetation states beyond the binary freeze/thaw classification. This suggests new opportunities for
linking remote sensing measurements with soil biochemical and biophysical activity as well as vegetation processes. The
seasonal transition from snow-covered to snow-free conditions shows a highly predictable pattern, corresponding to
peak SWE and the degree of soil saturation following snowmelt. We will present these findings in detail and discuss
their implications for monitoring critical environmental parameters in the Arctic-Boreal zone.
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A PRELIMINARY INVESTIGATION INTO THE POTENTIAL OF HY-4A/MICAP DATA FOR
SOIL MOISTURE RETRIEVAL

H. cuil, H. Liul, J. Shil, T. Zhao?, Z. Peng3

INational Space Science Center, Chinese Academy of Sciences, 2Aerospace Information Research Institute, Chinese
Academy of Sciences, 3Department of Earth System Science, Institute for Global Change Studies, Tsinghua University

Soil moisture is a critical state variable in the global water cycle, carbon cycle, and land—atmosphere energy exchange,
playing an essential role in applied research fields such as hydrology, ecology, meteorology, and agriculture. China's first
ocean salinity satellite, HY-4A, was successfully launched on November 14, 2024. One of its key payloads is the
Microwave Imager Combined Active and Passive (MICAP), which for the first time combines an L/C/K-band Microwave
Interferometric Radiometer (MIR), capable of both single-angle-per-grid-cell and along-track variable-angle
observations, with an L-band scatterometer (Liu et al., 2015). This multi-frequency active-passive observation system is
equipped with on-orbit radio frequency interference detection and suppression capabilities (Han et al., 2024),
significantly improving ocean salinity measurement accuracy while also holding potential for terrestrial soil moisture
retrieval. However, its potential for soil moisture retrieval requires further investigation and comprehensive evaluation.
Therefore, this study investigates the potential of MICAP for soil moisture retrieval by utilizing multi-angle brightness
temperature observations at the L-band. The Multi-Channel Collaborative Algorithm (MCCA) integrates soil moisture
and vegetation as a coupled system, enabling simultaneous retrieval of both soil moisture content (SMC) and vegetation
optical depth using flexible combinations of multi-frequency, multi-angle, and multi-polarization observations (Shi et
al., 2008; Zhao et al., 2021; Peng et al.,). Based on the MCCA, this study improves the SMC retrieval algorithm,
particularly the components involving incidence angle information, to accommodate the single-angle-per-grid-cell with
along-track variable-angle observation capability of MICAP at the L-band. Soil moisture and vegetation optical thickness
were successfully retrieved using the refined algorithm, with MICAP L-band TB observations combined with auxiliary
data (such as soil texture and ERA5 land surface temperature), and validated against the International Soil Moisture
Network data (primarily covering North America and Europe) collected between February and March 2025. The results
demonstrate strong consistency between MICAP soil moisture and ground-based measurements. Moreover, the spatial
distribution patterns of MICAP soil moisture also show strong consistency with SMOS and SMAP satellite products, with
all datasets exhibiting distinct regional characteristics on a global scale. These results demonstrate the significant
potential of MICAP for soil moisture retrieval. However, the validation period remains relatively short. To further explore
the capabilities of the MICAP payload over land, subsequent efforts will focus on developing and systematically
validating an improved soil moisture retrieval algorithm that integrates multi-frequency brightness temperature
observations over extended time series. This algorithm will be systematically compared with internationally recognized
mainstream algorithms, aiming to further improve retrieval accuracy and provide reliable data support for operational
applications in hydrology, ecology, meteorology, and agriculture.
Keywords: Microwave Imager Combined Active and Passive (MICAP), Multi-Channel
Collaborative Algorithm (MCCA), Soil moisture retrieval, L band, International Soil Moisture Network, Validation
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WHAT RADIOMETRY OF SNOW NEAR 0°C TELLS US ON THE PHYSICS OF ICE AND
WATER
C. Mdtzlerl?

Linstitute of Applied Physics, University of Bern, ?Gamma Remote Sensing, Switzerland

Dry snow is a two-component medium of air and ice. If the snow temperature is close to the melting point of 0.0°C, a
so-called "quasi-liquid layer" covers the surface of the ice particles. Its thickness increases with temperature from about
-10°C to 0°C. However, different measurement methods (X-ray diffraction, proton channelling, optical ellipsometry,
nuclear magnetic resonance) led to quite different results (Petrenko, 1994, 1999). Can microwave radiometry help?
Microwave dielectric properties of water and ice are very different.

Therefore, the microwave-radiometric sensitivity to liquid water in snow is very high, corresponding to an equivalent
integrated water-layer thickness of about 0.001 mm. This also means that the study of microwave emission of snow
might reveal properties of a quasi-liquid layer. During our microwave investigations of snowpacks over more than 20
years in Switzerland and in Austria (from 1 to 94 GHz, especially with focus on 21 and 35 GHz), we often found occasions
of dry snow approaching the melting point. Since the specific surface of fine-grained snow is large, the effect of a quasi-
liquid layer should be especially evident for fresh snow near the surface. We often found suitable situations. However,
we never found any influence of a quasi-liquid layer. Only after delivering sufficient heat by the sun to the snowpack to
overcome the latent heat of melting - while the snow was constant at 0°C - we observed an increase of brightness
temperature. Examples from Kaunertal in Austria (Matzler et al. 1997) will be presented. All our results indicate that the
quasi-liquid layer has dielectric properties of ice, or at least similar without noticeable absorption. Changes only occur
with the appearance of free liquid water at the start of melting. On the other hand, the classical snowball test indicated
stickiness of snow well before melting started.
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NUMERICAL 3D MAXWELL'S EQUATIONS PATHWAYS TO SNOW MICROPHYSICS:
WET SNOW EFFECTIVE PERMITTIVITY FOR L-BAND RADIOMETRY
H. Jiang?, F. Borah?, L. Tsang?, Z. Huang?, A. Colliander?, A. Hossan3
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Global climate change and the accelerating cryosphere melt are reshaping Earth’s water cycle, with profound

implications for water resources, flood hazards, and sea-level rise. A central challenge in this context is to monitor snow

water equivalent (SWE) and melt dynamics, which determine freshwater availability, hydropower potential, and climate

feedbacks in polar and alpine regions. Among the governing factors, the liquid water content (LWC) of snow is especially

critical: even small amounts of liquid water can drastically alter energy balance, absorption, and runoff processes,

thereby controlling the timing and magnitude of meltwater release. However, accurate monitoring of LWC in snowpacks

remains a major challenge. The effective permittivity of wet snow provides the fundamental electromagnetic link

between snow microphysics and its radiometric signature, enabling satellite radiometry to infer these key parameters.

Accurately quantifying the LWC through effective permittivity is thus essential for reliable retrievals of SWE and melt

dynamics, ultimately improving predictions of water security, flood risks, and climate feedbacks. Recently, L-band

brightness temperatures of SMAP and SMOS have been proposed for inferring snow/firn wetness [1], which further

underscores the need for accurate estimates of wet snow effective permittivity.

Wet snow is a complex three-phase medium consisting of air, ice, and liquid water.

Traditional dielectric mixing formulas attempt to approximate the effective permittivity of snow either by using classical

mixing formulas based on idealized particle shapes such as spheres or ellipsoids, or by fitting measurement data with

empirical power laws [2]. However, these methods are problematic: real snow microstructures consist of irregular,

aggregated ice grains that deviate significantly from simple geometrical shapes, while empirical power laws are ad hoc,

lacking direct physical foundations.

The absorption and scattering of microwaves in wet snow are governed exactly by Maxwell’s equations. In this study,

we adopt a physics-based approach that directly solves Maxwell’s equations to characterize the electromagnetic

responses of wet snow [3], [4].

Specifically, we employ a tri-continuous model to generate quasi-realistic wet snow microstructures and solve the 3D

Maxwell’s equations using numerical methods [5]. The advantage of the tri-continuous representation is that it naturally

captures the irregular and aggregated morphology of ice crystals. From the simulated electromagnetic fields, we then

apply Mie scattering theory by treating the wet snow sample as an equivalent homogeneous body, thereby extracting

its effective permittivity with both real and imaginary components [3]. The results from this Maxwell-based framework

are compared against classical mixing formulas in the literature, and the derived effective permittivity is further applied

to compute brightness temperature at L-band.
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CRYORAD: A FORWARD MODEL SENSITIVITY STUDY FOR A LOW-FREQUENCY
PASSIVE MICROWAVE RADIOMETER (0.4-2 GHZ) OVER ICE SHEETS.
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The CryoRad mission, an Earth Explorer 12 candidate, aims to bridge critical observational gaps in understanding the
Earth's cold regions. It plans to deploy a low-frequency wideband microwave radiometer operating from 0.4 to 2 GHz
to improve the assessment of ice sheet mass balance and stability. This presentation details a forward model sensitivity
study conducted using the Snow Microwave Radiative Transfer (SMRT) model to evaluate the future satellite's
performance and refine mission requirements, with a specific focus on ice sheets.

Our study utilized the SMRT model to simulate the satellite's response to various geophysical parameters, focusing
primarily on ice sheet temperature and density profiles. We performed a series of sensitivity tests to better characterize
the response of different ice sheets and to constrain the temperature inversion.

Our simulations confirm that both temperature and density have impact on the microwave signal's penetration depth,
with the signal capable of penetrating to the bottom of the ice sheet. We also observed a clear frequency-dependent
contribution to the brightness temperature. Specifically, higher frequencies (2 GHz) are more sensitive to the upper
portion of the temperature profile, whereas lower frequencies (0.4 GHz) provide a unique window into the deeper parts
of the ice sheet, offering insights into basal temperatures.

Secondly, we investigated the impact of density layering. We collected in-situ density profiles, analyzed their
deterministic and stochastic components, and developed a generator to produce realistic density profiles across the ice
sheets. We then simulated the impact of this layering on the brightness temperature, initially using an incoherent model
and subsequently with a coherent model. This second approach is crucial as previous work has shown that a coherent
model is particularly sensitive to density layering at low frequencies [1].

The results of this sensitivity study are essential for assessing the mission's capability to deliver scientifically useful
products related to cold ice sheet properties and confirm CryoRad's potential to significantly advance our understanding
of polar processes in a warming climate.
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PRELIMINARY RESULTS OF SEA SURFACE SALINITY RETRIEVAL FROM MICAP
COMBINED ACTIVE AND PASSIVE OBSERVATION

W. Wang?, X. Tongl, Z. Wang?, H. Liu?

INational Space Science Center, Chinese Academy of Sciences

The Chinese Ocean Salinity Mission (COSM), launched in November 2024, is equipped with two primary payloads. One
of these is the Microwave Imager Combined Active and Passive (MICAP), which combines a multi-frequency synthetic-
aperture radiometer (operating in the L, C, and K bands) with an L-band digital beamforming scatterometer. This
advanced configuration is designed to enable the simultaneous retrieval of sea surface salinity (SSS), sea surface
temperature (SST), and sea surface wind speed (WS). The spatial resolution is better than 75 km x 50 km at L-band and
better than 15 km x 25 km at C- and K-bands. The noise equivalent delta temperature (NEDT) is better than 0.15 K for
the L-band and 0.5 K for the C-and K-bands.

The MICAP Level-2 (L2) operational processing system generates estimates of SSS, SST, and WS from brightness
temperatures (TBs) provided by the Level-1C (L1C) gridded data product. The L1C product is geolocated using an equal-
area grid system based on the Icosahedral Snyder Equal Area projection (ISEA 4H9), similar to that used in the SMOS
mission[1]. The L2 processing system produces two distinct products: the real-time operational product (L2A) and the
delayed-time operational product (L2B). In the L2A processing chain, the SSS background field is obtained from the
National Marine Environment Forecasting Center (NMEFC), while other ancillary data are sourced from the European
Centre for Medium-Range Weather Forecasts (ECMWF) numerical weather prediction models. In contrast, the L2B
processing utilizes ancillary data from the HYbrid Coordinate Ocean Model (HYCOM) and ERAS reanalysis.

The geophysical model function (GMF) plays a critical role in the L2 retrieval process. Currently, SURFEM-Ocean model
[2], implemented within the Radiative Transfer code for TOVS (RTTOV) framework, is used for L-band simulations. For
the C- and K-bands, the RSS 2012 Radiative Transfer Model (RTM) [3], [4] is employed. Additionally, the Aquarius L-band
scatterometer GMF [5] has been adapted and interpolated to match the characteristics of the MICAP scatterometer.
The MICAP L2 retrieval employs two main algorithms: (1) The L-band mode retrieval, based on the SMOS L2
Algorithm[6], [7], which uses only L-band radiometer TBs while deriving other parameters—such as SST, WS, total
column water vapor, and total cloud liquid water—from ancillary datasets. (2) The Combined Active-Passive (CAP) mode
retrieval, which is similar to the Aquarius/SMAP CAP retrieval algorithm [8], [9]. In this mode, all the measurements
from MICAP are used to retrieve SSS, SST and WS.

[1] Nicolas Reul et al., “Overview of the First SMOS Sea Surface Salinity Products. Part I: Quality Assessment for the
Second Half of 2010,” IEEE Transactions on Geoscience and Remote Sensing, vol. 50, no. 5, pp. 1636-1647, May
2012, doi: 10.1109/TGRS.2012.2188408.

[2] Lise Kilic et al., “Development of the SURface Fast Emissivity Model for Ocean (SURFEM-Ocean) Based on the
PARMIO Radiative Transfer Model,” Earth and Space Science, vol. 10, no. 11, p. e2022EA002785, Nov. 2023, doi:
10.1029/2022EA002785.

[3] Thomas Meissner and Frank J. Wentz, “The Emissivity of the Ocean Surface Between 6 and 90 GHz Over a Large
Range of Wind Speeds and Earth Incidence Angles,” IEEE Trans. Geosci. Remote Sensing, vol. 50, no. 8, pp. 3004—
3026, Aug. 2012, doi: 10.1109/tgrs.2011.2179662.

[4] Frank J. Wentz and Thomas Meissner, “Atmospheric absorption model for dry air and water vapor at microwave
frequencies below 100GHz derived from spaceborne radiometer observations,” Radio Sci., vol. 51, no. 5, pp. 381—
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[5] S. H. Yueh, S. J. Dinardo, A. G. Fore, and F. K. Li, “Passive and Active L-Band Microwave Observations and Modeling
of Ocean Surface Winds,” IEEE Trans. Geosci. Remote Sensing, vol. 48, no. 8, pp. 3087-3100, Aug. 2010, doi:
10.1109/TGRS.2010.2045002.

[6] Sonia Zine et al., “Overview of the SMOS Sea Surface Salinity Prototype Processor,” IEEE Trans. Geosci. Remote
Sensing, vol. 46, no. 3, pp. 621-645, Mar. 2008, doi: 10.1109/TGRS.2008.915543.

[7] X.Yin, J. Boutin, and P. Spurgeon, “First Assessment of SMOS Data Over Open Ocean: Part | —Pacific Ocean,” IEEE
Trans. Geosci. Remote Sensing, vol. 50, no. 5, pp. 1648-1661, May 2012, doi: 10.1109/TGRS.2012.2188407.

[8] Simon Yueh, Wenqing Tang, Alexander Fore, Akiko Hayashi, Yuhe T. Song, and Gary Lagerloef, “Aquarius geophysical
model function and combined active passive algorithm for ocean surface salinity and wind retrieval,” JGR Oceans,
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no. 12, pp. 7396—-7404, Dec. 2016, doi: 10.1109/TGRS.2016.2601486.
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DEVELOPMENT AND UPDATES OF THE CRISTAL AMR-CR LEVEL 2 ALGORITHM FOR
SEA ICE CONCENTRATION AND TYPE

A. Hossanl, S. Kacimil, S. T. Brownl, M. Morris!, F. Polveraril

1Jet Propulsion Laboratory, California Institute of Technology

For over four decades, spaceborne microwave sensors have been essential for monitoring changes in the polar sea ice
covers. The European Space Agency’s upcoming Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL)
mission, scheduled for launch in 2027, will ensure the continual altimetric monitoring of the polar regions beyond the
lifespans of current missions such as CryoSat-2 and ICESat-2. CRISTAL will carry a dual-frequency radar altimeter (IRIS)
operating at Ku- and Ka-band, and the Advanced Microwave Radiometer (AMR-CR), developed at NASA-JPL, providing
nadir radiometric observations across 18.7 to 166 GHz. AMR-CR’s primary functions are to correct radar propagation
delays due to tropospheric water vapor and to support surface-type classification.

Sea ice concentration (SIC) and type are critical parameters for the processing of altimetric data over sea ice. This work
presents updates on the CRISTAL AMR-CR Level 2 SIC and surface-type classification algorithms. Sea ice types exhibit
distinct spectral signatures at Ku- and Ka-bands (e.g., gradient ratios such as GR1934) which can inform classification
procedures. For SIC, we apply a frequency-based bootstrap algorithm utilizing AMR-CR's low-frequency channels. To
support pre-launch algorithm development, we use data from the radiometer aboard the Sentinel-6 satellite, which
shares an identical design with AMR-CR. Sentinel-6, launched on November 21, 2020, operates in a non-sun-
synchronous orbit (66° inclination), providing partial coverage of the Southern Ocean over first-year ice. To expand
coverage over multiyear ice, we incorporate observations from the Advanced Microwave Scanning Radiometer 2
(AMSR2) onboard JAXA’s GCOM-W satellite. We derive instrument-specific tie points and prior probability density
functions for gradient ratios over various surface types in both hemispheres, using synthetic and observed datasets.
We present initial results on algorithm performance, validation, and uncertainty estimation, along with an overview of
the processing workflow.
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CCI+SSS: ENHANCING OBSERVATIONS OF SEA SURFACE SALINITY TO MEET
CLIMATE CHALLENGES

J. Boutinl, F. Bonjeanl, X. Perrot?, H. Bellenger?, J. Vergely3, A. Parracho’, F. Rouffi3, S. Guimbard?, J. Jouanno®, N. Reul®,
R. Catany’, G. Corato®, N. Kolodziejcyk®, L. Bertino®, M. Martin19, R. Raj%, G. Reverdinl, R. Sabiall
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11gsA

Sea Surface Salinity (SSS) is an Essential Ocean and Climate Variable, increasingly relied upon for ocean and climate
monitoring. The Soil Moisture Ocean Salinity (SMOS), Aquarius, and Soil Moisture Active-Passive (SMAP) satellite
missions provide SSS measurements with very different instrumental characteristics, resulting in specific measurement
properties. The ESA-funded Climate Change Initiative Salinity project (CCI+SSS) aims to produce a consistent Climate
Data Record (CDR) based on these satellite observations. The instrumental differences are carefully adjusted to
generate a homogeneous CDR [Boutin et al., 2021]. An optimal interpolation in the time domain, without temporal
relaxation or spatial smoothing, preserves original data variability. CCI+SSS fields effectively monitor weekly to
interannual signals at 50 km to basin scales.

In this presentation, we will review the algorithms and performances of the most recent CCl SSS products.

The CCI+SSS version 5.5 dataset (Boutin et al. 2025) covers the 2010-2023 period. Following user recommendations,
weekly and monthly SSS fields are provided globally on a 0.25° regular grid and, in polar regions, on EASE 25km polar
grids. The global precision against reference gridded data is 0.14 pss, and the uncertainties provided in the CCl product
are in good agreement with observations (within 30%). Compared to version 4, systematic underestimation in 2010,
overestimation from April to August 2015 at high latitudes, and Radio Frequency Interferences (RFl) contamination
(Bonjean et al. 2024) have been significantly reduced.

CCI+SSS version 6 will be released in early 2026 and will extend the data record to 2010-2024. It will include a correction
for the diurnal sea surface temperature variations in the top centimetre of the ocean, which significantly improves SSS
retrievals over evening orbits under low wind conditions. It will also include a correction for solar contamination, which
notably enhances the interannual SSS variability in the Northern Hemisphere. Lastly, it will include updates to the
brightness temperature-wind model and the RFl contamination correction.

Through selected examples, we will demonstrate how these products allow us to monitor SSS variability over the past
15 years, supporting a better understanding of ocean processes and data assimilation.
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RECENT PROGRESS IN SMALLSAT CONSTELLATIONS, BEAM-STEERING ARRAYS,
AND COGNITIVE SENSING FOR MICROWAVE IMAGING AND SOUNDING OF THE
ATMOSPHERE

W. Blackwelll, M. Abedin?, V. Chandrasekar?, S. Farzana?, C. Katarial, S. Jeonl, R. Lesliel, A. Milstein, W. Moulder?, M.
Pieperl, S. Reising?, R. Thomas?

IMIT Lincoln Laboratory,2Colorado State University

Three new microwave sounding technologies are leading to significant improvements in both the performance benefits
and the development and operating costs of new observing systems. First, small satellite constellations, such as the
NASA TROPICS mission, have demonstrated new capabilities for high-revisit sampling of tropical cyclones with observing
quality that approaches (and exceeds in some cases) the current state-of-the-art sensors, and commercial follow-ons to
TROPICS are now being launched that offer improved performance and reliability and utilize high-speed digital
spectrometers necessary for hyperspectral microwave operation and RFl detection and mitigation. Second, large-format
planar arrays, such as the Configurable Reflectarray Wideband Scanning Radiometer (CREWSR), can provide high-
resolution (up to 10X better than ATMS), light weight, low power, and multiband (23, 31, and 50-58 GHz) hyperspectral
operation with electronically steerable beams that can operate independently in each band. CREWSR is designed to be
fielded on an ESPA-class small satellite platform, and an upcoming high-altitude, long-duration balloon test flight will
validate performance. Third, we consider the observing system as comprising not only the sensor but also the concept
of operations, processing, and potential for collaborative and synergistic observations. Highly configurable sensors such
as CREWSR enable the utilization of new “cognitive sensing” concepts, where the sensor is aware of the characteristics
of the scene to be viewed and can reconfigure itself in real time to adjust where it is looking, the dwell time, the spatial
resolution, and depending on the platform, the geometrical vantage point. Observing System Simulation Experiments
(OSSEs) have shown forecasting benefits of cognitive sensors in regional simulations, and new laboratory testbeds are
now being developed to characterize end-to-end performance in a realistic, test-as-you-fly environment.
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EUMETSAT PERFORMANCE ANALYSIS OF AWS TO PREPARE FOR EPS-STERNA
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The European Space Agency, ESA’s Arctic Weather Satellite (AWS) was launched on 16 August 2024. It is a small satellite
carrying a cross-track scanning microwave radiometer with 19 channels from 50-325 GHz and is a prototype for a
potential constellation of satellites, called EPS-Sterna.

A team from EUMETSAT have been evaluating the performance of AWS to assess the suitability of EPS-Sterna to provide
information on atmospheric temperature, humidity and cloud profiles for Numerical Weather Prediction and
nowcasting applications in line with the expected observation performance. The following aspects will be presented:
thermal and radiometric calibration stability, noise, as well as geolocation and antenna performance. The calibration
accuracy is also evaluated by calculating the relative bias with respect to other in-orbit microwave radiometers using
methods such as Simultaneous Nadir Overpass (SNO) comparisons and Observation-minus-Background double-
differences using NWP data. Additionally, lunar intrusions in the space views will be analysed to validate the predicted
antenna beamwidths, and spacecraft manoeuvre data will be used to characterize scan-angle variations due to mirror
reflectivity and antenna pattern corrections.
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THE TOMORROW.10 MICROWAVE SOUNDER CONSTELLATION: OBSERVATION
IMPACT ASSESSMENTS

R. Honeyagerl, J. J. Guerrettel, S. J. Munchak®, E. Nelson?
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The Tomorrow.io Microwave Sounder (TMS) is a cross-track radiometer that measures twelve channels in the W, F, and
G bands to provide temperature and humidity sounding across a 2200-km swath. The first seven TMS satellites launched
August 2024 through April 2025. A further eleven satellites should launch through mid-2027, after which successor
instruments should begin launching.

We evaluate real impacts of TMS by running Observing System Experiments (OSEs) through several months of continual
numerical weather prediction (NWP) forecast and data assimilation (DA) cycles beginning in January 2025. TMS satellites
are deployed using commercial rideshare launches into both sun-synchronous and precessing orbits. These varied orbits
fill growing gaps in the global observing system’s microwave backbone; the remaining POES satellites were recently
decommissioned, and DMSP and GPM have a proposed end of life within the next year. As TMS satellites continue to
launch we are able to demonstrate their ability to fill orbital gaps and also establish the progressive impact of additional
microwave observations in NWP systems.

We compare TMS forecast impacts with other instruments already assimilated in the global observing system, such as
the Advanced Technology Microwave Sounder (ATMS), and also with recently-launched missions. We are able to
demonstrate near-equivalent humidity sounding performance of ATMS and TMS, and this equivalent impact persists
across a four-day forecast timeframe. Furthermore, we provide a loose comparison of temperature sounding
performance using the 50-70 GHz and 118 GHz oxygen spectral lines. In order to make these comparisons, we have
adopted a reference modeled after the NOAA Global Data Assimilation System (GDAS) and the Global Forecast System
(GFS) v16. Global forecasts use the C768-L127 (13km) mesh of the Unified Forecast System Finite-Volume Cubed-Sphere
(FV3-UFS) atmospheric model, and ensemble members are imported from the Global Ensemble Forecast System (GEFS).
Data assimilation is conducted primarily using the Joint Effort for Data Assimilation Integration (JEDI) codes and reflect
ongoing migration efforts undertaken by the NOAA Environmental Monitoring Center (EMC) and the Joint Center for
Satellite Data Assimilation (JCSDA).
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MICROWAVE EMISSIVITY PARAMETERIZATION FROM 1.4 GHZ TO 90 GHZ FOR
GLOBAL APPLICATIONS, USING MACHINE LEARNING
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The importance of accurate microwave surface emissivity models across all surface types has long been recognized,
both for retrieving surface parameters from satellites and for assimilating surface-sensitive observations in Numerical
Weather Prediction (NWP) systems (Geer et al., 2022). To enable synergistic and robust use of multiple microwave
observations across a wide frequency domain, emissivity models must be developed to span the full frequency range
and encompass all Earth environments, from oceans and land to ice- and snow-covered surfaces.

Over ice-free ocean, physically based emissivity models exist, with acceptable accuracies (e.g., SURFEM-Ocean
distributed with the RTTOV community model, Kilic et al., 2023). In contrast, despite decades of physical modeling
efforts over land and sea ice, no existing model can fully reproduce the satellite observations in window channels, across
all environments and microwave observing conditions. Surface emissivity exhibits large spatial and temporal variability,
ranging from deserts to dense forests and snow-covered surfaces. The passive microwave signal emerging from the
surface is influenced by numerous surface parameters (e.g., dielectric properties of surface and sub-surface layers,
surface roughness, and topography), in addition to depend upon frequency, incidence angle, and polarization. The
interactions of these factors with microwave radiation are highly complex and depend on many poorly constrained and
variable parameters, making accurate modeling particularly challenging. For large-scale applications, physically based
emissivity models over snow-free land and sea ice have shown notable limitations, even when tuned for specific
frequency ranges (e.g., L-band over land, de Rosnay et al., 2020; C-band over sea ice, Burgard et al., 2020), as well as
over snow (Hirahara et al., 2020).

Satellite-derived emissivity calculations (e.g., monthly-mean atlases such as TELSEM2, Wang et al., 2016) are publicly
available. However, by definition, such climatologies do not capture day-to-day variability and cannot be directly linked
to the actual surface conditions, limiting their use to providing average estimates of surface emission.

Here, a pragmatic parameterization of the emissivity of snow, sea ice and land surfaces is proposed, providing consistent
emissivity parameterizations between 1.4 and 90 GHz, for both orthogonal polarizations. Satellite-derived microwave
emissivities are calculated from the Soil Moisture Active Passive (SMAP), and Soil Moisture Ocean Salinity (SMQS),
and Advanced Microwave Scanning Radiometer 2 (AMSR2) observations, subtracting the atmospheric contributions and
the surface temperature modulation using ERA5 meteorological reanalysis. The resulting emissivities are analyzed,
alongside geophysical parameters, to identify the relevant predictors for the emissivity parameterization. The
geophysical variables are preferably extracted from ERAS reanalysis, but can also be sourced from community model
outputs or from auxiliary datasets when ERAS reanalysis do not provide relevant information (for instance from neXtSIM
for the sea ice). A training database of coincident satellite-derived emissivities and geophysical parameters has been
constructed to develop a Neural Network (NN) parameterization of emissivity as a function of the geophysical
predictors. This pragmatic approach establishes a direct link between calculated emissivities and physical surface
properties, thereby eliminating the need for a priori assumptions.

Results have already been obtained over snow-covered surfaces and sea ice (de Gélis et al., 2025; Kilic et al., 2025). Errors
are below ~0.03 for most channels, and can reach ~0.04 for the higher frequencies. Over snow, the most accurate
results are achieved by combining ERAS input parameters with satellite-derived emissivity climatologies. A comparison
has been made with the SMRT physical model over snow, where the macro- and micro-structural properties of the
snow could be estimated: reasonable agreement is obtained. The frequency dependence of the emissivity
parameterization has been evaluated for possible interpolation for microwave sounders, close to the O, band around
55 GHz.

The results will also be presented over snow-free land. Relevant predictors are expected to include the open water
surfaces, the soil moisture, the surface temperature for different layers, the Leaf Area Index, and the topography.
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INTEGRATION OF PASSIVE AND ACTIVE MULTIFREQUENCY DATA FROM AMSR-2
AND COSMO SKYMED FOR ALPINE SNOW MONITORING AT HIGH RESOLUTION

E. Santil, S. Pettinatol, S. Paloscial, P. Pampalonil, F. Baronil, G. Fontanellil, E. Palchetti.
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Thanks to the multifrequency observations, the sun and weather independent operation, and the frequent revisiting,
microwave satellite radiometers as the JAXA’s AMSR2 have well demonstrated capabilities in monitoring snow
parameters. Unfortunately, the potential of these sensors is partially hampered by the coarse spatial resolution, which
makes challenging their use in extremely complex environments as the Alps, in which the snow properties suffer
dramatic spatial variations at sub-pixel scale.

This study evaluates the possibility of disaggregating the AMSR-2 observations (namely brightness temperatures - Th)
using the ASI’s Cosmo SkyMED (CSK) X-band SAR up the SAR resolution for estimating the snow depth (SD) at ~20m
resolution. The proposed implementation is based on Machine Learning methods that play a twofold role: the
algorithm that merges AMSR2 and CSK to disaggregate the Tb is based on Artificial Neural Networks (ANN), while the
algorithm that estimates SD by using the disaggregated Tb is based on ANN and Random Forest (RF): this algorithm is a
reappraisal of the “HydroAlgo” algorithm (Santi et al. 2014).

The method was implemented and validated in the eastern part of Italian Alps, over an area roughly corresponding to
the Val D’Aosta region. Data acquired by AMSR2 and CSK during the winter seasons between 2020 and 2022 have been
spatially and temporally co-located. The reference SD data needed for implementing and validating the method have
been derived from a network of 36 weather stations Managed by ARPA Piemonte and providing hourly measurements
of SD and other snow parameters, DEM and landuse maps have been also considered as auxiliary information for the
SD retrieval.

The Tb disaggregation is carried out in three steps, one for each of the involved frequency bands, namely X, Ku, and Ka.
Then the disaggregated Tb and the auxiliary information are used as input of the reappraised HydroAlgo to generate
the output SD maps at =20 m resolution.

The SD retrievals based on the disaggregated AMSR2 data are finally validated against in-situ measurements from the
weather stations: the obtained correlation coefficient between estimated and target SD is R= 0.85 for the ANN based
retrievals and R=0.86 for the RF based retrievals. The corresponding RMSE is 28 cm for ANN and 27 cm for RF,
respectively. Although validation should be spatially and temporally extended, these preliminary results suggest a
promising potential of the proposed technique for high resolution mapping of SD in alpine environments.
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MACHINE LEARNING-BASED ALGORITHM FOR SEA LEVEL PRESSURE RETRIEVAL
FROM THE JOINT OBSERVATIONS OF 50-60 AND 118 GHZ SPACEBORNE
MICROWAVE RADIOMETERS
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Accurate sea level pressure (SLP) data are critical for numerical weather forecasting, monitoring and forecasting of
tropical cyclones (TCs), and research on climate change. In 2018, we proposed a novel method to retrieve SLP from
spaceborne O3 band microwave radiometers. Retrieval algorithms were established for the 50-60 GHz and 118 GHz
microwave radiometers, respectively. The O; absorption characteristics of the 60 GHz absorption band and 118 GHz line
are very different, and therefore retrievals that combine observations at both bands are expected to provide more
information on SLP, potentially improving retrieval performance. The Microwave Temperature Sounder-2 (MWTS-2)
and Microwave Humidity Sounder-2 (MWHS-2), onboard the Chinese FY-3 satellite (FY-3C and FY-3D), offer synchronous
(both temporal and spatial) dual O;-band observations. This synchronization provides a valuable opportunity to
enhance SLP retrievals through joint applications of 60 and 118 GHz observations.

This study develops a neural network-based algorithm to retrieve SLP fields from combined observations of brightness
temperature (TB) in both frequency bands. Application studies were carried out using the joint observations from the
MWTS-2 and MWHS-2 onboard the FY-3D satellite. Optimal frequency channels for the SLP retrieval were selected
based on an information content analysis. SLP retrievals were compared with SLP data from the ERA-Interim reanalysis
and the Global Data Assimilation System Final Analysis (GDAS/FNL). For low-to-medium wind conditions, the retrieval
accuracies are 1.86 hPa under clear-sky conditions, 2.34 hPa under cloudy conditions and 3.20 hPa under rainy
conditions. For TC conditions, the retrieval accuracies are 2.78 hPa for tropical depressions and storms, 4.23 hPa for
hurricanes or typhoons, and 6.15 hPa for major hurricanes or severe typhoons. Furthermore, comparative experiments
between the new algorithm and the previous algorithm that used only observations from a single oxygen band
demonstrated that the new algorithm provides more comprehensive SLP information and achieves higher accuracy.

View in the program



PASSIVE MICROWAVE REMOTE SENSING AT C-BAND: CONSIDERATIONS ON THE
NEW FREQUENCY ALLOCATIONS PROPOSED IN AGENDA ITEM 1.19 OF THE WORLD
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Introduction

A World Radiocommunication Conference (WRC) is organized by the International Telecommunication Union (ITU)
every four years to revise and update the Radio Regulations (RR), which determine the use of the radio frequency
spectrum by radio services. The next World Radiocommunication Conference, WRC-27, will be held at the end of 2027
(WRC-27). The WRC-27 agenda contains several topics of relevance to microwave remote sensing, called Earth
Exploration Satellite Service (EESS) in ITU terminology. This presentation will address in detail one of these topics, of
specific importance for passive microwave remote sensing, or EESS (passive).

Agenda Item 1.19 of WRC-27

Microwave radiometers have been using frequency bands with the range 6425-7250 MHz for many years, however they
do so without an EESS allocation, and they are only recognized by RR Footnote 5.458. Their measurements are essential
for estimating global sea surface temperature (SST) and used in combination with other frequencies for other
applications such as measuring soil moisture, temperature of the ocean surface and sea surface wind through clouds.
6425-7250 MHz is a unique frequency range for SST observations, since it corresponds to the peak sensitivity to this
geophysical parameter [1]. Recognizing the importance of these measurements, Agenda Item 1.19 was established for
WRC-27 to seek new allocations in the 4200-4400 MHz and 8400-8500 MHz bands to complement the measurements
with the range 6425-7125 MHz [2].

Use of the proposed new bands for SST retrieval

Creating new EESS (passive) allocations at 4200-4400 MHz and 8400-8500 MHz bands does not imply that the use of
the range 6425-7125 MHz will be discontinued. Existing instruments operating at this band will continue to acquire
measurements, however, they will be increasingly affected by Radio Frequency Interference (RFI) from IMT systems,
particularly close to the coast.

Although the sensitivity of brightness temperature to SST is not as high in the new proposed frequency bands as at
6425-7125 MHz under the most common ocean conditions, measurements at 4200-4400 MHz and 8400-8500 MHz
bands could complement those made in the currently used frequency band. Adding the two new frequency allocations
would make the retrieval of SST more resilient against RFI. Since it is very unlikely that all three bands are affected by
interference, a comparison between them can help identify interference so that the measurements in the band
corrupted by RFI are not used in the estimation of SST. However, other factors such as different spatial resolution and
increased attenuation from rain and clouds also need to be considered.

Risk of interference from other systems

At the World Radiocommunication Conference 2023 (WRC-23), frequency bands with the range 6425-7125 MHz were
identified for use by the terrestrial component of International Mobile Telecommunications (IMT), with some small
differences by ITU Region [3]. IMT deployment following this WRC-23 decision is expected to greatly increase the level
of interference received by microwave radiometers operating at 6425-7250 MHz.

A new primary allocation for passive microwave remote sensing in the 4200-4400 MHz and 8400-8500 MHz bands would
not shield these sensitive systems from interference caused by existing services. Key sources of this interference include
the Aeronautical Radionavigation, Mobile, Fixed, Fixed Satellite and Radiolocation (radar) services. To address this risk,
the ITU Radiocommunication Sector (ITU-R) is conducting studies to predict the level of interference that spaceborne
microwave radiometers may experience from these operations.

Summary
WRC-27 will consider new primary frequency allocations at 4200-4400 MHz and 8400-8500 MHz to spaceborne passive



microwave remote sensing under its Agenda Item 1.19. The presentation will discuss advantages and disadvantages
offered by the two new proposed frequency bands. It will also summarize various scenarios of in-band and out-of-band
interference that may impact the use of these new band as well the potential RFl into the currently used frequency
range by new services.
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DESIGN STRATEGY FOR RADIO FREQUENCY INTERFERENCE PROTECTION,
DETECTION AND MITIGATION OF THE COPERNICUS IMAGING MICROWAVE
RADIOMETER

P. G. Arpesil, M. Grilli, C. Sopranzil
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The Copernicus programme is an evolution of the previous Global Monitoring for Environment and Security (GMES)
Programme. The Copernicus Imaging Microwave Radiometer Mission, namely CIMR mission, will provide improved
monitoring of the Polar Regions in terms of measurement bands, spatial resolution, temporal resolution and geophysical
accuracy as well as European operational continuity of L-band and enhanced AMSR type measurement capabilities.
CIMR mission space segment consists in a microwave imaging multi-frequency (L, C, X, Ku and Ka) radiometer instrument
with the capability to uniquely observe a wide range of floating sea ice and related ocean parameters, in particular sea
ice concentration and sea surface temperature, and to serve operational systems in non-precipitating atmosphere
conditions, day and night.

Radio frequency interference (RFI) is an increasingly serious problem for passive and active microwave sensing of the
Earth, even though allocated bands for the onboard passive sensors are protected through the ITU regulations. In
addition, to satisfy their measurement objectives, spaceborne passive sensors may need to operate in unprotected
bands.

Therefore, the possibility of RFI occurrence has to be duly addressed to reduce the risk of damage or measurements
contamination with impacts on the data quality. This problem is even more critical when observation frequency
channels in the low microwave spectrum are used, as in CIMR, since these spectra are generally more crowded as largely
reported by measurements from spaceborne radiometers operating in L-band such as SMOS and SMAP.

When dealing with RFI, there are basically two objectives. First and mandatory objective is to protect the sensitive
receivers against damage from the most powerful RFl emitters, mainly due to ground-based radars. Second but not
secondary objective is to detect and mitigate those in-band RFI signals with lower power levels that may contaminate
the brightness temperature measurements.

This paper reports the design strategy against RFl adopted for CIMR instrument within the radio frequency (RF) receiver
and processing chains, focusing on the design solutions implemented in the analogue receivers for preventing
permanent degradation of the performance. The CIMR radiometric chain is composed of the antenna subsystem, the
calibrator units, the receivers and the RF digital processors.

An extensive survey of possible on ground and in space RFI sources is performed to establish the RFI environment with
the list of all potential emitting sources identified in terms of frequencies (in-band and out-of-band) and power levels
at the receivers’ input. This classification of the RFI is the basis for designing the input protections.

Several trade-off analyses are carried out among different technical solutions (filters, limiters and robust technology
devices) with respect to a number of performance parameters (losses with impact on radiometric sensitivity, size and
mass, power consumption).

The protection against the RFl is finally sized for survival only (no damage, no permanent degradation) to minimise the
insertion losses degradation and the noise figure increase as well. This leads to the optimum radiometric sensitivity at
instrument level. The option with protection for full performance, that is full linear operation, would require heavier
filtering structures at the input of the RF amplifiers providing for higher rejection of the interference power but with
inherent higher losses and unacceptable effect on the sensitivity as well.

Consequently, when the RFI signals have the highest power levels, the calibrators and receivers’ amplifiers may get
deeply compressed and saturated. This is important to be known since the recovery time to come back to the nominal
performances (linear gain) will not be negligible. Moreover, the current consumption might also increase during the
compression event, according to the compression level and the device biasing scheme.

As a conclusion, the baseline design for the RFI protections, for all bands regardless the use of limiter or filters, is such
that the maximum RFI power level at the input of the amplifiers is lower than the specified absolute maximum rating of
the relevant active devices.

As far as in-band interferences with power levels comparable to the natural earth emission are concerned, these RFI
would provide for an unwanted increase of the measured brightness temperature which is adversely affecting the
validity of the scientific measurements (contamination of the measured brightness temperature). Specific digital



processing functions have been added in the design to provide for the required RFI detection and mitigation capabilities,
with dedicated Radio Frequency Processing Unit (RFPU). This unit converts the analogue signals from the receivers, and
then digitally processes the converted signals in time and frequency domains to detect the characteristics signatures of
the RFI and remove the contaminated elements of the time-frequency matrix. The algorithms for detection are
embedded within an FPGA design.

The on-board RFI processor provides for continuous interference detection and data mitigation in all channels, also
presenting on demand the capability to download to ground the complete set of data of the time-frequency matrix to
allow on-ground data quality analysis of the on-board RFI processing.
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EVOLUTION OF THE RADIO FREQUENCY INTERFERENCE (RFI) ENVIRONMENT IN
NORTHERN CANADA: A COMPARISON OF UWBRAD AND LOMIRAD 500-2000 MHZ
DATA FROM LOW FREQUENCY MICROWAVE RADIOMETER MEASUREMENTS OVER
NORTHERN CANADA

H. Elizeyl, M. Andrews?, J. Johnson?, M. Brogioni?, F. Montomoli2, M. Ledu-Leballeur?, G. Macelloni?
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Polar regions play a fundamental role in the Earth climate system. Despite their importance, our knowledge of
cryospheric processes remains limited due to their remoteness, harsh conditions and access difficulties. Remote sensing
can help to overcome these difficulties, however existing sensors are mainly sensitive to near-surface properties,
limiting unable to information on some key parameters. A recently-developed low-frequency ultrawideband microwave
radiometer technique is able to penetrate the ice sheet to the bedrock and to measure sea ice properties. This
methodology uses a portion of the spectrum that is allocated for other services to collect brightness temperature
measurements because this portion of spectrum is seldom used in polar regions, In 2016, the first radiometer operating
with this technique, the Ultra-Wideband Software-Defined Microwave Radiometer (UWBRAD) developed at The Ohio
State University, was deployed in Northern Canada and in Greenland. In 2020, the Italian Space Agency funded the
development of a European radiometer aimed at supporting the ESA Earth Explorer 12 CryoRad mission proposal. This
instrument, called the Low-frequency Microwave Radiometer (LoMiRad), was deployed for the first time in 2025 in an
airborne campaign over Baffin Bay. Both radiometers sample the operating bandwidth at ~ 100 kHz resolution in order
to detect and filter RFI and to produce brightness temperature measurements of the natural background.

The August 2025 LoMiRad campaign follows a similar flight path to the Ultra-Wideband Software-Defined
Microwave Radiometer (UWBRAD) missions over Greenland in 2016 and 2017, resulting in overlapping geographic
coverage. Both instruments operate across comparable frequency ranges (LoMiRad: 400-2000 MHz; UWBRAD: 500—
2000 MHz), enabling direct comparison of the radio frequency interference (RFI) encountered. Moreover, both
instruments use the same antenna design and implementation, making the measurements highly similar. The
comparison between UWBRAD and LoMiRad datasets is expected to expand understanding of the RFl environment over
northern Canada and provide insight into its temporal consistency, supporting future mitigation of RFI effects on
radiometer measurements inside and outside protected bands.
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RADIO FREQUENCY INTERFERENCE RESILIENT PASSIVE MICROWAVE SENSOR
A. Madridl, M. Eblel, B. Backus®34, M. Kleinl, A. Nagvil
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Passive microwave sensors in orbit are critical tools for observing Earth’s climate, as well as the water and energy cycles.
Their ability to contribute to all-weather observations makes them invaluable for weather forecasting models, e.g.,
(Lupu 2019). These sensors will have a lot more to offer if their spatial, temporal, and spectral resolutions are improved.
Radio Frequency Interference (RFl) is a growing challenge for these remote passive sensors, and there is a continual risk
of observational data corruption via said interference. This is a critical and challenging problem within the microwave
portion of the electromagnetic spectrum, and taking measures to minimize the presence of RFl within passive
microwave observations has become a necessity.

There are many solutions for detecting interference within a microwave channel, or a narrow bandwidth (e.g., up to
tens or hundreds of MHz). Such algorithms are already being used for the Soil Moisture Active Passive (SMAP)
microwave radiometer, e.g., (Piepmeier, et al. 2014), and many other papers describe applications of such algorithms
to future sensors, (Kummerow, et al. 2022). These solutions provide detection within a relatively narrow radiometer
band by digitizing the channel output and applying sophisticated algorithms to detect an interfering signal. These
solutions are important and can be effective, but they are often also power hungry.

An alternative approach to handle passive band RFl is to widen the observational spectrum and utilize redundant
channels observing similar environmental variables. Radiation from natural sources in the frequency domain is a
continuous curve that has no breaks, sharp corners, or cusps outside of the known absorption lines. By creating
an algorithm that leverages the expected smoothness of this curve, and bolstering it with redundant spectrally
adjacent channels, we can isolate RFI contaminated channels even in high-contamination environments. Boulder
Environmental Sciences and Technology (BEST) has been developing and evaluating such an approach spanning the 50-
70 GHz oxygen absorption band and surrounding windows, as part of a project study for NOAA/NESDIS Joint Venture
Partnerships. We use a simple analog multiplexer with 41 channels to cover this spectrum.

For simulation of the instrument’s observed brightness temperatures, we use an in-house radiative transfer model in
conjunction with a database of atmospheric profiles from the ECO1280 nature run (Hoffman, Malardel and Peevey
2018). The ECO1280 nature run offers an extensive set of environmental variables with a 9 km average spatial resolution
and 137 vertical layers, covering 14 months starting on September 30, 2015.

A “Wideband Associative RFI Detector” (WARD) algorithm is being developed. This is a hybrid model neural network,
utilizing a 1D convolutional neural network with several fully connected layers. The RFI detection algorithm leverages
the spectral response of the redundant 41 channels, along with locational and temporal context, to detect anomalous
channel behavior indicative of RFI. In tests using synthetic single-channel RFI events of ~1.5K magnitude, the current
version of WARD reliably detects over 92%-95% of events across a wide range of climatologies, achieving an Equitable
Threat Score of ~0.8.

In parallel with the algorithm development, an analog multiplexer is also being prototyped and simulated. We will
present both the hardware design and simulation results, as well as demonstrate WARD’s effectiveness under various
cases of RFI contamination and across different climatologies and environmental conditions.
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IDENTIFICATION, ATTRIBUTION AND SCREENING OF RFI SOURCES USING NWP
DEPARTURE STATISTICS
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In recent years, ECMWF has been moving towards a full Earth System approach which incorporates information about
the surface as well as the atmosphere. This approach benefits from the use of low frequency microwave channels as
they can provide additional information about the land, ocean and ice surfaces. The recent inclusion of both the 6.9 and
10.65 GHz (C-and X- band) channels into the ECMWF Integrated Forecast System over open oceans (for Sea Surface
Temperature retrievals) identified that there were several regions of the ocean severely affected by Radio Frequency
(RFI) interference in these channels.

Using NWP background departures (the difference between the observation and the brightness temperature simulated
from the background forecast), two approaches were followed to screen out these sources. The first method allowed
the identification of potential sources by modelling the glint angle between theoretical broadcast satellites and the
observing satellite. The second utilised the differences between two spectrally close channels.

In the current work, we aim to further understand the RFI signals seen at these lower frequency microwave channels in
preparation for the upcoming ESA CIMR mission. The work will use the NWP background departure statistics from
AMSR2 to design a system of checks which allow RFI to be identified. The method will include a combination of machine
learning and understanding the physics behind such signals. A key focus will be determining how to separate RFl signals
from other sources of error in an NWP system such as deficiencies in the forward model. Ultimately, this work will
further our understanding of the sources of RFI signals and how they manifest within an NWP system, thereby allowing
the effective screening of RFl contaminated data.

This work is funded by ESA under the DANTEX programme.
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DETECTION AND FLAGGING OF RADIO FREQUENCY INTERFERENCE
CONTAMINATION IN SMAP OCEAN OBSERVATIONS
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NASA’s SMAP L-band radiometer has been supplying the scientific community with high quality ocean measurements
of sea surface salinity (SSS) and wind speeds since 2015. Starting in 2023, there has been an increasing level of radio
frequency interference (RFI) contaminating SMAP ocean observations which results in spurious retrieved SSS and wind
speed values. The areas that are most affected are the Bay of Bengal, Gulf of Thailand, Mediterranean Sea, North Sea,
Norwegian Sea, Barents Sea, Black Sea, Caspian Sea, Arabian Sea and South China Sea. Although the SMAP receiver
operates within the Earth Exploration Satellite Service (passive) 1400-1427 MHz band protected under the Radio
Regulations, RFI contamination of SMAP observations can be caused by unauthorized sources that transmit within this
protected bandwidth or by leakage from out-of-band transmitters that operate at adjacent frequencies. The observed
RFI contamination is not detected by the SMAP RFI filter that is applied during Level 1 processing. It is believed to be
predominantly caused by Global Navigation Satellite System jamming within military operations that are conducted as
the result of geopolitical conflicts. These jamming signals have very high power and are easily detected close to their
source due to their high power. However, because they are persistent in time and cover a large range of frequency,
they can easily escape the SMAP Level 1 RFl detection filters over ocean, where considerable power from the sidelobes
enters the SMAP antenna field of view due to the relatively low beam efficiency (about 90%). As a consequence,
transmitters operating at a distance from the observation cell can still cause significant RFl contamination. It is therefore
necessary to develop additional methods that detect, flag and remove RFI in the SMAP ocean observations and that can
be applied when running the SMAP salinity retrieval algorithm. We have studied various methods of identifying RFI-
affected SMAP measurements over ocean during Level 2 and Level 3 processing. The most reliable RFI detection
techniques are the chi-squared of the maximum likelihood estimator of the salinity retrieval algorithm, the difference
in observed brightness temperature between forward and backward looking parts of the swaths, and the value of the
observed 4th Stokes parameter. These detection methods do not rely on any external ancillary salinity data. We
demonstrate that the number of false alarms in the RFI detection can be reduced by checking for spatial clusters of cells
that are affected. Additionally, the detection rate can be improved by flagging neighbors of a cell in which RFI has been
detected. We have tested and evaluated the RFI detection algorithm in various case studies and assessed missed
detection and false alarm rates.
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CURRENT STATUS OF RESEARCH AND DEVELOPMENT OF SCANNING ARRAY FOR
HYPERMULTISPECTRAL RADIOWAVE IMAGING (SAMRAI) MOUNTED ON SATELLITE
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Microwave remote sensing is a technology that reveals the characteristics of materials by measuring the microwave
energy emitted by them. A microwave radiometer (MWR) is an instrument that measures such microwave energy. Japan
Aerospace Exploration Agency (JAXA) has been operating the AMSR series (AMSR, AMSR-E, AMSR2, AMSR3) of satellite-
borne MWRs for more than 20 years. We define these here as conventional MWRs. Through the operation of the
AMSR series, the following problems with conventional MWR were revealed.

1) Observation frequencies and bandwidths are limited, and when artificial microwave power interferes with weak
natural microwave power, it becomes impossible to separate and distinguish the two. This is known as the so-called
radio frequency interference (RFI) problem.

2) Observing the Earth's surface from a satellite with a practical spatial resolution requires sharpening the beam width
of the receiving antenna using a large reflector. In addition, continuous scanning of the Earth's surface requires rotating
the reflector. After all, carrying a conventional MWR requires a large satellite, increasing manufacturing costs.

3) User needs for improved spatial resolution are high, which requires a larger rotating reflector. As the size of the
reflector increases, it becomes technically difficult to rotate it continuously. In order to solve the problem 1), we studied
and developed ultra-wideband hyperspectral MWR (DSURAD) using an ultra-high-speed AD converter and onboard
signal processing such as FFT (doi: 10.1109/LGRS.2020.2990707).

On the other hand, a phased array antenna (PAA) is known as an effective means for solving the problems 2) and 3).
However, a conventional PAA is typically limited to a single observable frequency due to the receive bandwidth of the
antenna elements. Our another study shows that true time delay (TTD) ultra-wideband interferometric MWR can be
achieved by applying DSURAD technique to PAA (doi: 10.1109/LGRS.2020.3023697).

These preliminary studies will make it possible to realize a new MWR that is completely different from conventional
ones. We have named this new MWR SAMRAI (Scanning Array of hyper-Multispectral RAdiowave Imaging), and are
conducting research and development with funding from the Japan Science and Technology Agency (JST).

SAMRAI is equipped with a PAA consisting of 14 ultra-wideband antenna elements capable of receiving frequencies
from 1 to 40 GHz. The received ultra-wideband horizontally and vertically polarized microwave signals are each sampled
at a rate equivalent to 80 GSPS (samples per second). By delaying the received signal of each element and performing
spectrum/correlation processing using FFT, the microwave spectrum at 27 MHz intervals is measured in the target
direction (i.e. observation point). Due to the effect of PAA, the footprint of each observation point is small.

In this way, SAMRAI has more than 3000 observation frequency channels for both horizontal and vertical polarization
at each observation point with a small footprint. The observation frequencies of SAMRAI are continuous while those of
the conventional MWR were discrete. Therefore, SAMRAI can identify the observation frequency channel contaminated
by RFI, and by excluding it, it becomes possible to retrieve geophysical values without being affected by RFI.

SAMRAI was first developed for helicopter installation, and observations and performance evaluations were carried
out from 2022 to 2023. Currently, improvements are being made based on the results of helicopter observations, and
SAMRAI is being developed for installation on a 200 kg-class satellite. This satellite will be launched by the first

quarter of 2028, with the aim of demonstrating it in orbit. In this presentation, we introduce the various updates
applied to the hardware of the satellite-mounted SAMRAI to identify and separate RFI.
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