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ANNUAL REPORT 2024 

RESEARCH AND DEVELOPMENT 

ESA – CCI+ – Glaciers (2018-2026) 

The main objectives of the CCI+ Glaciers Project (coordinated by University of Zürich, Switzerland) in the 

frame of the Climate Change Initiative (CCI) are to provide EO based services for glacier monitoring, as 

developed and demonstrated under the DUE GlobGlacier Project and CCI Glacier. GAMMA’s responsibilities 

are in the glacier flow monitoring and in the service and system engineering. 

ESA – CCI+ – Biomass (2018-2026) 

The main objectives of the CCI+ Biomass Project (coordinated by Aberystwyth University, UK) in the frame of 

the Climate Change Initiative (CCI) are to provide EO based services for forest biomass monitoring. GAMMA 

has the technical lead, with responsibilities in the algorithm development, system engineering, system 

implementation and the generation of the global biomass products. In 2024, GAMMA has produced a new set 

of maps from ENVISAT ASAR and Sentinel-1 C-band and ALOS-1 PALSAR-1 and ALOS-2 PALSAR-2 L-

band SAR data depicting the global distribution of forest biomass at hectare scale resolution for the years 2010, 

2017, 2018, 2019, and 2020. 

ESA – CCI+ – Permafrost (2018-2026) 

The main objectives of the CCI+ Permafrost Project (coordinated by GAMMA, with T. Strozzi acting as project 

manager, and b.geos GmbH, with A. Bartsch acting as science leader) is to deliver a permafrost related climate 

data record which complies with the requirements of the climate user community. The work builds upon 

elements developed and demonstrated under the ESA DUE GlobPermafrost project. GAMMA’s responsibilities 

are in the coordination of the work, mountain permafrost thematic products, overall system design engineering 

and the production of subsidence maps at Arctic permafrost sites. 

ESA – CCI+ – Snow (2018-2026) 

The main objectives of the CCI+ Snow Project (coordinated by ENVEO, Austria) in the frame of the Climate 

Change Initiative (CCI) is to provide essential climate variables for snow based on EO data. GAMMA’s 

responsibilities are in the system design engineering and the system implementation of the AVHRR Snow 

Cover Fraction processor. 

ESA – CCIx – Karakoram Anomaly (2024-2027) 

The main objective of this Cross-ECV activity (coordinated by the University of Zürich, Switzerland) in the 

frame of the Climate Change Initiative (CCI) is to investigate a widely recognized cryospheric and climatic 

singularity, the so-called ‘Karakoram Anomaly’, expressed by air temperatures that do not increase, glaciers 

that do not retreat and glacier mass balances that were close to zero or even positive over the past 20 years. 

GAMMA’s responsibility is in the coordination of the  glacier flow monitoring 
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ESA – Wide-Band Scatterometer Development, CCN1 (2023-2024) 

In CCN1 of the ESA – Wide-Band Scatterometer Development addresses the use of the antenna gain 

measurements done at the ESA antenna range facility at ESTEC, and the focusing of WBSCAT measurements 

in the azimuth direction. 

ESA –SMOS Expert Support Laboratory for Level 2 - Soil Moisture (2020-2024) 

The tasks of the SMOS ESL for soil moisture include the development, implementation and assessment of 

SMOS land-surface retrieval algorithms. Initially it was all about the soil moisture algorithm. For several years 

now, the group has also been increasingly concerned with SMOS applications to the Cryosphere and to 

vegetation. GAMMA contributed new algorithm ideas relevant for applications to the Cryosphere arising from 

2-stream radiative transfer modeling that are now being further tested and that may be introduced at a later stage 

into the operational processor. Further, we support the increasingly important topic of vegetation observation 

with fundamental research into microwave radiation transfer in vegetation. 

ESA Forest Carbon Monitoring, CCN2 (2024-2025) 

The aim of this project under the lead of VTT is to develop a robust, reliable, and transparent approach for the 

monitoring of forest carbon. In the proposed approach optical and SAR EO data play a central role. In the 

context of the EU Green Deal an increasing demand for related services is expected. GAMMA contributes to 

the SAR data based elements. 

ESA – BIOMAP (2022-2024) 

The main objectives of the BIOMAP project, lead by GAMMA supported by Estellus, is the integration of 

active and passive microwave data towards a novel global record of woody aboveground biomass estimates. 

GAMMA is responsible for the development of physically-based modelling and retrieval approaches for 

ASCAT C-band scatterometer and SMOS and SMAP L-band radiometer data and the integration of active and 

passive radar derived biomass estimates to produce a new global record of forest biomass for the years 2016 to 

2020. The project was completed in 2024. 

ESA – Modulate (2024-2025) 

The main objectives of the ESA Project Monitoring landslides with multiplatform L-Band radar techniques 

(MODULATE), are to use satellite and terrestrial L-band measurements to map and monitor landslides. 

GAMMA coordinates this project and is supported by University of Milano Bicocca (UNIMIB), Scuola 

Universitaria Professionale della Svizzera Italiana (SUPSI), and Swiss Federal Institute for Forest, Snow and 

Landscape Research (WSL). Test sites are in southern Switzerland and northern Italy. 

HORIZON NexGenCarbon Project (2025-2027) 

NextGenCarbon aims to develop the next generation of global C models, harnessing the potential of combining 

EOs, in situ data campaigns, novel demographic model structures and advanced assimilation techniques to 

create an unprecedentedly well-informed understanding of terrestrial C stocks and fluxes to inform multiple 

emerging policy frontiers. GAMMA is responsible for the creation of a time series of annual C stock maps in 

terrestrial vegetation using a combination of existing data products and novel satellite observations covering the 

last two decades and expanding into the next years. 
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GAMMA SOFTWARE 

In 2024 GAMMA continued to provide licenses for its user-friendly and high-quality software to support the 

entire processing from SAR raw data to products such as digital elevation models, deformation, and landuse 

maps. The software consists of the Modular SAR Processor (MSP), Interferometric SAR Processor (ISP), 

Differential Interferometry and Geocoding (DIFF&GEO), Land Application Tools (LAT), and Interferometric 

Point Target Analysis (IPTA), complemented by the stand-alone module for Geocoding and image registration 

(GEO). Furthermore, a time domain back projection processor (TDBP) is available to process SAR data 

acquired along curvilinear sensor trajectories such as GAMMA’s car-borne L-band SAR measurements or SAR 

data acquired with a drone or airplane. 

In 2024 the ArcGIS plug-in was further developed, supporting now additional SAR sensors and polarimetric 

decompositions. The plugin supports ArcGIS Pro users with GAMMA GEO/LAT functionality (including 

coherence). 

License sale activities were continued with new licenses sold in Europe, Asia, North America. User contacts 

indicate that the advanced algorithms and our competent support are important features of our software. This is 

also confirmed by an increasing number of running maintenance contracts. Many long-term users updated their 

license to the current version to be able to process data acquired by the newest SAR satellites (RCM, 

SAOCOM, Capella, StriX, UMBRA, LuTan-1, Superview Neo-2, HISEA-1/Gaojing-2, Fucheng-1, Hongtu-1, 

PALSAR-3 and SWOT). The software also supports processing of data acquired with the GAMMA GPRI, L-

band SAR, and S-band SAR instruments. 

We also look forward to further upcoming institutional and commercial SAR satellites. L-band SAR sensors 

(e.g. NISAR, ROSE-L) will consistently become available in the near future. Frequent global coverage at C-

band will be continued by Sentinel-1 with the satellites 1C and 1D. At X-band TerraSAR/PAZ and Cosmo 

Skymed 2nd Generation are available. And all this is complemented by an increasing number of commercial 

sensors and constellations. 

Further information related to the GAMMA Software is available online: 

General information:  

 www.gamma-rs.ch/software  

 www.gamma-rs.ch/uploads/media/GAMMA_Software_information.pdf 

Technical reports, conference and journal papers:  

 www.gamma-rs.ch/uploads/media/GAMMA_Software_references.pdf 

Release notes / upgrade information: 

 www.gamma-rs.ch/uploads/media/GAMMA_Software_upgrade_information.pdf 

 

Training courses 

In 2024, in-situ and online training courses for SAR, SAR interferometry and Interferometric Point Target 

Analysis (IPTA) took place. To support new software users we also provided documented demo examples and 

supported the users over the internet. Courwses will again be scheduled for 2025, for further information see 

our homepage http://www.gamma-rs.ch). We also trained users in the operation of GAMMA Instruments 

(GPRI, GAMMA L- and S-band SAR) and the related data processing. 

 

https://www.gamma-rs.ch/uploads/media/GAMMA_Software_information.pdf
https://www.gamma-rs.ch/uploads/media/GAMMA_Software_information.pdf
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GAMMA INSTRUMENT DEVELOPMENT 

GAMMA WBScat / X- to Ku-band scatterometer (SNOWSCAT) / L-band Radiometer ELBARA 

Under ESA contracts GAMMA developed the VNA based, polarimetric, 1-40 GHz Wide-Band Scatterometer 

(WBScat) and the X- to Ku-band scatterometer (SNOWSCAT) and the L-band Radiometer ELBARA. ESA 

provides now these instruments to scientists for their field measurements. In 2024 the last ELBARA L-band 

radiometer was sold. 

GAMMA Portable Radar Interferometer (GPRI) 

There was again a significant interest in the GAMMA Portable Radar Interferometer (GPRI). Meanwhile more 

than 30 instruments are in operation by users in Europe, North America and Asia. The primary application is 

displacement monitoring over glaciers, rock glaciers, rocks, slopes, and infrastructure. Besides the standard 

instruments, instruments supporting polarimetric and bistatic measurements were built. Our customers promote 

the instrument with their high-quality results. 

In the first half of 2025 a next generation GPRI instruments will be developed. 

Further information and related technical reports, conference and journal papers are available online: 

 https://www.gamma-rs.ch/GPRI-specific-Publications 

 https://www.gamma-rs.ch/GPRI-application-Publications 

GAMMA L- and S-band SAR 

The GAMMA L-band Synthetic Aperture Radar (SAR) has been successfully used for repeat-pass DInSAR-

based mobile mapping of surface displacements with car-mounted and UAV-mounted system configurations, as 

well as a rail-mounted configuration. In 2024 our development focus was on developing an S-band SAR and a 

lighter, more compact version of the L-band SAR to support operation from lighter drones. These instruments 

also serve as a starting point for the development of airborne and high-altitude-platform (HAP) SAR 

instruments and SAR instruments at different frequencies. 

Further information and related technical reports, conference and journal papers are available online: 

 https://www.gamma-rs.ch/index.php/L-band-specific-Publications 

EO SERVICES AND CONSULTING 

Ground-motion mapping and monitoring in Switzerland using terrestrial and satellite radar 

Ground-motion mapping and monitoring services were provided to private and public Swiss customers using 

terrestrial radar measurements acquired with GAMMA’s Portable Radar Interferometer (GPRI) operated at Ku-

band, using car-borne SAR measurements with GAMMA’s L-band SAR, and using satellite SAR data 

(Sentinel-1, ALOS-2 PALSAR-2, SAOCOM, TerraSAR-X, Radarsat-2). 

Deformation Maps, DEMs , Landcover/Landuse and Change/Hazard Products 

A variety of products were generated in 2024 for customers in Switzerland, Europe, and North America using 

data of the ERS-1/2, ENVISAT, Radarsat, ALOS-1/2, TerraSAR-X, Cosmo-Skymed, Sentinel-1, ICEYE and 

SAOCOM satellites. SAR, InSAR, offset tracking and Persistent Scatterer Interferometry (PSI) were used to 

generate forest biomass maps, deformation maps, deformation histories, terrain heights, and glacier velocity 

maps. For Sentinel-1 near-real-time processing capability is applied for glacier velocity and ground stability 

mapping. In 2024 we also continued providing services using the GAMMA Portable Radar Interferometer 

(GPRI) and the GAMMA L-band SAR. 

https://www.gamma-rs.ch/GPRI-specific-Publications
https://www.gamma-rs.ch/GPRI-application-Publications
https://www.gamma-rs.ch/index.php/L-band-specific-Publications
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Consulting 

GAMMA's consulting activity included SAR and interferometric processing related aspects, application 

development support, and radar system engineering. GAMMA also supported users of GAMMA Instruments 

(GPRI, ELBARA, GAMMA L- and S-band SAR, SnowScat, WBScat) with the acquisition and processing of 

the data. Furthermore, user specific adaptations of GAMMA microwave instruments were developed and 

implemented. 

VARIA 

In 2024, Philipp Bernhard and Samuel Favrichon started to work at GAMMA. With Philipp Bernhard we 

strengthen our ground-deformation research and service team. Samuel Favrichon is supported by the ESA 

Living Planet Fellowship project entitled GVMAP-Global vegetation monitoring from active and passive 

microwave sensors that aims at developping methods for long term (30 years) monitoring of AGB from various 

sensors. 

Travelling to customers, attending conferences, and holding training courses was further recovering in 2024. 

Many project meetings are still held on-line (which saves some travel time and costs, and CO2 emissions) and 

some of us kept working partly from home. 

GAMMA employees are members of national (SIP, SED, SGPF, FAN) and international (IEEE, RSPSoc, 

AGU, EARSEL, EGU) organizations, acted as peer reviewers (various journals, books), were members of 

scientific committees, engaged in University teaching and PhD supervision (FSU Jena, ETH Zürich). 

PUBLICATIONS

Articles in journals and books: 

P. Bernhard, D. Haener, and O. Frey, “Detection of 

Railway Track Anomalies Using Interferometric Time 

Series of TerraSAR-X Satellite Radar Data,” IEEE Journal 

of Selected Topics in Applied Earth Observations and 

Remote Sensing, vol. 17, pp. 11750–11760, 2024, doi: 

10.1109/jstars.2024.3405019. 

A. Bertone, N. Jones, V. Mair, R. Scotti, T. Strozzi, and F. 

Brardinoni, “A climate-driven, altitudinal transition in rock 

glacier dynamics detected through integration of 

geomorphological mapping and synthetic aperture radar 

interferometry (InSAR)-based kinematics,” Cryosphere, 

vol. 18, no. 5, pp. 2335–2356, 2024, doi: 10.5194/tc-18-

2335-2024. 

I. Brangers, H.-P. Marshall, G. De Lannoy, D. Dunmire, 

C. Mätzler, and H. Lievens, “Tower-based C-band radar 

measurements of an alpine snowpack,” Cryosphere, vol. 

18, no. 7, pp. 3177–3193, 2024, doi: 10.5194/tc-18-3177-

2024. 

W. Dong, E. T. A. Mitchard, M. Santoro, M. Chen, and C. 

E. Wheeler, “A new circa 2007 biomass map for China 

differs significantly from existing maps,” Scientific Data, 

vol. 11, no. 1, 2024, doi: 10.1038/s41597-024-03092-8. 

M. Holmberg et al., “Retrieval of ground, snow, and 

forest parameters from space borne passive L band 

observations. A case study over Sodankylä, 

Finland,” Remote Sensing of Environment, vol. 306, 2024, 

doi: 10.1016/j.rse.2024.114143. 

S.-H. Hong, C. Werner, and S.-K. Lee, “ALOS-2 

Stripmap + ScanSAR MTInSAR for Ground Subsidence 

Monitoring,” IEEE Geoscience and Remote Sensing 

Letters, vol. 21, pp. 1–5, 2024, doi: 

10.1109/LGRS.2023.3349302. 

N. Hunka et al., “Intergovernmental Panel on Climate 

Change (IPCC) Tier 1 forest biomass estimates from Earth 

Observation,” Scientific Data, vol. 11, no. 1, 2024, doi: 

10.1038/s41597-024-03930-9. 

Y. Izumi, G. Nico, O. Frey, S. Baffelli, I. Hajnsek, and M. 

Sato, “Kriging-Based Atmospheric Phase Screen 

Compensation Incorporating Time-Series Similarity in 

Ground-Based Radar Interferometry,” IEEE Journal of 

Selected Topics in Applied Earth Observations and Remote 

Sensing, vol. 17, pp. 17626–17636, 2024, doi: 

10.1109/jstars.2024.3469158. 

M. Kneib et al., “Mapping and characterization of 

avalanches on mountain glaciers with Sentinel-1 satellite 

imagery,” Cryosphere, vol. 18, no. 6, pp. 2809–2830, 2024, 

doi: 10.5194/tc-18-2809-2024. 

D. Kumawat, A. Ebtehaj, M. Schwank, X. Li, and J.P. 

Wigneron, “Global estimates of L-band vegetation optical 

depth and soil permittivity of snow-covered boreal forests 
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and permafrost landscape using SMAP satellite data”. 

Remote Sensing of Environment, 2024, 306, 114145. 

A. Manconi, N. Jones, S. Loew, T. Strozzi, R. Caduff, and 

U. Wegmueller, “Monitoring surface deformation with 

spaceborne radar interferometry in landslide complexes: 

insights from the Brienz/Brinzauls slope instability, Swiss 

Alps,” Landslides, vol. 21, no. 10, pp. 2519–2533, 2024, 

doi: 10.1007/s10346-024-02291-z. 

I. Nitze et al., “A Labeling Intercomparison of 

Retrogressive Thaw Slumps by a Diverse Group of Domain 

Experts,” Permafrost and Periglacial Processes, 2024, doi: 

10.1002/ppp.2249. 

M. Santoro et al., “Design and performance of the Climate 

Change Initiative Biomass global retrieval 

algorithm,” Science of Remote Sensing, vol. 10, 2024, doi: 

10.1016/j.srs.2024.100169. 

L. Schmid, T. Medic, O. Frey, and A. Wieser, “Target-

based georeferencing of terrestrial radar images using TLS 

point clouds and multi-modal corner reflectors in 

geomonitoring applications,” ISPRS Open Journal of 

Photogrammetry and Remote Sensing, vol. 13, p. 100074, 

Aug. 2024, doi: 10.1016/j.ophoto.2024.100074. 

M. Schwank, Y. Zhou, A. Mialon, P. Richaume, Y. Kerr, 

and C. Mätzler, “Temperature dependence of L-band 

vegetation optical depth over the boreal forest from 2011 to 

2022,” Remote Sensing of Environment, vol. 315, 2024, 

doi: 10.1016/j.rse.2024.114470. 

E. Shehaj, O. Frey, G. Moeller, T. Strozzi, A. Geiger, and 

M. Rothacher, “On the consistency of tropospheric delays 

over mountainous terrain retrieved from Persistent Scatterer 

Interferometry, GNSS and Numerical Weather Prediction 

models,” IEEE Trans. Geosci. Remote Sens., vol. 62, no. 

4101018, pp. 1–18, 2024, doi: 

10.1109/TGRS.2023.3344277. 

S. Shukla et al., “Large Variability in Dominant 

Scattering From Sentinel-1 SAR in East Antarctica: 

Challenges and Opportunities,” IEEE Journal of Selected 

Topics in Applied Earth Observations and Remote Sensing, 

vol. 17, pp. 14380–14393, 2024, doi: 

10.1109/JSTARS.2024.3438233. 

M. Stefko, P. Bernhard, O. Frey, and I. Hajnsek, 

“Polarimetric analysis of bi-seasonal monostatic and 

bistatic radar observations of a glacier accumulation zone at 

Ku-band,” IEEE Journal of Selected Topics in Applied 

Earth Observations and Remote Sensing, vol. 17, pp. 9706–

9727, 2024, doi: 10.1109/JSTARS.2024.3374051. 

U. Wegmüller, C. Magnard, T. Strozzi, R. Caduff, and N. 

Jones, “Landslide velocity mapping using ALOS-2 

PALSAR-2 ScanSAR data,” in Procedia Computer 

Science, Elsevier B.V., 2024, pp. 2278–2285. doi: 

10.1016/j.procs.2024.06.419. 

U. Wegmüller, C. Werner, O. Frey, and C. Magnard, 

“Estimation and Compensation of the Ionospheric Path 

Delay Phase in PALSAR-3 and NISAR-L 

Interferograms,” Atmosphere, vol. 15, no. 6, p. 632, May 

2024, doi: 10.3390/atmos15060632. 

U. Wegmüller, C. Magnard, and O. Frey, “Assessment of 

Hongtu-1 Multi-Static X-Band SAR Constellation 

Interferometry,” Remote Sensing, vol. 16, no. 19, p. 3600, 

Sep. 2024, doi: 10.3390/rs16193600. 

Z. Zhao et al., “Central African biomass carbon losses and 

gains during 2010-2019,” One Earth, vol. 7, no. 3, pp. 506–

519, 2024, doi: 10.1016/j.oneear.2024.01.021. 

S. Zwieback, L. Liu, L. Rouyet, N. Short, and T. Strozzi, 

“Advances in InSAR Analysis of Permafrost 

Terrain,” Permafrost and Periglacial Processes, vol. 35, 

no. 4, pp. 544–556, 2024, doi: 10.1002/ppp.2248. 

Y. Zhou, M. Schwank, M. Kurum, D. Houtz, Q. Zhao, R.  

Lang, ... M. Drusch, “Microwave Emission Model for 

Layered Vegetation (MEMLV): An Exemplary Study for 

Coniferous Forests from P-to Ka-Band,” IEEE 

Transactions on Geoscience and Remote Sensing, 2024 

 

Articles in conference proceedings: 

E. Deeb et al., “Use of mobile L-Band interferometric 

synthetic aperture radar observations to inform snow 

property estimation,” EGUsphere. Copernicus, pp. 

EGU24–22452, 2024. doi: 10.3929/ethz-b-000700486. 

J. E. S. Fransson et al., “Applying Machine Learning for 

Forest Attribute Mapping in Latvia - Sharing Insights from 

the Swedish Approach,” in International Geoscience and 

Remote Sensing Symposium (IGARSS), 2024, pp. 5320–

5323. doi: 10.1109/IGARSS53475.2024.10641620. 

O. Frey, C. Werner, and R. Caduff, “Simultaneous Car-

Borne SAR Imaging at L-Band and Ku-Band for DInSAR-

Based Mobile Mapping of Ground Motion in Alpine 

Terrain,” in Proc. of EUSAR 2024 - 15th Europ. Conf. on 

SAR, Munich, Germany: VDE, Apr. 2024, pp. 1259–1264. 

O. Frey, C. Werner, and R. Caduff, “Dual-frequency high-

resolution mobile mapping of ground motion of the 

Brinzauls landslide in Switzerland with a car-based 

interferometric SAR system at L- and Ku-

band,” EGUsphere. Copernicus, pp. EGU24–17107, 2024. 

doi: 10.5194/egusphere-egu24-17107. 

O. Frey, A. Wiesmann, C. Werner, R. Caduff, H. Löwe, 

and M. Jaggi, “High-resolution snow parameter/structure 

retrieval from tower-based radar time series of seasonal 

snow obtained with the ESA SnowScat and the ESA 

Wideband Scatterometer in SAR tomographic profiling 

mode,” EGUsphere. Copernicus, pp. EGU24–17561, 2024. 

doi: 10.5194/egusphere-egu24-17561. 

M. Heimpel, I. Hajnsek, and O. Frey, “Altitude-Adaptive 

Coregistration for Differential SAR Tomography,” in Proc. 

of EUSAR 2024 - 15th Europ. Conf. on SAR, Munich, 

Germany: VDE, Apr. 2024, pp. 757–762. 


