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Gamma Remote Sensing AG 

ANNUAL REPORT 2023 

RESEARCH AND DEVELOPMENT 

ESA – CCI+ – Glaciers (2018-2025) 

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 – Glacier Science in the Alps / AlpGlacier (2021-2023) 

The main objectives of the AlpGlacier project (coordinated by University of Zürich, Switzerland) are to provide 

enhanced observation capacity for glaciers in the Alps regarding surface flow velocity, snow cover, glacier lake 

size and slope movements around glaciers. GAMMA contributes to this project with its SAR competence for 

surface instability mapping in Alpine paraglacial environments using Sentinel-1 DInSAR techniques. 

ESA – CCI+ – Biomass (2018-2025) 

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 2023, 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 (2018-2025) 

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 (2018-2025) 

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. 
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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 Worldcover (2019-2023) 

In an extension of the Worldcover Project the team under the lead of VITO develops in 2022/23 an updated 

global land cover map at 10 m resolution for 2021. GAMMA contributes the pre-processing of Sentinel-1 SAR 

data, including quality assessments and support to the thematic classification chains. 

ESA Forest Carbon Monitoring (2021-2023) 

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 (2022-2023) 

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. 

Re-processing of Global JERS SAR Data archive for JAXA (2022-2023) 

In a JAXA-funded project, GAMMA Remote Sensing AG reprocesses the available SAR data archive of the 

Japanese Earth Resources Satellite (JERS-1, in operation 1992-1998). JAXA plans to make the data available. 
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GAMMA SOFTWARE 

In 2023 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 

airborne SAR data. 

In 2023 an ArcGIS plug-in was implemented to support ArcGIS Pro users with GAMMA functionality related 

to radar backscatter and coherence. A first version has been finalized and was sent out with the end-of-2023 

release. 

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 (Sentinel-1, 

ALOS-2, PAZ, Gaofen-3, ICEYE, NOVASAR, ASNARO2, RCM, SAOCOM, Capella, StriX, UMBRA, 

LuTan-1, Superview Neo-2). The software also supports processing of data acquired with the GAMMA GPRI 

and L-band SAR instruments. 

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

NISAR, ALOS-4, 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 

 

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. There is one more ELBARA L-band 

radiometer on stock, ready to be sold. 

GAMMA Portable Radar Interferometer (GPRI) 

There was again a significant interest in the GAMMA Portable Radar Interferometer (GPRI). More than 30 

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

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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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. 

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-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 2023 our development focus was on developing a lighter, more 

compact version of the L-band SAR to support operation from lighter drones. The instrument also serves 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, CONSULTING AND TRAINING 

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, TerraSAR-X, Radarsat). 

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

A variety of products were generated in 2023 for customers in Switzerland, Europe, and North America using 

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

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 

2023 we also continued providing services using the GAMMA Portable Radar Interferometer (GPRI) and the 

GAMMA L-band SAR. 

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-band SAR, SnowScat, WBScat) with the acquisition and processing of the data. 

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

Training courses 

In 2023, 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. Courses will again be scheduled for 2024 (InSAR training: 13-16. May 

2024 at GAMMA, IPTA training: 22-25. Apr 2024 at GAMMA), for further information see our homepage 

http://www.gamma-rs.ch). We also trained users in the operation of GAMMA Instruments (GPRI, GAMMA L-

band SAR) and the related data processing. 

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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VARIA 

In 2023, Tobias Batt started to work at GAMMA. With Tobias Batt we strengthen our in-house development 

and manufacturing of microwave instruments including design, production and repair of electronic circuit 

boards. 

Travelling to customers, attending conferences, and holding training courses was recovering in 2023. Many 

project meetings were still held on-line, and some of us kept working partly from home. 

GAMMA employees are members of national (SIP, SED, SGPF, CHGEOL, 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, SLU Umeå), and served on the “Board zur Qualitaetssicherung der Austrian Academy of Sciences” as 

reviewer in the process of an appointment. 

PUBLICATIONS

Articles in journals and books: 

Araza A. et al., “Past decade above-ground biomass 

change comparisons from four multi-temporal global 

maps,” International Journal of Applied Earth Observation 

and Geoinformation, vol. 118, 2023, doi: 

10.1016/j.jag.2023.103274. 

Bartsch A., T. Strozzi, and I. Nitze, “Permafrost 

Monitoring from Space,” Surveys in Geophysics, vol. 44, 

no. 5, pp. 1579–1613, 2023, doi: 10.1007/s10712-023-

09770-3. 

Borlaf-Mena I., J. Garcia-Duro, M. Santoro, L. Villard, O. 

Badea, and M. A. Tanase, “Seasonality and directionality 

effects on radar backscatter are key to identify mountain 

forest types with Sentinel-1 data,” Remote Sensing of 

Environment, vol. 296, 2023, doi: 

10.1016/j.rse.2023.113728. 

Brun F. et al., “Everest South Col Glacier did not thin 

during the period 1984-2017,” Cryosphere, vol. 17, no. 8, 

pp. 3251–3268, 2023, doi: 10.5194/tc-17-3251-2023. 

Fan N., M. Santoro, S. Besnard, O. Cartus, S. Koirala, and 

N. Carvalhais, “Implications of the steady-state assumption 

for the global vegetation carbon turnover,” Environmental 

Research Letters, vol. 18, no. 10, 2023, doi: 10.1088/1748-

9326/acfb22. 

Freihardt J. and O. Frey, “Assessing riverbank erosion in 

Bangladesh using time series of Sentinel-1 radar imagery in 

the Google Earth Engine,” Nat. Hazards Earth Syst. Sci., 

vol. 23, no. 2, pp. 751–770, 2023, doi: 10.5194/nhess-23-

751-2023. 

Hunka N. et al., “On the NASA GEDI and ESA CCI 

biomass maps: aligning for uptake in the UNFCCC global 

stocktake,” Environmental Research Letters, vol. 18, no. 

12, p. 124042, Nov. 2023, doi: 10.1088/1748-9326/ad0b60. 

Jones N., T. Strozzi, A. Rabatel, E. Ducasse, and J. 

Mouginot, “Surface Instability Mapping in Alpine 

Paraglacial Environments Using Sentinel-1 DInSAR 

Techniques,” IEEE Journal of Selected Topics in Applied 

Earth Observations and Remote Sensing, vol. 16, pp. 19–

37, 2023, doi: 10.1109/JSTARS.2023.3287285. 

Kääb A., V. Bazilova, P. W. Leclercq, E. S. Mannerfelt, 

and T. Strozzi, “Global clustering of recent glacier surges 

from radar backscatter data, 2017-2022,” Journal of 

Glaciology, 2023, doi: 10.1017/jog.2023.35. 

Kochtitzky W. et al., “Progress toward globally complete 

frontal ablation estimates of marine-terminating glaciers,” 

Annals of Glaciology, 2023, doi: 10.1017/aog.2023.35. 

Lambiel C., T. Strozzi, N. Paillex, S. Vivero, and N. 

Jones, “Inventory and kinematics of active and transitional 

rock glaciers in the Southern Alps of New Zealand from 

Sentinel-1 InSAR,” Arctic, Antarctic, and Alpine Research, 

vol. 55, no. 1, 2023, doi: 10.1080/15230430.2023.2183999. 

Lavalle M., C. Telli, N. Pierdicca, U. Khati, O. Cartus, 

and J. Kellndorfer, “Model-Based Retrieval of Forest 

Parameters From Sentinel-1 Coherence and Backscatter 

Time Series,” IEEE Geoscience and Remote Sensing 

Letters, vol. 20, 2023, doi: 10.1109/LGRS.2023.3239825. 

Scheer J. et al., “Thaw-Season InSAR Surface 

Displacements and Frost Susceptibility Mapping to Support 

Community-Scale Planning in Ilulissat, West Greenland,” 

Remote Sensing, vol. 15, no. 13, 2023, doi: 

10.3390/rs15133310. 

Xu F. et al., “Spatial Configuration Design for Multistatic 

Airborne SAR Based on Multiple Objective Particle Swarm 

Optimization,” IEEE Transactions on Geoscience and 

Remote Sensing, pp. 1–17, 2023, doi: 

10.1109/TGRS.2023.3326869. 

Zhu L. et al., “Comparable biophysical and 

biogeochemical feedbacks on warming from tropical moist 
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forest degradation,” Nature Geoscience, vol. 16, no. 3, pp. 

244–249, 2023, doi: 10.1038/s41561-023-01137-y. 

 

Articles in conference proceedings: 

Bernhard P., D. Haener, and O. Frey, “Persistent Scatterer 

Interferometry to Detect Railway Track Anomalies using 

TerraSAR-X Observations,” in Procs IGARSS, Pasadena, 

2023, pp. 1838–1841. doi: 

10.1109/IGARSS52108.2023.10283221. 

Deeb E. J. et al., “Investigations of ground-based mobile 

L-band InSAR phase response to the application of soil 

moisture on a high-desert grassland,” in Procs IGARSS, 

Pasadena, 2023, pp. 2691–2692. doi: 

10.1109/IGARSS52108.2023.10282878. 

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

Löwe, and M. Jaggi, “SAR Tomographic Profiling of 

Seasonal Alpine Snow at L/S/C-, X/Ku-, and Ka-Band 

Throughout Entire Snow Seasons Retrieved During the 

ESA SnowLab Campaigns 2016-2020,” in ESA FRINGE 

2023, Leeds, UK, 2023. http://gamma-

rs.ch/uploads/media/fringe2023_SnowScat_poster_freyEtA

lFinal.pdf 

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

Mapping of Ground Motion by Means of Repeat-Pass SAR 

Interferometry: Case Studies and Application Development 

Based on L-Band and Ku-band SAR Data Acquisitions,” in 

Procs IGARSS, Pasadena, 2023, pp. 1902–1905. doi: 

10.1109/IGARSS52108.2023.10283211. 

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

and M. Jaggi, “Analyzing Time Series of Vertical Profiles 

of Seasonal Snow Measured by SAR Tomographic 

Profiling at L/S/C-Band, Ku-Band, and Ka-Band in 

Comparison With Snow Characterizations,” in Procs 

IGARSS, Pasadena, 2023, pp. 754–757. doi: 

10.1109/IGARSS52108.2023.10283023. 

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

Borne Repeat-Pass SAR Interferometry at L-Band and Ku-

Band For Mobile Mapping of Ground Motion on Alpine 

Valley Slopes,” in ESA FRINGE 2023, Leeds, UK, 2023. 

https://www.youtube.com/watch?v=uDMxIs-CIJI 

Holmberg M., J. Lemmetyinen, M. Schwank, A. Kontu, 

and K. Rautiainen, “Snow Density and Ground Permittivity 

Retrieval Problem with L-Band Satellite Radiometer 

Observations - Case Study from Sodankylä, Finland,” in 

Procs IGARSS, Pasadena, 2023, pp. 21–23. doi: 

10.1109/IGARSS52108.2023.10283299. 

Horvath L., F. Kostelac, D. Houtz, M. Schwank, and C. 

Bolognesi, “Passive Microwave C-Band Radiometer 

Prototype for UAV Applications,” in Procs IGARSS, 

Pasadena, 2023, pp. 4792–4795. doi: 

10.1109/IGARSS52108.2023.10282789. 

 

Houtz D., L. Horvath, and M. Schwank, “Vehicle 

Mounted L-Band Radiometer for Remote Sensing of 

Turfgrass Soil Moisture,” in Procs IGARSS, Pasaden, 

2023, pp. 4824–4827. doi: 

10.1109/IGARSS52108.2023.10281943. 

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

Hajnsek, “A Novel Atmospheric Phase Correction Based 

on Kriging Incorporating Temporal Phase Evolution for 

Ground-Based SAR,” in Proc. Int. Asia-Pacific Conf. on 

Synthetic Aperture Radar (APSAR), Oct. 2023, pp. 1–4. 

Leinss S., C. Werner, and U. Wegmüller, “A pulse-to-

pulse interferometry mode to map velocity fields over 

quickly decorrelating surfaces with the Gamma Portable 

Radar Interferometer (GPRI),” in ESA FRINGE 2023, 

Leeds, UK, 2023. http://gamma-

rs.ch/uploads/media/poster_fringe2023-leinss.pdf 

Stefko M., P. Bernhard, S. Leinss, O. Frey, and I. 

Hajnsek, “Bistatic Radar Measurements of Terrestrial Snow 

at Ku-Band - Phenomena, Models, and Opportunities,” in 

Procs IGARSS, Pasadena, 2023, pp. 658–661. doi: 

10.1109/IGARSS52108.2023.10282423. 

Strozzi T. et al., “Seasonal Thaw Displacement in Low-

Land Permafrost Areas at L-, C- and X-Band,” in ESA 

FRINGE 2023, Leeds, UK, 2023. http://gamma-

rs.ch/uploads/media/FRINGE23_Strozzi_Poster_lowres.pdf 

Thyagarajan P. L., H. Nies, O. Frey, J. Ender, and I. Ihrke, 

“SAR Tomography Reconstruction using ISTA and GLRT 

Techniques,” in Proc. Int. Asia-Pacific Conf. on Synthetic 

Aperture Radar (APSAR), 2023. 

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

Jones, “Ground Displacement Mapping with L-band 

Persistent Scatterer Interferometry,” in ESA FRINGE 2023, 

Leeds, UK, 2023. 

https://www.youtube.com/watch?v=ZQX_MQ-XCX8 

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

Strozzi, “ICEYE DInSAR and InSAR Time Series for 

Ground Displacement Mapping,” in ESA FRINGE 2023, 

Leeds, UK, 2023. 

https://www.youtube.com/watch?v=okvTp0-rBR0 

Werner C. et al., “Obtaining Time-Series of Snow Water 

Equivalent in Alpine Snow by Ground-based Differential 

Interferometry at 1 to 40 GHz at Davos-Laret,” in ESA 

FRINGE 2023, Leeds, UK, 2023. http://gamma-

rs.ch/uploads/media/Fringe_2023_ID485_Werner_Poster.p

df 

Zhou Y., M. Schwank, M. Kurum, and A. Mialon, 

“Modelling Scattering Albedo of Trees from 1 To 37 GHZ 

and Its Application to Vod Retrieval,” in Procs IGARSS, 

Pasadena, 2023, pp. 2735–2738. doi: 

10.1109/IGARSS52108.2023.10281570. 

http://gamma-rs.ch/uploads/media/fringe2023_SnowScat_poster_freyEtAlFinal.pdf
http://gamma-rs.ch/uploads/media/fringe2023_SnowScat_poster_freyEtAlFinal.pdf
http://gamma-rs.ch/uploads/media/fringe2023_SnowScat_poster_freyEtAlFinal.pdf
https://www.youtube.com/watch?v=uDMxIs-CIJI
http://gamma-rs.ch/uploads/media/poster_fringe2023-leinss.pdf
http://gamma-rs.ch/uploads/media/poster_fringe2023-leinss.pdf
http://gamma-rs.ch/uploads/media/FRINGE23_Strozzi_Poster_lowres.pdf
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