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RESEARCH AND DEVELOPMENT

ESA - Snowlab (2016 — 2019)

In 2018 the SNOWSCAT X- to Ku-band scatterometer was operated for snow measurements at the “Davos-
Laret Remote Sensing Field Laboratory”, Switzerland. The objective is to resolve layer structures in the snow
pack. Again, Snowscat was also operated in a tomographic mode. In winter 2018/19 the measurements will be
continued, most likely with the 1-40 GHz Wide-band Scatterometer WBScat, in combination with the L- and
X-band radiometers ELBARA and MORA operated by WSL-Birmensdorf.

ESA - CCI - Glaciers 2 (2014-2018)

The main objectives of the Glaciers-CCI Project 2 (coordinated by University of Ziirich, 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 (2018-2021)

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, as
developed and demonstrated under the DUE GlobBiomass Project. GAMMA has the technical lead, with
responsibilities in the algorithm development, system implementation and the generation of the global biomass
products.

ESA - CCI - Permafrost (2018-2021)

The main objectives of the CCI Permafrost Project (coordinated by GAMMA, with T. Strozzi acting as project
manager, and B.GEOS, 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 on Arctic permafrost sites.

ESA - CCI - Snow (2018-2021)

The main objectives of the CCI Snow Project (coordinated by ENVEO, Austria) in the frame of the Climate
Change Initiative (CCI) is to provide based on EO data essential climate variables for snow. GAMMA’s
responsibilities are in the system design engineering.

ESA Snow Concepts Study - Scientific Evaluation of Mission (2016 — 2018)

In this study under the lead of FMI, GAMMA is involved in the development of concepts to monitor snow
mass and other cryopspheric parameters.
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ESA - Dragon 4 Cooperation Programme (2016-2019)

The Dragon Programme focuses on exploitation of ESA, Chinese, and third party mission EO data for geo-
science and applications development in land, ocean and atmospheric applications in 50 joint Sino-European
projects. GAMMA is involved in forest, glacier dynamics and permafrost projects.

ESA - GlobPermafrost (2016-2019)

ESA has launched the GlobPermafrost initiative to develop, validate and implement information products to
support the research communities and related international organizations like IPA and CliC in their work on
understanding permafrost better by integration of Earth Observation data. In this project coordinated by
Zentralanstalt fiir Meteorologie und Geodynamik (ZAMG), GAMMA has the lead for the mountain permafrost
thematic products and the overall system design engineering and will produce subsidence maps on Arctic
permafrost sites.

ESA — Information content of multi-spectral SAR data (2015-2018)

In this project, led by GAMMA, the capability of improving retrievals and classifications using multi-spectral
SAR data is investigated. GAMMA is responsible for the forest biomass and the water body phenology themes.

ESA — Exploitation of S-1 for Surface Soil Moisture Retrieval at High Resolution (2016-2018)

In this project, led by CNR-ISSIA, the objective is to develop and generate surface soil moisture products at
100m spatial scale, based on multi-temporal Sentinel-1 C-band SAR backscatter and L-band radiometry soil
moisture products of the ESA SMOS and NASA SMAP missions.

ESA —-SMOS Expert Support Laboratory for Level 2 - Soil Moisture (2014-2019)

The tasks of the SMOS ESL for soil moisture include the development, implementation and assessment of
SMOS soil moisture retrieval algorithms. GAMMA contributed new algorithm ideas 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.

ESA — Wide-Band Scatterometer Development (2017-2018)

In this project GAMMA develops and builds the coherent, polarimetric 1 — 40 GHz scatterometer WBScat. A
design incorporating a Vector Network Analyzer and a front end with 3 wide-band horn antennas is foreseen.
The WBScat shall support tower based measurements of snow, crops and soil.

ESA - Biomascat (2018-2019)

The objective of this project under the ESA EO SCIENCE FOR SOCIETY program is the assessment of
vegetation carbon dynamics from multi-decadal spaceborne Scatterometer and SAR observations. GAMMA
develops and applies the biomass retrieval algorithms, the Max-Planck Institute, Jena incorporates the biomass
maps in their climate modeling and provides feedbacks on their usefulness.

KTI/CTI - Development of a car-borne repeat-pass differential interferometric synthetic aperture radar
(SAR) system at L-band for ground displacement measurements. (2016-2018)

In this project GAMMA and the Earth Observation & Remote Sensing Group, ETH Zurich (EO-ETHZ)
develop and test a car-borne repeat-pass differential interferometric synthetic aperture radar. In 2018 the focus
of the work on GAMMA side was on the development of the L-band hardware while EO-ETHZ gained
experience with the acquisition and processing of car-borne SAR data using a modified GPRI-II Ku-band
system. In addition, the new L-band radar hardware was successfully tested in a series of measurement
campaigns. The feasibility of repeat-pass interferometry using the car-borne L-band SAR could be confirmed.
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EO SERVICES, CONSULTING AND TRAINING

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

A variety of products were generated in 2018 for customers in Switzerland, Europe, and North America using
data of the ERS, ENVISAT, Radarsat, ALOS-1/2, TerraSAR-X, Cosmo-Skymed, RISAT, and Sentinel-1
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 2018 we also continued providing services using the GAMMA Portable Radar Interferometer (GPRI).

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) with the acquisition and processing of the data. Furthermore, user specific adaptations of
GAMMA hardware were developed and implemented.

In the ANCSI Project “EO-ROFORMON Project on Prototyping an Earth-Observation based monitoring and
forecasting system for the Romanian forests (2016-2019)”, GAMMA is part of the Scientific Advisory Board.

Training courses

In 2018 we organized again training courses for SAR, SAR interferometry, and Interferometric Point Target
Analysis (IPTA). Further courses will follow in Jan. 2019 (IPTA) and Mar. 2019 (for information see our
homepage http://www.gamma-rs.ch). We also trained users in the operation of GAMMA Instruments (GPRI,
ELBARA) and the related data processing.

GAMMA SOFTWARE

In 2018 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). The use of Sentinel-1A and 1B is well supported. In 2018 support for ScanSAR interferometry was
further strengthened — in anticipation of the launch of the Radarsat Constellation Mission (RCM) that will use
ScanSAR as the main acquisition mode. Besides we addressed the mitigation of ionospheric effects in SAR
interferometry and facilitated importing of digital elevation models.

License sales activities were continued with new licenses sold in Europe, Asia, Australia and 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, Gaofen-3). On several occasions the software was presented to potential
customers.
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GAMMA INSTRUMENT DEVELOPMENT

Terrestrial X- to Ku-band scatterometer (SNOWSCAT)

In 2018 the X- to Ku-band scatterometer SNOWSCAT was measuring at the WSL-SLF “Davos-Laret Remote
Sensing Field Laboratory”, Switzerland in the frame of the ESA Snowlab project.

GAMMA Portable Radar Interferometer (GPRI)

There was again a significant interest in the GAMMA Portable Radar Interferometer (GPRI). More than 20
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. Existing customers
promote the instrument with their high quality results.

GAMMA L-band radiometer (ELBARA)
There is one more ELBARA L-band radiometer on stock, ready to be sold.

GAMMA L-band SAR

In 2016 GAMMA started the development of an L-band Synthetic Aperture Radar (SAR). In collaboration with
the Earth Observation & Remote Sensing Group, ETH Zurich (EO-ETHZ). In 2018 the main hardware
development could be finished and the L-band SAR was operated from the roof of a car and from a 10 m long
rail. The feasibility of repeat-pass interferometry using the car-based SAR could be confirmed.

GAMMA WBScat

In the frame of an ESA project GAMMA started the development of the VNA based, polarimetric, 1-40 GHz
Wide-Band Scatterometer (WBScat). In fall 2018 the front-end (mounted antennas) were calibrated at ESTEC.
In Dec. 2018 outdoor measurements with the WBScat will be started at the “Davos-Laret Remote Sensing Field
Laboratory”, Switzerland.

VARIA

GAMMA employees are members of national (SIP, SED, SGPF, CHGEOL, FAN) and international (IEEE,
RSPSoc, AGU, EARSEL) organizations, acted as peer reviewers (various journals, books), were members of
scientific committees, and engaged in University teaching and PhD supervision (FSU Jena, ETH Ziirich, SLU
Umed).
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PUBLICATIONS

Articles in journals and books:

Ambrosi C., T. Strozzi, C. Scapozza and U. Wegmiiller,
Landslide hazard assessment in the Himalayas (Nepal and
Bhutan) based on Earth-Observation data, Eng. Geology,
237:217-228, doi: 10.1016/j.enggeo.2018.02.020, 2018

Antonova S., H. Sudhaus, T. Strozzi, S. Zwieback, A.
Ké&ib, B. Heim, M. Langer, N. Bornemann and J. Boikei,
Thaw Subsidence of a Yedoma Landscape in Northern
Siberia, Measured In Situ and Estimated from TerraSAR-
X Interferometry, Remote Sensing, 10(4), 494,
doi:10.3390/rs10040494, 2018.

Baffelli, S., Frey, O., Werner, C. L. and Hajnsek, L.:
Polarimetric Calibration of the Ku-Band Advanced
Polarimetric Radar Interferometer. IEEE Trans. Geosci.
Remote Sens. vol. 56(4), pp. 2295-2311, 2018.
doi:10.1109/TGRS.2017.2778049

Biiechi E., J. Klimes. H. Frey, C. Huggel, T. Strozzi and A.
Cochachin, Regional-scale landslide susceptibility
modelling in the Cordillera Blanca, Peru — a comparison
of different approaches, Landslides, 1-13, doi:
10.1007/s10346-018-1090-1, 2018

Cartus, O., Siqueira, P., and J. Kellndorfer, An Error Model
for Mapping Forest Cover And Forest Cover Change
Using L-Band SAR. IEEE Geoscience and Remote
Sensing Letters, 15, pp. 107-111, 2018.

Jonard F., H. Bogena, D. Caterina, S. Garré, A. Klotzsche,
A. Monerris, M. Schwank, and Cv. Hebel. Ground-Based
Soil Moisture Determination. In: Li X, Vereecken H (eds)
Observation and Measurement, Ecohydrology, vol.
Springer-Verlag, Berlin, Heidelberg, 2018.

Lemmetyinen J., C. Derksen, H. Rott, G. Macelloni, J.
King, M. Schneebeli, A. Wiesmann, L. Leppénen, A.
Kontu, and J. Pulliainen. Retrieval of Effective
Correlation Length and Snow Water Equivalent from
Radar and Passive Microwave Measurements, Remote
Sensing,10,2,170,2018.

Manconi A., P. Kourkouli, R. Caduff, T. Strozzi, and S.
Loew. Monitoring Surface Deformation over a Failing
Rock Slope with the ESA Sentinels: Insights from
Moosfluh Instability, Swiss Alps. Remote Sensing, 10(5),
2018

Merryman Boncori J.P., M.L. Andersen, J. Dall, A. Kusk,
M. Kamstra, S.B. Andersen, N. Bechor, S. Bevan, C.
Bignami, N. Gourmelen, I. Joughin, H.-S. Jung, A.
Luckman, J. Mouginot, J. Neelmeijer, E. Rignot, K.
Scharrer, T. Nagler, B. Scheuchl and T. Strozzi,
Intercomparison and Validation of SAR-Based Ice
Velocity Measurement Techniques within the Greenland
Ice Sheet CCI Project, Remote Sensing, 10(6), 929,
doi:10.3390/rs10060929, 2018.

Molg N., T. Bolch, P. Rastner, T. Strozzi and F. Paul, A
consistent glacier inventory for the Karakoram and Pamir

regions derived from Landsat data: distribution of debris
cover and mapping challenges, Earth Syst. Sci. Data, 10:
1807-1827, doi: 10.5194/essd-10-1807-2018, 2018

Naderpour R. and M. Schwank. Snow Wetness Retrieved
from L-Band Radiometry, MDPI Remote Sensing
10(3):359, 2018.

Roy A., M. Leduc-Leballeur, G. Picard, A. Royer, P.
Toose, C. Derksen, J. Lemmetyinen, A. Berg, T.
Rowlandson, and M. Schwank, Modelling the L-Band
Snow-Covered Surface Emission in a Winter Canadian
Prairie Environment, Remote Sensing, vol. 10, p. 1451,
2018.

Santoro, M., Cartus, O., "Research pathways of forest
above-ground biomass estimation based on SAR
backscatter and interferometric SAR observations,"
Remote Sensing, vol. 10 (4), 608, pp. 1-23,
doi:10.3390/rs10040608, 2018.

Santoro, M., Wegmiiller, U., Askne, J., "Forest stem
volume estimation using C-band interferometric SAR
coherence data of the ERS-1 mission 3-days repeat-
interval phase," Remote Sensing of Environment, vol.
216, pp. 684-696, 2018.

Schwank M., R. Naderpour, C. Mitzler, “Tau-Omega”- and
Two-Stream Emission Models Used for Passive L-Band
Retrievals: Application to Close-Range Measurements
over a Forest," Remote Sensing, vol. 10, p. 1868, 2018.

Schwank M. and R. Naderpour. Snow Density and Ground
Permittivity Retrieved from L-Band Radiometry: Melting
Effects, MDPI Remote Sensing 10(2):354, 2018.

Siddique M. A., T. Strozzi, I. Hajnsek and O. Frey, A Case
Study on the Correction of Atmospheric Phases for SAR
Tomography in Mountainous Regions, IEEE Transactions
on Geoscience and Remote Sensing, , Early Access,
PP(99), p.1-16, 2018. doi: 10.1109/TGRS.2018.2855101.

Siddique, M. A., Wegmuller, U., Hajnsek, 1. and Frey, O.:
SAR Tomography as an Add-On to PSI: Detection of
Coherent Scatterers in the Presence of Phase
Instabilities. Remote  Sensing, 10(7): 1014, 2018.
doi: 10.3390/rs10071014

Strozzi T., S. Antonova, F. Giinther, E. Mitzler, G. Vieira,
U. Wegmiiller, S. Westermann and A. Bartsch, Sentinel-1
SAR Interferometry for Surface Deformation Monitoring
in Low-Land Permafrost Areas, Remote Sensing, 10(9):
1360, doi: 10.3390/rs10091360, 2018

Strozzi T., J, Klimes, H. Frey, R. Caduff, C. Huggel, U.
Wegmiiller and A.C. Rapre, Satellite SAR interferometry
for the improved assessment of the state of activity of
landslides: A case study from the Cordilleras of Peru,
Remote Sensing of Environment, 217: 111-125,
doi:10.1016/j.rse.2018.08.014, 2018

Tosi L., C. Da Lio, P. Teatini and T. Strozzi, Land Sub-
sidence in Coastal Environments: Knowledge Advance in
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the Venice Coastland by TerraSAR-X PSI, Remote
Sensing, 10(8), 1191; doi:10.3390/rs10081191, 2018.

Wegmuller, U., Werner, C., Frey, O., Magnard, C. and
Strozzi, T.: Reformulating the Split-Spectrum Method to
Facilitate the Estimation and Compensation of the
Ionospheric Phase in SAR Interferograms. Procedia
Computer Science, pp- 318-325, 2018.
doi:10.1016/j.procs.2018.10.045

Zheng D., Rvd. Velde, J. Wen, X. Wang, P. Ferrazzoli, M.
Schwank, A. Colliander, R. Bindlish, and Z. Su.
Assessment of the SMAP Soil Emission Model and Soil
Moisture Retrieval Algorithms for a Tibetan Desert
Ecosystem, IEEE TGRS 56(7):3786-3799, 2018.

Zheng D., X. Wang, Rvd. Velde, P. Ferrazzoli, J. Wen, Z.
Wang, M. Schwank, A. Colliander, R. Bindlish, and Z.
Su. Impact of Surface Roughness, Vegetation Opacity and
Soil Permittivity on L-Band Microwave Emission and
Soil Moisture Retrieval in the Third Pole Environment,
Remote Sens. Environ., 209, 633 — 647, 2018.

Articles in conference proceedings:

Baffelli, S., Frey, O. & Hajnsek, 1.: Geostatistical Analysis
and Mitigation of Atmospheric Phase Screens in Ku-Band
Terrestrial Radar Interferometry. In Proc. IEEE Int.
Geosci. Remote Sens. Symp., pp. 6504-6507, 2018.
doi:10.1109/IGARSS.2018.8517479

Baffelli, S., Frey, O. & Hajnsek, 1.: Geostatistical Analysis
and Mitigation of Atmosphere Induced Phase in
Terrestrial Radar Interferometric Observations of an
Alpine Glacier. In Proc. of EUSAR 2018 - 12th European
Conference on Synthetic Aperture Radar, pp. 626631,
2018.

Balenzano, A., G. Satalino, F. Lovergine, F. Mattia, O.
Cartus, M. Davidson, M. Al-Khaldi & J. Johnson (2018).
Cross-comparison of three SAR soil moisture retrieval
algorithms using synthetic and experimental data. 2018
International ~ Geoscience and Remote  Sensing
Symposium, Valencia.

Bartsch A., G. Grosse, A. Kéab, S. Westermann, T. Strozzi,
A. Wiesmann, C. Duguay, F.M. Seifert, J. Obu, and 1.
Nitze, Examining Environmental Gradients with satellite
data in permafrost regions--the current state of the ESA
DUE GlobPermafrost initiative, EGU General Assembly
Conference,20,,16612,2018

Coscione, R., Hajnsek, 1. & Frey, O.: An experimental car-
borne SAR System: measurement setup and positioning
error analysis. In Proc. IEEE Int. Geosci. Remote Sens.
Symp., pp. 6364-6367, 2018.
doi:10.1109/IGARSS.2018.8519408

Frey, O., Werner, C. L., Hajnsek, I. & Coscione, R.: A car-
borne SAR system for interferometric measurements:
development status and system enhancements. In Proc.

IEEE Int. Geosci. Remote Sens. Symp., pp. 6508-6511,
2018. doi:10.1109/IGARSS.2018.8518840

Frey, O., Werner, C. L., Caduff, R. & Wiesmann, A.:
Tomographic profiling with SnowScat within the ESA
SnowLab Campaign: Time Series of Snow Profiles Over
Three Snow Seasons. In Proc. IEEE Int. Geosci. Remote
Sens. Symp., pp. 6512—6515, 2018.
doi:10.1109/IGARSS.2018.8517692

Magnard C., U. Wegmueller, C. Werner, F. Bonvin and E.
H. Meier, "Planning tool for SAR missions," EUSAR
2018; 12th European Conference on Synthetic Aperture
Radar, Aachen, Germany, 2018 2018.
(http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumbe
r=8438172&isnumber=8437291)

Mattia, F., A. Balenzano, G. Satalino, F. Lovergine, J.
Peng, U. Wegmuller, O. Cartus, M. W. J. Davidson, S.
Kim, J. Johnson, J. Walker, X. Wu, V.R.N. Pauwels, H.
McNairn, T. Caldwell, M. Cosh & T. Jackson (2018).
Sentinel-1 & Sentinel-2 for soil moisture retrieval at field
scale. 2018 International Geoscience and Remote Sensing
Symposium, Valencia.

Santoro, M., Cartus, O., Mermoz, S., Bouvet, A., Le Toan,
T., Carvalhais, N., Rozendaal, D., Herold, M., Avitabile,
V., Quegan, S., Carreiras, J., Rauste, Y., Balzter, H.,
Schmullius, C., Seifert, F. M., "A detailed portrait of the
forest aboveground biomass pool for the year 2010
obtained from multiple remote sensing observations,"
Geophysical Research Abstracts, vol. 20, pp. EGU2018-
18932, EGU General Assembly 2018, 2018.

Siddique, M. A., Strozzi, T., Hajnsek, I. & Frey, O.: SAR
tomography for spatio-temporal inversion of coherent
scatterers in villages of alpine regions. In Proc. IEEE Int.
Geosci. Remote Sens. Symp., pp. 6099-6102, 2018.
doi:10.1109/IGARSS.2018.8518296

Siddique, M. A., Strozzi, T., Hajnsek, 1. & Frey, O.: A case
study on the correction of atmosphere-induced phase
disturbances for SAR tomography in mountainous areas.
In Proc. of EUSAR 2018 - 12th European Conference on
Synthetic Aperture Radar, pp. 1412—-1416, 2018.

Media and press releases:

Earth from Space: special edition:
http://www.esa.int/spaceinvideos/Videos/2018/04/Earth_f
rom_Space special_edition

Copernicus Sentinels to help measure Earth's biomass
https://sentinels.copernicus.eu/web/sentinel/news/-
/article/copernicus-sentinels-to-help-measure-earth-s-
biomass
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