
 

 

 
 

Proposal for the Establishment of a Helmholtz Alliance 
 

 

Remote Sensing and Earth System Dynamics 
 

Fernerkundung und Dynamik des Erdsystems  
 
Coordinating Helmholtz-Centre German Aerospace Center 
  

Principle Investigator Prof. Dr. Alberto Moreira 
 DLR - Microwaves and Radar Institute  

Münchner Str. 20, 82234 Wessling 
Phone: +49-8153-282306 
Email: alberto.moreira@dlr.de 

  

Scientific Coordinator  Prof. Dr. Irena Hajnsek 
 DLR - Microwaves and Radar Institute  

Münchner Str. 20, 82234 Wessling 
Phone: +49-8153-282363 
Email: irena.hajnsek@dlr.de 

  

Deputy Scientific Coordinator Prof. Dr. Andreas Huth 
 UFZ - Department of Ecological Modelling 

P.O. Box 500 136, 04301 Leipzig 
Phone: +49-3412-351719 
Email: andreas.huth@ufz.de 

  

Administrative Coordinator Dipl.-Ing. Sandra Reigber (from April 2012) 
 DLR - Microwaves and Radar Institute  

Münchner Str. 20, 82234 Wessling 
  

Core Participating Institutions Helmholtz Centre for Environmental Research 
(UFZ), Forschungszentrum Jülich (FZJ), Helmholtz 
Centre Potsdam - German Research Centre for 
Geosciences (GFZ), Helmholtz Zentrum München - 
German Research Center for Environmental Health 
(HGMU), Karlsruhe Institute of Technology (KIT), 
Alfred Wegener Institute for Polar and Marine 
Research (AWI), Helmholtz Centre for Ocean 
Research Kiel (GEOMAR), German Aerospace 
Center (DLR-HR, DLR-IMF, DLR-KN), Max Planck 
Institute for Meteorology (MPI-M, Hamburg), 
Technical University of Munich (TUM), Friedrich 
Schiller University Jena (FSU), University of 
Innsbruck, Forest Stewardship Council International 
(FSC, Bonn), Swiss Federal Institute of Technology 
Zürich (ETH Zürich), Potsdam Institute of Climate 
Research (PIK), University of Potsdam, Ludwig-
Maximilians-Universität München (LMU), Federal 
Institute for Geosciences and Natural Resources 
(BGR), Philipps-University Marburg (LCRS), 
KlimaCampus University Hamburg 

  

Research Field(s) Space, Earth and Environment 
  

Requested Funding (in Euro) 10 MEuro 
  

Keywords Earth System Dynamics, Biosphere, Geosphere, 
Cryosphere, Hydrosphere, SAR Remote Sensing 

Oberpfaffenhofen, March 2012 



i 

Summary 
The proposed HGF Alliance “Remote Sensing and Earth System Dynamics” aims at the 
development and evaluation of novel bio/geo-physical information products derived from data 
acquired by a new generation of remote sensing satellites; and their integration in Earth 
system models for improving understanding and modelling ability of global environmental 
processes and ecosystem change. The Earth system comprises a multitude of processes 
that are intimately meshed through complex interactions. In times of accelerated global 
change, the understanding and quantification of these processes is of primary importance. 
Spaceborne remote sensing sensors are predestined to produce bio-geo-information 
products on a global scale. The upcoming generation of spaceborne remote sensing 
configurations will be able to provide global data sets and products with unprecedented 
spatial and temporal resolution in the context of a consistent and systematic observation 
strategy. The integration of these data sets in existing environmental and climate science 
components will allow a new global view of the Earth system and its dynamics, initiating a 
performance leap in ecosystem and climate change modelling. 
The key objective of the proposed Alliance is to prepare the HGF centers and the 
national/international science community for the utilisation and integration of bio/geo-physical 
products provided by the next generation radar remote sensing missions (e.g. Tandem-L1) 
into the study of natural and anthropogenic impact on Earth’s ecosystems by: 

• developing new bio/geo-physical information products from remote sensing data;  
• integrating the new products into Earth system models; 
• improving the understanding and modelling of dynamic processes; 
• providing a unique forum for the education of a new generation of scientists. 

This is a unique opportunity to exploit and widen the expertise of all participating centres and 
to maximise their role and contribution in the international environmental change science. 
The Alliance has the potential to change the way ecosystem change is addressed today and 
this is the reason why it becomes essential and indispensable. The Alliance is organized in  
4 research topics, each one dedicated to a specific Earth sphere: 

• Biosphere: Global forest structure and biomass dynamics are evaluated for forest and 
biodiversity monitoring and the quantification of the global carbon cycle; 

• Geosphere: The ability to measure topographic variations with millimetre accuracy is 
explored for improving the understanding of earthquake and volcano activities; 

• Hydrosphere: The quantification of soil moisture and its variations at high spatial 
resolution is assessed with respect to hydrological models and the global water cycle; 

• Cryosphere: The estimation of melting processes in snow, ice and permafrost regions 
is addressed in terms of global climate change. 

Backbone of the Alliance is our management that coordinates our efforts for cooperations 
and mobility, research training and promotion of young researchers, equal opportunities as 
well as public education and outreach.  
We request 10 MEuro for the years 2012-2017 from the Helmholtz Initiative and Networking 
Fund. The amount is supplemented by own contributing resources of at least 10 MEuro to 
maximise impact.  

                                                
 
1Tandem-L is a German proposal for an innovative spaceborne radar mission that enables the systematic monitoring of dynamic 
processes on the Earth surface with unexampled quality and resolution. The innovative mission concept and the high data 
acquisition capacity provide a unique data source to significantly advance our understanding of the Earth system and its 
intricate dynamics.  
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Zusammenfassung 
Die HGF-Allianz “Remote Sensing and Earth System Dynamics” hat die Entwicklung 
innovativer globaler bio- und geophysikalischer Satellitenprodukte zum Ziel, wie sie von einer 
neuen Generation von Fernerkundungs-Satelliten geliefert werden kann. Das System Erde 
umfasst eine Vielzahl von Komponenten, die durch komplexe Austauschprozesse 
miteinander verknüpft sind. Beispiele hierfür sind der globale Wasser- und 
Kohlenstoffkreislauf. Durch den beschleunigten globalen Wandel ist es von hoher 
Bedeutung, die Austauschprozesse genauer zu quantifizieren und zu verstehen. 
Weltraumgestützte Fernerkundungssysteme sind in besonderem Maße geeignet, hierfür 
entscheidende Daten in einem globalen Maßstab bereitzustellen. Eine neue Generation von 
Fernerkundungssystemen wird durch eine konsistente und systematische Aufnahmestrategie 
in der Lage sein, neue globale Datensätze und Produkte in bisher nicht dagewesener 
räumlicher und zeitlicher Auflösung zu liefern. Die Integration der so gewonnenen 
Datensätze in bestehende Umwelt- und Klimaforschung wird neue, wichtige Perspektiven auf 
das System Erde und insbesondere ihre Dynamik eröffnen, und so ein deutlich verbessertes 
Verständnis der zu Grunde liegenden dynamischen Prozesse ermöglichen. Das Hauptziel 
der vorgeschlagenen Allianz besteht darin, insbesondere die HGF-Zentren, sowie in einem 
weiteren Sinne die nationalen und auch internationalen Kompetenz-Zentren an der 
Inwertsetzung und Integration der obengenannten bio- und geophysikalischen Produkte, wie 
sie im Zuge der nächsten Generation von Radar-Fernerkundungsmissionen wie z.B. 
Tandem-L2 geplant sind, zu beteiligen und enger zusammenzuführen. Das Hauptaugenmerk 
liegt dabei auf natürlichen und anthropogenen Faktoren, welche den Wandel von 
Ökosystemen verursachen:  

• Entwicklung neuer bio- und geophysikalischer Satellitenprodukte; 
• Integration der neuen Informationsprodukte in Vegetations- und Erdsystem-Modelle; 
• Verbesserung des Verständnisses dynamischer Prozesse;  
• Etablierung einer innovativen Plattform für die Ausbildung junger Wissenschaftler. 

Diese einmalige Gelegenheit ermöglicht, die Expertise der beteiligten Zentren zu bündeln 
und ihre Rolle und Bedeutung im internationalen Rahmen der Forschungseinrichtungen, die 
den globalen Wandel untersuchen, zu betonen. Die Allianz kann somit auch direkt auf die Art 
und Weise Einfluss nehmen, wie heutzutage Forschung zum Ökosystem-Wandel betrieben 
wird, und eigene Impulse setzen. Letzteres ist eine entscheidende und unerlässliche 
Notwendigkeit des Antrags. Die Allianz gliedert sich in 4 Forschungsschwerpunkte:  

• Biosphäre: Erfassung der Biomasse der globalen Wälder, ihrer Struktur und 
Biomasseveränderungen; Quantifizierung der Rolle der Wälder im globalen 
Kohlenstoffkreislauf. 

• Geosphäre: Messung topographischer Veränderungen der Erdoberfläche im Bereich 
von Millimetern zur Erforschung tektonischer Vorgänge (Erdbeben und Vulkanismus). 

• Hydrosphäre: Messung der Bodenfeuchte und ihrer Variabilität in hoher räumlicher 
Auflösung für eine verbesserte Beschreibung des globalen Wasserkreislaufs und 
Prognosen mittels hydrologischer Modelle. 

• Kryosphäre: Abschätzung von den Schmelzprozessen in Schnee, Eis und 
Permafrostböden im Zuge des globalen Klimawandels. 

Die Managementstruktur der Allianz hat als wesentliche Ziele, die Kooperation zwischen den 
Zentren zu organisieren, den wissenschaftlichen Austausch zwischen den Projektpartnern zu 
fördern, das Training und die Weiterbildung junger Wissenschaftler zu realisieren, 
Chancengleichheit sicherzustellen und die Öffentlichkeitsarbeit durchzuführen. Die 
Antragssteller ersuchen hiermit dem Impuls- und Vernetzungsfonds der Helmholtz-
Gemeinschaft um einen Betrag von 10 Mio. Euro für den Förderzeitraum der Jahre 2012-
2017. Die Projektpartner steuern Eigenmittel bis zu 10 Mio. Euro bei.  
                                                
 
2 Tandem-L ist ein deutsches, innovatives Missions-Konzept für eine weltraumgestützten Radar-Fernerkundungsmission, 
welche zum Ziel hat, dynamischen Prozesse der Erdoberfläche mit bisher unerreichter Qualität und Auflösung im globalen 
Maßstab zu beobachten. 
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1 Framework Concept  
1.1 Future Challenges for Research in the Chosen Field 

1.1.1 Scientific Relevance 
The Earth system comprises a multitude of components and processes which are intimately 
related through complex interactions. For example, variations in the 

• biosphere (forest biomass, forest degradation, disturbance type, agro forestry,…), 
• geosphere/lithosphere (volcanic eruptions,…), 
• hydrosphere (ocean currents, soil moisture,…), 
• cryosphere (polar ice and snow cover, permafrost,...) 

change the dynamic equilibrium but also the physics and chemistry of the atmosphere. 
Changes in the atmosphere subsequently affect the weather and climate, which themselves 
influence a multitude of processes in the biosphere, geosphere, hydrosphere and 
cryosphere. Many of these complex interactions currently are either uninvestigated, or are 
inadequately researched and understood. An important reason for this is that processes from 
several Earth spheres and different spatial and temporal scales are usually interlinked, while 
suitable observation data for analysing the individual interactions are often unavailable or if 
available only for a limited range of locations and times. In addition, the tools and 
mechanisms for integrating these data products into dynamic local/regional or global models 
are not available. 
Although today the dynamics of the atmosphere are being continuously monitored by a large 
number of different sensors and satellites, many processes within the other Earth spheres 
are only selectively observed and at low temporal and spatial resolution. For instance, 
regular and global-scale observations are missing for such fundamental Earth system 
parameters as the global vegetation biomass, glacial motion, volcanic activity, tectonic shifts, 
global ocean currents, freezing and thawing cycles of the permafrost, local soil moisture and 
its variations, etc. Most of these processes are directly or indirectly linked to the climate and 
react very sensitively to changes in climate conditions. Already the sparsely available 
measurement data in the Polar Regions, which are particularly strongly affected by climate 
change, are witness to a considerably increased dynamism. This is manifested, for instance, 
in increased glacial flow velocities, reduced ice thickness of coastal outlet glaciers, as well as 
rapidly retreating sea ice cover in arctic summer months. Further it can be assumed that the 
number of natural disasters and extreme weather events will markedly increase. Systematic 
observation of these increasingly intense changes is essential for a better understanding of 
the underlying processes and interactions. 
Figure 1 shows important Earth system variables which range of observation intervals are 
needed for the systematic analysis of dynamic processes within the different Earth spheres. 
The Global Climate Observing System (GCOS) has identified a list of so-called Essential 
Climate Variables (ECVs) in the atmospheric, ocean and terrestrial domains. Seven out of 50 
defined ECVs are presented in Figure 1 and are already or will be potentially derived from 
satellite acquisitions. The monitoring and quantification of these ECVs is highly important in 
the context of the United Nation Framework Convention on Climate Change (UNFCCC) and 
Intergovernmental Panel on Climate Change (IPCC). 
The measurement of dynamic processes requires a continuous, extended and systematically 
planned observation approach, in order to detect changes and quantify them with sufficient 
accuracy. Depending on the phenomena to be observed, changes have to be measured on 
variable spatial and temporal scales, and then related to one another. With the advent of 
satellite-based Earth observation, our understanding of changes in the Earth system has 
increased markedly. However, the imaging performance, measurement accuracy and 
recording capacity of existing sensor systems are, in many cases, inadequate to draw 
reliable conclusions about the dynamics of large-scale processes. 
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Figure 1: Examples of dynamic processes of different Earth spheres and the observation 
interval necessary for their systematic analysis. 

The essential requirement of satellite missions is the ability to image large areas regularly, in 
the shortest possible time intervals and with high spatial resolution. Together with a 
systematically planned acquisition strategy, this facilitates the generation of consistent time 
series for the whole Earth. Only thus can the dynamics of the various changes on the Earth’s 
surface be measured with sufficient accuracy and without errors caused by an inadequate 
sampling rate. The combination of short revisit times and data acquisition periods extending 
over several years allows the monitoring of fast and highly dynamic processes, such as the 
relaxation following an Earthquake, as well as more slow processes, such as forest 
ecosystem change, to be monitored with the necessary precision and resolution. Today, 
even if several of these highly valuable satellite systems already exist, they are not able to 
cover a wide range of applications and have a restricted monitoring capability. Two important 
operating European satellite missions are dedicated to questions in the cryosphere using 
CryoSAT and hydrosphere/oceanography using SMOS. Both are providing high quality 
information on global scale, but with a reduced spatial resolution. Germany with its leading 
position in radar remote sensing operates two radar missions with a goal of a provision of 
high-resolution images and a global digital elevation model with an unprecedented accuracy. 
However, both missions do not provide the capability for a systematic world-wide monitoring 
of dynamic processes. New generation of spaceborne sensors are required to fulfil the 
requirements for a mapping of Earth system dynamics. Tandem-L is such an innovative 
mission proposal that will provide a unique, world-wide database for a better understanding 
of the Earth system dynamics in important fields, as well as enabling a multitude of 
applications. The preparation of the participating institutions in this HGF Alliance for the data 
utilisation of the mission Tandem-L will be a focus of the proposal research work. 

1.1.2 Tandem-L Mission Concept 
Tandem-L is a German proposal for a highly innovative satellite mission aiming at the global 
observation of dynamic processes on Earth’s surface. The utilisation of the special long 
wavelength (23 cm) synthetic aperture radar technique (SAR) enables high-resolution 
imaging of the Earth’s surface independent of weather and time of day; it therefore offers an 
ideal instrument for the continuous observation of dynamic processes. The mission concept 
is optimised with respect to the science requirements and will evolve with their development 
and extension based also on the Alliance research results. However, the preliminary mission 
concept is based on the following items: 
SATELLITES & INSTRUMENT 

• Two formation flying satellites with a fully polarimetric synthetic aperture radar (SAR).  
• Frequency is L-band with 23 cm wavelength (stronger penetration capability).  
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• Polar orbit with 760 km altitude and 97 degrees inclination.  
• High spatial resolutions between 3 m and 10 m (depending on operational mode). 
• Global coverage within 8-16 days (enabled by digital beamforming technique). 
• Two-frequency GPS receiver and downlink by the American Tracking and Data Relay 

Satellite System (TDRSS) with up to 5 Terabyte/day. 
OPERATION AND SCIENTIFIC DATA UTILISATION  

• Mission operations (control of satellites and instruments) by DLR.  
• Science requirements and data utilization will be coordinated by a national (HGF) and 

international scientific expert team during phase A.  
• Scientific users will receive the radar data and the developed products free of charge. 
• Complete processing chain from raw data up to level-3/4 products for a timely 

delivery of information products and provision of co-registered interferometric SAR 
data sets (level-1b products) to develop new methods and applications. 

ACQUISITION CONCEPT 
• The mission concept is based on two complementary imaging modes:  

o 3-D Structure Mode: Single-pass polarimetric SAR interferometry (Pol-InSAR) 
with baselines from 1 km to 10 km and fully polarimetric operation. 

o Deformation Mode: Repeat-pass SAR interferometry with single polarisation 
and wide swaths.  

Tandem-L with its novel imaging techniques and vast recording capacity will provide urgently 
needed information for solving pressing scientific questions in the different areas of the Earth 
spheres and is characterised by the high degree of innovation with respect to the 
methodology and technology (polarimetric SAR interferometry for measuring forest height, 
multiple pass coherence tomography for determining the vertical structure of vegetation and 
ice, the utilisation of the latest beamforming techniques for increasing the swath width and 
imaging resolution). No other radar mission with an equivalent degree of technological and 
scientific innovation is being planned for the next 5-7 years. 

1.1.3 Tandem-L Environmental and Climate Products  
Based on science derived requirements, a list of products and their specification in terms of 
spatial and temporal (i.e. revisit time) resolution as they may be provided by the current 
Tandem-L mission concept is given in Table 1.  
 

   Tandem-L Science Products Resolution Revisit 

 Biosphere 

 Forest height 

20 - 50 m 16 days – seasonal  Above ground biomass 

 Vertical forest structure 

 Geo-/ 
 Lithosphere 

 Plate tectonics 

5 - 100 m weekly* 
 Volcanoes 

 Landslides 

 Deformation 

 Cryo- & 
 Hydrosphere 

 Glacier flow 

50 - 500 m 

weekly* 

 Soil moisture weekly* 

 Water level change on demand 

 Snow water equivalent seasonal 

 Ice structure change seasonal 

 Ocean currents weekly* 

 Global  Digital terrain and surface model 20 - 50 m yearly 

Table 1: Potential product list as a science requirement list from the science team. The star (*) 
denotes that the product will be available for the time period of the mission. 
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The systematic monitoring of such a wide range of environmental parameters with high 
spatial and temporal resolution will change the way climate and ecosystem change science 
is performed today. In this sense Tandem-L has the potential to make a significant 
contribution in important geoscience areas and to set a milestone in international Earth 
system research. Accordingly, the main challenge of the proposed HGF Alliance is to 
prepare and foster in forehand the HGF and national/international science community for the 
utilisation of these data sets and products as well as to optimise their integration in the 
existing science components and mechanisms in order to maximise their scientific impact.   

1.2 Societal Relevance 
Climate and ecosystem change impacts every sector of society, including human health, 
food production, energy use, water resources, transportation and commerce. The successful 
response to the challenges of climate and ecosystem change requires the appropriate 
observation systems and the scientific skills to model expected and potential impact and the 
consequences of change on ecosystems, societies and economies. The ability to establish 
new observation systems to monitor and quantify dynamic processes on the Earth surface 
for the understanding and analysis of ecosystem change is therefore of fundamental not only 
scientific but also societal relevance (Figure 2).  
Remote Sensing is essential in daily weather forecasting and for routine oceanographic 
products such as maps of ice coverage and surface temperature, as well as for creating 
digital maps and documenting environmental changes such as ozone depletion and the 
effects of climate change on landmass, oceans and the atmosphere. In addition, Earth 
observation is used to help protect the environment (e.g. by monitoring the oceans for oil and 
algae blooms), to evaluate findings in the event of international crises and disasters and to 
provide support measures (e.g. in flood situations). Satellites today provide data for town 
planning, habitat maps and monitoring tasks in a variety of public, private and security-
related areas, for example in optimising agricultural subsidies, expanding mobile phone 
networks or to support relief efforts in the event of international crises or disasters. 

 
Figure 2: Visualisation of societal challenges supported by remote sensing and the role of the 
HGF Alliance in the context of the new generation of satellites. 
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1.3 Goals and Relevance for Helmholtz  
There is an increasing need to improve our knowledge and understanding of the rate and 
effect of natural and anthropogenic induced climate and ecosystem change. This need 
becomes especially important when it comes to predict the impact and the consequences of 
extreme events and irreversible processes affecting ecosystems, people, societies and 
economies worldwide. 
The HGF Alliance “Remote Sensing and Earth System Dynamics” aims to explore how data 
and products provided by the next generation of remote sensing systems can be used for 
achieving a new level in understanding and modelling global environmental processes and 
climate change by: 

• developing new bio-geo-physical products from remote sensing data;  
• establishing a network between the Helmholtz centers (UFZ, AWI, FZJ, GFZ, HMGU, 

KIT, GEOMAR and DLR) and the participating institutions that will allow to integrate 
remote sensing in the research of these centres;  

• integrating the new products into the existing framework of Earth system models; 
• using the new products to improve knowledge and prediction ability for dynamic 

processes in the biosphere, hydrosphere, cryosphere and geosphere; 
• establishing a unique framework for the education and advanced training on actual 

and relevant scientific questions to a new generation of scientists.  
While the main emphasis will lie on the data provided by the next generation of radar remote 
sensing systems (i.e. Tandem-L) and the associated information products obtained by using 
innovative data processing and product generation techniques, the synergies with 
complementary remote sensing data and techniques (i.e. hyperspectral) will be investigated. 
There are three questions that justify the proposed HGF Alliance: 

• Why is this Alliance proposed by DLR and Partners now? It is right the time to 
start preparing the integration of the information provided by new speceborne remote 
sensing configurations in Earth system models. The need to improve our knowledge 
on rate and effect of changes occurring in all Earth spheres is today more than ever 
important.  

• What is the novel aspect or approach? The novel approach is the integration of 
remotely sensed data to monitor and upscale local ground measurements to the 
global and regional level concerning important process in biosphere, hydrosphere, 
kryosphere and geosphere. The remote sensing data will be integrated in local, 
regional and global dynamic models for the important process in the Earth system 
dynamics in a systematic and useful way for the Helmholtz centres. This is possible 
as the proposed Alliance is unique in terms of scientific excellence, complementarity 
and networking between the Helmholtz centers maximising the potential of synergy. 

• What is the added value to be expected? The proposed Alliance has the potential 
to change the way ecosystem change is monitoring today and to make a fundamental 
contribution in understanding and exploring ecosystem change on local, regional and 
global scales. Strong scientific advances are expected on global forest inventory and 
change, geo-deformation monitoring, and ice bodies change quantification. 

The Alliance harmonises with the assignment of the Helmholtz Association to provide 
answers to questions that determine human life and environment. It will act as a catalyst for 
many of the research fields addressed within the research topic “Earth and Environment” and 
will boost the cooperation and synergy between the 8 Helmholtz centres in the research 
fields “Space” and “Earth and Environment” already been initiated in the frame of the 
TERENO and Tandem-L research activities.  
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1.4 International Benchmark 
The proposed HGF Alliance intends to  

• reduce uncertainties in critical components of the carbon and water cycle; 
• quantify forest structure change and disturbance; 
• monitor topographic variations for Earth dynamic prediction models; 
• measure annual and seasonal variability of cryosphere components; 
• improve and investigate aspects of ecosystem change that are not well understood. 

While a number of national and international programs and studies treat one or some of the 
issues above individually, it is the unique multi-disciplinary expertise of the participating 
institutions coordinated within this Alliance that allows addressing the whole range of issues 
enabling a global view on the problem. A comparable study is today missing in Europe as 
well as in USA. Accordingly, the proposed Alliance will help to keep Germany’s leading role 
in environmental science and radar technology at the forefront through the networking 
between the HGF centers and other research institutions. 
 

 
Figure 3: Current composition of the HGF Alliance and the associated Tandem-L science team 

The proposed Alliance consitsts of the HGF centers, the science partner and the associated 
science team. The Tandem-L science team has been initiated by DLR and the cooperation 
with the US DESDynI-R science team of NASA (Figure 3). The initial contact to scientists 
was in March 2008: An international expert team was formed by one to two scientists per 
Earth sphere aiming to define topics and questions relevant to the environment, and 
establishing a first set of mission requirements. In a second step, this rather small group of 
experts proposed and selected leading scientists within all science areas addressed by 
Tandem-L and invited to a workshop aiming to expose and discuss the science goals and the 
requirements of the mission in an extended round. The user workshop took place at DLR 
Oberpfaffenhofen in June 2008 with 60 scientists (mainly German and European attending) 
which formed the first science team. Among the participants numerous scientists from 
different HGF centers have been involved from the very beginning in the definition of the 
Tandem-L science and requirements. Original and new applications and the corresponding 
requirements have been evaluated, and integrated in the science plan. The consolidated 
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mission requirements have been communicated/presented to the NASA/JPL science team. 
An identification and separation into common and individual requirements has been worked 
out in common agreement. The active Tandem-L science members are listed in the 
Appendix. Since the formation of the extended science team in the summer of 2008, 
additional support has been received from scientists not involved in the first phase of the 
mission definition.  
The complementary expertise in data modelling and utilisation between the HGF research 
centers, the European research centers and Universities, and the American science 
community represented by the NASA/JPL science team offers large synergetic effects. The 
HGF Alliance is therefore predestined to set a milestone in Earth system research and make 
an important contribution to a better understanding and better preservation of the Earth and 
its environment. 

1.5 The Helmholtz Alliance as a Network of Complementary Excellence 
Spaceborne SAR systems are able to produce geo-information products timely, precisely 
and continuously on a global scale. Due to the high level of innovation, it is to be expected 
that various new applications and information products, that can’t be envisaged today, will be 
developed during the next 5 years of the HGF Alliance and in preparation for the Tandem-L 
mission. 
The 8 HGF centres are building the core of the Tandem-L science team. The infrastructure 
project TERENO - where 6 HGF centers are participating - is an important platform for this 
Alliance advancing synergies and networking. The HGF Alliance Remote Sensing and Earth 
System Dynamics offer a unique opportunity to strengthen cooperation through networking 
activities between the HGF centers. Successful exploitation of satellite data can be ensured 
in the following areas: 
Climate Change 

• Global determination of forest biomass and its temporal variation, in order to quantify 
the associated carbon sources and sinks. This will provide a complete picture of the 
vegetation related component of the Carbon cycle that is today the most dynamic and 
unknown component. 

• Monitoring of extend and melting processes in snow and ice regions. 
• Measurement of ocean currents. 
• Monitoring annual and seasonal variability of the spread and change of wetlands. 
• Quantification of variations in near-surface soil moisture. 

Biodiversity and Disturbance 
• Global monitoring of forest structure, such as forest height and vertical forest profile, 

and the global seasonal and yearly change. 
• Global identification of degradation level and disturbance type of forests on the local 

scale.  
• Quantification of biodiversity indicators and their variation, determined indirectly from 

the habitat structure of vegetation (e.g. forest structure and biomass distribution). 
Earth Dynamics 

• Observation of topographic variations with millimetre accuracy (e.g. due to 
earthquakes, volcanoes, landslides, etc.), in order to improve the understanding of 
possible events and contribute to prediction models. 

• Identification and provision of infrastructure information in disaster areas, in order to 
assist aid measures after catastrophes. 

The involved HGF centers possess an ideal foundation for investigating these parameters 
and for answering the open questions in climate research and dynamic processes on the 
Earth’s surface. The data provided by Tandem-L will be further used to reveal fundamental 
process understanding on vegetation scattering models and their assimilation into biological 
vegetation models by comparing measured signatures with results derived from models 
driven with on-site information on the vegetation, such as structure (alternatively synthesized 
vegetation structures), water content, etc. Furthermore, simultaneous measurements of 
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vegetation microwave signatures and hyperspectral reflection signatures will be performed to 
explore the potentially extended information content that could be governed from combining 
these highly complementary remote sensing techniques. The goal is that the HGF centers 
will form a world-beating team in Earth observation using radar data in combination with 
other remote sensing data and their scientific exploitation. 

1.6 The Helmholtz Alliance as an Element for Further Structural Development  
1.6.1 Long-term Scientific and Structural Objectives, Continuation and Further 

Development Beyond the Funding Period 
The proposed Alliance will complement the high degree of innovation in radar remote 
sensing technology, which have been successfully implemented with TanDEM-X, and will 
establish a unique chain from satellite technology, mission operation to information extraction 
and integration into local, regional and global models.  
Today, Germany has a leading position in radar remote sensing. This is because, from the 
beginning, complete system capability was aspired to, i.e. proficiency in all project stages 
from mission planning to data utilisation, as well as researching new technologies and 
applications. The strategy and the roadmap for future radar missions were always developed 
in close collaboration with the DLR Space Agency and German space industry. Hence, all 
the German missions can be seen as logical steps in the radar development line. German 
industry has a leading position in highly-innovative radar technology with excellent cost 
effectiveness and works closely with scientific institutions in Germany. In order not to 
interrupt the successful radar development line, the way has to be prepared for a TanDEM-X 
follow-on mission. This is because the total time needed for a space mission from preliminary 
studies, approval to realisation is approx. 5 to 7 years. This means that the earliest date for 
the launch of a radar mission is 2017, i.e. after the end of the TanDEM-X mission. 
A mission proposal as a successor to TanDEM-X has to be highly scientifically and 
technologically innovative to lastingly maintain Germany’s supremacy in radar. It is essential 
that the mission proposal addresses the very latest scientific questions of the day on the 
dynamic processes on the Earth’s surface, which are crucial for a better understanding of 
global climate change. Also, it has to logically extend the very successful programmatic radar 
development line. Due to the high degree of technological innovation, the importance of the 
scientific goals, the envisaged cooperation with NASA/JPL, as well as the extension of the 
German radar line to L-band as an optimum complement to X-band, Tandem-L is identified 
as being the next logical step in the German radar development line. 
After the HGF Alliance a unique network of scientific exchange will be established 
cooperating further on the assigned research topic or even having extended their research 
interest. The continuation of the HGF Alliance is also supported by the fact that a variety of 
complementary national and international programs (e.g. ACROSS, GMES) are being 
initiated. Remote sensing data are today an integral part of Earth system models as well as 
environmental and ecosystem research. 

1.6.2 Compatibility with the Structural and Development plans of the Centres 
All partners of the HGF Alliance will be fully compatible with the structural and development 
plans of their research centers and will continue their research established during it. The 
follow on research has been confirmed by the Letter of Intent from each partner of the HGF 
Alliance listed in the Appendix. 
Remote sensing is today an indispensable source of information for Earth system modelling. 
Germany has now a leading position in Europe in satellite remote sensing, The HGF Alliance 
will strongly support the participating centres in their development plans to strength the 
research activities in this field. In addition to TERENO, the infrastructure project ACROSS 
will ensure the synergic activities (e.g. soil moisture validation) with the HGF Alliance. 
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2 Research Topics  

2.1 Research Topic 1: Biosphere 
Science Team Coordination: Prof. Andreas Huth (UFZ)  
Science Team: DLR-HR, UFZ, HMGU, TUM, FSC, FSU, PIK 
Associated Team: EFI, NRW Ministerium für Umwelt, Naturschutz, Landwirtschaft u. 
Verbraucherschutz, ASI GmbH, Univ. Freiburg, Univ. Göttingen, MPI Hamburg  

2.1.1 Scientific case for the Research Topic 
2.1.1.1 Background 
Humans depend on the terrestrial vegetation, for natural resources and food, but also for 
various other functions, such as the regulation of biogeochemical cycles and local and global 
climate. It is therefore of utmost importance to monitor the state and dynamics of the 
terrestrial vegetation, and how it will respond to land-use and climate change.  
Today, forests cover only one third of the Earth’s land (ice free) surface but accommodate 
around two thirds of world’s animal and plant species. Forests abet the water absorption and 
storage capacity of the vegetation and evaporation; provide protection from erosion, 
avalanches and flooding, and regulate the water balance by acting as natural reservoirs. One 
third of the world’s largest cities receive a significant proportion of their drinking water from 
forest preservation areas. During their growth, forests enrich biomass and simultaneously act 
as CO2 sinks. For example in Europe forests absorb 7-12% of the carbon emissions from the 
atmosphere. Because of this, they are important factors in the global carbon cycle (Bonan, 
2008). As far we know forests store today half of the terrestrially bound carbon (including soil 
carbon) (Pan et al, 2011, Houghton et al, 2003, IPCC, 2007) and 70-90% of Earth’s above 
ground biomass. When forests are destroyed the stored carbon is released to the 
atmosphere. 20% to 25% of global anthropogenic carbon emissions are due to deforestation 
and forest degradation, more than 13 % of the emissions are caused by the entire 
transportation sector (IPCC, 2007, Van der Werft et al, 2009).  
Tropical rain forests are particularly important. Although they only cover about 6% of Earth’s 
surface, they are home to approx. 50% of the world’s animal and plant species. Their trees 
store 50% more carbon than trees outside the tropics (Bonan, 2008). At the same time they 
are one of the most endangered ecosystems on Earth: about 6 million of hectares per year 
(close to the size of Bavaria) are felled for timber or cleared for farming.  
Compared to the other components of the carbon cycle (i.e. the ocean as a sink and the 
burning of fossil fuels as a source, see Figure , the uncertainty in the land local carbon stocks 
and the carbon fluxes are particularly large (Houghton, 2003, Beer et al, 2010, Pan et al. 
2011). The land flux has two components: a source term (mainly due to deforestation and 
degradation) and a very poor understood forest related sink term. This is not only a scientific 
challenge, but also of great practical importance. At the UN Climate Change Conference in 
Bali 2007 it was decided to introduce a mechanism for the reduction of emissions due to the 
deforestation and degradation of forests by supporting countries to protect their forest (REDD 
‘Reducing Emissions from Deforestation and Forest Degradation’). A precise, cost-optimised 
and transparent global monitoring system of emissions due to deforestation and forest 
damage is a prerequisite for the lasting success of REDD. 
The parameter which characterises the distribution of carbon in the biosphere is biomass. 
However, for accurate dynamic predictions, it is also important to get additional information 
about the state of the vegetation, as projected biomass developments can differ strongly 
between forests of different successional stages or degrees of degradation. Today, 
estimations of biomass at local, regional and global scales are very inaccurate, and 
estimations of forest age and degradation are even more challenging. The lack of exact 
spatial forest biomass data (the measurement errors often exceed the estimated mean 
value) was recognised as one of the largest uncertainties in the global carbon budget in the 
IPCC report 2007. Biomass was therefore identified by the UNFCCC as an Essential Climate 
Variable (ECV).  
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Figure 4: Global carbon balance with the most important carbon fluxes in GtC per year (Beer et 
al, 2010) differentiated according to the sources (the burning of fossil fuels and land-use 
changes primarily due to deforestation) and sinks (oceans and biosphere). The fluxes due to 
changes in the vegetation of the biosphere are shown in green. On the right-hand side the 
yearly accumulation of carbon in the atmosphere is shown. The uncertainties of the terrestrial 
fluxes relative to the others are reflected in the large error bars. 

Innovative radar remote sensing techniques like proposed with Tandem-L can play a 
decisive and unique role in achieving a consistent global inventory of forest biomass and 
structure and for monitoring their spatial and temporal dynamics. Remote-sensed forest 
biomass determination is based on forest height and forest structure measurements (Frolking 
et al, 2009, Shugart et al, 2010). It not only facilitates a highly accurate biomass inventory for 
all critical forest ecosystems, including the tropics, but also the yearly determination of 
dynamic trends throughout the mission lifetime. Furthermore, the high resolution allows the 
correlation of changes in the vertical forest structure with indicators of successional state 
proxies for forest age and forest disturbance state (degradation). Thanks to the high spatial 
resolution and the systematic acquisition strategy, a Tandem-L like mission has the potential, 
not only to monitor systematically deforestation with high spatial resolution but also to detect 
forest disturbances at small scales.  
This HGF Alliance will develop and improve the methodology for using forest height and 
forest structure measurements performed by means of radar remote sensing to predict local 
biomass as well as disturbances and degradation. The Alliance will demonstrate how this 
information can be further used to improve projections of forest growth, structure, carbon 
stocks and fluxes (using forest and vegetation models). It will be explored how data acquired 
by innovative radar remote sensing configurations (e.g. Tandem-L) can be used to measure 
forest degradation and disturbance at small scales and how such data can be used for forest 
management control and certification. The Alliance will also investigate how such data sets 
can aid in better understanding vegetation physiology, for forest and agricultural (bioenergy) 
systems when combined with hyperspectral techniques. Finally, the Alliance will explore how 
such data can be used to improve global dynamic vegetation models and process based 
forest models which are important tools for assessing the interactions between vegetation 
and climate and management planning.  

2.1.1.2 Most important goals of the planned work 
The Biosphere Research Topic aims to integrate and use forest (structure) parameters 
derived from radar remote sensing techniques in monitoring the state and the properties of 
global forests with a particular focus on biological properties. This question will be examined 
on different levels: from the estimation of forest parameters from the radar data sets; to 
secondary biological indicators that can be derived from these parameters, the 
complementarity to optical/hyperspectral data and parameters up to vegetation model 
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predictions that extrapolate forest dynamic in space and time. The most important goal of this 
work package is gaining a better understanding of the following scientific questions: 

• How does the spatial heterogeneity of natural forests impacts on structure and 
biomass measurements obtained from radar remote sensing techniques? 

• What is the effect of environmental and terrain conditions on the estimation and 
interpretation of radar derived forest structure parameters? 

• How can the new radar remote sensing derived forest parameters be used to quantify 
disturbance type and disturbance intensity in forests? 

• Are the new radar remote sensing configurations able to deliver timely and affordable 
data for describing forest dynamics as well as changes in biodiversity?  

• Is it possible to derive relationships which relate forest structure parameters (as 
derived by radar remote sensing) to local (tree) species richness? 

• What is the potential of using multi-sensory data sources to estimate biophysical 
vegetation parameters?  

• Are disturbances of vegetation/forests as identified by radar matched by respective 
changes in biochemical parameters derived from hyperspectral data?  

• How can dynamic forest models and global vegetation models are be coupled to 
satellite data? How can satellite data be used to parameterise forest models directly? 

• How does forest structure vary with environmental conditions and human 
management on a global scale?  

• What are the consequences of climate change for the canopy cooling capacity and 
the stability of forests?  

2.1.2  Existing competencies and infrastructure 
For our proposed research program we build on expertise and existing infrastructure of a 
group of excellent scientific partners, which consist of PIK, TUM, UFZ, DLR-HR, FSU and 
FSC. Associated partners are EFI, NRW Ministerium für Umwelt, Naturschutz, 
Landwirtschaft u. Verbraucherschutz, ASI GmbH, Univ. Freiburg, Univ. Göttingen and the 
MPI Hamburg. In the following competences and available infrastructure of the scientific 
team will be summarised briefly.  
The expertise of the Potsdam Institute for Climate Impact Research (PIK) lies in process-
based vegetation modelling, ranging from model development, model evaluation to model 
application. Impacts of global change on Amazon rainforests have been evaluated in several 
recent research projects. For the proposed work package, the dynamic global vegetation and 
water balance model LPJmL, which has been developed at PIK, will be applied. LPJmL is 
considered to be the most widely tested and applied model of its kind and has been 
thoroughly evaluated (e.g in collaboration with Department for Earth Observation at FSU). A 
high performance Cluster computer for simulation runs is available at PIK. 
The Chair for Forest Growth and Yield at Technische Universität München (TUM) 
bridges the gap between science and practice by quantitative research on the biology of 
forest dynamics on the one hand, and condensing the insights into rules and simulation 
models (SILVA, BALANCE) that can be applied for solving management problems on the 
other hand. The chair maintains a unique long-term network of approximately 1,000 forest 
research plots mainly in Southern Germany, which will supply excellent ground truth data 
(from classic measurement methods to terrestrial LIDAR) for the proposed project. There is 
also access to raster inventory data from the Bavarian State Forest Enterprise (800,000 ha) 
and additional data for other climatic zones from various international cooperation partners. 
On the field of forest remote sensing it cooperates with DLR-HR for more than one decade.  
The Department of Ecological Modelling at the Helmholtz-Centre for Environmental 
Research (UFZ) is one of the largest research institutes in Europe for ecological modelling. 
The institute studies the dynamics of forests by means of field data, statistical analysis and 
dynamic forest models for more than 15 years. Especially for the tropics several well 
established forests models are available which have been applied in many different regions. 
The analysis of spatial structure of forests and the combination of dynamic forest models with 
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field and remote sensing data is a particular interest of this institute. For the proposed work 
packages, the group provides several forest models (in particular FORMIND) and computing 
resources from several HPC clusters at the UFZ. The Department of landscape ecology at 
the UFZ has long term experience in analysing optical remote sensing data (NOAA AVHRR 
and Terra MODIS/Aqua). These data sets have been used to derive phenological metrics on 
a continental scale and assess the influence of heterogeneous landscapes on satellite-
derived green-up dates. UFZ owns a hyperspectral sensor which was successfully employed 
in various remote sensing campaigns over the last years, e.g. within the EnMAP 
(Environmental Mapping and Analysis Program) project. There is also experience in radiative 
transfer modelling and the use of machine learning methods. 
The Forest Stewardship Council (FSC), provides a globally accepted method of forest 
management certification demonstrating that forest management activities should take into 
account the delicate balance between social, economic and environmental expectations. The 
rapid growth of activities and geographic coverage of FSC (currently ca. 150 million hectares 
worldwide) challenges the current practice of conventional forest inspections as a basis of 
certification. Therefore, FSC has prioritized raising standards of confidence in certificates 
issued and the adoption of technological solutions wherever applicable and cost-beneficial. 
FSC is experienced in cooperating with a number of different organisations (e.g. World 
Wildlife Fund, UNEP World Conservation Monitoring Centre, European Space Agency ESA).  
The Department for Earth Observation of the Friedrich Schiller University Jena (FSU) is 
part of the Institute of Geography at the FSU. It employs now 30+ scientists and two support 
staff.  Research focuses on: (i) forest monitoring, (ii) radar science, (iii) digital image 
processing, and (iv) development of environmental spatial data infrastructures. Geographic 
areas of experience are (besides test sites in Thuringia) Central Siberia, China, South Africa, 
Mexico and a large number of undisturbed forest sites in various tropical countries. The 
Department is involved in numerous programmes of national and international space 
agencies, and is a recognised coordinator and partner in many European remote sensing 
projects since FP4 and a contributor to FAO’s Forest Resource Assessment. 
The Microwave and Radar Institute of German Aerospace Centre (DLR-HR) has more 
than 80 years experience in radio frequency technology and has for more than 35 years 
been active in microwave remote sensing. It holds world leading expertise in SAR system 
design, operation, data processing, air- and spaceborne SAR interferometry and polarimetry. 
DLR-HR was essential in developing from the very beginning the new discipline of 
polarimetric SAR interferometry evolving leading expertise in technical, processing, 
modelling, and inversion aspects. Several major airborne SAR campaigns have been carried 
out with the Institute’s E-SAR system in Europe, Asia and Africa. Innovative data acquisition 
modes of the E-SAR system allowed us to demonstrate for the first time the potential of 
polarimetric SAR interferometry (Pol-InSAR) for forest height retrieval in tropical areas.  
The Institute of Soil Ecology at the Helmholtz Zentrum München (HMGU) and its 
Research Station Scheyern conduct experiments and continuous observations of 
hydrological and biological variables. These studies made the development of terrestrial 
ecosystem models possible. Since 2008 the Research Station Scheyern is part of the 
TERENO Observatory “Bavarian Alps/pre-Alps”. These studies are conducted in cooperation 
with partners from the KIT, FZJ, UFZ, GFZ. Installed measurement systems include a wide 
array of hydrological and biological sensors and plots. To study fluxes between soil and 
atmosphere the research farm is equipped for TERENO with additional climate (> 10) and 
EC stations, runoff and soil erosion observation systems, a wireless soil moisture sensor 
network, a cosmic ray probe for areal mean soil moisture estimation and a lysimeter station. 

2.1.3  Work packages, expected results and milestones 
Estimation of forest parameters from remote sensing 
WP B1: Vertical forest structure and biomass estimates from radar remote sensing 
techniques (Pol-InSAR)  
Responsible: Dr. Konstantinos Papathanassiou (DLR-HR), Dr. Eckart Priesack (HMGU) 
Other Institutes: UFZ, TUM, PIK, FSU, FSC 
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The estimation of forest vertical structure parameters, including forest height, by means of 
multi-baseline polarimetric interferometric (Pol-InSAR) acquisitions at L-band has been 
successfully demonstrated over several forest types in different ecosystems (boreal, 
temperate and tropical) with data acquired primarily by airborne sensors. Using the derived 
forest height and structure parameters, (forest) biomass can be estimated based on 
dedicated allometric equations. This “structure allometry” has been up to now developed and 
validated for temperate and boreal forests only. The proposed Alliance is the ideal framework 
for addressing and answering a number of technical and ecological questions regarding the 
estimation of forest structure parameters. First is the development and validation of robust 
forest structure estimation schemes for the space borne case characterised by a limited 
number of acquisitions. Trade-offs between structure resolution and complexity of the 
observation space has to be analysed with respect to individual applications. The next open 
issue is the physical interpretation of the obtained vertical reflectivity profiles for a range of 
forest types and conditions. As a third element, the development and validation of 
appropriate structure to biomass allometric relations for tropical forest conditions is foreseen. 
The expertise and the data basis available within this Alliance is a strong starting point. 
Finally the dynamic component of the structure estimates has to be analysed aiming at the 
development of the appropriate methodology for the detection and assessment of (structural) 
forest disturbance. Terrestrial laser scanners (TLS) are one opportunity to access vertical 
structure information from the ground. Here TLS will be used to obtain the structure of the 
above ground portions of tree canopies. Individual plant skeletons will be automatically 
extracted from TLS data. This allows a modelling of water exchange between soil, vegetation 
and atmosphere. Further, ray tracing techniques are used to simulate the radar beam and 
provide a better understanding and interpretation of remote sensing data such as expected 
by Tandem-L. During the project TLS data will be collected and evaluated over several 
temperate test sites (Kranzberg, Höglwald, Tuttlingen, Scheyern, Hainich). 

WP B2: Fusion of radar (L-band) and hyperspectral data to derive biomass, leaf area index 
and vegetation disturbance. 
Responsible: Dr. Daniel Doktor (UFZ)  
Other Institutes: DLR-HR, TUM, FSU, FSC 
L-band radar and hyperspectral data provide complementary descriptions of observed 
vegetation areas. Whereas radar measurements supply information of vegetation structure, 
hyperspectral observations predominately reflect the canopy’s biochemical composition. 
Combining the advantages of both would allow more robust and precise estimates of 
biophysical plant parameters such as biomass, leaf area index or disturbances. Furthermore, 
it can be investigated whether disturbances which change the vegetation structure (as 
detected by radar) are matched by respective changes in biochemical parameters (derived 
from hyperspectral data). The focus is set on forest but could also be extended to the 
agricultural vegetation case. The whole chain of processing and combining hyperspectral 
and radar data will be addressed including the establishment of the appropriate processing 
chain. This covers a comprehensive error analysis as well as radiometric, geometric and 
atmospheric corrections. Based on the the results obtained, experiments and flight 
campaigns will be designed and proposed. The derivation of hyperspectral and radar 
biophysical parameters will be done via i) radiative transfer modelling and ii) statistical 
methods, e.g. machine learning (random forest or support vector regression). In a final step 
the combined predictive power of hyperspectral and radar data is exploited for more precise 
and robust derivation of biophysical parameters. 

WP B3: Decoupling anthropogenic and natural factors for global forest monitoring to improve 
sustainable management and climate modelling 
Responsible: Prof. Dr. Christiane Schmullius (FSU) 
Other Institutes: DLR-HR, UFZ, PIK, FSC, TUM, HMGU 
Capabilities and limitations of radar forest monitoring systems (air- and satellite-borne) were 
often investigated in test sites with well understood, homogenous site conditions. This work 
package aims the understanding of how anthropogenic and natural factors affect the data 
and products from of radar forest monitoring systems and impact the operation of a global 
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biomass monitoring program. These factors include e.g. varying natural undergrowth, 
different plantation practices, selective logging, and disturbed forests. A second group of 
important factors include meteorological and environmental variations (snow cover and 
wetness, soil moisture) and topographic conditions (terrain slope). Hence, this work package 
has two objectives: (a) to describe the impact of structural differences, and (b) to investigate 
the influence of environmental factors (meteorology, topography) on the algorithms 
developed in the framework of the HGF Alliance. The main methods include application of 
referenced forest structure retrieval algorithms using polarimetry, interferometry, and 
differential Pol-InSAR methods. Airborne and ground-based LIDAR (if possible full waveform) 
data will support the forest geometrical description, and hyperspectral measurements 
(airborne and field spectrometer) for biophysical state characterisation. Adequate long time 
series of satellite data, forest inventory parameters and additional field measurements are 
available. The expected results of this work package are (a) the quantification of impact 
factors on forest structure retrieval algorithms, (b) the determination of validity ranges of 
existing methods, (c) the development of a new set of algorithms to take into account natural 
and anthropogenic forest heterogeneities. There are strong links to other work packages 
(e.g. forest structure types or specific natural forest condition descriptions that possibly guide 
an adjusted retrieval development).  

Structural characterization of forests 
WP B4: Disturbance indicators and spatial heterogeneity in complex forests 
Responsible: Prof. Dr. Andreas Huth (UFZ) 
Other Institutes: TUM, LCRS - Univ. Marburg, FSU, DLR-HR, UFZ 
One part of this work will consist of applying established forest models to create large virtual 
forests under different disturbance scenarios. The scenarios will contain different disturbance 
types and intensities (e.g. logging, fire etc). The analysis will aim at determining new 
indicators provided by satellites to reveal disturbance type and intensity.  We will investigate 
how forest height, above ground biomass, biomass in different height layers, gap fraction 
(fraction of forest area in gap phase) correlate with a given disturbance type and intensity 
and the dependency of this relationship on the spatial scale. The aim is to determine for a 
certain forest attribute the appropriate scale which leads to the lowest uncertainty in the 
relationship. In the best case it will be possible to derive a relationship for the tree size 
distribution which is a central indicator for forest structure in tropical forests. Moreover, we 
will explore if there is a relationship between tree species richness and remote sensing 
indicators. The results will be used as bases for a new satellite product which describes the 
disturbance state of natural forests.  
In a second step, we will study the spatial heterogeneity in tropical forests using large 
inventory data sets (belonging to the Smithsonian Institute Network of large forest plots) in 
connection with point pattern analysis to detect characteristic spatial patterns of biomass, 
forest structure, and tree species richness at different spatial resolutions. We will analyse 
relationships between local species diversity and forest structure. In addition we plan to 
develop allometric relationships to reconstruct at fine scale the distribution of branches in 
forests and crowns. This will aim at analysing typical patterns of the canopy structure at 
different scales. The results will be important for refining radiation-transfer and (radar) 
inversion models in future. 

WP B5: Forest Structure Types – Identification, Ecological and Practical Relevance 
Responsible: Prof. Dr. Hans Pretzsch (TUM) 
Other Institutes: UFZ, DLR-HR, FSU, FSC 
Despite forest structure has for decades been measured and described, area-wide studies 
that would allow for generalisations are rare. A synopsis suggests that the vast number of 
existing forest structures can be attributed to a limited number of forest structure types. Their 
worldwide distribution and their change would give new and remarkable insights into the 
natural and anthropogenic conditions that make forests evolve in a certain way. This would 
allow generalisations and further development of ecological theory and sustainable forest 
ecosystem management and conservation. 
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The proposed Alliance offers an outstanding opportunity to approach that goal. The ability of 
innovative radar remote sensing configurations (like proposed with Tandem-L) to provide 
repeatedly information about the vertical forest biomass distribution at a spatial resolution on 
the order of 20-50 m, enabling us to detect structural properties from spot to landscape 
scale. This is important as locally homogeneous forests can be very heterogeneously 
structured on larger scales and vice versa. A unique database of terrestrial structure 
measurements available at our institute will allow the calibration of algorithms that identify 
forest structure types from Tandem-L data. This will dramatically enhance remote sensing 
based allometric forest biomass estimation, with benefits for large scale forest monitoring for 
certification, policy assessment, problematic spot and damage identification. The first step is 
to develop algorithms for automatic structure type identification from radar provided structure 
data only. Then, the structure types identified and their changes will be linked with available 
climate, geographic, geologic, and management information in order to gain overarching 
insights into forest dynamics, services and functions under various natural and 
anthropogenic conditions, and to provide basic knowledge for regional up to global 
monitoring applications especially with respect to carbon storage of forest ecosystems. In a 
first step this will be done in Central Europe, where outstanding terrestrial information is 
available from different sources. After that, we will extend the research to boreal and sub-
boreal forests (Canada), sub-tropical and tropical forests (Vietnam), a range of forests under 
semi-arid to Mediterranean conditions (South Africa), and temperate rainforests (Tasmania). 

Applications for remote sensing derived forest parameters 
WP B6:  Assessment of applicability of new remote sensing tools in forest certification  
Responsible: Dr. Hans-Joachim Droste (FSC) 
Other Institutes: FSU, UFZ, TUM 
The HGF Alliance aims at establishing innovative tools for monitoring the global forests. FSC 
International Centre will test the practicability of these potential tools provided by remote 
sensing. Especially data acquisition related to forest state and forest biomass are of 
relevance for FSC’s work, e.g. to monitor logging, illegal logging, forest management, 
disturbances and impacts of climatic changes on forests. The significance of these remote 
sensing  data will be evaluated by FSC as end user in providing links and cooperating with 
FSC network partners. FSC’s contribution to the project will consist of: (a) Certified forests: 
Description of forest cover dynamics in (and adjacent to) certified forest operations; FSC will 
identify regions of strategic importance for this research question and will evaluate together 
with Certification Bodies and certificate holder  the data generated with the new remote 
sensing techniques. The user-acceptance of outcomes of the HGF project will be explored by 
forest practitioners, and FSC will organize a meeting with practitioners and HGF members to 
discuss the findings (timing depends on milestones of other HGF partners).  (b) Conservation 
areas: Description of heights and vertical structure of forests and inferences to biodiversity of 
undisturbed and adjacent managed forests to identify forest disturbance in regions with high 
conservation values. FSC will identify jointly with major NGOs sites of special sensitivity 
importance. FSC with the NGOs will validate the data generated with the new remote 
sensing tools using e.g available data from repeated forest inventories. FSC will organize a 
meeting with the NGOs, HGF, and when appropriate with government representatives to 
discuss how the new tools can be applied to develop a monitoring and early warning tool for 
the state of these high conservation values (timing depends on milestones of other HGF 
partners). Finally after consultations with its Network Partners, FSC will provide feedback to 
applicability of tools and significance of data analysis; and provide a statement about the 
HGF Alliance project outcomes related to forest monitoring.  
WP B7:  Combining remote sensing with Earth system models to evaluate feedbacks 
between forest stability and climate change  
Responsible: Dr. Anja Rammig 
Other Institutes: UFZ, FSU, TUM, DLR-HR  
Global vegetation models are important tools to assess the link between global vegetation 
and climate. An important process in forests is that trees try to keep leaf temperature at a 
constant level by “transpirational cooling”. This process is not yet included in global 
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vegetation models.  Climate change may weaken this transpirational cooling effect and leads 
to forest instability particularly with increasing drought conditions. The goals of this work 
package are (a) to characterise the canopy cooling capacity of different forest types by 
combining high resolution measurements of soil moisture, canopy structure and leaf 
temperature with process-based vegetation modelling, (b) to examine the consequences of 
climate change on canopy cooling capacity, and thus stability of forests and (c) to evaluate 
potential feedbacks between vegetation and climate. The LPJmL (Lund-Potsdam-Jena 
managed land dynamic global vegetation and water balance model) modelling framework will 
be used to develop a global vegetation model which uses a leaf/canopy energy balance 
calculation, and thus leaf/canopy temperature instead of air temperature for estimating forest 
stability and productivity. For the model development, parameterization and evaluation, we 
use long-term and high-resolution measurements on soil moisture, leaf temperature and 
productivity from flux tower measurements. These are, however, small-scale measurements. 
To provide data at the ecosystem level, large-scale measurements are needed. From 
Tandem-L like system configurations, we expect a comprehensive description of forest 
structure and soil moisture at a high spatial resolution for validation of the new vegetation 
simulations. A comparison between simulated canopy temperatures, airborne canopy 
temperature measurements (in collaboration with S. Leuzinger, ETH Zurich) and remote 
sensing products will be conducted. The effects of increasing temperatures, changing 
precipitation patterns and increased atmospheric CO2 on forest stability and productivity will 
be evaluated using an ensemble of future climate scenarios. To analyse the effects of the 
feedbacks between vegetation and the atmosphere, the implementation of leaf temperature 
will also be applied within a coupled atmosphere-ocean-vegetation framework (CLIMBER-3-
LPJmL). A detailed and more realistic analysis of thresholds for crossing a tipping point and 
for large-scale forest dieback will be carried out. New insights in hysteresis effects and forest 
resilience to climate change are expected. 

WP B8:  Coupling satellite data to dynamic forest models 
Responsible: Prof. Dr. Andreas Huth (UFZ) 
Other Institutes: PIK, TUM, DLR-HR, LCRS - Univ. Marburg 
Efficient forest management and forest protection policies require information about the 
current state, but also future dynamics, of global forests. Satellite data can create area-wide 
measurements of the “status quo” of indicators such as forest height, structure and biomass 
from radar sensors, leaf area from optical satellites but it is currently difficult to infer the 
successional state and the probable future development of the forest from this data. A new 
idea is to compare spatial predictions of dynamic forest models with high-resolution satellite 
data to infer not only forest type, but also the current successional state of the forest. This 
would allow precise predictions of future biomass developments and carbon fluxes for 
different management options or under changing environmental conditions such as 
increasing temperature or CO2 levels.  
To explore this possibility, we will select study areas with different forest types. In parallel, we 
prepare appropriate versions of forests models (e.g. FORMIND as a spatially explicit, 
dynamic forest model). Subsequently, we develop a framework for inverse parameterization 
that can be used to fit the forest model to the (spatial) satellite data. Finally, we use this 
inverse modelling chain to test how appropriate the remote sening derived data are to a) 
constrain model parameters b) constrain the current successional state of the forest. If this 
step is successful, we explore how this process can be sped up by changing the ecological 
information used, changing the objective function, using large computer clusters, or 
developing adequate metamodels.  
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Milestones: 

WP’s 
Timing (in quartal of 5 yr project) 

2012 2013 2014 2015 2016 2017 
  3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2   

Estimation of forest parameters from remote sensing 
B1-1 Develop robust structure estimation 
and validation scheme 

                        
                        

B1-2 Physical interpretation of structure 
profiles 

                        
                        

B1-3 Develop and validate structure to 
biomass allometry for tropical forests  

                        
                        

B1-4 Analyse dynamic of structure 
estimates (spatial, temporal) 

                        
                        

B1-5 Develop water exchange models  
(vegetation, soil and atmosphere) 

                        
                        

B2-1 Collect radar and hyperspectral 
data, design flight campaigns 

                        
                        

B2-2 Processing of hyperspectral and 
radar data, establish processing chain 

                        
                        

B2-3 Derivation of hyperspectral and 
radar biophysical parameter 

                        
                        

B2-4 Fusion of hyperspectral and radar  
data 

                        
                        

B3-1 Preparation of representative test 
data and analysis of forest structure  

                        
                        

B3-2 Design impact factor model out of 
management and environmental issues 

                        
                        

B3-3 Development of a biome-adjusted 
spaceborne forest monitoring system 

                        
                        

Structural characterization of forests 
B4-1 Adapt and design appropriate forest 
models 

                        
                        

B4-2 Asses correlations between forest 
structure and ecological indicators 

                        
                        

B4-3  Analysis of heterogeneity of forest 
structure  

                        
                        

B4-4 Reconstruction of fine-scale 
structure of forests 

                        
                        

B5-1 Compile information about forest 
structure and causes for its change 

                        
                        

B5-2 Analyse Remote Sensing data and 
terrestrial data for Central Europe 

                        
                        

B5-3 Development of algorithms for 
automatic structure type identification 

                        
                        

B5-4 Combine structure types with site 
conditions, and management data 

                        
                        

Applications for remote sensing derived forest parameter 
B6-1 Preparation of representative test 
data and analysis of forest structure. 

                        
                        

B6-2 Preliminary evaluation of feedback 
from FSC stakeholder  

                        
                        

B6-3 Evaluate relevance of the developed 
methods for FSC  

                        
                        

B7-1 Characterise canopy cooling 
combining process-models and data 

                        
                        

B7-2 Quantitative estimation of forest 
stability in a changing climate 

                        
                        

B7-3 Evaluation of feedbacks between 
vegetation and climate 

                        
                        

B8-1 Selection and adaption of dynamics 
forest models  

                        

                        

B8-2 Develop of inverse modelling 
techniques and link to satellite data 

                        
                        

B8-3 Develop model to translate forest 
structure into successional stages. 
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Networking with other Research Topics 
There are significant interconnections between the Biosphere and other topics. Particular 
close are the interconnections to the hydrosphere in consequence of the important role 
forests play within the water cycle: Forest distortion, deforestation and disturbances impact 
directly evapotranspiration and water runoff while the availability of water resources defines 
forest development and climate. Biosphere’s WP B-5 and B-7 strongly rely on soil moisture 
data provided by/from the activities within the Hydrosphere topic. A high potential for sharing 
data on vegetation structure and hydrological indicators between the work packages in the 
biosphere and hydrosphere is recognised, which will allow each topic to use the 
variables/products generated within by the other topic. High potential for sharing and 
exchange of data is also given in the frame of dynamic forest models, where hydrological 
parameters can be used as input to generate predictions for biotic parameters such as leaf 
area, and biogeochemical fluxes when needed. Links are also given with the Lithosphere as 
forests are essential for the protection from erosion and landslides. On the other hand, 
knowledge about vegetation, especially forest parameters can allow improving the accuracy 
of geosphere’s products. 
There are links to the topic cryosphere as well, especially where the spatial and temporal 
changes in the snow and ice extent are investigated with regard to water budget, ecology 
and biodiversity. Such changes can be expected to change structure and dynamics of boreal 
and mountaineous forests worldwide 
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2.2 Research Topic 2: Geosphere/Lithosphere 
Scientific Team Coordination: Dr. habil. Thomas R. Walter (GFZ), Dr. Michael Eineder (DLR) 
Science Team: GFZ, DLR-IMF, DLR-KN, BGR, GEOMAR, LMU, University Potsdam 
Associated Team: Univ Hamburg, ETH Zürich, TUM, TU Delft, University of Reading 

2.2.1 Scientific case for the Research Topic 
2.2.1.1 Background 
The Geosphere is used herein to refer to the solid parts of the Earth. Geosphere sensu 
strictu includes also the atmosphere, hydrosphere, and biosphere; herein it shall be used in 
the context of geologic studies. As will be shown, important cross-links exist to other spheres 
and are part of this research project. 
Geosphere projects will focus on natural hazards associated with the following geologic 
processes  
• Earthquakes from silent and transient motion to large seismic shocks and their 

uncertainty 
• Volcanoes: space based monitoring to characterization of subcrustal magma bodies  
• Mass movements and other topographic surface changes caused by natural processes 

and man-made activities. 
• Interactions of geosphere processes with other spheres. How are natural hazards of the 

geosphere linked to processes in, e.g., the hydrosphere or cryosphere? 
In order to further improve studying these processes, significant technical developments and 
methodological tests are foreseen, including 
• SAR phase differencing, such as InSAR, PS-InSAR or SBAS time series, showing motion 

of the ground in the satellites line of sight 
• Pixel offset calculations showing ground motion in the range-azimuth plane  
• Intensity and coherence changes, showing changes in the backscatter properties 
All these Geosphere projects are therefore based on two main axes, one is the satellite 
system method and technical development, second is the application of such data and their 
integration in physically based models that shall allow quantitative understanding of the 
Geosphere processes at work.  
Improving satellite system methods: Although from 2010 onwards, the TanDEM-X 
mission takes a very accurate snapshot of the Earth’s 3-D topography, it is not suitable for a 
regular, global long-term survey. The limits are various, including the very short wavelength 
(~ 3 cm) and the small global coverage. In the course of past and on-going SAR missions, 
the large potential of SAR interferometry has been demonstrated. The technique is well 
recognised by geoscience. However, as often is the case and in contrast to operational 
global navigation systems (GNSS), it has to be admitted that selected, favourable examples 
tend to be reported in the literature.  
Although current satellite sensors have significantly contributed to a better understanding of 
Geosphere processes, a large number of unsuccessful examples have been reported 
(Buergmann et al., 2000). The reasons for these failures are generally: 
1. Lack of data: due to insufficient spatial and temporal imaging density. 
2. Phase decorrelation: slow deformations clearly require long observation periods. Small 

changes in the surface during such periods (e.g. due to vegetation growth) lead to phase 
errors and render the data useless; this is particularly true at short wavelengths (X-Band: 
Cosmo/Skymed, TerraSAR-X) and at medium wavelengths (C-band: ERS-1/ERS-2, 
ENVISAT/ASAR, Radarsat-1/2, Sentinel-1). Only long-wavelength systems (L-band: 
ALOS/PALSAR) can deliver coherent interferograms over many years. 

3. Long repeat cycle: for several reasons, significantly more frequent imaging of risk areas 
is needed than is performed today. i) at the moment, the errors due to atmospheric 
refraction can only be reduced by averaging time series of as many images as possible. 
ii) fast, non-linear deformations comparable to the wavelength can only be measured 
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unambiguously with short revisit times. iii) for an effective political response following 
disasters, short revisit times are necessary.  

Novel satellite initiatives, such as the planned Tandem-L mission, will overcome many of 
these limitations. Using novel and archived data, thanks to the potential of large-area 
deformation measurements (i.e. not just selected point measurements with permanent GPS 
stations), geophysical models can be developed much more precisely and, hence, provide 
insight into the underlying processes in the Earth’s crust. Natural hazards in focus of this 
project are detailed as follows. 
Earthquakes are caused by dynamic processes of the Earth’s crust. The occurrence time 
and magnitude of earthquakes is still not possible to predict. Especially as earthquakes are 
driven mainly by large scale plate tectonics, earthquake prone areas are spanning the entire 
Earth. However, as is known, earthquakes are not isolated events, but rather occur in 
clusters and associated with pre- or aftershocks, some are coupled to magmatic, climatic and 
anthropogenic processes that alter the shape and stress field of the crust. Also earthquakes 
influence the state of stress at adjacent fault planes, there inhibiting or triggering further 
earthquakes, allowing together with empirical data sound earthquake probability estimations 
(Reasenberg et al., 2003). There is therefore a strong need for a continuous observation of 
the three characteristic phases of the earthquake cycle, the long-term strain growth phase, 
the earthquake rupture/damage analysis and the post-seismic processes. By combination of 
these, an accurate physical model of the ruptured fault plane can be established, as well as 
by use of stress field and probabilistic analysis future events be forecasted and early warning 
measures be improved. A vision is to demonstrate that displacement measurements of 
zones prone to earthquakes are technically feasible and in some cases recordable. 

 
Figure 5: Coseismic interferogram derived from ENVISAT radar data shows ground 
deformation associated with the 2010 Haiti earthquake disaster. Colored fringes show 
deformation close to the capital Port of Prince. Based on this data the location of the active 
fault can be estimated, and the physical processes and stress changes in the crust inferred 
(GFZ Potsdam, unpublished data). 

In a similar way to earthquakes, volcanoes endanger life and property-thanks to the small-
area source processes, science today can predict volcanic eruptions better than 
earthquakes. The main challenge is here the vast number of volcanoes, most of which 
located in poor and developing countries that can not afford dense in-situ monitoring 
systems. Volcano eruption forecasting requires the observation of the state of a (volcanic) 
system, demanding both temporal and spatial information (Decker, 1986). However, until 
now, a great majority of the world's potentially active volcanoes is unmonitored: Less than 
twenty-five percent of the volcanoes that are known to have had eruptions in historical times 
are monitored at all, and, of these, only about two dozen are thoroughly monitored. This 
picture is becoming even more dramatic if all of the potentially active volcanoes are 
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considered, i.e. dormant volcanoes that had at least one eruption in the past 10,000 years: 
here only some 5 % are well instrumented. 
Being able to observe and detect volcanic unrest at so far not well or unmonitored volcanoes 
is therefore a social challenge, because the danger associated with volcanoes is not only 
restricted to their eruption, but also includes earthquakes, flank movement, landslides, and 
even climatic changes. Defining criteria by which to forecast volcanic eruptions is therefore 
the most fundamental goal of volcano research and it is a mandatory prerequisite for any 
successful hazard mitigation strategy associated with volcanic activity and critically depends 
on a solid understanding of volcanic systems. 

 

Figure 6: Model simulation of an SAR 
interferogram. Shown is the change in elevation 
and fringe pattern as measured at a volcano. 
Through model simulation of the same elevation 
change, physical parameters of a so-called 
“source” can be estimated.  Here the source is a 
magmatic chamber, subject to a volumetric growth 
and pressure change in time. Modified after 
(Dzurisin, 2007). 

 

Although general consensus exists that every volcano is unique, experience has shown that 
only few key parameters need to be investigated to achieve successful early warning 
measures. The key parameters are deformation, seismicity and emissions (Walter, 2011). 
Visual inspections, sometimes supported by cameras, complement these in almost all 
volcano observatories, as further detailed on the website of the World Organization of 
Volcano Observatories (WOVO.org). Through modern satellite radar studies, a systematic 
observation of all volcanoes becomes realistic. To realise this vision, continuous SAR 
acquisitions from volcanoes are mandatory, which because of the isolated nature of 
volcanoes is feasible in terms of data acquisition plans. The geophysical data handling and 
modelling of these vast data, however, requires new strategies of subsampling and rapid 
algorithms for quantifying changes associated with volcanic unrest. One of the aims is to 
improve understanding of how volcanoes work before, during and after eruptions, improving 
volcano hazard forecasts and early warning. This vision can be realised by the HGF Alliance. 
Modern remote sensing techniques using radar and optical imagery are the key to assess 
hazards associated with mass movements, especially in high altitudes and mountain 
regions. Mass movements are the downslope movement of rock fragments, regolith and soil 
under the influence of gravity.  It is an important part the erosional processes as it transports 
material from higher elevations to lower elevations where other eroding factors like streams 
and glaciers can take place, moving the material to even lower elevations. Landslides as a 
specific form of gravitational mass movements represent a geological phenomenon, which 
refers to the downward sliding of a mass of soil and sedimentary rock, mostly occurring on 
hillslopes in the forelands of high mountains dominated by weakly consolidated sediments. 
These events lead to large human and economic losses in the world every year. Mass 
movement in cold climates and high altitudes often takes place in the form of large masses of 
ice that rest on or adjacent to a land surface. The repeated freezing and thawing cycles of ice 
material can contribute to processes like rock glacier, frost heaving and changes in the 
dynamics of permafrost zones. 
Modern remote sensing techniques using radar and optical imagery are keys to assess 
hazards associated with mass movements in mountainous regions. Ongoing research within 
the framework of the PROGRESS project, funded by the German Federal Ministry of 
Research and Technology (BMBF), has been proofing promising perspectives for applying 
high-resolution radar imagery, in terms of its feasibility to analyse the dynamics of mass 
movements associated with landslides and glaciers in the Kyrgyz Tian Shan in Central Asia. 
In the framework of the proposed research, we extend our previous attempt in this region 
and will utilise SAR data from different satellites with various polarimetry, incidence angles 
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and wavelengths to develop advanced methods for detailed monitoring of mass movements. 
Even other types of ground motion such as those caused by man-made changes, i.e. the 
exploitation of natural resources and other activities, are exploited through this project. 

2.2.1.2 Most important goals of the planned work 
The society is increasingly at risk from geohazards. This increase is not because of 
augmented hazard potential, but rather because of an increase in vulnerability of the society, 
as lastly demonstrated by the Japan earthquake (2011) and tsunami disaster, or the 
Eyjafjallajökull volcano eruption that grounded most airlines over Europe. The herein 
described topics of the Geosphere are therefore of a very high value not only for basic 
science but also serve as a preparatory for coming innovative observation technologies with 
application in the Geosphere. New sensor systems, such as the TerraSAR-X and the 
anticipated Tandem-L mission will boost the data streams that can be analysed by scientists 
and that will provide the necessary support to decision makers. Challenging questions are:  

• To which degree will novel sensors allow improved understanding of long-term 
Geosphere processes such as earthquakes and volcanic activity? 

• Can satellite based systems contribute significantly to early warning of threats such 
as volcano eruptions or even earthquakes? 

• Can novel sensors contribute to asses short term man-made changes to the 
environment? 

• Can spaceborne SAR instruments approach the accuracy of well developed ground 
based GNSS systems? 

• How can non-dispersive (tropospheric) and dispersive (ionospheric) propagation 
errors be compensated in an optimal way? 

• How can the processes of satellite-based data acquisition and geo-information 
extraction are coupled in a meaningful way so that scientist can handle the 
information? 

• How can spatially dense 2D satellite observations be fused with temporally dense 1D 
ground based observations? 

• How are observable surface deformation and texture changes related to subsurface 
processes? 

• How are natural hazards of the Geosphere linked to processes in, e.g., the 
Hydrosphere or Cryosphere? 

• How can satellite derived short-term observations be interpreted with the context of 
very long-term paleoseismic findings? 

The overall technical goal is to enhance the understanding of geo-dynamical processes by 
fully exploiting past (ERS, ALOS/PALSAR), current (TerraSAR-X) and planned (Sentinel-1) 
SAR satellite missions and developing recommendations and concepts for future missions. 
This project intends to analyse weaknesses and improve handling and interpretability of SAR 
and associated data streams, and to better understand geologic processes. Methodological 
developments will improve near real-time assessment and simulations of processes 
associated with earthquakes, volcano activity or mass movements, and explore geological 
contributions. To achieve these visionary aims, the resource planning is based on several 
axes that consider: 

• The development of a close network of HGF institutions and universities that are 
working closely together towards a better understanding of the lithosphere  

• To foster Germany’s deep knowledge and expertise in combined solid Earth and 
radar remote sensing systems and international highlight key elements thereof 

• To better understand geohazards and closely collaborate with in-situ observatories 
such as EPOS (European Plate Observing System) and the global network of volcano 
observatories (WOVO).  

This is achieved by strong elements in the HGF centres DLR and GFZ, the national labs in 
aerospace, remote sensing and geosciences. Therefore the networking Geosphere 
institutions, together with well selected University partners that are internationally recognised, 
are providing the excellent backbone for achieving the topics presented above. Close 
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collaboration with in-situ observatories is linked through the deep involvement of the 
participating HGF centers to those initiatives (e.g. EPOS). The work is structured in more 
application-oriented topics to be coordinated by GFZ and more method-oriented topics to be 
coordinated by DLR.  

2.2.2 Existing competences and infrastructure 
The Remote Sensing Technology Institute (DLR-IMF) of DLR is one of the world leading 
R&D centers for radar and optical satellite data processing. The institute has in the past 
collected requirements for the Tandem-L mission and developed concepts for data 
acquisition and processing. The work has been performed in close cooperation with GFZ and 
supported by a core science team lead by LMU. Additionally, DLR-IMF and GFZ have co-
operated in the Netzwerk-EOS, a networking forum established between DLR, AWI and 
GFZ. In ESA’s GMES project Terrafima DLR-IMF serves as a validation center and service 
provider. In that context, DLR-IMF cooperates closely with the German Federal Institute for 
Geosciences and Natural Resources (BGR). This cooperation shall be extended to research 
topics within this proposal. 
The Institute of Communications and Navigation (DLR-KN) of DLR develops and 
investigates new systems and methods for radio transmission and positioning. Research 
activities of the ionospheric group in Neustrelitz refer to monitoring and modelling the 
ionospheric behaviour. Ionospheric monitoring over Europe is carried out over more than one 
solar cycle on a routine basis since 1995. Near-real time global ionospheric monitoring data 
and related forecasts are provided via the “Space Weather Application Center Ionosphere” 
(SWACI) on a routine basis. These data are commonly used to study the impact of 
ionospheric plasma on the propagation of radio waves travelling through the ionosphere and 
to mitigate ionospheric refraction errors in radio systems.  
The GeoForschungsZentrum Potsdam (GFZ) was founded in 1992 as the national 
research institution for geosciences in Germany. Understanding of fault and volcanic 
processes and associated hazards is a major area of research within GFZ, which is also at 
the forefront of developing international disaster management, risk reduction and hazard 
assessment methodologies and policies. In order to furnish its operations around the globe 
and in space, GFZ maintains massive scientific infrastructure and platforms, including 
observatories, and a modular Earth science infrastructure. Strong competence exist on the 
field of earthquake and volcano deformation monitoring using InSAR and pixel offset 
calculations, as well as geodetic and physical modelling of these. 
LMU Department of Earth and Environmental Sciences has been restructured within the past 
10 years to one of Germany’s largest research groups in solid Earth sciences and active 
tectonics. State-of-the-art expertise in topics related to this proposal includes mantle 
geodynamics, seismology, geology and active tectonics. Methodological foci that will help to 
strengthen the geodetic components of this proposal are Munich’s unique ability to provide 
the geological context for geodetic data and the development of analytical approaches to 
measure lithospheric deformation over a range of scales, from geodetic to geological time 
scales. 
GEOMAR Helmholtz Centre for Ocean Research Kiel is one of the world’s leading institutes 
in the field of marine sciences. The institute investigates the chemical, physical, biological 
and geological processes of the seafloor, oceans and ocean margins and their interactions 
with the atmosphere. With this broad spectrum GEOMAR is unique in Germany. Additionally, 
the institute has successfully bridged the gap between basic and applied science in a 
number of research areas. Through the Collaborative Research Center “SFB 574”, funded by 
the German Research Foundation, GEOMAR investigates the pathways and fluxes of fluids 
and volatile components (carbon, sulfur, halogens, and water) through subduction zones. 
GEOMAR has gained significant experience in gas geochemistry monitoring, which shall be 
combined with satellite radar measurements in this Alliance project. Major aims include the 
evaluation of processes controlling subduction recycling, the effects of these volatiles on the 
climate and the geochemical evolution of the hydrosphere and atmosphere, as well as origin 
and causes of natural hazards. 
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University Potsdam: The department of Earth and Environmental Science was founded in 
January 2010 by unifying the institutes of Geosciences and Geoecology. The new institute is 
an integral part of the Research Focus Area Earth Sciences and Integrated Earth System 
Analysis.  Our aim is research on the system earth based on broad natural sciences and 
interdisciplinary networks.  
The Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) is the geoscientific 
center of excellence within the federal government and is part of its scientific and technical 
infrastructure. BGR is a federal institute and is accountable to the Federal Ministry of 
Economics and Technology (BMWi). BGR provides neutral and independent advice and 
information about all geoscientific and natural resource issues. Based on its foundation 
articles, BGR performs duties in many fields of scientific research, such as energy resources, 
mineral resources, groundwater, deep subsurface use, geological CO2

 storage and 
international geoscientific cooperation. The BGR remote sensing unit has long-term 
experience in the geological exploitation of PSI-based ground motion data. Since 2004, it is 
value adding partner of the GMES projects Terrafirma and PanGeo.  

2.2.3 Work packages, expected results and milestones 
The work plan consists of three main work packages, which are sensor method and technical 
topics, Geology, geophysics and geohazard applications, and interactions of Geosphere 
processes with other spheres. The method aspect includes studies related to the satellite 
radar wave propagation, signal delay and decorrelation effects, data handling prior to 
geophysical analysis and future mission preparation. The application related aspects include 
earthquakes, volcanoes, mass transfers and interactions thereof, whilst the last work 
package aims to link and transfer knowledge to branches such as hydrosphere or 
atmosphere. 

Sensor methods and technical topics 
WP G1: PSI-Technology for Future L-Band Systems  
Responsible: Dr. Michael Eineder (DLR-IMF) 
Other Institutes: BGR 
The topic investigates observation and processing scenarios as well as the data 
characteristic for a future L-Band system under consideration of new instrument operation 
modes. Currently, Persistent Scatterer Interferometry (PSI) is operationally used for the 
conventional SAR sensors ERS, ENVISAT, RADARSAT and TerraSAR-X. I.e. it is almost 
entirely based on C-Band (ERS and ENVISAT) and X-Band (TerraSAR-X) data acquired in 
stripmap mode. Preliminary studies revealed that the coherence characteristics of the PSI 
data are very different for X and C-Band and therefore a significant change of the 
characteristic is expected also for L-Band. Therefore, available L-Band data from sensor 
ALOS/PALSAR will be systematically analysed. These data are ordered using an on-going 
cooperation with JAXA. Several test areas need to be investigated in order to quantify the 
suitability and to predict precisely the expected performance of L-Band for the PSI technique. 
This topic is backed by the actual wide area PSI processing development which is part of 
ESA’s Terrafirma project. In the course of this project, the PSI processing is spatially 
extended from cities towards non-urban areas and continent scales. Demand for PSI-
technique using L-band data is further supported by extreme motion rates that have been 
observed in megacities of SE Asia. Dealing with land subsidence of rates of 10 cm/year and 
more, requires modified approaches either through using SAR satellites of more frequent 
revisit times or SAR data of longer wavelength, such as L-band data (cf. Kuehn et. al., 2009). 
The problem in performing this work is the currently only infrequent availability of L-Band 
acquisitions because of the slow PALSAR revisit scenario of 46 days. Therefore, only 
preliminary research will be based on the PALSAR data. However, as soon as ALOS-
2/PALSAR data will be available (expected in 2013) the more frequent acquisitions will be 
incorporated into the study immediately. The PSI assessment will be performed in 
cooperation with institutions that have ground truth available, e.g. GFZ and BGR. The BGR is 
a current cooperation (Terrafirma) partner of DLR and an experienced user and value adder 
of PSI processing results already. The outputs of this task include: quantitative subsidence 
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measurements over at least 4 cities which are distributed worldwide, a precise 
characterisation of L-Band PSI stacks and results compared to X- and C-Band data (e.g. PS 
density, PS phase stability, troposphere impact, estimation precision), recommendations for 
the L-Band data based PSI processing (e.g. detection thresholds and atmosphere filter 
setup) and technical recommendations for a future operational L-band observation system 
and a clear recommendation for the operational Tandem-L processing scenario. BGR 
suggests selecting Semarang (Indonesia) and Dhaka (Bangladesh) for L-Band-based PSI 
pilot studies as PSI results derived with C-Band data and ground truth data for verification 
purposes are already available. 

WP G2: Methodological advancements in estimation of the Total Electron Content (TEC) in 
space and time 
Responsible: Dr. Norbert Jakowski (DLR-KN) 
Others institutes: DLR-IMF 
The required InSAR accuracy for tectonic deformation measurements is on the order of 
millimetres over hundreds of kilometres. However, the Total Electron Content (TEC) of the 
Earth’s ionosphere influences the signal propagation delay by several meters in L-band. 
Inhomogeneities and turbulences of the ionospheric plasma affect the spatiotemporal TEC 
distribution which will lead therefore to severe errors in L-band absolute ranging and 
interferometry. To contribute to the ionospheric correction of InSAR measurements in a 
proper way, the reconstructed 3D electron density distribution must be very precise including 
high temporal and spatial resolution. Nevertheless, assuming the highest quality of the 
reconstruction of the electron density distribution according to the state of the art, there 
remain uncertainties due to limited data coverage. Therefore, the perturbation degree of the 
ionosphere must be characterised in a specific way to find optimal solutions for InSAR. The 
topic of this work package is therefore (a) to analyse the spatial and temporal fluctuations of 
the ionosphere and to derive error models for InSAR, (b) to characterise the perturbation 
degree of the ionosphere, (c) to develop optimal InSAR acquisition scenarios and to prepare 
highly accurate electron density reconstructions to be used for compensation in InSAR 
processing. 

WP G3: Simultaneous acquisition and integration of satellite radar data and in-situ and 
ground based remote sensing methods  
Responsible: Dr. PD Thomas Walter (GFZ) 
Others institutes: GEOMAR 
Data acquired by satellite based synthetic aperture radar data is providing yearlong 
observations, in some cases data have been accumulated even for decades. The spatial 
resolution is improving from satellite to satellite. The temporal resolution, however, in many 
cases is on the order of weeks to months, which especially in terms of studying geosphere 
processes such as related to natural hazards is a sampling interval that is too poor to be 
exclusively used for forecasting and early warning. Therefore the need of in-situ data 
streams is a prerequisite, not only to benchmark and ground control satellite SAR data, but 
also to improve temporal resolution to minutes or seconds. The goal of this topic is to explore 
combinations of both satellite radar data and in-situ methods such as set up at the ground in 
form of cameras and UV spectrometers. Through combinations of these data, the theoretical 
and empirical value of combined efforts will be evaluated, and methods developed to join 
these data streams in a unifying and near real time manner. The value of in-situ data for 
densifying or focusing satellite data streams will be explored, with the far field goal of using 
future satellite radar sensors for monitoring of tectonic and volcanic hazards. Because of the 
necessary combination of geochemical with radar remote sensing and geodetic data, the 
topics are based on close collaboration between GEOMAR and DLR, focusing on the 
combination SAR and geochemical data.  

WP G4: Monitoring methods for Geohazards Analysis  
Responsible: Dr. Madhi Motagh (GFZ) 
Others institutes: DLR-IMF 
The applied objective of this task is to develop spatially explicit, cost-effective remote sensing 
methods that are suitable for generating an improved process understanding as the basis for 
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advanced mountain hazard assessment. Our regional focus will be on the Tian Shan 
mountains, which represent a natural laboratory to study a wide range of gravitational and 
glacier-related mass movement processes. The Tian Shan mountains host some of the 
largest no-polar glaciers in the world. They are also home to various forms of ice-rich 
permafrost. Moreover, the high mountains of this region have been formed as the result of 
still ongoing tectonic activity caused by the collision between the Indian sub-continent and 
Southern Eurasia. In this context great volumes of weakly consolidated sediments have been 
formed favoring different types of mass movements ranging from large deep-seated 
landslides to subtle near-surface mass displacements. All of these processes are subject to 
ongoing climate change leading among others to thawing of permafrost and increased 
precipitation. Additionally, they are influenced by man-made activities, such as road 
constructions, growth of settlements as well as farming and mining activities which in parts 
additionally lead to ground subsidence as a consequence of pressure changes in 
subterranean cavities. Methodological developments will focus on the synergy between radar 
data and multi-spectral optical data to study landslide dynamics, to detect and quantify 
changes in areas of active glaciers, and to monitor regional-scale surface changes within 
permafrost regions. These goals will require the employment of a wide range of image 
classification and change detection techniques in order to assess surface changes as a 
result of complex interactions between the contributing surface processes and influencing 
environmental and other landscape factors forming the potential causes for hazards.  

Geology, geophysics and geohazards 
WP G5: Global deformation and source monitoring at volcanoes investigated with high 
temporal and spatial resolution  
Responsible: Dr. PD Thomas Walter (GFZ) 
Others institutes: University Potsdam 
In this topic two main SAR processing routines are to be exploited at volcanoes, which are 
phase differences and pixel offsets (the performance of which is tested in work package A), 
providing the means to detect and study small and large scale deformations. Volcanoes are 
excellent targets as they are isolated regions where large numbers of SAR acquisitions are 
feasible. Therefore even global volcano monitoring is becoming feasible. Goal of this topic is 
to investigate the added value of true volcano monitoring onto the physical understanding of 
volcanoes and hazard assessment. For this project, this potential should be tested on a 
continental scale first; here Latin America is clearly one of the focus region where SAR data 
is of high quality and results will support local volcano observatories. By using archived and 
newly acquired SAR data, a systematic analysis of the state of activity of volcanoes shall be 
realised. By addition of TerraSAR-X data, short revisit times allow the data flow required for 
detecting and exploring transients associated with volcano activity. Not only deformation is to 
be detected, but through simulations and mechanical assumptions such as elasticity of 
crustal rocks the volumetric and pressure changes of magma bodies are to be quantified.  

WP G6: Where is the fault and the magma coming from? Data subsampling and real-time 
geophysical optimization of time series data 
Responsible: Dr. PD Thomas Walter (GFZ) 
Others institutes: University Potsdam, DLR-IMF 
A major problem in satellite based time series is the handling of large data amounts and it is 
becoming increasingly necessary to reduce the InSAR data sets to the relevant information 
without affecting geophysical and geological interpretations. 
Hundreds of iterations in an optimization algorithm are necessary to find the parameters of a 
certain source, like the dimensions and the pressure change of a magma chamber below a 
volcano (Yang et al. 1988) or the fault location and mechanism for earthquakes (Okada, 
1985). With such a large number of iterations in combination with many observations, the 
optimization becomes computationally very expensive. Thus the aim of sub-sampling in SAR 
interferometry is to reduce the spatially dense number of points for inverse modelling to 
these points in the dataset, that are able to describe the deformation signal complete enough 
to determine the source parameters with a high precision. For the sub-sampling a new 
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model- based downsampling method is to be established, and compared to the widely used 
Quadtree subsampling. The optimisation for the source parameters of an earthquake fault 
plane shall be done repeatedly by using a genetic algorithm. Through weighting the 
observations with the empirically determined data-error-variance-covariance matrix, and 
through addition of synthetic noise prior to each realisation (Sudhaus & Jónsson 2009), the 
model uncertainties are to be estimated. 
Goal is to make use of a procedure for earthquakes and volcano related time series data, 
possibly in near real time, that allow to model a source that is consistent with the entire time 
series. These procedures will be applied at active faults and volcanoes in Turkey, where for 
instance in 2011 both an earthquake and volcano deformation occurred in the surrounding of 
Lake Van, Eastern Turkey. 

WP G7: Coupled systems  
Responsible: Dr. Thomas Walter (GFZ) 
Others institutes: DLR-IMF 
Some volcanic complexes have been actively deforming since decades. These may serve as 
natural laboratories to study volcano deformation. In most cases, these show signs of 
complex system coupling. Data as derived from the global monitoring topic will be used, and 
results be communicated to work package dealing with interactions of geosphere processes 
with other spheres. For instance, large-scale uplift observed to the South of Lastarria in an 
area covering ~1800 km2, is attributed to a deep (11-15 km) magmatic source. Small-scale 
uplift, located at one of the volcanoes is explained by a shallow (1 km deep) source. 
Therefore two magmatic sources, a deep and a shallow are evident. The residual 
deformation signals are attributed to surface processes such as fumarolic activity and land-
slides, but how is all these related? This topic will focus on improving our understanding of 
each of the volcano deformation processes at work and the interaction between them. 
Furthermore the possible tectonic triggering of volcanism in this volcanic arc will be 
considered. The project will be part of the Integrated Plate boundary Observatory Chile 
(IPOC) at GFZ which’s goal is to improving the understanding of the physical processes 
governing subduction zone earthquakes and volcanism. New high resolution TerraSAR-X, as 
well as scheduled acquisitions of the area of interest up to date, will be used, taking full 
advantage of the granted data access. These InSAR data will be combined and integrated 
with other data acquired during fieldwork and/or by colleagues at GFZ such as thermal 
images, seismic data and GPS measurements. Through model simulation of the observed 
changes the modes of interaction will be analysed, related to static, quasistatic or dynamics 
triggering.  

WP G8: Remote sensing-based process modelling and hazard assessment  
Responsible: Dr. Madhi Motagh (GFZ) 
Others institutes: DLR-IMF 
Spatio-temporal variations of mass movement processes are a key indicator of the impact of 
environmental and geophysical factors affecting these processes. An understanding of such 
impact would be crucial to our ability to model the past and future evolution in mass transport 
phenomena. A detailed picture for this interaction requires coupling of high-resolution (space 
and time) remote sensing observations with high-resolution numerical models. In this task, 
we focus on this issue to use high-resolution satellite imagery as the basis for developing a 
detailed numerical model for process understanding and hazard assessment. We focus on 
two goals: the first one is to develop and apply new methodologies for image classification, 
image segmentation and synergy between SAR and multi-spectral optical data for change 
detection investigation associated with mass movement processes. Methodological 
developments here will focus on the synergy between radar and optical data to study 
landslide dynamics, to detect and quantify changes in areas of active glaciers, and to monitor 
regional-scale surface changes within permafrost regions. Secondly, we will utilise the results 
provided above to construct a realistic process model using numerical finite element 
modelling. The Finite Element Modelling (FEM) will focus on coupling the information 
provided by high-resolution satellite imagery into advanced mass transport models 
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considering realistic environmental and geological factors such as bed geometry, heat 
sources at the bed rock, and air temperature variations. 

WP G9: Geological context of geodetically active and seismically inactive regions: 
earthquake recurrence, slip-rate variability and implications for potentially active faults and 
their associated hazards  
Responsible: Prof. Dr. Anke Friedrich (LMU) 
Other Institutes: GFZ 
Current theories about the recurrence of large earthquakes assume a direct relationship 
between the actively accumulating strain (measurable geodetically) and the size and 
recurrence of future earthquakes. Therefore, the establishment of ground-based 
continuously-recording space-geodetic instruments is essential in mapping currently active 
fault zones along the rapidly deforming plate boundaries. Because such geodetic 
instrumentation is very expensive, installments of such space-geodetic networks are often 
limited to the vicinity of populated regions near active plate-boundaries (e.g., Japan). Most 
earthquake-related deaths, however, occur in regions far away from the plate-boundaries 
where rates of surface deformation are very low and distributed over many potentially active 
faults (intraplate faults). Because these intraplate regions (e.g., Germany, Iran, Eastern 
Turkey, China, etc.) are also significantly less seismically active, they would not be identified 
nor classified by any standard hazard criterion.  
With the establishment of the discipline of paleoseismology over the past 40 years it has 
become apparently clear that continental crust consists of a significant number of faults that 
have not yet ruptured in the past 100 years (the instrumentally recorded period that forms the 
basis of seismic hazard maps). Another significant finding is that intraplate faults appear to 
have very long recurrence intervals, on the order of many hundreds or thousands of years. If 
these observations hold true and generally apply to intraplate fault zones (slowly deforming 
regions) or regions of complex deformational behavior along major plate boundaries, our 
approaches to construct more realistic seismic hazard maps must be reconsidered. 
Therefore, one of the major goals of this topic is to determine recurrence intervals of 
earthquakes as a function of geodetically measurable surface-strain. 
In summary, the focus of this topic is based on the premise that current hazard models are 
not successful, because they do not consider potentially active faults with long recurrence 
intervals. Such faults are characterised by current seismic inactivity in association with large 
geological offsets and subdued morphological signatures, and they typically occur in any 
intraplate region or along major plate boundaries with complex time-space interaction of fault 
systems. The goal is to provide geological parameters (earthquake recurrence, variability in 
fault-slip rate over long time scales, switching on and off of faults) needed to better 
understand the apparently sudden occurrence of earthquakes in regions of present-day 
seismic quiescence. Results of this work will help to directly improve earthquake-related 
hazard maps and serve as a guide for earthquake modelling (WP G6) and related 
uncertainty studies (WP G12). Because of the intense geologic field studies, the herein 
described topic is requiring a PhD financed by HGF, followed by another PhD funding period 
financed by the host institutions as part of the co-financing. 

Interactions of geosphere processes with other spheres 
WP G10: Estimation and Compensation of Ionosphere in L-Band InSAR Data 
Responsible: Dr. Ramon Brcic (DLR-IMF) 
Others: GFZ, DLR-KN  
In this topic the statistics and TEC maps generated in WP G2 will be used to compensate for 
ionospheric effects in SAR and InSAR data. Phase and group delay effects have to be 
corrected accordingly in order to achieve the desired millimetre accuracy. 
The TEC maps from WP G2 are generated on the basis of ionospheric models and actual 
measurements from GPS signals. The resolution of such maps is on the order of hundreds of 
kilometres which is normally sufficient to capture the spatial variability of the ionosphere. 
However, ionospheric irregularities with small spatial scales and large magnitudes occur at 
high latitudes and between dusk and dawn near the equator. These cannot be captured by 
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such maps and must be corrected. To this end, this WP will investigate the possibility of 
estimating TEC and differential TEC directly from the data itself. Promising results using this 
approach were achieved within the frame of an ESA study [A Novel Approach for Wide-Band 
SAR Interferometry, ESA Contract: 21318/07/NL/HE] and published in (Brcic, 2011). In 
addition to this, several other methods for estimating TEC directly from SAR data exist in the 
literature. The first objective of this topic is to survey all methods for the estimation of TEC 
directly from SAR data and to theoretically assess their performance. The best candidates 
will then be evaluated on SAR and InSAR data. The second objective is to evaluate the 
performance of the externally generated TEC maps from WP G2 in correcting for ionospheric 
effects in SAR and InSAR data. Thirdly, a comparison will be made between the approaches 
of estimating TEC maps from the data and using externally generated TEC maps in order to 
gauge when which approach should be used and if this decision can be automatically made 
based on the data. Finally, an estimate of the accuracy of the applied compensation should 
be provided so that the impact of any residual ionospheric effects on the results of further 
processing can be assessed.  

WP G11: Tropospheric Models and Compensation  
Responsible: Dipl.-Ing. Nico Adam (DLR-IMF) 
Others: GFZ 
Signal delay variations caused by the dry and wet gases of the atmosphere are in the order 
of 2 to 3 meters with spatio-temporal variations of about 20 centimetres, depending on the 
topographic height and atmospheric conditions. This is a severe error source when 
compared with the required InSAR measurement accuracy of millimetres. Numerical weather 
prediction models and especially ECMWF re-analysis Interim (since 2006) showed good 
results in the compensation of regional conditions and the height dependent stratification. An 
absolute accuracy of about 10 millimetres can be reached with ECMWF data (Cong, 2012). 
However, to compensate the interferograms to millimetre accuracy numerical weather 
models have to be run at an extremely dense spatial grids (200 m – 1km) to assimilate 
atmospheric situation at the acquisition time and the turbulence in the atmosphere. Currently 
the results of different groups worldwide are not sufficient to solve this problem. In order to 
approach the required accuracy, fundamental research of achievable accuracy using 
numerical weather data as input needs to be investigated. In order to calibrate the numerical 
weather model, the turbulence in the atmosphere can be obtained e.g. by means of 
persistent scatterer interferometry after correction of stratified atmospheric delay. More 
research and experiments need to be done in order to approach the required accuracy.  

WP G12: Environmental (atmosphere and biosphere) error propagation and uncertainties in 
earthquake source models (University Potsdam) 
Responsible: Dr. Henriette Sudhaus (GFZ) 
Others: DLR-IMF, Universität Potsdam 
In this topic we attempt to improve the geodetic imaging of earthquake sources and related 
tectonic processes by advancing on the InSAR data error estimation and the implementation 
of these error estimations into the modelling algorithms. Additionally and in the same context 
we work on meaningful combinations of SAR products with other data, e.g. seismological 
data or field observations. Earthquake source models are subject to significant uncertainties 
that partly arise from our observables, because our data are discrete, incomplete and 
erroneous. Data errors in SAR products are caused by atmospheric influences on the radar 
waves and land cover changes. Particularly, in L-band data atmospheric phase delays occur 
due to ionospheric disturbances. Their impact in earthquake modelling is not well studied so 
far and close ties exist to work package that is dealing with sensors methods and technical 
topics. A PhD student will work on improving the source modelling of moderate-size 
earthquakes by empirically estimating and implementing data errors. For these earthquakes 
that are more frequent than large ruptures, the ground deformations are typically less than a 
meter and the signal-to-noise ratios consequently rather low (Sudhaus & Jonsson, 2009).  
The combination of independent data sets, if combined properly, in any modelling then helps 
to reduce the impact of data errors.  
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Milestones: 

WP’s 
Timing (in quartal of 5 yr project) 

2012 2013 2014 2015 2016 2017 
  3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2   

Development work-package: Sensor methods and technical topics 
G1-1 PSI-Technology for future systems - 
PALSAR-1/2 Analysis 

                        

                        

G1-2 PSI-Technology for future systems - 
Optimal System Design  

                        

                        

G1-3 PSI-Technology for future systems - 
BGR specific analysis 

                        

                        

G2-1 Modelling of Ionosphere - spatial 
and temporal fluctuations 

                        

                        

G2-2 Modelling of Ionosphere - 
characterization / optimal InSAR 

                        

                        

G3 Integration of satellite and in situ 
 

                        

                        

G4 Monitoring methods for Geohazard 
analysis 

                        

                        

Application aspects: Geology, geophysics and geohazards 
G5 Global volcano monitoring 
 

                        

                        

G6 Data subsampling  
 

                        

                        

G7 Coupled systems 
 

                        

                        

G8 Process modelling and hazard 
 

                        

                        

G9 Geological context  
 

                        

                        

Interactions of geosphere with other spheres 
G10-1 Compensation of ionosphere - 
Data based methods 

                        

                        

G10-2 Compensation of ionosphere 
Validation with external & fusion 

                        

                        

G11 Tropospheric models 
 

                        

                        

G12 Source model error propagation 
 

                        

                        

 
Networking with other Research Topics 
This topic is strongly related to the Cryosphere topic, where similar InSAR derived geometric 
measurements are performed. All research performed with respect to the propagation 
medium (WP G2, WP G10 and WP G11) are required in the Cryosphere topic. On the other 
hand, high-resolution maps of precipitable atmospheric water vapor which can be estimated 
from InSAR data (WP G1 and WP G11) can be valuable input for Hydrosphere and 
Biosphere as well as Cryosphere. Furthermore, this topics needs input from the Biosphere 
topic as an input. Forests and the typical temporal and spatial phase decorrelation effects 
observed on them are major error sources in the Geosphere that have to be modelled in 
optimal acquisition scenarios for both urban areas (WP G1) and global scenarios (WP G5). 
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2.3 Research Topic 3: Hydrosphere 
Scientific Team Coordination: Dr. Heye Bogena (FZJ), Prof. Irena Hajnsek (DLR) 
Science Team: FZJ, UFZ, GFZ, DLR, KIT, Uni Marburg, ETH, WESS 
Associated Team: RSMAS, MPI Hamburg, Nansen Environmental and Remote Sensing 
Center, Uni Potsdam, LMU, DLR-DFD, GAUSS 

2.3.1 Scientific case for the Research Topic 
2.3.1.1 Background 
The research topic of the Hydrosphere refers to the aquatic and terrestrial compartment of 
the Earth system in which water plays a key role in local and global system processes. As a 
result of climate change and human impact hydrological conditions are changing and are 
affecting the availability and the quality of water; both, essential pre-requisites for human 
development and sustainable ecological conditions. Climate change studies predict an 
increase in global air temperature for the next decades linked to an increased intensity and 
variability of rainfall patterns. In addition, the occurrence and intensity of hydrological 
extremes such as floods and droughts, is expected to be increasing. The ability to model and 
predict such changes and their consequences on the water cycle is of great importance for 
the development of appropriate mitigation and adaptation strategies for reducing the negative 
economic and societal impacts. 
In order to better understand the effect of anthropogenic and climate induced impact on the 
hydrosphere, it is necessary to be able to quantify with sufficient accuracy key hydrological 
processes and their spatial and temporal patterns. In this respect the quantification of soil 
moisture dynamics is crucial as it determines the partitioning of water and energy fluxes at 
the “land surface-atmosphere” interface. However, soil moisture is highly variable in space 
and time requiring multi-scale multi-temporal measurement platforms for its quantification 
across the different scales. 
The proposed research within topic 3 is therefore of very high value not only for improving 
our understanding of key processes in the hydrosphere but it also serves as a preparatory for 
future radar observation configurations for monitoring the Hydrosphere. New sensor 
systems, such as ESA’s SMOS (Soil Moisture and Ocean Salinity) and the anticipated 
Tandem-L and NASA’s SMAP (Soil Moisture Active Passive) missions in combination with 
operational platforms such as TanDEM-X will allow new insights of the processes within the 
hydrosphere and are valuable for the development of integrated observation systems to 
support decision makers.  
Research in topic 3 will focus on the use of these platforms with respect to quantification of 
soil moisture and ocean current dynamics. Accordingly, the Hydrosphere projects will focus 
on the following topics:  
Soil Moisture is an extremely important state variable for the terrestrial environment that 
determines both the storage and the generation of runoff processes. Adequate knowledge of 
soil moisture spatial and temporal distribution is fundamental for improving model 
predictions. Because a large amount of energy needed to evaporate water, near-surface soil 
moisture is a key parameter affecting the exchange of water and energy between land and 
atmosphere. Hence, the spatial and temporal variation of soil moisture within the vadose 
zone impacts weather and climate at local to regional scales. The simulation of the influence 
of greenhouse gases on water and energy-related processes with current climate models is 
affected by the uncertainty in the prediction of surface soil moisture variations. The fact that 
changes in soil moisture depend on soil consistency, vegetation cover as well as on changes 
in precipitation and evaporation that is also affected by vegetation, make the modelling but 
also the extrapolation/interpolation of measurements highly uncertain. A more accurate, in 
terms of spatial and temporal resolution, knowledge on the magnitude, distribution and 
variation of soil moisture will improve numerical hydrological river basin models, weather 
prediction models and seasonal climate models.  
Soil moisture data from remote sensing have been used during the last decade in data 
assimilation procedures to update model predictions. Although the potential of these data 
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has been recognised and demonstrated, the capacity to improve soil moisture in the deeper 
soil layers as well as the prediction of hydrological fluxes remains limited. Up to date, only 
few studies have been performed to demonstrate the improvement in the prediction of soil 
water status and hydrological fluxes using simultaneously assimilated multiple data sources 
at different scales. 
Regional and global monitoring of the storage, movement, and quality of water at every point 
on the landscape is of crucial importance to practical applications such as agricultural 
production, water resources management, and flood, drought and climate change predictions 
(Wood, 2010). The study of land surface processes requires the inclusion of soil moisture 
information averaged at a scale that is relevant and representative for the terrestrial 
processes (physical-chemical, biological). Cost-effective solutions to pressing societal 
problems related to the continuous increase of fresh water demand and the expected 
increase of the socio-economic losses caused by the occurrence of floods and droughts are 
urgently needed. The hydrological community has addressed these challenges by launching 
a large research program aiming at reducing the uncertainty in hydrological predictions in 
ungauged locations (PUB) (Sivapalan at al. 2003). Recently, Wood (2010) postulated that 
the grand challenge for the advancement of hydrology is to develop the ability to “globally 
monitor and predict the movement of water on the landscape, at scales of 1 to 5 km”. 
At the catchment scale the potential of remote sensing technology to map soil moisture 
dynamics has been demonstrated by several studies (Barret et al. 2009). Soil moisture 
estimates at the continental scale are provided by satellites using L-Band radiometers (e.g. 
SMOS or the future SMAP), or the detection of gravity change (GRACE). The GRACE 
mission, launched in 2002, observes water storage change on spatial scales of 300-400 km 
monthly. The data of these missions can be and are used to close the global budget of inflow 
(precipitation)/outflow (evaporation and river runoff) and to calibrate global hydrological 
models but are inappropriate for questions on regional or catchment scales. There is a 
critical scale gap in the soil moisture monitoring available today that ranges from point 
measurements performed by in-situ sensors up to local scale measurements of the order of 
few to several hundreds of square meters (Robinson et al. 2008). Montzka et al. (2011) 
compared high resolution top soil moisture map of the Rurr catchment derived by a 
hydrological model with SMOS data products (see Figure ). Due to the coarse resolution of 
the SMOS data, these products cannot resolve the small scale variability of soil moisture. In 
addition, large deviations between the observed and modeled brightness temperatures 
indicate significant uncertainties in the SMOS data products (e.g. due to the influence of 
vegetation or due to RFI interference).  
 

                
Figure 7: Modell derived top soil moisture (cm3cm-3) with a resolution of 200 m (left) and bias 
between SMOS brightness temperature observations and L-MEB simulations (right) (Montzka 
et al., 2011). 
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NASA’s SMAP mission and Tandem-L will significantly boost the resolution of brightness 
temperature and surface soil moisture remote sensing. Tandem-L is a high-resolution sensor 
able to complement SMOS for revealing soil moisture variations at the local scale (down to 
50 m). However, the increased resolution retrievals pose additional challenges in validation 
of remotely sensed data and require high-density sampling of ground-truth. 
Ocean Currents; The transport of large water volumes is mainly caused by ocean currents. 
They are of great interest for oceanography, because they react sensitively to changes in 
salinity and the temperature, and are, therefore, in turn, an indicator and accelerator for 
climate change. Thereby, there is not only regional water motion occurring over short 
periods, e.g. through tidal currents, but also continuous water motion at a global scale, such 
as the Gulf Stream. Many forces and influences determine the transport of large water 
volumes in the oceans. The motion in the near-surface layers is mainly well understood. The 
motion in deeper layers is today still subject of research. Global as well as local ocean 
circulation models have been developed. A verification of these models with respect to 
surface currents with in-situ measurements is very difficult and expensive. On the other 
hand, models can be supported or refined by long-term measurements. 
Remote sensing by spaceborne SAR along-track Interferometry enables to carry out large-
area observations of the ocean and to derive surface velocity data. Especially with already 
existing or near-future advanced satellite configurations like TanDEM-X and Tandem-L it is 
possible to obtain measurements with high spatial and velocity resolution at the same time. 
This is achieved through a ground motion sensitivity of these instrument configurations that 
significantly exceeds those of single-satellites systems such as TerraSAR-X.  

2.3.1.2 Most important goals of the planned work 
The overall technical goal of the work packages in the topic hydrosphere is to enhance the 
understanding of hydrological processes by optimally exploiting current (e.g. SMOS) and 
planned (e.g. SMAP, Tandem-L) satellite missions. 
The Hydrosphere team is focusing on three main goals within this research topic: 

• Development and improvement of remote sensing derived information products (e.g. 
derivation of soil moisture from active and passive microwave sensors)  

• Validation of remote sensing derived information products (e.g. establishing 
algorithms for validation and building up ground-measurement infrastructures) 

• Integration of information products using data assimilation methods and physically 
based models that will allow a quantitative understanding of dynamic processes in the 
Hydrosphere.  

Research questions that will be addressed in Topic 3 include: 
• Does the assimilation of soil moisture and freeze/thaw states help to minimize 

parameter uncertainty of hydrological models? 
• To what extent does the assimilation of subgrid-scale (e.g. 50-500 m) variability of 

state variables contribute to derive effective parameters at larger scales (e.g. 1-5 km) 
to characterise hydrological processes? 

• Does the assimilation of high-resolution synchronised observations of soil moisture 
and snow water equivalent help to reduce the predictive uncertainty of hydrologic 
models? 

• Can the Tandem-L soil moisture data improve the regionalisation of land surface 
models? 

• Can the global operational GNSS station network contribute to a global soil moisture 
monitoring and validation system in conjunction with remote sensing products? 

• Can the improved land surface model enhance our understanding about soil-
vegetation – atmosphere water fluxes and coupled plant water/carbon dynamics? 
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2.3.2 Existing competencies and infrastructure 
In the Institute Agrosphere (IBG-3) of the Forschungszentrum Jülich (FZJ), scientists 
develop cross-scaling methods to investigate matter fluxes in terrestrial ecosystems with a 
specific focus on agroecosystems. Experimental studies at laboratory, lysimeter and field 
scale in combination with the operation of monitoring platforms will provide the basis for the 
development of multi-scale terrestrial models for the prediction of the impact of climate and 
land use change on terrestrial ecosystems. In the framework of TERENO (Terrestrial 
Environmental Observatories) the IBG-3 operates a long-term environmental observation 
system at the Eifel/Lower Rhine Valley Observatory (2400 km²), which is an officially 
acknowledged site for SMOS and SMAP Cal/Val activities. The IBG-3 has also large 
experience in inverse modelling and sequential data assimilation.  
The Helmholtz Centre for Environmental Research (UFZ) operates the TERENO 
Harz/Central German Lowland Observatory which is equipped with several sensing systems 
measuring soil moisture content at various scales. The department Monitoring and 
Exploration Technologies works on the development and application of technologies for 
site characterisation and monitoring concepts with a special focus on geophysical methods 
and Direct Push technologies. It operates the research platform MOSAIC (Model-Driven Site 
Assessment, Information & Control) which comprises mobile and modular data acquisition 
and evaluation units for adaptive and modelling-based field investigations. Within TERENO 
the UFZ closely cooperates with colleagues from FZJ, HMGU, GFZ, KIT and DLR. The 
Stochastic Hydrology group of the Department Computational Hydrosystems at UFZ 
has developed a distributed grid-based hydrological model termed mHM that has been used 
to predict water fluxes in major river basins in Germany. This model employs a Multiscale 
Parameter Regionalisation approach that ensures reliable predictions across scales and 
locations. There is currently an ongoing cooperating with the Institute of Meteorology and 
Climate Research at KIT for evaluation of this soil moisture product. The know-how 
assembled in the Department Computational Hydrosystems together with the characteristics 
of the model is advantageous for answering effectively the above research questions. 
The Institute for Meteorology and Climate Research IMK-IFU of Karlsruhe Institute of 
Technology (KIT) is located in Garmisch-Partenkirchen and has around 90 employees. IMK-
IFU investigates the impact of man’s activities on the atmosphere, hydrosphere, biosphere 
and climate, particularly in climate sensitive regions. It is involved in numerous international, 
European, and national research programmes. The department "Regional Climate Systems", 
headed by Prof. Dr. Harald Kunstmann, investigates the impact of climate change on 
terrestrial hydrology. Within this frame it uses remote sensing information on land surface 
properties in coupled meteorological-hydrological model systems and investigates 
particularly the spatio temporal distribution of precipitation in complex terrain. The institute 
operates the TERENO prealpine test site of the Ammer catchment.  
The Laboratory of Climatology and Remote Sensing (LCRS), Department of 
Geography, Philipps University Marburg has experiences in working with numerical 
climate models. In particularly, the working group is investigating the optimal 
parameterization of land surface models as the lower boundary condition of mesoscale 
models. Land surface models in combination with dynamic vegetation models are also used 
to understand plant water/carbon balance and its exchange with the atmosphere. The LCRS 
working group is very experienced in Remote Sensing (RS), the development of operational 
processing chains and the assimilation of RS data to numerical models and is also working 
with rain and cloud radar technology. The head of the group Prof. Dr. Jörg Bendix is speaker 
of an interdisciplinary research effort in south Ecuador (FOR816), were a lot of validation 
data and a well-adapted models suit is available. In this program, close collaboration with 
Prof. Huth (UFZ) is already established.  
DLR’s Remote Sensing Technology Institute (DLR-IMF) is a leading expert in software 
and algorithm development for operational synthetic aperture radar (SAR) satellite image 
processing. There exists also great competence in the extraction of geo-physically relevant 
information from SAR data, such as digital elevation models, land subsidence as well as 
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ocean surface dynamics. DLR infrastructure offers optimal conditions to access, handle and 
to analyse large amounts of SAR images of ocean currents through existing satellite data 
catalogue and archiving systems as well as high-performance data processors. The 
necessary competence in relating the observed phenomena in the processed SAR data to 
ocean surface currents is brought in by a well-established cooperation between DLR-IMF 
and Prof. Roland Romeiser from the Rosenstil School of Marine and Atmospheric Science of 
the University of Miami, an expert in numerical modelling of the interaction of radar signals 
with the ocean surface who has worked with data from missions such SRTM/X-SAR and 
TerraSAR-X.  
The Helmholtz Centre for Ocean Research Kiel (GEOMAR) is one of the world’s leading 
institutes in the field of marine sciences. The institute investigates the chemical, physical, 
biological and geological processes of the seafloor, oceans and ocean margins and their 
interactions with the atmosphere. The main goal of the research division 'Ocean Circulation 
and Climate Dynamics' is to facilitate projections of the future evolution of regional ocean 
properties in response to changing climate conditions: by understanding the dynamical 
causes and mechanisms of ocean transport variability on inter-annual to multi-decadal time 
scales. Additionally, there exists also a long experience in modelling the circulation and water 
mass exchange of the Baltic Sea. The basic numerical model is a coupled sea ice-ocean 
circulation model of the total Baltic Sea including Kattegat und Skagerrak. The model is 
forced by realistic atmospheric conditions, so that simulation results can directly be verified 
by observations. This model system which also includes a Lagrangian drift tracking module 
has been successfully applied to investigate climate variability in the Baltic Sea area. There 
have been studies on how water mass variations of the Baltic Sea mask the post glacial 
rebound signal in CHAMP and GRACE gravity fields solutions, and on the statistics of 
upwelling events in the Baltic Sea which has been derived from SST fields based on infrared 
satellite data and from the Baltic Sea model. In a further study, cold upwelling areas along 
the coasts of the Baltic Sea have been investigated with respect to the modified atmosphere-
ocean interaction in a combined analysis of SAR/IR satellite and circulation model data. 
At the German Research Centre for Geosciences (GFZ), the Departments 1 ‘Geodesy and 
Remote Sensing’ and 5 ‘Earth Surface Processes’ have extensive expertise in acquiring and 
analyzing satellite-based and geodetic observations for exploring dynamic processes at the 
Earth surface. Particular areas of expertise are 1) the development and application of GNSS 
based remote sensing techniques using ground-based, airborne and satellite platforms, 2) L-
Band radiometry with a special focus on the retrieval of land state variables such as soil 
moisture, 3) ground-based monitoring of hydro-meteorological variables, hydrological 
process identification as well as process-based modelling, 4) hyperspectral remote sensing. 
These competences will be crucial for several goals of the Alliance such as the development 
of the innovative GNSS-based technique for soil moisture retrieval (WP H2), linking GNSS 
applications with remote sensing missions for validation of soil moisture products, or the 
development and validation of remote sensing based algorithms for soil moisture retrieval.  
The Microwaves and Radar Institute of German Aerospace Centre (DLR-HR) has more 
than 80 years experience in radio frequency technology and has for more than 35 years 
been active in microwave remote sensing. It holds world leading expertise in SAR system 
design, operation, data processing, air- and spaceborne SAR interferometry and polarimetry. 
DLR-HR was essential in developing soil moisture estimation approaches from multi-
dimensional SAR data evolving leading expertise in processing, modelling, and inversion 
aspects. Several major airborne validation SAR campaigns have been carried out with the 
Institute’s E-SAR system in Europe, Asia and Africa. Innovative data acquisition modes of 
the E-SAR system have been used to decompose volume from surface components in order 
to estimate quantitatively soil moisture under vegetation cover. DLR-HR is part of TERENO, 
responsible for the Environmental Sensing working group.  
The Earth Observation and Microwaves Remote Sensing Chair of the Institute of 
Environmental Engineering at the Swiss Federal Institute of Technology Zürich (ETH 
Zürich) has been founded in November 2009. The small research group is focusing their 
main research on the development of electromagnetic models for bio/geo-physical parameter 
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estimation from multi-parametric SAR observables. Currently two main research focuses 
were established the estimation of soil moisture and the derivation of snow water equivalent. 
Both are of high interest for the HGF Alliance. 

2.3.3 Work packages, expected results and milestones 
The work plan consists of three main work packages, which are validation of satellite 
products, development of data fusion techniques, and development of data assimilation 
techniques.  

Validation of remotely sensed data products 
WP H1: Derivation of surface soil moisture under the vegetation cover using multi-paramteric 
Synthetic Aperture Radar (SAR) at longer wavelength  
Responsible: Prof. Dr. Irena Hajnsek (DLR-HR) 
Other Institutes: FZJ, UFZ, KIT, HMGU, GFZ, ETH  
This work package aims at the development and validation of an operational algorithm for 
surface soil moisture estimation from multi-parametric (polarimetric) SAR data at L-band; 
able to be applied independently on the surface condition. First soil moisture analyses have 
been carried out on the basis of single polarization intensities leading to ill conditioned 
inversion problems with more unknowns (e.g. soil moisture, soil roughness, etc.) than 
observables. The operation of fully polarimetric airborne SAR sensors boosted the 
development of polarimetric inversion schemes for soil moisture able to separate soil 
roughness from moisture effects and thus an unambiguous retrieval of soil moisture. 
However, the performance of conventional soil moisture inversion algorithms is strongly 
compromised by the presence of vegetation. The fact that many soil classes including 
agriculture fields are most of the year covered by vegetation makes the development of a 
distinct approach essential. Very promising appears the use of fully polarimetric SAR at lower 
frequencies (L-band) that provides appropriate penetration as well as an observation space 
that allows the interpretation and decomposition of the vegetation and the ground scattering 
components. The estimation of moisture content is then applied on the isolated ground 
component. Besides the development of the algorithm, its validation on different soil types 
and vegetation cover conditions is a main task foreseen. For this data basis provided by the 
TERENO observatories will be used. Several airborne campaigns have been conducted over 
the observatories with simultaneously acquisition of reference data on the ground. The 
suitability of the generated high-resolution soil moisture maps (spatial resolution of the maps 
are on the order of 10m) for monitoring the local spatial moisture distribution and for 
improving the initialization of watershed run-off models will be evaluated. High resolution soil 
moisture maps derived from airborne sensors will be used together with lower spatial scale 
maps from airborne radiometers to assess their complementarity. Finally the implementation 
in the framework of Tandem-L will be addressed.  

WP H2: Multi-scale ground measurements data for the validation of remotely sensed 
brightness temperature and soil moisture products  
Responsible: Dr. Heye R. Bogena (FZJ), Prof. Dr. Harry Vereecken (FZJ) 
Other Institutes: HMGU, DLR-HR, GFZ 
This work package aims to establish multi-scale data sets for the validation of remotely 
sensed brightness temperature and soil moisture products. The experimental work will be 
conducted in the TERENO observatory Eifel/Lower Rhine Valley. Data acquisition will include 
multi-temporal multi-spatial soil moisture measurements, soil and vegetation properties, and 
hydrometeorological properties. On the basis of this data a multi-scale multi-temporal 
brightness temperature and soil moisture reference data set (2012-2017) will be generated 
using a process based hydrological model in combination with a L-MEB inversion scheme. 
Measurements of an airborne L-band sensor (PLMR2) as well as ground-based mobile 
measurements performed with the truck mounted JÜLBARA L-band radiometer will be used 
for calibration of the simulated brightness temperature reference. The radiative transfer 
parameters will be estimated using a data assimilation approach. To account for the 
vegetation effect on the modelled microwave signal, an L-band radiometer mounted on a 22 
m crane will be used to monitor brightness temperature in function of the vegetation status. 
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The objective will be to characterise the effect of vegetation in retrieving surface soil moisture 
from combined microwave measurements. We will particularly investigate the temporal and 
polarization variability of the vegetation parameterizations used in the tau-omega model (L-
MEB) when retrieving soil moisture. This is particularly relevant for SMAP and SMOS as the 
L-MEB is currently the main algorithm used for soil moisture retrieval over crops from 
spaceborne radiometers. Finally, in order to achieve a spatial coverage of the whole Rur 
catchment a network of 10 cosmic-ray probes that are able to non-invasively and 
operationally measure soil moisture has been installed. In addition, HMGU will determine soil 
water dynamics and its distribution for the TERENO Observatory Scheyern using data from 
wireless soil moisture networks, a cosmic ray probe and climate stations (2012-2017), which 
will be analysed using statistical methods (time series analysis, geostatistics, in cooperation 
with FZJ).The L-band radiometer ELBARAII will be operated at the DLR testsite DEMMIN 
(Durable Environmental Multidisciplinary Monitoring Information Network) that is within the 
TERENO observatory in Northeastern Germany. The planned series of ground-based 
radiometer campaigns aim to establish a catalogue of brightness temperatures for the 
representative land covers within DEMMIN which covers an area larger than a SMOS pixel. 
In combination with the dense networks of climate stations, in-situ soil moisture and 
temperature probes operated in DEMMIN, this approach supports the SMOS calibration 
activities and contributes to the understanding of implications of sub-pixel heterogeneities. 

WP H3: Development of GNSS reflectometry for soil moisture retrieval at the field scale and 
for global applications  
Responsible: Dr. Jens Wickert (GFZ), Dr. Andreas Güntner (GFZ) 
Other Institutes: UFZ, FZJ, KIT 
This work package aims at the development and validation of innovative GNSS satellite-
based reflectometry techniques for the derivation of near-surface soil moisture at the field 
scale. The observation technique will be developed at the TERENO study site DEMMIN and 
evaluated at appropriate ground stations of the global GNSS network to derive in-situ soil 
moisture products. While the signal-to-noise ratio of GNSS signals at the land surface has 
shown to be correlated with soil moisture conditions, the theoretical background of this 
phenomenon has not been investigated thoroughly so far. This work package will reduce this 
lack of understanding and evaluate this potentially very valuable measuring technique given 
the global network of GNSS stations. For this purpose, a GNSS reflectometry tower will be 
installed at the TERENO test site. It is used for detailed investigations of scatterometry 
processes related to the reflectometry approach for defined soil moisture and land surface 
states. In this way, an end-to-end simulation system for GNSS soil moisture measurements 
will be developed and validated with the tower measurements. Concurrent soil moisture 
measurements at the field scale with cosmic ray neutron probes, traditional soil moisture 
measurements by TDR clusters, as well as soil moisture transects retrieved from ERT 
measurements will be used for calibration and validation of the methodology and allow us to 
directly compare and evaluate these soil moisture data sets for different moisture conditions 
and vegetation effects. Appropriate permanent GNSS ground station sites of the global 
geodetic GNSS network of the International GNSS Service (IGS) will be selected for the 
derivation of GNSS based soil moisture data for different environmental conditions. In this 
way, the immense potential of delivering a global data set of large footprint soil moisture time 
series from an existing global network will be evaluated. As a result, two GNSS processing 
systems will be developed and validated: 1) Advanced scatterometry-based retrieval system 
using GNSS phase and amplitude data mainly for the analysis of the tower measurements, 
2) Retrieval system for the analysis of the multipath/reflectometry signatures of permanent 
globally distributed geodetic GNSS ground stations. 

WP H4: Ocean Surface Current Measurement with SAR Along-track Interferometry  
Responsible: Dipl.-Ing. Steffen Suchandt (DLR-IMF), Dr. Andreas Lehmann, (GEOMAR) 
Other Institutes: DLR-HR 
In this work package an existing TerraSAR-X data processing system shall be adapted for 
the extraction of surface current information from TanDEM-X and, preparative, Tandem-L 
data. We will modify the processor such that surface motion-induced, along-track 
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interferometric (ATI) phase information can be extracted from the satellite SAR data. This 
requires compensation of the topographic phase, removal of systematic errors, absolute ATI 
phase referencing and extraction of surface velocity images that are compensated for wind 
and wave contributions. The processing system shall be validated in a small number of 
experiments, in which surface velocity images derived from TanDEM-X are compared to 
reference data. Ocean surface currents at selected sites shall then frequently be imaged with 
TanDEM-X and the satellite measurements compared to in-situ observations and numerical 
models. The aim is to start investigations on how SAR remote sensing data, models and 
ground sensor data could be assimilated to obtain climatologic relevant information. The 
Baltic Sea is seen as a potential pilot area. For climate projection studies it is essential to 
understand present climate variability and its extremes. Currently, the response of the Baltic 
Sea to climate variability is analysed by using a numerical coupled sea ice-ocean model. 
Regional climate models must be validated by observational data. As opposed to the high 
temporal resolution and small coverage of in-situ measurements, SAR remote sensing 
provides high spatial and reasonable temporal resolution. Combining SAR surface current 
measurements, in-situ sensor data and models is a promising method for validating regional 
climate models. GEOMAR is operating an ADCP in the Fehmarn Belt. Profile current data on 
a very high spatial and temporal resolution are additionally available for the entire Baltic Sea 
for detailed analysis and comparison. Based on the achieved results and experience, 
mission requirements and recommendations for ocean current measurement with the 
Tandem-L satellite constellation will be worked out.  

Development of data fusion techniques 
WP H5: Optimal combination of active/ passive measurements of soil moisture 
Responsible: Dr. Carsten Montzka (FZJ), Dr. Heye R. Bogena (FZJ) 
Other Institutes: DLR-HR 
This work package aims to optimally combine active and passive measurements of soil 
moisture by developing new fusion and downscaling algorithms to derive high-resolution 
near-surface soil moisture fields. For this study we will use airborne data from the passive 
PLMR2 as well as the active DLR F-SAR system. The Polarimetric L-band Multibeam 
Radiometer (PLMR2) measures both V and H polarisations using a single receiver with 
polarisation switch at incidence angles ±8°, ±22° and ±38° in across-track configuration. We 
will make use of a new platform for the combined use of PLMR2 and F-SAR on the basis of 
the DLR Do-228. Several flight campaigns with this platform are scheduled for the Rur 
catchment in 2012. These data sets will serve as test cases in order to analyse different 
fusion techniques in support for the SMAP mission. We will investigate several fusion 
algorithms, e.g. the method proposed by Das et al. (2010), in order to obtain soil-moisture 
data at an improved spatial resolution. The approach merges coarse scale soil moisture data 
obtained by the radiometer with fine scale radar backscatter in order to derive soil moisture 
values at a scale of 30-50 km. So far, downscaling approaches of coarse scale soil moisture 
have neglected the spatial heterogeneity of the land surface in terms of vegetation patterns. 
In this study we will develop a downscaling approach deriving disaggregation factors on the 
fine scale of the radar system. Airborne measurements as well as long term measurements 
from ground-based sensors are used to identify vegetation dependent downscaling 
parameters to characterise the effect of vegetation in retrieving surface soil moisture from 
combined measurements. This approach will be transferred to the operational utilization in 
the processing of SMAP products.  

WP H6: Demand-driven observation of soil moisture  
Responsible: Prof. Dr. Peter Dietrich (UFZ) 
Other Institutes: DLR-HR 
This work package aims at providing demand-driven, detailed information on near surface to 
deeper vadose zone soil moisture and subsurface architecture with a focus on hydrologically 
sensitive areas of a catchment. In this context, we define “sensitive” areas as regions where 
soil moisture and/or texture are key variables driving system processes and feedbacks and 
which can be captured by geophysical measurements. We identified three main areas of 
demand where our proposed methods are expected to improve process understanding and 
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the predictive capability of models using remote sensing data: i) the remote sensing 
measurement itself (e.g. areas with large uncertainties in soil moisture estimates), ii) the 
model itself and particularly its parameterization (large model and parameter uncertainty), or 
iii) system functions, e.g. temporally highly dynamic system processes where both spatially 
and temporally high resolution measurements are required, e.g., during specific hydrologic or 
ecosystem states. In this work package, we will employ geophysical measurement 
techniques (e.g. EMI, ERT, gamma spectroscopy, seismics) and direct push technology in 
order to increase the information content as a complement to remote sensing data in 
hydrologically sensitive regions with a focus on the estimation of deeper vadose zone water 
contents and storage. The “demand” from the above mentioned three areas will be 
determined in close cooperation with other projects conducted within the 
TERENOframework. These may e.g. include hydrological modelling studies conducted at 
different scales and with different resolution (see e.g. Topic H9 proposed by Luis Samaniego, 
UFZ) and soil-landscape modelling (Hans-Jörg Vogel, UFZ). Additional expertise on the 
model-based optimization of measurement programs for this Topic will be provided by Th. 
Wöhling (WESS). 

WP H7: The use of hyperspectral optical and L-band radar data for retrieving surface soil 
moisture at the field scale  
Responsible: Dr. Sybille Itzerott (GFZ), Dr. Mike Schwank (GFZ) 
Other Institutes: DLR-HR, UFZ 
In this WP reflectance and backscatter data from both hyperspectral and radar systems from 
several airborne campaigns during different landscape conditions in terms of moisture and 
plant status will be acquired. The simultaneous acquisition of these data ensures the goal of 
data fusion and direct comparability. In addition data from a network of permanent monitoring 
stations for soil moisture and climate parameters, accompanied by campaign measurements 
of soil moisture at the pixel scale and vegetation parameters over a large number of plant 
test points will be acquired. Furthermore, the installation of a „remote sensing tower“ over an 
agricultural site and a „science crane“ over forest in the frame of TERENO offer additional 
means for separating the effect of individual parameters on the sensors signals on an 
experimental basis, using mounted instruments (HSS system HySpex and microwave 
radiometer) and overflights. Observations with different tree and crop types combined with 
varying moisture stages and artificial ground covers placed below vegetation will enable to 
explore the separation of signatures originating from soil moisture and vegetation, 
respectively. Methodological tests with hyperspectral optical (HSS) and radar data from 
former well dated field campaigns (AGRISAR, Fichtwald) will be performed and airborne data 
from test sites will be acquired. Climate and soil moisture network data will be combined with 
influencing parameter maps in GIS (soil type and physics, topography, land use). 
Petrophysical and plant physiological understanding will be developed from benchmark 
experiments using core material from field and laboratory tests. A 3D model will be set up for 
the analysis of several plant and soil parameters´ influence on moisture signal from radar 
and HSS remote sensing data. Raster data of different aerial and field campaigns will be 
processed in single and fusion mode. Advantages and disadvantages in usage of both 
sensors types for soil moisture estimation will be compared to evaluate the performance of 
both techniques. The results expected in the frame of this work package are proposed to be 
tested in in the region of central Asia. A work package, described in topic Geosphere, is 
focussing on mass movements in that region. Soil moisture is considered as a trigger of land 
slide occurring on hill slopes in the forelands of high mountains. 

Development of data assimilation techniques 
WP H8: Data assimilation of multi-scale soil moisture products  
Responsible: Prof. Dr. Harrie-Jan Hendricks Franssen (FZJ) 
Other Institutes: HMGU, DLR-HR 
The goal of this work package is to develop a multi-scale sequential data assimilation (SDA) 
procedure for multi-scale soil moisture products. We will implement two different multi-scale 
SDA algorithms. In one approach, multi-scale data are directly incorporated by modifying the 
weighting matrix (or measurement operator) of the Ensemble Kalman Filter. In the second 
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approach, we use an upscaling-assimilation-downscaling approach. In this case, the high-
resolution soil moisture simulations are first conditioned on fine scale measurements, in 
addition upscaled, and with SDA these coarse model simulations are optimally combined 
with the coarse scaled remote sensing data. Finally, the coarse soil moisture product is 
downscaled with regression equations. The second step in this work package is the 
comparison of the different methods in a synthetic study where virtual SMOS, SMAP and/or 
Tandem-L data are assimilated. For a better understanding of Tandem-L remote sending 
data the radar beam absorption and scattering within canopies will be modelled by HMGU 
using ray tracer simulation based on canopy architecture. Finally, the last step in this work 
package is the application of the methodology for a real-world test site. We will set up a land 
surface model for this area, and assimilate the in situ soil moisture measurements and 
remote sensing products. Also in this case different assimilation experiments will be carried 
out. The most extreme cases are open loop simulations and simulations where all types of 
measurement are assimilated, but we will also carry out experiments where only part of the 
measurements is assimilated. For real-world data it is less obvious to evaluate the model 
performance than for synthetic experiments. We will make in all data assimilation 
experiments predictions for the next days, which allows for a comparison of the value of 
different data types and assimilation strategies. Finally, we will also test cases where the 
amount of in-situ and/or remote sensing data is decreased with a lower temporal resolution, 
and compare the prediction performance for this larger time horizon. In all experiments, the 
uncertainty of forcing data (especially rainfall) will be taken into account by generating an 
ensemble of stochastic precipitation realisations, conditioned on rain gauge and radar 
information. 

WP H9: Assimilation of soil moisture and snow water into the mesoscale hydrologic model  
Responsible: Dr. Luis Samaniego (UFZ) 
Other Institutes: DLR-HR 
For this study proxy Tandem-L data or data obtained with similar sensors of Tandem-L 
mission but on-board aircraft will be employed. The assimilation of these state variables into 
the hydrologic model mHM will be carried out in three phases. The first phase is purely 
explorative and aiming to uncover the periodicity, emerging spatial patterns, the 
dimensionality, and the stochastic dependency of the observed variables at various scales of 
aggregation. This phase should help to identify at which spatio-temporal scales the model 
exhibit the largest bias against the observations (H9-1). The following statistical analysis 
techniques will be employed: Principal component analysis, canonical correlation analysis, 
multivariate spatial copulas, and singular spectrum analysis. The second phase deals 
basically with data assimilation, parameter inference, and model improvement. The statistic 
evidence found in phase 1 related with the main patterns at various spatio-temporal scales 
will be used as reference to test various assimilations techniques such as Monte Carlo 
Bayesian Updating, Ensemble Kalman Filter, and Ensemble Kalman Smoother in selected 
sites (e.g. TERENO) (H9-2, H9-3). In this phase, the main aim will be to estimate global 
model parameters able to reproduce the spatio-temporal patterns found in phase 1. The 
multiscale parameter regionalization technique (Samaniego et al. 2010) will be used to infer 
effective parameters at various scales at which mHM will be evaluated. The spatial-temporal 
patterns of the soil moisture anomaly will be used as reference since the absolute values of 
the soil moisture values are quite difficult to reproduce due to many factors extensively 
discussed in the recent literature. In the final phase, model predictions will be validated 
against other direct observations at TERENO sites. These include Eddy covariance data, soil 
moisture sensor networks, as well as soil moisture observations from cosmic ray probes. 
Anomalies of aggregated values will also be compared with other satellite products such as 
SMOS. This phase is strongly linked with the WP H6 because regions exhibiting large model 
predictive uncertainty will be monitored with special geophysical techniques developed in this 
WP. 
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WP H10: High resolution soil moisture parameterization of land surface models  
Responsible: Prof. Dr. Jörg Bendix (LCRS Uni Marburg) 
Other Institutes: DLR-HR, FZJ, UFZ, GFZ, KIT 
The high spatial resolution of the soil moisture product provided by Tandem-L will be used to 
regionalise a soil vegetation atmosphere transfer model for the study area in Southern 
Ecuador. The interactions between soil, vegetation and atmosphere including the seasonal 
variation in plant structure and function will be investigated by integrating the Tandem-L soil 
moisture data into the adapted land model. For this purpose H10-1 will consist in the 
development and implementation of a proper assimilation scheme for the level 3 soil 
moisture product. Since Tandem-L data will only be available after the launch of both 
satellites, data from ESA's Soil Moisture Ocean Salinity (SMOS) Earth Explorer mission 
(available since 2009) as well as from NASA's SMAP (Soil Moisture Active Passive) mission 
(scheduled launch 2014) will used for the development. Both systems provide a repetition 
rate of 1-2 days and operate in the L-band. Thus, they will be used as a substitute for the 
forthcoming Tandem-L data products. However, because of the much coarser resolution of 
the SMOS and SMAP soil moisture products a method has to be developed that allows to 
integrate the coarse-scale soil moisture data into the regional model scale (50m). The 
development of an appropriate downscaling method and the analysis of the model behaviour 
and simulation results for differing spatial scales will form the core of H10-2. By the same 
time the model sensitivity on the accuracy of the provided soil moisture product (5-10%) will 
be investigated. By this means the propagation of soil moisture retrieval uncertainty in the 
simulation of energy fluxes, gas exchange and vegetation growth will be investigated for 
varying spatial resolution. For H10-3 the potential improvement gained by more accurate soil 
moisture information with higher spatial and temporal resolution will be assessed. To this 
end, the model performance will be extensively evaluated on varying spatial scales using 
field measurements of the energy fluxes, gas exchange, leaf area index and biomass in the 
study area. The work of H10-2 and H10-3 are closely related to the carbon balance and to 
physiological processes in vegetation ecosystems. Thus, a close cooperation with the 
biosphere working group of Prof. Dr. A. Huth is planned for this working package. 

WP H11: Copula Based Merging of Modelled and Satellited Derived Soil Moisture Fields and 
Ecosystem Fluxes 
Responsible: Prof. Dr. Harald Kunstmann (KIT) 
Other Institutes: DLR-HR, UFZ, FZJ, GFZ 
To improve the representation of spatio-temporal variability of soil moisture we aim at 
combining information from TanDEM-X (and later Tandem-L) remote sensing with the results 
of a high-resolution physically based hydrological model (e.g. GEOTOP) which can be used 
to describe the time evolution between the weekly measured soil moisture fields. We will 
develop and apply our Copula based geostatistical methods for the TERENO prealpine 
observatory first and later extend it to other test regions. The complete task can be divided 
into the following steps: 1) The dependence structure between model and observation is 
derived for each grid cell of the hydrological model separately, based on the datasets that 
are retrieved from the weekly TanDEM-X measurements. This dependence structure can be 
used to quantify the model error for each grid cell and statistically correct for errors in the 
absolute values on weekly time scale. 2) The spatial variability of the correlation between 
model and observation can be derived by studying the dependence structure between model 
and observation at different locations of the domain. This spatial variability can be visualised 
by examining the fields of the derived parameters of the theoretical Copula distributions with 
large parameters indicating stronger correlation. 3) As the temporal resolution of the 
available remote sensing measurements is only one week it will be the major task to fill the 
gaps between the observed values. The joint Copula function is conditioned on the modelled 
values and finally the probability density functions (PDFs) for soil moisture are derived. 
Based on the obtained PDFs and the Copula model one soil moisture field based on the 
expectation value or an entire ensemble of soil moisture fields is derived. 4) Copula-based 
methods can be easily extended to a multivariate setup. Therefore it is also possible to 
include other identified predictor variables such as temperature or precipitation with higher 
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time resolution (e.g. hourly or daily) directly into the algorithm. This additionally constrains 
the Copula model and introduces temporal variability to the simulated soil moisture fields 
apart from that generated by the hydrological model. The approach will finally be extended to 
a Copula based dependence structure analysis of observed and modeled ecosystem fluxes 
like e.g. latent and sensible heat fluxes and CO2 fluxes. Observational data for ecosystem 
fluxes will be obtained by TERENO pre-alpine. As a final step, the multivariate dependence 
structures between soil moisture and ecosystem fluxes will be evaluated. 
 
Milestones 
 Timing (in quartal of 5 yr project) 

2012 2013 2014 2015 2016 2017 
  3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2   

Validation of remotely sensed data products 

H1-1 Derivation of soil moisture from SAR 
and performance analysis 

                        
                        

H1-2 Validation with ground 
measurements and space application 

                        
                        

H2-1 Analysis of airborne L-band sensor 
data and ground-based measurements 

                        
                        

H2-2 Modelling top soil moisture and soil 
temperature for the different catchments 

                        
                        

H2-3 Radiative transfer parameters and 
brightness temperature reference data 

                        
                        

H3-1 Installed GNSS reflectometry tower, 
GPS and soil moisture monitoring 

                        
                        

H3-2 Develop correction model, improve 
and validate processing systems 

                        
                        

H4-1 Adaptation and validation of the 
processing system 

                        
                        

H4-2 Data acquisition, processing and 
analysis for long-term study 

                        
                        

H4-3 Tandem-L mission recommendation 
and requirement table 

                        
                        

Development of data fusion techniques 

H5-1 Analysis of multiple active/passive 
airborne data 

                        
                        

H5-2 Development approach to derive 
disaggregation fine scale factors  

                        
                        

H5-3 Development of a new fusion and 
downscaling algorithm  

                        
                        

H5-4  Validation of the algorithms using 
existing PLMR2 and F-SAR data 

                        
                        

H6-1 Specifying the particular data 
demand 

                        
                        

H6-2 Identification of suitable 
experimental sites and test cases 

                        
                        

H6-3 Update of workflow based on first 
field tests 

                        
                        

H6-4 Tested workflow for demand-driven 
observation 

                        
                        

H7-1 Signal influence parameters and 
definition of test methods and sites 

                        
                        

H7-2 Parameter estimation and analysis 
for 3D model 

                        
                        

H7-3 Transfer of influence parameter 
knowledge to airborne data processing 

                        
                        

H7-4 Validated method for soil moisture 
estimation from HSS and radar data 

                        
                        

Development of data assimilation techniques 

H8-1 Development of two multi-scale data 
assimilation algorithms 

                        
                        

H8-2 Study on data value of different 
remotely sensed soil moisture products 

                        
                        

H8-3 Land surface model for the Rur-Eifel 
catchment 
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H9-1 Spatio-temporal patterns, 
periodicity, stochastic dependency of data  

                        
                        

H9-2 Develop assimilation algorithm                         
                        

H9-3 Create and evaluate results of the 
assimilation algorithm 

                        
                        

H10-1 Development of an assimilation 
tool for Tandem-L SMOS and SMAP 

                        
                        

H10-2 Development of a downscaling 
technique for SMOS and SMAP data 

                        
                        

H10-3 Evaluation of model performance 
on varying spatial scales 

                        
                        

H11-1 Dependence structure analysis for 
GEOTOP and TanDEM-X soil moisture 

                        
                        

H11-2 Tool for stochastic generation of 
soil moisture fields from conditional pdfs 

                        
                        

 
Networking with other Research Topics 
There are various potential collaboration possibilities between the work packages of Topic 3 
and other topics. Particular close connections exist with the Biosphere (Topic 1). WP H3 of 
Topic 3, for example, relies on input from the partners in Topic 1 for data on vegetation 
properties. Also, there is generally a high potential for sharing data on vegetation structure 
and hydrological indicators between Topic 3 and 1, which will allow each topic to use the 
variables generated by the other topic for statistical analysis, validation or as model inputs. A 
particularly high potential for sharing and exchange of data is given for the hydrological 
forecast models, which can use land cover and vegetation parameters as input, and 
generate predictions for state variables such as soil moisture and snow water equivalent, or 
hydrological fluxes.  
Since the occurrence of landslides is often connected with the degree of soil water saturation 
there is a connection between several WPs of Topic 3 and Topic 2 in relation to the 
improvement and understanding of possible landslides events and the contribution to the 
improvement of landslide prediction models. In this context the results expected in the frame 
of work package H7 are proposed to be tested in the region of central Asia. The work 
package G8 described in topic Geosphere is focussing on mass movements in that region. 
Soil moisture is considered as a trigger of land slide occurring on hill slopes in the forelands 
of high mountains. Multiple methodical crosslinks exist amongst the subtopics of WP H1 to 
WP H4. The use of comprehensive equipment within WP H1 to WP H4 is of special 
importance as it supports the WP´s overall goal of validating remote sensing data products. 
The operation of cosmic ray probes within the WP H1 as well as within the WP H3, and the 
common evaluation of the data supported by the “Institute of Earth and Environmental 
Science” of the University of Potsdam (Prof. Sascha Oswald) is exemplary. 
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2.4 Research Topic 4: Cryosphere 
Scientific Team Coordination: Prof. Dr. Angelika Humbert (AWI)  
Science Team: AWI, DLR-HR, DLR-IMF, FAU, ETH, Univ. Hamburg 
Associated Team: TU Vienna, Univ. Iceland, BAS, LEGOS, Univ. Canterbury, Univ. Bristol, 
Univ. Edinburgh, Aalto Univ., Chalmers Univ., Univ. Bremen, Univ. Innsbruck, Univ. Oslo 

2.4.1 Scientific case for the Research Topic 
2.4.1.1 Background 
Satellite remote sensing observations revealed the changes the elements of the cryosphere 
were undergoing in the past decades. The high spatial resolution of TerraSAR-X and  
TanDEM-X and much more the systematic acquisition with high temporal and spatial 
resolution of future Tandem-L like mission allows accurate determination of crucial variables 
needed today by glaciologists, sea ice and permafrost scientists. This increases substantially 
the understanding of key processes within the cryosphere, in particular the dynamics of its 
individual components and their interaction with atmosphere and ocean.  
Ice sheets, ice streams, ice shelves and glaciers play a key role in the climate system, as 
their extent and stability influences the climate system. Accelerating flow of outlet glaciers in 
Greenland (e.g. Joughin et al., 2004) and Antarctica (Rignot, 2006) and recent break-up 
events on ice shelves (Braun & Humbert, 2009) brought the short times scales on which 
changes occur into public mind. The observed changes in these components of the 
cryosphere brought up the need for understanding of the key glaciological processes and the 
dynamics of entire systems. Satellite sensors deliver crucial data bases for this purpose. Ice 
streams and outlet glaciers can be seen as the veins of ice sheets, which drain the ice into 
the sea. Their dynamics is greatly affected by the basal lubrication and the conditions at their 
grounding lines. Outlet glaciers in Greenland were responding to weakening of their floating 
part with retreat and acceleration. Subsequent deceleration showed that internal feedback 
mechanisms are taking place, governing their long-term dynamics. Seasonal increase of 
speeds is linked to the drainage of surface melt water and hence, melting enhances the 
contribution of Greenland outlet glaciers to sea level change. Most of the recent changes of 
the Antarctic ice sheet occurred along the Antarctic Peninsula, where nine out of twelve ice 
shelves disintegrated or retreated in the past decades (Cook & Vaughan, 2010). As ice 
shelves are buttressing inland ice masses, the glaciers feeding those ice shelves have 
subsequently accelerated (Rott et al., 2011). Remote sensing data allow investigating the 
factors leading to break-up and the response of the glaciers to the retreat of ice shelves. The 
stability of the West Antarctic Ice Sheet (WAIS), a marine ice sheet, is considered as one of 
the tipping points of the climate system. In the past decades the Pine Island Glacier has 
speed up and its grounding line retreated (Rignot, 2006). The mass loss of the Antarctic ice 
sheet is dominated by the WAIS, which contributes recently with about 10% of the sea level 
rise. Studying the flow dynamics, the grounding line migration, thinning and calving dynamics 
is thus of key importance. The past decade revealed subglacial lakes and rivers under ice 
sheets and changed our view of ice sheets fundamentally. The interaction of subglacial water 
and ice is one of the most important topics in glaciology. As the lower side of the ice is hardly 
accessible, indirect measurements of the dynamics are required. Satellite missions observe 
changes of surface elevation and changes in ice velocity will allow to study the temporal 
scale on which changes in the subglacial water system occurs and in particular at which time 
scales the flow velocities vary. Glaciers and ice caps (GIC) are currently a strong contributor 
to sea level rise, although their total potential is limited. To date only few estimate exist that 
provide a regional analysis and are often based on comparison of different digital elevation 
models from rather large time intervals (e.g. Berthier et al., 2010). The most recent mass 
balance estimate of GICs outside Greenland and Antarctica -148±38 Gt/a (2003-2010) 
contributing with 0.41±0.008 mm/a to sea level rise (Jacob et al., 2012). The Arctic ice caps, 
Alaskan and Patagonian glaciers are major contributors. The proposed Tandem-L mission 
will enable unique possibilities to cross-validate mass changes products and provide 
additional data sets that support improved system understanding and prediction capabilities. 
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Figure 8: Velocity mosaic of the Nimrod Glacier in the Transantarctic Mountains obtained with 
speckle tracking (grey: multiple TerraSAR-X amplitude scenes, collared: estimated glacier 
velocity field from TerraSAR-X time series). 

Sea ice is a component of the cryosphere with many challenges for observations. One of the 
primary objectives in sea ice research is estimating the mass balance of Arctic and Antarctic 
sea ice and the processes related to sea ice mass balance on different spatial and temporal 
scales. This requires observing seasonal and long-term changes in sea ice extent and 
concentration (Vinnikov et al., 2006), thickness (Kwok & Rothrock, 2009), drift (Kwok, 2000), 
and ice type distribution. For years there has been a large interest in Arctic- and Antarctic-
wide observations for change detection and for validation of sea ice models used for 
simulating ice dynamics and thermodynamics. Such observations and subsequent data 
retrievals have been based on coarse-resolution sensors such as passive microwave 
radiometers and scatterometers and on instruments with moderate spatial resolution such as 
optical imagers and wide-swath SAR. With the advent of high-resolution image products in 
particular from SAR, algorithms for parameter retrievals can be improved by comparing 
coarse and high-resolution data (Röhrs & Kaleschke, 2012). High-resolution products are 
also very useful for detailed process studies. The results of such studies are the basis for 
establishing parameterizations of small-scale processes that are incorporated into sea ice 
models. We will focus on different fields where improvements of existing algorithms are 
urgently needed. Sea ice drift and deformation are related to atmospheric and oceanic stress 
acting upon the ice and internal forces in the ice (Kwok, 2011). The internal forces are 
related to sea ice rheology. Most models are based on a viscous-plastic sea ice rheology for 
spatial scales of ~100 km and are not valid on the floe size scale below ~1km (Chmel et al., 
2010). The seasonal cycle of sea ice velocity in current climate models thus disagrees with 
observations (Rampal et al., 2011). It is hence necessary to derive multi-scale sea ice 
displacement fields to test and improve rheological descriptions. Another need is to gain 
further insight in the process of sea-ice melt and disintegration. The disintegration of sea ice 
during summer is related to a number of environmental factors that precondition the ice 
during winter and spring. The rate of decrease of floe size and temporal variation of sea ice 
concentration are indicators related to the thermodynamics of the atmosphere-ice-ocean 
system (Steer et al., 2008). With the CryoSAT-2 radar altimeter it is possible to derive the 
thickness of ice that is more than about 1 m thick. Considering the fact that large regions in 
the Arctic and Antarctic are covered by ice thinner than 1 m, in particular during the freeze-up 
period, it is essential to retrieve the thickness of thinner ice as well (Kaleschke et al., 2011). 
Thin ice areas are locations of strong heat exchange between atmosphere and ocean, which 
influences the regional heat flux. In addition, the release of salt during ice growth contributes 
to convection processes in the ocean.  

0m d-1 
 

2.5m d-1 
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Permafrost covers about 25% of the northern hemispheric land area and hence represents 
one of the largest components of the Arctic cryosphere. The large Arctic carbon pool of 
permafrost regions together with the large amplitude of the predicted arctic climate change 
(IPCC, 2007) implies that there is a high potential for a net increase in the flux of greenhouse 
gases (CO2, CH4, N2O) to the atmosphere with a global-scale feedback effect on climatic 
warming (Schaefer et al., 2011). Field observations proof that the active layer and permafrost 
are already undergoing changes (Smith et al., 2010) with further influences on the hydrology, 
the carbon and nitrogen budget, the denudation of Arctic landscapes and the human 
infrastructure in the Arctic and the Subarctic (Cheng et al. 2008). The modelling and 
monitoring of permafrost is strongly hampered by missing data. Surface moisture, 
freeze/thaw, the soil water and ice content are crucial parameters for the thermal dynamics 
and also critical to validate hydrological, ecological and climatic models (Schaefer et al., 
2009). The freeze/thaw cycle determines together with the moisture and temperature 
regimes the fluxes of heat, water and greenhouse gases. Permafrost as a subground thermal 
phenomenon cannot be directly observed by remote sensing. However, there is a number of 
surface indicators that can be monitored by remote sensing configurations: Surface soil 
moisture, frozen/ thawed surface status, surface temperature and terrain changes.  
Results from the Japanese Earth Resources Satellite-1 (JERS-1) L-band mission showed the 
capacity of the L-band wavelength to penetrate the short Arctic vegetation to monitor 
subsidence possibly associated with thaw settlement of the active layer and other hydrologic 
changes over relatively large areas (Rykhus and Lu, 2008). 

2.4.1.2 Most important goals of the planned work 
The cryospheric topic aims to improve the understanding of the processes and dynamics of 
different components of the cryosphere, namely land ice, ice shelves, glaciers, snow, sea ice 
and permafrost. To this end, the cryosphere team focusses on the following research goals: 

• What are the contributions of glaciers, ice caps and polar ice sheets to the rise in sea 
level and what is the nature of the influence of climate change on their mass balance 
and dynamics?  

• What do the distributions of the extent, thickness and other physical characteristics of 
sea ice look like and how do they react to climate variability and change? 

• How do changes in the snow and ice masses influence the surface energy balance 
and the circulation of the atmosphere and the ocean? 

• Which spatial and temporal changes in the snow and ice extent and mass are to be 
expected on the continents in the coming decades, and how will these influence the 
water budget, ecology and biodiversity? 

• How does climatic change affect the stability of permafrost and the annual freeze and 
thaw dynamics? 

• What are the ecosystem responses to degrading permafrost and what are the 
impacts on the Arctic carbon cycle? 

• How does the components of the cryosphere interact and are there relevant feedback 
mechanisms between sea ice, snow cover and permafrost? 

• Can changes in the cryosphere trigger abrupt or critical changes in the world’s 
climate system? 

The combination of remote sensing, field surveys and modelling is the approach to answer 
these questions. Besides monitoring, the evaluation of essential variables from SAR systems 
allows to greatly improve understanding of processes and systems and is thus of crucial 
importance. SAR systems operating at X- and L-Band, used in synergy with each other, can 
greatly improve the knowledge of dynamics and stability of components of the cryosphere.  

2.4.2 Existing competencies and infrastructure 
The Alfred Wegener Institute (AWI) provides a wide range of infrastructure for field studies 
that describe sea ice and permafrost observations in polar regions, including radio-
echosounding of the ice thickness in Antarctica, instruments and expertise for firn-core 
studies, polar aircraft equipped with modern camera, video, and laser equipment besides 
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other measurement devices for various purposes. Furthermore, the AWI is involved within 
several international Arctic permafrost monitoring programmes. The long-term Russian-
German research Station Samoylov in the Lena River Delta is one of the prime sites of the 
AWI permafrost research programme. In 2012 the AWI establishes a new ice modelling 
group, lead by Angelika Humbert, which studies the dynamics of ice sheets, streams and 
shelves in Antarctica and Greenland. This group contributes with its expertise in glaciological 
processes and ice dynamics on short and medium time scales. Additionally, the AWI is 
currently establishing a new professorship and group in remote sensing of ice which will be 
build up in 2012/13 and is planned to contribute to the hereby proposed work packages. The 
AWI group Sea Ice Physics, lead by Rüdiger Gerdes, has long experience in conducting in-
situ measurements on sea ice. The group is furthermore specialised in measuring sea ice 
thickness using electromagnetic sounding devices and radar altimetry (ASIRAS) and to apply 
such measurements for validation of CryoSAT data. This will also be very useful for studying 
the potential of Tandem-L. The AWI permafrost group, lead by H.-W. Hubberten, has an 
excellent expertise in evaluating operational and experimental remote sensing in permafrost 
regions. AWI is partner in the ESA Data User Element (DUE) Permafrost project that 
provides an Earth Observation service for permafrost applications with products for ‘Land 
Surface Temperature’, ‘Surface Soil Moisture’, ‘Frozen/ Thawed Surface Status’, ‘Terrain’, 
‘Land Cover’ and ‘Surface Waters’. Several SAR time series, also ALOS-L-band acquisitions 
are available for key sites. Birgit Heim, AWI, leads the work package evaluation of this 
project. Further excellent expertise is available in fields of microwave and SAR remote 
sensing through the Technical University of Vienna (AT) and the University of Oslo (NO). The 
University of Oslo is strongly involved in cold region remote sensing and permafrost 
modelling. A close collaboration is already established through the EU-Project PAGE21 (TU 
Vienna, University of Oslo). This ensures best possible knowledge transfer and support 
concerning cold region remote sensing, microwave remote sensing, and satellite based 
permafrost modelling 
Matthias Braun of the Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) has a 
strong expertise in combining remote sensing Earth observation techniques and field 
surveys. In the past he derived quantitative cryospheric data sets including glacier extent, 
glacier phacies, grounding line positions, as well as changes in ice flow velocities and mass 
transport. Beside optical remote sensing his group works with SAR feature and speckle 
tracking, as well as SAR interferometry. Additionally, he has competencies in modelling of 
surface energy exchange and mass balance in polar and high mountain ranges. His current 
working areas cover West Antarctica, Svalbard, Alaska and the Himalaya Range. M.Braun is 
cooperating with Angelika Humbert and her group since several years which also expresses 
in joint publications. Intensive interaction between these groups, DLR and ESA has been 
established during the break-up events on Wilkins Ice Shelf in 2008 and 2009. Additional 
collaborative efforts are ongoing for Pine island Bay (Antarctica). Additionally, a close 
collaboration and exchange of staff is planed between FAU and DLR-IMF. 
The German Aerospace Center (DLR) has a long experience with spaceborne observations 
of the cryosphere. Within the DLR, the expertise of Dana Floricioiu and Michael Eineder 
(DLR-IMF) in this field is the study of ice dynamics by means of SAR. Members of the DLR-
IMF group have also long year experience on snow hydrology and glaciology. TerraSAR-X 
InSAR data pairs have been used since the very beginning of the mission to develop 
algorithms for deriving high resolution 2D velocity fields. The DLR-IMF group investigates 
surface elevation changes by deriving high-resolution DEMs using TanDEM-X data. Double 
differential InSAR using TerraSAR-X was successfully applied to derive grounding lines. 
DLR-IMF group is part of the Signal Processing department and uses its computer facilities 
and latest TerraSAR-X and TanDEM-X processor versions. Joint studies with cooperation 
partners at Univ. of Innsbruck and Univ. of Iceland were carried out for the Antarctic 
Peninsula, Vatnajökull and Patagonia ice fields. The DLR-IMF also contributes access to 
ALOS PALSAR data, by a mutual DLR-JAXA cooperation on satellite disaster monitoring. 
DLR-IMF and the AWI sea ice group are partners in a DFG project and collaborate on a new 
multisensor estimation of the ice mass balance of Antarctica. AWI is focusing on snow 
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accumulation retrieval while DLR-IMF on the ice dynamics on selected test sites. The 
Microwaves and Radar Institute (DLR-HR) has more than 80 years experience in radio 
frequency technology and has for more than 35 years been active in microwave remote 
sensing. It holds world leading expertise in SAR system design, operation, data processing, 
air- and spaceborne SAR interferometry and polarimetry. DLR-HR was essential in 
developing from the very beginning the new discipline of polarimetric SAR interferometry 
evolving leading expertise in technical, processing, modelling, and inversion aspects. Several 
major airborne SAR campaigns have been carried out with the Institute’s E-SAR system in 
Europe, Asia and Africa. Two major campaigns have been carried out over Svalbard for sea 
and land ice parameter estimation. Innovative data acquisition modes of the E-SAR system 
allowed us to demonstrate for the first time the potential of polarimetric SAR interferometry 
(Pol-InSAR) for snow parameter and land ice estimation. The DLR SAR oceanography 
team, lead by Susanne Lehner, has proven substantial competence in sea ice remote 
sensing using SAR data in several major projects, e.g. the HGF-financed project ENVOC 
and the EU AO project SOWISAR. Recently, considerable progress has been made in 
automatic extraction of sea ice drift fields from high resolution X-band SAR data (TerraSAR-
X). Furthermore, DLR has several decades of experience on building and operating remote 
sensing end-to-end systems covering all activities from satellite data reception, processing, 
archiving and data delivery to customers both offline and in near real time. The DLR team 
works in different projects in collaboration with the AWI sea ice group and Lars Kaleschke, 
UniHH. 
The sea ice remote sensing group of the Universität Hamburg, lead by Lars Kaleschke, 
has strong expertise in retrieval algorithm development for active and passive remote 
sensing data. Pioneering results have been obtained in the retrieval of sea ice concentration 
from passive microwave data, the estimation of sea ice thickness from SMOS brightness 
temperatures, the derivation of melt ponds from MODIS optical data, the classification of sea 
ice types in SAR data, as well as the detection of leads in AMSR-E, ASAR and CryoSAT-2 
data. Furthermore, the group is involved in developing a high-resolution sea ice forecasting 
system for ship-routing applications. 

2.4.3 Work packages, expected results and milestones 
Glaciology 

WP C1: Dynamics & mass balance of ice sheets, streams, glaciers and ice shelves 
Responsible: Dr. Dana Floricioiu (DLR-IMF) 
Other Institutes: FAU, AWI – Ice modelling group, Univ Innsbruck 
We use high-resolution InSAR data to derive repeatedly surface velocity fields of ice masses 
in order to detect changes and to deliver them for model validation purposes. To this end, we 
apply various techniques, including feature and speckle tracking, as well as SAR 
interferometry. Those techniques are highly operational and will be expanded and deployed 
continuously on image time series of the target regions in order to determine changes and 
variability of ice flow. Differential SAR interferometry enables mapping the vertical uplift due 
to tides in the grounding zone and by this a detection of the grounding line. This technique is 
well developed and standard. We will determine repeatedly grounding line positions in key 
areas in order to capture migration. The methodology applied uses differential interferometry 
of repeat SAR acquisitions. The big advantage of the TerraSAR-X and TanDEM-X mission in 
comparison to previous SAR time series is the high temporal repetition rate and precise orbit 
determination. Due to the higher penetration depth of L-band data and from previous sensor 
intercomparison experiments and its short repeat cycle Tandem-L will provide temporally 
more stable backscatter signals and hence will provide even more suitable measurements. 
TanDEM-X derived DEMs also allow for mapping of absolute and relative ice elevation 
changes at high precision and thus allow detecting thinning. The performance of these DEMs 
based on experimental TanDEM-X data has been successfully demonstrated over outlet 
glaciers of the Patagonia Icefields. Significant surface lowering over a decade was measured 
by comparison with SRTM DEM and validated with ICESat GLAS altimeter data. The 
upcoming Tandem-L mission allows to extend this beyond the end of the decade and 
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provides thus to observe long-term as well as short-term changes of ice elevation. In 
combination with the time series of ice velocities, we are able to distinguish between 
accumulation induced changes and dynamic thinning. The TerraSAR-X data will be used to 
determine the velocity of the calving front position and the ice velocity independently, which 
allows estimating the calving rate. This technique has not yet been applied and is 
experimental. Calving rates will be incorporated into models of ice dynamics and allows 
evolving the ice fronts of Antarctica realistically. In combination with the work package 
structural glaciology we derive the relation between inhomogeneities at the calving front and 
calving rate. Repeat-pass SAR observations enables the monitoring of topographic changes 
induced by subglacial water drainage events in polar ice sheets. So far such analysis has 
mainly been performed with altimeter data, while only few studies applied the InSAR method 
due to the limited availability of suited data. The technique we propose is based on the 
combination of ascending and descending TerraSAR-X repeat-pass acquisitions. This 
combination ensures the shortest time period between the two overfligths and the needed 
number of measurements for resolving the 3 components of displacement. For the vertical 
displacement of the ice surface we expect an accuracy of 0.1 m/day. Since the subglacial 
lakes were discovered under glaciers and ice streams in the interior of the ice sheet where 
no surface melt occurs and snow accumulation is small, a subsidence rate in the order of 
cm/day measured by this technique may be an indicator of subglacial water discharge. 
Moreover the left looking capability of TerraSAR-X enables imaging areas located close to 
the South Pole, where the Recovery Lakes and Glacier are located. Additionally, AWI will 
carry out a field survey of the Recovery catchment allowing to combine the SAR derived 
informations with ice thickness data and inferences of the basal properties. This will be 
completed by a modelling study. The processing of first year TanDEM-X coverage revealed 
low coherence over the dry snow zone in Greenland (no data over the Antarctic ice sheet are 
available at the time of this proposal). Since in case of TanDEM-X acquisitions there is no 
temporal decorrelation the spatial decorrelation in this area is due to snow volume scattering. 
We propose to investigate the baseline dependence of volume decorrelation in dry snow 
zone and to develop inversion models for the penetration depth of the SAR signal. This can 
be in turn related to surface accumulation rates, needed for the ice sheet mass balance. 

WP C2: Structural glaciology 
Responsible: Prof. Dr. Angelika Humbert (AWI) 
Other Institutes: FAU 
Structural mapping and the comparison with radio echo sounding data have lead in the past 
to the discovery that radar imagery allows inferences of the structures at the base of ice 
shelves, as well as to the identification of the origin of surface structures. Here, we aim to 
extend this by extending the range of surface structures investigated, as well as to perform a 
comparison of surface structures in X- and L-band.  

WP C3: Monitoring change of glaciers, ice caps and ice shelves 
Responsible: Prof. Dr. M. Braun (FAU) 
Other Institutes: AWI – Ice modelling group 
SAR data have shown their potential to map the extent of ice shelves and tidewater glaciers 
since many years. Additionally, SAR coherence is effective to separate glaciers from 
surrounding rocky surfaces (e.g. debris covered glaciers in the Himalaya Range). The data 
sets will be used on key regions to demonstrate the technique and to supplement and update 
existing glacier inventories. We use these techniques to estimate retreat in selected regions 
and will study the relation between climate change induced retreat and that caused by 
system immanent factors in key regions by combining it with data sets of other variables, e.g. 
temperatures, ice thickness and bed topography.  

WP C4: Estimation of snow/land ice density profiles 
Responsible: Prof. Dr. Irena Hajnsek (DLR-HR) 
Other Institutes: AWI– Ice modelling group, FAU, DLR-IMF 
One of the major tasks that need to be addressed for SAR image interpretation over glaciers 
and ice sheets is the understanding to what degree the amount of subsurface backscatter 
contributes to the total received backscattering signature. A key for this is the estimation of 
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ice volume extinction / attenuation. Extinction is a measure of the total power loss of a 
propagating wave within a medium caused by the combined effect of scattering and 
absorptive losses. The absorption component depends strongly on frequency, temperature, 
density, water content, and ice impurities. The scattering component is influenced by near-
surface melt features including the presence of ice layers, lenses, and pipes as well as the 
size and shapes of ice crystals and trapped air bubbles. At the same time ice extinction 
estimates are relevant for glaciologists since they contains information on the density and 
internal structure of the ice. Extinctions may be useful for characterising regions of greater or 
lesser volume scatter, and in turn increasing the accuracy of facies delineation and 
classification. 

Sea Ice 
WP C5: Multi-scale sea ice motion and deformation fields from SAR data  
Responsible: Dr. Wolfgang Dierking (AWI) 
Other Institutes: Universität Hamburg, DLR-HR 
For the derivation of displacement fields from consecutive SAR data different approaches 
can be used. Pattern recognition, for example, is a well-established technique. Sea ice 
structures are easier to identify in images acquired at lower frequencies and/or at higher 
spatial resolution. Using corresponding radar data and a pattern recognition approach, we 
will carry out a multi-scale analysis of drift and deformation of sea ice in selected key areas. 
The objective is to compare observations with the results of models that simulate the 
interaction between atmosphere, ice, and ocean. We expect improvements of different 
parameterizations of those models concerning the external forces that act on the ice, and the 
internal forces, which are linked to the ice rheology. One of the partners (AWI) has been 
working with improvements of a multi-scale pattern recognition algorithm for applications to 
SAR images acquired over sea ice. They analysed sea ice motion in the Weddell Sea, in 
particular in and around polynyas, and compared the observations to the results of a sea ice 
model. The DLR team contributes existing alogrithms for consideration of shear lines and will 
analyse full polarimetric data for further improvements of the algorithm. 

WP C6: Sea ice melting 
Responsible: Dr. Wolfgang Dierking (AWI) 
Other Institutes: Universität Hamburg 
The decrease of sea ice extent observed in the Arctic over the last decades is in particular 
strongly recognised for the summer months. Unfortunately, systematic observations from 
space by means of active and passive microwave sensors are hampered by the moist snow 
cover and melt ponds on the ice. The use of low-frequency radar images in conjunction with 
multi-frequency radiometer data may alleviate this problem to some degree. Radar systems 
with higher spatial resolution such as TerraSAR-X will be used to study the development of 
ice floe size statistics, which is related to the thermodynamics of the atmosphere-sea ice-
ocean system. The results of this study help to improve corresponding parameterizations of 
coupled atmosphere - sea ice - ocean models. During the melting season, melt ponds form 
on the sea ice surface that influence the overall albedo and enhance the ice disintegration. 
Investigations indicate that radar data can be used for the retrieval of sea ice albedo under 
certain circumstances. Our goal is to improve algorithms for the estimation of melt pond 
fraction and albedo. The partner from Univ. Hamburg has improved an algorithm for deriving 
melt pond fractions for the entire Arctic sea ice cover using optical satellite data. AWI is in the 
process of analysing optical and radar images gathered on field experiments that took place 
during melt-onset. For this topic, a close collaboration has been established between the 
University Hamburg and the “Polar Meteorology” group at AWI.  

WP C7: Sea ice classification and thickness retrieval 
Responsible: Prof. Dr. Lars Kaleschke (Universität Hamburg) 
Other Institutes: AWI, DLR-IMF 
The accuracy of sea ice classification based on SAR images increases if multi-frequency and 
multi-polarization data are used, whereby the increase is stronger if images acquired at 
different frequencies are combined. Since sea ice is a very dynamic medium, a combination 
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of images acquired at different times using different radar sensors requires the consideration 
of sea ice drift. Polarimetric data are useful for the separation of thin ice classes. Such areas 
are of large interest because of the enhanced heat exchange between ocean and 
atmosphere and the release of saline fluid from the ice to the water layers below.  In order to 
parameterise such processes in coupled atmosphere-sea ice-ocean models, it is important to 
distinguish the different stages of ice formation and to retrieve ice thickness. It was 
demonstrated that the latter is possible in certain cases using low-frequency multi-channel 
radar. At coarser spatial resolution, the use of low-frequency radiometry is an important 
alternative. AWI has excellent expertise in sea ice classification using different airborne and 
spaceborne SAR systems. The University of Hamburg has significantly contributed to the 
development of a retrieval algorithm for sea ice thickness applying SMOS data. The DLR 
oceanography team will contribute their ice type classification based on neural network, 
derived for of C- and X-band data. These results shall be enhanced to develop a reliable 
algorithm for L-band data. The AWI group “Sea Ice Physics” conducts ship-based and 
aircraft field campaigns in the Arctic and Antarctic, focussing in particular on sea ice 
thickness retrieval in conjunction with Cryosat validation. This gives the opportunity to 
measure ice thickness for comparison with results of classification and retrieval algorithms.  

Permafrost 
WP C8: Freeze/ thaw and soil moisture in permafrost regions 
Responsible: Prof. Dr. Hans-Wolfgang Hubberten (AWI) 
Other Institutes: University of Oslo (UiO), TU Wien 
The operational remote sensing products (soil moisture and freeze/ thaw surface status) 
need adaption and improvement for applications in high-latitude permafrost regions. The 
impacts of the micro-topography (dry polygonal rims, wet polygon centers, sharp moisture 
gradients, polygonal ponds) and the influence of snow melt, and active layer dynamics on the 
derived remote sensing products need to be evaluated. AWI provides ground data from 
Arctic expeditions, long-term multi-instrumented measurement fields (Russian-German 
Research Station Samoylov, Siberia) and from the IPA/GTN-P Programme (circum-Arctic). 
The AWI will set up scaling-up experiments and more measurement fields with temperature 
and moisture sensors for the evaluation of SAR products. The recent satellite missions 
(Metop ASCAT (C-Band), SMOS (L-band)) and the future Sentinel-1 mission allow 
continuous  monitoring of soil moisture and freeze/ thaw on a global scale. A monitoring 
service for applications at high latitudes is implemented within the ESA DUE Permafrost 
programme (TU Vienna, AWI). Remote Sensing products are based on Metop ASCAT and 
ENVISAT ASAR. The ASCAT and ASAR parameters represent a relative measure of the soil 
moisture in the top layer, scaled between wilting level (0%) and field capacity (100%). A dry 
reference (representing wilting point) correction algorithm has been implemented in order to 
account for permanently wet areas and enhanced masking with respect to signal-to-noise 
ratio and water fraction. Soil moisture in high-latitudes needs to be masked in case of frozen 
surface state. The algorithms for freeze/thaw surface status that can be applied to 
scatterometer and SAR data are based on temporal edge detection techniques.  

WP C9: Permafrost thaw-season subsidence and terrain disturbances 
Responsible: Prof. Dr. Hans-Wolfgang Hubberten (AWI), Dr. Julia Boike (AWI) 
Other Institutes: University of Oslo (UiO), TU Wien 
AWI, together with the Univ. of Oslo, develop a permafrost model that is entirely forced and 
parameterised by remote sensing products. Surface temperature from thermal remote 
sensing, and snow water equivalent from passive microwave are already implemented and 
under investigation. Surface soil moisture and freeze/ thaw dynamics are crucial factors for 
permafrost modelling and will be provided by the WP C8 'freeze/ thaw and soil moisture in 
permafrost regions'. However, the information about the main subsurface properties such as 
the ice content and the dynamics of the active layer can only be provided by measuring the 
thaw-time surface subsidence. The development of SAR interferometry to detect long-term 
surface subsidence due to permafrost thaw, annual frost heave/thaw settlement of the active 
layer, or terrain disturbances due to thermoerosion and thermoabrasion is still in its 
beginnings. Results from the Japanese Earth Resources Satellite-1 (JERS-1) L-band mission 
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showed the capacity of the L-band wavelength to penetrate the short Arctic vegetation to 
monitor subsidence possibly associated with thaw settlement of the active layer and other 
hydrologic changes over relatively large areas (Rykhus & Lu, 2008). Within the DUE 
Permafrost project, T. Strozzi (GAMMA Remote Sensing GmbH) successfully applied multi-
temporal short-baseline InSAR analysis (ERS-1/2, ENVISAT, ALOS, TerraSAR-X) for the flat 
wetland at Polar Bear Pass (CA), the Alaska North Slope (US) and the Mackenzie Delta 
(CA). The short repeat interval of 11 days of TerraSAR-X allowed the optimal detection of 
seasonal surface subsidence. In future, Sentinel-1 SAR will have a similar repeat interval of 
12 days. The Univ. Oslo with its excellent expertise for optical and radar technologies and 
their application to cold regions, and to natural hazards in such regions will support the 
processing of the SAR data. The development of the permafrost model will be realised in 
close collaboration between the AWI and the Univ. Oslo. 
 
Milestones: 

WP’s 
Timing (in quartal of 5 yr project) 

2012 2013 2014 2015 2016 2017 
  3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2   

Glaciology 

C1-1 Assessment of the contribution of 
land ice masses to sea level change  

                        
                        

C1-2 Time scale of subglacial water 
variability 

                        
                        

C1-3 Calving rates & link to 
heterogeneity 

                        
                        

C1-4 Grounding line positions                         
                        

C1-5 Maps of surface elevation 
changes 

                        
                        

C1-6 Horizontal ice surface velocity 
maps and quantifed changes 

                        
                        

C2-1 Structural-glaciological maps                         
                        

C2-2 RES classification                         

C2-3 Assessment suitabiility of X- nd L- 
band for structural parameters 

                        
                        

C3-1 Maps of areal changes                         
                        

C3-2 Areal change to climate & 
glaciological variables 

                        
                        

C4-1 Performance analysis and model 
development for extinction maps  

                        
                        

C4-2 Development of a transferfunction 
to snow/ice density maps 

                        
                        

C4-3 Validation of snow/ice density 
maps 

                        
                        

Sea Ice 
C5-1 Improvement of algorithms for 
detection of ice displacement 

                        
                        

C5-2 Improvement of parameterization 
of sea ice rheology 

                        
                        

C6-1 Algorithm for floe size retrieval                         
                        

C6-2 Algorithms for retrieval of melt 
pond fraction and alebdo  

                        
                        

C6-3 Application of algorithms                         
                        

C7-1 Improvement of ice type 
classification algorithms 

                        
                        

C7-2 Algorithms for retrieval of sea ice 
thickness 

                        
                        

Permafrost 
C8-1 maps of soil moisture                         

                        

C8-2 freeze/ thaw dynamics                          
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C8-3 implementation into transient 
permafrost model 

                        
                        

C9-1 Surface disturbances                          
                        

C9-2 thaw-season and long-term 
subsidence 

                        
                        

C9-3 implementation into transient 
permafrost model 

                        
                        

 
Networking with other Research Topics 
Despite the very different complex issues that are investigated in this research topic there 
are various overlaps between the work packages and all together provide a complete 
coverage of the main pressing scientific issues that need urgently to be studied. 
Furthermore, several links exists to other research topic, as for example to the research topic 
Hydrosphere. For example the investigation of soil moisture and freeze/thaw states, the 
downscaling methods and soil moisture assimilation into regional/global models would 
strongly support and complement the research work done in the domain of permafrost. In 
addition there is also a close connection to the geosphere research topic with respect to 
remote sensing-based process modelling and hazard assessment. Overall, the global 
connection to all research topics is given by the aim to reduce uncertainties and investigate 
aspects of climate change that are not well understood. 



54 

3 Backbone Activities 
The backbone comprises those activities that are related to all research topics and are 
relevant for the HGF Alliance management as a whole. The backbone is structured in four 
packages a) Management, b) Young Researchers, c) Equal Opportunities, and d) Research 
Transfer. 

3.1 Management: Organisation and Responsibilities 
The Principle Investigator of the HGF Alliance, Prof. Alberto Moreira, has the sole overall 
responsibility and the full authority to make final decisions on organizational and financial 
matters. He represents the Alliance and act as the contact to the Helmholtz association. 
The wide spectrum of scientific topics requires a dedicated Scientific Coordinator. Prof. Irena 
Hajnsek will closely follow the scientific and technical activity of the HGF Alliance, monitor 
and evaluate the progress, and is the overall responsible for an active networking within and 
between the research topics. She will act as the contact to the Helmholtz Centers in all 
scientific, financial and organisational matters and has the authority and the responsibility to 
coordinate the work of the HGF Alliance. The deputy Scientific Coordinator is Prof. Andreas 
Huth; he is the duly authorised representative of the Science Coordinator for the HGF 
Alliance. 
The Administrative Coordinator: Dipl.-Ing. Sandra Reigber is working in close cooperation 
with the Science Coordinator and will be responsible for the day-to-day contact with the 
partners. Further, her duty is to control and manage the budget of the HGF Alliance and to 
tasks and funds. The corresponding organisation and the interfaces organigram of the HGF 
Alliance is shown in Figure 9 and 10.  
The organisation of the HGF Alliance is structured on the basis of the individual research 
topics. Each of the four research topics, i.e. Bio-, Geo-, Hydro- and Cryosphere, will be 
coordinated by one. In the case of the Geosphere (Topic 2) and Hydrosphere (Topic 3)) a co-
chair has been also appointed (see Figure 9). The topic chairs have major management 
responsibilities: They are responsible for the organization of the scientific activities within the 
Research Topic. They have to closely follow the progress in the respective topic and report 
directly to the Scientific Coordinator and act as the interface between the Scientific 
Coordinator and the institutions and scientists active in the Research Topic. Finally they can 
make recommendations to the Scientific Coordinators on issues of funding and evolution of 
research directions, suggest topical workshops and evaluate the use and needs for general 
HGF Alliance infrastructure.  
Each topic is broken down in several working packages (WPs). A WP is the smallest 
organisational unit of the HGF Alliance. Each WP will have a working package manager. The 
WP represents the smallest unit for scientific exchange and is the main instrument for the 
networking between the HGF centers. Within the WP several scientific levels are networking 
with each other as for example professors, research scientists, post-docs and doctoral 
students. The networking partners within the WP is identified and named as other institutes. 
The working package manager is responsible for the execution of the work package and will 
report to the topic chair. Each of the four research topics will have its own science team 
consisting of the WP responsible scientists and other institutes. The second level of 
networking will be between the WPs within one research topic.  
In order to reach the general HGF Alliance goals a network between the research topics is 
strengthened. For each research topic a section for the link to other research topics has been 
added. This will be the third level of networking between the research topics.  
In addition to each research topic we have associated scientists from the Tandem-L science 
team that are already networking on a non funding basis with several HGF centers. The 
networking with the HGF Alliance is on the research topic level.  
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Figure 9: Work Package Breakdown Structure of the Alliance. 
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Figure 10: Organisation and Interfaces Organigramme of the Alliance 

On a three to four-month basis a steering committee meeting will be held to discuss 
organisational, financial and scientific progress. The steering committee consists of the 
principle investigator, the scientific coordinator and ther deputy, as well as the research topic 
chairs.  
The programme of the Alliance is reviewed once a year by a scientific advisory board, 
consisting of distinguished scientists from recognised international institutions. This will 
ensure our top level research that can compete on an international level and should help to 
enhance the visibility and effectiveness of the Alliance. The members of this board will be 
informed about the research activities of the Alliance and will be asked to make 
recommendations in terms of project progress, performance and possible shortcomings. The 
members of the Scientific Advisory Board are appointed by the principle coordinator and the 
scientific coordinator upon a proposal from the research topic chairs. 
Typically a plenary assembly of everybody working within the Alliance would be held on the 
occasion of a Scientific Advisory Committee meeting to participate in the discussion of the 
scientific and technical programme, to disseminate information and suggest further 
directions. Such an event should take place once a year. At this occasion also the associated 
Tandem-L science team member are invited to participate. This will enforce the exchange 
within the research topic and between. 
Regular progress meetings, workshops as well as common attendance on selected 
conferences are further foreseen to facilitate the networking activities within the Alliance. 
Meetings are planned not only within each Earth sphere but also for the exchange and 
coordination between the spheres.  

3.1.1 Mechanisms for Allocation and Flow of Resources 
At the start of the Alliance a budget will be fixed by the Science Coordinator with the help of 
the Administrative Coordinator based on the proposal and accounting possible post-proposal 
recommendations and requirements of the HGF. This budget will be broken down to WP 
level separating human and financial resources. The WP responsible scientists will spend the 
money according to the requirements and regulations of the participating institutions and to 
the requirements of HGF. They will report their spending through the Topic Chairs to the 
Administrative Coordinator who will enact control internal to the Alliance. Finally, the Science 
Coordinator will report to the HGF. Budget modifications of less than 20% of the allocated 
amount will require the approval by the Science Coordinator. Budget modifications of more 
than 20% will require the approval in advance of the HGF. Also cost neutral budget changes 
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as for example the transformation of post-doc versus doctoral student resources have to be 
reported by the Topic Chairs to the Administrative Coordinator and Science Coordinator.  

3.2 Promotion of Young Researchers 
The backbone activities include master, doctoral and post-doc training similar to the model of 
graduate colleges where most of the partners in the different HGF centers are already 
involved. Thus no major costs are considered to be needed. The promotion of excellent 
young scientists is a prominent goal of the Alliance. All young scientists involved will highly 
profit from the pool of leading expertise in cutting edge science topics addressed within the 
Alliance. The multi-level networking activities between the HGF centers and the participating 
Universities will optimise the knowledge transfer. The large number of Universities 
participating is essential for accessing a wider pool of young scientists. The Alliance will 
comply with the HGF standards for graduate training in the Helmholtz Association based on 
uniform standards and guidelines agreed upon by all centers. These standards include 
individual supervision and support, scientific freedom, soft skill training such as English 
scientific writing and presentation skills, support to participate in international conferences 
and increasing the hard skills of the students. An important aspect is the control of 
educational success. The Alliance will work closely with the participating universities in 
increasing the effectiveness of the doctoral education. The responsibilities and independence 
of the participating universities in rewarding doctoral degrees will be fully accepted. Doctoral 
theses supervisors and lecturers in the Alliance will meet regularly to discuss means of 
increasing the efficiency of the doctoral training and the progress of the doctoral students.  
In addition the Alliance will team with the Mechanisms and Interactions of Climate Change in 
Mountain Regions (MICMOR), a Helmholtz research school for graduate training purposes. 
In addition the Alliance will also offer the soft skill training and education programme of DLR. 
DLR offers training courses for project management, junior managers, conflict management, 
rhetoric and communication (courses also especially for women), and publication. 
Supervisors will discuss with their doctoral and post-doc students at the beginning of their 
term a personal career and training portfolio to be reviewed once a year during an annual 
appraisal. A career development plan will be made in form of written short and long-term 
goals and the sequence of activities to achieve these goals. The plan will be based on the 
requirements of the research project and the generic needs of the young scientist. It will offer 
a general road map for the student but also control for the supervisor. Young scientists will 
be encouraged to choose a mentor (according to DLR’s mentoring program) other than the 
supervisor from the senior scientists in the Alliance. Senior scientists will be asked to be 
available for this service. Young scientists should discuss their portfolios with the mentors. 

3.3 Equal Opportunities: Goals and Strategy 
All members of the Alliance are committed to provide equal opportunities for scientists at all 
stages. Equal opportunity rules for women and men are standard at DLR (www.dlr.de/ 
jobs/chancengleichheit) as well as in all German universities and research institutions. 
Without compromising in the scientific quality we will be working towards increasing the 
participation and promotion of female physicists in research. Inside the proposed Alliance 
two out of six topic responsibles and the scientific coordinator are women. An important 
element towards equal opportunity is to warrant the compatibility of profession and family. 
We are therefore particularly committed to taking account the responsibilities and constraints 
of a young family, such that family and research become compatible, both for male and 
female scientists. Apart from the fact that tenure track positions, which are one of the basic 
elements of this research proposal, will help to relieve young scientists from uncertainties 
about their future at a time when they normally establish a family, we foresee family-friendly 
working time (flexible working time, part-time work), the possibility of telework and the 
availability of support through “Familienservice” (http://www.familienservice.com). The needs 
of employees with families have to be paid attention during the approval of vacation time, 
requests for business trips, and workshops and team meetings. 
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3.4 Research Transfer  
An important goal of the Alliance is the training of young scientists on a high standard. These 
highly trained and motivated young researchers leaving the Alliance will be one of the major 
assets and results of the work. The large number of Universities participating in the Alliance 
maximizes the knowledge transfer to the open education system and becomes available to a 
wide audience. The scientific results will be made publicly available through publication in 
scientific journals. The Alliance will make a special effort to promote the use of open access 
journals. Results will also be presented at national and international workshops and 
conferences. Where applicable close cooperation with industry will be maintained and 
ensured that the knowledge is transferred to industry. 
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4 Appendix 
4.1 Abbreviations 
ADCP  “Acoustic Doppler Current Profiler”, sonar for water current velocities  
AGRISAR “Agricultural bio/geophysical retrieval from frequent repeat pass SAR and optical 

imaging”, ESA funded project 
ALOS  multiple sensor satellite platform – “Advanced Land Observing Satellite” operated by 

JAXA 
AMSR-E passive microwave radiometer satellite operated by NASA 
AQUA  satellite platform with different sensors for the Ocean sphere 
ASAR  “Advanced Synthetic Aperture Radar (ASAR)”, operating in C-band on ENVISAT 

platform 
ASCAT  “Advanced Scatterometer” for wind detection operated by ESA 
ASI   Accreditation Services International GmbH 
ASIRAS ESA Airborne Synthetic Aperture and Interferometric Radar Altimeter System 
AT  Austria 
ATI  Along Track Interferometry 
AVHRR “Advanced Very High Resolution Radiometer” – multispectral remote sensing satellite 
AWI  Alfred-Wegener-Institut für Polar und Meeresforschung 
BALANCE Forest growth model developed at TUM 
BAS  British Antarctic Survey 
BGR  Bundesanstalt für Geowissenschaften und Rohstoffe 
CA  Canada 
CAL  Calibration 
CLIMBER-3 coupled atmosphere ocean climate model 
CHAMP German satellite “CHAllenging Minisatellite Payload” for atmospheric and ionospheric 

research managed by GFZ 
CryoSAT Satellite radar altimeter to measure ice masses operated by ESA 
DEM  Digital Elevation Model 
DEMMIM Durable Environmental Multidisciplinary Monitoring Information Network 
DLR  German Aerospace Center 
DLR-DFD Earth Observation Centre of German Aerospace Center 
Do-228  Dornier 228, propeller aircraft 
DUE  Data User Element 
E-SAR  Experimental SAR, Airborne SAR System of DLR-HR 
EC station Eddy Covariance station - atmospheric flux measurement technique 
ECMWF European Centre for Medium-Range Weather Forecasts 
ECV  Essential Climate Variables 
EFI  European Forest Institute 
ELBARAII “L-Band Radiometer System for SMOS Validation Monitoring Purposes at the Valencia 

Anchor Station”, operated by ESA 
EMI  Electromagnetic Induction 
ENVISAT Environmental satellite operated by ESA 
ENVOC HGF project:  ENVISAT Operational Oceanography 
EOS  Earth Observation System 
EPOS  European Plate Observing System 
ERS-1/2 European Remote Sensing satellite (ERS-1 and ERS-2) at C-band 
ERT  Electrical Resistivity Tomography 
ESA  European Space Agency 
EU AO  ESA Announcement of opportunity for EU members 
F-SAR  Multi-frequency airborne SAR sensor operated by DLR-HR 
FAO  Food an Agriculture Organisation of the UN 
FEM  Finite Element Modelling 
FORMIND Forest growth model developed for tropical forests at UFZ 
FOR816 DFG-Forschergruppe 816 "Biodiversity and Sustainable Management of a 

Megadiverse Mountain Ecosystem in South Ecuador” 
FP4  Framework Program 4 from EU 
GAUSS Gesellschaft für Angewandten Umweltschutz und Sicherheit im Seeverkehr GmbH 
GEOtop distributed Hydrological model 
GIC  Glaciers and ice caps 
GIS  Geographic Information System 

http://en.wikipedia.org/wiki/Water_current
http://en.wikipedia.org/wiki/Velocity
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GLAS  “Geoscience Laser Altimeter” – sensor of ICESat  
GMES  Global Monitoring for Environment and Security programme from ESA/EU 
GNSS  Global Navigation Satellite System 
GRACE “Gravity Recovery and Climate Experiment” twin satellites making measurements of 

Earth gravity field operated by NASA, DLR and GFZ  
GTN-P  Global Terrestrial Network for Permafrost 
HPC  High Performance Cluster 
HSS  Hyperspectral Sensor (now: Aalto University) 
HUT  Helsinki University of Technology 
HySpex  Hyperspectral Camera System 
ICESat  Ice, Cloud and Land Elevation Satellite operated by NASA 
IBG  Institut für Bio- und Geowissenschaften 
IGS  International GNSS service 
IMK-IFU Institute of Meteorology and Climate Research Atmospheric Environmental Research 
InSAR  Interferometric SAR 
IPA  International Permafrost Association  
IPOC  Intrgrated plate boundary Observatory Chile 
IR  Infrared 
JAXA  Japan Aerospace Exploration Agency 
JERS-1  Japanese Earth Resource Satellite-1 in L-band 
JÜLBARA L-band radiometer mounted on a truck operated by FZJ 
KIT   Karlsruhe Institute of Technology 
L-MEB  L-band Microwave Emission of the Biosphere 
LCRS  Laboratory of Climatology and Remote Sensing at Philipps-Universität Marburg 
LEGOS French institute for geophysics and oceanography, “Laboratoire d'études en 

géophysique et océanographie spatiales” 
LIDAR  Light Detection and Ranging with Lasers 
LMU  Ludwig-Maximilians-Universität München 
LPJmL  Lund-Potsdam-Jena managed Land Dynamic Global Vegetation and Water Balance 

Model 
Metop  Meteorological Operational satellite operated by ESA 
mHM  process-based hydrological model 
MODIS  Moderate-resolution Imaging Spectroradiometer by NASA 
MOSAIC research platform “Model-Driven Site Assessment, Information & Control” at UFZ 
MPI  Max-Planck-Institute 
NASA  “National Aeronautics and Space Administration” of USA 
NGO  Non-Governmental Organisation 
NO  Norway 
NOAA  National Oceanic and Atmospheric Administration 
PALSAR “Phased Array type L-band Synthetic Aperture Radar” on ALOS 
PI  Principle Investigator 
PIK   Potsdam Institute for Climate Impact Research 
PLMR2  airborne L-band radiometer operated by FZJ 
Pol-InSAR technique of Polarimetric SAR Interferometry 
PROGRESS Potsdam Research Cluster for Georisk Analysis, Environmental Change and 

Sustainability, project financed by BMBF 
PS  Persistent Scatterer 
PSI  Persistent Scatterer Interferometry 
PUB  Prediction in Ungauged Basins 
Radarsat 1/2 C-band SAR satellite operated by Canadian Space Agency 
REDD  International agreement on ‘Reducing Emissions from Deforestation and Forest 

Degradation’ 
RFI  Radio Frequency Interferences 
RS  Remote Sensing 
RSMAS Rosenstiel School of Marine and Atmospheric Science 
SAR  Synthetic Aperture Radar 
SBAS  Satellite Based Augmentation System 
SDA  Sequential Data Assimilation 
SE  southeast 
Sentinel-1 future space mission with a C-band SAR operated by ESA 
SFB574: Collaborative Research Center to investigate the pathways and fluxes of fluids and 

volatile components through subduction zones 

http://glas.gsfc.nasa.gov/
http://www.noaa.gov/
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SILVA  forest growth model developed at TUM 
SMAP  future satellite mission “Soil Moisture Active Passive” to be operated by NASA 

(radiometer with L-band SAR) 
SMOS  ESA’s “Soil Moisture and Salinity” satellite - radiometer 
SOWISAR EU AO project from ESA: “sea ice ocean waves wind speed iceberg statistics from 

SLC SAR data” using ERS data 
SRTM  Shuttle Radar Topography Mission, operated by NASA & DLR 
SST  Sea Surface Temperature 
SWACI  “Space Weather Application Center Ionosphere”, project from DLR 
TanDEM-X German remote sensing SAR Satellite in X-Band with single pass interferometry 
TDR  “Time Domain Reflectometry”, measurement technique used to determine the 

characteristics of electrical lines 
TEC  Total Electron Content 
TERENO Terrestrial Environmental Observatories led by UFZ 
TerraSAR-X German remote sensing SAR satellite in X-Band 
Terra  Satellite platform with different sensors (MODIS …) 
Terrafirma ground motion hazard information service for Europe operated by ESA 
TLS  Terrestrial Laser Scanner 
TU  Technische Universität 
TUM   Technische Universität München 
UFZ   Helmholtz-Centre for Environmental Research 
UNEP  United Nations Environmental Programme 
UiO  University of Oslo 
UV  Ultra Violet 
VAL  Validation 
WAIS  West Antarctic Ice Sheet 
WESS  Water & Earth System Science Competence Center 
WOVO  World Organization of Volcano Observatories 
WP  Working Package 
WWF  World Wildlife Fond 
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Wolfgang Dierking received a Ph.D. degree in physics from the University of Bremen, 
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Germany, in 1989. His major research interest has been in the field of microwave and optical 
remote sensing of land, snow, and ice. From 1990 to 1993, he worked on a postdoctoral 
position at the Alfred Wegener Institute for Polar and Marine Research. From 1993 to 1995, 
he was with the Chalmers University of Technology, Gothenburg, Sweden. From 1996 to 
2002, he held a position as Associate Research Professor at the Technical University of 
Denmark in Lyngby. Since 2002, he has been with the Alfred Wegener Institute. At present, 
he is head of the research group “Earth Observation Systems”. Wolfgang Dierking has 
participated in several land based, ship based and airborne geoscientific field studies, among 
them a number of campaigns related to sea ice studies in the Arctic, Antarctic, and in the 
Baltic Sea. He is a member of the ESA Sentinel-1 Mission Advisory Group , the ESA 
Category-1 Advisory Group, and the International Ice Charting Working Group (IICWG). He 
acts as spokesman of the topic “Climate Change in the Polar Regions” of the German Earth 
Observation Network. He is PI of Cat-1 and AO-projects at ESA (ERS-1 and 2, Envisat), and 
for TerraSAR-X, ALOS-PALSAR, and Radarsat-2 (SOAR) and has been joining the Dragon-
2 Cooperation Program between the Ministry of Science and Technology of China and ESA. 
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estimation of sea ice drift from SAR images: initial results, Annals of Glaciology 52(57), 311-317, 
2011. 
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Baltic Sea, Canadian Journal of Remote Sensing, Vol. 36, Suppl. 1, pp. S56-S73, 2010. 
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ALOS Synthetic Aperture Radar, IEEE Transactions on Geoscience and Remote Sensing 48(3), 
1045-1058, doi: 10.1109/TGRS.2009.2031806, 2010. 

4. Dierking, W., Dall, J., (2007): Sea ice deformation state from synthetic aperture radar imagery - 
part 1: comparison of C- and L-band and different polarizations, IEEE Transactions on 
Geoscience and Remote Sensing, 45(11), 3610-3622, doi:10.1109/TGRS.2007.903711, 2007. 
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Permoserstraße 15, D-04318 Leipzig / Germany, Email: peter.dietrich@ufz.de 
Since 1992, Peter Dietrich has worked on the development and evaluation of geophysical 
and hydrogeological methods for high-resolution imaging of the shallow subsurface. He 
received a Ph.D. in Applied Geology 1999 from the Eberhard-Karls-Univerisity Tübingen. In 
2005 Peter Dietrich came to the UFZ with the mission to build up and lead the new founded 
department Monitoring and Exploration Technologies (MET, http://www.ufz.de/met). This 
included the task to establish the scientific infrastructure MOSAIC (Model Driven Site 
Assessment, Information and Control). Since 2012, Peter Dietrich is also professor for 
environmental and engineering geophysics at the Eberhard-Karls-Univerisity Tübingen. In his 
works Peter Dietrich places special emphasis on tomographic methods (hydraulic, 
geoelectric, radar, seismic and different combinations), direct push technologies and the 
combination of geophysical, geotechnical and hydrogeological methods. He has profound 
experience in the coordination of large, interdisciplinary projects such as the joint project 
“Hard rock aquifer analogue: Experiments and modelling” funded by the German Scientific 
Foundation (3 partners, 2001-2004), and the EU-funded project “iSoil - Interactions between 
soil related sciences – Linking geophysics, soil science and digital soil mapping” (2008-2011) 
with 19 partners from nine European countries.  
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approaches for the characterization of contamination at rural megasites. Environmental Earth 
Sciences 63 (6), 1239-1249, 2011. 
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Dr. Daniel Doktor is leader of the remote sensing group within the department of 
Computational Landscape Ecology at UFZ. His research focuses on the analysis and 
modelling of vegetation phenology and vegetation vigour. The main driver beyond is the 
question how changing temperature/precipitation patterns and land-use intensity affect land 
surface vegetation. This is done by exploiting various sources of optical and hyperspectral 
remote sensing data as well as ground based measurements using specifically developed 
algorithms and statistical analysis. Dependent on the underlying objective the application 
area can vary from a local to a continent wide scale. Leader of the project ‘Methoden zur 
Ableitung des funktionellen Zusammenhanges ökosystemarer Prozesse in hyperspektralen 
Daten unterschiedlicher räumlicher Auflösung’ within the framework of hyperspectral satellite 
remote sensing 'Development of methods and algorithms for data analysis in preparation of 
the EnMAP mission'. Author of the R-software package ‘BISE_vec’ which offers methods and 
functions to analyse satellite observations within the context of phenology/vegetation 
dynamics. Selected publications: 
1. Doktor, D., Lange, M. (2011): Evaluation of methods to derive green-up dates based on daily 

NDVI satellite observations, Geophysical Research Abstracts 13, 2011. 
2. Schaber, J., Badeck, F.-W., Doktor, D. & von Bloh, W. (2010): Combining messy phenological 

time series, Phenological Research: Mathematical and Statistical Methods, Design and 
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Dr. Hans-Joachim Droste, a forester by profession, Dr. Hans-Joachim Droste has over 10 
years of experience in applying and controlling the application of standards. He joined FSC in 
2002 as a manager in the Accreditation Program. Previously, he set up and headed the 
forest certification department at German consultancy GFA. He also worked for 10 years at 
the Federal Research Centre for Forestry and Forest Products in Hamburg focusing on 
tropical moist forests of South-East Asia. Last relevant publications are: 
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Tropen: Deramakot Forest Reserve in Sabah (Malaysia), Holz- Zentralblatt 122, Nr. 53/54: 893-
898, 1996. 
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Hamburg: Max Wiedebusch Kommiss.-Verl., Mitt. Bundesforschungsanst. Forst-Holzwirtsch, Nr. 
178: 37-165, 1994. 

5. Heuveldop, J., Ditzer, T., Droste, H.J. and Glauner, R. (2000): A new approach for AAC 
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oral presentations in Group Sessions and Poster/Panel Sessions at the XXI IUFRO World 
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Michael Eineder has been with the German Aerospace Center (DLR), Wessling, Germany, 
since 1990, where he is currently heading the SAR Signal Processing Department of the 
Remote Sensing Technology Institute. He has worked on a series of international synthetic 
aperture radar missions, including SIR-C/X-SAR, SRTM/X-SAR in cooperation with NASA, 
ERS-1/2 and ENVISAT/ASAR (ESA), and TerraSAR-X and TanDEM-X (Germany). His 
responsibilities encompass the development of SAR and InSAR algorithms and whole 
processing systems for future radar missions such as TerraSAR-X2 and Tandem-L. His 
latest research topics include very high accuracy geometric calibration techniques for SAR 
and InSAR. Michael Eineder is a part-time lecturer for remote sensing with the Technische 
Universität München. He received the Diploma degree in electrical engineering and 
telecommunication science from the Technische Universität München, Munich, Germany, in 
1990 and the Dr. rer. nat. degree from the University of Innsbruck, Austria, in 2004. He holds 
4 international patents and has published more than 170 papers, 23 of them in peer reviewed 
journals: 
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Dr. Dana Floricioiu completed her Ph.D. degree at the Faculty of Natural Sciences of the 
University of Innsbruck, Austria in 1997. The topic of her thesis was on analysis and 
modelling of multifrequency polarimetric SIR-C/X-SAR data in alpine terrain. Between 1997 
and 2006 Floricioiu was PostDoc in several national and ESA funded projects at Univ. of 
Innsbruck. During this time she carried out glaciological field work in the Alps and in 
Patagonia. From 2006 to 2007 Floricioiu was with the Centre d’Etudes Spatiales de la 
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BIOsphère (CESBIO) in Toulouse, France. She participated to soil moisture retrieval 
algorithms development from passive microwaves as preparation for the ESA’s SMOS 
mission launched in November 2009. Since 2007 she has been Research Scientist with the 
Remote Sensing Technology Institute at German Aerospace Center (DLR) in 
Oberpfaffenhofen, Germany in the payload ground segment of the TerraSAR-X mission. 
During the 2007/08 International Polar Year she participated as DLR representative at 
coordinated multi-mission SAR acquisitions over polar regions. Floricioiu is currently carrying 
out research on ice dynamics of temperate and polar glaciers with TerraSAR-X and 
TanDEM-X.  
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Anke Friederich did her PhD in geology at the Massachusetts Institute of Technology - USA 
in 1998. From 1998 to 2002 she was a Postdoctoral Scholar in Geology at the Californian 
Institute of Technology - USA. Then she went as assisten professor of Geology to the 
University of Potsdam (Germany). In 2004 she became professor of Geology at the 
University of Hannover. Since 2007 she has the chair of Geology at Munich University (LMU) 
in Germany. Her research interests are: Active tectonics, Paleoseismology, Tectonic 
Geodesy, Neotectonics, Tectonic Geomorphology, structural geology, Evolution of active 
continental plate boundary regions, surface expression of lithospheric deformation, 
Observational basis for models of earthquake recurrence and strain accumulation/release. 
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Andreas Güntner received his PhD at the University of Potsdam in 2002 in the discipline 
geoecology/hydrology. He works as a scientist at GFZ Potsdam since 2003 and coordinates 
the research group “Quantification of the water cycle” at GFZ Potsdam. His research has a 
focus on monitoring and modelling of local to global scale hydrological processes, in 
particular variations of water storage, the hydrology of semi-arid areas, erosion and sediment 
transport. In terms of monitoring, his experience covers in particular the use of satellite and 
ground-based gravimetry (GRACE and superconditing gravimeters) for quantifying water 
storage variations, and the deployment of extensive hydro-meteorological networks for 
measuring water fluxes and storage at the local scale. He is member of the coordination 
board of the DFG Priority Programme ‘Mass transport and mass distribution in the system 
Earth’ (SPP1257). His recent relevant publications are: 
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WAWA-SED model, 2010. 
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Microwaves and Radar Institute, German Aerospace Center (DLR-HR) 
P.O. Box 116, D-82234 Wessling, Germany, Email: irena.hajnsek@dlr.de 
Prof. Dr. Irena Hajnsek, (AM’ 01, M’06, SM’09) is since November 2009 Professor of Earth 
Observation at the ETH Zürich Institute of Environmental Engineering and at the same time 
head of the Polarimetric SAR Interferometry research group at the German Aerospace 
Center Microwaves and Radar Institute. Her main research interests are in electromagnetic 
propagation and scattering theory, radar polarimetry, SAR and interferometric SAR data 
processing techniques, environmental parameter modelling and estimation. She received her 
Dipl. degree (Honors) in 1996 from the Free University of Berlin, Germany and the Dr. 
degree (Honors) in 2001 from the Friedrich Schiller University of Jena, Germany. From 1996 
to 1999 she was with the Microwaves and Radar Institute (DLR-HF) of the German 
Aerospace Center (DLR), in Oberpfaffenhofen, Germany. From 1999 to 2000 she has been 
10 months with the Institut d’Electronique et de Télécommunications de Rennes at the 
University of Rennes 1, France and 4 months with Applied Electromagnetics (AEL) in St. 
Andrews, Scotland, in the frame of the EC-TMR Radar Polarimetry Network. In 2005 she 
was for 6 weeks guest scientists at the University of Adelaide, South Australia. She is the 
science coordinator of the German satellite mission TanDEM-X. Her recent relevant 
publications are: 
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Remote Sensing. IEEE. 2011 accepted for publication. 
4. Lopez-Sanchez, J.M., Ballester-Berman, D.J., and Hajnsek, I., (2011): First Results of Rice 

Monitoring Practices in Spain by means of Time Series of TerraSAR-X Dual-pol Images, IEEE 
Journal of selelected topics in applied earth observations and remote sensing, 2011, Vol. 4, No 2, 
2011. 

5. Bronstert, A., Creutzfeldt, C., Gräff, T., Hajnsek, I., Heistermann, M., Itzerott, S., Jagdhuber, T., 
Kneis, D., Lück, E., Reusser, D. (2011): Potentials and constraints of different type of soil moisture 
observations for flood simulations in headwater catchments. Natural Hazards, 2011, accepted for 
publication. 

Prof. Dr. Ir. MSc Harrie-Jan Hendricks Franssen 
Agrosphere Institute (IBG-3), Forschungszentrum Jülich GmbH (FZJ)  
Leo Brandt Straße, 52425 Jülich, Germany, Email: h.hendricks-franssen@fz-juelich.de  
Prof. Dr. Harrie-Jan Hendricks Franssen received M.Sc. degrees in soil science from the 
Agricultural University of Wageningen (Netherlands) and atmospheric and climate sciences 
from the ETH Zurich (Switzerland). His PhD was in the area of hydrogeology, Technical 
University of Valencia (Spain) focusing on inverse modelling. From 2001 until 2009 he 
worked as postdoc and later lecturer at the Institute of Environmental Engineering, Zurich, 
Switzerland. His research focused there on the characterization of drinking water well 
capture zones with stochastic methods and inverse modelling, and later on real-time 
modelling of groundwater flow including stream-aquifer interactions. Other research topics 
were statistical analysis of climatological data including eddy covariance data, use of remote 
sensing data in combination with inverse modelling to improve groundwater recharge 
estimates and the impact of climate change on groundwater resources. Since September 
2009 he works at the Institute of Bio- and Geosciences (IBG-3, Agrosphere) of the 
Forschungszentrum Jülich and is appointed as associate professor (W2) of the Technical 
University of Aachen. His current research interests focus on sequential data assimilation for 
improving predictions with land surface models and surface water- groundwater models, and 
the simultaneous assimilation of different data types measured at different scales. He is 
principle investigator of several subprojects within the DFG funded Transregional 
Collaborative Research Centre 32 (TR32), and is involved in EU- funded projects like 
AGADAPT and EXPEER. His recent relevant publications are: 
1. Zhou, H., Gomez-Hernandez, J., Hendricks Franssen, H.J., and Li., L., (2011): An approach to 

handling non-Gaussianity of parameters and state variables in ensemble Kalman filtering, 
Advances in water Resources 34(7), 844-864, doi: 10.1016/j.advwatres.2011.04.014, 2011. 

2. Stoll, S., Hendricks Franssen, H.J., Butts, M. & Kinzelbach W., (2011): Analysis of the impact of 
climate change on groundwater related hydrological fluxes: a multi-model approach including 
different downscaling methods, Hydrol. Earth Syst. Sci. 15, 21-38, doi:10.5194/hess-15-21, 2011. 

3. Hendricks Franssen H.J., Kaiser H.P., Kuhlmann U., Bauser G., Stauffer F., Müller R. & 
Kinzelbach, W., (2011): Operational real-time modelling with EnKF of variably saturated 
subsurface flow including stream-aquifer interaction and parameter updating, Water Resources 
Research 47, W02532, doi:10.1029/2010WR009480, 2011. 

4. Hendricks Franssen, H.J., Stöckli, R., Lehner, I., Rotenberg, E. & Seneviratne S.I., (2010): Energy 
balance closure of eddy covariance data: a multi-site analysis for European FLUXNET stations, 
Agricultural and Forest Meteorology 150, 1553-1567, 2010. 

5. Hendricks Franssen, H.J. & Kinzelbach W., (2008): Real-time groundwater flow modelling with the 
Ensemble Kalman Filter: Joint estimation of states and parameters and the filter inbreeding 
problem, Water Resources Research, 2008. 

Prof. Dr. Kaj A. Hoernle 
Coordinator of the GEOMAR scientific programm (POF) Chair of the Collaborative Research 
Center (SFB574), Helmholtz Centre for Ocean Research Kiel (GEOMAR) 
24148 Kiel, Germany, Email: khoernle@geomar.de 
Kaj Hoernle was appointed Associate Professor in Petrology and Geochemistry at GEOMAR 
in 1994, and is currently chair of the Collaborative Research Center “Volatiles and Fluids in 
Subduction Zones: Climate Feedback and Trigger Mechanisms for Natural Disasters” 
(SFB574), which encompasses geophysics, geochemistry and volcanology, the latter 
including gas monitoring of South Chilean volcanoes. He is also coordinator of the GEOMAR 
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+ GFZ scientific programm (POF) “The Blue Ocean:  From the Deep-sea to the 
Atmopshere”.He has worked on a series of international, multidisciplinary projects combining 
various aspects of geophysics, geochemistry and volcanic degassing. He received his MA in 
Petrology at UC Santa Barbara in 1987, and his PhD in Geochemistry at UC Santa Barbara 
in 1990. He has published more than 100 papers in scientific journals (nearly 90 in 
international, peer-reviewed journals).  
1. Heydolph K, Hoernle K, Hauff F, van den Bogaard P, Portnyagin M, Bindeman I, Garbe-

Schönberg D (2012) Geochemical variations along and across the volcanic arc in northwestern 
Central America:  Evidence for an enriched pyroxenitic component in the lithosphere. Geochimica 
et Cosmochimica Acta, p. doi: 10.1016/j.gca.2012.01.035. 

2. Wehrmann, H., Hoernle, K., Portnyagin, M., Wiedenbeck, M., Heydolph, K. (2011) Volcanic CO2 
output at the Central American subduction zone inferred from melt inclusions in olivine crystals 
from mafic tephras. Geochem. Geophys. Geosyst. 12, Q06003. 

3. Hoernle, K., Abt, D.L., Fischer, K.M., Nichols, H., Hauff, F., Abers, G., van den Bogaard, P., 
Heydolph, K., Alvarado, G., Protti, J.M., Strauch, W. (2008) Arc-Parallel Flow in the Mantle Wedge 
Beneath Costa Rica and Nicaragua. Nature 451:  1094-1097. DOI:  10.1038/nature06550. 

4. Sadofsky, S., Portnyagin, M., Hoernle, K., van den Bogaard, P. (2008) Subduction cycling of 
volatiles and trace elements through the Central American Volcanic Arc: Evidence from melt 
inclusions. Contributions to Mineralogy and Petrology 155:  433-456. DOI: 10.1007/s00410-007-
0251-3. 

5. Portnyagin M, Hoernle, K, Plechov P, Mironov N, Khubunaya S (2007) Constraints on mantle 
melting and composition and nature of slab components in volcanic arcs from volatiles (H2O, S, 
Cl, F) and trace elements in melt inclusions from the Kamchatka Arc. Earth and Planetary Science 
Letters 255, 53–69. 

Prof. Dr. Hans-Wolfgang Hubberten  
Alfred Wegener Institute Potsdam, (AWI) 
Telegrafenberg A43, 14473 Potsdam, Email: Hans-Wolfgang.Hubberten@awi.de 
Hans-Wolfgang Hubberten is currently appointed president of the International Permafrost 
Association (IPA). He is the first IPA president ever elected from a country not bordering the 
Arctic. He is a Member of the Geochemical Society, the American Geophysical Union, the 
German Mineralogical Society, the European Geological Union, the German Society of Polar 
Research, and the Russian Academy of Natural Sciences. Hubberten was appointed as 
Professor of Mineralogy, at the Earth Science Faculty at the University of Nuevo Leon, 
Mexico, from 1982 to 1986. In 1984, Hubberten attained the Habilitation as Dr. habil. at the 
University of Karlsruhe. Since 1992 he is Professor for Isotope Geology at the Potsdam 
University and head of the AWI Research Unit Potsdam with the Section of Periglacial 
Research. He built up a permafrost research team at AWI Potsdam which is internationally 
recognised. Hubberten participated in more than 20 expeditions to the Arctic and Antarctic 
and contributed with his research papers to a better understanding of the processes and 
history of permafrost soils and gas hydrates.  
1. Lantuit, H., Atkinson, D., Overduin, P., Grigoriev, M., Rachold, V., Grosse, G. & Hubberten, H., 

(2011): Coastal erosion dynamics on the permafrost-dominated Bykovsky Peninsula, north 
Siberia, 1951-2006, Polar Research, ISSN: 1751-8369, 2011. 

2. Lantuit, H., Overduin, P., Couture, N., Wetterich, S., Are, F., Atkinson, D., Brown, J., Cherkashov, 
G., Drozdov, D., Forbes, D., Graves-Gaylord, A., Grigoriev, M., Hubberten, H., Jordan, J., 
Jorgenson, T., Ødegård, R., Ogorodov, S., Pollard, W., Rachold, V., Sedenko, S., Solomon, S., 
Steenhuisen, F., Streletskaya, I. & Vasiliev, A., (2011): The Arctic Coastal Dynamics database. A 
new classification scheme and statistics on arctic permafrost coastlines, Estuaries and Coasts, 
2011. 

3. Schirrmeister, L., Grosse, G., Wetterich, S., Overduin, P., Strauß, J., Schurr, E. & Hubberten, H., 
(2011): Fossil organic matter characteristics in permafrost deposits of the northeast Siberian 
Arctic, Journal of Geophysical Research Biogeosience, 116, G00M02, 2011.  

4. Lantuit, H., Rachold, V., Pollard, W., Steenhuisen, F., Ødegård, R. & Hubberten, H., (2009): 
Towards a calculation of organic carbon release from erosion of Arctic coasts using non-fractal 
coastline datasets, Marine Geology, 257 (1), pp. 1-10, 2009. 

5. Hubberten, H.-W., Andreev, A., Astakhov, V.I., Demidov,I., Dowdeswell, J.A., Henriksen, M., Hjort, 
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C., Houmark-Nielsen, M., Jakobsson, M., Kuzmina, S., Larsen, E.,Lunkka, J.P., Lysa, A., 
Mangerud, J., Möller, P., Saarnisto, M., Schirrmeister, L., Sher, A. V., Siegert, C., Siegert, M.J., 
Svendsen, J.I. (2004): The periglacial climate and environment in northern Eurasia during the last 
glaciation, Quaternary science reviews, 2004. 

Prof. Dr. Angelika Humbert 
Alfred Wegener Institute Bremerhaven (AWI) 
Am Alten Hafen 26, 27568 Bremerhaven, Germany, Email: angelika.humbert@awi.de 
Angelika Humbert received a Ph.D. in natural sciences from the Darmstadt University of 
Technology, Germany (2005). From 2005-2009 she was working as PostDoc at the 
Darmstadt University of Technology and University of Münster. 2010-2012 she was professor 
for Glaciology at the University of Hamburg in the Cluster of Excellence ‚Climate System 
Analysis and Prediction’ and lead the junior research group Glaciology. In 2012 Angelika 
Humbert will lead a working group on ice modelling at the AWI and hold a professorship at 
the University of Bremen. She is secretary of ice shelves of the EGU and is one of the heads 
of the background mission Antarctica of the TerraSAR-X. Her research interest are modelling 
of ice sheets, streams, caps and ice shelves, including system studies as well as process 
studies. She is working on multi-scale hybrid-physics modelling of the dynamics of the 
Antarctic ice sheet, modelling of the grounding line migration of an ice stream of an marine 
ice sheet and small-scale modelling of ice shelves accounting for inhomogeneities. Angelika 
Humbert aims to strengthen the cooperation between glaciological field observations, 
fracture mechanics, remote sensing and modelers. 
1. Humbert, A., & Steinhage, D., (2011): The evolution of the western rift area of the Fimbul Ice 

Shelf, Antarctica, The Cryosphere, 5, 931-944, 2011. 
2. Humbert, A., (2010): The thermal regime of Fimbulisen, Annals of Glaciology 51(55), 56-64, 2010.  
3. Rückamp, M., Blindow, N., Suckro, S., Braun, M., Humbert, A., (2010): Dynamics of the ice cap on 

King George Island, Antarctica: field measurements and numerical simulations. Annals of 
Glaciology 51(55), 80-90, 2010. 

4. Braun, M., Humbert, A. & Moll, A., (2009): Changes of Wilkins Ice Shelf over the past 15 years 
and inferences on its stability, The Cryosphere, 3, 41-56, 2009. 

5. Braun, M. and Humbert, A., (2009): Recent retreat of Wilkins Ice Shelf reveals new insights in ice 
shelf break-up mechanism. Geophysics and Remote Sensing Letters, 2009, Vol. 6(2), 263-267, 
2009. 

Prof. Dr. Andreas Huth 
Department of Ecological Modelling, Helmholtz Centre for Environmental Research (UFZ)  
P.O. Box 500 136, D - 04301 Leipzig, Germany, Email: Andreas.Huth@Ufz.de 
Prof. Huth is deputy head of the Department for Ecological Modelling at the Helmholtz Centre 
of Environmental Research in Leipzig. He has also a professorship at the University of 
Osnabrueck. His reserach group has been working for more than 15 years on vegetation 
dynamics, carbon balances for vegetation systems. forest ecology and disturbed tropical 
forests. His research focuses mainly on two aspects: (1) analysis of the structure and 
dynamics of forests and other ecological communities, (2) ecosystem management and 
disturbance ecology. His group has developed several dynamic models for  forests (e.g. 
FORMIND, FORMIX3, process-based and individual-based) which have been applied in 
different regions of the world (e.g. on tropical forests).  He is also leading together with 
Thorsten Wiegand a large project funded by the European Research Council (Advanced 
Investigator Grant). Other research interests are biodiversity, disturbed ecosystems, remote 
sensing and inverse modelling. 
1. Köhler, P., Huth, A. (2010): Towards ground-truthing of spaceborne estimates of above-ground life 

biomass and leaf area index in tropical rain forests, Biogeosciences 7 (8), 2531-2543, 2010. 
2. Dislich, C., Johst, K., Huth, A. (2010): What enables coexistence in plant communities? Weak 

versus strong species traits and the role of local processes, Ecological Modelling 221 (19), 2227-
2236, 2010 

3. Wiegand, T., Martínez, I. and Huth, A. (2009): Recruitment in tropical tree species: revealing 
complex spatial patterns, American Naturalist 174 (4), E106-E140, 2009.  

4. Rueger, N., Huth, A., Hubbel, S., Condit, R. (2009): Response of recruitment to light availability 
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across a tropical lowland rainforest community, Journal of Ecology 97 (6), 1360-1368, 2009.  
5. Wiegand, T., Gunatilleke, C., Gunatilleke, I., Huth, A. (2007): How indiviudal species structure 

diversity in tropical forests, PNAS 104(48), 19029-19033, 2007.  

Dr. Sibylle Itzerott 
Section 1.4 Remote Sensing, Helmholtz Centre Potsdam (GFZ) 
Telegrafenberg, 14473 Potsdam, Email: Itzerott@gfz-potsdam.de 
Sibylle Itzerott received her PhD at the today´s University of Potsdam in 1988 on the topic 
Remote sensing for yield prognosis in agriculture. Since then, she worked as a senior 
scientist at the Institute of Geography and Geoecology there in the field of remote sensing 
potentials for landscape analysis in varying focus. Since 2001 she is senior scientist at GFZ 
Potsdam. Her present research is primarily focusing on the evaluation of hyperspectral lab- 
field- and airborne data for ecological vegetation analysis, land use and hydrological 
processes as well as on the estimation of surface soil moisture from radar satellite data. She 
is member of the EnMAP core science team. Her recent relevant publications are: 
1. Bronstert, A.; Creutzfeldt, B.; Gräff, T.; Hajnsek, I.; Heistermann, M.; Itzerott, S.; Jagdhuber, T.; 

Kneis, D.; Lück, E.; Reusser, D.; Zehe, E., (2012): Potentials and constraints of different type of 
soil moisture observartions for flood simulations in headwater catchments, Natural Hazards, 60, 
879-914. DOI 10.1007/s11069-011-9874-9, 2012. 

2. Tapia-Silva, F.-O.; Itzerott, S.; Förster, S.; Kuhlmann, B.; Kreibich, H. (2011): Estimation of flood 
losses to agricultural crops using remote sensing, Physics and Chemistry of the Earth Parts 
A/B/C, 36, 7-8, 253-265, 2011. 

3. Rogaß, C.; Itzerott, S.; Schneider, B. U.; Kaufmann, H.; Hüttl, R. F. (2010): Hyperspectral 
boundary detection based on the Busyness Multiple Correlation Edge Detector and Alternating 
Vector Field Convolution snakes, ISPRS Journal of Photogrammetry and Remote Sensing, 65, 5, 
468-478, 2010. 

4. Förster, M.; Helms, Y.; Herberg, A.; Köppen, A.; Kunzmann, K.; Radtke, D.; Ross, L.; Itzerott, S., 
(2008): A Site-Related Suitability Analysis for the Production of Biomass as a Contribution to 
Sustainable Regional Land-Use, Environmental Management, 41, 4, 584-598, 2008. 

5. Neumann, C.; Foerster, S.; Itzerott, S., (2011): A Synthesis of Ecological Gradient Analysis and 
Hyperspectral Remote Sensing for the Monitoring of Heterogeneous Vegetation Structures in a 
Dryland Nature Reserve in Germany, 7th EARSeL SIG Imaging Spectroscopy workshop 
(Edinburgh, Scotland 2011), 2011. 

Dr. rer. nat. Norbert Jakowski 
Institute of Communications and Navigation, German Aerospace Center, (DLR-KN) 
Kalkhorstweg 53, D-17235 Neustrelitz, Germany, Email: Norbert.Jakowski@dlr.de 
Dr. Norbert Jakowski received his diploma in physics in 1973 from the University of Rostock 
and his PhD in 1974 from the same university. Since 1974 he has been working in the 
Institute of Space Research, since 1991 in the German Aerospace Center at their branch in 
Neustrelitz. At present he is team leader of the ionospheric working group at the Institute of 
Communications and Navigation. He is long experienced in monitoring and modelling the 
ionosphere based on transionospheric radio sounding methods. He was/is involved in 
several national as well as ESA and EU projects related to ionospheric research and the 
investigation of ionospheric impact on GNSS applications. As leader of the national project 
‘Space Weather Application Center – Ionosphere’ (SWACI) he is responsible for establishing 
an ionospheric information and data center in DLR Neustrelitz. He is national representative 
of the European action COST ES 0803 “Developing space weather products and services in 
Europe”, member of the steering committee of the Space Weather Working Team and the 
‘Network of Experts on Electromagnetic Wave Propagation’ at ESA and author/co-author of 
more than 100 papers in refereed journals. 
1. Borries, C., Jakowski, N. & Wilken, V., (2009): Storm induced large scale TIDs observed in GPS 

derived TEC, Annales Geophysicae, 27 (4), 1605-1612. Copernicus Publications. ISSN 0992-
7689, 2009. 

2. Hoque, M.M. & Jakowski, N., (2010): Higher order ionospheric propagation effects on GPS radio 
occultation signals, Advances in Space Research, doi:10.1016/j.asr.2010.02.013, 2010. 

3. Hoque, M.M. & Jakowski, N., (2011): Ionospheric bending correction for GNSS radio occultation 
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signals, Radio Sci., 46, RS0D06, doi:10.1029/2010RS004583, 2011 
4. Jakowski, N., Hoque, M.M., & Mayer, C., (2011): A new global TEC model for estimating 

transionospheric radio wave propagation errors, Journal of Geodesy, 10.1007/s00190-011-0455-
1, 2011. 

5. Jakowski, N., Mayer C., Hoque, M.M., & Wilken, V., (2011): TEC Models And Their Use In 
Ionosphere Monitoring, Radio Sci., 2011. 

Prof. Dr. Hans Andreas Max Kääb 
Department of Geoscience, University Oslo 
Postbox 1047 Blindern 0316 Oslo, Norway, Email: kaeaeb geo.uio.no 
Hans Andreas Max Kääb received his degree in Geodesy from the Technical University of 
Munich, Germany, in 1990, advanced studies in Civil Engineering and Glaciology at the ETH 
Zurich (Switzerland) and the Dr. (PhD) degree in 1996, respectively, on photogrammetry-
based analysis for early recognition of glacier- and permafrost related natural hazards. From 
1997 to 2005 he was Senior researcher at the University of Zurich where he leaded the 
Swiss Glacier Inventory 2000, was the Swiss national correspondent of the Global Land Ice 
Measurements from Space (GLIMS) program. He carried research out at the US Geological 
Survey, Flagstaff AZ in 2000. He is Session convenor at the European Geosciences Union 
(EGU) annual conference for sessions related to glacier and permafrost hazards, and glacier 
change and climate and Chair of the working group "Glacier and Permafrost Hazards in 
Mountains" by the Commission on Cryospheric Sciences (CSS) and the International 
Permafrost Association (IPA). In 2008, Andreas Kääb was awarded the Wiley-Blackwell price 
for excellence in permafrost research.Since Sept. 2005 Andreas Kääb has been appointed 
professor for Remote Sensing and Geomatics at the University of Oslo and since 2009 Vice-
leader, division of Physical Geography and vice-chair, board of department, Department of 
Geosciences, University of Oslo. He is Member of the Category-1 Advisory Group of the 
European Space Agency (ESA), Scientific Advisory Committee of the European Fleet of 
Airborne Research (EUFAR) and consortium member in the ESA DUE GlobGlacier project.  
1. Kääb, A., & Prowse, T., (2011): Cold-regions river flow observed from space, Geophysical 

Research Letters, 38, L08403, 2011.  
2. Nuth, C. & Kääb, A., (2011): Co-registration and bias corrections of satellite elevation data sets for 

quantifying glacier thickness change. The Cryosphere, 5, 271-290.  
3. Debella-Gilo, M., & Kääb, A., (2010): Sub-pixel precision image matching for measuring surface 

displacements on mass movements using normalized cross-correlation, Remote Sensing of the 
Environment, 15(1):130-142, 2010.  

4. Strozzi, T., Delaloye, R., Kääb, A., Ambrosi, C., Perruchoud, E., & Wegmüller, U., (2010): 
Combined observations of rock mass movements using satellite SAR interferometry, differential 
GPS, airborne digital photogrammetry, and airborne photography interpretation, Journal of 
Geophysical Research, 115: F01014, 2010. 

5. Kääb, A., (2008): Remote sensing of permafrost-related problems and hazards, Permafrost and 
Periglacial Processes. 19(2), 107-136, 2008. 

Prof. Dr. Lars Kaleschke 
Institut fur Meereskunde, Universität Hamburg, KlimaCampus,  
Bundesstraße 53, 20146 Hamburg, Email: lars.kaleschke@zmaw.de 
Lars Kaleschke received a Ph.D. in natural sciences from the University of Bremen, 
Germany (2003). From 2003-2006 he was working as PostDoc at the Institute of 
Environmental Physics, University of Bremen. Since 2006 he is Professor for Ocean and 
Climate Research at the Institute of Oceanography, University of Hamburg. Among his 
research interests are ice-ocean-atmosphere interactions and remote sensing. He is PI of 
several research projects including an ESA study to develop a sea ice thickness product 
based on SMOS data and a BMWi project to develop a sea ice forecasting system. 
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Stilleweg 2, 30655 Hannover, Germany, Email: friedrich.kuehn@bgr.de 
Friedrich Kühn has been with the Federal Institute for Geosciences and Natural Resources 
(BGR) since 1990, where he is heading the Remote Sensing Unit. He has coordinated and 
contributed to a series of remote sensing projects as part of international technical 
cooperation with Thailand and Namibia (environmental geology), Jordan (hydrogeology), 
Kenya (geothermal energy), Indonesia and Bangladesh (geohazards). Further task is 
advisory activity for governmental organisations. Since 2004, he is coordinating BGR's 
contributions to the EU/ESA GMES initiatives Terrafirma and PanGeo. His research field is 
remote-sensing-based detection of ground instability, such as of land subsidence, land 
sliding and collapse-prone ground. Friedrich Kühn is advisor for Thai-German PhD projects 
funded by the Thai Research Fund (TRF). He received the Diploma degree in geophysics in 
1972 and the Dr. rer. nat. in 1975, both from the Technical University “Mining Academy” 
Freiberg in Germany. Recently published papers are: 
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Imagery (TIR) for Illustrating the Submarine Groundwater Discharge into the Eastern Shoreline of 
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Kreuzeckbahnstraße 19, 82467 Garmisch-Partenkirchen, Email: harald.kunstmann@kit.edu 
Prof. Dr. Harald Kunstmann is head of the department “Regional Climate Systems” at 
Karlsruhe Institute of Technology, Campus Alpine (KIT, IMK-IFU), Germany, and holds the 
Chair for Regional Climate and Hydrology at University of Augsburg. 
His expertise comprises regional climate and hydrology modelling, the development of 
coupled atmosphere-hydrology model systems (e.g. in the joint DFG-NSFC funded project 
“Long Term Land Use - Precipitation Feedbacks in the Hai River and Poyang Lake 
Regions”), the integration of remote sensing information in hydrometerological analyses (e.g. 
in the DFG-SPP 1257 priority programme on GRACE) and the establishment and operation 
of terrestrial observatories. Since 2008, Harald Kunstmann leads the HGF-funded Virtual 
Institute PROCEMA (Regional Precipitation Observation by Cellular Network Microwave 
Attenuation and Application to Water Resources Management). He is also leading the 
regional climate system pillar in WASCAL and is responsible at Uni Augsburg for the German 
counterpart of the WASCAL Graduate School on the West African Climate System. He is 
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member of the Scientific Steering Committee of TERENO (http://www.tereno.net), vice 
president of the International Commission on the Coupled Land-Atmosphere System (IAHS-
ICCLAS) and associate editor of Journal of Hydrology.  
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2401–2419, 2011. 
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Ocean Research Kiel (GEOMAR) 
Düsternbrooker Weg 20, 24105 Kiel, Germany, Email: alehmann@geomar.de 
Dr. Andreas Lehmann is a senior scientist (physical oceanographer) at the department of 
Ocean Circulation and Climate Dynamics (Theory and Modelling), Helmholtz Centre for Ocean 
Research Kiel (GEOMAR), Germany. He has long experience in hydrographic data acquisition, 
management, analysis and modelling of the Baltic Sea. He developed in his PhD (1992) a 
coupled sea ice-ocean model BSIOM of the Baltic Sea which also is used in the regional 
climate model BALTIMOS (MPI f. Meteorology HH). His skills are the dynamics of the Baltic 
Sea, climate variability and its impact on the marine environment. Since 1994 he worked as a 
research scientist and subproject coordinator in international and national projects 
(BALTEX/BASYS, BALTEX/BASEWECS, C3-Grid). Since 2000 he is a member of the 
scientific steering group BALTEX, 2004-2006 Chairman of the working group on ''BALTEX 
Phase II 2003-2012 Science Framework and Implementation Strategy“,2004- Member of the 
BALTEX working group on data management, 2006-2009 Chairman of the BALTEX working 
group BALTIC GRID. Since 2011 he is vice chair of the Working Group on POSTBALTEX. In 
cooperation with the Finnish Institute of Marine Research he worked in 2006/2007 on 
``Upwelling in the Baltic Sea`` within the Germans Scientific Exchange Service (DAAD). Since 
2006, he is a member of the Cluster of Excellence ``The Future Ocean``. He was and is PI in a 
number of projects (Climate variability/Future Ocean (DFG), Missing Baseline/Future Ocean 
(DFG), BONUS-Project BalticWay (BMBF), CAVIAR/DTU-Aqua. He was convener and session 
organizer in different international scientific conferences (EGU, BALTEX Study Conference, 
Baltic Sea Science Conference). He is a member of the Editorial Board of the scientific journals 
''Boreal Environmental Research'' and ''Oceanological and Hydrobiologial Studies''. He has 
published > 20 publications in internationally peer-reviewed journals and numerous other 
reports. 
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Peter Lemke is professor of physics of atmosphere and ocean at the University of Bremen 
and head of the Climate Sciences Research Division at the Alfred Wegener Institute of Polar 
and Marine Research, received his PhD in meteorology from the University of Hamburg in 
1980. He has more than 30 years of experience of working in climate, sea ice and 
atmospheric research. Lemke has participated in seven polar expeditions with the German 
research icebreaker “Polarstern”. On five expeditions he acted as chief scientist. His special 
interests are observation and modelling of high-latitude processes, especially the interaction 
between atmosphere, sea ice and ocean. Lemke served on many national and international 
committees. Until 1999 he was a member of the Scientific Steering Group of the Arctic 
Climate System Study (ACSYS) of the World Climate Research Program (WCRP) and the 
chairman of the ACSYS Numerical Experimentation Group which co-ordinated international 
atmosphere-sea ice-ocean modelling activities. From 1995 to 2006 he was a member of the 
Joint Scientific Committee for the World Climate Research Programme and served as its 
chair from 2000 to 2006. In 1991 Lemke received the German Polar Meteorology Award 
(Georgi-Preis) and in 2005 he became an Honourable Professor of the China Meteorological 
Administration, Beijing. He was the Coordinating Lead Author for Chapter 4 (Observations: 
Changes in Snow, Ice and Frozen Ground) of the IPCC Fourth Assessment Report published 
in 2007. For this activity Lemke received recognition of a substantial contribution to the 
award of the Nobel Peace Prize for IPCC in 2007. Since 2009 he coordinates the Climate-
Initiative REKLIM (Regional Climate Change) of the Helmholtz Association (HGF), in which 
eight centers of the HGF are collaborating. In 2010 Lemke received the Bayer Climate 
Award. 
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Cambridge University Press, 2007. 

Dr. rer. nat. Carsten Montzka 
Agrosphere Institute (IBG-3), Forschungszentrum Jülich GmbH (FZJ)  
Leo Brandt Straße, 52425 Jülich, Germany Email: c.montzka@fz-juelich.de  
Carsten Montzka received the Ph.D. degree in Geography from the University of Bonn 
(Germany) in 2007 for the integration of multispectral remote sensing data into nitrogen 
modelling. In 2004 he joined the Institute of Bio- and Geosciences: Agrosphere (IBG 3) of the 
Forschungszentrum Jülich (Germany). Since 2007 he is working on a project for the 
validation of the SMOS satellite mission funded by the German Ministry of Economics and 
Technology. This includes modelling and up-scaling of surface soil moisture and 
temperature, coupling hydrological models with microwave emission models, multi-scale 
model calibration, and comparison with and integration of airborne remote sensing data. His 
current work has mainly been focused on the development of multi-scale soil moisture data 
assimilation techniques within the Transregional Collaborative Research Centre 32 (TR32). 
He is involved in the TERENO (Terrestrial Environmental Observatories) Initiative and 
airborne active/passive microwave campaigns to support the SMAP mission. Recently, he 
has been selected for the ESA Support To Science Element (STSE) Programme for the 
operational estimation of radiative transfer parameters by data assimilation techniques.  
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Prof. Dr. Alberto Moreira, received the B.S.E.E. and M.S.E.E. degrees from the Aeronautical 
Technological Institute (ITA), São José dos Campos, in 1984 and 1986, respectively, and the 
Eng. Dr. degree (with honors) from the Technical University of Munich, Germany, in 1993.  
Since 2001, he has been the Director of the Microwaves and Radar Institute at the German 
Aeropace Center (DLR) and a Professor with the Karlsruhe Institute of Technology (KIT), 
Germany, in the field of microwave remote sensing. The mission TanDEM-X, led by his 
Institute at DLR, has successfully entered in operational phase in December 2010. Prof. 
Moreira is the initiator and Principal Investigator for this mission. He has also served as 
president of the IEEE Geoscience and Remote Sensing Society (GRS-S) in 2010, as a 
member of the Board of Directors of the Information Technology Society of the German 
Association for Electrical, Electronic and Information Technologies (2003-2008) and is 
currently the chair of the Scientific and Technical Council of DLR (2009-2011). Dr. Moreira is 
recipient of several international recognitions: DLR Science Award (1995), GRS-S 
Transactions Prize Paper Awards (1997, 2001, and 2007), IEEE Nathanson Award for the 
Young Radar Engineer of the Year (1999) and the IEEE Kiyo Tomiyasu Field Award (2007). 
He has contributed to the successful series of the European SAR conferences (EUSAR) 
since 1996 as a member of the Technical Program Committee, Technical Chairman (2000), 
the Awards Chairman (2002–2004), General Chairman (2006), and Co-Chairman (2008). He 
is also Co-Chair of IGARSS’12 to be held in Munich. His professional interests and research 
areas encompass radar end-to-end system design and analysis, innovative microwave 
techniques and system concepts, signal processing, and remote sensing applications. 
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Mahdi Motagh received his PhD in Earth Sciences in January 2007 from Potsdam University 
in Germany. His main research activity is concerned with the use of remote sensing data 
derived from techniques such as SAR Interferometry (InSAR), Persistent Scatterer 
Interferometry (PS-InSAR) and Small Baseline (SBAS) methods to study deformation 
processes related to natural and man-mad hazards. From 2007 to 2010 he worked as a 
postdoc at Helmholtz Center Potsdam, GFZ, on a wide range of geophysical problems 
ranging from using moderate-resolution Wide-Swath (~400 km) SAR data to study 
continental-scale deformation to using high-resolution (~3 m) X-band SAR imagery to assess 
localized and regional deformation associated with landslides and glaciers. In October 2011, 
he was appointed as the permanent scientist of the Helmholtz Center Potsdam, GFZ.  
1. Akbari, V., & Motagh, M., (2012): Improved ground subsidence monitoring using small baseline 

SAR interferograms and weighted least squares inversion algorithm, IEEE Geoscience and 

mailto:motaghr@gfz-potsdam.de


82 

Remote Sensing Letters, online 10.1109/LGRS.2011.2170952, 2012. 
2. Faegh-Lashgary, P., Motagh, M., Sharifi, M.A., & Saradjian, M.A., (2012): Source Parameters of 
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and ALOS InSAR observations, International Association of Geodesy Symposia, Springer-Verlag 
Berlin Heidelberg, 137, 319-325, 2012. 
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data, Seismological Research Letters, 82(6), 789-799, 2011. 
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Konstantinos Panagiotis Papathanassiou (IEEE M’ 02, SM’ 03 ) received the Dipl. Ing degree 
(Honors) in 1994 and the Dr. degree (Honors) in 1999 from the Technical University of Graz, 
Austria. From 1992 to 1994 he was with the Institute for Digital Image Processing (DIBAG) of 
Joanneum Research, in Graz, Austria. Between 1995 and 1999 he worked at the 
Microwaves and Radar Institute (HR) of the German Aerospace Center (DLR), in 
Oberpfaffenhofen, Germany. From 1999 to 2000 he was an EU post-doctoral fellow with 
Applied Electromagnetics (AEL) in St. Andrews, Scotland. Since October 2000 he is again 
with the Microwaves and Radar Institute (HR) of the German Aerospace Center (DLR). 
Actually he is a senior scientist within leading the SAR System research group at DLR-HR. 
His main research interests are in polarimetric and interferometric processing and calibration 
techniques, polarimetric SAR interferometry, and quantitative parameter estimation, as well 
as in SAR mission design and SAR mission performance analysis. He has more than 100 
publications in international journals, conferences and workshops. He was awarded with the 
IEEE GRSS IGARSS Symposium Prize Paper Award in 1998, the Best Paper Award of the 
European SAR Conference (EUSAR) in 2002 and the DLR science award in 2002. 
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November 2001. 
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and Remote Sensing, vol. 47, no. 2, pp. 442-4454, 2009. 
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Prof. Dr. H. Pretzsch has been Professor of Forest Growth and Yield Science at Technische 
Universität München since 1994 and responsible for the network of long-term experimental 
plots in Bavaria which date back to 1860. For the past 20 years he focused on general rules 
of tree and stand growth, tree and stand dynamics under stress, and forest modelling. 
Various kinds of acute and chronic stress effects on tree stem, crown, root-shoot allometry 
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and allocation principles were analysed empirically (Pretzsch et al., 1989, 2010), modelled 
(Pretzsch, 2001, 2002) and assessed with respect to productivity losses (Pretzsch and 
Dieler, 2010). For the resource and biomass distribution between the individuals within 
stands was revealed, how the mode of competition (symmetry/asymmetry) depends on site 
conditions (Pretzsch, 2010; Pretzsch and Biber, 2010) and abiotic stress (Pretzsch and 
Dieler, 2010).The competitive stress between the individuals of a stand was analysed and its 
effect on productivity quantified and modelled (Pretzsch, 2005). The self-thinning rules for 
herbaceous and woody plants were linked (Pretzsch, 2006; Pretzsch and Biber, 2005) and 
explained on the basis of the species-specific plastic and fractal scaling of tree crowns 
(Pretzsch, 2010). Long-term experiments, established along ecological gradients, revealed 
over- and underyielding of pure versus mixed stands from -20 to + 30 % of biomass growth 
(Pretzsch, 2005; Pretzsch and Schütze, 2009) and the dependency of mixing effects from 
site conditions (Pretzsch et al., 2010). New pieces of knowledge of pattern and processes 
were continuously integrated in forest stand and ecosystem models (Pretzsch, 1992, 1997; 
Grote and Pretzsch, 2002). They are frequently used in science and practice for hypotheses 
testing (Pretzsch, 2001), scaling from tree to landscape level (Pretzsch et al., 2002) and 
scenario analysis (Pretzsch et al. 2008). My team has special expertise in the application of 
terrestrial Lidar and Computer tomography for analysis of external structures on tree and 
stand level. His five selected publications are: 
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4.4  Declaration of each Participating institute on the Provision of Resources 

  

  
 



91 

  

  
 



92 

  

  
 



93 

  

  
 



94 

  

  
 



95 

  

  
 



96 

 

 

 



97 

4.5 List of Participating Institutions and Associated Partners 
 
Participating Helmholtz Centers* Location 
DLR-HR, Microwave and Radar Institute Oberpfaffenhofen 
DLR-IMF, Remote Sensing Technology Institute Oberpfaffenhofen 
DLR-KN, Institute of Communications and Navigation Neustrelitz 
UFZ, Helmholtz Centre for Environmental Research Leipzig 
HMGU, Helmholtz Centre München München 
GFZ, Helmholtz Centre Potsdam Potsdam 
GEOMAR, Helmholtz Centre for Ocean Research Kiel 
FZJ, Forschungszentrum Jülich GmbH, Agrosphere Institute Jülich 
AWI, Alfred-Wegener-Institute für Polar und Meeresforschung Bremerhaven 
KIT, Karlsruhe Institute of Technology Garmisch-Partenkirchen 
Participating Research Institutions* Location 
PIK, Potsdam Institute for Climate Impact Research Potsdam 
FSC, Forest Stewardship Council International Centre Bonn 
BGR, Bundesanstalt für Geowissenschaften und Rohstoffe Hannover 
Participating Universities* Location 
LCRS, Philipps-Universität Marburg Marburg 
TUM, Technische Universität München München / Freising 
FSU, Friedrich-Schiller-Universität Jena 
FAU, Friedrich-Alexander-Universität Erlangen 
KlimaCampus, Institut für Meereskunde Universität Hamburg Hamburg 
LMU, Ludwig-Maximilians-Universität München München 
Universität Potsdam Potsdam 
TU Wien, Vienna University of Technology** Wien 
UiO, University of Oslo** Oslo 
ETH, Eidgenössische Technische Hochschule Zürich 
Universität Innsbruck** Innsbruck 
Associated Partners** 
Tandem-L Science Team See chapter 4.7 
WWF Berlin 

* Institutions which are applying for funding from the Initiative and Networking Fund  

** Associated Institutions without funding from the Initiative and Networking Fund  
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4.6 Tandem-L Science Team 

 

Earth Sphere Expert-Team Extended Science Team 

Biosphere (14) 
Speaker:  
Prof. Pretzsch 

Prof. Pretzsch, TUM 
Dr. Biber, TUM 
Dr. Huth, UFZ  

Dr. Lindner & v. Brusselen, EFI 
Dr. Eisele, Dr. Joosten, NRW, Mini. für Umwelt, Naturschutz, 
Landwirtschaft u. Verbraucherschutz 
Dr. Reick, MPI Institut für Klimatologie 
Dr. Hirsch, MPI Institut für Klimatologie 
Dr. Eisbrenner, Business Development Manager,ASI - Accreditation 
Services International GmbH  
Prof. Schmullius, FSU, Forest Ecology 
Dr. Schneider, TUM, Forest Ecology 
Prof. Koch, Universität Freiburg 
Prof. Klein, Forest Management & RS, Uni. Göttingen  

Geosphere (17) 
Speaker:  
Prof. Friedrich 

Prof. Friedrich, LMU 
Dr. Kühn, BGR 
Prof. Zschau, GFZ 

Prof. Hort, Uni Hamburg Institut für Geophysik 
Prof. Bunge, LMU Geophysik 
Prof. Giardini,  ETH Zürich, Erdwissenschaften 
Dr. Walter, GFZ Earthquake Risk and Early Warning 
Dr.  Motagh, GFZ Earthquake Risk and Early Warning 
Prof. Thuro, TUM Lehrstuhl für Ingenieurgeologie 
Dr. Sobolev, GFZ Geodynamic Modelling 
Prof. Hanssen, TU Delft Mathe. Geodesy & Positioning 
Prof. Wadge, University of Reading 
Dr. Malservisi, LMU Geophysik 
Dipl. Geol. Singer, TUM Lehrstuhl für Ingenieurgeologie 
PhD Flerit, LMU Geophysik 
Prof. Dr. Bamler, DLR/TUM 
Dipl. Geol. Minet, DLR 

Cryosphere (19) 
Speaker:  
Dr. Nagler  
(Land) 
Dr. Dierking (Sea) 

Dr. Nagler, ENVEO 
Prof. Rott, Univ. Innsbruck & 
ENVEO 
Dr. Dierking, AWI 

Dr. Dedieu, University Vienna 
Prof. Miller, Dr. Eisen, AWI  
Prof. Björnsson, University Iceland 
Dr. Vaugham & Dr. Pritschard, BAS  
Dr. Legressy, LEGOS 
Dr. Braun, Unversität Bonn 
Prof. Rack, University of Canterbury 
Dr. Bamber, University of Bristol 
Dr. Shepard, School of Geosciences, University of Edinburgh 
Dr. Mäkynen, Aalto University 
Dr. Eriksson, Chalmers University 
Dr. Kaleschke & Kern, Universität Hamburg 
Dr. Heygster, Institut für Umweltphysik, Universität Bremen 
Dr. Marku Simila, FIMR 

Hydrosphere (13) 
Speaker:  
Dr. Rosenthal (Ocean) 
Prof. Zehe (Surface 
Water) 

Dr. Rosenthal, GAUSS 
Dr. Lehner, DLR-IMF 
Prof. Zehe, TUM 
Prof. Bronstert, Univ Potsdam 

Dr. Runge, DLR-IMF 
Dr. Romeiser, RSMAS, Miami 
Dr. Itzerott, GFZ – Geoforschungszentrum Potsdam, Germany 
Prof. Ludwig, LMU 
Dr. Löw, MPI Hamburg 
Prof. Schulze, LMU 
Dr. Schulz-Stellenfleth, HZG 
Dr. Johannessen, Nansen Environmental and RS Center 
Dr. Bogena, FZJ 
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