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Institutions contributing to the VFRS

IFM-GEOMAR

Geophysik, Uni. Hamburg

Geophysik, Uni Potsdam
GFZBGR

Geodäsie, TU Darmstadt

Geophysik, LMU München
Fernerkundung, TU 
München

DLR Oberpfaffenhofen
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Chances of successful forecasts

1. Volcanoes are allmost all point sources allow ing a fo cussed
research strategy.

2. The number of v olcanoes is limited and only a very few a re born each
century.

3. Volcanoes harbour an unparalleled event stratigraphy and chronology.

4. Many different kinds of chemical and physical precur sors can be
recognized and monitoredweeks or month prior to an erupt ion.

Universität Hamburg  . Ins titu t für Geophysik . Bundesstrasse 55 . D-20146 Hamburg . Ger many

Exupéry - Volcano Fast Response System

Requirements for the VFRS

1. Can be installed fast due to intelligent, cable-free communication between
the different stations and a data center.

2. A larger number of different stations can be deploye d quickly.

3. All data are collected in a central data base includin g data from an 
existing network.

5. Data are visualized and partially analyzed in real t ime.

6. Objective and reliable data evaluation are carried out  including
recommendations for crisis management.

4. Open system that can deal with various types of data in cluding novel
monitoring techniques.
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Different workpackages

WP1,2: Continuous realtime and discontinous data

WP4: Field networking and data telemetry

WP5: Data processing and activity assessment

WP3: Data archiving and alert level estimation
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WP1: Ground based observations

Momo tombo,  Nicaragua

Partner:
IFM-GEOMAR
TU Darmstadt
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WP2: Space based observations

Partner:
Uni. Hamburg
TU München
DLR Oberpfaffenhofen 0
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WP3: Database, IT architecture and visualization

Partner:
LMU München
SZGRF-BGR
JenOptik
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WP5: Data analysis & quantitative physical models

A-type
shot

B-type
shot

A-type
earthquake

B-type
earthquake

*

*
*

*

Partner:
Uni Hamburg
LMU München
BGR
Uni Potsdam
GFZ
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WP4: Wireless communication
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WP4: Test installation of the VFRS

Technische Universität Darms tadt,  Petersenstr. 13 , 64287  Darmstad t,  Germany
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WP 1: Ground Based Observations

2 Projects

- Gas Flux Monitoring

-T. Hansteen, IFM-GEOMAR Kiel

- Ground Based Deformations

-C. Gerstenecker, Institute of Physical Geodesy, 
Darmstadt University of Technology
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DOAS
• Differential Optical Absorption Spectrometer
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WP 1: Ground Based gas measurements

Mini-DOAS installation

San Cristobal, Nicaragua

Solar panels
Radio/ Wi-Fi link

Scanner

Spectrometer
Data logger

Battery
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WP 1: Ground based gas measurements

Plume speed measurement using the 
Dual-beam Scanning Mini-DOAS

SO2 measurements performed simultaneously in two 
directions (upwind and downwind) � Determination 
of wind speed at plume height by analysis of the 
time lag between both time-series

courtesy of Galle et al
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WP 1: Ground based gas measurements

Multiple plume scans for total SO2 column

When combined with plume speed data, 
accurate SO2 fluxes are calculated
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WP 1: Ground based gas measurements
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Covariation between SO2 fluxes and RSAM (Real Time Seismic Amplitude 
Measurements) before, during and after the Santa Ana eruption (El Salvador) on October  
1, 2005. (Data courtesy of  Ser vicio Nacional de Estudios Territoriales and University of El  
Salvador, and Bo Galle, Chalmers TU, Gothenburg)

Covariation 
between SO2
flux and 
seismic signals
Santa Ana 
Volcano, El 
Salvador
Daily averages Jan 
2005 – Sept 2006
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WP 1: Ground based gas measurements

Combination of ground based INSAR and GPS

INSAR  � areal displacements in line of sight (los)
GPS  � georeferenced 3D displacements at discrete points

��� � precise 3D displacements in ‘nearly real time’
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WP 1: Ground based deformations

Ground Based INSAR

• IBIS-L was deliverd in April 2008

• Tests
– accuracy
– refraction

– range
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WP 1: Ground based INSAR
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WP 1: Ground based INSAR
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WP 1: Ground based INSAR

Refraction

• Refraction
-0.61
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WP 1: Ground based INSAR

Displacements after refraction correction

Land slide due to mining activities
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WP 1: Ground based INSAR

GPS
• Test of � blox receivers

– Antenna modification
– Antenna calibration

• Online data processing

Exupéry - Volcano Fast Response System

WP 1: Ground based deformation
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Present work

• Refraction: large height differences

• On line data processing
• Combination of GPS and IBIS data
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WP 1: Ground based deformation

WP2: Satellite monitoring

Exupéry - Volcano Fast Response System

Bamler R., Cong X.Y., Eineder M., Erbertseder T., H inz S., Hort M., Loyola D., 
Maerker C., Rix M., Seidenberger K., Valks P., Zakšek  K.
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WP2: Satellite monitoring

Volcanic SO 2 plumes

Ground deformation 

Thermal anomalies
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WP2: Monitoring volcanic SO 2 plumes

Detection of volcanic sulfur dioxide from the GOME-2 inst rument
using DOAS (Differential Optical Absorption Spectrosc opy)

GOME-2 observation of the
SO2 plume from the eruption
of Mt. Etna in Italy (11.05.2008).

Passive degassing of 
volcanoes in Papua New 
Guinea (06.03.2008).

GOME-2 observation of 
the SO2-plume from the
eruption of Mt. Okmok in 
Alaska (19.07.2008).

http://wdc.dlr.de/data_products/SERVICES/GOME2NRT/s o2.php
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WP2: Monitoring volcanic SO 2 plumes

http://wdc.dlr.de/data_products/SERVICES/GOME2NRT/s o2.php

Example I: the eruption of Mt Etna (Italy) on 10 th May 2008

Backtrajectory ensemble analysis:

Backward trajectories starting on11th May 2008. 
Subset related to Mt. Etna and GOME- 2 SO2 data.

Estimated injection height of the Etna eruption.

Estimated injection height
of the Kasatochi eruption.
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WP2: Monitoring volcanic SO 2 plumes

http://wdc.dlr.de/data_products/SERVICES/GOME2NRT/s o2.php

Example II: the eruption of Mt Kasatochi (Alaska) 7 th August 2008

Backtrajectory ensemble analysis and dispersion modelin g of the
volcanic SO2 plume:

GOME-2 observation of 
the SO2-plume from the
eruption of Mt. Kasatochi
(Alaska) (14.08.2008). Modeled SO2 plume of 

the Kasatochi eruption
(14.08.2008). Note the 
different projections.
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WP2: Satellite monitoring

Volcanic SO 2

Ground deformation

Thermal anomalies

WP2: InSAR Ground Deformation Monitoring

Exupéry - Volcano Fast Response System

Goals 
• Develop new SAR interferometry methods optimized for 

volcanoes
• Investigate potential of different satellites (TerraSAR-X, 

ENVISAT/ASAR, ALOS/PALSAR) with different frequency 
bands and spatial resolution

• Fusion of multi-geometry / multi-satellite observations
• Different view geometries for 3-d motion vector derivation 

and for shadowing/layover
• Increased observation frequency to capture sudden events  
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Principle of Differential SAR Interferometry
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WP2: InSAR Ground Deformation Monitoring
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Achievements

• Established data stack for Fogo/Azores: TerraSAR-X, 
ALOS, ENVISAT (ongoing)

• Established data stack for training test site (with GFZ) 
Stromboli: TerraSAR-X High-Resolution-Spotlight (1m)

• InSAR analysis performed on Fogo (dInSAR method) and 
Stromboli (PSI method)

• Data and information exchange with GFZ established

• Successful support of Montserrat eruption analysis

WP2: InSAR Ground Deformation Monitoring

Exupéry - Volcano Fast Response System

Results: Differential Interferogram & Advanced Techn ology

Conventional differential interferometry with 
TerraSAR-X is difficult because of surface 
decorrelation, atmosphere and topography.

Test Site: Fogo Azores Test Site: Stromboli

Persistent scatterer interferometry techniques (PSI) with 
10 acquisitions allows detection of the potential motion 
areas with TerraSAR-X, (Feb-08 – Jul-08).

WP2: InSAR Ground Deformation Monitoring

Exupéry - Volcano Fast Response System

Plymouth Area

pyroclastic flows 

www.m vo.m s

Montserrat change detection
(not InSAR!)
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WP2: Satellite monitoring

Volcanic SO 2

Ground deformation 

Thermal anomalies
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WP2: Monitoring thermal anomalies

• No operational satellite sensor dedicated to thermal anomaly monitoring �
use meteorological satellites .

• Geostationary satellites:
– Imager aboard GOESS covering East Asia, Pacif ic and both Americas

– SEVIRI aboard MSG covering Africa and Europe
– no appropriate platform covering Central Asia

• Polar orbiting satellites:
– AVHRR aboard NOAA and MetOP

– MODIS aboard Terra and Aqua 
– AATSR aboard Envisat

– ASTER aboard Terra

T = 560 K
A = 0.4 ha

T = 400 K
A = 1.4 ha
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WP2: Monitoring thermal anomalies

• Subpixel response – the radiance of a pixel is a linear 
combination of the separate radiances.

• Difference TMIR – TTIR is an a hot spot indicator .

300 K 500 K

300 K 300 K

TMIR = 450 K
TTIR = 390 K

4
radradradrad

rad 4321 +++
=
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WP2: Monitoring thermal anomalies

• Characterise clusters and not single pixels.

• The most reliable parameter is radiant flux .

• AVHRR 10 images per day
• MODIS 4 images per day

• Kalman filter

combine data to minimise the noise
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Monitoring thermal anomalies
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WP3: IT, Database, Visualization and Alert Level

Main Goals of WP3:

� unified data transfer and storage
� new, scalable database for volcanology
� easy to use, inexpensive, slim GIS 
� objective, automatic alert level estimation

Dep. Earth- & Environmental Sciences, LMU Munich
Federal Institute for Geosciences and Natural Resources, Hannover
Jena Optronik, Jena
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for IT:

• hardware already bought (data center, 
field equipment):

• supported data formats restricted to 
several standard protocols and formats:

� miniSeed via seedlink - a unified 
datalogger portal; 
� GeoTiff 2D data;
� ArcGIS ASCII 2D data; 
� XML (e.g.Quake ML) f or queries of 
the database and GIS
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for database:

Using pre-existing OpenSource SeisHub promise          
fast adaptation to volcanology:

• any relational database (if supporting the 
Py thon DBAPI 2.0) backend
• well def ined plug-ins
• modular , scalable web serv ice f ramework
• easy data sharing of multiple SeisHub servers 
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for database:

Problem: no OpenSource XML database existing

• SeisHub works internally with XML 
resources (Blob)
• SEED to XML converter already written
• to simplify database access a special 
XML catalogue interf ace was created which 
is available to any SeisHub plug-in or service.
• easy exchange with other databases 
(e.g., SeiscomP3) and protocols (QuakeMl) and 
GIS
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for visualization:

Server – System (jBoss-Application Server, postGis-
database, geoserver):
• complete OpenSource technology
• platform independent
• supported data formats: spatial database data, 
shape, GeoTiff, TIGER
• data query languages: SQL and spatial Queries
• styling language: XML
• WMS, WFS (WCS compliant)

Client -System (Flash, OpenLayers, Google Maps):
• based on platform independent web browsers
• multiple layers , sortable
• predefined styles (+legends) and data queries
• layer meta data information
• requesting layer extra data 
• user login (user dependent layer data and functionality)
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for alert level:

• transparent representation and estimation 
of  the AL
• identify a parameter mainly responsible for a

high AL
• conf idence measure of the given AL

All these points leads to the concept of 
Bay esian Belief Networks (BBN)

� to achieve robustness a more 
simple, generic model is used as the 
main BBN
� already existing BBNs will be 
adapted within this projectAfter Aspinall et al., 2003
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WP3: IT, Database, Visualization and Alert Level

Strategies and realization for alert level:

• simplified BBN need 
already parameterized data input
� seismic data: e.g., pre-
classification via HMM modeling

To Does:
creation of a generic BBN model by

� observational data
� modeling physical process
� expert elicitation
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WP5: continuous data, quantitative model building

T. Dahm, L. Krieger (Uni Hamburg), U. Wegler (BGR)
M. Ohrnberger, C. Hammer (Uni Potsdam), J. Wassermann (LMU München)
Th. Walter, M. Shirzaei (GfZ Potsdam)

Task1: Event detection and w aveform classif ication

Task 2: inversion tools for transient and quasi-continuous signals

a) moment tensor inversion b) dislocation source inversion
centroid location stress models
(seismic data) (deformation data)

IN OUT
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WP5-T1: Event Detection and Classification System

Overview
RSAM/SSA

STA/LTA
dy n. thresholds

master event
matching

Hidden Markov Models
for def ining signal classes
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Continuous seismic data streams – some examples
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WP5: Event Detection and Classification System

Short time features for the Classification Module

hybrid event
Montserrat

short time features

histogram 
representation
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WP5-T1: Event Detection and Classification System

HMM based module -- classification of wave field paramete rs in 
analogy to speech recognition

Problem: Only very few signal observation
may be availabe

Solution: „Learning-while-reading“

robust classification

fast build-up of scheme

speech

volcano
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WP5: Event Detection and Classification System

Application of Cross-Correlation Module to real data Database

X volcano-tectonic

X hybrid

X long period

X not classified

152 ‘events’
at MBGA, 
Montserrat
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WP5-T2a: CMT inversion for long period (LP) events

CMT inversion for long period (LP) events

Concept:  1.  appropriate filtering of data & green function DB
2. 4D-grid search for trial moment tensor inversion
3. Detection of event and source type ‘classification’

Kawakatsu (1998)
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WP5-T2a: CMT inversion for long period (LP) events

CMT inversion for long period (LP) events
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WP5-T2a: CMT inversion for long period (LP) events

CMT inversion for long period (LP) events
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WP5-T2a: CMT inversion for long period (LP) events

CMT inversion for long period (LP) events
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Milestones reached

WP5-T2a: CMT inversion for long period (LP) events

• software development (python)
• synthetic data & Green function database 
• satisfying tests with synthetic data (DGG 2008)
• first real data tests (started but not completed)
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WP5-T2b: From deformation to stress field modeling

WP2:
DLR 
InSAR

Current
work in 
progress

From deformation data to stress field computation

Planed
for 2009

WP5-T1
WP5-T2a
WP2 SO2

(Shirz aei & Walter, m anus cript subm itted to JG R)
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inversion strategy : requirements
1- gradient free (free from initial values)
2- able to consider other information (non-geodetic)
3- fast, robust and confident

Solution:
Randomly Iterated Search and Statistical Competency 
(RISC), application to volcano InSAR data 
(Shirz aei & Walter, m anus cript subm itted to JG R)

test application to 2 deformation crises at Campi Flegrei
(InSAR data from radar image, 1992-2002 w ith ‘events’ in 2000 and 2001)

- processing speed
- uniqueness test
- robustness test

WP5-T2b: From deformation to stress field modeling

Universität Hamburg  . Ins titu t für Geophysik . Bundesstrasse 55 . D-20146 Hamburg . Ger many

Exupéry - Volcano Fast Response System

WP5: continuous data, quantitative model building

summary / outlook

• tools and methods are in real-data testing stage

• better interlink between different tasks & 

methods is needed (bi-lateral meetings)

• groups are preparing for test experiment at 

Fogo volcano
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Thanks for your attention

Le peti tprince ( Antoine  de Sain t-Exupéry)


