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2014 was a relatively quiet year in terms of the
occurrence of major natural disasters. In par-
ticular, regarding earthquake disasters, that
year belongs to the longest period of quies-
cence since 1900, over two and a half years
since the last major event. “Less than” 850
deaths and “only” around 6770 injuries have
been counted in 30 death-bearing and 87
casuality-bearing earthquakes according to the
CATDAT database to which CEDIM is contrib-
uting. As a consequence, CEDIM put its focus
in 2014 more on the development of methods
for the rapid analysis of catastrophes rather
than on the forensic disaster analysis (FDA) it-
self in event triggered task force activities.

Nevertheless, two damaging events that occur-
red in 2014 were still investigated by CEDIM
within the frame of their FDA activities. These
were the Iquique (Pisagua) earthquake of April
1st in Northern Chile, with MW=8,2 the stron-
gest earthquake in this area since 137 years
and the super typhoon Hagupit that threate-
ned the Philippines in the same region which
typhoon Haiyan had devastated only one year
before. Although both events, due to the rela-
tively little damage and losses incurred, did not
match CEDIM’s criteria for a full FDA activity,
short FDA reports were published.

(1) The lquique earthquake was of special in-
terest for CEDIM, because, despite the size of
the earthquake, it had only released a small
fraction of the energy estimated to be stored in
the subduction zone of the region, suggesting
that in the future there is still the potential for a
considerably larger event.

(2) Protective measures before landfall of super
typhoon Hagupit had also attracted CEDIM’s
interest. They were considered a best practice
example, because the relatively low number
of fatalities and the lower storm damage than
previously feared was not only due to the de-
crease of the storms intensity before landfall,
but to a great extent to the early and effective
evacuation of more than 700.000 people.

Considerable progress has been made in the
development of methods for earthquake dis-
aster analysis in near real-time. This includes
the ability of automatically imaging earthquake
rupture processes from GPS and strong mo-
tion seismograms. The method has been fi-
nalized and published in 2014. The progress
also includes the finalization of socio-economic

fragility functions for use in world-wide rapid
earthquake loss estimation procedures, and in
particular the design of a social fragility function
that estimates the number of displaced people
after an earthquake. In addition, first steps were
made to combine CEDIM'’s rapid post-disaster
analysis methodology with indicator methods
to provide post-disaster vulnerability locations
in combination with loss estimates.

With regard to atmospheric extreme events,
CEDIM has put special emphasize in 2014 in
the development of a system to predict in near
real-time the severity of a storm in Germany in
terms of loss and possible fatalities. The sys-
tem is based on three indicators reflecting the
wind speed, the affected area and the storm
intensity, as well as the damage, total loss and
fatalities. It is expected to become operational
by the end of 2015. In addition, CEDIM has tak-
en up again the problem of hail risk in Germany
and has further developed in 2014 the ability of
assessing not only the hazard but also the risk
coming from hail. Given the result that there
are strong indications suggesting an increase
in the hail potential in Europe over past and fu-
ture decades, damage from hail may become
more and more important in Germany.

Like in the field of atmospheric extreme events
CEDIM’s 2014 development activities in the
area of flooding also had a regional focus in
Germany. This involved the design of a novel
approach for assessing flood risk in river catch-
ments at large spatial scales (>10.000 km?) and
in a spatially consistent way. The approach was
developed by CEDIM in 2014 for the mesos-
cale catchment of the Mulde river (= 6.000 km?)
and has great potential to be transferred to oth-
er mesoscales of even large-scale catchments
It is currently being implemented for case stud-
ies in the Saale catchment and the German
part of the Elbe catchment. With regard to a
rapid flood event analysis in Germany the most
important progress in 2014 has been the im-
plementation of CEDIM’s flood event analysis
approach in a database system which automat-
ically retrieves and stores data from more than
100 online discharge gauges on a daily basis.
Initiated by experiences coming from the flood
in June 2013 in Germany, the system is cur-
rently being further developed for rapidly map-
ping inundated areas and inundated depths,
including data provided by social media.
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CEDIM is aware of the growing importance of
social media with regard to providing informa-
tion on the impact of natural extreme events.
As before, the advancement of methods that
make use of crowdsourcing for rapid damage
assessment has, therefore, been a major con-
cern of CEDIM’s activities also in 2014. Con-
sequently, the above mentioned capability of
derivating inundation depths from photos that
were combined with tweets has been further
strengthened in the year. The capability is part
of CEDIM’s software package TENAS (Twitter
Event Notification and Analysis Service), which
by now monitors geo-referenced disaster relat-
ed Twitter messages in real-time, on a world-
wide 20 km x 20 km grid, 24 hours a day, and in
more than 40 languages.

Closely related to this is CEDIM’s attempt to
develop a user-oriented visualization platform.
This work started in 2014 and aims as a first
step at designing a prototype platform as a
Weblog for event based information in near
real-time. The envisaged format covers not
only text and static figures, but also interactive
maps, picture galleries and videos.

As in the years before, CEDIM in 2014 also ad-
dressed a wide range of disaster related risks
for critical infrastructure. These included the
risks and crisis management of food supply in-
terruptions in Germany, in particular business
interruptions related to food supply, as well
as vulnerability and risks for health care and
water supply due to power interruptions. The
potential influence of climate change on the in-
dustry in Baden-Wirttemberg has also been a
subject of these research activities, as well as
cyber-risks, economic crime and risks to public
rail transport systems due to terrorist threats.
All of these investigations aim at contributing
to the development of more efficient decision
support methods that aid decision makers from
different administrative levels of disaster and
emergency management. Central to these ac-
tivities two expert workshops with end-users
were organized in 2014, one with a more gen-
eral focus on the evaluation and management
of risks, the other addressing management
planning for food shortages and power outages
at the local level.

Strategic partnerships have always been an
essential component of CEDIM’s work. These
partnerships have been extremely active in
2014. In the case of the Global Earthquake
Model (GEM), for instance, the cooperation re-
sulted in the first rigorous quantitative and com-

parative test of US earthquake hazard models,
which helps to improve these hazard models
over time. The testing of risk models is start-
ing now. In the frame of the Willis Research
Network of the global insurance broker Willis,
CEDIM also contributed to the Social Vulner-
ability and Integrated Risk Program of GEM.
This contribution was completed by the end of
2014 and resulted in the development of multi-
ple comprehensive spatially enabled databas-
es for building indicators and indices of social
and economic vulnerability that are integrated
with GEM’s Open Quake Platform. A special
toolkit has been developed in collaboration with
the GEM Modelling Facility that allows users to
access the global and sub-national databases
on the Open Quake platform for the building of
social, economic or integrated risk indices. In
addition, a multi-level risk and resilience score-
card has been developed in collaboration with
GEM and implemented as a self-evaluation
tool with both ward level and municipal repre-
sentatives from Lalitpur (Nepal) in March 2014.

Besides cooperation with Willis in the frame of
GEM, CEDIM in a close collaboration with the
Willis CatNet team also contributed in 2014 to
the improvement of the hazard component of
the Willis European Hailmodel WEHM which
estimates frequency, extent and severity of hall
events. Hail modelling has also been an object
of cooperation between CEDIM and the Spar-
kassenversicherung SV in 2014. In this col-
laboration, CEDIM is developing a novel and
unigue hail risk model for Germany based on
a combination of radar, lightning and insurance
loss data. One specific goal is the ability to esti-
mate overall losses from hail in near real-time.
As a new activity of the cooperation with the
Sparkassenversicherung SV, the development
of a tool for damage estimations related to
widespread extreme flood scenarios was start-
ed in 2014.

Bilateral cooperations have also been en-
hanced in 2014 with ESKP, the “Earth System
Knowledge Platform” of the Helmholtz-Associ-
ation, IRDR, the “Integrated Research on Dis-
aster Risk Program” of ICSU, ISSC and UNIS-
DR as well as with alpS, the Centre for Climate
Change Adaptation in Innsbruck, Austria. In
addition, stakeholder interactions for near re-
al-time forensic analysis of disasters have been
advanced in 2014 with various organizations
within both public and private sectors. These
interactions aimed at identifying research fields
of common interest.
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The year 2014 has been an extremely active
one with regard to CEDIM’s work. The various
scientific results were published in 34 articles
in journals and books, 38 conference abstracts
and six CEDIM reports related to the years
damaging events. We would like to sincerely
thank all those who contributed to the results
and express our hope and best wishes for suc-
cessfully carrying on the CEDIM idea into the
coming years.

Jochen Zschau
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Mit Blick auf die Naturkatastrophen war 2014
ein relativ ruhiges Jahr. Dies trifft besonders fiir
Erdbebenkatastrophen zu, fir die 2014 zu der
langsten Ruhephase seit 1900 gehért. Mehr
als zweieinhalb Jahre waren Ende des Jahres
seit dem letzten grof3en Ereignis vergangen.
Nach der CATDAT-Datenbank, zu der CEDIM
beitragt, gab es 2014 ,weniger* als 850 Todes-
opfer und ,nur* etwa 6770 Verletzte in 177 Erd-
bebenereignissen, in denen Tote und / oder
Verletzte zu beklagen waren. CEDIM’s Fokus
lag daher 2014 vorwiegend auf methodischen
Entwicklungen zur schnellen Analyse unmittel-
bar nach Katastrophenereignissen und weni-
ger auf den Ereignis getriggerten forensischen
Katastrophenanalysen (FDA) selbst.

Dennoch gab es 2014 zwei Schadenereig-
nisse, die von CEDIM in Nahe-Echtzeit ana-
lysiert wurden: das Iquique- (Pisagua) -Erd-
beben vom 1. April 2014 in Nordchile, das mit
einer Momentenmagnitude von 8,2 das stark-
ste Beben in der Region seit 137 Jahren watr,
und der Supertaifun Hagupit, der dieselbe Ge-
gend auf den Philippinen bedrohte, die ein Jahr
zuvor von Taifun Haiyan verwustet worden war.
Beide Ereignisse (lquique-Beben und Hagupit)
erfiillten eigentlich nicht die CEDIM-Kriterien
fur einen vollen FDA-Einsatz, waren jedoch
wissenschaftlich interessant genug, um einen
begrenzten FDA-Einsatz mit einem jeweils kir-
zeren FDA-Report zu rechtfertigen.

(1) Das Iquique-Erdbeben war von besonde-
rem Interesse fir CEDIM, denn trotz der Gro3e
des Erdbebens war es nur ein kleiner Bruchteil
der schatzungsweise in der Subduktionszone
der Region gespeicherten Energie, die hier
durch das Beben freigesetzt worden war. Das
deutet darauf hin, dass es in der Zukunft noch
das Potential fir ein wesentlich grol3eres Er-
eignis gibt.

(2) Insbesondere hatten auch die Schutz-
malnahmen vor dem Landgang von Supertai-
fun Hagupit das Interesse von CEDIM geweckt.
Sie gelten als ein ,Best-Practice“-Beispiel, weil
die relativ geringe Zahl der Todesopfer und die
kleineren Sturmschaden als vorab befurchtet
nicht nur die Folge der Abnahme der Sturmin-
tensitat vor dem Landgang waren, sondern zu
einem grof3en Teil auch auf die friihzeitige und
effektive Evakuierung von tber 700.000 Men-
schen zurtickzufuhren waren.

Erhebliche Fortschritte sind bei der Entwick-
lung von Methoden zur Erdbebenkatastrophen-
analyse in Nahe-Echtzeit gemacht worden.
Dies schlief3t die Fahigkeit zum automatischen
Abbilden von Erdbeben-Bruchprozessen durch
GPS und Strong-Motion-Seismogramme ein.
Das Verfahren wurde 2014 abgeschlossen
und verdffentlicht. Der Fortschritt betrifft auch
die Fertigstellung von sozio-6konomischen
Fragilitatsfunktionen fur den Einsatz bei welt-
weiten schnellen Abschatzungen von Erdbe-
benverlusten, insbesondere auch den Aufbau
einer sozialen Fragilitdtsfunktion, die Bevol-
kerungsverschiebungen nach einem Erdbeben
abschatzt.

Im Hinblick auf extreme Wetterereignisse hat
CEDIM im Jahr 2014 besonderen Wert auf
die Entwicklung eines Systems gelegt, das in
Nahe-Echtzeit die Schwere eines Sturms in
Deutschland prognostiziert, in Bezug auf den
Schaden und mdgliche Todesfalle. Das System
basiert auf drei Indikatoren, die die Windge-
schwindigkeit, die betroffene Region und die
Sturmintensitat, sowie die Schaden, den To-
talverlust und die Todesfalle wiederspiegeln.
Ende 2015 soll es einsatzfahig sein. Auch das
Problem Hagelrisiko in Deutschland wurde
von CEDIM 2014 wieder aufgegriffen mit dem
Ziel, nicht nur die Gefahrdung, sondern auch
die durch Hagel entstehenden Risiken abzu-
schatzen. Angesichts der starken Anzeichen
fur eine Erhéhung des Hagelpotenzials in
Europa Uber die vergangenen und zukinf-
tigen Jahrzehnte, koénnen Hagelschaden in
Deutschland an Bedeutung gewinnen.

Wie bei den extremen Wetterereignissen hat-
ten auch CEDIM’s Entwicklungsaktivitaten im
Bereich Hochwasser im Jahr 2014 einen re-
gionalen Schwerpunkt in Deutschland. Er be-
traf die Bewertung des Hochwasserrisikos in
groRen Flusseinzugsgebieten (>10.000 km?).
Ein neuer Ansatz hierzu wurde von CEDIM
im Jahr 2014 fir das mesoskalige Einzugs-
gebiet der Mulde (= 6.000 km?) entwickelt,
mit einem guten Potenzial, auch auf groRere
Flusseinzugsgebiete wie beispielsweise die
Elbe (148.000 km?2) erfolgreich angewendet
zu werden. Mit Blick auf eine schnelle Hoch-
wasserereignisanalyse in Deutschland war ein
wichtiger Fortschritt im Jahr 2014 die Imple-
mentierung des CEDIM-Hochwasser-Analy-
severfahrens in ein Datenbanksystem, das
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taglich und automatisch Daten von mehr als
100 Online-Pegelstationen abruft, speichert
und hinsichtlich der statistischen Wieder-
kehrintervalle und der raumlichen Auspragung
bewertet. Angeregt durch Erfahrungen aus
der Analyse des Hochwassers im Juni 2013 in
Deutschland, wird das System aktuell fir eine
schnelle Kartierung von Uberflutungsflachen
und -tiefen weiterentwickelt. Daftir werden un-
terschiedliche Datenquellen wie beispielsweise
Wasserstandsmessungen an Pegeln, Fern-
erkundungsdaten, aber auch Fotos und Infor-
mationen aus sozialen Medien erfasst und zu
einem Gesamtbild zusammengeftihrt.

CEDIM ist sich der wachsenden Bedeutung
der sozialen Medien fur die schnelle Samm-
lung von Informationen tber die Auswirkungen
von natlrlichen Extremereignissen bewusst.
Wie schon zuvor war deshalb auch im Jahr
2014 die Weiterentwicklung von Methoden, die
»Crowdsourcing“ zur schnellen Schadensbe-
wertung nutzen, ein wichtiges Anliegen. Daher
wurde die oben erwahnte Fahigkeit zur Ablei-
tung von Uberschwemmungstiefen aus Fotos,
die mit Tweets kombiniert werden, in CEDIM’s
Softwarepaket TENAS (Twitter Ereignisbe-
nachrichtigung und Analyse Service) integriert.
TENAS Uberwacht jetzt geo-referenzierte und
Katastrophen bezogene Twitter-Nachrichten
in Echtzeit, auf einem weltweiten 20 km x 20
km-Raster, 24 Stunden am Tag und in tber 40
Sprachen.

Eng verknupft mit diesen Aktivitaten ist CE-
DIM’s Versuch, eine anwenderorientierte Vi-
sualisierungsplattform zu entwickeln. Diese
Arbeit begann im Jahr 2014 und zielt im er-
sten Schritt darauf ab, eine Prototyp-Plattform
im Weblog-Format flr ereignisbasierte Daten
in Nahe-Echtzeit zu gestalten. Das vorgese-
hene Format beinhaltet neben Textpassagen
und statischen Abbildungen auch interaktive
Karten, Bildergalerien und Videos.

Wie in den Jahren zuvor, hat sich CEDIM auch
im Jahr 2014 mit einer breiten Palette von Ka-
tastrophenrisiken fir kritische Infrastrukturen
befasst. Dazu gehérten die Risiken und das
Krisenmanagement von Unterbrechungen der
Lebensmittelversorgung in Deutschland, ins-
besondere damit zusammenhangende Be-
triebsunterbrechungen, sowie Vulnerabilitat
und Risiken fur das Gesundheitswesen und
die Wasserversorgung aufgrund von Stromun-
terbrechungen. Ein potenzieller Einfluss des
Klimawandels auf die Industrie in Baden-W(rt-
temberg war ebenfalls Gegenstand dieser

Forschungsarbeiten, wie auch Cyber-Risiken,
Wirtschaftskriminalitat und Risiken fir den
offentlichen Schienenverkehr durch terroris-
tische Bedrohungen. Alle diese Untersuchun-
gen sollen einen Beitrag zur Entwicklung von
effizienteren Entscheidungsunterstitzungs-
methoden fir Entscheidungstrager aus den
verschiedenen Verwaltungsebenen von Ka-
tastrophen- und Notfallmanagement leisten.
Im Mittelpunkt der Aktivitaten hierzu standen
zwei Experten-Workshops. Sie wurden mit
Endnutzern organisiert, einer mit einem allge-
meineren Fokus auf der Bewertung und dem
Management von Risiken, der andere mehr
spezifisch zum Management von Nahrungsmit-
telknappheit und Stromausfallen auf lokaler
Ebene.

Strategische Partnerschaften sind seit jeher
ein wesentlicher Bestandteil der Arbeit im CE-
DIM. Diese Partnerschaften waren in 2014 be-
sonders aktiv. Im Falle des Global Earthquake
Model (GEM) zum Beispiel, entstanden aus
der partnerschaftlichen Zusammenarbeit er-
ste quantitative und vergleichende Tests der
US-Erdbebengefahrdungsmodelle, die dabei
helfen, diese Gefahrdungsmodelle zu ver-
bessern. Die Priifung von Risikomodellen be-
ginnt gegenwartig.

Im Rahmen des Willis Research Network des
globalen Versicherungsmaklers Willis, hat CE-
DIM zu dem ,Social Vulnerability- und Integrat-
ed Risk-Programm“ von GEM beigetragen.
Dieser Beitrag wurde zum Ende 2014 abge-
schlossen und fuhrte zur Entwicklung mehrerer
raumbezogener Datenbanken fir den Aufbau
von Indikatoren sozialer und wirtschaftlich-
er Vulnerabilitat. Sie wurden in GEM’s Open
Quake-Plattform integriert. Ein spezielles
Toolkit, welches auf die globalen und regio-
nalen Datenbanken der Open Quake-Plattform
zurlickgreifen lasst, wenn es um die Erstel-
lung sozialer, 6konomischer oder integrierter
Risikoindikatoren geht, konnte in Zusammen-
arbeit mit der ,GEM-Modelling-Facility* be-
reitgestellt werden. Ebenfalls in Zusammen-
arbeit mit GEM wurde darlber hinaus eine
mehrschichtige Risiko- und Resilienz-Punk-
tekarte (Scorecard) erarbeitet und im Marz
2014 als Selbstbewertungsinstrument am
Beispiel von Lalitpur (Nepal), sowohl auf Be-
zirksebene als auch auf stadtischer Ebene, mit
entsprechenden administrativen Vertretern ge-
testet und eingefihrt.

Neben der Zusammenarbeit mit Willis im Rah-
men von GEM hat CEDIM 2014 auch direkt mit
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dem Willis CatNet-Team kooperiert, und zwar
zur Verbesserung der Hazard-Komponente
des europaischen Willis-Hagelmodells WEHM,
welches Haufigkeit, Ausmaf’ und Schwere von
Hagelereignissen abschatzt. Hagelmodellie-
rung war auch Gegenstand der Zusammen-
arbeit zwischen CEDIM und der Sparkassen-
versicherung SV 2014. In dieser Kooperation
entwickelt CEDIM ein neues Hagel-Risiko-
modell fir Deutschland, das sich besonders
in seiner Kombination von Radar, Blitzschlag
und Versicherungsschadensdaten fundamen-
tal von vorangegangenen unterscheidet. Ein
konkretes Ziel ist, die Gesamtverluste durch
Hagel in Nahe-Echtzeit abschatzen zu kénnen.
Als eine neue Aktivitat der Zusammenarbeit mit
der Sparkassenversicherung SV hat die Ent-
wicklung eines Tools zu Schadensschatzun-
gen flr groRraumige extreme Hochwasser-
ereignisse begonnen.

Zu den bilateralen Kooperationen in 2014
zahlen auch diejenigen mit ESKP, der ,Earth
System Knowledge Platform”“ der Helm-
holtz-Gemeinschaft, mit IRDR, dem ,Integrat-
ed Research on Disaster Risk“-Programm
der ICSU, ISSC und UNISDR sowie mit alpS,
dem Zentrum fir Klimawandelanpassung in
Innsbruck, Osterreich. Daruiber hinaus sind
wichtige Stakeholder-Interaktionen im Zusam-
menhang mit forensischen Analysen von
Katastrophen in Nahe-Echtzeit fortgesetzt
worden. Diese Stakeholder-Interaktionen mit
Organisationen sowohl im 6ffentlichen als auch
im privaten Sektor dienten der ldentifikation
von Forschungsfeldern, denen gemeinsames
Interesse gilt.

Das Jahr 2014 war fir CEDIM ein auf3erst ak-
tives Jahr. Die zahlreichen wissenschaftlichen
Ergebnisse wurden in 34 Artikeln in Zeitschrif-
ten und Bichern, in 38 Konferenzbeitragen
und in sechs CEDIM-Berichten zu Schaden-
ereignissen des Jahres veroffentlicht. Wir
mdchten uns bei allen herzlich bedanken, die
zu den Ergebnissen beigetragen haben, und
bringen unsere Hoffnung und die besten Win-
sche fir eine erfolgreiche Weiterfihrung der
CEDIM-Idee in den kommenden Jahren zum
Ausdruck.

Jochen Zschau
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Rapid Assessment of Slip Distribution

Andreas Hochner
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Fig. 1: Seismic moment budget in northern Chile. The black line in the right panel shows the estimated
accumulated moment since 1877 as a function of latitude, the blue line which has been released by earth-
quakes, and the red line that is expected to still be present.

Introduction

During recent decades, and especially since
the advent of GNSS (Global Navigation Satel-
lite System), geodetic methods have become
more prominent in supporting traditional seis-
mological methods. In the near field of large
earthquakes, data from broadband seismom-
eters and accelerometers are not straight for-
ward to interpret as ground displacement due
to clipping and tilting artefacts, while displace-
ment time series from GNSS receivers are still
stable. Having observations as close to the
source as possible enables faster estimation
of earthquake magnitude. The direct relation-
ship between slip at the rupture fault and dis-
placement at the observing station allows good
assessment of the slip distribution and, in the
case of subduction events, for sea floor defor-

mation, which is crucial information for tsunami
early warning.

Aims/Objective

The goal of the project is the development of
fast and stable methods using near field dis-
placement time series from GNSS and ac-
celerometers to infer slip distribution of large
earthquakes in near real time. In the case of
subduction earthquakes, a semi-automatic pro-
cessing should be possible since the geometry
of the fault can be assumed to be given by the
subduction plate interface. For other events,
geometric information has to be obtained by
seismological methods or geological analyses
and thus manual processing is necessary.
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Tsunami hazard Makran
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Fig. 2: Tsunami hazard Makran. Shown are probabilities of exceeding certain coastal water height levels
somewhere in the Makran region (Iran, Pakistan) for different time periods.

Project status

A wave-form inversion method (lterative De-
convolution and Stacking, IDS) working with
broadband-, accelerometer- and GPS-data
was developed and published [Zhang et al.
2014]. Application to coseismic signals from
the Pisagua earthquake in 2014 shows promis-
ing results with very high spatial and temporal
resolution of rupture propagation imaging.

During last year, there were no earthquakes
having such an impact as to trigger a CEDIM
forensic disaster analysis (FDA) activity. How-
ever, a large event, the Pisagua earthquake
with magnitude Mw=8.2 occured offshore
Chile, which was of great scientific interest,
since it took place in the so-called Northern
Chile seismic gap. This region has been
monitored closely in anticipation of a possible
gap-closing event. Analysis of the data from
this event at GFZ led to a publication in “Na-
ture” with contributions from CEDIM members
[Schurr et al. 2014]. One significant conclusion
is that the Pisagua-earthquake released only
a rather small fraction of the moment which
is assumed to have been accumulated in the
region and other large events are still likely to
happen. This result was also presented at the
AGU fall meeting in San Francisco [Hoechner
et al. 2014].

A tsunami hazard assessment for the Makran
region was made and presented at the AGU fall
meeting [Zamora et al. 2014]. Of special inter-
est is the consideration of recent findings sug-

gesting larger maximum magnitude than previ-
ously assumed for this subduction zone.

Outlook

The IDS method will be developed further for
automatic or semi-automatic processing similar
to a moment tensor inversion.

The Makran hazard assessment will be pub-
lished as a paper.

Core Science Team

Andreas Hoechner

Stefano Parolai

Rongjiang Wang

Jochen Zschau

GFZ, Section 2.1, Physics of Earthquakes
and Volcanoes

Publications

Hoechner A., Bedford J, Moreno M., Hainzl S.,
Dahm T. (2014): Coupling at the Northern Chile
seismic gap and moment balance after the
Mw=8.2 Pisagua event 2014, AGU fall meeting
S33E-03

Schurr B., Asch G., Hainzl S., Bedford J.,
Hoechner A., Palo M., Wang R., Moreno M.,
Bartsch M., Zhang Y., Oncken O., Tilmann F.,
Dahm T., Victor P., Barrientos S., Vilotte J.-P.
(2014): Gradual unlocking of plate boundary
controlled initiation of the 2014 Iquique earth-
quake, Nature, doi:10.1038/nature13681
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Zamora N., Hoechner A., Babeyko A. (2014):
Probabilistic tsunami hazard assessment for
Makran considering recently suggested larger
maximum magnitudes and sensitivity analysis
for GNSS-based early warning, AGU fall meet-
ing, S21A-4394

Slipverteilung

Die Entwicklung von Methoden zur hochprazi-
sen Prozessierung von GNSS-Daten in Nahe-
Echtzeit macht diese interessant als Erganzung
traditioneller seismologischer Verfahren. Be-
sonders im Nahfeld groRer Beben ist es damit
mdglich, eine genauere und raschere Bestim-
mung der Slipverteilung, d.h. der relativen Plat-
tenverschiebung wahrend eines Erdbebens
durchzufiihren. Dies ist insbesondere fiur die
Tsunami-Frilhwarnung wichtig. Ziel des Projek-
ts ist die Entwicklung einer schnellen und sta-
bilen Inversionsmethode, um aus GNSS- und
Accelerometer-Zeitreihen die Slipverteilung zu

Zhang Y., Wang R., Zschau J., Chen Y., Parolai
S., DahmT. (2014): Automatic imaging of earth-
guake rupture processes by iterative deconvo-
lution and stacking of high-rate GPS and strong
motion seismograms, Journal of Geophysical
Research, doi: 10.1002/2013JB010469

bestimmen. Eine solche Methode wurde ent-
wickelt und veréffentlicht [Zhang et al. 2014].
2014 wurden keine Erdbeben-FDA-Aktivi-
taten ausgel6st, aber die Analyse von Daten
des Pisagua-Bebens am GFZ fiihrte zu einer
“Nature”-Publikation mit CEDIM-Beteiligung
[Schurr et al. 2014]. Ein wesentliches Resul-
tat, namlich dass obiges Beben nur einen Teil
der Spannung abgebaut hat, und dass weitere
groRe Beben wahrscheinlich sind, wurde am
AGU-Herbsttreffen prasentiert [Hoechner et al.
2014]. Eine Studie zur Tsunami-Gefahrdung
in der Makran-Region wurde ebenfalls an der
AGU gezeigt.

Loss Assessment for Earthquakes

James Daniell, Friedemann Wenzel, Bijan Khazai, Tina Kunz-Plapp, Chris Power, Susan Brink,

Trevor Girard, Andreas Schaefer

Introduction

Worldwide, for each damaging earthquake that
occured last year, full reports have been cre-
ated of the potential impacts, analysis of the
losses and rapid estimates of fatalities, dam-
aged buildings and economic losses. The as-
sessment of various components of hazard,
vulnerability and exposure, combined with the
socioeconomic climate of the affected region,
allows for successful estimation of losses: spe-
cific indices have also been created.

Aims/Objective

» To determine which events are interesting
and are historically significant for forensic
disaster analysis.

» To create a rapid loss estimate of the po-
tential impacts, and to look at the evolution

and key parameters which influence the
earthquake losses.

* To create robust methodologies using so-
cio-economic indicators and traditional em-
pirical and analytical fragility functions.

* The creation of indicators to aid post-di-
saster vulnerability analysis.

Project status

In conjunction with www.earthquake-report.
com in order to provide the quickest possible
information via a group of dedicated 24/7 re-
porting, loss estimation methodologies have
been used in various studies in 2014.

In cooperation with Jens-Udo Skapski from Bo-
chum University, and Armand Vervaeck from
Belgium, the disaster database reveals over
380 damaging earthquakes as well as 10 rock-
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Fig. 1: The period of quiescence in terms of Dark Re

bursts, with around 200 that have been classi-
fied as having damage significant enough to be
input into the yearly review of damaging earth-
quakes via CATDAT. So far, 823-837 deaths,
and around 6770 injuries have been counted
in 30 death-bearing and 87 casualty-bearing
earthquakes.

Although a number of events have been ana-
lysed, none of the hard-wired forensic disaster
analysis criteria has been exceeded as yet.
In May 2012, there was one such event — the
Mirandola earthquake (subject to the final loss
estimate) with around $17 billion reconstruction
costs estimated. Follow-up for all events has
been undertaken since 2010, with each of the
disasters from 2011 (Tohoku, Christchurch and
Van), from 2012 (Mirandola) and 2013 (Bohol)
being followed in terms of loss and recovery
metrics.
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1989

1981
2008
2011
2014

rated CATDAT events.

In terms of historical statistics, this is a signifi-
cant period of quiescence, with usually an av-
erage of 3 events occurring per year (for the
last 113 years) using the following criteria:

Absolute: Over 1000 deaths; 200.000 home-
less (non-panic); Over $8.5 billion USD (2013)
losses and/or all damaging events (with struc-
tural damage) in Germany.

Relative: >30 deaths with >1 death per 100.000
pop. ; >0.8% of country population to become
homeless. ; Over 3% of Gross Domestic Prod-
uct (GDP) Purchasing Power Parity adjusted
(PPP) with losses > $30 million USD; any ex-
traordinary event.

This is the longest period of quiescence since
1900 with over two and a half years since the
last major event (Mirandola which was Dark
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Fig. 2: The Level 1 Indirect Economic Loss Potential Index globally.
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Red due to economic losses via the Italian
Government estimate). The largest event of the
year was in 3/8/2014 event in Yunnan, China
with over 729 deaths, and just short of 7 billon
USD in direct losses (just short of the Dark Red
rating in 2 categories).

During the doctoral thesis research of James
Daniell, a process for rapid economic and so-
cial loss estimates has been created and test-
ed over the past 4 years, with his thesis having
being defended in February 2014. This uses
parsimonious modelling using intensity, historic
damage and socio-economic parameters cali-
brated through time to create loss functions. In
addition, the review of all open source software
packages for loss assessment to earthquakes
(as well as other natural disasters) with the
World Bank was launched at Understanding
Risk 2014 (Daniell et al., 2014). In the future, in-
dices for displacement of people post-disaster
(created by Brink et al., 2015), and for indirect
loss potential (Daniell et al., 2015) using com-
binations of capital, input-output, cross-sector,
socio-economic and impact parameters will be
used as part of the post-disaster effort.

The indirect loss potential index in advance
of an earthquake for a similar scale event is
shown in the following diagrams.

Outlook

The reports produced have previously con-
tained many different analyses with a focus on
the impacts of loss generally and have been
culminated in a fast 2-page format. The reports
have also been published on ReliefWeb to help
aid organisations with pre-mission planning in
past disasters. In addition, learning through
this rapid post-disaster analysis, new research
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Fig. 3: The Level 2 Indirect Economic Loss Poten-
tial Index in Japan.

areas were discovered in locations where there
is little or non-detailed census information, in-
cluding information fill-in processes, economic
modelling and other demographic, social, po-
litical and environmental modelling. The rapid
post-disaster analysis methodology will be
combined with indicator methods to provide
post-disaster vulnerability locations in combi-
nation with loss estimates.

Core Science Team

James Daniell

Bijan Khazai

Friedemann Wenzel

Tina Kunz-Plapp

Chris Power

Susan Brink

Trevor Girard

Andreas Schaefer

Natural Hazards and Risk Group,
Geophysical Insitute, KIT.

Publications

Daniell, J.E. [2014]. Development of socio-eco-
nomic fragility functions for use in worldwide
rapid earthquake loss estimation procedures,
Doctoral Thesis, Karlsruhe Institute of Technol-
ogy, Karlsruhe, Germany.

Daniell, J.E., Simpson, A., Gunasekara, R.,
Baca, A., Schaefer, A., Ishizawa, O., Murnane,
R., Tijssen, A., Deparday, V., Forni, M., Him-
melfarb, A. [2014]. Review of Open Source and
Open Access Software Packages Available to
Quantify Risk from Natural Hazards, Under-
standing Risk Report, GFDRR.

Daniell J.E., Schafer A. [2014]. Eastern Europe
and Central Asia Risk Profiling for Earthquakes,
World Bank GFDRR, Washington DC.

Wyss, M., Wenzel, F., & Daniell, J.E. (2014):
How Useful is Early Warning and Can It Be
Made More Effective? In Early Warning for
Geological Disasters (pp. 369-379). Springer.

Daniell, J.E. (2014): Socioeconomic impact
of earthquake disasters, in “Earthquake Haz-
ard, Risk, and Disasters”, ed: Prof. Max Wyss,
Earthquake and Seismic Hazards and Disas-
ters. Elsevier.

Daniell, J.E., Schafer, A. [2014] “Making an
Australian brick house more earthquake-resist-
ant for $100 or less: Ideas, Practice and Loss
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Analysis”, Australian Earthquake Engineering
Society Conference, Lorne, Victoria.

Daniell, J.E., Wenzel F. [2014a] “The produc-
tion of a robust worldwide rapid socio-econom-
ic loss model for earthquake economic loss and
fatality estimation: success from 2009-2014",
Australian Earthquake Engineering Society
Conference, Lorne, Victoria.

Schafer, A., Daniell, J.E. [2014] “A stochastic
hazard assessment for Australia based on an
external perspective”, Australian Earthquake
Engineering Society Conference, Lorne, Victo-
ria.

Schéafer, A., Daniell, J.E., Wenzel, F. [2014]
“Earthquake forecasting — a review and combi-
nation logic to multilayer earthquake forecast-
ing”, Australian Earthquake Engineering Soci-
ety Conference, Lorne, Victoria.

Daniell, J.E., Wenzel F. [2014b] “The produc-
tion and implementation of socioeconomic fra-
gility functions for use in rapid worldwide earth-
quake loss estimation,” Paper No. 490, 15th
ECEE (European Conference of Earthquake
Engineering), Istanbul, Turkey.

Daniell J.E., Wenzel F., Khazai B., Santiago
J.G., Schafer A. [2014] “A worldwide seismic
code index, country-by-country global building
practice factor and socioeconomic vulnerability
indices for use in earthquake loss estimation,”
Paper No. 1400, 15th ECEE, Istanbul, Turkey.

Daniell, J.E., Wenzel F. [2014c] “The Econom-
ics of Earthquakes: A reanalysis of 1900-2013
historical losses and a new concept of capital
loss vs. cost using the CATDAT Damaging
Earthquakes Database,” Paper No. 1505, 15th
ECEE (European Conference of Earthquake
Engineering), Istanbul, Turkey.

Schadensanalyse bei Erdbeben

Jedes Erdbeben der letzten 12 Monate wurde
in Bezug auf die sozio-6konomischen Folgen
fur die betroffenen Regionen untersucht. Uber
380 Erdbeben haben Schaden verursacht, bei
200 davon waren die Schaden grof3 genug,
dass sie in CATDAT fir den jahrlichen Rick-
blick schadenverursachender Erdbeben auf-
genommen wurden. Die Zusammenarbeit mit
anderen CEDIM-Projekten wurde fortgefihrt.
Zwar haben sich in den letzten 12 Monaten

Wenzel, F., Reiss, A., Daniell, J.E. [2014]
“Measuring Residual Risk in Earthquakes”,
Paper No. 853, 15th ECEE (European Con-
ference of Earthquake Engineering), Istanbul,
Turkey.

Schéfer, A., Daniell, J.E., Bunge, H. [2014]
“State-of-the-Art Review of Earthquake Fore-
casting Algorithms”, 03ISC-P01, Australian
Earth Sciences Convention, Newcastle, NSW,
Australia.

Daniell, J.E., Wenzel, F. [2014] “The global
historical and future economic loss and cost
of earthquakes during the production of adap-
tive worldwide economic fragility functions”,
Geophysical Research Abstracts Vol. 16,
EGU2014-13814-1, EGU General Assembly
2014, Vienna, Austria.

Daniell, J.E., Wenzel, F. [2014] “A new method
for the production of social fragility functions
and the result of its use in worldwide fatality
loss estimation for earthquakes”, Geophysical
Research Abstracts Vol. 16, EGU2014-10798-
1, EGU General Assembly 2014, Vienna, Aus-
tria.

Daniell, J.E., Muhr, B., Kunz-Plapp, T., Brink,
S.A., Kunz, M., Khazai, B., Wenzel, F. [2014]
“A comparison of socio-economic loss analy-
sis from the 2013 Haiyan Typhoon and Bohol
Earthquake events in the Philippines in near re-
al-time”, Geophysical Research Abstracts Vol.
16, EGU2014-7177-1, EGU General Assembly
2014, Vienna, Austria.

Brink, S.A., Daniell, J.E., Khazai, B., Wenzel,
F. [2014] “Development of fragility functions to
estimate homelessness after an earthquake”,
Geophysical Research Abstracts Vol. 16,
EGU2014-3667-1, EGU General Assembly
2014, Vienna, Austria.

viele schwachere Erdbeben ereignet, je-
doch keine mit solch schweren Folgen, dass
eine Task-Force-Aktivitdat in CEDIM gestartet
worden ware. Die Mdéglichkeit der Abschatzung
von Erdbebenfolgen auf Basis “sparsamer”
Modelle mit wenigen Parametern wird weiter
erforscht, um in Ergdnzung zu sozio-6kono-
mischer Fragilitatsfunktionen zur Abschatzung
von Toten und 6konomischen Schaden weitere
Funktionen fiir Folgen von Erdbeben und an-
deren Katastrophen zu entwickeln.
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ATMO Forensic Prediction and Analysis

Bernhard Muhr
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Fig. 1: Screenshot of “Wettergefahren-Frihwarnung”: Forecast of wind gusts.
Image credit: http://www.wettergefahren-fruehwarnung.de.

Introduction

The combination of several indices is used to
implement a forecast system for winter storms
that regularly affect Germany, Central Europe
or other parts of the European continent. Awin-
ter storm can be described by a storm index
that is based on wind speed data from meas-
urements. Another index or indicator, the model
storm index, is calculated from model data and
includes both the affected area and the storm
intensity. With the use of insurance data we de-
velop a third index; this storm damage index
includes information about damage, number of
fatalities or the total loss that occurred with past
storm events. A forecast system is planned to
become operational to describe a winter storm
scenario with reasonable certainty and accura-
cy well in advance; a probabilistic storm dam-
age estimation will be provided.

Short description
To calculate a storm index we use measure-

ment data from the station network of the Ger-
man Weather Service (DWD). Of particular in-

terest is the hourly mean of wind speed and the
daily maximum wind speed (gusts). According
to data availability and local station character-
istics the selection of stations have to be done
very carefully. This work has been continued
to include storm data from the previous winter
storm season.

Due to the lack of station data, data gaps or
changes in the station location some of the time
series have to be adjusted and homogenized.

The Global Forecast System (GFS) is a global
numerical weather prediction system produced
by the National Centers for Environmental Pre-
diction (NCEP). The output data are freely and
routinely available. This data set is used to de-
rive a model storm index which considers both
intensity and extension of a storm field affect-
ing Germany. The storm index is calculated for
storms that lie within a forecast period of 240
hours and is also applied on past storm events.
For the latter we refer to archived GFS data
and the closely related CFS reanalysis data
(Climate Forecast System). Each individual
past storm event is labelled with an adequate
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storm index. Validation is achieved through
the comparison of the model storm index and
the storm index, based on measurements with
respect to the stratification of the atmosphere;
both the average wind speed and the height of
the planetary boundary will be considered.

Since the beginning of 2015 the GFS data are
provided with a horizontal resolution of 0.25
degrees (around 25 km) and covers Germany
with forecast data at more than 800 grid points.
We need to gain wider experience during the
next few months with respect to the quality of
forecast peak wind gusts and 10m-mean wind
speed.

GFS ensemble forecast data are also avail-
able. We will be able to provide both determin-
istic and probabilistic forecasts about immi-
nent winter storms. A storm scenario may be
described well in advance and with decreasing
uncertainty the closer the storm gets.

Once completed (towards the end of 2015) an
operational forecast system will be prescribed
for Germany that predicts the probabilities of
storms, their intensities and resulting loss
amount classes (damage assessment). In a
further step - assuming the availability of rel-
evant damage information from past storm
events - this system can be expanded across
Europe or to any other regions. Moreover, with
the use of high-resolution forecast models
(e.g. WRF and/or ICON) further improvement
of damage assessment may be expected and

Forensic ATMO

Wettergefahren-Friihwarnung” entwickelt im
Rahmen von “ATMO Forensic Prediction and
Analysis” ein operationelles Vorhersagesys-
tem fur Winterstiirme in Deutschland, das eine
Vorhersage Uber die Wahrscheinlichkeit von
Sturmintensitaten und daraus resultierenden
Schadensummenklassen erlaubt (Schadens-
abschatzung).

Das Vorhersagesystem beruht auf einem Ab-
gleich von einerseits modellierten und ande-
rerseits gemessenen Windgeschwindigkeiten
von Sturmereignissen der letzten Jahrzehnte.

should be verified by case studies of upcoming
storm events.

All data about past and future winter storm
events will become part of a database that is
currently being developed in another CEDIM
project: “Development of a CEDIM Database
and Implementation of Case-Based Reasoning
for Analytical Support”. The database entries
give information about individual storm events
and their characteristics such as name, date of
occurrence, affected regions, intensity or dam-
age. With the use of this database we can com-
pare and search for storm events with similar or
same attributes.

Core Science Team:

Bernhard Muhr
Institute for Meteorology and Climate
Research, KIT

Publications

Articles and reports of about 1000 unusual and
extreme weather events worldwide since Feb-
ruary 2004 can be found at:

www.wettergefahren-fruehwarnung.de

www.wettergefahren-fruehwarnung.de/
Ereignis/archiv.html

http://www.wettergefahren-fruehwarnung.de/
Ereignis/20131015_e.html

Zusatzlich ermdglichen Schadendaten und —
informationen zu diesen vergangenen Winter-
stirmen fiir bevorstehende Ereignisse die Vor-
hersage des wahrscheinlichsten Sturm- und
Schadenszenarios  (Ensemblevorhersagen).
In einem weiteren Schritt kann dieses System
auf Europa oder beliebige Regionen erweitert
werden und durch die Verwendung hoch auf-
geloster Vorhersagemodelle weiter verbessert
werden. Die KenngréRen von Winterstiirmen
wie Ausdehnung und Intensitat des Sturm-
feldes oder die Angabe der betroffenen Gebie-
te gehen in eine Datenbank ein, die in einem
weiteren CEDIM-Projekt entwickelt wird.
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Rapid Flood Event Analysis in Germany

Kai Schroéter, Heidi Kreibich, Dung Viet Nguyen, Stefan Lidtke, Bruno Merz

Introduction

Flood disaster management, recovery and re-
construction planning benefit from rapid evalu-
ations of flood events and expected impacts.
The near real time in-depth analysis of flood
causes and key drivers for flood impacts re-
quires a close monitoring and documentation
of hydro-meteorological and socio-economic
factors.

Aims/Objective

The aim of the rapid flood event analysis pro-
ject is the development of a flood event analy-
sis system which enables the near real-time
evaluation of large scale floods in Germany.
The analysis system includes functionalities
to compile event related hydro-meteorological
data, to evaluate the current flood situation, to
assess hazard intensity and to estimate flood
damage to residential buildings. Additionally, a
German flood event database is under devel-
opment, which contains various hydro-meteor-
ological information in the future also impact in-
formation for all large-scale floods since 1950.
This data base comprises data on historic flood
events which allow the classification of ongo-
ing floods in terms of triggering processes and

pre-conditions, critical controls and drivers for
flood losses.

Project status

The flood event analysis system has been im-
plemented in a database system which auto-
matically retrieves and stores data from more
than 100 online discharge gauges on a daily
basis. The current discharge observations
are evaluated in a long term context in terms
of flood frequency analysis. The web-based
frontend visualizes the current flood situation
in comparison to any past flood from the flood
catalogue as shown in figure 1 for a period from
August 2014 compared to the flood in August
2002. The regional flood data base for Ger-
many contains hydro-meteorological data and
aggregated severity indices for a set of 76 his-
toric large-scale flood events in Germany. This
data base has been used to evaluate the key
drivers for the flood in June 2013 (Schroter et
al., 2015).

The FDA activity on the flood in June 2013 in
Germany also revealed useful methodological
advancements of the flood event analysis sys-
tem. This particularly concerns the rapid map-
ping of inundated areas and inundation depths

Flood event explorer

Fig. 1: Snapshot of the web-based frontend to the flood event analysis system. A flood situation in August
2014 (left) is compared to the flood in August 2002 (right) in Germany in terms of return periods.
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which are essential input variables for the esti-
mation of flood damage and the consideration
of uncertain and incomplete input information
within rapid flood damage estimation proce-
dures.

For the rapid inundation mapping the suitability
of social media data was tested in collabora-
tion with the CEDIM FDA project Crowdsourc-
ing. The Elbe flood in June 2013 in Dresden
was used as a test case to investigate whether
photos posted by eye-witnesses on Twitter
can provide relevant and useful information for
flood inundation and inundation depth map-
ping. The ‘Tweet explorer’ developed within
the Crowdsourcing project automatically filters
the massive amounts of data and supports
the extraction of inundation depth information
from photos by flood experts. Concerning the
rapid estimation of flood damage the potential
of probabilistic modelling approaches has been
investigated (Schroter et al., 2014). Bayesian
networks crystallized as being the most suit-
able since they provide quantitative informa-
tion about predictive uncertainty and offer a
consistent framework for dealing with uncertain
and incomplete observations.

Outlook

Future activities are aimed at extending the
data interfaces of the flood event analysis sys-
tem in order to automatically retrieve data from
more river gauges and additional hydro-mete-
orological variables. Further, the integration of
multiple data sources as for instance from sat-
ellite images, water level observations, the re-
gional flood model for Germany or volunteered
geographic data within a rapid inundation map-
ping procedure will be investigated. Probabilis-
tic damage models will be developed further for
regional applications.
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Schnelle Hochwasserereignisanalyse in
Deutschland

Schnelle Analysen von Hochwasserereignis-
sen und die Abschatzung der zu erwartenden
Auswirkungen kénnen einen wichtigen Beitrag
fur die Bewaltigung des Hochwassers, die Wie-
derherstellung und den Wiederaufbau liefern.
An der Sektion 5.4 Hydrologie des Deutschen
GeoForschungsZentrums wird im Rahmen
des CEDIM Forschungsprojekts ,Forensische
Katastrophenanalysen* ein System fir die
Nahe-Echtzeit-Analyse groRraumiger Hoch-
wasserereignisse in Deutschland aufgebaut.
Dieses System umfasst die Zusammenfihrung,
Analyse und Bewertung der hydrometeorologi-
schen und hydrologischen Situation im Verlauf
des Ereignisses bis hin zur Abschatzung direk-
ter Hochwasserschaden zunachst fir Wohnge-
baude. Dabei erfolgt auch eine vergleichende
Einordnung der aktuellen Hochwassersituation
mit vergangenen groRrdumiger Hochwasserer-
eignisse.

Die Implementierung des Ereignisanaly-
sesystems ruft die Tagesabflusswerte von
mehr als 100 Online-Pegeln automatisiert ab

und ordnet diese beziglich der statistischen
Wiederkehrintervalle ein. Darauf aufbauend
werden die rdumliche Ausdehnung und Stéarke
des Hochwassers anhand eines hydrologi-
schen Schwereindex aggregiert und bewertet.
Eine web-basierte Oberflache visualisiert die
aktuelle Hochwassersituation und stellt dieser
ein ausgewahltes, vergangenes Hochwas-
ser in Deutschland gegentber. Daftir wird auf
einen Katalog mit insgesamt 76 vergangenen
groRraumigen Hochwassern zugegriffen, der
neben den Abflusswerten auch Informationen
zum Niederschlag und zu den Vorbedingungen
und zuklnftig auch zu den Auswirkungen ent-
halt.

Wesentliche Schritte zur Weiterentwicklung
des Systems umfassen die Erweiterung des
automatisierten Datenabrufs auf weitere Pegel-
stationen und hydro-meteorologische Vari-
ablen, die Entwicklung von Verfahren fur die
schnelle Erfassung der Uberflutungsflachen
und —tiefen sowie die Implementierung eines
probabilistischen Schadenmodells fur die Ab-
schatzung der Hochwasserschaden bei unsi-
cherer und unvollstandiger Datenlage.

Assessment of Indirect Losses and Economic Impacts

Hanns-Maximilian Schmidt

Introduction

The cascading impact of natural disasters on
economic networks is a well-known fact and
widely observable. However, when it comes to
its quantitative assessment the analysis lacks
high-resolution data on the economic struc-
ture, especially in developing countries. Most
of the available figures are highly aggregated
whereas natural disasters are likely to produce
direct impacts on a local area. Obviously, indi-
rect impacts and losses in other areas cannot
be evaluated and interpreted without detailed
information on the affected region’s economic
network. Concerning this operationalization for
near real-time forensic disaster analyses (FDA)

the necessary data needed have to be either
rapidly available or easily computed.

Aims/Objective

This project aims for a methodology for the rap-
id assessment of indirect economic losses due
to natural catastrophes. Therefore, the main
objective is to find an approach for the instant
evaluation of regional economic structures and
dependencies between interconnected areas.
Additionally, once the local structure can be
quantified, models need to be created for recal-
culating damages occured alongside the catas-
trophe that is to be analyzed. For this purpose,
different simulation models are to be tested.
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In order to achieve this goal, we suggest the
model structure shown in figure 1 for developed
countries for which national input-output data
are usually available at the statistical bureaus.
The combination of tools for regionalizing these
economic data and models for in-depth event
analyses allows for some near real-time in-
sights into the economy’s response in the case
of a disturbance and into the overall economic
damages.

If there are no basic economic data (national
level) available — which seems to be the case
in many developing countries — the region-
alization needs to be done by using additional
sources and approaches. The indicator-based
model developed at the KIT-IIP (Merz 2011)
can be used for this purpose as it is flexible
and adaptable to different levels of aggrega-
tion concerning the input data. Therefore, even
if there is no regionalization possible, in terms
of recalculating the local input-output table, this
procedure might still be a powerful tool for gen-
erating plausible scenario-based assumptions
that can be used for further analyses.

Project status

The project started with an intensive literature
review on different models and applications
in early 2014. The mechanism suggested by
Flegg & Webber (1997) combines employment
statistics (on a national and regional level) and
national input-output data for the purpose of
calculating the regional input-output structure.
Therefore, it seems to meet the requirements
for analyzing regional impacts in developed
countries. We implemented and tested their
algorithm in MATLAB and applied it to Baden-
Wurttemberg’s economy. Surprisingly, even for
German counties regional data on economic
structures are scarce. Due to this lack of data,

Regionalization

Nationwide 10 table

the validation of the model is rather difficult.
However, case studies for European counties
(Flegg & Tohmo 2011; Kowalewski 2012) show
that the model (and some further modifications)
might still be a valid tool for analyzing sectorial
interdependencies.

For developing countries the indicator-based
model needs to be calibrated. We suggest that
further case studies will demonstrate the po-
tential use of that approach.

Outlook

In 2015, we will continue with the operationali-
zation and validation of models for regionalizing
official economic data provided. Additionally,
we will identify compatible models for simulat-
ing damages and economic losses within the
economic structure. In addition, the indicator-
based model will be tested and improved in
several case studies for South East Asia and
official FDA events.
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Merz, M. (2011): Entwicklung einer indikator-
basierten Methodik zur Vulnerabilitatsanalyse
fur die Bewertung von Risiken in der industriel-
len Produktion. KIT Scientific Publishing. ISBN
9783866447134. Karlsruhe. URL: http://dx.doi.
0rg/10.5445/KSP/1000023856

Methodik zur (schnellen) Abschéatzung der
0konomischen Auswirkungen von Natur-
katastrophen in Industrieunternehmen und
Uber Supply Chains

Zahlreiche Katastrophen der letzten Jahrzehnte
zeigten, dass lokal begrenzte Ereignisse, wie
etwa Fluten oder Vulkanausbriiche, nicht nur
lokale Schaden verursachen, sondern auch
zu kaskadierenden ©konomischen Schéaden
fuhren konnen. Diese Schaden entstehen
somit in Regionen, die nicht unmittelbar (phy-
sisch) beeintrachtigt sind, sich jedoch ange-
sichts der folgenden Nachfrage- oder Ange-
botsschwankungen gegeniber als vulnerabel
erweisen. Die Abschatzung dieser verteilten,
indirekten Schaden ist dabei durch die (vor
allem in Entwicklungslandern) geringe Ver-
fugbarkeit 6konomischer Daten erschwert. Im
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Rahmen des FDA-Projekts soll eine Methode
entwickelt werden, mit deren Hilfe die regionale
wirtschaftliche Bedeutung einer betroffenen
Region bestimmt und ihre Bedeutung fur indi-
rekt betroffene Regionen quantifiziert werden
kann. Der gewahlte Ansatz sieht vor, dass im
Falle entwickelter Lander, fur die Daten der
volkswirtschaftlichen Gesamtrechnung vor-
liegen, die Regionalisierung tiber die Input-Out-
put-Tabelle erfolgt (vgl. Flegg & Webber 1997).
Sollten etwaige Daten nicht verfiigbar sein,
wird auf ein indikatorbasiertes Modell zuriick-
gegriffen (vgl. Merz 2011), das bei héherer Un-
sicherheit mehr Freiheiten in der Wahl der Ein-
gangsparameter erlaubt. Ziel ist es zunachst,
je nach Datenverfiigbarkeit mit den genannten
Methoden eine belastbare Grundlage fir die
Berechnung indirekter Schaden zu erlangen.

An Approach for Quick Road Transport Modelling
to Support Rapid Impact Assessment of Transport

Interruptions

Kay Mitusch, Tina Bessel

Introduction

Recent natural disasters, such as the Central
European flood in June 2013 and typhoon Hai-
yan in November 2013, caused severe nega-
tive impacts to traffic in the affected regions. In
cases where damaged infrastructure leads to
long-lasting transport interruptions, natural dis-
asters have serious impacts on the economy
and the society relying on these infrastructures.

Since 2010, the Chair of Network Economics,
as part of the Institute of Economics (ECON)
at Karlsruhe Institute of Technology (KIT), is in-

vestigating the impacts of events that are caus-
ing a disruption of the transportation system.

Aims/Objective

In the context of CEDIM’s near real-time FDA
activities, suitable assessment methods are
required for a rapid analysis of transport in-
terruptions. A transport model for the affected
regions would allow a more detailed analysis
of transport interruptions and their impacts on
economy and society, and hence improve im-
pact assessments. Since a transport model
isnt quickly available for every region, latest
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research at the Chair of Network Economics
assessed the opportunities for developing an
approach for quick road transport modelling to
support rapid impact assessment of transport
interruptions.

Project status

The research focus is on investigating possi-
bilities and limits of activity-based (or agent-
based) transport models, which would have
to be set up relatively fast after a disaster has
happened. For activity-based modelling of road
traffic in FDA activities, the open-source soft-
ware MATSIm appeared to be suitable. The
software is working with an iterative algorithm
to calculate fast and dynamic road transport
simulations, both for private and public traffic.
Results can be easily and interactively visual-
ised. As input data, the software is using:

* network data from Open Street Map (OSM),
which is widely available for many regions
and easy to find during a FDA activity, and

* population data on a disaggregated level.

Since it is usually difficult to find disaggregated
population data rapidly during a FDA, possible
methods for using aggregated data have been
reviewed. Furthermore, first test simulations
with MATSim have been set up for German re-
gions affected by the Central European flood in
June 2013 and for regions in the Philippines,
which have been affected by typhoon Haiyan in
November 2013.

Outlook

During the initial simulations, problems with
simulation assumptions and some general is-
sues have arisen as follows:

* A main problem with the first test simula-
tions was the lack of reliable disaggrega-
ted population data. To compensate for
the lack of data and to keep the setup of a
simulation quickly manageable, many as-
sumptions had to be applied. The reliance
on many and sometimes inconsistent ad
hoc assumptions have led to implausible
simulation results.

»  For the traffic simulations, the initially cho-
sen level of transport demand is questiona-
ble. For instance, after typhoon Haiyan had
hit the Philippines in November 2013, the
city of Tacloban City has been severely da-
maged, including the destruction of many
residential buildings. It is obvious that tra-

vel demand for the inhabitants has chan-
ged significantly. However, the actual level
of travel demand directly after the disaster
remains unknown.

* In the case of a completely destroyed city
or region, it is questionable how relevant
an impact assessment of traffic disruptions
in general is. In most of these cases, the
losses from transport disruptions are re-
latively small in comparison to the overall
loss caused by the disaster.

To improve the approach for quick transport
modelling during FDA activities, further re-
search on suitable methods for disaggregat-
ing available population data is needed. Since
every disaster event has different impacts, it
is furthermore necessary to identify disaster
events where an application of quick transport
modelling is reasonable.
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Transportunterbrechungen

Naturkatastrophen wie zum Beispiel die zen-
traleuropaische Flut im Juni 2013 oder Taifun
Haiyan im November 2013 verursachten in
den betroffenen Regionen deutlich negative
Auswirkungen auf den Verkehr. Sobald be-
schadigte Verkehrsinfrastruktur zu langeren
Verkehrs-unterbrechungen  fiihrt,  kdnnen
Naturkatastrophen einen erheblichen Einfluss
auf Wirtschaft und Gesellschaft haben.

Seit 2010 untersucht der Lehrstuhl fir Netz-
werkdokonomie am Karlsruher Institut fir
Technologie (KIT) die Auswirkungen von
Katastrophen und Ereignissen, welche zu
Unterbrechungen im Verkehrssystem flihren.
Im Rahmen der FDA-Aktivitaten von CEDIM
werden aktuell Ansatze zur schnellen Model-
lierung des StralRenverkehrs untersucht, um
die bisherige Methode zur Bewertung von
Verkehrsunterbrechungen zu verbessern.

Der Fokus der Forschung liegt aktuell auf
agentenbasierten Verkehrsmodellen, welche
mit der frei verfigbaren Software MATSIm
erstellt und simuliert werden kdnnen. Fir die
mikroskopischen Verkehrssimulationen ver-
wendet die Software Netzwerkdaten von
“Open Street Map”, welche fir viele Regionen
schnell abgerufen werden kodnnen, sowie
raumlich aufgegliederte Bevdlkerungsdaten.
Da Bevdlkerungsdaten meist nur auf einem zu
hohen Aggregationsniveau vorliegen, werden
zudem Madoglichkeiten zur Verwendung aggre-
gierter Daten bzw. Methoden zur raumlichen
Aufgliederung aggregierter Daten analysiert.

Im vergangenen Jahr wurden fiir deutsche Re-
gionen, welche von der Flut im Juni 2013 betrof-
fen waren, sowie fur Regionen auf den Philip-

pinen, welche vom Taifun Haiyan verwistet
wurden, Testsimulationen mit MATSim erstellt
und analysiert. Wahrend dieser ersten Simula-
tionen bereitete der Mangel an zuverlassigen
Bevolkerungsdaten auf einem geeigneten Ag-
gregationslevel Schwierigkeiten. Daher fiihrten
die Simulationen aufgrund zu vieler, zum Tell
auch inkonsistenter Annahmen im Modell zu
nicht plausiblen Ergebnissen. Zudem ist das
zu Beginn gewahlte Niveau der Verkehrsnach-
frage zu hinterfragen. Es ist anzunehmen, dass
die Verkehrsnachfrage bei der Bevolkerung
vollstandig zerstorter Gebiete erheblich vom
normalen Niveau und den normalen Mustern
abweicht. Da aus den betroffenen Regionen
unmittelbar nach der Katastrophe jedoch keine
Daten vorlagen, konnten auch hier nur Annah-
men getroffen werden. Des Weiteren ist die
Relevanz der Erstellung eines Verkehrsmodells
und die Bewertung von Verkehrsunterbrechun-
gen fraglich, wenn Katastrophen weitrdumige
Zerstorungen und grof3e Verluste verursachen
und zu vermuten ist, dass die Schaden aus
dem Verkehrsbereich im Vergleich zum Ge-
samtschaden geringfligig ausfallen werden.

Zur Verbesserung des bisher entwickelten
Ansatzes zur schnellen Verkehrsmodellierung
wahrend der FDA-Aktivitdten besteht wei-
terer Forschungsbedarf im Bereich geeigneter
Methoden fir die raumliche Aufgliederung von
Bevolkerungsdaten. Da jede Katastrophe un-
terschiedliche Auswirkungen verursacht, ist es
zudem notwendig, jene Arten von Katastrophen
zu identifizieren, fir welche der Einsatz eines
Verkehrsmodells sinnvoll ist. Das tragt dazu
bei, die Zusammensetzung von Katastrophen-
schaden und die tieferliegenden Ursachen von
Katastrophen besser zu verstehen.
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Crowdsourcing — Using Social Media for Rapid Damage

Assessment

Joachim Fohringer, André Dittrich, Christian Lucas, Doris Dransch, Stefan Hinz

Introduction

Messages in social media can include a variety
of observations on the impact of natural haz-
ards. Messages from microblogs, such as Twit-
ter, in particular, provide additional information,
which is difficult or impossible to be detected by
conventional sensors.

Information derived from Twitter messages can
be used to quickly detect disastrous events, to
complement traditional sensors or to validate
damage scenarios.

Aims/Objective

The objective of the project is to acquire real-
time observations from eyewitnesses from a di-
verse range of Social Media sites. These obser-
vations are used to provide rapid damage and
impact estimation. Additionally, other related,
digitally accessible, platforms can be exploited
to gather relevant (background) information on
an event to semantically enrich Social Media
data. Within our approach, we are aiming at dif-
ferent natural disaster events such as storms,
floods, volcanic eruptions, and earthquakes.
The specific challenge in using social media
as an information source is to automatically
extract the relevant information from the huge
amount of data. Therefore, our goal is to de-
velop algorithms that are able to a) handle the
massive amount of data in real-time, b) filter
the incoming data stream for disaster-relevant
content and c) provide quick and reliable infor-
mation for further analysis and decisions.

Christian Prade (2013-06-03 13:11:27):
#hochwasser hilp.//1.co/Sal MrgANWZ

Inundation i
depth

Project status

Our developments are twofold: The TENAS
software (Twitter Event Notification and Analy-
sis Service) monitors geo-referenced Twitter
messages based on a world-wide grid (20x20
km) in real-time and operates day and night.
The software is able to robustly detect signifi-
cantly high tweet volumes for any area around
the world compared to a weekly updated three
month moving average baseline. The subse-
quent analysis of the tweets’ textual content
identifies disaster related terms in more than
40 languages and classifies the event accord-
ingly, e.g. as earthquake, thunderstorm, torna-
do, etc. Within minutes after the start of a de-
tected event, an automatic e-mail alert is sent
to the subscribers of the service.

In a next step the Observation Explorer Soft-
ware allows for exploring Twitter feeds related
to a specific event. It filters tweets on the basis
of disaster related keywords as well as event
related features such as time, geolocation,
spatial entities, e.g. catchments. It also screens
for photos related to tweets. The idea is to en-
able scientists or decision-makers to extract
information from single tweets that is relevant
for their tasks, in our case rapid damage esti-
mation. We evaluated our Observation Explor-
er in a case study, the flood event in Dresden
in 2013. Scientists derived inundation depths
from photos that were combined with tweets
we have filtered out from some 880.000 tweets
(Fig. 1). The inundation depths thus derived

=3

Fig. 1: Inundation depths derived from photos provided via Twitter during the flood 2013 in Dresden.
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are used as model input for rapid damage es-
timation.

Outlook

The next steps concerning TENAS are a) the
extension of language capabilities, b) the opti-
mization of the taxonomy-based classification
algorithm, and c) using TENAS as trigger for
automatic distributed searches in other digital
platforms such as Flickr, Instagram, or Face-
book. Complementing the broad approach of
TENAS, we are working on methods to auto-
matically classify single Social Media messag-
es into specific classes (e.g. damage report,
evacuation, alarm, cry for help, etc.) and geo-
reference messages without explicit geograph-
ical coordinates, based on the textual content
and context knowledge. Both aspects will en-
able us to retrieve more detailed on-site infor-
mation and hence provide better situational
awareness for an event. The Observation Ex-
plorer will be customized to other natural haz-
ards; the filtering of relevant information will be
improved.
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Crowdsourcing

Ziel des Projektes ist, aus sozialen Medien
Beobachtungen von Augenzeugen Uber die
Auswirkungen von Naturkatastrophen schnell
fur eine Schadenabschatzung zur Verfligung
zu stellen. Hierzu werden Nachrichten aus dem
Microblogging-Dienst Twitter extrahiert, ge-
speichert und ausgewertet. Mittels statistischer
Verfahren und Inhaltsanalysen werden Twitter
Meldungen aus besonders gefahrdeten Gebie-
ten Uberwacht. Bei Erkennen eines mdglichen
Katastrophenereignisses wird eine Benachrich-
tigung Uber E-Mail ausgeldst. Diese informiert
Uber die Ereignisart, Detektionssicherheit und
die betroffene Region. Nachfolgend werden
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mit Hilfe eines entwickelten Filterverfahrens
relevante Twitter-Meldungen extrahiert und
fur die weitere Analyse der Auswirkungen des
Katastrophenereignisses bereitgestellt. Am
Beispiel des Hochwassers in Zentraleuropa im
Juni 2013 wurde ein Prototyp entwickelt und
umgesetzt, der eine Exploration der wahrend
dieses Ereignisses gesammelten Text- und
Bildmeldungen ermdéglicht. Diese kdnnen
von Fachexperten genutzt werden, um z.B.
Wasserstande an den jeweiligen Aufnahme-
standorten abzuleiten. Die gewonnenen Infor-
mationen kénnen dazu beitragen, Daten aus
herkdmmlichen Sensoren zu erganzen und
Hochwasserschadenmodelle zu validieren.
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Development of a CEDIM Database and Implementation of
Case-Based Reasoning for Analytical Support

Stella Mohrle, Wolfgang Raskob

Introduction

The project CEDIM Forensic Disaster Analysis
(FDA) is concerned with near real-time analy-
ses of disasters and their impacts. The im-
plementation of case-based reasoning (CBR)
should provide an IT-based support for near
real-time assessments of current disaster
events. CBR makes use of similarities between
events and offers the possibility to quickly draw
first conclusions about a current event, in par-
ticular when little information is available. Since
the approach is not limited to a certain type of
disaster, the project aims at developing a struc-
tured storage facility for historic earthquake,
flood, and storm events and applying CBR for
analytical support.

Aims/Objective

Within the FDA, inferring from similar past
events should support the understanding of a
new and to a large extent unknown disaster.
Conclusions relate primarily to the categoriza-
tion of the current event and the assessment of
possible damages. The contribution comprises
the establishment of a common database and
the implementation of CBR within the frame-
work of FDA. Attributes need to be defined in
collaboration with experts capturing general
and event specific characteristics. Further-
more, intelligent and flexible similarity functions
need to be specified and developed to limit the
space of possibly interesting events.

Project status

The focus of this year was on implementing
CBR and defining similarity functions, respec-
tively. So far, functions depend on the attribute
type. The application is flexible and enables an
ad-hoc configuration. This applies to the choice
of attributes for the retrieval step and whether
exact matches are requested or not. Further-
more, importance values of attributes are set
individually. The development of a web inter-
face is ongoing where experts can set up their
query and configure the similarity function. Fur-
thermore, they can select which information is
needed from historic events for further analy-
ses.

Outlook

The application and web interface will be pro-
grammed further, including research activities
on similarity functions. Among other work, the
generic functions need to be adapted to the at-
tributes. Research will be accompanied by an
exchange with experts and the application will
be expanded and improved iteratively.
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Entwicklung einer CEDIM Datenbank und
Einsatz des Fallbasierten Schlieens zur
Analyseunterstitzung — Fortfihrung von
2013

Im Projekt CEDIM Forensic Disaster Analy-
sis (FDA) werden Katastrophen und deren
Auswirkungen zeitnah analysiert. Die Imple-
mentierung des Fallbasierten SchlieBens soll
hierbei eine IT-Unterstiitzung zur zeitnahen
Kategorisierung und Schadensabschéatzung
gegenwartiger Katastrophen zur Verfligung
stellen. Insbesondere sollen mithilfe ahnlicher,
vergangener Ereignisse Ruckschliisse auf ein
neues noch weitgehend unbekanntes Ereignis
gezogen werden. Der Ansatz ist nicht auf
bestimmte Katastrophentypen beschrankt und

soll auf Erdbeben, Hochwasser und Stirme
angewandt werden. Dieser umfasst unter an-
derem die strukturierte Ablage historischer
Ereignisse. In Zusammenarbeit mit Experten
wurden allgemeine und ereignisspezifische
Merkmale zur Ereignisbeschreibung definiert.
Des Weiteren werden intelligente und fle-
xible Ahnlichkeitsfunktionen entwickelt, um
die Menge der moglicherweise interessanten
Ereignisse aus der Vergangenheit einzugren-
zen. Die Anwendung ist flexibel und erlaubt
ad-hoc Konfigurationen sowie das Gewichten
verschiedener Attribute. Die Anfragen werden
Uber eine Webschnittstelle realisiert. Wahrend
die Forschung durch einen standigen Aus-
tausch mit Experten begleitet wird, wird die An-
wendung weiter ausgearbeitet und verbessert.

Information Gap Analysis: Near Real-Time Evaluation of

Disaster Response

Trevor Girard

Introduction

During a disaster situation the public will need to
make critical decisions/actions regarding what
to do, where to go, how to get there, and so
on. A key hypothesis is that the more informed
the public is, the better decisions/actions they
are able to make, resulting in reduced disaster
impacts. This research project investigates the
dynamic information needs of disaster affected
populations and analyzes how well informed
the public is during disasters.

Aims/Objective

The purpose of the research project s to identify
key indicators for measuring how well informed
the public is during disasters. The indicators
are limited to those which can be observed as
communication is happening. By doing so, the
indicators can be analyzed as disaster situa-
tions unfold, deficiencies can be identified, and
recommendations can be made to potentially
improve communication while the response is
still underway. The end goal of the research is

to improve the ability of communicators to in-
form disaster affected communities.

Project status

A classification scheme has been developed
to categorize the information provided to the
public during disasters. Under each category
is a set of typical questions that the informa-
tion should answer (result of best observed
practice review), as shown on the right of fig-
ure.1l. For example, under the category ‘Life
Saving Response’, the questions which should
be answered are who is doing what (Evacua-
tion, SAR), when and where, and the amount
of the affected communities’ needs being cov-
ered by these actions (coverage). Review of
what questions remain unanswered acts as the
first indicator identified in figure 1, referred to
as an ‘Information Gap Analysis’. The remain-
ing indicators identified in figure 1 are also po-
tential candidates for being observed in near
real-time.
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Purpose of Research:
Identify KEY INDICATORS for
measuring how well informed
the public is during disasters

Application of Research:
Analyze these indicators using | —
the near-real-time analysis
methodology as disasters occur

Impact of Research:
Ability to identify potential
deficiencies in informing disaster
affected communities at a time
when they can still be corrected

disasters

Fig. 1: Overview of Research.

Outlook

A case study is planned to be carried out in
the Philippines in 2015 in areas affected by
typhoons Haiyan and Hagupit. A major pur-
pose of the case study is to confirm, through
interviews with disaster affected communities,
what their information needs were during the
typhoons, what information they actually re-
ceived and how they received that information.
Comparisons can then be made with what in-
formation the disaster management system
produced and how they disseminated that in-
formation. The case study will help to confirm
the validity of the indicators identified so far and
potentially identify others.

Information Gap Analysis

Ziel dieses Forschungsprojektes ist es, Indi-
katoren herauszustellen, die bemessen,ob
die Offentlichkeit wahrend einer Katastrophe
ausreichend informiert wird. Die Indikatoren
beschranken sich auf solche, die wahrend der
Kommunikation messbar sind. Dementspre-
chend kdnnen sie noch analysiert werden,

3 Indicators which can be observed
as communication is happening

Indicators identified so far
__(to be validated with case studies):
1. Equivalence of info provided to
info needs: Information Gap Analysis —
2. Timing of information provision
3. Appropriate emphasis on most

critical information

* 4. Appropriate terminology
5. Appropriate information medium for
disseminating to affected communities
6. Appropriate comparison to past

7. Guidance regarding what to do

_~Using Near-Real-Time - ‘

*-....._Analysis Methodology

(Event details/ Predictions
What/Where/When? |

Affected Areas or People

[ Who/Where/By What? ]

Casualties

[How many/Who/Where? | How? |

Warnings

|%eUWhemﬂNhen? | _How? |
Life Saving Response
[Who/What/Where/When?| Coverage?
Handling of Fatalities

Basic Human Needs: Disruptions

[ What/'Where/How Inng?l How?
Basic Human Needs: Solutions
[Who/What/Where/When?] Coverage? |

Critical Systems: Disruptions

[ WhaﬂWharelHowlong?i How? ]
Critical Systems: Solutions
[Who/What/Where/When?| Coverage?
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wahrend die Katastrophe im Gange ist. Somit
kénnen Defizite ermittelt und Empfehlungen
ausgesprochen werden, um moglicherweise
die Kommunikation noch wahrend der Bewal-
tigungsphase zu verbessern. Das Endziel der
Forschungsarbeiten besteht darin, die Kom-
petenzen derer zu verbessern, die betroffene
Gemeinden wahrend einer Katastrophe infor-
mieren mussen.
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Causal Loss Analysis

Susan A. Brink, James Daniell, Friedemann Wenzel, Bijan Khazai, Tina Kunz-Plapp

Introduction

The relationship between a hazard and its
impacts on the infrastructure, environment
and population is complex and varies across
events. In particular the medium and long term
social impacts of a disaster can be very difficult
to estimate even after an earthquake or wind
storm has passed and the physical damage is
known. Vulnerable population, response efforts
and many other factors influence the severity
of the social impacts leading to difficulties for
estimation and preparedness efforts.

Aims/Objective

The Causal Loss Analysis project studies pop-
ulation displacement after a disaster event to
understand the root causes that lead to large
numbers of displaced persons, lengthy dis-
placements and high shelter demand. This
project analyzes historical events to under-
stand the factors that are associated with se-
vere population displacement.

The first objective of the project is to determine
to what extent data on historic events could be
used to determine the relationship between
the impact of the event and the number of dis-
placed persons. Using methodology devel-
oped by Daniell (2014), the CATDAT database
of historical earthquakes is analyzed to de-
velop a standard relationship between hazard
intensity and population displacement. This
research has led to the development of a social
fragility function that can provide an initial esti-
mate of the number of displaced people after
an earthquake.

Although there is a clear relationship between
the physical intensity of an earthquake or oth-
er hazard and the population displacement
caused by the event, there are many other fac-
tors that can aggravate or reduce the severity
of the population displacement in an event.
The second objective of the Causal Loss Anal-
ysis Project is to determine the root causes that
can increase the probability, severity or length
of disaster population displacement.

The Causal Loss Analysis project includes a
thorough review of the literature addressing

population displacement in historic events to
generate an understanding of both the types
of disaster population displacement and the
factors that have been associated with it in
past events. This has led to the development
of an initial framework to represent the sever-
ity of population displacement and an index to
measure vulnerability to displacement in disas-
ter events.

Finally, in depth analysis of individual case stud-
ies of historic disaster events complements the
historic earthquake data analysis and literature
review. The analysis aims to identify additional
factors that are root causes of population dis-
placement as well as to analyze and quantify
the indicators, their interactions and their im-
pact on population displacement.

Project status
Ongoing.
Outlook

It is hoped that the Causal Loss Analysis pro-
ject will identify some of the key indicators re-
quired for FDA analysis in the near-real time
of a disaster. By including these root causes
of population displacement in the analysis, the
FDA process will be able to more comprehen-
sively estimate post-disaster shelter demand.
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Causal Loss Analysis

Das Causal Loss Analysis-Projekt befasst sich
mit historischen Naturkatastrophen um Fakto-
ren zu identifizieren, die die Schwere des De-
sasters beeinflussen. Hierbei liegt der Fokus
vor allem auf der Untersuchung der Verdrang-
ung der Bevdlkerung sowie den Bedurfnissen
der Opfer. Das Projekt beinhaltet einen Uber-
blick zu Literatur, die sich mit Katastrophen
befasst, um Faktoren zu erkennen, welche
in der Vergangenheit mit der Dislokation der
Bevolkerung assoziiert wurden. Zusatzlich
wurden im Rahmen des Projektes quantitative
Analysen historischer Ereignisse durchgefihrt,
um zusatzliche Faktoren zu ermitteln, welche
die Verdrangung der Bevdlkerung beeinflussen
sowie um festzustellen, in welchem Umfang die
Bevolkerungsdislokation nach einer Katastro-
phe vorhergesagt werden kann.

User-oriented Visualization for CEDIM FDA Reports

Silke Eggert

Introduction

In times of a natural disaster fast and up-to-date
information is crucial to quickly understand the
catastrophe and its possible impact. One aim
is to identify the root causes of the event to de-
rive implications for a long-term risk reduction.
Comparison of recent events with historic dis-
asters can help understanding why one event
was disastrous while another caused almost
no damage. CEDIM introduces the concept of
Forensic Disaster Analysis (FDA) while incor-
porating a real-time component to impact as-
sessment.

The FDA report readership mainly consists of
four groups: civil protection/disaster manage-
ment, media, scientists and general public.
The readers’ demand on rapidity and type of
information as well as their level of knowledge
is very heterogeneous. Especially for the first
two groups information in near real-time is es-
sential while others focus on in-depth analysis.
To better serve the users’ needs and improve
communication in times of a disaster, CEDIM
started the project “User Oriented Visualiza-
tion”.
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Fig. 1: Schematic structure of the Event Explorer.

Aims

Evaluate our readers’ needs concerning infor-
mation after natural disasters.

Adapt the data visualization as well as the re-
port layout and format according to the reader’s
needs.

Project status

In the first phase, we followed two approaches.
(a) Learn more about the FDA reports readers
and gain insight into their needs and wishes.
(b) Test and evaluate new methods and ap-
proaches of data visualization and presenta-
tion.

Motivation

To improve the two aspects mentioned above
(a) reader oriented presentation of results and
(b) comparison of events, we want to develop a
new platform. It should (a) let the reader search
the database interactively for historical events
and (b) present FDA results more concisely and
better focused on the reader’s state of knowl-
edge. The working title is “Event Explorer”.

Figure 1 shows a schematic structure of the
Event Explorer. A database with information

| Media

W Research

B (Re)insurance

B Civil service

@ {urban) planning

O Disaster management
CONGOD

Fig. 2: Results of the FDA report readers survey 1:
CEDIM FDA report readers according to their field
of profession.

on recent and historic events, starting from a
simple base map to detailed analysis will be
the basis for the Event Explorer. The results of
all FDA projects will be included as well as ex-
ternal data, users can access and search the
database via a graphical interface [see Fig. 1].

Implementation

The Event Explorer will mainly focus on three
user groups: media, disaster management and
(re)insurance/research. These groups reflect
the participants in the FDA survey [see Fig. 2].

The central point is to improve the presenta-
tion of FDA analyses to make it more suitable
for individual users. The FDA reports so far are
a classic mixture of text and figures published
and updated whenever a considerable collec-
tion of information is available. The format is
PDF but many readers tend to move away from
the desktop workstation and are more inter-
ested in real-time updates for mobile devices.
Key facts should therefore be identified easily
and maps should be more interactive to fit the
individual needs. Figure 3 shows the main user
needs expectations of the FDA reports. That is
why FDA results will be edited according to the
users’ needs and users’ state of knowledge as,
for example, journalists are interested in a dif-
ferent type of analysis than people working for
insurance.

From the scientific point of view, the Event Ex-
plorer will act as an internal database for in-
terdisciplinary results. To improve the analysis
for future events, the Event Explorer enables
searches for similar events and compare re-
sults with historic events.

The first prototype is designed as a blog. From
the FDA point of view it is very convenient to
handle: new results can be added as soon as
they are available to keep the event page up-
to-date. The format covers not only text and
static figures but also allows interactive maps,
picture galleries and videos. The reader will be
provided with up-to-date information and can
follow the blog via RSS-feed to stay informed.
Keywords and tags let the user search for re-
lated events, results or methods. The format is
independent from any device and adaptable for
desktop PC, smartphone or any other device.
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Outlook

For the future, the underlying database will be
defined more precisely such as ‘What type of
information is needed for what type of disas-
ter?’, ‘What results are mandatory to obtain a
complete view?’ and ‘What extra information is
available?’. Results obtained from the user sur-
vey will also be incorporated into the prototype
because according to their profession, users
gave different ideas and input for the design.
The prototype will also be tested in different en-
vironments and with different users.

Finally, a user-oriented visualization of FDA re-
sults will increase the spread of disaster analy-
ses and will make it a valuable contribution to
the further use of CEDIM results.

Anwenderorientierte Visualisierung fur
CEDIM-FDA-Berichte

In Zeiten von Naturkatastrophen ist es sehr
wichtig, schnell aktuelle und vergleichende In-
formationen bereit zu stellen, um die Katastro-
phe und ihre mdglichen Auswirkungen sofort
zu verstehen. Die CEDIM-Leserschaft besteht
hauptsachlich aus vier Gruppen: Zivilschutz/
Katastrophenmanagement, Medien, Wissen-
schaftler und die Offentlichkeit. Um die Bediirf-
nisse der unterschiedlichen Nutzergruppen
besser zu bedienen und die Kommunikation im
Ernstfall zu verbessern, sollen diese evaluiert
werden und die Datenvisualisierung sowie Lay-
out und Format der Berichte daran angepasst
werden.

Im Vordergrund steht die Entwicklung einer
Plattform (Arbeitstitel ,Event Explorer®), um die
beiden Aspekte ,Leser orientierte Prasentation
der Ergebnisse* und ,Ereignisvergleiche” zu
verbessern: Die Ergebnisse aller FDA-Projekte
sollen hier ebenso enthalten sein wie externe
Daten. Die aktuellen Nutzer interessieren sich

Personalized format _ ‘ ‘ ‘

Standardized presentation

Standardized data

Annotations Ehigh

Downloadable data Emedium

Olow
Printable figures
In-depth

Fast

I
I
I

0 30 40

6 1‘0 2 50
Fig. 3: Results of the FDA report readers survey
2: readers’ priority (low/medium/high) of different

aspects of the FDA report.
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zunehmend fir Echtzeit-Updates in mobilen
Geraten. Die wichtigsten Fakten sollen leichter
identifiziert werden kénnen und Karten interak-
tiver zu den individuellen Bedurfnissen passen.
Der Event Explorer soll weiterhin als interne
Datenbank fiir interdisziplindre Ergebnisse
funktionieren, um das analytische Arbeiten zu
verbessern.

Der erste Prototyp ist als bequem zu hand-
habender Blog konzipiert. Das Format um-
fasst sowohl Text, statische Zahlen als auch
interaktive Karten, Bildergalerien und Videos.
Keywords und Tags lassen den Benutzer ver-
wandte Ereignisse, Ergebnisse oder Verfahren
finden. Das Format ist unabhangig und an die
Ublichen groRBen Bildschirme anpassbar aber
eben besonders fiir Smartphones, Tablets
und andere mobile Gerate konzipiert. Fir die
nahe Zukunft missen wir uns genauer fra-
gen, welche Informationen fir welche Art von
Katastrophe und fur welchen Nutzer benétigt
werden? Der Prototyp muss in unterschiedli-
chen Umgebungen fur die mutmafilichen Be-
nutzertypen getestet werden.
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Global Dynamic Exposure

Thomas Beutin, Danijel Schorlemmer, Jochen Zschau

Introduction

In the Global Dynamic Exposure (GDE) project
we use crowd-sourced and open geographic/
geospatial data from the OpenStreetMap
(http://www.openstreetmap.org/) project and
additional available open data. Using these
data, which are extended and updated per-
manently by a continually growing number of
volunteers on the one hand and local or even
countrywide governmental organizations on
the other hand, we are deriving a permanently
updated global exposure model.

We also provide guidance supporting the
“crowd” by not only geographic data collection,
but also by deriving information required to im-
prove our exposure and vulnerability indicators.
Because of the immense number and variety
of buildings and their locations, exposure- and
vulnerability-related data cannot be compiled
by a small or local group.

Furthermore, the dynamic aspect of risk,
namely rapid urbanization in emerging coun-
tries, requires monitoring of exposure and vul-
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Fig. 1: Mobile OpenStreetMap building property
data editor.

nerability indicators, again a task that can only
be achieved when distributing the work onto
many shoulders.

Aims/Objective

The objective of the Global Dynamic Exposure
project is to provide a high-resolution (on the
building-by-building level) and dynamic (low-
latency) exposure model for the world. It will
build upon the Global Exposure Database for
the Global Earthquake Model (GED4GEM) and
augment it where crowd-sourced and open
data exists in high quality.

The exposure and vulnerability indicators are
derived from geographic data (e. g. building
footprint, land use), building properties (e. g.
type of building, occupancy), and semantic
interpretation (e. g. regional types of architec-
ture, cultural habits). As can be seen in figure
3, these indicators can be computed for many
buildings if sufficient data exists in OpenStreet-
Map. Once a target area is fully captured in
OpenStreetMap, further changes in the dataset
indicate the change in building stock or the pro-
cess of urbanization.

To keep up with the dynamic of crowd-sourced
data collection, our system updates our Open-
StreetMap replica database minutely. After
every update, indicators for buildings affected
by recent updates are newly computed to pro-
vide low-latency dynamic exposure data.

This dynamic aspect of data collection is of
interest in our parallel project, the Post-Dis-
aster Damage Mapping. Here, the so-called
Humanitarian OpenStreetMap Team (http:/
hot.openstreetmap.org/), a quick responding
crowd-sourced post-disaster mapping effort, is
providing information about the status of build-
ings and roads in the aftermath of a disaster.
These data are retrieved mainly from open (at
least for this particular purpose) aerial imagery
but also from mappers on the ground.

Combining the exposure and vulnerability data
of buildings prior to a natural disaster with the
post-disaster damage status will provide a new
dataset for better understanding risk but also
the societal impact of a catastrophe.
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To spread the idea of volunteering as a scien-
tist, engineer or “ordinary mapper” we provide
the infrastructure for near real-time updated
visualization of multi layer exposure maps on
a global scale.

Project status

After finishing the proof-of-concept phase we
became aware of the immense amount of infor-
mation contained in our basic dataset in some
parts (i.e. regions) and the lack of data in others
(see Fig. 2). Therefore we decided to search for
planned or initiated projects for building mass
imports into the OpenStreetMap database, and
offered our guidance for selecting available in-
formation and choosing appropriate tags (see
below in support of planned and ongoing mass
building imports).

Since our global OpenStreetMap database
is up, running reliably and being updated mi-
nutely, we are now working on the infrastruc-
ture for real-time re-calculation of exposure
data. Also, we have introduced algorithms for
new exposure and vulnerability indicators and
implemented them in the cotinuously running
distributed computation system.

OpenBuildingMap

We extended the OpenBuildingMap (http://
www.openbuildingmap.org/) by numerous lay-
ers of newly derived or calculated indicators
(i.e. ground area, floor space, power infrastruc-
ture). We try to address two main goals in this
project:

» create a visualisation of the calculated in-
dicators

» stimulating mappers worldwide to capture
building properties that are usually not visi-
ble in the generic maps (see Building Pro-
perty Editor for Mobile Devices below)

Also we worked with the community to improve
the quality and speed of the tools used to im-
port and extract OpenStreetMap data. We put
effort in creating a tool chain to visualize the
progress of the completeness of OpenStreet-
Map data for certain regions.

Support of planned and ongoing mass building
imports

Together with local mappers, we work on the
import of building outlines and building oc-
cupancy information in different locations on
the world (Cologne, Germany; Palermo, lItaly;
Helsinki, Finland; Lecce, Italy; Portland, OR,
U.S.A).

For these mass imports we created translation
tables for all of the imported occupancy types.
Those tables provided the respective tags in
OpenStreetMap for the data import but also
the respective taxonomy tags for exposure as-
sessment. These imports are mostly performed
manually as otherwise they would need con-
siderable advance preparation for data quality
reasons.

Fig. 2: OpenStreetMap worldwide node density distribution as of June 2013.
Visualization based on work of Martin Raifer (“tyr_asd”), © cc-by-sa - source data © OpenStreetMap con-
tributors, ODbL.
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Fig. 3: Color-coded exposure indicators derived from OpenStreetMap data of Catania (east cost of Sicily,
Italy). From top left to bottom right: Predominant landuse, occupancy type of building, number of storey
of building, number of ? buildings, bridges and tunnels, and finally, electrical power related information.

Source data © OpenStreetMap contributors, OdbL.

OpenExposureMap

Our former proof-of-concept static map is now
included in the near real-time updated Open-
BuildingMap.

Damage maps

Derived from our Haiyan/Yolanda typhoon
proof-of-concept damage map we created the
infrastructure to deploy similar maps for future
events in short time.

Building Property Editor for Mobile Devices

In collaboration with other community partici-
pants we developed a proof-of-concept mobile
building property editor (see Fig. 1) for any
HTML5 capable device. The goal is to have a
simple to use tool for adding building property
data into the OpenStreetMap project and to di-
rect volunteers to focus onto easily recogniz-
able data that helps the Global Dynamic Expo-
sure project.

Outlook

By adding additional hardware to the GDE da-
tabase system we extend the number of expo-
sure indicators computed by the system on the
global scale.

The increasing amount of open data in the
public, esp. in the OpenStreetMap database,
requires us to put more effort into the optimiza-
tion of the distributed calculation system to be

kept updated with the changes in our source
dataset(s).

We develop the possibilities to face the chal-
lenge of motivating numerous locally depend-
ent experts (“crowd” of earthquake engineers
and scientists) to interpret the datasets and
add algorithms for processing the data of their
regions of knowledge. We consider this our ma-
jor task for improving the quality of the Global
Exposure Model.

We will improve the capabilities of the dam-
age map system to show layers from various
sources which may contain almost arbitrary
geospatial data.

To attract volunteering developers we will clean
our so far proof-of-concept code of this project
and made it available on a public open source
collaboration platform.

We will create a platform where the results of
our calculation are available for browsing and
download either as dynamic up-to-date set or a
periodically dumped release.

Core Science Team
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Global Dynamic Exposure

Das Ziel des Global Dynamic Exposure Pro-
jekt ist die Ermittlung von Vulnerabilitdts- und
Exposureindikatoren aus Daten hauptsach-
lich vom OpenStreetMap Projekt (http://www.
openstreetmap.org/), die auf der Basis von
Croudsourcing gewonnen werden und dessen
Bestand sich in den letzten Jahren rasant ent-
wickelt hat. Die in diesen Daten enthaltenen
Informationen gehen dabei Uber die zur Er-
stellung von Karten nétigen Eigenschaften

weit hinaus: die Indikatoren werden anhand
der geographischen Daten, der Gebaudeei-
genschaften und lhrer semantischen Interpre-
tation ermittelt und bei Anderungen im Aus-
gangsdatenmaterial anndhernd in Echtzeit
neu berechnet. Diese Dynamik tragt der immer
schneller fortschreitenden Urbanisierung — be-
sonders in Schwellenlandern — Rechnung. Im
Fall groRBer Katastrophen lassen sich unter
Zuhilfenahme von aktuellen Luftbildern zeitnah
neue Details Gber das Ausmal3 der Zerstérung
betroffener Gebiete ermitteln.
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FDA Task Force Activities

Iquique (Chile) Earthquake, 1. April 2014

Silke Eggert, Andreas Hochner, James Daniell, André Dittrich, Ronjang Wang, Yong Zhang,

Joachim Fohringer

Introduction

The M,, 8.2 Iquique earthquake (also called
Pisagua earthquake) struck Northern Chile on
1%t April 2014 northwest of Iquique. It was the
strongest earthquake in this area for the last
137 years. With a hypocentral depth of 34 km
and located about 96 km offshore of the harbor
city of lquique it belongs to the type of subduc-
tionthrust earthquakes along the Chilean coast.

The Northern Chile seismic gap

The event occurred in a region of historic seis-
mic quiescence, the Northern Chile seismic
gap. The earthquake ruptured a part of the
gap close to its northern end, where the Nazca
plate subducts eastward beneath the South
American plate at a rate of ~65 mml/yr. The last
significant earthquakes occurred in 1868 and

1877. Since then the region has been quiet and
built up stress along the segment for the last
140 years. The two neighboring segments to
the north and south of the seismic gap broke
in 2001 and 1995, causing magnitude 8.4 and
8.1 earthquakes respectively (Fig. 1). A re-
cent increase in seismicity had occurred just
before the M,, 8.2 event, including an M, 6.7
event and three M, 6.2 events in March. The
remaining unbroken parts of the seismic gap
now pose an increased seismic hazard with the
potential to host an earthquake of magnitude
larger than 8.5.

Historic seismicity

Since population is sparse due to the Atacama
Desert, most earthquakes in Northern Chile
cause minor human losses. Economic losses,
mainly for the mining industry are higher. Past
damaging events:

Date | Magnitude | Casualties Damage Economic Loss

1987 | 7.2 5 dead 1000 houses damaged ca. $1M USD
5000 homeless

1911 |71 20 dead Damage to nitrate industry | major

1877 8.8 ca. 2500 dead Major damage, tsunamis major (also war)

Table 1: Major historic earthquakes along the Chilean subduction zone.

2005 saw a major Mw7.8 earthquake killing 11 people and causing landslides in the region of Iquique, however this was an intermediate depth earthquake at
100km depth, 1981 also saw a minor Mw5.8 earthquake with 10 deaths. (CATDAT)

Human and economic losses

At least 15 people died due to the shaking and
later building collapse. Around 1000 persons
became homeless while 90,000 in total were af-
fected by evacuation. Damage to buildings and
infrastructure was mostly minor but reached up
to southern Peru. Major damage was observed
mainly in Huara and Altophospicio, cities near
to Iquique. The event generated a small tsu-

nami of 1-2 m height which did not cause any
major damage, a fact also due to the sparsely
populated nature of the Chilean coast in that
area. Few roads were closed by landslides.
The mining industry reported modest economic
losses in the order of $10m.

Because of the relatively little damage and
losses incurred, the Iquique earthquake did
not match the criteria set for a CEDIM Forensic
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Fig. 1: Map view earthquakes in Chile and the seismic gap (Graphic: Klinghammer, GFZ).

Disaster Analysis but since the event is of ma-
jor scientific interest, a short report was pub-
lished and a study with contributions from CE-
DIM members was published in Nature [Schurr
et. al.].
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Publications

Schurr B., Asch G., Hainzl S., Bedford J.,
Hoechner A., Palo M., Wang R., Moreno M.,
Bartsch M., Zhang Y., Oncken O., Tilmann F,,
Dahm T., Victor P., Barrientos S., Vilotte J.-P.
(2014): Gradual unlocking of plate boundary
controlled initiation of the 2014 Iquique earth-
guake, Nature, doi:10.1038/nature13681.

http://www.cedim.de/download/Short-report_
IQUIQUE_2.pdf

http://www.eskp.de/wissenschaftler-unter-
suchen-vor-und-nachbeben-in-chile/
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Erdbeben “lquique”, Chile

Das M,,=8.2 Iquique Erdbeben (auch Pisagua-
Erdbeben genannt) ereignete sich am 1. April
2014 nordwestlich von Iquique. Es ist das
starkste Beben in dieser Region der letzten
137 Jahre. Das Beben gehért zu den Subduk-
tionsbeben entlang der Kiiste Chiles, wo die
Nazca-Platte mit einer Geschwindigkeit von
ungefar 65 mm pro Jahr nach Osten unter die
stdamerikanische Platte abtaucht. Die letzten
grof3en Beben ereigneten sich 1868 und 1877,
seither bauten sich kontinuierlich tektonische
Spannungen auf. Die sich im Norden und im
Suden anschlieBenden Segmente brachen

1995 und 2001 und verursachten Beben der
Starke 8.4 und 8.1 (Bild 1).

Bei dem lquique-Beben am 1. April 2014 ka-
men 15 Personen kamen aufgrund der Erschit-
terung und Gebaudeeinstirzen ums Leben.
Ungefahr 1.000 Personen wurden obdachlos
und etwa 90.000 waren von der Evakuierung
betroffen. Die Schaden an Gebauden und In-
frastruktur waren groRtenteils gemaRigt. Das
Ereignis verursachte einen kleineren Tsu-
nami (1-2 Metern Wellenhéhe) ohne schwere
Schaden. Einige StraRen wurden aufgrund von
Erdrutschen gesperrt. Die Minenindustrie mel-
dete Schaden in der GrofRenordnung von 10
Mio. USS.

Super Typhoon “Hagupit”, Philippines

Bernhard Muhr, Tina Bessel, Trevor Girard, Susan A. Brink, Bijan Khazai, Tina Kunz-Plapp,

Sven Baumstark

Introduction

Nearly one year after super typhoon “Haiyan”
devastated the Philippine city of Tacloban and
caused several thousand casualties, another
very strong typhoon headed for the central
parts of the Philippines during the first week of
December 2014. The name of the typhoon was
“Hagupit”, on the Philippines known as “Ruby”.
“Hagupit” was the fourth tropical storm system
of the 2014 season in the north western Pacific

Fig. 1: Satellite image, 4 December 2014, 02:1
UTC.
Images credit: NASA

that reached highest category and super ty-
phoon status. On 6 December 2014 “Hagupit”
made landfall. Due to early and effective evac-
uation of more than 700,000 people and be-
cause of a significant decrease in the storm’s
intensity, the number of fatalities and the storm
damage was lower than previously feared.
Nevertheless, fierce winds and torrential rain of
about 400 mm within 24 hours ensured consid-
erable damage, floods and landslides: at least
18 people were killed.

Two days before landfall there was a realistic
scenario that “Hagupit” could hit the same area
as “Haiyan” did a year ago (Samar and Leyte,
including the city of Tacloban) as a category
4 typhoon. While approaching the Philippines
“Hagupit” lost intensity and finally missed the
previously battered areas. CEDIMs FDA group
decided to put a minor FDA activity into effect.

On 29 and 30 November “Hagupit” developed
from a low pressure area that was identified
just north of the equator in the area of the Fed-
erated States of Micronesia. Warm ocean wa-
ter and favourable atmospheric conditions fed
thunderstorm clusters that became organized.



42

Forensic Disaster Analysis

The tropical depression was called “22W" by
the Joint Typhoon Warning Center (JTWC).
On the same day the depression grew into a
tropical storm and was named “Hagupit” by the
Japanese Meteorological Agency (JMA). On 2
December 2014 “Hagupit” strengthened into
a typhoon and became the eleventh typhoon
over the western Pacific Ocean in the 2014
season. “Hagupit” made its way through Micro-
nesia and headed from near Palau towards the
central Philippines and reached super typhoon
status on 3 December 2014. A super typhoon
has 1-min sustained winds of at least 241 kph.
The typhoon showed maximum intensity on
04 December 2014 between 00 and 15 UTC
with sustained winds of 287 kph. At 15 UTC the
storm centre was 500 km southeast of Samar
(PH) at 11N 131E. According to JMA the central
pressure was 905 hPa.

During the next 36 hours while approaching
Samar “Hagupit” decreased. According to PA-
GASA, the Philippine national weather agency,
the typhoon made landfall on 6 December 2014
at 13:15 UTC near Dolores on eastern Samar.
At the time of landfall, “Hagupit” was rated a
category 3 typhoon on the Saffir-Simpson Hur-
ricane Wind Scale with maximum sustained
winds of 201 kph.

The storm field covered an area with a diam-
eter of about 500 kilometres. Due to friction, the
typhoon showed further weakening and made
its way across the Philippines with a propaga-
tion speed of around 10 kph as a category 2
storm on 7 December 2014. “Hagupit” made its

e

second landfall near Cataingan on the island of
Masbate.

On 8 December 2014 the typhoon was down-
graded into a tropical storm and had its closest
approach to the metropolitan area of Manila at
around 17 UTC when the storm center passed
the capital 90 km to the south. On 9 December
2014 the storm entered the South China Sea
travelling to the west to southwest and finally
dissipated on 11 and 12 December 2014. Rem-
nants of the storm affected Vietnam.

Forecasting and Impacts of Super Typhoon
“Hagupit”

On 3 December 2014 some forecast models
still calculated a track to the northeast on which
“Hagupit” would have missed the Philippines
altogether.

On 4 December 2014 it was feared that
“Hagupit” would make landfall as an upper
category 4 typhoon near the island of Leyte
and close to the city of Tacloban. Moreover,
“Hagupit” would still affect Manila as a category
2 typhoon; at this time gusts of as much as 380
kph were predicted over open waters.

In contrast to the first forecasts that “Hagupit”
could hit the Philippines as a super typhoon
with a similar strength to that of “Haiyan” a year
ago, the storm showed significant weakening
from 5 December 2014 onwards. Despite a sea
surface temperature of about 29°C, increased

L §

Fig. 2: Track of Super-Typhoon HAGUPIT, 6 hourly timestep (Analysis 29 Nov - 09 Dec and forecast 09

- 12 Dec 2014). Red numbers represent the storm’s category (Cat 1 — Cat 5) according to the Saffir-Simp-
son Hurricane scale (TD — Tropical Depression, TS — Tropical Storm). Data source: Joint Typhoon Warning
Center.
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vertical wind shear made “Hagupit” lose inten-
sity rapidly.

Due to a relatively slow shift along its track,
Hagupit was responsible for intense rainfall
which caused landslides, flooding and falling
debris. 72-hour rain amounts were 433 mm in
Catbalogan (Samar), 420 mm in Masbate City
(Masbate), 406 mm in Borongan (Samar) and
292 mm in Tayabas (Luzon); Manila Interna-
tional Airport did not get extremely heavy pre-
cipitation, recording a mere 44 mm of rain.

Figure 2 shows predicted rain amounts during
a period of 144 hours while “Hagupit” crossed
the Philippine islands between 5 and 11 De-
cember 2014. Along the path of the typhoon
rain amounts exceeding 300 mm had been ex-
pected as well as resulting flooding and land-
slides.

®
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Disaster Preparedness and Social Impacts

Before affecting the Philippines, storm and ty-
phoon warnings have been issued for parts of
Micronesia (Woleai, Yap) on 2 December 2014
followed by tropical storm warnings for parts of
the Republic of Palau (Kayangel, Koror). From
December 4th - 8th the Philippine National Dis-
aster Risk Reduction and Management Council
(NDRRMC) issued an average of four Weather
Bulletins per day, or one every six hours. On 6
December 2014 public storm warning signal#3

s '

Impacts on Transportation Systems and
Lifelines

Typhoon Hagupit had some minor impacts on
the transportation system. Vessels, rolling car-
goes and motorbancas have been stranded
due to bad weather conditions. Between 7 and
9 December 2014, a total of 245 domestic and
33 international flights were cancelled. Several
roads were reported not passable because of
flooding, landslides, fallen trees and toppled
electric posts, some bridges were closed due
to high water levels.

Power interruptions were experienced in 20
provinces in six regions, most of them occur-
ring in the provinces of Samar and Leyte. In the
telecommunication sector some networks were
down but had been restored largely within two
days.

Fig. 3: 144h-precipition amount covering 5-11 December 2014, 00 UTC.
Image credit: www.wettergefahren-fruehwarnung.de.

(highest warning level) was issued for parts
of Regions VIII and V. The emphasis was on
storm surges and “big waves”, a term not used
during typhoon “Haiyan”.

“Hagupit” affected more than 4.000.000 peo-
ple, 18 people died, 916 were injured. The
evacuation focused on the eastern coast of
the Philippines although evacuations occurred
throughout the affected area. The large evacu-
ation before “Hagupit” has been credited to
improved preparedness as a consequence
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Thursday, 4 December 2014, 10:51 UTC

Email-notification with preliminary information
and advice of a possible FDA activity; FDA dis-
tribution list

Thursday, 4 December 2014, 21:00 UTC

Advance warning on website Wettergefahren-
Frihwarnung

Friday, 5 December 2014, 09:00 UTC

Update of warning on website Wettergefahren-
Frihwarnung

Friday, 5 December 2014, 11:36 UTC

Information of CEDIM FDA group members by
emall

Friday, 5 December 2014

Preliminary CEDIM activities began; check-
ing and categorizing information about the ty-
phoon

Saturday, 6 December 2014, 09:30 UTC

Update of warning on website Wettergefahren-
Frihwarnung

Saturday, 6 December 2014, 13:15 UTC

Landfall of “Hagupit” near Dolores in Eastern
Samar province, Philippines

Saturday, 6 December 2014, 13:51 UTC

Email to all members on CEDIM FDA distri-
bution list. Decision was made that a full FDA
activity was not considered inevitable due to
significant decrease of storm

Sunday, 7 December 2014, 09:30 UTC

Update of warning on website Wettergefahren-
Frihwarnung

Sunday, 7 December 2014, 13:35 UTC

Latest information sent by email to CEDIM
FDA group

Sunday, 7 December 2014, 21:30 UTC

First analysis on typhoon’s evolution on web-
site Wettergefahren-Friihwarnung

Monday, 8 December 2014, 11:00 UTC

Final warning on website Wettergefahren-
Frihwarnung

Tuesday, 9 December 2014, 11:00 UTC

Report 1 on CEDIM website (in English)

Tuesday, 9 December 2014, 23:00 UTC

Extensive analysis about Hagupit (meteoro-
logical information, historical context, impact)
on website Wettergefahren-Frihwarnung (in
German)

Tuesday, 9 December 2014, 23:00 UTC

FDA activity ended

Table 1: Timeline of the FDA activity concerning “Hagupit”.

of learning from typhoon “Haiyan“. One year
ago, the much stronger Typhoon “Haiyan” led
to a pre-emptive evacuation of 792,018 people
compared to the 716,639 people evacuated for
Typhoon “Hagupit”.

A total of 290.670 damaged houses were re-
ported with 42.466 totally damaged. Accord-
ing to latest situation report of NDRRMC, the
overall cost of damages were about 100 Million
USS$, of which 29 Million US$ was related to
infrastructure damage and 71 Million US$ to
agriculture.
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Super Typhoon “Hagupit”, Philippinen

Anfang Dezember 2014 erreichte Taifun
“Hagupit” vor den Philippinen Super-Taifun-
Status und gehorte als vierter Wirbelsturm der
hdchsten Kategorie an. Als Taifun der Katego-
rie 3 ging “Hagupit” am 06.12. an Land. Durch
frlhzeitige  VorbereitungsmalRnahmen und
einer Abschwachung vor dem Landgang fielen
die Schaden geringer aus, als zuvor beflirchtet.
Heftiger Wind und sintflutartige Regenfalle von
zum Teil fast 400 mm in 24 Stunden sorgten
dennoch fiir erhebliche Sturmschaden, Uber-
schwemmungen und Erdrutsche.

Publications

B. Muhr, T. Bessel, T. Girard, S.A. Brink, B.
Khazai, T. Kunz-Plapp: Super Typhoon 22W
“Hagupit” — information as of 9 December
2014, 1st report, http://www.cedim.de/down-
load/CEDIM_hagupit2014_short.pdf, 5 pages.

B.Mihr, S. Baumstark: Tropischer Wirbel-
sturm Super-Taifun “Hagupit” -Philippinen
http://www.wettergefahren-fruehwarnung.de/
Ereignis/20141207_e.html.

Der tropische Wirbelsturm hatte fir mehr als
4 Millionen Einwohner der Philippinen direkte
Auswirkungen. Sie wurden in umfangreichen
und frihzeitigen Evakuierungsmafnahmen in
insgesamt 327 Schutzraume gebracht. Im Ge-
gensatz zum Taifun ,Haiyan“, der noch ein Jahr
zuvor rund 7000 Todesopfer gefordert hatte,
blieb die Zahl der Toten (18) und Verletzten
(916) vergleichsweise klein. Die Schadens-
summe belauft sich auf rund 100 Millionen US$,
davon entfallen 71 Millionen US$ auf Schaden
in der Landwirtschaft, der Rest auf Schaden an
der Infrastruktur.
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Continuous Long-Term Simulations for Flood Risk
Assessment - Mulde Case Study

Daniela Falter, Kai Schréter, Nguyen Viet Dung, Sergiy Vorogushyn, Heidi Kreibich, Yeshewa-

tesfa Hundecha, Heiko Apel, Bruno Merz

Introduction

There is an increasing need for spatially con-
sistent flood risk assessments at the large
scale (>10.000 km?), since currently available
approaches have several shortcomings. Flood
risk assessments often use the return periods
of flood flows or precipitation as a proxy for the
probability of damage. Moreover, risk mapping
is often undertaken assuming a uniform return
period across large river basins, which may

Basic Input

Model chain’s component

lead to a vast overestimation of risk at large
spatial scales.

Aims/Objective

The project aims at developing a novel ap-
proach for assessing flood risk in river catch-
ments in a spatially consistent way. The ap-
proach is based on a set of coupled models
representing the complete flood risk chain,
including a large-scale multisite, multivariate
weather generator, a hydrological model, a

Spatiality
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Fig. 1: Input data, components and interactions of the RFM model chain.
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Total damage: ~28 mil. Euro
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Fig. 2: 1) Distribution of Expected Annual Damage to residential buildings in the Mulde catchment at the
subbasin scale. 2a) — 2d) Comparison of total damage (a, c) and discharge return period (b, d) spatial
distributions among subbasins (x-axis) and different flood events (coloured lines) for two different levels of

total catchment damage.

two-way coupled 1D-2D hydrodynamic simula-
tion model and a flood loss estimation model.
Long time series of spatially consistent meteor-
ological fields are generated and transformed,
through the subsequent models, into long time
series of flood damage. This allows the deri-
vation of flood risk estimates directly from the
simulated damage.

Project status

The approach is based on a set of coupled
models representing the complete flood risk
chain, namely RFM (see Fig. 1). As an exam-
ple, the approach is applied to the mesoscale
catchment Mulde (ca. 6,000 km?), located in
east Germany. 10,000 years (100 realizations
of a 100-year period) of spatially consistent
meteorological time series are generated and
used as input to the model chain, yielding spa-
tially consistent river discharge series, inunda-
tion patterns and damage values. This results
in a unique data set of more than 2,000 flood
events, including detailed spatial information
on inundation depth and damage at a resolu-
tion of 100 m. On this basis flood risk curves
and risk indicators, such as expected annual
damage (see Fig. 2), can be derived for a
range of spatial scales, from the grid cell to the
catchment scale.

The novel flood risk approach thus developed
is based on long-term continuous simulation
and has a number of advantages:

1. Spatially coherent patterns of catchment
meteorology, hydrology and floodplain pro-
cesses,

2. Holistic representation of flood risk pro-
cesses,

3. A genuine representation of damage pro-
bability, and hence, flood risk.

Outlook

The approach has great potential to be trans-
ferred to other mesoscale but also large-scale
catchments. It is currently being implemented
for case studies in the Saale catchment and
the german part of the Elbe catchment. Moreo-
ver, dike breach process modelling and its im-
plementation in the flood risk model chain is
planned. This process has an important impact
on flood impacts but is not yet considered in the
hydrodynamic model components.
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Publications

Falter, D., Schréter, K., Dung, N.V., Vorogush-
yn, S., Kreibich, H., Hundecha, Y., Apel, H.,
Merz, B. (2015): Spatially coherent flood risk
assessment based on long-term continuous
simulation with a coupled model chain. Journal
of Hydrology 524, 182—-193. doi:10.1016/j.jhy-
drol.2015.02.021.

Falter, D., Dung, N.V., Vorogushyn, S.,
Schréter K., Hundecha, Y., Kreibich, H., Apel,
H., Theisselmann, F., Merz, B. (2014b online):
Continuous, large-scale simulation model for
flood risk assessments: proof-of-concept, Jour-
nal of Flood Risk Management, DOI: http://doi.
0rg/10.1111/jfr3.12105.

Hundecha, Y., Dung N.V., Vorogushyn, S.,
Merz, B. (2014): Development and validation
of a large-scale flood model composed of a
weather generator and catchment models,
EGU Topical Workshop Validation on Validation
in Flood Risk Modelling, Delft 9-10 December
2014.

Kontinuierliche Langzeitsimulationen zu
Flut-Risikobewertung - Multi-Case Studie

Es wird ein neuer innovativer Ansatz zur raum-
lich konsistenten Abschatzung des Hochwas-
serrisikos in Flusseinzugsgebieten prasentiert.
Der Ansatz basiert auf gekoppelten Modellen
die die gesamte Hochwasserrisikokette ab-
decken: ein groRraumiger, multi-site, multi-
variater Wettergenerator, ein hydrologisches

Falter, D.; Vorogushyn, S.; Lhomme, J.; Apel,
H.; Gouldby, B.; Merz, B. (2013): Hydraulic
model evaluation for large-scale flood risk as-
sessments. Hydrological Processes, 27, 9,
1331-1340.

Schréter, K., Kreibich, H., Vogel, K., Riggelsen,
C., Scherbaum, F., Merz, B. (2014): How use-
ful are complex flood damage models? - Water
Resources Research, 50, 4, p. 3378-3395.

Vogel, K., Riggelsen, C., Scherbaum, F,
Schroter, K., Kreibich, H., Merz, B. (2014):
Challenges for Bayesian Network Learning in
a Flood Damage Assessment Application. - In:
Deodatis, G., Ellingwood, B. R., Frangopol,
Dan M, D. M. (Eds.), Safety, reliability, risk and
life-cycle performance of structures and infra-
structures: proceedings of the 11th Interna-
tional Conference on Structural Safety and Re-
liability, New York, USA, 16-20 June 2013, (A
Balkema Book), Boca Raton, Fla [u.a.] : CRC
Press, p. 3123-3130.

Vorogushyn, S., Dung, N.V., Falter, D., Apel, H.
(2013): Benchmarking of a 2D flood inundation
model implemented in a GPU environment. In:
Klijn, F. and Schweckendiek, T. (eds.), Com-
prehensive Flood Risk Management, Research
for policy and practice. Proceedings of the 2nd
European Conference on Flood Risk Manage-
ment FLOODRIsk2012, Rotterdam, The Neth-
erlands, 19-23 November 2012, pp. 523-526,
Taylor&Francis, Group, London, ISBN 978-0-
415-62144-1.

Modell, ein wechselseitig gekoppeltes 1D-2D
hydrodynamisches Simulationsmodell und ein
Hochwasserschadenmodell. Lange Zeitreihen
raumlich konsistenter meteorologischer Felder
werden erzeugt und durch die Modellkette in
lange Zeitreihen von Hochwasserschaden
transformiert. Somit kann das Hochwasser-
risiko direkt auf Basis des simulierten Hoch-
wasserschadens ermittelt werden.
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The Web Service ,, Wettergefahren-Frihwarnung®
(Weather Hazards — Early Warning)

Bernhard Muhr

Overview

The key aspect of the internet service “Wet-
tergefahren-Friihwarnung” is extreme weather
events, especially when they are associated
with a high potential for loss and damage. The
main focus is on Europe, but severe natural
disasters on other continents are also consid-
ered and investigated. The web platform “Wet-
tergefahren-Frihwarnung” has been opera-
tional for more than eleven years now and has
become a flagship of CEDIM. Permanent avail-
ability, daily updated information, automatically
calculated forecasts worldwide, editorially en-
hanced reports of extreme or unusual weather
events and a comprehensive and ever-growing
archive of nearly 1000 events are the hallmarks
of the project. Additionally, “Wettergefahren-
Frihwarnung” is a pillar in CEDIM’s strategy of
interdisciplinary research in analyzing natural
disasters in near real-time. And in the context
of ATMO Forensic Prediction and Analysis, an
operational forecast system for winter storms in
Germany will be developed.

Notable extreme weather events in 2014

51 unusual or extreme weather events have
been identified and analyzed by “Wetterge-
fahren-Frihwarnung” in the course of the year
2014. According to the goals and the mission
of “Wettergefahren-Frihwarnung” which puts
the focus on Europe, 22 of the events affected
European countries or countries bordering the
Mediterranean Sea.

Apart from super typhoon “Hagupit” that
crossed the Philippines and required a minor
CEDIM FDA activity (see this issue), some of
the extreme weather events are particularly
worth mentioning:

1.) Heavy snowfall and extreme cold spell in
North America beginning of 2014

Strong winds, heavy snowfall and extreme low
temperatures struck parts of Canada, the Mid-
west, the northern Plains and the north east-
ern states of the US. Minimum temperatures
of around -40°C and blizzard-like conditions
caused severe impairment and at least 20

deaths. Several arctic blasts until early March
made the winter 2013/2014 extremely cold with
negative temperature anomalies exceeding
5K in parts of the north eastern half of North
America.

2.) Severe flooding in Balkan States, May 2014

While in many parts of Europe spring 2014
turned out to be exceptionally dry, lots of sta-
tions in south east Europe recorded rain
amounts about two and a half to three times the
usual amount. In mid May, another quasi-sta-
tionary upper low pressure system over south
east Europe caused persistent and intense
rainfall that finally led to extreme floods in the
Balkans. Bosnia and Herzegovina and Serbia
experienced a hundred year flood, at least 44
people were Killed.

3.) Heat wave and severe thunderstorms in
Central Europe, June 2014

Right during Pentecost 2014, hot air of African
origin was responsible for the first heat wave of
the year in Central Europe. High temperatures
were well above 35°C at many places, numer-
ous temperature records for the first decade of
June or even for the entire month were broken.
In Germany, Rheinau-Memprechtshofen in the
valley of the river Rhine experienced 37.7°C:
similarly high temperatures did not occur in the
rest of the year throughout the country. The
heat-wave ended with severe thunderstorms
that developed over Benelux, France and parts
of Germany. In North Rhine-Westphalia the
thunderstorms were accompanied by extreme
wind gusts that reached 144 km/h in Dussel-
dorf and were responsible for severe damage:
7 people died. One tree out of four was buckled
or uprooted, railway traffic was disrupted, and
on the streets there were 300 km of traffic jams.

4.) Intense rain, thunderstorms and flooding in
the western and central Mediterranean Sea,
autumn 2014

A series of high impact weather events bat-
tered eastern Spain, southern France, southern
Switzerland and Italy. Due to constant moisture
supply from the nearby Mediterranean Sea and
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Samstag, 10. Januar 2015, 00:45 MEZ — -
zuletzt aktualisiert 11.01.2015, 21:00 MEZ % / >

Winterstiirme “Elon" und “Felix"
West-/Mitteleuropa
09.-10.01.2015

Satelitenbdd (Terra MODIS)
09.01.2015, gegen 12 UTC

Zu Beginn des Jahres 2015 stellte sich nach einem kurzen Wintereinbruch Ende Dezember 2014 eine
stiirmische Wetterlage in West- und Mitteleuropa ein. In einer zonalen Stromung verlagerten sich
Randtiefs mit hoher Geschwindigkeit ostwarts. Nach Sturmtief “Elon" am 09.01. stand fur den 10.01.
uber dem Nordatlantik bereits "Felix" in den Startiochern. "Elon™ brachte auf den Britischen Inseln und
an der Nord- und Ostseekiiste sowie im Bergland Orkanbden. Im schottischen Stornoway wurden
Spitzenboen bis 182 km/h registriert. In den Grampian Mountains wehte der Wind in Boen bis 225 km/h
(Cairngorm Summit, 1237 m).

Im Warmsektor von "Felix” wurde am Alpenrand die 20 *C-Marke uberschritten und fur ein paar neue
Rekordtemperaturen aufgestelit. “Felix" sorgte im Nord- und Ostseeumfeld sowie im Bergland verbreitet
fur Orkanboen. Im Suden Norwegens wehte der Wind auf der Insel Eigeroya bis 166 km/h. Auch in
Norddeutschland, Danemark und Sudschweden wurden Orkanboen gemessen. Windbedingte Schaden
zeigten sich vor allem durch beschadigte Dacher und umgesturzte Baume, die zu
Verkehrsbehinderungen fuhrten. An der Nordseekuste hatte mit kam es zu einer Sturmfiut.

Sturmtief "Elon"

Im Verlauf der ersten Januardekade 2015 stellte sich uUber West- und Mitteleuropa eine zonales
Zirkulationsmuster mit sehr windigem Wetter ein. Am 06.01. und an den Folgetagen verlagerte sich ein
langwelliger Trog Uber dem Nordatiantik ostwarts. Das zugehorige Bodentief “Christian”, das am 06.01.
luber dem &stlichen Nordatlantik die Rolle des steuernden Zentraltiefs einnahm, erreichte am 07.01. mit
einem Kerndruck knapp unter 940 hPa westlich von Island seinen Hohepunkt Im Zusammenspiel mit
einem sich aufbauenden Bodenhoch, das bis zum 09.01. einen Kerndruck von 1045 hPa aufwies, enstand
uber Zentraleuropa ein beachtlicher Druckgradient.

Bodendruckanalysen und Satellitenbilder | Qualien: FU Berin/DWD, B J. Burton
=R, B 2unon

Fig. 1: Screenshot of “Wettergefahren-Frihwarnung”: Analysis of winter storms “Elon” and “Felix” in West-
ern and Central Europe, January 2015.
Image credit: http://www.wettergefahren-fruehwarnung.de.
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favorable meteorological conditions, thunder-
storms and areas with heavy rain were able to
regenerate and led to enormous rain amounts.

And the end of September Montpellier received
250 mm of rain within 3 hours - a new record.
The long-term monthly rain average for Sep-
tember is only 80 mm. According to Meteo-
France it had not rained that much in 11 years
in the region and a state of disaster was de-
clared.

In early November an intense cyclogenesis
caused heavy rain between the western Medi-
terranean Sea and the Alps. France, Italy and
Austria received several 100 mm of rain within
a short time resulting in landslides and flood-
ing. An extraordinary rain amount of nearly
700 mm (689 mm within 48 hours) occurred in
north-eastern ltaly at Malga Valine. At higher
elevations of the Alps gale-force winds were
measured, Chamrousse (F) reported wind
gusts of even more than 200 kph. Further to
the south, between Tunisia and Sicily, the low
pressure system “Quendresa I” became a so-
called “Medicane” and caused considerable
damage on Malta and on Sicily.

A few weeks later, during another heavy rain
event. 361 mm of rain fell within 12 hours at
Passo de Giovi north of Genoa (Italy), Genoa
itself observed 459 mm within a week (Novem-
ber 9-16) which is four times the usual amount
for November. Entire districts were under wa-
ter, landslides made roads and railroad tracks
impassable. An extraordinary high water level
of Lake Maggiore and Lake Lugano (Switzer-
land) required the highest warning level.

FDA — Forensic Disaster Analysis

Meteorological aspects play an important role
before, during and after a natural disaster
event, regardless of what type of disaster. On
the one hand, meteorological extreme events
are the most common natural disasters that oc-
cur globally; on the other hand, there are many
interactions and inter-dependencies of local
meteorological conditions that impact the so-
cial, economic and infrastructure sectors during
or after non-meteorological events. The project
“Wettergefahren-Friihwarnung” supports all
FDA activities by the preparation of text, data,
information or graphics. When appropriate,
FDA activities are initiated or the leading role
is taken.

Cooperation with and assistance of other pro-
jects inside and outside of CEDIM.

For example, projects such as Rapid Flood
Event Analysis, Transportation Interruption or
Database and Implementation of Case-Based
Reasoning for Analytical Support all benefit
from “Wettergefahren-Frihwarnung” activities.
For these projects data is generated and made
available. For a rapid flood analysis own high-
resolution model forecast data might be cal-
culated or measurement data will be provided
and also the project of transport interruption
may use forecast or measurement data on a
daily routine.

Other duties include a close cooperation with
external companies, e.g. insurances, for which
information and products are made available.
In addition, some work has to be done in the
media sector (Television, radio broadcasting,
newspapers or news agencies), but also other
scientific institutions take advantage of particu-
lar products.

Core Science Team

Bernhard Muhr
Institute for Meteorology and Climate
Research, KIT

Publications
www.wettergefahren-fruehwarnung.de

www.vorhersagezentrale.de

Der Web-Service “Wettergefahren-Frihwar-
nung”

Seit mehr als 11 Jahren informiert die Inter-
net-Plattform “Wettergefahren-Frihwarnung”
tagesaktuell Uber bevorstehende ungewohnli-
che oder extreme Wetterereignisse, vor allem
dann, wenn sie mit einem groRen Schadenpo-
tential einhergehen. Das Informationssystem
umfasst einerseits Warnungen und Hinweise
bereits einige Tage vor Eintritt des Ereignis-
ses und andererseits redaktionell aufbereitete
und mit Texten, Tabellen, Grafiken und Daten
versehenen Artikel, die nach Ende der Wet-
tereignisse verfasst werden. Das einzigartige
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Archiv umfasst mittlerweile Analysen zu fast
1000 Wetterereignissen weltweit. Standige
Verfugbarkeit, Aktualitat, Qualitdt und Umfang
sowohl des Archivs als auch der aktuellen In-
formationen sind die Markenzeichen des Pro-
jekts, das sich auch zu einem Aushangeschild
fur CEDIM entwickelt hat.

“Wettergefahren-Friihwarnung” untersttitzt
und arbeitet mit anderen Projekten innerhalb
und aulRerhalb von CEDIM zusammen. Als
Beispiele seien genannt: Rapid Flood Analy-
sis, Transportation Interruption oder Database
and Implementation of Case-Based Reasoning
for Analytical Support. Fir alle diese Projekte
werden Daten erzeugt und bereitgestellt. Wei-

tere Aufgaben umfassen die Zusammenarbeit
mit externen Unternehmen (Versicherungen),
Medien und anderen wissenschaftlichen Ein-
richtungen.

Im Rahmen der Forensischen Katastrophen-
analysen (CEDIM Forensic Disaster Analysis,
FDA) spielt “Wettergefahren-Frithwarnung”
eine wichtige Rolle, indem es samtliche FDA-
Aktivitaten durch Bereitstellung von Texten,
Daten, Informationen und Grafiken unterstutzt.
Im Falle meteorologischer Naturkatastrophen
leitet “Wettergefahren-Frilhwarnung” die FDA-
Aktivitaten ein und fuhrt sie gegebenenfalls
auch in leitender Funktion durch.

The Challenge of Hail Hazard and Risk Modelling

Michael Kunz, Heinz Jirgen Punge, Manuel Schmidberger, Susanna Mohr, Elody Fluck
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Fig. 1: Number of days between 2005 and 2013
with hail signals in the three-dimensional radar data
of the DWD radar network (Schmidberger et al.,
2014).

Overview

The recently published damage statistics of
Munich Re for the year 2013 reveal a surpris-
ing finding: The costliest natural catastrophe
worldwide - ranked by insured losses - was a
hailstorm event in Germany. On 27/28 July, two
supercell thunderstorms — one that moved over
the central parts, the other over southwest Ger-
many — with hailstones of up to 8 cm diameter
caused insured losses of 3.1 bn € (economic
loss: 3.1 bn €). This example illustrates the
large damage potential related to hail events,
which is still underestimated both by the pub-
lic and the insurance industry. In the context of
CEDIM, different projects are currently carried
out at IMK-TRO/KIT with the aim to better un-
derstand hail probability, hail risk and possible
trends. This article gives a brief overview of the
main results.

Hail Hazard Assessment

The assessment of the hail hazard is challeng-
ing mainly for two reasons: The areas affected
by hail, referred to as hail streaks, are usually
very small, and direct observational data are



Disaster Management

53

not available. To tackle this problem, appropri-
ate methods that estimate hail probability and
intensity from indirect data, so-called proxies,
have to be developed and implemented. Most
suitable are observations from remote sensing
instruments such as radar, satellite, or lightning
sensors having a large area under constant
surveillance. These data sets can be comple-
mented by additional information from regional
climate models (RCM) that are available for
longer periods.

For the area of Germany, we derived hail sig-
nals from three-dimensional radar data from
the German Weather Service (DWD) radar net-
work, filtered additionally with lightning obser-
vations and tracked with a specific algorithm.
The result is a unique high-resolution radar-
based event set consisting of around 10 000
individual hail streaks. The analyses reveal that
the spatial distribution of the hail events is the
result of a superposition of large-scale climatol-
ogy and local-scale flow dynamics (Fig. 1). A
surprising finding is that most of the hail max-
ima are located downstream of the low-moun-
tain ranges. Additional simulations with the nu-
merical weather prediction model COSMO-DE
of DWD confirm that flow convergence at lower
levels emerging downstream of the mountains
play a major role in the spatial distribution of
the hail events.

To estimate the hail probability across Europe,
we employed satellite-derived infrared bright-
ness temperature as proxy for hail. Overshoot-
ing of air masses atop thunderstorm anvil
clouds (overshooting top, OT) with low cloud
top temperatures has proven to be a reliable
indicator of severe thunderstorms including
hail. In combination with hail reports archived
by the European Severe Weather Database
(ESWD), the OT observations are used to build
a “climatology” of hail events in Europe. High-
est OT frequencies found in regions adjacent
to the Alps, the Pyrenees and near the Massif
Central confirm the relation between topogra-
phy and hailstorm frequency (Fig. 2).

Hail Risk Modelling

Risk modeling in general requires large event
samples over a long-term period. This applies
in particular for the estimation of the probable
maximum loss of a 200-years event (PML200),
which insurers need to provide in the context of
regulatory directives such as Solvency Il. The
hail risk models developed at KIT for the insur-
ance industry (SV SparkassenVersicherung

AG, Willis Re, Tokio Millennium) are based on
stochastic event sets for which track properties
such as length and width, duration, orientation
and intensity are generated from statistical dis-
tribution functions derived from past observed
events.

The recently developed HARIS-SV hail loss
model is based on the Gutenberg-Richter re-
currence law known from earthquake model-
ling. This approach combines return periods of
hailstorms with historical hailstone sizes from
ESWD on a 10 x 10 km2 grid. The stochas-
tic event set is created from polygons that are
randomly constructed from the radar-derived
event set. These polygons are the basis for
the calculation of the PML for a given portfolio.
Additionally, hazard and vulnerability are com-
bined with a damage function to separate dif-
ferent damage classes for every building object
class. Expected damage is obtained from the
accumulation of the mean damage ratio for a
specific portfolio. The model works efficiently
and also predicts realistic overall losses for sin-
gle events such as that of 28 July 2013.

The recently introduced Willis European hail
model (WEHM) uses a satellite-based histori-
cal event set to define the spatial extent and
intensity of hail events, also complemented
by ESWD hail reports. More than 1 million in-
dividual events are simulated with the help of
stochastic methods. Thereby an accurate rep-
resentation of the relationship of event length,
width and severity was implemented in the
model. The final stochastic hail event catalogue
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Fig. 2: Spatial distribution of the stochastic hail
event centroids derived from overshooting top
satellite data at a resolution of 0.5° x 0.3° between
2004 and 2011 (Punge et al., 2014).
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(hazard module) is the first with a spatial event
distribution that is based on a single homoge-
neous observation source over Europe. The
risk part of WEHM, including the description of
appropriate damage function, was developed
at Willis Re. The WEHM is currently used by
more than 20 insurance companies.

Long-Term Variability of Hail Events

The temporal variability of hailstorms over long
time periods is examined using a logistic hail
model (multivariate analysis). This approach
combines different meteorological parameters
relevant for thunderstorm and hailstorm de-
velopment (e.g., convection energy, moisture
content, large-scale weather conditions). The
result of the logistic hail model is a new index,
referred to as potential hail index (PHI), which
describes the potential of the atmosphere for
the formation of hailstorms. Based on region-
alized ERA-40 reanalyses over past decades,
PHI shows a distinct north-to-south gradient
in Germany with maximum in the south. The
analyses confirm that the hail potential of the
atmosphere increased between 1971 and
2000, even though statistical significance is be-
low 95% at most of the grid points. According to
an ensemble of seven RCMs (including those
from the former CEDIM project Flood Hazard
in a Changing Climate), it can be expected that
the potential for hail events will rise slightly in
the future (2021-2050), particularly in North-
west and Southern Germany (Fig. 3).
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Fig. 3: Changes of the potential hail index PHI
between 2021-2050 and 1971-2000 on the basis of
an ensemble of seven regional climate model simu-
lations. The colors indicate the persistence of the
signal by the number of model runs (out of seven)
that project an increase in PHI (Mohr et al., 2015).

Conclusions

In recent years, hail damage in Europe has in-
creased substantially. In several regions such
as Southern Germany, Switzerland, or Austria,
hail causes the major share of insured losses
by natural hazards to buildings and agriculture.
Despite the considerable damage potential,
hail risk is still underestimated by the public and
the insurance industry. Only a few hail models
are currently available in the insurance market.

In cooperation with the insurance industry, dif-
ferent hail risk models are developed at KIT.
Apart from the quantification of risk measures
such as the PML200, the hail hazard assess-
ments also provide new scientific insights. One
example is the increased hail frequency found
downstream of low mountain ranges, which
can be plausibly explained by flow characteris-
tics prior to hail events.

The question whether the series of severe hail-
storms over the last couple of years in Europe
is the result of a changing climate or natural
variability alone cannot be answered directly.
However, our climate model analysis gives
some indications that suggest an increase in
the hail potential of the atmosphere over past
and future decades.

Besides the various research activities in the
context of hail, it is planned to combine our hall
detection methods in future with information
provided by the CEDIM crowd sourcing project.
This should help to better estimate hail sizes,
which are directly related to damage, and to
support CEDIM FDA activities where hail plays
a major role.
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Herausforderung Hagelmodellierung

Infolge des starken Anstiegs von Hagel-
schaden in den vergangenen Jahren in Eu-
ropa werden in einigen Regionen mittlerweile
die meisten versicherten Elementarschaden
an Gebauden und in der Landwirtschaft durch
Hagel verursacht. Trotz des aulRerordentlich
hohen Schadenpotentials durch schweren
Hagel - beispielsweise haben die Hagelstiirme
am 27./28. Juli 2013 in Deutschland mit 3.1
Mrd. € die hochsten versicherten Schaden
durch Naturkatastrophen weltweit verursacht
—wird das Hagelrisiko noch immer von der Ge-
sellschaft und auch der Versicherungsindustrie
unterschatzt.

In  Kooperation mit verschiedenen Versi-
cherungen und CEDIM wurden am IMK-TRO/
KIT verschiedene Hagelgefahrdungs- und

Schadenmodelle fiir Deutschland, Mitteleuropa
und Europa entwickelt. Da praktisch keine di-
rekten Hagelmessungen verfiigbar sind, wur-
den hierfir Fernerkundungsdatensatze wie
Radardaten, Satellitendaten und Messungen
von Blitzsensoren verwendet. Neben der Ab-
schatzung des Hagelrisikos, beispielsweise
des wahrscheinlichen maximalen Schadens
fur ein 200-jahrliches Ereignis, zeigen die ver-
schiedenen Analysen auch neue und wichtige
wissenschaftliche Ergebnisse, beispielsweise
die Haufung von Hagelereignissen stromab
der Mittelgebirge. Mit Hilfe eines speziell
entwickelten logistischen Regressionsmo-
dells konnte aulBerdem gezeigt werden, dass
die Wahrscheinlichkeit fiir die Entstehung von
schweren Hagelstiirmen in der Vergangenheit
in Deutschland zugenommen hat und in der
Zukunft weiter (leicht) ansteigen wird.



Vulnerability and Critical Infratructures

57

Vulnerability and Critical Infrastructures

Decision Support Methods in the Field of Critical
Infrastructure Protection (DSM CIP): Overview

Thomas Miinzberg, Stella Méhrle, Wolfgang Raskob
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Fig. 1: Participants in the two-day expert workshop ‘disaster management planning for food shortages and
power outages’ at the National Research Center of the Karlsruhe Institute of Technology.

Introduction

Critical Infrastructure Protection (CIP) covers
all activities that ensure a continued supply of
vital services and products for the population.
This includes all coping measures to mitigate
and to minimize the consequences of ClI dis-
ruptions before and during disasters as well as
to recover from the effects to get back to a sat-
isfying supply status.

With the focus on disaster management and
emergency planning, the CEDIM project ‘De-
cision Support Methods in the Field of Critical
Infrastructure Protection (DSM CIP)’ promotes
the development of decision support methods
and analysis approaches for numerous ClI re-
lated threats. In 2014, we were able to build
on the successes of the previous years and
further improved our research activities on vari-
ous decision support methodologies, such as
case-based reasoning, multi-criteria decision
analysis, indicator-based vulnerability analysis,
and agent-based simulation.

Aims / Objective

Our long-term strategy aims at developing an
integrated decision aiding system that supports
decision makers from different administrative
levels of disaster and emergency manage-
ment. For this purpose, our research activities
address various decision support approaches
in order to manage different threat scenarios in
different Cl sectors.

Project status

In the last year, we have expanded our re-
search activities in the ongoing projects which
focus on

» the development of a CEDIM database and
the implementation of case-based reaso-
ning (CBR),

» asimulation-based decision support to ma-
nage food shortages (SEAK),

- facilitating the selection of security
measures in the context of terrorist threats
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Project Name

Funding Body

Development of a CEDIM Database and Im-
plementation of Case-based Reasoning for
Analytical Support — Continuation From 2013

Center for Disaster Management and Risk
Reduction Technology (CEDIM)

RIKOV Project: Risks and Costs of Terrorist
Threats against Public Rail Transport Sys-
tems — Continuation From 2013

German Federal Ministry of Education and
Research (BMBF), German National Security
Research Framework

SEAK Project: Decision Support for Managing
Disruptions in Food Supply Chains — Con-
tinuation From 2013

German Federal Ministry of Education and
Research (BMBF), German National Security
Research Framework

Modeling and Simulation of Critical Infrastruc-
tures using Agent-Based Modeling — Con-
tinuation From 2013

Helmholtz Association of German Research
Centres (HGF)

Critical Infrastructure Disruption: Decision
Support Through Vulnerabilities Assess-
ments — Continuation From 2013

Helmholtz Association of German Research
Centers (HGF)

Table 1: Projects within the DSM CIP activites in 2014 and its funding bodies.

against public rail transport systems (RI-
KOV),

+ the modeling of CI interdependencies
through agent-based simulation (HGF
Portfolio Security Research), and

* vulnerability assessments to manage the
impact of Cl disruption.

In 2014, CBR has been further implemented
within CEDIM’s Forensic Disaster Analysis
(FDA) activity (see ‘Development of a CEDIM
Database and Implementation of Case-based
Reasoning for Analytical Support — Continua-
tion from 2013’). Further, an agent-based mod-
el focusing on healthcare and water supply in-
frastructure is being developed (see ‘Modeling
and Simulation of Critical Infrastructures using
Agent-Based Approach’). Within the SEAK pro-
ject, the decision support framework for food
shortages has been further enhanced based on
three threat scenarios (see ‘The SEAK Project:
Decision Support for Managing Disruptions
in Food Supply Chains — Continuation from
2013"). Within the RIKOV project, a knowledge
database, a risk assessment approach, and a
decision support method for prioritizing secu-
rity measures in counterterrorism have been
developed. (see ‘Risks and Costs of Terror-
ist Threats against Public Rail Transport Sys-
tems — Continuation from 2013’). Further, our
research on measuring CI disruption impacts
has been expanded by temporal considera-
tions (see ‘Understanding Resilience: Spatial-

Temporal Vulnerability Assessment— Continua-
tion from 2013").

To support the research, we continuously im-
proved our cooperation with end-users by of-
fering several workshops. Embedded in the
RIKQV project, we conducted an expert work-
shop in April 2014 on the evaluation and man-
agement of risks, with 27 participants.

A further two-day expert workshop was organ-
ized at the end of October 2014. The workshop
addressed disaster management planning for
food shortages and power outages at the local
level. For this purpose, all city departments re-
sponsible for disaster management and health
in Baden-Wirttemberg, as well as representa-
tives from the regional councils in Baden-W(rt-
temberg and from the relevant German federal
authorities were invited. In a synergistic way,
we focused on research activities from the two
HGF-projects on agent-based modelling and
vulnerabilities assessments as well as on the
BMBF-project SEAK. The large number of ex-
perts allowed us to conduct various surveys
and discussions to improve our methodological
approach and the practical implications of the
research activities. The results will be analyzed
and several publications are foreseen for 2015.
In addition, the cooperation with end-users
such as fire brigades and disaster manage-
ment authorities has been strengthened for up-
coming research projects.
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Outlook

The individual DSM CIP activities will continue.
The existing synergies between the projects
will be expanded aiming to integrate new com-
ponents. In addition, new projects focusing on
additional CI related threats and the manage-
ment of disruption effects are envisaged.

Methoden der Entscheidungsunterstit-
zung zum Schutz Kritischer Infrastrukturen
(DSM CIP)

Der Schutz Kritischen Infrastrukturen (KRI-
TIS) beinhaltet alle MaRnahmen die in Krisen-
fallen zu einer kontinuierlichen Versorgung
der Bevolkerung mit lebenswichtigen Dienst-
leistungen und Produkten fuhren. Durch die
MalRnahmen werden Beeintrachtigungen oder
Ausfélle der KRITIS vermieden oder mini-
miert sowie eine zlgige Wiederherstellung
des Normalzustandes nach einem Schadens-
ereignis sichergestellt. Um hierbei insbeson-
dere KRITIS-Betreiber und die kommunale
Gefahrenabwehr zu unterstitzen, werden bei
der CEDIM-Aktivitat ,Entscheidungsunterstiit-
zung zum Schutz Kritischer Infrastrukturen
(DSM CIP)“ verschiedene Methoden der Ent-
scheidungsunterstiitzung und Analyseansatze
erforscht. In mehreren Projekten werden un-
terschiedliche KRITIS-Sektoren betrachtet und

Publications

Moehrle, S. (2014): On the Assessment of
Disaster Management Strategies. In: ISCRAM
2014 Conference Proceedings, Book of Pa-
pers, 11th International Conference on Infor-
mation Systems for Crisis Response and Man-
agement, Hiltz, S.R., Pfaff, M.S., Plotnick, L.,
Shih P.C. (Ed.), The Pennsylvania State Uni-
versity, USA, ISBN 978-0-692-21194-6.

Minzberg, T., Motzke, A., Wiens, M., and
Schultmann, F. (2014): Disruptions of Food
Supply Chains: A Spatial Vulnerability Assess-
ment Approach for Disaster Management. In:
Proceedings of the 9th Future Security, Secu-
rity Research Conference, Berlin, September
16-18, 2013, Thoma, K., Haring, I., Leismann,
T. (Eds.) Stuttgart: Fraunhofer Verlag, 2014,
pp. 48-55, ISBN: 978-3-8396-0778-7.

Methoden des fallbasierten SchlieRens, der
multikriteriellen  Entscheidungsanalyse, der
Indikatoren-basierten  Vulnerabilitatsanalyse
und der agentenbasierten Simulation weiter-
entwickelt. Die Projekte spiegeln unterschied-
lichste Bedrohungsszenarien wie terroristische
Anschlage im offentlichen Nahverkehr, Le-
bensmittelengpasse oder langanhaltende und
groRflachige Stromausfalle wider. Langfristig
sollen alle untersuchten methodischen Anséatze
zu einem umfassenden Entscheidungsunter-
stitzungssystem integriert werden. Um den
Anwendungsbezug sicherzustellen, wurden
im Jahr 2014 mehrere Workshops organisiert.
Bei einem zweitagigen Workshops im Herbst
mit dem Thema ,kommunale Notfallplanung
fur Lebensmittelengpasse und Stromausfalle®
konnten nicht nur verschiedene Forschungs-
fragen der unterschiedlichen Forschungspro-
jekte synergetisch bearbeitet sondern auch der
Anwendungsbezug und die praxisorientierte
Forschung gestarkt werden.
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DSM CIP: The RIKOV Project, Risks and Costs of
Terrorist Threats Against Public Rail Transport Systems —

Continuation from 2013

Lijun Lin, Stella Mohrle, Wolfgang Raskob

Introduction

The project RiKoV is part of the national re-
search program Research for Civil Security -
Security Economics and Security Architecture,
initiated and financed by the Federal Ministry of
Education and Research (BMBF).

Aims/Objective

The research aim of RiKoV is the investigation
- exemplarily for all critical infrastructures - to
what extent a holistic risk management ap-
proach can enhance the protection of public
railway transportation systems against terrorist
attacks. For this purpose, the following subsidi-
ary aims will be pursued:

1. the analysis of historic events and the iden-
tification of plausible attack scenarios of
public railway transportation,

2. the provision of a method for the analysis
and assessment of terrorist risk against pu-
blic railway transportation systems,

3. the provision of decision support methods
for the identification and prioritization of
suitable security measures considering
costs and socio-political aspects to reduce
the risk, and

4. the provision of decision support tools for
the implementation of security measures
and concepts.

The methods and tools so developed will be
implemented in demonstrations.

Project Status

We focused this year on the development of
a knowledge database for the structured stor-
age of identifiable scenarios and historic at-
tacks, the development of a risk assessment
approach, and a decision support method for
prioritizing security measures. For this pur-
pose, all the attributes relevant to describe
terrorist attack events were collected and ana-
lyzed. Afterwards, a database was established
and filled with data from historic events and
scenarios defined within this project. Further-

more, a risk assessment approach was de-
veloped, which takes threat, vulnerability, and
consequences of terrorist attacks into account.
In the decision-making process for prioritizing
security measures, the method of casebased
reasoning (CBR) and a multi-criteria analy-
sis approach (MCDA) were used. The imple-
mentation of CBR should provide an IT-based
support for preselecting security measures for
current attack scenarios with the usage of infor-
mation of the knowledge base. MCDA supports
the prioritization of retrieved security measures
in a multi-criteria manner by means of attribute
trees, which contain all relevant criteria for as-
sessing security measures. The methods and
the decision tree were evaluated during the ex-
pert workshop in April this year.

The CBR application and MCDA tool were set
up. They are programmed in Java.

Outlook

The CBR application will be tested and the im-
plementation process continues. The CBR ap-
plication and MCDA tool will be added to the
KIT demonstration. Finally, all software prod-
ucts will be integrated into an overall RiKoV
demonstration, which will be tested using real-
istic scenarios.
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Publications

Lin, L., Moehrle, S., Miinzberg, F. and Raskob,
W. (2014): A decision Support approach: evalu-
ating the effectiveness of security measures by
scenario-based multi-criteria analysis. In 9th
Security Research Conference, Berlin, Sep-
tember 16th — 18th.

RIKOV Projekt: Risiko und Kosten von ter-
roristischen Handlungen gegen offentliche
Schienentransport Systeme - Fortsetzung
von 2013

Das Verbundprojekt ,RiKoV* beschaftigt sich
mit Risiken und Kosten terroristischer Bedro-
hungen des schienengebundenen o6ffentlichen
Personenverkehrs und hat zum Ziel, einen
ganzheitlichen Risikomanagement-Ansatz
zum besseren Schutz vor terroristischen An-
schlagen zu entwickeln. Im Rahmen eines sol-
chen Ansatzes werden historische Anschlage
analysiert und plausible Bedrohungsszenarien
identifiziert. Die Szenarien werden einer Risiko-
bewertung unterzogen, welche die Bedrohung,
Vulnerabilitat und Konsequenzen eines An-
schlags berticksichtigt. Zur Risikoreduzierung

werden SicherheitsmaRnahmen ermittelt und
hinsichtlich ihrer Kosten, ihrer Wirksamkeit
sowie ihrer gesellschaftlichen Akzeptanz be-
wertet. Dazu wird eine Entscheidungsunter-
stitzungsmethode entwickelt, die die Sicher-
heitsmaBnahmen unter Berlicksichtigung von
Mehrzielentscheidungen priorisiert.

Die Hauptforschungstatigkeiten dieses Jahres
lagen auf der Weiterentwicklung von Methoden
zur Szenario-basierten Risikobewertung und
Entscheidungsunterstiitzung. Eine Wissens-
datenbank, das fallbasierte SchlieRen und die
multikriterielle Entscheidungsanalyse wurden
zu einem Entscheidungsunterstiitzungssystem
zusammengefihrt. Dieses System wird als Tell
eines Demonstrators realisiert.

Strategic Deterrence of Terrorist Attacks

Sascha Meng, Marcus Wiens, Frank Schultmann

Introduction and objective

Since 9/11 terrorist threats are much more pre-
sent in the European countries’ preventative
security and intelligence strategies. However,
research and management of adversarial risks
is still dominated by methods which do not suf-
ficiently account for the terrorists’ motives and
for the strategic component of the interaction
between offender and defender. In this research
project we analyze the interplay between con-
ventional risk analysis and game-theoretic rea-
soning in the context of adversarial risks. Part
of this work is conducted in the context of the
accompanying research project RIKOV.

Project description and outlook

The potential shortfall of conventional risk
management approaches lies in the problem
that history-oriented projections can also be
anticipated by terrorist offenders so that they
optimally adapt to this defense-system. As a
result, the system’s vulnerability and the of-
fender’s intention are both partly endogenous.
The game-theoretic analysis contributes to a
more robust defense-system in at least three
ways: Firstly, it urges the researcher to investi-
gate possible intentions and motivations of the
offender by carving out a clear motivation struc-
ture of potential ‘types’ of offenders. Secondly,
game-theoretic reasoning takes some kind of
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‘illusion of control” from the defending institu-
tion by compelling the important insight that
there are inevitably natural limits to risk reduc-
tion due to limited resources. In the end, the
most vulnerable parts are the system’s limits.
Although potential offenders will not be able to
infer the optimal defense strategy they will be
able to make an appropriate guess about the
defender’s limits. In other words: The offender
will not know what the defender will choose but
he knows quite well which strategies the de-
fender cannot choose. Rational offenders will
take this into consideration so that some kind
of endogenous vulnerability emerges. This
problem cannot be tackled by improved de-
cisions of the defender alone but rather by a
society-wide agreement on higher budgets or
higher thresholds of acceptance. Third, game-
theory puts more strength on forward-looking-
procedures instead of backward-looking, histo-
ry-oriented heuristics. As we know from crime
reduction, too adaptive defense strategies run
the risk of just reacting to events and thus forc-
ing defenders into the passive role of a tortoise-
hare-trap. This can quickly lead to heavy loss
of resources and to a significant damage in
reputation as the defense appears bustling and
ineffective at the same time. In summary, the
complementation of conventional approaches
by game-theoretic analysis allows for a stra-
tegic and dynamic stress-test on the assump-
tions and the system’s parameters. We apply
this methodology in the RIKOV project which
is funded by the Federal Ministry of Education
and Research. Here it provides the user with
hints (‘warnings’) about potential blind spots in
his defense system.

Stategische Abschreckung von Terroran-
schlagen

Unter adversen Risiken versteht man die Ge-
fahr materieller und immaterieller Schaden, die
auf die Aktivitaten von feindselig eingestellten
Personen(gruppen) zuriickgeftihrt werden kon-
nen. Beispiele hierfiir sind Cyberrisiken sowie
Risiken durch Wirtschaftskriminalitat und Ter-
rorismus. Wahrend konventionelle Anséatze zur
Analyse und Behebung dieser Risiken primar
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Meng, S., Wiens, M., Schultmann, F. (2014): A
game theoretic approach to assess adversarial
risks, Risk Analysis IX, Vol. 47, 141-152.

Wiens, M., Hu, B., Schmitz, W., Meng, S.,
Pickl, S., Schultmann, F. (2014): Optimizing
security vis-a-vis terrorist attacks: An applica-
tion for public rail transport systems, in: Thoma
et al. (ed.), 9th Future Security Research Con-
ference — Proceedings, Fraunhofer VVS, 254-
262.

Wiens, M., Meng, S., Schultmann, F. (2015):
Strategic deterrence of terrorist attacks, in: Op-
erations Research Proceedings 2014, Spring-
er, (forthcoming).

auf statistische Verfahren sowie auf Ent-
scheidungsregeln unter Ungewissheit zuriick-
greifen, sind strategische Ansatze in diesem
Bereich nach wie vor unterreprasentiert. Das
Forschungsprojekt integriert spieltheoretische
Modellierung in den konventionellen Ansatz
und untersucht das Zusammenspiel beider
Methoden im Hinblick auf einen effektiven
Schutz kritischer Infrastrukturen. Ein Anwen-
dungsbeispiel liefert das vom BMBF geftrderte
Projekt RIKOV.
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DSM CIP: The SEAK Project, Decision Support for
Managing Disruptions in Food Supply Chains —

Continuation from 2013

Andreas Motzke

Introduction

The SEAK project is part of the topic “Secur-
ing Food and Food Supply Chains” of the Ger-
man security research programme, initiated
and financed by the Federal Ministry of Edu-
cation and Research (BMBF). Project partners
are the Karlsruhe Institute of Technology (KIT),
the Technical University of Darmstadt, and the
4flow AG. The project started on January 1,
2013 and is projected to end on December 31,
2015.

Nowadays, food supply chains (FSCs) are op-
timised systems that are operated on high per-
formance levels. This makes them extremely
time and cost effective, but also more vulner-
able to disruptions caused by extreme events.
Disrupted FSCs may lead to severe lack of food
and drinking water. SEAK analyses causes and
effects of such food shortages for an effective
disaster management.

Aims/Objective

SEAK'’s major research aim is the improvement
of the resilience and reliability of the food sup-
ply in Germany, in particular in the case of dis-
turbances. A decision support framework is be-
ing developed which enables (i) an increased
understanding and transparency of the food
supply in Germany, (ii) the analysis of scenar-
ios implying disruptions of FSCs, and (iii)) an
improved crisis and risk management. For this,
logistical and transport simulation models, sce-
nario techniques, and decision support meth-
ods are combined.

Project Status

SEAK focuses on three relevant threat sce-
narios which may lead to a food shortage or a
FSC disruption: (i) a drop out of manpower, (ii)
a heat wave, and (iii) a failure of the IT system.
The selected scenarios in particular operate as
cases for the proposed decision support frame-
work by describing consequences within the
supply networks, implications for the food sup-
ply, and the information needs of the actors in-
volved. In 2014, additional experts —now 30 in
total since 2013- from the private sector (e.qg.
food logistics companies) and from public au-
thorities (e.g. federal state agencies) were in-
terviewed to obtain information related to food
supply shortages (scenario relevant aspects,
decision-makers in charge, distribution of re-
sponsibilities, etc.). In particular, possible coun-
termeasures and information needs of the key
players involved (“Landkreise und kreisfreie
Stadte”, “Regierungsbezirke”, “Bundeslander”,
“Bund”, private sector) were identified during an
expert workshop (“Notfallplanung fur Lebens-
mittelengpasse") at KIT with more than 25 rep-
resentatives from public authorities of different
administrative levels from Baden-Wirttemberg
and one from the Federal Office for Agriculture
and Food (BLE). The workshop evaluation is
still ongoing. Based on results from this and
one further internal workshop, a catalogue with
possible countermeasures —dependent on the
three scenarios— is being assembled for public
authorities. Another important finding from the
expert workshop was that local authorities are
in charge of managing food shortages and FSC
disruptions within their area of responsibility,

Threat scenarios

Drop out of manpower Failure of the |T-system

Sub-scenarios

Input parameters 1

Input parameters 2

Input parameters 3

Quantitative system model

Use case analysis

‘ Output

Decision support

Fig. 1: lllustration of the coupling between the project parts “scenario construction”,

modelling”, and “decision support”.

“quantitative system
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while food distribution via FSCs is organised
supra-regionally (partly even supra-nationally).
Hence, a supra-regional instance or instrument
to coordinate activities by the authorities may
be necessary. This challenge needs to be re-
solved for a successful and efficient disaster
management.

Fig. 2: Attribute tree.

Since 2014, we have been working on the
three threat scenarios described above in two
ways (see Fig. 1). Firstly, we use them to in-
vestigate the overall quantitative system under
disruptions or states of failure. The objective is
to observe how the system behaves when vari-
ous input parameters are changed according
to the scenario conditions. Therefore, impact
factors were extracted for each scenario. They
are coupled with the quantitative system in or-
der to ensure their compliance with the input
parameters of the system. Secondly, we devel-
oped various sub-scenarios (within the three
threat scenarios). The sub-scenarios specify
concrete decision problems that may arise in
companies and authorities. This twofold usage
of scenarios —from a holistic and from specific
perspectives — offers two benefits: (i) the (over-
all) quantitative system is considered under
several states of failures so as to understand
how robustly and resiliently the overall FSC
network reacts to disturbances and (ii) the defi-
nition of sub-scenarios allows the investigation
of independent use cases to demonstrate the
applicability of decision support methods.

Outlook

The second year of the SEAK project again
illustrates the great synergies between the
CEDIM institutes involved in the field of criti-
cal infrastructure protection (CIP). In SEAK’s
upcoming research, a problem oriented con-
cept for a decision support framework will be
developed based on the results obtained so far.
One realisation could be a “how-to” guideline
or manual for decision-makers. A more me-
thodical, quantitative approach is e.g. to apply
multi-criteria decision analysis (MCDA) such as
the multi-attribute value theory (MAVT) or the

analytic hierarchy process (AHP). figure 2 il-
lustrates the problem structuring by a general
attribute tree. The “overall goal” is the securing
of food supply. The task is to fill the tree by con-
crete “criteria” (= “indicators”) and “alternatives”
(= “countermeasures”) depending on the (sub-)
scenario under investigation, i.e. the respective
outcome of the system modelling (see Fig. 1)
and additional information if required. Generic
criteria are e.g. costs and supply service level;
weights of criteria are gained by e.g. expert
evaluation. Possible alternatives for public au-
thorities are provided by the catalogue resulting
from the two workshops (see above). Finally,
the resulting decision support will be tested and
validated via a table-top exercise.
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Motzke, A.; Balster, A.; Hansen, O.; Her-
rmannsdorfer, M.; Schéatter, F.; Friedrich, H.;
Raskob, W.; Wiens, M.; Schultmann, F. (2014):
The SEAK Project: Decision Support for Man-
aging Disruptions in Food Supply Chains. In:
Proceedings of the 9th Future Security, Secu-
rity Research Conference, Berlin, September
16-18, 2014. Thoma, K.; Haring, I.; Leismann,
T. (Eds.), Stuttgart: Fraunhofer Verlag, 2014,
pp. 578-581, ISBN 978-3-8396-0778-7.

SEAK Projekt: Entscheidungsunterstit-
zung zur Bewaltigung von Versorgungs-
engpassen - Fortsetzung von 2013

Das im Rahmen des Nationalen Sicherheits-
forschungsprogramms 2012-2017 vom Bun-
desministerium fir Bildung und Forschung
(BMBF) geforderte Projekt SEAK (,Ent-
scheidungsunterstiitzung zur Bewaltigung
von Versorgungsengpassen)  beschaftigt
sich mit dem Risiko- und Krisenmanage-
ment von Behorden und Unternehmen bei
Lebensmittelversorgungsengpassen in
Deutschland. Dazu analysiert SEAK drei Sze-
narien, die zu Ausfallen und Stérungen in Le-
bensmittelwarenketten fuhren kdnnen: (i)
Arbeitskrafteausfall, (ii) Hitzewelle und (iii) IT-

Minzberg, T.; Berbner, U.; Comes, T.; Frie-
drich, H.; Gross, W.; Pfohl, H.-C.; Schultmann,
F. (2013): Decision Support for Critical Infra-
structure Disruptions: An Integrated Approach
to Secure Food Supply. In: Proceedings of the
10th International Conference on Information
Systems for Crisis Response and Management
(ISCRAM 2013), Baden-Baden, Germany, May
2013. Comes, T.; Fiedrich, F.; Fortier, S.; Gel-
dermann, J.; Muller, T. (Eds.), pp. 312-316,
ISBN 978-3-923704-80-4.

Ausfall. Eine szenariobasierte Entscheidungs-
unterstiitzung wird sowohl ganzheitlich als auch
subszenario-spezifisch (,narrative Fallstudien®)
entworfen (vgl. Abb. 1). Zum Beispiel wird ein
ganzheitlicher Ansatz fiir Behorden verfolgt,
bei dem eine Datenbank mit Standorten von
Kapazitaten (z.B. Lebensmittel-Lagern, LKWSs)
und mit multikriteriell abgeschatzten Vulnerabi-
litaten (z.B. der 402 Landkreise und kreisfreien
Stadte) zusammen mit einem geeigneten
MafRnahmenkatalog den Ausgangspunkt der
Entscheidungsunterstiitzung bildet. In der Fall-
studie ,Arbeitskrafteausfall durch Pandemie
— FilialschlieBungen in Berlin“ wird z.B. eine
subszenario-spezifische Entscheidungsunter-
stiitzung insbes. fir Unternehmen entwickelt.
Weiteres zu SEAK unter www.seak-projekt.de.

Business Continuity Management Against Food Supply

Chain Disruptions

Frank Schatter, Marcus Wiens, Frank Schultmann

Introduction

Widespread research articles focus on de-
cision-making in the immediate aftermath of
hazardous events which affect a society and its
logistical structures. Humanitarian logistics in
particular is a prominent domain in this regard
where the objective is to replace such affected
structures temporarily. These approaches fo-
cus on situations where pre-existing logistical
structures are severely disrupted and decision-
makers such as governments, military, aid

agencies, donors, non-governmental organiza-
tions and companies require decision support
in order to implement robust logistical com-
pensation structures that additionally hedge
against various conditions of the uncertain de-
cision situation. In turn, our approach comple-
ments the research on logistic resilience and
business interruptions. Here pre-existing logis-
tical structures have to be secured against the
risk of sudden breakdowns in critical parts of
the transport infrastructure.
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Objectives

KIT-1IP works on a decision support methodol-
ogy that concentrates on a decision situation
where business continuity management is re-
quired to keep alive the functioning of threat-
ened logistical structures due to a hazardous
event. Decision-makers are companies them-
selves as operators of these logistical struc-
tures, particularly those whose businesses re-
fer to the critical infrastructure sectors of food,
water, health care, and energy. KIT-IIP cooper-
ates with the SEAK project partner 4flow GmbH
to develop a case study that applies the deci-
sion support methodology for business conti-
nuity management. A case study is developed
dealing with a flu epidemic scenario in Berlin
that triggers a high ratio of staff absence in a
food retail company.

Project status and outlook

The SEAK project develops decision support
concepts to prevent a hazard-affected society
from possible food shortages due to food sup-
ply chain disruptions. In the course of the pro-
ject heat waves, blackouts of the IT-system and
staff absence have been mentioned by experts
as primary risks for food shortages due to busi-
ness interruptions. Based on these categories,
the SEAK project consortium has defined nine
threat scenarios indicating the possibility of
food shortages due to, inter alia, disruptions of
transport and production chains or destructions
of inventory. For each threat scenario, a narra-
tive description of the underlying decision situ-
ation has been formulated as a basis on which
to develop and test innovative decision support
concepts. The considered case study focuses
on the decision problem of a retailer who is
confronted with the problem of staff absence
in a sales district. The inherent restrictions are
firstly the ratio of available staff and secondly

Wiederaufbau des Handelswesens zur Be-
waltigung von Versorgungsengpassen

Im Rahmen des Forschungsprojektes SEAK
(Entscheidungsunterstiitzung zur Bewaltigung
von \Versorgungsengpassen) untersucht das
KIT-IIP gemeinsam mit dem Projektpartner
4flow GmbH die Auswirkungen eines Arbeits-
krafteausfalls auf die Unternehmensablaufe
eines Lebensmittelhandlers in Berlin. Aufgrund

the uncertain evolution of local demands. The
decision-makers are located at the manage-
ment level of the food retailing company that
supervises staff reallocations and has the com-
petence to close stores in cases of necessity.
To process the decision problem of staff distri-
bution, an optimization model has been imple-
mented where the optimal solution (distribution
of available staff) depends on different demand
distributions, highlighting demand shifts of the
population. Each demand distribution is de-
noted as a scenario specification: the overall
aggregation of these solutions across all sce-
narios leads to a set of alternatives that can be
taken as actions to solve the decision problem.
Testing the objective function of each alterna-
tive under all scenario specifications within
the optimization model provides the basis to
explore the robustness of each alternative to
uncertain conditions. The application of the op-
timization model is work-in-progress; the con-
ception of the case study has been submitted
to the Humanitarian Technology Conference in
2015.
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einer Grippewelle ist das Unternehmen dazu
gezwungen, verfligbare Arbeitskréafte temporar
umzudisponieren, um die Versorgung der Be-
volkerung aufrecht zu erhalten. Die Projekt-
partner entwickeln ein Optimiermodell zur Al-
lokation der Arbeitskrafte. Durch das gezielte
Testen von unterschiedlichen Handlungsalter-
nativen unter verschiedenen Nachfragever-
teilungen in der Bevolkerung wird eine robuste
Handlungsempfehlung identifiziert.
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DSM CIP: Modeling and Simulation of Critical
Infrastructures Using an Agent-Based Approach

Evgenia Deines, Stefan Wandler

. 1000 m

Fig. 1: Power Blackout Propagation, Karlsruhe Areas.

Introduction

In order to simulate power outages and their
impact on Critical Infrastructures (Cls), we are
using the agent-based modeling (ABM) ap-
proach — a flexible computer-aided method.
The agents are autonomous and independent
from other operating units. They have the abil-
ity to decide which action they take either to
react to actions of other agents or to new condi-
tions within their environment.

Aims/Objective

The objectives of the work are the study of ClI
behavior during power outages and investigate
measures to optimize measures supporting
decision-making.

Project status

To represent different Cls and their interde-
pendencies, a relational model is being devel-
oped focusing on healthcare and water sup-
ply infrastructure. The ABM model represents
Cl elements as agents whose properties are
stored in a database. The ABM framework is

coupled to a database which allows storing and
reading information related to particular simu-
lations. It is further coupled to a Geographical
Information System (GIS) allowing the visuali-
sation of the simulation for particular geograph-
ical locations.

To consider the practical applicability of our ap-
proach, we decided together with our project
partners DLR and the research centre Jilich,
that the city of Karlsruhe will be our test case.
Consequently, we have started to collect data
concerning different elements of healthcare and
water supply infrastructure in Karlsruhe. The
data collection comprises characteristics and
key parameter of the water supply chain and
health care facilities such as hospitals, mental
hospitals, dialysis practices, other smaller hos-
pitals, and care facilities. Further to this, we
are collecting potential management measures
related to the above mentioned infrastructures:
other options are those related to the operator
and civil protection authority.

In October 2014, we participated in the organi-
sation of the workshop “emergency planning
for bottlenecks in food distribution and black-
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outs”. Day two of the workshop focused on rep-
resentatives of civil protection authorities and
health offices in Baden-Wirttemberg. The aim
of this workshop was to provide information for
building emergency plans, to identify vulner-
abilities in crisis management, and to evolve
and assess concrete measures for the perpetu-
ation of health care during a blackout. As part
of the workshop, we developed a questionnaire
that was mainly related to decision making, e.g.
how the participants would react in different cri-
sis situations.

Outlook

The ABM model will be enhanced by adding
further CI components and implementing their
behaviors. For example, it is planned to inte-
grate fuel supply or a model of an airport, in co-
operation with our project partner DLR. Various
scenarios, including decision-making struc-
tures and measures, will be simulated, taking
into account also the increased use of renew-
able energy. The simulation results will be ana-
lyzed and the appropriate strategies to mitigate
the consequences to the Cl and the population
during power blackouts will be tested.
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Modelierung und Simulation von kritischen
Infrastrukturen unter Nutzung eines agen-
tenbasierten Ansatzes

Fur die Simulation von Stromausfallen und
deren Auswirkungen benutzen wir einen agen-
tenbasierten Ansatz. Damit mdchten wir einer-
seits das Verhalten der kritischen Infrastruk-
turen wahrend des Stromausfalls untersuchen,
und zum anderen auch potentiell einsetzbare
MafRnahmen im Rahmen einer Entscheidungs-
unterstiitzung optimieren.

Unsere Hauptuntersuchungsgebiete sind dabei
das Gesundheitswesen und die Wasserver-
sorgung. Die Eigenschaften der einzelnen Ele-
mente werden in einer Datenbank abgelegt,
die wahrend der Simulation laufend aktualisiert
wird. Fur eine bessere Untersuchung und Be-
obachtung der Ablaufe, wie zum Beispiel der
Ausbreitung des Stromausfalls, ist das agen-
tenbasierte Model an ein Geografisches Infor-
mationssystem (GIS) gekoppelt.

Realitatsnahe ist in diesem Projekt ein wichtiger
Aspekt und deshalb haben wir uns mit den Pro-
jektpartnern DLR und dem Forschungszentrum
Julich auf Karlsruhe, als die zu simulierende
Stadt, geeinigt. Die Datensammlung hat begon-
nen. Des Weiteren haben wir den Workshops
.Notfallplanung fiir Lebensmittelengpasse und
Stromausfalle* mit organisiert. Dieser richtete
sich an die Vertreter der Katastrophenschutz-
behorden und der Gesundheitsamter in Baden-
Wiirttemberg.

Das Agenten basierte Modell wird mit ver-
schiedenen Maflinahmen, Strukturen zur Ent-
scheidungsunterstiitzung und einer Vielzahl
an Szenarien weiter entwickelt. Durch die Ana-
lyse der Simulationsergebnisse sollen dann
geeignete MalRnahmenstrategien getestet und
verbessert werden, um die Auswirkungen des
Stromausfalls langfristig zu minimieren.
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DSM CIP: Understanding Resilience, Spatial-Temporal
Vulnerability Assessment — Continuation from 2013

Thomas Miinzberg, Marcus Wiens, Frank Schultmann

Introduction

The disruption of Critical Infrastructures (Cls),
which supply the population with vital services
and products, can lead to severe situations that
request advanced activities from disaster man-
agement authorities and CI providers. To sup-
port these activities, we focus on the develop-
ment of vulnerability models which allow for the
consideration of time-dependent and spatial
impacts of Cl disruptions. The project on deci-
sion support through vulnerability assessments
is based on the example of a power outage that
affects all kinds of Cls in all districts of a city.

Aims/Objective

The vulnerability model should support local
disaster management authorities and CI pro-
viders with a more accurate forecast of the
spatial-temporal impacts of a power outage
as one example of a CI disruption. Often, the
individual impacts on single infrastructures are
well known. However, a comprehensive view of
the functionality of Cl sectors as well as a com-
mon picture of the time-dependent effects are
missing. In addition, the effects of alternative
business continuity measures on the overall re-
silience of a city should be determined based
on the spatial-temporal vulnerabilities of its dis-
tricts.

Project status

In our previous work on a general framework for
the spatial vulnerability assessment, we used a
static indicator-based approach to measure the
impacts of a power outage. The results of the
framework enable decision makers to compare
individual vulnerabilities of districts by taking
into account the locations of Cls. In particular,
the selection of the most appropriate districts
to conduct the load shedding procedure was
facilitated. Due to such a procedure, some
consumers are decoupled from the grid to en-
sure network stability in times of network imbal-
ances.

In 2014, we built the scientific basis to elaborate
this model including temporal considerations.
For this purpose, we reviewed current research

results that focused on temporal assessments
of CI disruption impacts and on methodologi-
cal approaches which expand indicator-based
models taking into account time-dependent
effects (Minzberg, Wiens, and Schultmann,
2014a). Based on this result, we concentrated
our activities on the relevancies of Cls, the
temporal impacts of coping capacities such as
emergency power units with different sizes of
fuel tanks, and day-time referenced dependen-
cies of Cls on electricity.

Other aspects issued in 2014 were the differ-
ent types and numbers of Cls in a city and its
relevance in providing a population with vital
services and products. In Germany, there is an
official definition of the CI sectors and branches
that is determined from a federal perspective.
At the local level of a city, there is no common
or official definition of Cls that represent a city
system. Also missing is a clear overview of
which Cls are most relevant in providing critical
services and products and, hence, should have
a higher priority in supplying Cls with electricity
than others. To overcome this problem, we car-
ried out an expert survey in three steps. In the
first step, we tested a questionnaire in which
a small number of experts with practical ex-
perience were asked to define a priority value
for Cls. For this purpose, we defined a set of
Cls which was derived from the official federal
definition of Cl sectors which present facilities
at the local level. The survey was embedded
in an invited talk to an expert audience of the
Program at the German Annual Trade Fair for
Fire Brigades, Fire Protection and Disaster
Management (Mlinzberg, Wiens, Schultmann,
2014b). In addition, experts were asked to add
missing Cls.

In the second step, the questionnaire was ad-
justed based on the findings from the first step.
The new questionnaire was given to experts
that participated in our workshop on ‘disaster
management planning for food shortages and
power outages’. The experts were representa-
tives from the local disaster management and
health authorities of cities, districts, and region-
al governments in Baden-Wirttemberg which
are in charge of disaster planning in their area
of responsibility.
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In a next step we considered different degrees
of coping capacities of the Cls. To cope with
a power outage, typically the Cls have emer-
gency power units with fuel tanks of different
sizes. These enable Cl providers to delay the
adverse effects and to ensure a continued
business for a limited time. The more capac-
ity is consumed, the less is the ability to cope
with the abnormality and, hence, vulnerability
increases. Based on the aggregation method-
ology from our previous work, it is possible to
estimate district specific vulnerability profiles.
These profiles display the increase vulnerabil-
ity, taking into account the localization of Cls,
their relevancies and their coping capacities.
Decision-makers are able to conduct sensitiv-
ity analyses by changing the capacities and
assessing the differences in the vulnerability
profiles. This allows a comparison of the im-
pact of different strategies and an assess-
ment of district resiliencies. For this purpose,
we developed a framework (Minzberg, Wiens,
and Schultmann, 2014c). Methodologically, we
used the results of temporal vulnerability analy-
sis and predefined, time-depending protection
target levels. This allows decision makers to
assess how well alternative coping strategies
perform and satisfy predefined goals.

Another issue in 2014 was the enhanced link to
practitioners and end-user cooperation. Based
on the outcome from the expert workshop,
conducted in autumn 2014, we enhanced our
end-user orientation and addressed several
scientific issues to the practitioners. In addition,
our approaches and model results were pre-
sented in several invited talks including the an-
nual trade fair for fire brigades, fire protection
and disaster management (Minzberg, Wiens
and Schultmann, 2014), already mentioned
above, and the PMR-Conference 2014 which
is an international conference for professional
mobile radio and control rooms (Minzberg,
Wiens, and Schultmann, 2014d). In addition,
we contributed peer-reviewed scientific papers
to end-user orientated events such as the 62nd
Annual Expert Meeting of the German Fire Pro-
tection Association (vfdb) (Minzberg, Wiens,
and Schultmann, 2014e) and the 14th Forum
on Disaster Preparedness of the German Com-
mittee for Disaster Reduction (DKKV) (Minz-
berg, Wiens, and Schultmann, 2014f).

Outlook
In 2015, we will analyze, compare, and verify

the results of the various surveys. This will
provide more insight in the decision-maker’s

perception of the relevancies of Cls on a local
level. Another interesting field for research is
to consider the varying dependence of the ClI
on electricity with time. The dependence of a
Cl on electricity changes over time according
to the business undertaken during a day. We
assume that the vulnerability of a Cl is higher
at a time of the day in which this dependency
reaches the highest degree. To include this as-
pect, we will complement our research activi-
ties by including standardized load profiles that
are usually applied in the load management of
electricity grids.

This approach allows for an assessment of the
performances of different coping strategies.
The next step would be to systematically in-
clude this into disaster management planning.
For this purpose, we will investigate several
business continuity measures that could define
different strategies.
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Verstandnis von Belastbarkeit, zeitlich
begrenzte Vulnerabilitatsanalysen - Fort-
setzung von 2013

Kritische Infrastrukturen (KRITIS) versorgen
die Bevolkerung mit lebenswichtigen Dienst-
leistungen und Gutern. Fallen sie aus, kann
dies zu verheerenden Folgen fihren. Um ins-
besondere die kommunalen Gefahrenabwehr-
behorden als auch die KRITIS-Betreiber bei
der Vorbereitung und Bewaltigung von KRI-
TIS-Ausfallen zu unterstutzen, entwickeln wir
zeit-raumliche Vulnerabilitatsanalysen. Das
Ausgangsereignis ist dabei ein langanhal-
tender Stromausfall, dessen Wirkungen auf
die verschiedenen KRITIS-Einrichtungen ei-
ner Kommune Uber die Ausfalldauer analysiert
werden. Hierzu werden die Standorte und die
vorgehaltenen Bewaltigungskapazitaten wie
Notstromaggregate verwendet, um infrastruk-

Minzberg, T., Wiens, M. und Schultmann,
F. (2014e): Ausfall Kritischer Infrastrukturen:
Gefahrenabwehrplane und Notfallkonzepte
auf kommunaler Ebene. In: Proceedings of
the 62nd Annual Expert Meeting of the Ger-
man Fire Protection Association, 62. Jahres-
fachtagung der Vereinigung zur Férderung des
Deutschen Brandschutzes e.V. mit Zusatzver-
anstaltung Critical Infrastructure Event, 16.-18.
Juni 2014, Dortmund, S. 673-687.

Munzberg, T., Wiens, M., and Schultmann, F.
(2014f): Resilienz verstehen: Eine ganzheitli-
che und raumzeitliche Analyse der Wirkungen
von Stromausfallen. In: Proceedings of 14th
Forum on Disaster Preparedness of the Ger-
man Committee for Disaster Reduction, 14.
Forum Katastrophenvorsorge, Akteure verbin-
den, Losungen finden Katastrophenvorsorge
im Dialog zwischen Wissenschaft und Praxis,
Deutsches Komitee fiir Katastrophenvorsorge
(DKKV), November 4-5, 2014, Leipzig.

turspezifische Vulnerabilitatsverlaufe abzu-
bilden. Damit wird ein Verstandnis ermdglicht,
wie Stromausfalle Uber die Zeit bei einzelnen
Einrichtungen zu einer Eskalation fihren. Des
Weiteren analysieren wir durch Expertenbefra-
gungen die Bedeutung der einzelnen KRITIS-
Einrichtungen fiir die Versorgung der Bevol-
kerung mit lebenswichtigen Dienstleistungen
und Gitern. Hierdurch lassen sich die in einem
Stadtteil oder in einer Gemeinde befindlichen
KRITIS-Einrichtungen und ihre Eigenschaften
zu Vulnerabilitatsprofilen aggregieren. Diese
verdeutlichen den Verlauf der Vulnerabilitat
einzelner Regionen bei einem Stromausfall.
Mit dieser dynamischen Darstellung lasst sich
die Resilienz der einzelnen Regionen aber
auch die Resilienz der gesamten Kommune
ableiten und die Wirkungen verschiedener Be-
waltigungsstrategien vergleichbar machen.
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Regional Climate Change and the Industry’s Fragility — An

Indicator-Based Approach

Hanns-Maximilian Schmidt, Karoline Fath, Marcus Wiens, Julian Stengel, Frank Schultmann

Introduction

The IPCC'’s “Fifth Assessment Report: Climate
Change 2013” provides scientific evidence for
the ongoing environmental changes that come
along with climate change. Concerning our so-
ciety and the industrial sector in particular, the
efforts to mitigate or adapt to these incontro-
vertible challenges are subject to the decision-
makers’ risk assessment and their individual
and collective risk perception. In order to sup-
port risk response and strategies for adaptation
on the municipal level in Baden-Wurttemberg
(BW), we designed an indicator-based ap-
proach that considers regional characteristics
of climate change as well as the (regional) eco-
nomic structure. Therefore, we combined high-
resolution climate projections (Alb scenario)
for BW provided by the Institute of Meteorol-
ogy and Climate Research (IMK-TRO) at the
KIT with economic indicators derived from the
Federal Statistical Office and from input-output
analysis for the specific region. The overall
goal is to raise the awareness of the stakehold-
ers concerning regional climate change.

The project KLIMOPASS is funded by the Min-
istry of the Environment, Climate Protection

and the Energy Sector Baden-Wurttemberg
and coordinated by the Landesanstalt fir Um-
welt, Messung und Naturschutz Baden-Wirt-
temberg (LUBW). Our sub-project was pro-
cessed from October 2013 until July 2014.

Indicator Framework for the Stuttgart Met-
ropolitan Area

The Stuttgart Metropolitan Area includes 480
communities in 20 rural districts with more than
5 million people living there . Within the urban
areas, e.g. Stuttgart, Heilbronn, Tubingen, etc.,
are situated some highly specialized industries.
In particular, automotive companies and their
suppliers play an important role regarding the
employment. As the IMK-TRO'’s data show, cli-
mate change is likely to affect this highly indus-
trialized region. It forecasts a decrease in cold
and frost days of more than 28 percent for the
period from 2021 to 2050, whereas the number
of hot days might rise to 96 percent. Days of
high precipitation are also likely to increase by
21 percent compared to the reference period
1971 — 2000.

When it comes to the physical impacts of cli-
mate change and extreme weather events on

Table 1: Set of indicators (industr
e — s w— e —

leed Assets Specn‘lc assets

Personnel intensity
Staff

Specific energy use

Infrastructure Specific water use

Dependency on water

Use of transportation

Key Sectors

Supply Chain

Specific material cost

Degree of staff specialization

Dependency on energy

Dependency on operating
materials

Dependency on personnel

Share of staff members with
college degree

Energy consumption per revenue
Decrease in productivity per loss
Water use per revenue

Decrease in productivity per loss
Diversification of transportation
modes used

Sector's importance for the
supply chain

Measuring specialization of
manufacturing processes
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industry, there are four vulnerable assets to be
observed: fixed assets and equipment (ma-
chinery, buildings), staff working in administra-
tion or production, infrastructure (transportation
services) and economic interrelations along the
supply chain that might lead to cascading ef-
fects. Within these categories we identified 10
economic indicators. Most of them can easily
be drawn from official economic data whereas
the factors concerning the dependency on en-
ergy and water are deducted from literature. As
there are no data available for BW, the indica-
tors state the nation-wide average for each of
the 16 industrial sectors. Moreover, the indica-
tor “Key Sector”, which indicates that a sec-
tor plays an important role as a supplier and
purchaser of goods at the same time, is drawn
from the regionalized input-output table for BW
that we performed as suggested by Flegg &
Thomo (2011). However, by using the entries
of an online address database for companies in
Germany we were able to assign the industries’
vulnerability indices (as a weighted sum of all
indicators) to the communities. Obviously, our
indicator composition focuses on the industry’s
fragility. Any factors concerning resilience of
the given systems are explicitly excluded as we
did not want to underestimate certain aspects.
The indicators were normalized on a scale from
0 to 1 and equally weighted. All of them and
their short descriptions are listed in table 1.

The results clearly show that the industries
suffer from different circumstances that drive
their fragility towards climate change impacts.
As figure 1 indicates, the fragility drivers seem

to differ between the sectors according to the
chosen indicators. While the chemical industry
is highly driven by its dependency on water and
energy and its importance for other industries,
the automobile industry, for example, is quite
vulnerable due to its high degree of specialized
staff working in the facilities. The energy and
water supply sector, however, shows a strong
dependency on its static and highly exposed
infrastructure and fixed assets.

Additionally, we defined climatic indicators for
the area on a municipal level that were derived
from changes in the climate projections over
time. The high-resolution climate data (raster
width: 7 km) provided by the IMK-TRO includes
the following attributes for the time span from
2021 to 2050:

*  Number of ice and frost days

*  Number of hot days

*  Number of days with high precipitation
*  Maximal wind velocities

These indicators were used to define scenarios
and were added to the sectorial results in or-
der to raise the resolution of the local analysis.
For each community we calculated the average
change of the indicator between the two peri-
ods (1971 — 2000 and 2021 — 2050). Moreo-
ver, we added some general information on the
specific regions including population densities,
sum of industrial buildings etc. in order to intro-
duce a certain weighting regarding the socio-
economic attributes of the communities. This
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Fig. 1: Indicator values of 16 industries in Baden-Wurttemberg.
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procedure was recommended at a stakeholder
workshop that we conducted in May 2013.

Results and Outlook

The high-resolution data we calculated from
general, climatic and industrial indicators can
easily be visualized by geographical informa-
tion systems. These maps give a detailed over-
view on the industry’s fragility on a community
level. They allow stakeholders like urban plan-
ners or companies to become aware of the
projected circumstances within their region
and might support climate change policies and
knowledge transfer. figure 2 gives an example
of what these maps look like.

Hot Days Projection: 2021-2050
max. T > 30°C

In our case study, including 480 communities,
we demonstrate that the indicator-based ap-
proach is an easily comprehensible and valid
tool for quick identification and analysis of hot
spots of climate change impacts in highly in-
dustrialized areas. Moreover, the indicator
composition and the widely available input data
used allow for an application of this method to
other urban regions throughout Germany and
Europe. However, for developing countries one
needs to define new indicators that can be ad-
justed to the data available. Therefore, we are
looking forward to further improvement of the
methodology and further case studies in other
regularly affected regions.

Fragility Index

Fig. 2: Hot days projection (left) and the Fragility Index (right).
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Regionaler Klimawandel und die Fragilitat
der Industrie - Eine Indikatorbasierte An-
naherung

In der Industrie kdnnen sich schwankende Wet-
terparameter und die Haufung von Extremwet-
terereignissen im Unternehmensergebnis wi-
derspiegeln und so die Wirtschaftlichkeit einer
Anlage oder eines Betriebes nachhaltig storen.
Zur Abschatzung der industriellen Vulnerabilitat
in der Metropolregion Stuttgart wurde eine in-
dikatorbasierte Analyse entwickelt und durch-
gefuhrt, die es erlaubt, regionsspezifische
Merkmale, wie die Bevolkerungsdichte oder
den Gebaudebestand, die regionalen Projek-
tionen des Klimas und die industriespezifi-
schen Eigenschaften, wie die Abhangigkeit von
Elektrizitat und Wasser, auf Gemeindeebene
zu kombinieren und mittels geographischer In-
formationssysteme zu visualisieren.

Hierfiir wurden unterschiedliche Szenarios und
Gewichtungen eingefiihrt, um die Verwund-
barkeit der regionalen Industrie hinsichtlich ei-
ner steigenden Anzahl an hei3en und trocken-
en Tagen, Eis- und Frosttagen sowie der sich
verandernden maximalen Windgeschwindig-
keiten und Niederschlagsintensitaten zu mes-
sen und ihnen vergleichbare Werte zuzuord-

nen. Die Ergebnisse zeigen, dass durch die
allgemein hohen Anforderungen der im Land
weit verbreiteten und im Raum Stuttgart be-
sonders geballten Automobil- und Elektroindus-
trie sowie durch die besondere Verwundbarkeit
der Wasser- und Energieversorgung einzelne
Regionen besonders vom Klimawandel be-
eintrachtigt werden kénnten. Energie-, wasser-
und personalintensive Unternehmen werden
demnach die Auswirkungen am deutlichsten zu
spiren bekommen. Auf Gemeindeebene be-
deutet dies auch, dass gerade Ballungsraume
mit zunehmender Spezialisierung betroffen
sein werden. Im betrachteten Raum weisen die
Stadt Stuttgart und ihr unmittelbares Umland
eine besondere Vulnerabilitdt gegeniber dem
Klimawandel auf, die sich aus der Aggregation
aller Vulnerabilitatsindikatoren ergibt.

Das Projekt wurde aus Mitteln des Ministeri-
ums fir Umwelt, Klima und Energiewirtschaft
Baden-Wiurttemberg gefordert. Zudem wurde
es durch die Landesanstalt fur Umwelt, Mes-
sungen und Naturschutz Baden-Wirttemberg
fachlich unterstiitzt und koordiniert. Dieses
Teilprojekt wurde von Oktober 2013 bis Juli
2014 am Institut fir Industriebetriebslehre und
Industrielle Produktion (IIP) am Karlsruher In-
stitut fir Technologie durchgefihrt.
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GEM Testing & Evaluation Center

Danijel Schorlemmer, Jochen Zschau

Introduction

The Global Earthquake Model (GEM) is devel-
oping the first homogeneous hazard and risk
model for the entire globe. Such a model is as-
sembled from data, known physical properties,
statistical descriptions of physical phenomena,
and assumptions — often called expert opin-
ion. Over the past decade, independent test-
ing of seismic rate models became a stand-
ard through the Collaboratory for the Study of
Earthquake Predictability (CSEP) and is further
emphasized by the L’Aquila earthquake and its
legal aftermath. The Testing & Evaluation com-
ponent of GEM is building on these develop-
ments and taking the role of an independent
evaluator for the most important parts of GEM
by operating a dedicated Testing Center at
GFZ.

Aims/Objective

The T&E component works together with the
model builders to make GEM and its part as
testable as possible. It provides tools and soft-
ware systems for retrospective testing to help
improving the model during its development
stage, it tests pseudo-prospectively and pro-
spectively many components of GEM, and it
works on testing high-impact assumptions of
GEM. The following components have been
identified as primary targets for testing:

1. Seismicity rate models

2. Develop a prototype testing chain for the
OpenQuake system of GEM

3. Implementing a ground-motion prediction
testing center to test intensity and ground-
motion prediction equations

4. Developing prototype tests for hazard mo-
del testing

5. Collaborating with the Global Conse-
quences Database component to cha-
racterize the current and future dataset for
testing risk models

6. Setting up a testable hypothesis for testing
M

max

Project status
Seismicity Rate Testing

We finished the work on seismicity rate testing
for the region of California. Investigating a suite
of 3-month forecasting models revealed useful
strategies for aftershock sequence forecasting
and decision support for an aftershock hazard
modeler. The test of the Uniform California
Earthquake Rupture forecast (UCERF2) and
the forecast of the National Seismic Hazard
Mapping Project (NSHMP) showed good per-
formance when compared to the suite of fore-
casts from the Regional Earthquake Likelihood
Models (RELM) project. One RELM model
showed consistently the best performance. As
a consequence, the main features of that win-
ning model are now becoming part of UCERF
and NSHMP.

We have investigated the possibilities of im-
proving forecasts by creating ensemble mod-
els. The focus of this study was on multiplica-
tive hybrids using the RELM models as the
input models. We found that many two-model
or three-model hybrids have an appreciable
information gain per earthquake relative to the
best individual model. Larger information gains
are obtained when the contributing models in-
volve markedly different concepts or data.

For the upcoming tests of the Global Earth-
quake Activity Rates (GEAR) model, we have
prepared the forecast definition and have been
working on the implementation for this experi-
ment.

Ground Motion Testing

We have investigated the Euclidean Distance-
Based Ranking (EDR) method for selecting and
ranking ground-motion prediction equations
(GMPES) by Ozkan Kale and Sinan Akkar. We
found that the presented score is not proper
and have documented this fact in a comment
on the original paper.
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Hazard Testing

Many researchers have worked on site-specific
testing of hazard estimates and several scores
and strategies for result interpretation were
published. We have investigated the power of
such statistical tests with sobering results. Un-
der best available conditions (longest datasets)
one still needs to observe a seven times higher
hazard to reject the modeled hazard with a
comparatively low power of 90%. The results
of this work clearly demands that hazard esti-
mates be tested on a large collection of sites.

To move into testing hazard models, we have
undertaken a case study and tested the suite
of National Seismic Hazard Mapping Project
(NSHMP) models of the US. Unlike previous
studies by others, we have used three differ-
ent datasets as observations: Crowd-sourced
intensity reports (“Did You Feel It?" by the
USGS), ShakeMaps, and strong-motion re-
cordings. We were able to show that the US
hazard models are improving over time. This is
the first rigorous, quantitative, and comparative
test of US hazard models. We were also able to
show that all three datasets deliver essentially
the same result, allowing us in the future to
test hazard models in regions for which strong-
motion data are not available and only derived
data like ShakeMaps or intensity reports exist.

Outlook

The first phase of GEM has ended. However,
we are looking forward to the second phase
in which we will work on automating the test-
ing processes and improving decision support
capabilities. Together with the Global Dynamic
Exposure project, we are working towards
quantitative risk testing. Finally, we aim to open
our infrastructure for external experiments.
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GEM Testing and Evaluation Center

Das Global Earthquake Model (GEM) entwi-
ckelt das erste weltweit homogene Gefahr-
dungs- und Risikomodel fiir Erdbeben. Inner-
halb GEMs arbeitet das Testing & Evaluation
Projekt daran, die verschiedenen Bestandteile
dieses Models zu testen. Zu den wichtigsten
zahlen die Erdbebenratenmodelle, Modelle zur

Vorhersage der durch Erdbeben hervorgeru-
fenen Bodenbewegungen, die resultierenden
Gefahrdungs- und Risikomodelle und aus-
gewabhlte weitreichende Annahmen, die in den
Modellen verwendet werden. Dazu gehért das
Konzept der maximalen Magnitude von Beben
in bestimmten Gebieten. Alle Tests werden im
GEM Testing Center am GFZ Potsdam durch-
geflhrt.

Social Vulnerability and Integrated Risk Project in GEM

Bijan Khazai, James Daniell, Christopher Power, Susan Brink, Johannes Anhorn, Christopher

Burton
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Fig. 1: Snapshot of the visualization of the Integrated Risk Modelling Toolkit on the OpenQuake platform.

Introduction

At the core of the Global Earthquake Model
(GEM) is the development of state-of-the-art
modeling capabilities that can be used world-
wide for the assessment and communication of
seismic risk. The socio-economic vulnerability
and integrated risk working group is working
on the implementation of methods, metrics,
and tools for holistic evaluation of earthquake

risk, such as indexes for social vulnerability,
resilience, and indirect loss. The two year So-
cio-economic Vulnerability and Integrated Risk
Project began in September 2012 as a col-
laboration between CEDIM (KIT) and the GEM
Foundation and the Willis Research Network
(WRN). The project is led by Bijan Khazai from
KIT and is a part of the Social Vulnerability and
Integrated Risk Program of GEM coordinated
by Christopher Burton.
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Aims/Objective

The goal of the project is to integrate Open
Source software tools, spatially-enabled and
open databases, and indicators and indices
with GEM’s on-going activities of hazard and
physical risk to address the differential suscep-
tibility of populations to the adverse impacts
of earthquake events in a holistic manner that
accounts for both physical risk and the social
circumstances at a given place.

Project status

The CEDIM Socio-economic Vulnerability and
Integrated Risk Project was completed in De-
cember 2014 and the results are to be pre-
sented at the 2015 GEM Reveal. One of the
key outcomes of the project has been the de-
velopment of multiple comprehensive, spatially
enabled databases for building indicators and
indices of social and economic vulnerability
that are integrated with the Open Quake Plat-
form (Power et al., 2015). These are scaled at
the national level for the globe, sub-national
level for the Asia-Pacific region. Another ma-
jor accomplishment has been the design and
development of an Integrated Risk Modelling
Toolkit in collaboration with the GEM Model-
ling Facility (Khazai et al., 2014). The Toolkit
has recently been released as an extension
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for Quantum GIS and allows users to access
the Global and Sub-National databases on the
Open Quake platform for the development of
social, economic, and integrated risk indices
(Fig. 1). Moreover, the software tool will allow
users to manipulate and interact with all of the
data, which may be inputs to both physical
earthquake risk and social vulnerability models.

To demonstrate the potential of the databases
and the tool, two use cases were developed
by the Social Vulnerability and Integrated Risk
working group. One of these is an indicator
framework for quantifying the potential for in-
direct economic losses from earthquakes de-
veloped by James Daniell (Daniell et al., 2015).
The framework is based on a comprehensive
review of existing literature and methods as-
sociated with indirect losses, and utilizes in-
dicators from the Global and Sub-national da-
tabases to operationalize a ranking of indirect
loss potential world-wide and for Prefectures in
Japan. A second framework and index was pro-
duced by Susan Brink for population displace-
ment following disasters which provides a sim-
ple way of representing the multiple aspects of
population displacement and the factors that
aggravate them using a comprehensive review
of the existing literature (Brink et al., 2015).
The Sub-national database in GEM has been
used for operationalizing the framework for es-
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Fig 2: Six dimensions of the Multi-level Risk and Resilience Scorecard with a spider chart showing imple-

mentation at both the Municipal and Ward levels.
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timating vulnerability to disaster displacement
of Prefectures in Japan.

Besides the development of quantitative indi-
cators for estimating social and economic vul-
nerability that can be computed from publically
available databases, a key thrust in the project
has been an alternative approach focusing
on qualitative information for the production
of relevant indicators and targets representa-
tive of key functional and organizational areas
for urban resilience, based on a participatory
assessment process with local government
officials. The result has been development of
a Multi-level Risk and Resilience Scorecard
in collaboration with GEM, the South Asia In-
stitute (SAI) of Heidelberg University and the
National Society for Earthquake Technology
(NSET) (Khazai, et al., 2014). The Scorecard
was implemented as a self-evaluation tool with
both Ward-level and Municipal representatives
from Lalitpur in March 2014 and empowered
these stakeholders to quantitatively assess re-
silience parameters based on their experiential
knowledge and perception of the city’s disaster
resilience along six dimensions (Fig. 2).

To extend and deepen CEDIM’s collaboration
with GEM and build on the existing experienc-
es and capacities developed, a project concept
has been discussed with GEM and a proposal
submitted to the GEM Governing Board. In
particular, the proposed project aims to go be-
yond result-oriented monitoring and evaluation
tools by developing, and testing under various
contexts, a Participatory Multi-level Resilience
Assessment and Management Framework,
Handbook and Scorecard Tool.
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Soziale Verwundbarkeit und integriertes
Risiko in GEM

Innerhalb des Global Earthquake Models
(GEM) ist die Entwicklung hochmoderner Mo-
dellierungsmaglichkeiten ein grundlegender
Bestandteil, um weltweit seismisches Risiko
einzuschatzen und die Informationen weiter
zu leiten. Das “Socio-economic Vulnerability
and Integrated Risk Project” befasst sich in
diesem Zusammenhang vor allem mit der Im-
plementierung unterschiedlicher Methoden
und Werkzeuge fur eine ganzheitliche Ermitt-
lung von Erbebenrisiken wie beispielsweise die
Indizes fur soziale Verletzlichkeit, Belastbarkeit
sowie indirekte Verluste. Die Informationen
hierzu wurden aus o6ffentlich zuganglichen

Datenbanken bezogen. Zudem werden mit ei-
nem weiteren Ansatz qualitative Informationen
gewonnen, um relevante Indikatoren bezlglich
der Gebiete mit offentlichen und reprasenta-
tiven Einrichtungen zu gewinnen. Die Ergeb-
nisse wurden mit Hilfe einer Multi-Level-Risiko-
und Belastbarkeits-Wertungsliste entwickelt,
welche in einer Kollaboration von GEM, dem
South Asia Institute der Universitat Heidel-
berg und der National Society for Earthquake
Technology (NSET) entstanden sind. Die Wer-
tungsliste wurde bereits erfolgreich als ein
Werkzeug zur eigenstandigen Einschatzung in
Lalitpur (Nepal) eingesetzt und ermdglichte die
qualitative Ermittlung der Belastbarkeitspara-
meter, beruhend auf Erfahrungswerten aus
vergangenen Ereignissen.
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ll. Strategic Partnerships

Earth System Knowledge Platform ESKP

Introduction

The “Earth System Knowledge Platform -
ESKP” is part of the Helmholtz-Association’s
Portfolio process in the Research Field Earth
and Environment. The eight centers in this field
take part in the initiative that is jointly coordi-
nated by Helmholtz Centre Potsdam GFZ, Ger-
man Research Centre for Geosciences GFZ
and Helmholtz Centre Geesthacht, Centre for
Materials and Coastal Research HZG. The co-
ordination office is located at GFZ. In cooper-
ation with the participating Helmholtz centres,
ESKP provides the latest research findings and
news about ongoing events in the three focal
areas (1) natural hazards, (2) climate change,
and (3) transport of substances and pollutants.
Thus, ESKP is an important partner for CEDIM
in disseminating results of the Forensic Disas-
ter Analysis to the media and the public and as
such significantly increases the distribution of
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Fig. 1: Snapshot on www.eskp.de, December 2014.
English Translation: Philippines better prepared

for Typhoon Hagupit. CEDIM researchers summa-
rize the evolution and the impact of the Typhoon
Hagupit. Full article available at: http://www.eskp.
de/philippinen-waren-auf-taifun-hagupit-besser-vor-
bereitet/

the results. With its expertise on natural haz-
ards and risks, and in particular with the cur-
rent focus on Forensic Disaster Analysis in
near real-time, CEDIM is an important partner
for ESKP.

Aims / Objective

ESKP communicates scientific results and
knowledge on environmental processes, the
Earth system, its dynamics and risks achieved
in the eight Helmholtz Centers in a way that
enables society to mitigate hazardous devel-
opments and react adequately to present and
future environmental changes. By editing and
providing knowledge in an appropriate way,
ESKP aims to support the dialogue between
science, politics, economy, education and the
public. In each Helmholtz centre an ESKP staff
member is established as a partner for scien-
tists to ensure the knowledge transfer from the
eight centers and its integration into ESKP,

Project status

The bilingual Helmholtz knowledge platform
www.eskp.de was launched in May 2014. CE-
DIM researchers contributed in several ways
to the platform and used it to disseminate re-
search results.

In the case of CEDIM FDA Task Force activities,
CEDIM provided the FDA reports with an addi-
tional summary to ESKP, making the CEDIM
reports accessible for a wider audience than
may be reached via the CEDIM website alone.
When the platform was still under construction,
CEDIM provided the first FDA reports to ESKP
after Typhoon Haiyan in November 2013 with
a focus on rapid loss assessments and rapid
mapping of damage in the City of Tacloban. In
the course of the year 2014, CEDIM research-
ers analyzed a number of events in short CE-
DIM summaries outside FDA activities and
provided them to ESKP: other examples were
the Typhoons Hagupit and Rammasun that hit
the Philippines in December 2014 and in July
2014 respectively, the thunderstorms in North-
Rhine-Westphalia, Germany, in July 2014, and
the floods in Eastern Europe in May 2014. Re-
ports on past events such as Hurricane Sandy
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in 2012 and the floods in Germany 2013 were
included retrospectively on the portal to foster
collaboration and knowledge transfer in the
topic natural hazards on www.eskp.de.

CEDIM researchers have complemented the
reports on ongoing or recent events by short
articles that explain basic knowledge on natural
hazard processes such as halil, thunderstorms,
tropical storms, or earthquakes, and on related
topics such as storm hazard in Germany, risk
assessment, early warning systems, and the
relationship between urbanization and disas-
ters.

In addition, the interactive CEDIM Risk Explor-
er is accessible via www.eskp.de.

Contributors

Bernhard Muhr

Michael Kunz

Susanna Mohr

Christoph Kottmeier

KIT, Institute for Meteorology and Climate

Research

Tina Kunz-Plapp

Bijan Khazai

Friedemann Wenzel

KIT, Geophysical Institute,

Danijel Schorlemmer

Werner Trieselmann

Jochen Zschau

GFZ, Section 2.1 Physics of Earthquakes and
Volcanoes

Kai Schroter

Heidi Kreibich

Bruno Merz

GFZ, Section 5.4 Hydrology

Doris Dransch
GFZ, Section 1.5 Geoinformatics

Cooperation with Integrated Research on Disaster Risk

(IRDR)

Since 2012, CEDIM has been cooperating with
the program “Integrated Research on Disaster
Risk” (IRDR, www.irdrinternational.org), an ini-
tiative of the International Council for Science
(ICSU), the International Social Science Coun-
cil (ISSC) and the United Nations Internation-
al Strategy for Disaster Reduction (UNISDR).
Having coined the term “forensic disaster inves-
tigations”, the IRDR initiative identified forensic
investigations of disasters (FORIN) as one of
its key activities that “aims to uncover the root
causes of the disasters through in-depth inves-
tigations that go beyond the typical reports and
case studies conducted after disasters” and to
“help build an understanding of how natural haz-
ards do—or do not—become disasters.” (IRDR
Strategic plan 2013-2017, http://www.irdrinter-
national.org/wp-content/uploads/2013/04/IR-
DR-Strategic-Plan-2013-2017.pdf).

With its focus on near real-time disaster anal-
ysis to identify major risk drivers, CEDIM’s
research activity Forensic Disaster Analysis
(FDA) is complementary to IRDR’s more long-

term analysis. An important aim of the coop-
eration with IRDR FORIN is to build the nec-
essary links between the FDA's near real time
analysis conducted by CEDIM and the IRDR’s
long term forensic disaster analysis program
FORIN.

In 2014, two CEDIM researchers attended the
2nd IRDR Conference in June in Beijing, Chi-
na and participated in the FORIN session. The
session included an introduction to FORIN and
two presentations covering FORIN investiga-
tions conducted by researchers in other insti-
tutions. In addition, the CEDIM researchers
gave two presentations on research conducted
by CEDIM. The first presentation summarized
the CEDIM FDA project detailing methods and
giving examples of the output of some FDA
investigations. The second presentation dis-
cussed in detail one of the CEDIM FDA pro-
jects. Following these presentations there was
a question and answer session during which
participants discussed each individual project
and the relationship between FDA and FORIN.
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Cooperation with the Insurance Industry

Willis Research Network

The Willis Research Network (WRN), formed
in 2006 by the global insurance broker Willis, is
a network of more than 50 of the world’s lead-
ing research institutions. It aims to provide an
open forum for the advancement of the science
of extreme events through close collaboration
between universities, insurers, reinsurers, ca-
tastrophe modelling companies, government
research institutions and non-governmental
organizations. CEDIM still is the only German
partner of the network since 2009. As a partner
of the WRN, CEDIM staff gather experience
in the cooperation with the insurance indus-
try and has learned about their needs and re-
search priorities. WRN cooperates with CEDIM
by funding Willis fellows at the working groups
“Atmospheric Risks” (IMK/KIT) on the topic of
hail risk modeling and “Vulnerability and Risk”
(GPI/KIT) related to earthquakes.

The Social Vulnerability and Integrated Risk
Project in GEM which is co-funded by Willis will
deliver indicator methods and an open source
software that will be integrated into the GEM
OpenQuake Platform. The indicators and the
indicator toolkit (software) can be used world-
wide to explore the compounded nature of
earthquake events through consideration of
factors related to socio-economic vulnerabili-
ty and development of global and sub-region-
al socio-economic databases. Uses cases in
Japan, Kathmandu (Nepal) and Quezon City
(Philippines) are also developed for the appli-
cation of the indicator tools for various contexts
and different scales of geography.

In the first project, CEDIM still works on the
hazard component of the Willis European Hail
model WEHM which estimates frequency, ex-
tent and severity of hail events (see the arti-
cle “The Challenge of Hail Hazard and Risk
Modelling” earlier in this annual report). The
model is based on overshooting top data from
METEOSAT Second Generation (MSG) satel-
lite as a proxy for hail. This method leads to a
unique, spatially homogeneous event data set
covering continental Europe. The risk compo-
nent of the model is done by Willis. Current-
ly the WHEM model is used by more than 20
insurance companies. A close collaboration on
a day-to-day basis quickly developed between
the Willis CatNat team in London and KIT at-
mospheric risks group fostered further devel-

opment and improvement of the WEHM. Model
specifications were continually reviewed based
on needs and available data.
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Sparkassenversicherung SV

Within the framework of the project HARIS-
SV (Hail Risk SV), IMK developed a novel and
unique hail model for the SV Sparkassenver-
sicherung insurance company. This hail model
considers several thousands of footprints from
past hailstorms in Germany estimated by com-
bining radar data from the German Weather
Service (DWD) with lightning data from Sie-
mens and insurance loss data (see the arti-
cle “The Challenge of Hail Hazard and Risk
Modelling” in this annual report). Currently, the
hail model is further improved and calibrated
by considering adjusted hail-size distributions
and different damage functions based on loss
experiences of past hailstorms. Furthermore,
a modified version of the HARIS-SV model is
developed that allows for estimating overall
losses in near-real time, which can be used in
the case of a CEDIM FDA activity where hail is
important.
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In 2014 a new 3-year project was established
between CEDIM and the SV within the pro-
ject FLORIS-SV (Flood Risk SV Sparkassen-
versicherung). This project aims at estimating
damage related to widespread extreme flood
scenarios based on stochastic modelling of
precipitation processes and resulting floods. A
special focus will be put on events that occur si-
multaneously in different catchment areas, thus
leading to extreme loss situations. In the first
step, the area under investigation is restrict-
ed to the federal state of Baden-Wirttemberg,
where the SV portfolio is large. Involved in the
project are IMK-TRO (WG Atmospheric Risks),
IWG (Abt. Numerical Models in Hydraulic En-
gineering and Dep. Hydrology), and James E.
Daniell.
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Cooperation with alpS - Centre for Climate Change

Adaptation

The alpS — Centre has been established as a
K1-Centre of the Austrian Competence Cen-
tre Programme for excellent Technologies and
as such is an independent, non-university re-
search and development platform with its focus
on natural hazards, risks and climate change
adaption in Innsbruck, Austria.

After the first meeting in November 2013 in Inns-
bruck and the agreed ,Memorandum of Under-
standing” both CEDIM and alpS acknowledge

the similarities in the scholarly pursuits of the
institutions and the desire to promote inter-in-
stitutional cooperation, scientific, technical and
cultural exchange, and mutual understanding.
Since then, the cooperation was intensified in
terms of projecting and scheduling a joint work-
shop in 2015 on the exchange of experience,
students and staff, and establishment of joint
research and development programmes con-
cerning Disaster Risk Reduction, Risk Man-
agement and Climate Change Adaption.
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Stakeholder Interactions for Near Real-Time Forensic

Analysis of Disasters

Introduction

The Forensic Disaster Analysis (FDA) research
in CEDIM requires innovative approaches for
ab-initio engagement with stakeholders with
clear definitions of mutual needs and process-
es of engagement and interaction. For this
purpose it is necessary to understand the op-
erations and organizational characteristics of
the respective stakeholders, what their needs
are and the extent to which FDA can contribute
to them. To support and structure the sharing
of information at the time of an event, a series
of engagements were planned with carefully
selected group of stakeholders to map their
needs and identify exchange and interaction
processes.

Aims/Objective

Stakeholder interactions were planned and
carried out among both public and private
sectors, including civil protection, humanitar-
ian aid, insurance/re-insurance and scientific
organizations. The two overarching goals of
these activities were to (a) engage both scien-
tists and stakeholders in a dialogue to discover
the needs of potential FDA beneficiaries in the
context of CEDIM’s FDA mission, and (b) pro-
vide input to further develop and improve FDA
tools/methods for obtaining meaningful parings
of FDA research outputs and end user uptake.

The results (positive or negative) of interaction
with each of the stakeholders were document-
ed in a form that includes the detailed contacts,
the essentials of the discussions, the identified
user needs and reflections on the interactive
processes and protocols to transfer FDA analy-
ses and modeling results into relevant outputs
that could better serve the needs of the respec-
tive stakeholders.

Project Status

From July 2013 until May 2014 CEDIM re-
searchers held nine workshops/meetings with
key representatives of several organizations
within both public and private sectors. These
include meetings with the Federal Office of Civ-
il Protection and Disaster Assistance (BBK) on
July 5, 2013; USAID Office of Foreign Disaster
Assistance (OFDA) on August 2, 2013; Euro-

pean Commission — Humanitarian Aid and Civil
Defense (DG-ECHO) on September 9, 2013;
German Red Cross (DRK) on September 22,
2013; Technische Hilfswerk (THW) on October
17, 2013; Google Crisis Response and Google
Earth Engine on December 17-18, 2013; Guy
Carpenter on January 30, 2014, UNESCO Nat-
ural Disaster Reduction (SC/DRR) on March
6, 2014 and Giriffith University (Crisis Com-
munication) on May 5-7, 2014. Prior to each
meeting a background document is prepared
where areas of common interest related to FDA
activities are documented and used as a basis
for developing the meeting agenda and steer-
ing the discussions. Several research themes
were identified to be of potential interest to
stakeholders based on these engagements
and have been selected for follow-up. These
include: near real-time evaluation of public
communication of disaster impacts (USAID);
near real-time prognosis of causality, displaced
persons and economic losses (DG ECHO/
JRC); near real-time shelter needs evaluation
(German Red Cross).

Concluding Remarks and Outlook

The initial set of stakeholder interactions have
resulted in a set of recommendations for struc-
turing the FDA reports which represent a wide
spectrum of views. For example, while some
users thought that the FDA reports were too
long and text heavy, others saw the reports as
“not going deep enough”. Similarly, among the
different sectors we engaged with were some
who thought that 10 days was an appropriate
interval for releasing the reports, while others
reported that they would need information on
likely impacts within several hours of the first
day. In general, representation of key informa-
tion through a one page summary and graph-
ical abstract was recommended and taken up
by CEDIM in structuring the report. Further-
more, the use of a web-based application and
platform for uploading and sharing geospatial
information from the FDA investigations such
as GeoNode is currently being discussed at
CEDIM.

Overall, it was agreed that more of CEDIM’s
own analysis should be captured in the FDA
reports and that follow-up reports beyond the
initial period are desirable. Ideally these should
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be combined with on-site investigations and
based on clear areas of contribution in target-
ed partnerships. Currently, research into public
communication of disaster impacts - including
a field investigation following Typhoon Haiyan
- is being planned in the Philippines and tar-
geted engagements with stakeholders on site
have been sought.
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