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What is the JRC

• Joint Research Centre is the second biggest General Directorate of 
the European Commission (>2500 staff).

• Technical&Scientific support for law and policy making

• 5 locations in Europe, originally linked to Nuclear Research (except 
for Sevilla)

• Largest site (2000+ staff) in Ispra, Italy (Lago Maggiore)
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JRC in the European Commission

IRMM – Geel, Belgium
- Institute for Reference Materials and Measurements

IE – Petten, The Netherlands
- Institute for Energy

ITU – Karlsruhe, Germany 
- Institute for Transuranium elements

IPSC - IHCP - IES – Ispra, Italy
- Institute for the Protection and the Security of the Citizen
- Institute for Health and Consumer Protection
- Institute for Environment and Sustainability 

IPTS – Seville, Spain
-Institute for Prospective Technological Studies

7 Institutes RELEX ECHO ENV JRC...

European Commission
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Institute for the Protection and Security of the 
Citizen > Support to External Security 

• Institute IPSC key technologies:
• Satellite images analysis 
• web/data mining 
• Statistics
• Nuclear and sensor technologies

• Key Policy issues addressed by the unit:
– Civilian crisis management
– Conflict early warning/prevention
– Fight against fraud and terrorism (support to intelligence/law 

enforcement)
– Migration
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Motivation for the work
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• Since 2003 JRC developed the Global Disaster Alert 
and Coordination System

• It is an automatic early warning system aimed at 
alerting organizations and individuals when natural 
disasters may cause humanitarian concern
– Earthquakes
– Floods
– Volcanoes
– Tropical Cyclones

• Fully automatic, available 24h 7/7
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Global Disaster Alert and Coordination System

Near real time monitoring of natural disasters

earthquakes, 
hurricanes, 
volcanoes
floods

http://www.gdacs.org

http://www.gdacs.org/
http://www.gdacs.org/
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The GDACS system: 
alerting the humanitarian community

• Purpose
– Real-time alerting of humanitarian disasters world wide
– Sharing disaster related information

• Partners
– UN-OCHA
– DG-ECHO, DG-ENV, DG-RELEX

• Users
– Humanitarian aid donors: ECHO, USAID, national governments
– International organisations: UN OCHA, IFRC
– Humanitarian implementers: NGOs, national governments

• Operational since 2003
– About 5000 users receive GDACS alerts worldwide
– Completely free
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Earthquakes: is it of humanitarian concern ?

Population density model 
connected with vulnerability 
and magnitude of the disaster 

The objective is to distinguish 
between large earthquake in 
unpopulated regions and 
smaller earthquake in higher 
populated areas.

M 6.7

M 6.0
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GDACS Architecture & functions

Tsunami travel time

Tsunami propagation

JRC Tsunami Calculation System

EMAIL SMS FAX

Analysis
& Alerting

USGS

EMSC

GIS analyses

Geo Layers
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The JRC Tsunami 
Calculation System
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The JRC Tsunami Early Warning System

• JRC decided to include Tsunami models into GDACS to allow a quick 
evaluation of the possible impact of a Tsunami as a consequence of an 
earthquake

• Timeline:
– Dec 2004: no Tsunami model, alert only due to the earthquake
– Mar 2005: rough estimation of Tsunami probability, Travel time model 
– Mar 2007: full integration of the Tsunami model in the GDACS matrix
– Mar 2008: completion of scenario calculations available

• July 2008: enlargement of the scenario matrix on request of Portugal authorities
– Dec 2008: expected completion of Tsunami Analysis Tool
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JRC Travel Time model

-60
20
8

• The objective was to have a model with the 
following characteristics:

– fast running
– reliable unbreakable 
– automatically activated on request 
– on any location of the world
– Integrated in the GDAS

• Based on the integration of the shallow 
water propagation speed

• Similar to the x-ray technique
• Provides the time in each point, starting 

from a source
• Running time about 20 s
• Available in Internet for any user
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SWAN-JRC Tsunami Model

• The objective is the automatic calculation of the wave generation and propagation to 
the coast

• The code is interfaced with the Early Warning System(s) such as GDACS 
– Automatic initialization 
– Automatic fault generation on the basis of initial earthquake parameters 

(lat/lon/magnitude)
– Wave Time Propagation Model 
– Wave propagation calculated with the code SWAN by C. Mader, rewritten in C 

language for faster processing
– Post processing 

• The code does not calculate the run-up to the coast
– much finer bathymetry is necessary
– not relevant for early warning
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Fault generation

• Increasing the magnitude of the earthquake the length of the fault increases. 
• Large discrepancy exist however on this correlation
• All models assume a logarithmic dependency

– Log (L) =  A  Mw  + B

• Ward model: A=0.5 and B=-1.8
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Fault direction

The code assumes that the fault occurring during an 
earthquake is aligned along the fault lines closer to the 
earthquake
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Sumatra 2004

Automatic assignment of the 
fault direction along fault lines
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Wave height 
distribution 
along a line

Image with the 
wave 
distribution

Customization 
of fault 
parameters
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Soon after 1 min the 
height calculation 
starts and a web page 
is already available 
with the height at each 
location.

As the calculation 
progresses the results 
are automatically 
online 
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Tsunami 2004 calculation with  JRC 
Tsunami Model

Play
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Scenarios calculation grid
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Calculations strategies: online
NOTIFICATION

Publication

Start of calc, or 
search in the 
database for
similar calc. Travelling

wave

Calculation

Event Calc. ends

20-30 0-5 30-40

DELAYDELAY
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Development of a Calculation Grid

• Following the Albufeira meeting discussions (July
2007) JRC decided to establish a suitable calculation
grid

• A grid has been defined using the locations of 
historical Tsunami events (from the NOAA Tsunami 
sources database) and creating a 10x10 grid of 0.5
degrees around each data point determining 10143
points.

• Considering the need to perform 13 calculation per 
each point (magnitude from 6.5 to 9.5 every 0.25), 
the total number of calculations to be performed 
about 132000 (2 TB space)

Historical
epicenter

Bounding box
(Ring n. 0)

Ring n. 1

Ring n. 2
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Tsunami calculation grid

10500 data points in 
a grid of 0.5 degrees
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Tsunami calculation grid

Historical 
events

Grid 
points

Mediterranean area

*

*Extension requested by Portugal
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Use of the calculation grid

• Database browsing
– Internet web form to specify location and magnitude and getting all calculations close to

that point

– Through Google Earth interface

• In connection with Early Warning systems it will give an immediate first approximation, 
in the meantime the “real” calculation is progressing

– Every new Tsunami source location should fall inside the grid; 
– if not the grid is enlarged around that new point with a 10x10 additional  data points and 

calculations performed.

• Access will not be public but restricted to specific organizations
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Latitude: 40
Longitude: 18
Magnitude: 7

Latitude: 40
Longitude: 18
Magnitude: 7.25

Latitude: 40
Longitude: 18
Magnitude: 7.5

Latitude: 40
Longitude: 18
Magnitude: 7.75

Latitude: 40
Longitude: 18

Magnitude: 8

Manual Search on a web form

Search Database
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Manual Search on a web form
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Analysis with Google Earth

Clicking on a point a 
preview of the 
calculation is shown
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Analysis with Google Earth

Clicking on a point a 
preview of the 
calculation is shown
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Call from Early Warning Systems: GDACS

22 min

35 min
1.5d 8 h 24 Oct 2007

Mag. 6.8, 
Indonesia

Several 
redefinition of 
the earthquake
location
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Call from Early Warning Systems: GDACS

24 Oct 2007
Mag. 6.8, Indonesia

Lat=-3.83, Lon=100.9, Mag=6.8
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Call from Early Warning Systems: GDACS

24 Oct 2007, Indonesia
Grid Calculation

Lat=-4, Lon=101, Mag=7

Immediately available

On-line calculation

Lat=-3.83, Lon=100.9, Mag=6.8

40 min CPU time
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Tsunami Analysis Tool (TAT)
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Tsunami Analysis Tool

• The analysis of an on-going Tsunami event is a very stressing activity because
– Need to give an answer on the possible impact of the event as soon as possible
– Multiple information available from different sources
– Several signals to check at the same time
– It is not a “routine” operation, as it will happen very rarely

• The objective is the development of an analytical tool that can help the operator in the control 
room to decide on the possible effects of an event

• Requirements
– Access to all on-line and scenario database calculated events, if possible from various models
– Access to all water level on-line measurements
– Automatic data Interpretation of water level measurements and comparison with calculated data
– If enough buoys data are available

• Determination of the most suitable initial tsunami condition
– Allows to launch new cases on the execution servers
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Tsunami Analysis Tool

Tsunami Analysis Tool

Collection & 
storage server

Execution 
servers

JRC Tsunami
Calculation System

GDACS
LiveMon

PDC
EMSC

Grid 
Database

(4 TB)
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Tsunami analysis tool

Clicking the current 
events the related 
calculation window is 
open

Clicking the buoy 
locations the current 
water levels are shown

Currently accessing 
online DART buoys data

It can access any tidal 
sea level for comparison 
of height at the coast or 
deep buoys data for 
wave behaviour

Current events

Buoy location
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Tsunami analysis tool

• The analysis of Tsunami online requires an ad-hoc flexible 
application which easily allows to get online measurements 
and compare with predicted calculations.

• Sometimes online data are not immediately available but it is 
necessary to perform “cleaning” actions, such as unit 
conversion, constants addition/subtraction, factor 
multiplications, drift removal etc
– Example Peru earthquake 15 aug 2007

• magnitude 8
• About 200 fatalities
• Tsunami generated, height about 3 m.
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Time of the 
event

Current time

Grid calculation

Online Calculation

Elapsed time 
from event

Buoys water level
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Original DART data

Station 32401 - 260 NM West-Southwest of Arica Chile

4881.2

4881.4

4881.6

4881.8

4882

4882.2

4882.4

4882.6

15/08/2007
21:36

15/08/2007
22:48

16/08/2007
00:00

16/08/2007
01:12

16/08/2007
02:24

16/08/2007
03:36

16/08/2007
04:48

16/08/20
06:00

Date/Time

H
ei

gh
t (

m
m

)

Long term drift

Earthquake 
event

Tsunami 
event

lat lon

-19.55 -74.81

DART location

Unclear long term 
decreaseHe

igh
t (

m)
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Impossible a direct comparison

• Direct comparison is 
impossible

Original value 
measured

Drift removed with 
moving average of 
50 points
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Very good comparison 

Comparison is possible, but the measured 
data needed adjustments

Calculated

Measured

11 min delay (or 97 km)
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This information is never known 
at the time of the event !!

158 km

44 km

80 km

The analysis of the fault form indicates 
that the epicentre was not in the 
centre of the fault movement
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Fault moved 80 km south

Calculated

Measured

No delay in rising, but slower rise
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M 7.6 Indonesia 20/2/2008

• The first epicenter, published by USGS 
at +18 min, indicated was southern of 
Simuele Island thus it was creating a 
wave towards the Indian Ocean

• The wave height estimated at the buoy 
location shows an increase of 7 cm, 
which was not measured.

Calculated
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Indonesia 20/2/2008

• The second epicenter, published by 
USGS at +48 min, indicated a northern 
location (magnitude lowered to 7.2)

• The wave height estimated at the buoy 
location shows a correct behaviour.
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• The development of the Tsunami Analysis Tool is 
ongoing. The first version should be completed by the 
end of 2008. 
– Currently all the DART level data plus the Azores island 

tidal data are automatically downloaded and displayed
– Access to JRC Tsunami scenario database and online 

calculations
• A second version is expected in 2009.
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Collaboration with IM, Portugal
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Collaboration with IM, Portugal

• JRC is collaborating with a number of institutions in the field of Tsunami research:
– Institute of Meteorology, Portugal
– Ankara University, Turkey (TUBITAK Project)
– Italian Civil Protection (ongoing discussions)
– Pacific Disaster Center, USA

• An important activity with Institute of Meteorology, Portugal has been established in 
order to support the development of a National Tsunami Early Warning System

• Project phases
– PHASE 1 (June-December 2008)

• Definition of an extended matrix of Tsunami cases
• Transfer of scenario database to IM
• Transfer of the LiveMon and the Tsunami Analysis Tool to IM
• JRC allowed to access IM tide and seismic data
• Definition of operational parameters for the Tsunami Alerting Device

– PHASE 2 (January-December 2009)
• Definition of a better fault model (University of Lisbon and Algarve)
• Repetition of the scenario calculations with the new model
• Development and Testing the Tsunami Alerting Device
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Historical 
events

Extension of 
the matrix

*

*Extension requested by Portugal
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Conclusions

• The Joint Research Centre is strongly committed in supporting the 
international community in the development of reliable Tsunami EW 
Systems

• The system developed by JRC is operational and is extensively 
used by several international organizations: feedback we have are all 
positive

• Important collaboration with some EU member states for 
implementation of some of the JRC tools

• JRC is open to collaborate with any other institution in the world
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