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Over 40 years of experience
20 European member states

Cooperation agreement with 8
European states (Bulgaria
pending) + Canada

5 establishments in Europe,
~2200 staff

Over 70 satellites designed,
tested and operated in flight

17 scientific satellites in
operation

6 types of launchers developed
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+ THE ESA EARTH OBSERVATION PROGRAMME

Meteorological Missions Copernicus Sentinel Missions e Earth Explorer Missions ewenby scienite neess ~ Missions
diveen mainly by Weather frecasting and Climate Iisers meeds Lo costribuls to the Eurepean Global Manitaring af to advante our isderstinding of how Lhe ocean, atmosghere, With
manibaing neads. Thise masians develaped in Emvirnment & Security (GMES) itiative, Thesa satellite missions. Iydrasphine, cryssphene and Eand's intiler apacats Jnd intevact Partners
pactnerihg with FUMETEAT wcluds the Metearlagial dereuloped i partnecship with the EU inclode (-band imaging radar us part of @ |atercansected wystem. These Research missions,

Opsraticeal satelite programme (MetOp], Forming [5entinal-1, bigh-resniution sptical (Sentinel-2), optical and infrared expisiting Europe’s excellents in tecknokegical innavation,

tha gpace sagment of EUMETSAT's Polar System radiametar [Santingl-3] and atmoszharic compasition menitaring pae the way towands new divakpmient of future £ applications.

(EPS1, aned the new generation of Gesstatlsnary mpabsbty [Sentisel-& & Sentinel5 on board Ml messians MTG

Mtiasal satelltes (MSG & MTG satilhtis] 0t PS50 mspoitvlyl

Long-term (decadal) continuous, consistent data



What is Copernicus?

European
independence &
contribution to
global Earth
observing
system

Global, timely and |
easily accessible In-Situ
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ESA participation to DRM activities: &“‘iesa

» what can ESA provide using Earth Observation (EO) technologies ?

v' ESA operate satellite missions (ERS, ENVISAT: tools for crisis mapping)

v participate to the International Charter Space & Major Disasters

» EO data

v' has EO application development programmes (e.g. GSE feeding into EC GMES)
v’ participate to international activities to develop EO applications

> end-to-end services to users

International Charter Space & Major Disasters (CHARTER)

= Global Earth Observing System of Systems (GEOSYS)
Group on Earth

Observations

Global Monitoring for Environment & Security (GMES)

IG S Integrated Global Observation Strategy (IGOS)
g

Inteprtesd 43l Observing Steatesy
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The International Charter:

= A unified system of space data acquisition /
delivery in case of natural or human-made disasters

» 15 space agencies (5 European agencies: CNES,
ESA, UKSA , DLR, EUMETSAT)

= Data delivery to civil protection agencies, emergency
& rescue services; Also available to Humanitarian
Aid actors of the UN since 2003.

= Operational : 24 hrs on-duty-operator

= Charter activations: +/-40 events/ year
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Mandate of the Charter

THE DISASTER RISK MANAGEMENT CYCLE 3 stages of DRMC
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GREEK FIRES ACTIVATIONS:
AUGUST 2007 & AUGUSTT 2009
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Time (10 days)

Fires: August / September 2007

s
Activation: 29t August 2007 &é—- ceSda

AOlIs provided Imagery Map produced
by AU acquired
28/08 MERIS FR (300m)
(21-27/08)
Landsat (30m)
29/08 Entire Greece
30/08 8 circular AOiIs, MERIS FR (300m) Overview map using MERIS
radius 30km (30" Sep)
Video, using MERIS (21-30/08)
31/08 Athens and Peloponese maps
using MERIS
01/09 SPOT 5 (10m)
DMC (32m)
MMRS (175m)
HRTC (35m)
02/09 SPOT 5 (10m)
DMC (32m)
03/09 Circular AOI radius Maps using DMC and SPOT
(7.5Km) - active fire over some AOIs
discovered on
recent imagery.
04/09 SPOT 5 (10m) Maps over most AOIs using
Landsat (30m) Landsat, DMC, SPOT
Formosat (8m)
05/09 Formosat (8m) Maps produced using Formosat,
SPOT
06/09 Formosat (8m) Maps produced using Formosat,

SPOT




GREECE- Peloponnese - Fires - Regional Overview of SERTIT's and DLR's Product Zones  Product Zone Map
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Floods in the UK, January 2014.

Flood mapping of River Thames
derived from Landsat 8 satellite
data al:qulred on 07/01/2014.

Legend

B ater Extent

g0 25 8 10 N
Kilomatres ﬂk

The water extent was estmated from
Landsat B data with a 30 meire resolution
acquired al Q7012014 11:06 UTC. The
extent of the analysis ks limited to the area
coveread by the imagery shown,

These data were used bo map the waler
axlent within the Nooded analysis area. The
image contained a greal deal of cloud and
cloud shadow and 5o the analysis ares is
restrictad.

Some of these areas would normally be
permanent vwater.

@ o Geomatics

Map generated by Emansnment Agency,
Ratonal Operations, Geamalics

B Erwironment Agency, 20114
ECrown Copynight and database nghls 114
Qrdnance Survey 100024188

ZUSGS oo s
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b\ The saielite data n ths map wene
provided undar the Inbematignal
Charter Spoce and Natural Disastens,

Product generated by Environment Agency, National Operations, UK using
Landsat—8 |magery Of 8 January 2014- European Space Agency



EO Services & Risk Management cycle %\m €Sd

e Emergency Response,

. Rapid Crisis Mapping & Damage THE DISASTER RISK MANAGEMENT CYCLE |  3stages of DRMC
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» Detailed Damage Mapping,

POST-DISASTER
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DISASTER RISK MANAGEMENT CYCLE (DRMC) DIAGRAM + Ongoing Dovelapmant
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» All phases
» Reference Mapping,
 Digital Elevation and Digital
Terrain models,
* LU/LC cover Mapping,
» Asset Mapping.
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European Space Agency
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Example of international collaborations: &%esa

The “*Santorini Conference” organised by ESA and GEO.:.

140+ participants from 20 countries including European countries, the US, Canada,

Japan and China.
70+ organisations: international organisations, public institutes, space agencies,

_UQIVGI’SItIeS & rlvate SECtOF

—

GROUP ON
EARTH OBSERVATIONS @ esa

+ THE INTERNATIONAL FORUM
ON SATELLITE EO AND
GEOHAZARDS

The Santorini Conference
Santorini, Greece, 21-23 May 2012

+ INTERNATIONAL FORUM ON SATELLITE EARTH
OBSERVATION FOR GEO-HAZARD RISK MANAGEMENT <

= Ph. BALLY (Editor)
i b ESA/ESRIN
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Example of the : thematic pilots *&&Q\\?esa

A. Support the generation of globally self-consistent strain rate estimates and the mapping of active
faults at the global scale by providing EO InSAR and optical data and processing capacities to existing
initiatives, such as the iGSRM

[role of EO: wide extent satellite observations]

B. Support and continue the GSNL for seismic hazards and volcanoes
[role of EO: multiple observations focused on supersites]

C. Develop and demonstrate advanced science products for rapid earthquake response.
[role of EO: observation of earthquakes with M>5.8]

ol & -The CEOS WG Disasters also has a Pilot on Volcanoes -




Innovation Iin space

ESA is operating EO missions providing very large collections of large files
Sentinel-1: three Terabyte per day (projection: 10 Tera with S1-A & S1-B)

One year — 1 Petabyte

ERS & ENVISAT data over world tectonic regions —1 month of S1-A acquisitions

I SACCOM-1B
I 5A0COM-1A
I ALOS-2

RCM-3
£ RCM-2
E ]

I Sentinel-15
— Sentinel-14

Radarsat-2
Radarsat-1

ENVISAT I |
ERS2 I |
ERS-1 I TeraSAR-x2 E—
TanDEM-X
TeraSAR-X I
COSMO-SkyMed (¢) NI
COSMO-SkyMed (3) R
COSMO-SkyMed (2) )
COSMO-SkyMed (1) ﬂ

T T T T T T T T T T T T T T T T T T 1 European Spate Agency
1990 1992 1984 1896 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

ALUS [e——
B Ltana saR

B cbandser
[ x-band sar




EO data Supply vs Consumption

(from the Santorini conference)

Theoretical(*) volume of
data acquired by Sentinel-1
(~465-700 scenes per day
l.e. 23-35 000 000 km?)

173-260 times extent of Greece ﬂ
~ [*assuming 17-26% dutw’éle]

—_—

\\\l\\k

eSsd

&

Volume of production
similar to Terrafirma
(~750/yr equivalent
to 43 000 000 km?)

EO Supply capacity 200 - 300 times larger than levels of
exploitation of current levels of service delivery

ESA has started to apply innovative approaches: TEPs

European Space Agency



The Thematic Exploitation Platforms

(TEP) g-esa

ESA has started Thematic Exploitation Platforms initiative covering six thematic
areas: hydrology, polar, coastal, forestry, urban & geohazards.

The Thematic Exploitation Platforms goals are:

9

9

\Z

Facilitate use & processing of large datasets (including non-space data) by a
large number of users (science and non-science)

Processing services, software (e.g. toolboxes, etc.) and computing resources

Provide an environment for services development, integration and

exploitation
Federate user communities around common scientific & thematic objectives
Promote shared science objectives & better use of satellite EO

Collaboration tools (e.g. knowledge base, open publications, social networking)

European Space Agency



The Geohazards Exploitation Platform

o Qesa CE@S CED

p

An Exploitation Platform under developrTTent and validation that is sourced with
data and processing relevant to the GeoHazards theme:

EO data storage concerning wide extent tectonic analysis for which large data stacks are
needed (typically 1000+ and 5000+ scenes and larger)

Access to advanced processing tools (e.g. INSAR and Optical based)
A collaborative work environment and scientific animation

2015: 22 users on board; end 2017: 60 users
One of the 6 Thematic Exploitation Platforms originated by ESA European Space Agency



Available ERS, Envisat & Sentinel-1A SAR data

Sentinel-1 made available starting with CEOS Pilot targets and with the goal to gradually cover large
community targets within 2016.

ERS & Envisat SAR data:
*  Current ENVISAT ASAR IM Level-0 Data : > 60200 products (~35TB)
e Current ERS SAR IM Level-0 Data : > 56500 products (~25TB)
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GEP Validation started March 3'd:

thain Fiegktnereg Your Tweet has been viewed 32,964 times

SPIEGEL ONLIN E NVISSENSCHAFT

People have engaged with your Tweet 939 times including

Politik | Wirtschaft | Panorama | Sport | Kultur | Netzwelt | Wissenschaft | Gesundheit | einestages | Karriere | Uni | Reise | Auto | Stil

A

% 460 photoe or video views

@ 188 link clicks

Satellitenbild der Woche: Geschiittelter Vulkan "= 118 clicks to view Tweet detalls

e

Machrichten > Wissenschaft > Natur > Satellitenbild der Woche > Vulkan Villarrica in Chile: Satellitenbild vom Ausbruch

| geohazards

s ;'-_.' ﬁ_j Villarrica Volcano in Chile
oy -
‘Q Search data for event

DFD / ESA

Vulkan Villarrica: Explosion mit Folgen

Unter groBem Donner spuckte der Vulkan Villarrica im Siiden Chiles diese Woche Lava und Asche - Tausende
mussten fliehen. Ein Satellitenbild zeigt: Die Explosion hat den Berg zerriittet.

Sentinel-1A based change image of Villarrica eruption (Chile) using pre-event (20/02/2015) and post-event (04/03/2015) acquisitions.
International Charter Space & Major Dissaters activated on 3 April by ONEMI (Chile).

Blue: increase of the radar backscatter (melting of snow and ice)

Cyan: surface roughness increase (melting of snow and the accumulation of volcanic material (volcanic ash, lava flows and tephra)
Work performed by DLR on 5 March in the framework of the ASAPTERRA project originated by ESA (R&D action).

European Space Agency



Examples of Early Adopters

Userorganisation e

Ecole Normale Supérieure de Paris (France)
DLR IMF (Germany)

Altamira Information (Spain)

ISTerre / Institut de Physique du Globe de Paris (France)
INGV Roma (ltaly)

INGV Roma (ltaly)

INGV Roma (Italy)

ETH (Switzerland)

NOA (Greece)

SATIM (Poland)

Obs. Physique du Globe de Clermont-Ferrand
Univ. Blaise Pascal (France)

INGV Catania (Italy)

British Geological Survey (UK)

University of Leeds (UK)

ESA

ESA(Progressive Systems SLR)
CNR IREA (Italy)

Universita De L’ Aquila (Italy)

University College of London (UK)
ICTP (Italy)

Etna, Italy and Corinth Rift, Greece

European tectonic mask Earthquakes
Test sites on landslides and earthquakes

Subduction zones of Latin America, the NAFZ and Tibet.

Alto Tiberina Fault and Fogo Cape Verde

Marmara, East sector of NAFS

Haiti and West Java

Large surface deformations caused by landslides in Bhutan Himalaya

Landslides

Geohazard sites in Greece

Silesia & Warsaw (Poland)

Piton de la Fournaise in La Réunion, Cordon del Azufre / Lastarria in
Chile—Argentina

Etna & Campi Flegrei / Vesuvius

Urban areas of Great Britain

Active deformation in the Alpine-Himalayan belt

Over calibration sites: Rain forest, Germany (DLR targets), Australia
Milan, Chicago, Sao Paulo

Greater Cairo, South Rayan dune field, Middle Egypt province and
Aswan province

Tests on Italian volcanoes and Hawaiian and Japanese volcanic and
seismic areas

Abruzzo region: L’ Aquila and Teramo for post-seismic ground
displacements

UK landslides

Morocco seismic activity

PoC for applications: geohazards-tep@esa.int European Space Agency
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Exploitation platforms within EO Innovation Europe

- linked with large science networks and ecosystems

European
EO data asset

\ N
EO \ EO
stimulating

\
outreach \
element

\
\
\
\
1
1
1
\
1 .
Remote ' Thematic
1
1
1
1
]
]
]
1
1
1

sensing expertise

\
\
\
1
\
1
expertise : ;
i Science network #2
]
]
]
1
/)
/
/

European Space Agency



Take home messages

— The DRM user community is broad with varying needs
according to the hazard type

— Users include science users and operational users

— Needs depends on which phase of the DRM cycle
(Response, Mitigation)

— Acceptance of satellite EO methods by users is increasing

— Newly available and planned EO missions are making a big
change

— Overall the space segment is evolving and there is R&D on
the ground segment

— There are new ways to work with EO methods and new ICT
techniques to improve the contribution of satellite EO and
grow the user base

European Space Agency



Thank you

; i .- b :
Ll e e T
Two young boys look at parts of the city previously devastated by the 2004 Boxing Day earthquake and tsunami on December 23, 2008 in Banda Aceh,
Indoreska (Liet HansastiGetty Images ) #

European Space Agency
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