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Evolution of major disasters
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Hurricanes and floods in Haiti — September 2008

Source : US Navy via Getty Images _—



Earthquake in Haiti — January 2010

Source : Reuters / Eduardo Munoz



Earthquake and Tsunami in Japan — March 2011

Source : Kyodo news
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The International Charter 'Space and major disasters’

hat is the International Charter?

e The Charter is a worlwide collaboration between 15 space agencies, aimed at offering an
integrated system of acquisition and provision of satellite data in the event of major disaster

The Centre National d'Etudes Spatiales (CNES) and the European Space Agency (ESA)
initiated the International Charter in 1999

The Canadian Space Agency CSA signed the Charter on October 20, 2000

Charter declared operational as of November 1, 2000

Now composed of 15 member agencies from 12 countries + Europe
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The International Charter 'Space and major disasters’

uksA/bMmMc  DLR ROSCOSMOS
UK Germany Russia
CNES ESA - 2000 KARI
Fran ce EUMETSAT Koraa JAXA
Europe CNSA e
China
ISRO
India
INPE
Brasil
15 membersin 2015
CONAE
Argentina
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The International Charter 'Space and major disasters’
The virtual constellation of the Charter in 2014
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The International Charter 'Space and major disasters’
Type of major disasters

‘ Natural disasters ’

Biological ’ ‘ Geophysical ’ ‘ Climatological ’ ‘ Hydrological H Meteorological ’
Epidemics Earthquakes Wildfires Storms
. Floods
Insect Infestations Volcanos Extreme temperatures Cyclones
. Wet Mass movements
Animal attacks Dry mass movements Droughts
N~ Hydro-meteorological

Techological disasters

Oilspills
Industrial accident
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The International Charter 'Space and major disasters’
Who can access?

Universal Access

e Any national disaster management agency may submit a request to the Charter
e The entity must have the capacity to download and use maps
e The entity must be able to submit and pursue its activation request in Engligh




The International Charter 'Space and major disasters’
What does the Charter provide?

Mandate of the Charter

o Charter provides images, free of charge and as quickly as possible

e Charter provides crisis and damage assessment maps generated from these satellite images
o Charter offers a service 24/7

e 24 hours a day, seven days a week
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The International Charter 'Space and major disasters’

How it works?

The information is immediately transmitted
o the rescue teams and Government authorities

Satellites are tasked Damage maps are performed

¥5 & el
Salellite images are acquired ECN butian Airbus 0F, &l rghts resened




Disaster

The International Charter 'Space and major disasters’
Operational organisation of the International Charter

Emergency on-

Call Officer (BCQL____ csa
N \
/ : " ESA
i " % CNES ﬁ?b SPOT 2,4 &5
On-Duty Operator : A " NOAA-12, 14, 15, 16 &
(°D°)> NOAA ’(‘:ﬁy 17, POES and GOES
Project . \J..rr ISRO M IRS
Manager’ __..\"\' %
< (PM) e NemNes .3 CONAE 9 SAC-C
Authorized / w’
User (AU) S, o e, NG N P
4 R SR JAXA gy, ALOS
........ L, 'o.,.. - % Landsat
DMC — &

‘: Value-Added Reseller
(VAR)

End User (EU)

e coordinate the acquisition of images
e coordinate the production of derived information
e communicate with the user to ensure effective and useful assistance

ﬁ DMC Constellation

+ ... CNSA /Cbers

For each activation, a Project Manager is appointed by the member of the Charter to
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The International Charter 'Space and major disasters’
Operational organisation during activation the by French COGIC

French civil (.
security o “‘w.ﬁ_ERT,T ‘<
Coaic ‘ S_'tras*._‘ oL [ 4
Asnléres ” <— 9 Gl serTIT
J— .. | Strasbourg University
French Center for rapid
mapping

&
-

@AIRBUS

DEFENCE & SPACE

1es



The International Charter 'Space and major disasters’
From images to products

Produits




The International Charter 'Space and major disasters’
Example of products done by SERTIT — Haiti 2008

HAITI - Go

P

Tram

!!SI’I‘!S - nmgwns Gustav, H!!III. Ike

N e s

Cak Cherm 220
Produt n®11

~ Spatio-carte de crise, situatien le 09 septembre 2008
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bt g iom i b i W )
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The International Charter 'Space and major disasters’
Example of products done by SERTIT

Product no. EN-ROM-P06

PRUT RIVER FLOODED AREAS - July-Rugust 2008 Flooding Crisis Map Rapid Mapping Action

488000 498 000
25400 2480 2's80°E

5352000
5252000

Legend

‘1 Potentialy affected areas along river courses
following the July 2008 floods

Flooded areas detected
I 7 S z0e . [] county borgers

Cartographic information

N

A

o 2 4km

Projection - UTM Zone 35N Datum - WGS84
‘Scale : 1/50 000 For A1 prints

Interpretation

530000
5304000

Aferdays of heay rain end July floods hiave it Moldova, Romania|
and the Ukraine with rivers,including the Siret, Driestr and the Prut
Rivers bursing their banks. The floods are the worstseen n a
century, leading the govermment to declare the region a national
disaster area. Hundreds of towns and vilages and hence tens of
thousands of houses and people are affected

Data sources

Crisis time water bodies are derived from a TerraSAR-X
data acquired the 27th of July 2008,

© DLR/Infoterra data provision,

©SERTIT 2008 processing and analysis.

Background reference image layer:

Natural colours image derived from a Landsat 7 ETM+
image acquired the 5th of June 2000,

©USGS 2000, distribution Maryland GLCF
Processing SERTIT

Placenames - © NGA
Country boundaries - @ ESRI

Inset image layers are sourced from SRTM DEM (USGS),
Placsnames - © NGA and © ESRI
Boundaries - © ESRI

Framework

53% 000
5336000

“This product was realised on a best effort basis in crisis mode
within a rapid mapping, research and development context.

DLR/Infoterra collaborated in providing the TerraSAR-X data

Map produced the 8th of August 2008 by SERTIT
©SERTIT 2008

sertit@sertit.u-strasbg.fr
hitpi/isertit.u-strasbg.fr/

26°400°E. 26°480E. 26°50E
41200 480000 488 000 458 000
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The International Charter 'Space and major disasters’

Examples of Charter activations (Oct 2008 - Apr 2009)

Activation Call ID Activation Disaster Country / Region AU ECO PM
1D
194 228* 22/10/08 Flood Algeria CNES
194 229 28/10/08 Flood Honduras UNOSAT USGS ESA
195 230 28/10/08 Flood Yemen UNOOSA USGS DLR
196 231 03/11/08 Earthquake Pakistan USGS CNSA CSA
197 232 05/11/08 Flood Vietham UNOSAT CNSA ESA
198 233 15/11/08 Flood Kenya UNOOSA CONAE USGS
199 234 27/11/08 Floods Sri Lanka UNOSAT(OCHA) DMCII ESA
200 235 27/11/08 Floods Brazil CONAE DMCII CONAE(INPE)
201 236 11/12/08 Floods Colombia UNOOSA (OCHA) ESA CONAE
202 237 8/1/09 EE;:C‘;‘:I%‘(:' Costa Rica SIFEM CNSA CONAE (Univ. Costa Rica)
203 238 9/1/09 Floods US Washington USGS (FEMA) CNSA USGS
204 239* 22/1/09 Floods Fidiji UNOOSA(OCHA) CSA
204 240-241 24/1/09 Storm France (SW) COGICIDSC CSA CNES
205 242 9/2/09 Floods Morocco UNOOSA(ECA) ESA ESA
206 243 10/2/09 Landslide Argentina SIFEM ESA CONAE (SEGEMAR)
207 244-45 12/2/09 Fires Australia USGS (FENSA) ESA USGS
208 246 24/2/09 Volcanic Eruption Chile SIFEM JAXA CONAE (INA)
209 247 27/2/09 Floods Namibia UNOOSA(UNDP) JAXA DLR
210 248 11/3/09 Floods US Indiana USGS CNSA USGS(Gov. Indiana)
211 249 20/3/09 Floods Namibia UNOOSA CONAE UNOSAT
212 250 25/3/09 Floods US North Dakota USGS CSA USGS (univ. Of N. Dakota)
213 251 26/3/09 Floods - Landslide Peru SIFEM (INDECI) CSA CONIDA
214 252 7/4/109 Volcanic Eruption Chile SIFEM (ONEMI) ISRO CONAE

* Activation was denied by ES

cnes



The International Charter 'Space and major disasters’
Map of activations (2000-2014)

465 calls (07/2015) over >110 countries

=5

NG

13
Legend: ® Earthquake @ Landslide © Volcano ® Storm/hurricane © Flood/ocean wave O Ice/snow hazard O Fire @ Oil spill @ Other /
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@ Examples of floods activations

Lourdes - France - Floods in june 2013
Krimsk - Russia - Floods in July 2012
Niamey - Niger - Floods in August 2012

Contents
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Lourdes - France - Floods in june 2013
Damage map




' 2013
Final product

In june
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Lourdes - France - Floods in june 2013
Lourdes - Area near Nay (Hautes-Pyrénées)
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Lourdes - France - Floods in june 2013
Lourdes
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e 7th of July 2012: floods near the Black Sea. 170 deaths, 13000 affected
e 10th of July 2012: activation of the Charter by USGS

Krimsk - Russia - Floods in July 2012

Novorossiysk
e

Blaeg
Se
@

0 25
e,

km




Krimsk - Russia - Floods in July 2012

e Pre-crisis image: Google

e Crisis image: Pleiades, 70cm
e Detection of floods: stagnant water, mud areas
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Krimsk - Russia - Floods in July 2012

e Pre-crisis image: Google

e Crisis image: Pleiades, 70cm
e Detection of destroyed infrastructures

Ccnes



Krimsk - Russia - Floods in July 2012
From the Pleiades image to the rapid mapping product...

IR
=1 — LY
[l ©AsTRIUM )

e Information related to source images
e Legend + Explanations on the product _—
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Krimsk - Russia - Floods in July 2012
Final product

T T T TFREOE TR OO
; Charter Call 385

Glide No. FF-2012-000115-RUS
Product No. 02

Russian Federation - Krasnodar
Western part of Krymsk
Damage assessment map
Observation the 16/07/2012

Location Diagrams

aarsaIon

Krymsk,

n Potentially affected urban area

A Erergencycamp

= Broken bricgge

Interpretation

The floods began on the Tth of July 2012 in southwest Russian
Federation, mainly in Krasnodar Krai, More than 150 people
have died during the floods and nearly 13 000 peaple are
affected. Most of the victims lived n the city of Krymsk.

This cartographic praduct shows the potentially affected area,
the broken bridges and the emergency camps over Krymsk with
a Pléiades HRL image (50cm) acquired the 16th of July 2012

wsson

Cortographic Information
N

o o h

" 9 | - ] T Local projection: LM Zone 37 North , Datum: WGS 84

Emergency camp = y g\ . A : . ’ Geographic projection: Lat/Lon (DMS), Datum: WGS 84
. Scale: 1:5 000 for A1 prints

Geometrc references

Data Sources
Background layers

Pléiades 1A - 16 07 2012, © CNES 2012, distribution Astrium
Services / Spot Image 5.4 31l rights reserved

Affected urban areas, emengency camps & broken bridges are
derived from Pléiades HR1 data (0.5 m) acquired the 16th of

July2012
© SERTIT

Roads
© 2012 Openstreetiiap

Framework

o the best of our abilty, within a very short time frame. during a
eriss/exercice, optimising the material wvailable:

Al geographic information has kmitations due to the scale,
resolution, date and interpretation of the original source materils.

arssson

the producer.
Map produced the 18 07 2012 by SERTIT
© SERTIT 2012
sert@sertit.u-strasbg.ir
hitp:/sertitu-strashg.fr

C ASTRIUM 0

arsTaoe o arswaore arsooe arswae swooe
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Krimsk - Russia - Floods in July 2012

Problems during this call

e VHR image available few days after the event
e Flooded area detected with mud
e No VHR archive image

Ccnes



Niamey - Niger - Floods in August 2012

e Floods of the Century of the Niger river. 88 deaths, 72396 homes affected, 500000 persons

affected
o 28th of August 2012: the Charter is triggered by the French Civil Protection in relation with

Niger authorities




Niamey - Niger - Floods in August 2012
Final product

Crisis product over Niamey with Kompsat image

T TaoT
_ Charter Call 105

Glide No. FL-2012-0001ALNER

Product No. 13

NIGER - Niamey
Flood extent map - Detail

B e

Niger River
Observation the 1st of September 2012

Hydrography. .
e . e
R

Toporymy .
+ wedcaibutdng £ rowerstason
8 R shoolbuidg
B Rabgous buiding 8 Frobrga
e —

& My btdng Pearyed
P e Secandayrend
= [—

Intarpretation

Flooding i Niger has caused many deaths, destroyed houses,
and dsplaced populations. With the humanarian stustion
sending cii securiy emergency rescus teams who accordinghy
This cris map shows the flood stustion in the Miamey ares,

td from Kompsat-2 (im) acquired the 15t of September|

devec
2012, In addiion to flood water bodies, potentilly sffected|
areas are ighighted. Within these areas flood trace, such as

cusranieed, paticulary nurban s,

Cartographic information
o 05 1
e .

Local projection: UTM Zone 31 North, Datum: WGS 34

Geog rashic projecion: Lat/Lon (OMS), Datum: WG 84

Seale: 120000 for AL prints

>z

Geomesric references:

Horaortal Bing Maps and Lardsat7 ETM Eatha Orho Geolover|
RS SO Verticat STM, ma 16 spec
Oata Sources

from Kompsat-2 (1m) image acquired

the 15t of September 2012, The wet season iver bed laye b

4 from TerasAR-X image acauiied the 12ih of August

Bockground ayers
KOMPSAT.2 mag (1) sequired the 01/09/2012 - © KARI 2012

Other thematic layers & toponymy
© SERTIT 2012, O5W, Google Mags, Ourairport

Framework
The procucts eaboratedfo tis Rapi Mapging Actviy ar ealsed|

Noabity conceing the cotent o the use hereof i assumed b
roduce:

thepe

Map produced the 04 09 2012 by SERTIT

© sermiT 2012

sertit@serti.u strasby fr betpesertit.u srasb B
s

CGG\: | sertit |
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Niamey - Niger - Floods in August 2012
Final product

Crisis image over Gaya: Kompsat

Problems / challenges

e Difficulties to pre-define the most impacted areas

Several impacted areas: Niamey, Agades, Dosso and then Tillaberi, Gaya

2 cloudy Pleiades acquisitions

Delay with radar VHR acquisitions (orbital constraints)

No radar archive image for Radarsat 2 over interest areas -

Niger river level variations (flood, fall, flood) (
> cnes



Niamey - Niger - Floods in August 2012

esults

e 3 crisis products delivered 2.5 days after beginning of the charter call despite bad weather
conditions

Return of experience

e Rapid mapping products : 6/8 hours delay maximum

Radar is useful at the beginning of the call (no sensitivity to weather conditions)

When radar and VHR optical data are available, optical images are used in priority

Users like getting products with optical HR / VHR image to end the call

Ccnes
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® Examples of hurricane activations
Haiti - Hurricane Sandy in October 2012
Phillippines - Category 5 Super Typhoon Bopha in december 2012
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Haiti - Hurricane Sandy in October 2012

e Hurricane Sandy bore down on Haiti on the night 23 to 24 October 2012

e Heavy rains, strong winds
e Major floods and landslides

Haiti that was devastated by earthquake in january 2012 is the most affected area
50 deaths, and 200000 people left homeless

Entire crops in hurricane path are destroyed

Charter activated on 29 October

Ccnes



Haiti - Hurricane Sandy in October 2012

Before / after image along the Grise river (Pleiades images)




Haiti - Hurricane Sandy in October 2012

e / after image along the Grise river (Pleiades images)

AVANT LE CYCLONE

1| APRESLE evcLONE.

B

gy v - o

Nouvelle [FRRSSSEER
berge o Vo
R 2
A ~ ¢ ‘:\ \~;»:.
& P
4
.

Image Pléiades 1A - 19 juillet 2012

Overflow of the Grise river
e Displacement of the bed of the river and banks

Damages on several buildings

The map, generated by Sertit is sent to users working on the ground
Ccnes



Return of experience

e Charter activated five days after the passage of Sandy over Haiti

o Satellite images acquired late after the hurricane
e At times, substantial clouds does not facilitate detection of damages

e But many archive images available on Haiti (previous activations...)

Haiti - Hurricane Sandy in October 2012

Ccnes



ines - Category 5 Super Typhoon Bopha in december 2012

The strongest tropical cyclone to ever hit the island of Mindanao (winds 260 km/h)

Flattening coastal villages

Wiping out banana plantations
e Causing mudslides and flooding




ines - Category 5 Super Typhoon Bopha in december 2012

e Destruction of the banana plantations




Example of product

ines - Category 5 Super Typhoon Bopha in december 2012

Forest area - Extensive windfall damage

Urban area - Extensive damage

Charter Call 1D No. 423-424
TC-2012-000197-PHL
Product No. 02

PHILIPPINES - Mindanao Island
Baganga Bay North - Damage assessment
Typhoon Bopha/Pablo
Observed the 10/12/2012
Location Disgrams.

Pgomcs

Legend
Buildings Rood ifrastructure

= Potental affected Potentially blocked

= Probablyintact Probably unblocked

4 Tented structure

Tree cover

Interpretation
Bopha Typhoon which devastated Midanao's island, in southern
Philippines, on Wednesday 05 December 2012. The authorities
count around 700 dead, 400 missing and 250,000 homeless|
after its passage.

The typhoon has devastated the Baganga Bay ares: most

trees and landslides; the extensive tree cover (with planations)
s down, as evidenced analysing the Plélades images acquired|
the 10 December 2012 (0.50m),

Cartographic Information

o 100 20
——

Local projection: UTM 51 North , Datum: WGS 84
‘Geographic projection: Lat/Lon (DMS), Daturn: WGS 84

Scale: 1:5 000 for AL prints

Geometric references:

Horizontal: léiades navigation parameters

Vertical: SRTM, maximum16m specification

Data Sources

Criss layers.

Disaster impact assessment (potentilly affected buildings,
roads)

© SeRTIT 2012

Pléiaces 1 image (0.50m) acquired 10 December 2012

© CNES 2012, distribution Astrium Services / Spot Image SA, il
rights reserved.

Framework

0 the best of our abiity, within 3 very short time frame, during a
crissexercice, optimising the materil vailabl.

Al geographic. information has mitations due to e,
resolution, date and interpretation of the orignal source materals.

the producer.

Map produced the 11 December 2012 by SERTT __..

© SERTIT 2012 #
o
.

sertit@sertit.ustrasbg.fr

3\
hitp://sertit.u-strasbg.fr N
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ines - Category 5 Super Typhoon Bopha in december 2012

Problems

e Very large impacted area
e Destroyed houses only visible on VHR images (<0.7m resolution)
e Everything is destroyed...

Ccnes
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@ Example of earthquake activation
Nepal - Earthquake in april 2015
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Nepal - Earthquake in april 2015

On 25 April 2015 at 11:56 local time, Nepal struck by an earthquake with a magnitude of

7.8 on the Richter scale and with the epicentre located 78 kilometres to the north-west of
the capital city Kathmandu

e > 3700 victims
e Several locations of historical importance in the city with severe damage
e Most powerful earthquake to hit Nepal in over 80 years

Ccnes



Before / after image

in Katmandu

Nepal - Earthquake in april 2015




Nepal - Earthquake in april 2015

e / after image in Katmandu (Pleiades)

e Image acquired by the French Pleiades satellite (70cm) on 26th April
e Residents are afraid of the aftershocks and so sleep outside /
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Nepal - Earthquake in april 2015

mple of products in Katmandu (Pleiades

Charter CallID530:531
Glide No. £Q-2015.000048-NPL
Product No. 01
NEPAL- Kathmandu
Earthquake
spontaneous gathering areas
Observed the 27/04/2015
Location Diagrams

rasen

Kathmando:

Legend
Important affected buidings
(non exhaustive)
Visiblo spontaneous gathering areas

Interpretation

y April 2015 Nepal was
7.9 earthauake also affecting surrounding counties. The
epicentre was less than 0km from Kathmand, the capita,
tershocks reaching a magnitude of 7.1 have further
tion has been badly affected and

sis reported.
ed in this map, acquired_thel
27/04/2015 3t 05:03 UTC, building damage is often diffcut to|
See except where complete collapse has occurred. A number of

highlighted and h

£ areasarelocated.

£ cantographicinformation
o 05 1 N
——i A

Local projection: UTM 45 North, Datum: WGS 84
‘Geographic projection Lat/Lon (OMS), Datum: WGS 84
Scale: 115 000 for Al prints

Geometrc eferences:

Image Pléiades-18 orthorectified by Aibus 0

ata sources

crisstayers
Major affected buildings and visible spontancous gathering|
areas_extacted from Pléiades-18 image acauired thel
27/04/2015, © SERTIT 2015

Background layers

Pléiades-18 image acauired the 27/04/2015

© CNES 2015 - istribution Airbus DS,

Roads © OSM, refined by SERTIT

ogle
Otherlayers ©Global Terrain Map, OESA!

Framework

0 the best of our abilty, within a very short time frame, during 3
crisisexercce,optimising the material avlabl.

Al geographic. information has limitations due to the scal,
resoltion, date and nterprtation of the orginal source materials,

the producer.
Map produced the 27 04 2015 by SERTIT
©seRTIT 2015
sertit@sertitustrasbgfr
hutp:/fsertitu-steasbg.fe

ey

cnes

e First map of the situation in Kathmandu made by SERTIT on 27 April
e ldentification of emergency camps set up by rescue teams and NGOs

Ccnes



Nepal - Earthquake in april 2015

ems / Challenges

Very large impacted areas

Buildings damages mostly visible on VHR satellite image (<1m)
Different users requirements:

e |dentidy impacted buildings, houses, roads

e |dentify emergency camps
o ldentify point where water is available
e Etc

Analysis of an optical image: context of a building is used to identify if the building is
damaged (shadows, cars, alignment with other buildings, etc)

Preliminary Landslide Inventory Following 25 April 2015 Nepal Earthquake

g s U TE i \\"‘
i %

lllll

iy
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@ Conclusion
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Conclusion

Thanks to the Charter (ECO, PM, VA, end user):

e Ability to build synthesis of the disaster: evaluation of the damages, where they are, build a
damage map

e Support to users working on the ground, decision-maker in the affected country, and also
international aid

e In-depth knowledge of the whole information process, from user request to damage maps
delivery

Image processing perspectives

e Diversity of use cases, often the case degraded
o Still lots of work for automatic algorithms

e Also build tool to ease work of photointerprets (man in the loop)

Ccnes



Thank you for your attention !

Useful links

e The Charter Web site : http://www.disasterscharter.org
e SERTIT products: http://sertit.u-strasbg.fr/
e DLR — ZKI products: http://www.zki.dIr.de

Conclusion
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