Activities of

SHIRO OCHI
JAXA-SAOC
AlT-GIC

N
® \)




What is IWG-SEM 2

€ IWG-SEM is an abbreviation of “International Working
Group on Satellite based Emergency Mapping.

@1t was founded to improve cooperation, communication
and professional standards among the global network of

satellite based emergency mapping providers.

€ IWG-SEM is a voluntary group of organizations involved

in satellite based emergency mapping.
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A REVIEW

Gobal trends in satellitebased
emergency mapping

Stefan Voigt, " Fabio Giu\io—"l'ono\&x2 Josh Lyons,sdan Kuéera,“ Erenda \Jone&5

Tobias Schneiderhanz‘ Gabriel F’Iatzeci&6 Kazuya Kalr(u,7 Manzul Kumar HazarikaJ3

Lorant Cz:aranQ Suju LiJ‘IJ Woendi Pedersen,‘
Catherine F’roy,‘:’7 Denis Macharia Muthike,’
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'Godstime Kadiri James,

12

Owver the past 15 vears, scientists and disaster responders have increasingly used
satellitebased Earth cheservations for global rapid assessment of dizsaster situations

We review global trends in satellite rapid response and emergency mapping from

2000 to 2014, analyzing more than 1000 incidents in which satellite monitoring was
used for assessing majordizsaster situations. We provide a synthesis of spatial patterns
and tem poral trends in global satellite emergency mapping efforts and show that
zatellitebased emergency mapping is maost intensively deploved in Asia and Europe

and follows well the gecgraphic, physical, and tem poral distributions of global natural
disasters. We present an outlook on the future use of Earth ochservation technology
for disaster response and mitigation by putting past and current developments into

context and perspective

i=acter responders and the humanitarian

 munity increasingly use Earth Ohser—
bn (E0) satellite system s to assess the
lact ofand to plan and coord inate emer—
Ency response activities after major natural
disasters around the world . EQ system s provide
responseand relief workers with tools to lift the
“fog off disaster,” EQ satellites help overcome op—
erational uncertaintiesafter major d isasters that
im pede em ergency response because of lim ited,
incom plete, and often contrad ictory ground infor—
mation. Furtherm ore, EQ satellites provide emer—
sency responderswith a situational overview
atherwise difficult to obtain during an ongoing
disaster event. For example, synthetic aperture
radar (S4R) sensors can see th rough starm douds
to rem otely assess in near real time the exact
extent or severity of flood disasters as they unfold.
Local, national, and international agencies also use
zatellite-based em ergency ma puing(SEM) as part
of larger resilience strategies (1) to help design,
implement, and evaluatedisaster risk reduction

Carman femspae Center, Oherpfaffertofen, Cermany:
Irformation Technology for Hamanitaran Assistance,
Cooperation snd Action, Tarro, ek, “Human Rights Watch,
(Cereva, Switzerlard. *Fumpsan Commission —ubint Ressarch
Oeritre, Tepra, Ialy SUS. Geological Suney Sioux Falls, S0, LBA
“Gulich Iretitute —Cérdoba Matioral UriversitCONAE,
Cérdoba, Arsertira. "pan Aerospare Exploration Agenoy,
Tsukiba, JHpan. 3Asian Institute of Techrolomy, Klorg Luang,
Pathurnthani, Thalkand, *United Mations Cfice for Quter
Space Afairs, Verna, Austria. Natioral Cisaster Reduction
Certer of CHina Beiiing Chira ""Cereva Intermatioral Centre
for Hurraritarian Demining, Cereve, Switzedand. @hatiorsl
Space Fessarch ard Dewvelopment Agency, Abuja, Mgeria
Pentre Matioral dEtudes Spatiales, Tounuss, France.
Regioral Centre for Mapping of Resources for
Ceveloprrert, Meiroki, Kerya, “Eoropean Space Agrcy,
Brussels, Belgium. ®Université catholiue de Lowwein (UGL),
Bnussels, Belgium.

*Correspord ing author, Ermail: stefanvoizt@dirde

SCIEN GE sclencemagorg

and recovery programs (2-4) Theultimats soal
of SEM iz to im prove disaster relief effectiveness
and thus to help red uce suffering and fatalities
hefore, during, and after a d isaster event coours
We focus our Review on the response phaseim -
mediately after a disaster, which typically lasts
from several days to a few weeks This phase is
technically challenging because of the strict time
constraints and demands special skill ssts and
coordination among disaster responders, the SERM
community, satellite operators, and international
organizations. The global SEM response capa—

“The availability of ---
EQ satellite systems has
increased during the past
15 vears.”

hilities have heen developing over the past 15 yvears
and can today be considerad to be at the fore—
frant of the use of satellite technology and geo—
information in the broader field of d isaster risk
management (Box 1) (5)

Partly in responss to growing demand, larger
satellite constellations with m oreadvanced sen—
sorsare heing built, with thepotential to provide
unprecedented capacity for monitoring the Earth
more rapidly and in more detail than ever before
This developm ent has not hesn limited to the
traditional spaceagencies in Europe, Japan, and
the United States Owver the past 153 years, countries
throughout Latin America, Africa, and Asia have
started their own space programs Dozens of new
satellites have heen launched, transforming avail-

ahility anc@ss to EQ technology a

further expanding the EQ constellationsand the
easeof usz of satellite data. The provision ofvast
guantities of raw =atellite data to the disaster re—
sponse com m unity hasno operational value per o2

Being time sansitive in ite relevance to immediate
disaster mitigation, the data need to he rapidly
processed, analyzed , and transformed by remote
sensing urofessionals(ﬁ) into intuitive and under—
standahle information products such as maps or
reports; these can then directly be used in emer—
gency managem ent operations (7, 8).

In reviewing global SEM responses of the past
15 years, five major eventsstand out, given their
influence on the developm entofthe international
SEM community (i) After the Indian Ocean
Tsunamiin 2004 (7), widespread international
SEM cooperation and response coord ination were
neces=ary owing to the scale of the event, size of
theim pacted region, and the num ber of countries
affected . During the disaster, satellite mapping
plaved an important role by providing an over—
view of the situation on the ground and helping
people to understand themagnitude of devastation
caused by thetsunami (i) The W enchuan Earth—
quake in 2008 (8) mobilized an at that time unpre—
cedented num ber of program med satellites and
aoquired satellite imagery fora singledisastar
event. Analysis and mapping of the data was
mainly organized by the National D izaster Re—
duction Gentre of China (NDRCC) and resulted
in the generation of num ercus satellite products
During this event, it became clear that satellite
imagery alone could not suffice to assess more
subtle structural earthguake damage to build-
ings and infrastructure. In response to this, the
emergency-mapping comm unity realized the need
for airborne sensorsand imagery from unmanned
airhorne vehicles (UAVS) in order to com plement
satellitederived products. (jil) The Haiti Earth-
guake in 2010 (10) marked aturning pointin the
aocessihility of openly licensed postevent satellite
imagery to a broader internet and crisism apping
com m unity. Many satellite-hased emergency maps
were produced by many different organizations,
which lzd to an overflow of SEM products and
som e criticism by the international disaster relisf
community (11). As a result, the International
Working Group on Satellitehased Emergency
Mapping (IWGSEM) (12) was established to im—
prove mutual information sharing, harmoni—
zation, and cooperation across the international
SEM community. (iv) The Pakistan flood in 2010
(13, 14) affected " 5% of thel ndus River basin and
20 million people. Many varying SEM products
wers produced by different initiatives. The em ar—
gency responss com m unity wasagain overwhelm ed
with inform ation, making it challenging to prioritize
and ingest all the information into their operational
workflows The main concarn was the thematic
accuracy of the postevent information hecause
of map products showing different extents of
affected areas, such as the extent of floading
Thiswas another catalyst that led to the creation
of the ING-SEM (19, 20). (v) After The Great
East Japan Earthguake in 2011 (Tohoku-ki)
(15) the Japan Asrospace Exploration Agency
(JAxA) enlisted the help of international SEM
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Fig. 2. Spatial distribution of SEM activations by disaster type. (A) At the global level. The distribution of SEM activations are grouped according to three
disaster macrocategories: (i) hydrometeorological, blue symbols (including flood. storm, snow, wildfire. and drought events); (ii) geophysical red symbols
{earthquake, volcano, and landslide events); and {iii) biogenic. green symbols (epidemic outbreaks and technical accidents) (B and C) At regional level (B)
Western and southern Europe. {C) Southern, eastern, and southeastern Asia The detailed disaster types can be read from the individual symbols. Polygons

highlight the clustering of activations aggregated at disaster macrocategory level All three sections show population density in the background {24)

with SEM support Countries such as Ching,
India, Philippines, [ndonesia, Bangladesh, and
Japan managed between 0 and 5% of their
domesticdisasters with SEM. The United States,
Afghanistan, M exico, and Russia range between
5end B% . We also found thet Asia is the main
global foass afintaneational SEM edivities, which
isin linewith the fact that according to EM-DAT,
more d isasters ocour in thisregion as compared
with others The CHARTER was activated by

250 ® JILY 2000 - VOL 353 ISSUE 9299

the United Statesmore than by any other country,
and COPERNICUS was activated mainly for di—
saster situati in south and southeastern
Europe (table 57} [n almost all rezions of the
world, &M adlivities heve rissn in numbe sub—
stantially during the past 5 years. Only for the
Americas and the Caribbean has the SEM fre—
guency remained stable or sightly deoreased
during the past 5 years. Fastan and W
Mrica havwh reamain: stable, with @ rela—

tively high level of SEM activitics ovar the pest
1 years, whereas Australia, Pohmesia, and Mela—
nesia are covered by only a few SEM activations
during the study period (Fig. 38).

The reach of individual

SEM mechanisms

The CHARTER, because of its global scope and as
supporbed by its recent universal ecoess efforts, is
th widely acki d fullyi ional SFM
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EMERGENCY MAPPING GUIDELINES

@ The aim of the guidelines is to support an effective
exchange and harmonization of emergency
mapping efforts among Emergency Mapping

Organizations.



) CONTENTS

1. INTRODUCTION

2. SATELLITE-BASED EMERGENCY MAPPING (SEM)
2.1 DEFINITION
2.2 FUNDAMENTAL PRINCIPLES

2.8 ASSURANCE OF CAPACITY AND QUALIFICATION

3. EVENT-SPECIFIC MAPPING GUIDELINES
3.1 FLOOD SPECIFIC GUIDELINES

(44 pages)
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J 2. SATELLITE-BASED EMERGENCY MAPPING

S

2.1 DEFINITION

2.2 FUNDAMENTAL PRINCIPLES

2.3 INTERACTIONS

2.4 SHARING OF DATA, ANALYSIS AND RESULTS

2.5 PRODUCT AND INFORMATION CONTENT

2.6 MAP TEMPLATE

2.7 DATA DISSEMINATION

2.8 ASSURANCE OF CAPACITY AND QUALIFICATION O

9 \J | u\



v 2.3 INTERACTIONS

2.3.1 Information Exchange

2.3.2 Levels of Interaction

2.3.3 Interaction Tools
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2.3.1 Information to be Exchanged

Four distinct phases for information exchange

1. |Initial phase
- AOI, End user input, GeoRSS

2. In-Production phase
- Metadata of products

3. Delivery/Dissemination phase
- via Web Portal

4. Post-delivery phase
- Collecting the feedback from users.

e \ / e
L%
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2.3.2 LEVELS OF INTERACTION/ACTIVATION

®Non-crisis situation
e Level-O Inactive /unavailable
* Level-1 Monitoring/On Call
@ Crisis situation
* Level-2 Self-organization(Small to medium scale crisis)

* Level-3 Cooperation of multiple mapping organizations
(medium to large scale crisis) 9



2.3.3 INTERACTION TOOLS

* GeoRSS
* Email exchanges
* Teleconferences using normal phones and mobile phones

* Videoconferences using specialized teleconferencing
equipment (e.g. tele/video- conference rooms, online services

such as Webex of GoToMeeting).

e Fax-based communication
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2. SATELLITE-BASED EMERGENCY MAPPING

2.4 SHARING OF DATA, ANALYSIS AND RESULTS

2.4.1 Definitions of SEM Sharing

2.4.2 Use and Sharing of Reference Datasets
2.4.3 Sharing of Satellite Imagery Data

2.4.4 Sharing of Analysis

2.4.5 Sharing of Delivered Products

2.4.6 Use/Licensing/Copyright

Nt \/ \/I
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' 2.4.2 SHARING OF REFERENCE DATASETS

Use well-known and already validated open data sources such
as :

v OSM

v Google Mapmaker data

v WorldPop

v'Landscan

v'GPW population

v'Landsat

v'Sentinel1, Sentinel-2

v'SRTM v 30m/90m ~/
v GTOPO30.



2.4.4 SHARING OF ANALYSIS

In case there is full or partial overlap of AOls,
VIt is expected to share the analysis among
institutions.
v'Reference data/information should be shared.

Sharing analysis would allow:
v'More aggregated products
v'Cross-check of layers among institutions
v'Better quality
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2. SATELLITE-BASED EMERGENCY MAPPING

2.5 PRODUCT AND INFORMATION CONTENT
2.5.1 Reference/Pre-Event Map

2.5.2 Impact/Delineation/Grading etc.
2.5.3 Situation Update, Event Monitoring Map

/
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_ 2. SATELLITE-BASED EMERGENCY MAPPING

2.6 MAP TEMPLATE

2.6.1 MAP FRAME
2.6.2 MAP MARGINALIA
2.6.3 RECOMMENDATIONS FOR THEMATIC LAYERS




_ 2.6 MAP TEMPLATE

21 Sept. 2007 4

Version 1.0
Frw. “==lwvgis with ESA Muititemporal Composition ASAR WSM Data Recorded 18 September 2007 and 07 March 2006 lide No: FL-2007-000 153-GHA
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2. SATELLITE-BASED EMERGENCY MAPPING

2.7 DATA DISSEMINATION

2.7.1 NAMING CONVENTIONS
2.7.2 CONTENT OF LAYERS
2.7.3 RASTER DATA

2.7.4 VECTOR DATA

2.7.5 WEB SERVICES

2.7.6 METADATA
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2 SATELLITE-BASED EMERGENCY MAPPING

N’

2.8 ASSURANCE OF CAPACITY AND QUALIFICATION

v’ Qualification is to assure proper qualification of SEM community
members.

v No formal classification of production capacity /qualification is
maintained by the IWG-SEM.

v A self-assessment check-list on capacity /qualification is provided
to allow involved partners to self-assess their internal status and
capacity.

v “IWG-SEM” logo will be used if the mapping is performed -~
following the IWG-SEM guidelines

N - J.
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2.8 ASSURANCE OF CAPACITY AND QUALIFICATION

IWG-SEM Qualification Check List
"’ Quality category Level Specification Check
Availability light & hours / 5 days a week (8/5) or less
medium better than 8/5 but not 24/7
strong 24 hours / 7 days a week (24/7)
Experience with light no experience at all
global mechanisms | medium up to 5 years
strong more than 5 years
Capacity light provision of single analysis layers
medium 1 activation on its own
strong more than 1 activation in parallel
Product quality light no quality control before product
medium | internal guality control
strong internal QC following international standarids

u\_/ )
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Product reliability light no validations at all

medium | internal validations of analysis results

strong external validations of analysis results
Product delivery light slower than 16 hours (for 1st crisis
time medium |8 to 16 hours (for 1st crisis product)

strong faster than 8 hours (for 1st crisis product)
Robust production | light ad hoc production, manual production; no
chain medium | partly automated processes

strong certified production chain
Language skills light only mother tongue (no English)

medium | English (only)

strong English (fluent) and one other language
Continuous light no user feedback gathered and integrated
improvement medium | user feedback sometimes

strong user feedback gathered after each

u\) 9
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‘ 3. EVENT-SPECIFIC MAPPING GUIDELINES

3.1 FLOOD SPECIFIC GUIDELINES
3.1.1 SCOPE
3.1.2 REFERENCE MAP
3.1.3 FLOOD EXTENT AND IMPACT
3.1.4 MONITORING OF A FLOOD SITUATION
3.1.5 INFORMATION FOR DISASTER RISK
REDUCTION
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SUBJESTS FOR FLOOD MAP

Theme

Brief Description

Normal water bodies

Indicate the detectable water bodies over a
given area derived from the most pertinent
data, taking into account seasonal variations
when possible

Crisis/disaster event water bodies

A layer highlighting all water bodies in a
given area including normal water bodies

Flood extent

All floodwater bodies and traces at a certain
(acquisition) date except for the normal
water body extents

Impact assessment

Map indicating potentially damaged/flooded
buildings, infrastructure, flooding of
vegetation/agricultural fields, serious bank
erosion/channel displacement...

\J e




REQUIREMENTS FOR
FLOOD RELATED
REFERENCE MAP

Map layer(s)

Reference
Map (Floods)

1. Normal water extent/bodies1

kkk

2. Background information layer
(e.g. archive/post-event optical
satellite imagery, topographic
map...)

*k k¥

3. Points of Interest (as critical

such as airports, railroad stations,
bridges, hospitals, embassies ...

. 1 .
infrastructure , Important assets...

*kk

4. Infrastructure information (e.g.
city names, road network, railway
net...)

*kk

5. Information on risk (e.g.
vulnerability, exposure, modelled
risk areas (HQ100, HQ200),...)

6. Thematic information layers
(e.g. land use/land cover, height
information/DEM), population
density, potential evacuation

,areas, so}l information...)

e’

**"ﬁandatog'y, ** recommended, * optional

4
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FLOOD REFERENCE MAP /

Legend

LY
' General Information Hydrology Point of Interest Transportation
Area of Interest Stream L Educatonal M Bridge
#4 settlements -vaer M Instiutional Transportation
© Populated Place * Religious Secondary Road
i Settiements Local Road

PR oo

Educational
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Figure 1: Example for a flood reference map - Source: Copernicus Emergency Management Service - Mapping.

http://emergency.copernicus.eu/ (accessed 03/11/15):
[http://emergency.copernicus.eu/mapping/system/fi Ies_/componentsjEMSRlOZ 03KOSTANJEVICA REFERENCE_DE |

TAILO1 v1_300dpi.ipg W, U !
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- FLOOD EXTENT VS IMPACT MAP

Flood Flood
Map layer(s) \ Crisis map types Extent Impact
Maps Maps
1. Flood extent it i
2. Crisis/disaster event water . ﬂ . ﬂ
bodies’
2. Normal water extent/bodies ppicshos i
3. Information on impact, e.g.
affected infrastructure, urban
areas, that can appear graphically b=
in maps and as statistics in tables
in or associated with maps
4, Points of Interest (as critical
infrastructure, important assets...
such as Embassies, airports, == e’
railroad stations, bridges,
hospitals...

2 Alternative to 1. Flood Extent

*** mondatory

** recommended
%k 9 - V
optional



FLOOD EXTENT VS IMPACT MAP

5. Infrastructure information (e.g.
city names, road network, railway
net...)

%%

%%

6. Thematic information layers
(e.g. land use/land cover, height

information/DEM), population
density, potential evacuation

areas, soil information...)

7. Background information layer
(e.g. archive/post-event optical
satellite imagery, topographic
map...)

*kkk

%k k%

*** mandatory, ** recommended, * optional

=~ N4
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3.1.4 MONITORING OF A FLOOD
SITUATION

* EVEN THOUGH FLOODS OFTEN OCCUR AS METEOROLOGICAL
SUDDEN-ONSET EVENTS, THEY CAN LAST FOR WEEKS TO EVEN
MONTHS, AS CLEARLY DEMONSTRATED BY THE FLOODS IN PAKISTAN IN
JULY TO SEPTEMBER 2010.

* MONITORING THE EVOLUTION OF THE FLOOD EVENT IS CRUCIAL FOR
ASSESSING THE RATE OF INCREASE AND/OR RETREAT OF FLOOD
WATERS, AS WELL AS TO IDENTIFY POTENTIAL NEW DAMAGES.

* IT IS TECHNICALLY POSSIBLE TO CAPTURE A NEARLY DAILY COVERAGE
OF THE WHOLE EVENT, ALLOWING THE PEAK-FLOOD LEVEL TO BE
CHARTED.

e \ / e
L%
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2.5.3 SITUATION UPDATE, EVENT MONITORING MAP )/
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Legend

Crisis Information
Flooded Area
(23/05/2014 16:33 UTC)

Old flooded area
(21/05/2014 09:02 UTC)

Figure 6: It is suggested to adopt filled polygons without outlines if the flood layers can be derived with a high level | 4
of reliablility. For example light blue an show the “older” information while darker blue shows the newer
information layer. Trasparency my allow better interpretation due to better readability of the layer context.
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_ 3.1.5INFORMATION FOR DISASTER RISK
REDUCTION

—

* Once the emergency phase is over, the recovery phase will start.

* The assessment of significant landscape changes resulting from an event is

important for any flood situation.

* The Post Disaster Needs Assessment (PDNA) provides information which is
necessary for the government and international community to support the

region in large-scale events.
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Economic Vulnerability to Food
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Figure 7: Economic Vulnerability to Floods — Santa Ana del
Yacuma, Rio Mamore, Bolivia

The vulnerability index refects exposed assets and estimated
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Figure 4: Crossing of highly reliable flood
layer with linear infrastructre / road layer
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Figure 5: Crossing of poorly reliable
flood layer with linear infrastructre /
road layer
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