Use of Earth Observation for
Disaster Response: Case Study From
Sri Lanka



1974 — 2016 Trend Analysis
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Colombo Floods
May 2016




Summary of Earth Observation by

Sentinel Asia / Intnl Charter

Activation Observation Map
Disaster Requeste Conduc Disseminat Peak Time of
Type d ted ed Disaster Data Result
Floods 17th Dec 2009 18 Dec 2009 No map generated | 16 Dec 2009 ALOS Prism Un successful due to cloud
Floods 17 May 2010 19 May 2010 20 May 2010 18 May 2010 ALOS Palsar Successful
Floods 08 Dec 2010 09 Dec 2010 10 Dec 2010 8-10 Dec 2010 ALOS Palsar Successful
Floods 11 Jan 2011 13 Jan 2011 14 Jan 2011 10-12 Jan 2011 ALOS Palsar Successful
Floods 04 Feb 2011 06 Feb 2011 07 Feb 2011 03-05 Feb 2011 | ALOS Palsar Successful
Observation was Successful
Landslide 01 Nov 2014 02 Nov 2014 Not generated 30 Oct 2014 ALOS 2 Results was not Successful
Floods 29 Sep 2015 01 Oct 2015 02 Oct 2015 30 Sep 2016 ALOS 2 Successful
Floods 1st observation ALOS 2/
Landslide 14 May 2016 16 May 2016 18 May 2016 30 Oct 2014 TerraSARX Successful
Floods 1st observation TerraSARX / Intnl
Landslide 26 May 2017 28 May 2017 29 May 2017 26 May 2017 Charter Successful




Sri Lanka with Sentinel Asia
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Efficiency of Satellite Activation (Case
— May 2010)

Date Time Action
2010.05.17 - Third consecutive day received heavy rain to Western province.
Consiltation with Met. Department, Mr. UWL Chandradasa, Dr. Ananda
2010.05.17 14.00 Mallawatantri and Mr. RMS Bandara
‘ 2010.05.17 18.00 Request image activation via SMS to JAXA Satellite tracking Centre @Tsukuba
2010.05.18 8.30 Received satellite observation plan, to be utilize ALOS PALSAR
‘ 2010.05.19 17.30 Emergency observation over Western Province
2010.05.20 8.30 Received ALOS Palsar raw data from JAXA
2010.05.20 16.30 Produced draft inundation maps and uploaded to the web

Observation can be made within 48 hours
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Flood 2008 May
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http://www.dmc.gov.lk/

Flood May 2010 Western Province
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Flood Inundation Mapping, Gampaha District, Sri Lanka Flood Inundation as at 19th May 2010
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Flood February 2011

Eastern Province Sri Lanka

10.30 am 06™ Feb. 2011 PALSAR 6m 11.45 pm 06" Feb. 2011 PALSAR 100m



Flood Inundation Mapping, East and North Central Provinc
Flood Inundation as at 06th Febr

Flood Inundation Mapping, East and North Central Provinces
Flood Inundation as at 06th February 2011
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Meeriyabedda Landslide — Sentinel Asia (ALOS2)

Acquisition 31 Oct 2014




Meeriyabedda Landslide — Intnl Charter (Terra SAR X
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Meeriyabedda Landslide — International Charter (ASTER)

disaster images were acquired
by ASTER satellite. Please note
that the accuracy of the
product is not guaranteed.

Pre Image: World View 2

Landslide Area
Resolution: 2m

Acquisition Date: 08 -April-2012

Copyright: (C) COPYRIGHT 2012
DigitalGlobe

Post Image: ASTER

Resolution: 15m

Acquisition Date: 06-Nov-2014
Coordinate System: Geographic
Datum: WGS 1984
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Flood Southern Province — September 30, 2015

Mapping Floods in Southern Provinces - Sri Lanka using ALOS-2 PALSAR-2 Satellite Images

02 October 2015 | FL-2015-0001-SL | Version 1.1

IWMI and DMC in close association with Sentinel Asia System (SAS) and JAXA activated the charter on
October 1, 2015 to provide satellite images covering the Southern Provinces. SAS quickly provided
images of 30 September 2015 and 1st October 2015 for its use in emergency response and relief
operation. IWMI using the IFMAN tool processed the flood extent covering the districts of Hambantota,
Galle, Matara, Monaragala and Ratnapura.

In total an area of 365 sq.km were inundated as viewed by ALOS PALSAR Satellite images taken on

30 September 2015. Approximately 150sq.km of paddy fields were flooded. The data sources from
Survey Department of Sri Lanka was used for this analysis purpose. Major flooded affected divisions are
Hambantota, T: Iwila, L \wehara, Tissamaharama, Wellawaya and Embilipitiya. In terms of
major paddy field affected division's area H tota, T Iwila, Ti t na, Lunugamwehara
and Tangalla. For the ALOS PALSAR-2 images taken on 1st October 2015, the affected districts are
mainly the Matara and Galle. The divisions thatincludes Thihagoda, Kamburupitiya, Malimbada,
Akuressa, Mulatiyana. In total 15 divisions were affected with a maximum inundation of 89sq.km of which
paddy fields affected area is 47sq.km. The division with paddy field affected areas are Thihagoda,
Malimbada, Kamburupitiya.

Legend
Before Disaster Image: ALOS-2 PALSAR 2
Date 118 Feb. 2015

After Disaster Inage :ALOS-2 PALSAR 2
Date :01 October.2015

Flood Extent (01 Oct 2015)
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Deses Historical Flood Mapping

VaeSSA

Map historical flood events by Satellites

May 2003,
Dec 2007,
Nov/Dec 2008,
May 2010

GFDRR

Global Facility for Disaster Reductio

‘i) {cesa CRiP @THEWORLD BANK (7))

IBRD « IDA | WORLD BANKGROUP

Climate Resilience Improvement Project

DMC European Space Agency



Oreses VaeSSA
Maximum Flood Extent
Event May 2010

Lecatien

Rl e b B cormg e Covend 1M Ao, v B wad
SRl AT botns 1% e dovd e

Inda

ALl

0 Lankas
F
W

S n

Logend

B Sedsmace VWaler (dry season)
B Fooded Nt

N Ve

Geegraghic Infermaben

| » o

s = s

Map Scale 1250 000
Projecton: SLOO% Sei_Larka_Gid 1999

Framework

Dot sources ENVISAT-ASAS, RADARSAT2

ALCS PALSAR, Landet?

Image dates: 1BOS52010, 2105200 &
22005120130

Foduced by nazka mapps

Contact irdo@nasa be

m s

nazka

&4 ('.: G QOchfIGZ

s

Figure 3: Part of the Maximum Flood Extent map in Western Sri Lanka in May 2010




Flood Map of Sri Lanka

Compiled based satellite and
field observation




Experience from Flood and Landslide
May 2016

Activated Sentinel Asia

Activated International Disaster Charter

Activated Humanitarian Openstreet Team (HOT)
GFDRR provided post disaster images over Aranayake

ANANENIRN

IWMI and OCHA Deployed at DMC
v Survey Department - Ground Mapping



Daily Rainfall - 2016/05/12
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Highest Rainfall :180.4 mm at Wagolla

Daily Rainfall - 2016/05/13

9.5+

8.5

7.5

6.5

LY

Trincomalee
o

H

95

8.5+

7.5

6.5

55

79

795 80 805 81 815 82 825

ighest Rainfall :98.6 mm at Awissawella

Daily Rainfall - 2016/05/15

795 80 80.5 81 815 82 825

Highest Rainfall :373.2 mm at KILINOCHCHI

/mm

150
120
80
50
30
20
15

10

250
150
120
80
50
30

20



Rainfall 13 — 19 May 2016
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Satellites Contributed Data

Radar Satellites

1. ALOS Palsar —Japan

2. RISAT —India

3. Radar Sat — Canada

4. Terra SAR X — Germany
Optical Satellites

1. Plaides — France (0.5 m)



Aranayake — Landslide 16" May 2016

PRE IMAGE March 2016 POST IMAGE June 2016




FLOOD IN GAMPAHA, SRI LANKA - Detected by TerraSAR-X on 19.05.2016
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Field Mapping - Kelani

Flooding Area Around Kelani River Basin (Part of) - May 2016
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“. [] Flood Area, May 31
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Flood and Landslide

May 2017
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Satellite Activated

satellte | Progam | Observation Date

Resource Sat 2 Sentinel Asia 27 May 2017
TerraSAR x (Radar) International Charter 28 May 2017
Sentinel 2 International Charter 28 May 2017
THEOS Sentinel Asia 28 May 2017
RadarSat2 (Radar) International Charter 29 May 2017
TerraSAR x (Radar) International Charter 30 May 2017
ALOS Palsar (Radar) Sentinel Asia 30 May 2017
Sentinel 1 (Radar) International Charter 30 May 2017
Resource Sat 2 Sentinel Asia 30 May 2017

KOMPSATS Sentinel Asia 30 May 2017



Flood May 2017 - Walawe

Mapping Inundation extent for Ambalantota (Hambantota District) in Suthern Province (Sri Lanka) using ESA Sentinel-1 Satellite Data (30 May 2017)

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 193 people, 95 people
still missing, displacing 100,000 and directly affecting 500,000 people across many districts according
to the initial estimates by stat Disaster M: tCenter.

International Disaster Charter was activated by Disaster Management Centre (DMC) and coordinated
by International Water Man t Institute (IWMI)/CGIAR.

The initial satellite observations German Aerospace Centre (DLR) of TerraSAR X2 (28 May 2017)
showed vast areas of standing flood waters along the Southern and South-Western Provinces. Initial
estimates from satellite images indicate that Matara (49.3) and Kalutara with 31.6 sq.km flooded area,
are the worst affected districts followed by Galle (20.2 sq.km), Rathnapura (14.9 sq.km), Colombo (5.6
sq.km) and Gampaha (4.5 sq.km). Detailed Divisional Secretariat wise flood affected area for these six
districts are given in the attached excel file. Kalutara is reeling under worst flood since 2003.

The satellite image from Sentinel-1 taken on 30 May2017 showing considerable reduction in the
inundation extent for Hambantota and reference to dark grey color in the agriculture fields.

Legend

Satellite Image : ESA Sentinel-1
30 May 2017
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Flood May 2017 — Nilwala River

Mapping Inundation extent for Gin Ganga in Southern Province (Sri Lanka) using ESA Sentinel-1 Satellite Data (30 May 2017)

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 151 people, 111 people |{Legend Map Prepared by Data Provider
still missing, displacing 100,000 and directly affecting 500,000 people across many districts according !w ! (s
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The satellite image from Sentinel-1 taken on 30 May2017 showing considerable reduction in the |[31 May 2017 | FL-2017-0001-SL | e e e"g,_f,ee nor do they imply official e(:u:lorsement or the position
inundation extent for Matara and reference to dark grey color in the agriculture fields. Version 1 UN'SPIDER of IWML.
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Flood May 2017 - Kalu

Mapping Inundation extent for Kalutara District in Western Province (Sri Lanka) using ESA Sentinel-1 Satellite Data (30 May 2017)

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 193 people, 95 people [[Legend Map Prepared by Data Provider -.n.,%
still missing, displacing 100,000 and directly affecting 500,000 people across many districts according (s
to the initial estimates by stat: Disaster M: tCenter. Satellite Image : ESA Sentinel-1 \\\% § ‘A T T T
. 30 May 2017 nternational & 0 1 2 4 Km
International Disaster Charter was acnvated by Disaster Management Centre (DMC) and coordinated | SL GND Water Management Q__“ <4
by International Water Man Institute (IWMI)/CGIAR. neHans S +
: The y excluded per water
The initial satellite observations German Aerospace Centre (DLR) of TerraSAR X2 (28 May 2017) I:l SL DSD :f:ez:‘on :ﬁglet:ismg::?g lr’enslert\;lo;r,inls:l‘;zﬁa:nd:xtg:f
showed vast areas of standing flood waters along the Southern and South-Western Provinces. Initial Eltlor et Wat:,, landand  Please note the ysurface s exteni
estimates from satellite images indicate that Matara (49.3) and Kalutara with 31.6 sq.km flooded area, Il CGIAR | Ecosystems mapped has not yet been validated in the
are the worst affected districts followed by Galle (20.2 sq.km), Rathnapura (14.9 sq.km), Colombo (5.6 (30 May 2017)
sq.km) and Gampaha (4.5 sq.km). Detailed Divisional Secretariat wise flood affected area for these six - The depiction and use of boundaries, geographic names and
districts are given in the attached excel file. Kalutara is reeling under worst flood since 2003. Permanent water R—— related data shown in these maps anle based on the sources
v i they have been drawn from and quoted. These are neither
The satellite image from Sentinel-1 taken on 30 May2017 showing considerable reduction in the |[31 May 2017 | FL-2017-0001-SL | e e e,,g,_f,ee nor do they imply official e(:1dorsement or the position
inundation extent for Kalutara and reference to dark grey color in the agriculture fields. Version 1 UN'SPIDER of IWML.
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Flood May 2017 - Kalu

Mapping Inundation extent for Southern and parts of Western and Sabaragamuwa Provinces in Sri Lanka using TerraSAR-X Satellite Data

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 151 people, 111

people still missing, displacing 100,000 and directly affecting 500,000 people across many

districts according to the initial estimates by state-run Disaster Management Center.

International Disaster Charter was activated by Disaster Management Centre (DMC) and

coordinated by Intemational Water Management Institute (IWMI)/CGIAR. The first satellite

image obtained on 28-05-2017 by German Aerospace Centre (DLR) showed vast areas of

standing flood waters along the Southern and South-Western Provinces. Initial estimates
from satellite images indicate that Matara (49.3) and Kalutara with 31.6 km2 flooded area,
are the worst affected districts followed by Galle (20.2 km2), Rathnapura (14.9 km2),
Colombo (5.6 km2) and Gampaha (4.5 km2). Detailed Divisional Secretariat wise flood
affected area for these six districts are given in the attached excel file. Kalutara is reeling
under worst flood since 2003. Residents in affected pockets are reluctant to move away from
flooded homes fearing safety of their belongings for potential theft.
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Mapping Inundation extent for Matara and its surroundings in Southern Province (Sri Lanka) using TerraSAR-X Satellite Data (28May2017)

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 151 people, 111 ||Legend Map Prepared by Data Provider —— N
people still missing, displacing 100,000 and directly affecting 500,000 people across many ;f ."\‘ A
districts according to the initial estimates by state-run Disaster Management Center. Satellite Image : TerraSAR-X 28 May 2017 | S = z F

" . " o Py Wazzr Mar;ug ment \‘\.;
International Disaster Charter was activated by Disaster Management Centre (DMC) and :I Division Map Institute DLR ——
coordinated by International Water Management Institute (IWMI)/CGIAR. The first satellite —_—— The analysis excluded permanent water
image obtained on 28-05-2017 by German Aerospace Centre (DLR) showed vast areas of e  Cities/Town bodies including reservoir, tanks and ponds
standing flood waters along the Southem and South-Western Provinces. Initial estimates Research and this reflects only the inundation extent.
from satellite images indicate that Matara (49.3) and Kalutara with 31.6 km2 flooded area, | ——— Road ——— Streams Froursm oy Please note the surface water extent

Water, Land and mapped has not yet been validated in the
CGIAR | Ecosystems

The depiction and use of boundaries, geographic names and

are the worst affected districts followed by Galle (20.2 km2), Rathnapura (14.9 km2),
Colombo (5.6 km2) and Gampaha (4.5 km2). Detailed Divisional Secretariat wise flood

Flood extent

affected area for these six districts are given in the attached excel file. Kalutara is reeling (28 May 2017) related data shown in these maps are based on the sources
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Mapping Inundation extent for Kalu Ganga basin in Western Province (Sri Lanka) using TerraSAR-X Satellite Data (28May2017)

Due to heavy rains in past few days, landslides and floods in Sri Lanka killed 151 people, 111
people still missing, displacing 100,000 and directly affecting 500,000 people across many
districts according to the initial estimates by state-run Disaster Management Center.

International Disaster Charter was activated by Disaster Management Centre (DMC) and
coordinated by International Water Management Institute (IWMI)/CGIAR. The first satellite
image obtained on 28-05-2017 by German Aerospace Centre (DLR) showed vast areas of
standing flood waters along the Southern and South-Western Provinces. Initial estimates
from satellite images indicate that Matara (49.3) and Kalutara with 31.6 km2 flooded area,
are the worst affected districts followed by Galle (20.2 km2), Rathnapura (14.9 km2),
Colombo (5.6 km2) and Gampaha (4.5 km2). Detailed Divisional Secretariat wise flood
affected area for these six districts are given in the attached excel file. Kalutara is reeling
under worst flood since 2003. Residents in affected pockets are reluctant to move away from
flooded homes fearing safety of their belongings for potential theft.
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2017 FLOOD IMPACT RAPID

ASSESSMENT

PROFILE OF SEVERELY AFFECTED

Kalu Ganga River Basin (Ratnapura and Kalutara District
-{ Demography Summary of Impact Emergency Needs
o
‘ 3,350 Houses at Risk ” Mixed Food
20,857 : 2100MT 5275 Vot

for 1 We

‘é %fﬁ# Malnutrition £ 3'350 Kits

,
W 4690 R %gmmnnm —-

Demaography Summary of Impact Emergency Needs
1,730 Houses at Risk Mixed Food
10,444 10,957 ﬁ [ 1'1WHT b

t
rce )
5480 s 5 49,5001 2ing vate

? 360 Latrine at Risk AL 900 Tents

Gin River Basin (Galle District

k: R RV BN Demography Summary of Impact Emergency Needs
S vl DL A g r Mixed Food
TR ;{« P AN 3,107 3113 ? 630 Houses at Risk O 0MT o
oW W 2010 waterresource X kd
AR N [ T Rk i3 1307001 Drnking water
B A g, - S 140 vLatrine at Risk
_—.uth-‘;' — A - A 400 veres
o - : ‘: o 'T) 13-5% Malnutrition NFI 630 Kits
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2017 FLOOD IMPACT RAPID ASSESSMENT

All information needs to be verified

. : WFP All the below are Initial estimates
&0 k. Rapid Impact Assessment Report (=) y

Date released; 01 June 2017 | Version 01 and may change
GLIDE #:FL-2017-000057-LKA | May 2017
Geographic Impact [ 290,000
South-west monsoon was activated over Sri Lanka from 24 May 2017 and a very low e 70,000 Sever ely Affected \;I,".;mtly e
upper alr wind convergence was formulated over the eastern sea of Sri Lanka which u
was absorbing westerly winds. As a result of this, heavy rains were received on 25 of : “s'm Modaretly Affected ChR ity aliecis
may to the South-western watersheds in the country. Large amount of rains were -
received within 12 hours in SW regions including Namunuthanna (619mm) of,
Bulathsinghela (419mm), Morawaka (406mm) and Walasmulla (437mm) leading Q 20,792 Houses
riverine floods of the Kalu, Nilwala and Gin rivers. e Impacted

70,000 paople have been classified as severely affactad The key critesia used for
this dassification was the exposure ievel 10 the flood inundation, level of poverty,
housing conditions and access 1o basic water and santation faclities . Ay rapid
response programme should be able 1o target this categoryand primarily the
programmes on immediate food, shelter or sanitation assistance could be planned

\ ’M{*fﬁr ‘ Priority 1

: wsing the above estimated hgue.
Priority 2

A~ The impact analysis model has estimated approximately 495000 people a5
/’ maderately affected popudation. Same vulnerability critesia not with a modecate Jevel
[495,0N of flood exposure have been wed for this dassifcation. Past disaster recovery
\ people/.‘ assistance in partiod the liveThood impeovement support, community based asset
B 4 ¢reation 10 enhance the reskence, ivelihood diversiications, disastes risk reduction
activities %o mitigate or mmimae risks would be the most appropriate and

recommended interventions ameng this group.

Priority 3
e The model has estimated that 565,000 people who are lving In the fiood affected
\\,‘ areas s the indinectly ffected population mainly due to back of access to facilities such
|' 565,000 : as hospitals, markets, schools and other public services and the communities who had
PQOP'C / 1o face burdens to host the displaced populations. These are no major response or
N\ /

recowery actions recommended for this group. However, the econamic impacts for this
population need 1o be accounted during the Post Disaster Needs Assessment
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Need for Common Mapping Mechanism

Satellite
Air
Ground
Analysis
Organization Satellite Data Airborne Data | UAV Field Data Processing/
Acquisition Acquistion Acquisition Data Analysis
Collectio
n
Disaster Management Centre Yes Yes Yes St rategy
Survey Department of Sri Lanka Yes _ CO mmon Data

Arthur C Clerk Centre for Modern
Technology

Department of Irrigation
Department of Meteorology
National Aquatic Resources Research
and Development Agency (NARA)
Coast Conservation and Coastal
Resources Department

National Building Research
Organization (NBRO)

Mahaweli Authority of Sri Lanka
Centre for Research and Development
(CRD), Ministry of Defense

Sri Lanka Air force

Sri Lanka Navy

Sri Lankan Army

PGIC/University of Peradeniya
UCSC/ University of Colombo
ERE/ University of Moratuwa
Department of Census and Statistics

- Standard Procedures
- Pre-agreed output

Yes

Outcome

-Reduce duplication

-Efficient resource mobilization
-Timely outputs

Yes Yes
Yes Yes
Yes Yes
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Floods and Landslides Situation

On 15 May 2016 Sri Lanka was hit by a severe tropical storm that caused widespread flooding and landslides in 22 districts out 25 districts in| i - g
country, destroying homes and submerging entire villages. At least 104 people are known to have died following this disaster; 99 people are {
missing, the majority due to a landslide in Aranayake, Kegalle District, which devastated three villages.
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DATA LAYERS

RiskInfo lets you upload, manage, and browse data. Search for data that is valuable to you, or upload your own
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RISKINFO is the mechanism to

share all the Risk related data
/ information

Census areas intersecting projected Attanagabu Oyva flooding (no b
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Memorandum of Understanding

=ation of an inter-institutional National Emergency Mapping Mechanism [NEMM] lead by the
lanagement Center and the Survey Department of Sri Janka, to be on-call and activate upon
n of disasters and emergencies in order to coordinate efforts for the rapid delivery of maps
atial analysis to all stakeholders involved in disaster response and relief.

ound:

emergency mapping using varous datasets and tools provides spatial information on the impact
aster and assures the effectiveness ofresponse and relief efforts. In past disasters, the Disaster
gement Centre (DMC) as well as other agencies haye contnbuted to rapid mapping by using
ble datasets and obtaining satellite images through regional and mtemational mechanisms such
tinel Asia and the Intemational Charter for major disasters.

ser, past expenence has shown that more coordination isneeded among all mstitutions mvelved
pping disaster-struck areas. A formal rapid mapping mechanism iz essential for efficient
erncy response, with minimal duplication of mformation and effort. Such a gystem, needs to be
e as part of a disaster preparedness strategy.

roposed mechanism fits with disaster preparedness initiatives in Sn Lanka that include the
tprment of an National Spatial Data Infrastructure, the use of the WFP-lead 72 hour rapid

4

TP

1g framework and theyse of WFF's PRISM system, among others. The proposed mechanism’s

main objectiveisto have protocolsinplace before a disaster strikes in order for rapid and coordinated
mapping response to disasters.

As outlinedin the “Concept of Operations for establishing a Rapid Emergency Mapping Mechanism
in 81 Lanka”, there is a strong legal mandate to establish such a mechanism, given by the Disaster
Management Act, the National Policy on Disaster Management (NDMP) and the National Emergency

Operations Plan (NEOP).

Intemationally, standards that call for and mandate the establishment of the Fapid Emergency
Mappine Mechanizm are set forth bv the UN Committee of Expertzs on Global Geozspatial Information
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