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Abstract

Tropical Cyclones (TCs) are amongthe most  damaging events. They affect the population
with three dangerous effects: strong wind, heavy rain and storm surge. JRC has developed

asystem used in Global Disaster Alert and Coordination System (GDACS) that includes the
analysis of all these effects for every TC occurring worldwide to assess the overall impact

This document is the first POST  -EVENT Report, whichis a new type of report produced by
the JRC after a major event aimed to report the real status of the impact that occurred,
based on media repo rts, onsite analyses, and satellite images

The event analysed in this report is the intense TC ENAWO , that m ade landfall in  north -
eastern Madagascar on 7 March 2017, killing more than 80 people and causing extensive

damage, especially in  Sava and Analanj irofo regions. Authorities issued a "declaration of
national emergency" and formally requested international assistance on 14 March.

GDACS issued the first RED alert (for high winds) in Madagascar on 3 March. The
Emergency Response Coordination Centre (ERC C) of DG ECHO activated A RISTOTLE on 5
March and the Copernicus Emergency Management Service (EMS) on 7 March .

The responses of the alert and information systems are analysed and the results are
compared with the damage reported by national authorities and satellite images analysis.

In order to improve the current early warning  system and impact estimations , JRC is
implementinga new method to evaluate the areas potentially most affected by a TC , using

new data sets and classifications . The results are also included in th e report.



1 Introduction

Tropical Cyclones (TCs) are among the most dangerous natural disasters. They affect the
population with three destructive effects (strong wind, heavy rain and storm surge) and

every year they cause extensive damage and deaths in several countries around the world,

especially along the coastal areas. In order to estimate the area and the popula tion affected
by a TC, all three types of physical impact must be taken into account.

Global Disaster Alert and Coordination System (GDACS, www.gdacs.org ) includes the
analysis of all these effects for every TC occurri ng worldwide. GDACS is  a cooperation
framework between the European Commission and the United Nations Office for the
Coordination of Humanitarian Affairs (UN -OCHA). It provides alerts and preliminary impact
estimations of the natural disasters around the w orld, like earthquakes, tsunamis, tropical
cyclones and floods. Its alerts are primarily aimed at the international humanitarian
community and reflect the possibility of a need of international assistance. It is also a
support tool in case of emergency, pr oviding real -time access to web Zased disaster
information systems and related coordination tool . For this system, the JRC set up an
automatic routine that includes the TC bulletins produced by the National Oceanic and
Atmospheric Administration (NOAA) and the Joint Typhoon Warning Center (JTWC) into a
single database, covering all TC basins. Moreover, JRC has developed a specific storm
surge calculation system, i ntroducing the atmospheric forci
and using as input the TC bulletin s. Recently , JRC has developed a new storm surge system

that uses as input different atmospheric inputs (see Technical Annex ).

The JRC6s tools developed for the analysis of
like GDACS, since the alerts can be issued before the event and the areas potentially most

affected could be identified. This information allows to define the cases in which the
International Assistance is expected to be required, as well as to determine the areas of

interest for the activation of COPERNICUS Emergency Management Service ( EMS).

The results of these activities on TCs modelling are also used to provide spec ific support
(e.g. reports , maps, flash ) to the Emergency Response Coordination Centre (ERCC) of DG
ECHO (see http://erccportal.jrc.ec.europa.eu/ ).

In February 2017, the new pilot projectnamed All Risk Integrated System TOwards Trans -
boundary holListic Early -warning (ARISTOTLE) set-up by DG ECHO with funds from the
European Parliament in 2016 , start ed the production of a multi -risk report wit  hin few hours
from the activation . Earthquakes, Tsunami, Volcani c eruption and Severe Weather events,
including Tropical Cyclone  are the events considered

This document is the first POST  -EVENT Report, which is a new type of report produced by
the JRC after a major event aimed to report the real status of the impact that occurred,
based on media reports, onsite analyses, and satellite images. It includes also a scientific
analysis of the response s of the alert and information warning systems , like GDACS .

The event analysed in this POST  -EVENT Report is TC ENAWO (GLIDE number:  TC-2017 -
000023 -MDG) that hit Madagascar on 7 March 2017 as an intense TC, killing more than 80

people and causing extensive damage, especially in Sava and Analanjirofo regions.
Authorities issued a "declaration of nati onal emergency" and formally requested
international assistance on 14 March.

GDACS issued the first RED alert (for high winds) in Madagascar on 3 March and an Orange
Alert for the Storm Surge impact on 4 March. ERCC of DG ECHO activated ARISTOTLE on
5 Mar ch and Copernicus EMS on 7 March. The response s of GDACS and ARISTOTLE are
analysed and the results are compared with the damage reported by national authorities
and using satellite remote sensing data (e.g. Copernicus EMS ).

In order to improve the current GDACS system, JRC is currently developing and
implementing several new tools for the analysis of the TC impacts and evaluate their

potential risks. The first preliminary results of the new methodology are presented in this
report.
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http://www.gdacs.org/
http://erccportal.jrc.ec.europa.eu/

TC ENAWO
8 March, 07:10 UTC
AFTER LANDFALL

Figure 17 TC ENAWO - NASA's Terra satellite, as of 8 March, 07:10 UTC
(source: NASA Goddard MODIS Rapid Response Team
https://www.nasa.gov/feature/god dard/2017/enawo  -southern -indian -ocean).



https://www.nasa.gov/feature/goddard/2017/enawo-southern-indian-ocean

2 Situation Assessment

2.1  Tropical Cyclone ENAWO

Tropical Cyclone ENAWO formed on 3 March over the Southern Indian Ocean and moved

W-SW toward the north  -eastern coast of Madagascar, increasing its strength and reaching

1-min sustained winds of 230 km/h (equivalent to a Category 4 in the Saffir -Simpson
Hurricane wind Scale , SSHS) before the landfall (see TC ENAWO track in Figure 2).

TC ENAWO made landfall along the coast of Sava region (north -eastern Madagascar),
between the cities of Sambava and Antalaha in the morning of 7 March (09:30 -09:45 UTC)
with maximum sustained winds of 210 -230 km/h. Strong winds, heavy rainfall and storm

surge especially affected the districts of Antalaha (Sava region) and Maroantsetra
(Analanjirofo region) , see Figure 2.

After the landfall, it moved SW -S over central and souther  n Madagascar, weakening into a
Tropical D epression, but st ill damaging infrastructures, causing floods and landslides in
several areas of the country (see Section 2.2).

Late on 9 March, it emerged again into the southern | ndian Ocean and started
strengthening again, moving away from the southern coasts of Madagascar.
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Figure 2 - Track of TC ENAWO and population affected per district s
(data source s: JTWC, BNGRC)



2.1.1 Measurements

2111 Wind

Multiplatform _ Tropical Cyclone Surface Winds Analysis (MTCSWA)

The surface winds obtained (3h before / 3h after landfall) using the satellite product of

NOAA - National Environmental Satellite Data and

Multiplatform Tropical Cyclone Surface

km/h (equivalent to a Category 4 in the SSHS).

Winds Analysis (MTCSWA)
According to this data, 3h before the landfall TC EANWO had max. sustained winds of 219

Information Service (NESDIS)

1 are shown below.
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Figure 3 7 NOAA-MTCSWA w inds for TC ENAWO on 7 March 06:00 UTC (above) and on 7 March
(source: NOAA -NESDIS)

12:00 UTC (below)

! More information on this product are available at:

http://www.ssd.noaa.gov/PS/TROP/MTCSWA_UM.pdf
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2.1.1.2 Rainfall

NASA - Global Precipitation Measurement (GPM) and METAR

The accumulation rainfall obtained using the satellite product of NASA-GPM (Global
Precipitation Measurement  2) are shown below. More than 500 mm of rainfall affected some

areas of SAVA and northern ANALANJIROFO regions during the passage of ENAWO.

The rainfall measured (METAR 3 data) are shown in the tables below.

The a verage monthly rainfall of March in the area of Analaha and Maorantsetra is nearly

300 mm (data source: World Bank #). More information on the average monthly rainfall

mean is in Annex 6, while the comparisons between the rainfall produced by TC ENAWO

and th e monthly average of March is shown on the next page.

24h rainfall accumulation

Tropical Cyclone ENAWO: Rainfall accumulation

6 Mar 06:00 1 7 Mar 06:00
Sambava 104 mm
Antsirabato 71 mm
\ Toamasina 48 mm
St. Marie 37 mm

Mozambique
Channel

24h rainfall accumulation
7 Mar 06:00 i 8 Mar 06:00

% Sambava 215 mm
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X
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o
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/"‘ \ VVP‘\I\E\(‘{
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INDIAN OCEAN

24h rainfall accumulation

8 Mar 06:00 i 9 Mar 06:00

Antsohihy 104 mm

Acc. rainfall .
6-12 March 2017 Mananjary 237 mm
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[ 50 - 100 mm Fianarantsoa 137 mm
I 100 - 250 mm
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‘Copynaht, Eurcpean Union, 2017. Map created by EC-IRC, The DOUnGanes and names Shown on vs Map 0 ot IMply O3l AGOrsEMmant or CCaptance by the European Unon.

Figure 4 7 Figure: Accumulation rainfall6 -12 March 2017 (data source: NASA -GPM)
Table: Rainfall measured (METAR)

2 NASA-GPM (Global Precipitation Measurement  ): https://www.nasa.gov/mission_pages/GPM/main/index.html
3 NOAA NNDC Climate Data Online:

https://www7.ncdc.noa a.gov/CDO/cdopoemain.cmd?datasetabbv=DS3505&countryabbv=&georegionabbv=&re
solution=40

4 http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate& ThisCCode=MDG



https://www.nasa.gov/mission_pages/GPM/main/index.html
https://www7.ncdc.noaa.gov/CDO/cdopoemain.cmd?datasetabbv=DS3505&countryabbv=&georegionabbv=&resolution=40
https://www7.ncdc.noaa.gov/CDO/cdopoemain.cmd?datasetabbv=DS3505&countryabbv=&georegionabbv=&resolution=40
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisCCode=MDG

NASA-GPM vs monthly average

The total rainfall accumulation produced by TC ENAWO obtained using the data of NASA
GPM has been compared with the average rainfall of March obtained using the climate data

of WorldClim 2.0 5 (see Fick and Hijmans, 2017) to identify the ar eas most affected by
heavy rainfall.  The results are presented in Figure 5: the area where the rainfall produced
by TC ENAWO is higher than the monthly average is shown in blue.

MADAGASCAR - Tropical Cyclone ENAWO

Mozambique
Channel
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ENAWO
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o ERTRTOVAVY
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Monthly Average of March
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Copyright, Eurcpean Union, 2017. Map created by EC-JRC. The boundaries and names Shown on this map do net imply official

oF by the Union.
Figure 5 i Difference between the total rainfall accumulation produced by TC ENAWO (NASA -GPM)
and the average monthly rainfall mean of March using the climate data of WorldClim 2.0 (see Fick

and Hijmans, 2017).

5 See Fick and Hijmans, 2017. http://worldclim.org/version2


http://worldclim.org/version2

2.1.1.3 Storm Surge

In order to evaluate the JRC storm surge calculations, the only tide gauge
area is located in Toamasina in Antisanana region, approx. 370 km south of

available in the
Antalaha

(landfall area). The signal detected by this instrument is shown in the figure below.

3

2.5

1.5

0.5

00:00
04 Mar
2017

00:00
05 Mar
2017

00:00
06 Mar
2017

00:00
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00:00
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2017

Date (UTC)

00:00
11 Mar
2017

00:00
12 Mar
2017

00:00
13 Mar
2017

00:00
14 Mar
2017

00:00
15 Mar
2017

00:00
16 Mar
2017

Figure 6 - Sea level measured in Toamasina during the passage of TC ENAWO

(see http://webcritech.jrc.ec.europa.eu/Seal evelsDb/Home/TideChartPro/1588 )

As can be seen in this figure, the instrument was working well until the arrive of TC ENAWO
on 7 March. At that time the signal started oscillanting and then it stopped.

The measurement of this instrument w as used by the JRC in 201 2 to validate the resul ts
for TC GIOVANNA. During this analysis the JRC detected the same p roblem, that was due

to the presence of a barbed wire located under the device. A brief description of of this
problemisreported in Annex 6 ,while more information can be found in Probst etal (201 2).

Therefore the measurements of this tide gauge can not be used for the validation. However
from this figure it is possible to see the passage of ENAWO, that occurred during the strong
oscillations visible on the Figure 6.

10
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2.2 Humanitarian Impact

Tropical Cyclone ENAWO made landfall over Antalaha district (northeastern Madagascar)

on 7 March, then it moved southwards across central and southern areas of the country.
It caused damage and deaths in several regions of Madagascar, especially in the north -
eastern and eastern areas of the country. The districts of Antalaha (Sava region) and
Maroantsetra (Analanjirofo region) are the districts most affected, with 15 municipa lities
(out of 31) severely affected (see UN-BNGRC Situation Reportnr.5 ).

As of 17 March, the Government's Office for disaster and risk management (BNGRC -
Bureau National de Gestion des Risques et Catastrophe ) reported 434 000 people affected

with 58 d istricts out of 119 reporting damages, nearly 250 000 temporarily displaced and

81 dead. Accordingtothe UN  -BNGRC Situation Report nr.5 (14 April 2017), the estimation

of economic losses conducted by the CPGU ( Cellule de Prevention et de Gestion des
Urge nces) and the World Bank was  : $400 million (corresponding to about 4% of annual
GDP of Madagascar)

On 14 March, national authorities issued a "declaration of national emergency" and
requested assistance from national and international partners.

The damag e dueto TC ENAWO will be analysed, using Sendai Targets and related Indicator,
in Section 4.2.

221 Affected population

During its passage at least 81 people were kille d, and over 430 000 people were affected.

The latest figures available for each regions (as of March 2017 6) are shown inthe  Table

below, while the total number of people affected per regions and districts, as well as the

number of deaths are shown in Figu re 18. The percentage of people affected and displaced

per region (pop.of Of fi ce Nati onal poudr, |sdeEen vAnrnoenxn edmentar e shov

Region Dead Missing Injured  Displaced Pop affected % affected % displaced

ALAOTRA MANGORO 17 2 2 6 789 10 964 1% 0.6 %
AMORON | MANIA 2 - - 1203 2041 0.3% 02 %
ANALAMANGA 5 - 6 28 783 32983 1% 0.8 %
ANALANJIROFO 7 1 6 62 621 66 784 6 % 6 %
ANDROY - - - - 2130 0.3% -
ANOSY - - - 392 392 0.1% 0.1%
ATSIMO ANDREFANA - - - 95 95 <0.1% <0.1%
ATSIMO ATSINANANA 3 12 - 8 297 10 004 1% <01%
ATSINANANA 34 1 46 19 432 28 358 2% 2%
DIANA 1 - 2 - 2559 0.3% 0.3%
IHOROMBE <0.1% <0.1%

—---————
SOFIA 62 27 046 2% <01%
s 4982 14110 1% 0.3%

R Y TR N T T T T

Table 1 - Impact TC ENAWO: Dead, people missing, people displaced, people affected, % people
affected / total people in the regions , % people displaced / total people in the regions.
(Source: BNGRC, as of 17 March 2017 6)

5 BNGRC (source: IOM Report - Annexes, http://www.globaldtm.info/madagascar/ )
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Figure 7 1 TOP: Affected people (left) and deaths (right) per regions
BOTTOM: Population affected (left) and n umber of deaths per  districts (right)
As of 17 March 2017
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As shown in  Figure 7 the regions with the highest number of people affected are Sava
and Analanjirofo . Analysing the numbe r of people affected in the districts of these two
regions, the districts most affected are:

1 Antalaha (Sava) :92 % of people affected
1 Maroantsetra (Analanjirofo): 25 % of people affected
However, analysing the number of deaths, the highest values are in:
1 ATSINANANA: 17 in Vatomandry, 15 in Brickaville, 1 in Toamasina, 1 in Marolambo.
1 ALAOTRA MANGORO: 16 in Moramanga, 1 Ambatondrazaka.

Several people in the area of Brickaville died due to landslides and floods.

The highest number of the people injured was in Sava region , where the landfall occurred
Most Affected Regions

Region Population Pop. Affected % affected

SAVA 1034 599 236 456 23 %
Andapa 200 296 5861 29%
Antalaha 244 174 224 571 92 %
Sambava 321 059 450 0.1%
Vohémar 269 070 5574 21 %

ANALANJIROFO 1091 901 66 784 6 %
Maroantsetra 233091 58 401 25 %
Mananara N. 179 262 2348 1.3%
Soanierana -lvongo 143 515 429 0.3%
St. Marie 28 003 311 11%
Fénérive Est 325 308 2 095 0.6 %
Vavatenina 182 722 3200 1.8%

TOTAL 2.1 million 303 240 -

Table 2 - Impact of ENAWO in the two most affected regions
(source: BNGRC , as of 17 March 2017)
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2.2.2 Damaged houses

The number of houses destroyed, flooded and unroofed for each region and district
according to the  official report of BNGRC  number 4 of 13 March 2017 7 are shown in the
figures below . The regions most affected by floods and damaging winds are SAVA and
ANALANJIROFO. However also other two regions, ATSINANANA (Brickaville dis trict) and
ANALAMANGA (Antananarivo), results particularly affected by floods.

Region Destroyed Flooded Unroofed

ALAOTRA MANGORO 71 644 -
AMORON | MANIA

ANOSY

ATSIMO ANDREFANA 17 - -
ATSIMO ATSINANANA

DIANA

IHOROMBE

SOFIA

VATOVAVY FITOVINANY

7 988 10 290 36 767

Table 3 1 Impact of TC ENAWO: Houses destroyed, flooded, unroofed (as of 13 March 2017)

HOUSES HOUSES
HOUSES 3
DESTROYED FLOODED UNROOFED
ClANA 5, DIANA
3 Mozambique Mozambique
Wog iy Channel Channes
Channel ¥
SOFIA { ¢ OFIA
3 e S e
3 By AR BOENYAEH AN E)
/ 7 KoK BETSIRGKS
¢ bRy M“A' WELARY WELAKY mu“'
% MANGORD’ MANGO!
ALAVANGA AL AnANGS
BONGOLAVE  Antananarivo A1SINANANA BONGOAvs  Antananal
T :
7 VEKINANKARATRA & MAKINANKARATRA L
L / 1 ( i
INDIAN
MENABE - eloronT MANIA IONCDEIAA,;V MERACE (DNCDE’AAA’,V ¥ VENASE foront MAND OCEAN
~s MATSLATRA F;;;?H v i T g nm SiATR
IHOROMBE i IHORbYEE
AY.IHO ATSIMO,
ANDREFANA A jiauses  aiiDRerana anmerata o
DS ATSINANA Houses gt L g ANOZY ATSINANA Houses
Destroyed Destroyed Unroofed
1-100 1-100 y 1-100
10121000 [ 101 - 1,000 101-1000
AoV [ 1 001 - 10 000 ANGRO 4 I 1001 - 5000 ANDROY I 1 001 - 10 000
B - 10000 ® I > 5000 I > 10 000
No data No data No data
b 75 150 an0 —TC track 0 75 150 w—TC track o 75 150 300 —TC track
— e— [ — 0N
Figure 8 - Impact of TC ENAWO: houses destroyed (left), flooded (middle) and unroofed (right)
per regions
7" BNGRC report: http://www.bngrc - mid.mg/index.php?option=com_content&view=ar ticle&id=7&Itemid=112
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Houses destroyed Flooded houses Houses without roofs

TC ENAWO Andapa TC ENAWO)
Mozambique
Channel

Andapa TC ENAWO R

Channel

Mozambique
Channel

Maroantsetr; Antalaha Antalaha

Antalaha

Mananara
Ambatondrgtaka

Brickaville

INDIAN o
OCEAN Antanangrivo INDIAN INDIAN
Brickaville (e e * e
Antananarivo Antananarivo - Brickaville Antananarivo
Without roofs
Destroyed Flooded 1-500
1-500 Faragangana | 12300 501 - 1000
501 - 1000 [ 501 - 1 000 M 1001 - 5 000
I 1001 - 10 000 I 1 001 - 5000 I 5 001 - 30 000
I > 10 000 I > 5000 I > 30 000
No data No data No data
—— Track of ENAWO

Track of ENAWO
BNGRC report 4

— Track of ENAWO
ot | | BNGRC report 4

BNGRC report 4

Figure 9 - Impact of TC ENAWO: houses destroyed (left), flooded (middle) and unroofed (right)
per districts  (as of BNGRC report nr. 4 of 13 March 2017)

NOTE:
The area of Maroantsetra has been particularly affected by floods (see Figure below ).

According to media &, a dam burst around the city of Ambinanitelo and caused floods in the
city itself and in the surrounding areas, including Maroantsetra.

.

Crisis Information
Satellite detected waters
(10/03/2017 02:22 UTC)
Satellite detected waters
(07/03/2017 15:04 UTC)

Figure 10 - Floods in Maroantsetra
(source: Copernicus EMS © 2017, [EMSR197] Maroantsetra; Delineation Map)

« https://bl _ogdemadagascar.com/photos -inondations -a-maroantsetra -apres -le-passage -du-cyclone -enawo/ ,

http://www.orange.mg/actualite/rupture -barrage -dambinanitelo -maroan tsetra -sous -eaux
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2.3

Humanitarian Response

European Commission

|l

The European Commi ssion released emergency assis

Madagascar deal with the consequences of TC ENAWO. Several European
Commission humanitarian partners activated the mechanism for rapid response

which allowed them to immediately address the effects of these disasters (see ECHO
FACTSHEET, Southern Africa & Indian Ocean - April 2017)

DG ECHO partners operating in cyclone affected area s activated the crisis modifier
integrated in their current DG ECHO funded actions, allowing them to provide
immediate response (see ECHO Daily Flash 17 March 2017 , see ERCC portal ). DG
ECHO supported by the Danish, German and Norwegian Red Cross Societies to

support the Malagasy Red Cross Society (MRCS) mobilized 24 National Disaster
Response Team (NDRT) and 120 Branch Disaster Response Team (BDRT) members,

as well as 889 volunteers on the ground to raise awareness ahead of the cyclone

and conduct rapid as  sessments in six regions (see UN - BNGRC Situation Report 5)

Emergency Response Coordination Centre (ERCC) of DG ECHO activated
ARISTOTLE on 5 March and two reports were produced (5 and 7 March).

Joint Research Centre

1

As part of the Administrative Arrangement with DG ECHO, the JRC produced 5 daily
map s published on the ERCC Portal (  http://erccportal.jrc.ec.europa.eu/maps ) and
distributed to all Member States. JRC a Iso provide d updated information on TC
ENAWO in its ECHO Daily Flash reports, available at
http://erccportal.jrc.ec.europa.eu/ECHO -Flash.

The Copernicus EMS was activated by ERCC on 7 March and produced a significant

number of satellite  image based maps on the extent of the damage caused by TC
ENAWO, also at the request of authorities

Local and national response

il

The government 6s office for di sast 8ureaaNuatibnal i s k
de Gestion des Risques et Catastrophe ) is responsible for disaster management and
response in Madagascar.

Red alert s were issued in several regions, including Sava and Analanjirofo before
the arrive of TC ENAWO . BNGRC send a number of teams to the affected a reas
(Antalaha, Analanjirofo, and Sofia) to support local authorities and to train rescue

workers. Tents, beds, survival kits and food were provided. BNGRC evacuated

affected populations, relief items were pre - positioned and supplies were distributed

to af fected populations. The Malagasy Red Cross Society mobilised volunteers in

the affected areas (see ACAPS report).

On 10 March, the President of Madagascar, accompanied by the Prime Minister and

many Government officials, visited several areas affected by ENAWO, underscoring
the engagement of national authorities in leading and coordinating the response.

(see Flash Appeal, March 2017).

Reliefitemswerepre -posi ti oned in 15 districts ahead of
respond to food security, education, h ealth, nutrition, shelter, water and sanitation,

and protection needs. Additional supplies started to be deployed to Sava and

Analanijirofo regions on 10 March (see ECHO Cirisis Flash nr 2, 17 March 2017)

The Government of Madagascar declared a national eme rgency situation on 14
March and launched an appeal for international assistance. Response activities
initiated by the Government and humanitarian partners, using in -country supplies.
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International Response

1 A UNDAC (UN Disaster Assessment and Coordination ) team was deployed to
support the BNGRC and humanitarian partners in information management,
assessments and coordination arrived in Madagascar on 8 March . International
Federation of Red Cross  (IFRC) sent a FACT (Field Assessment and Coordination
Team)t eam to support the Malagasy Red Cross . Other humanitarian organizations
were also strengthening and/or establishing their in -country presence (see Flash
Appeal, March 2017)

1 From9to 10 March, the United Nations Resident Coordinator and members of the
Humanitarian Country Team (HCT) conducted an overflight of the cyclone - affected
areas in Sava and Analanjirofo regions.

UN agencies have mobilised the emergency cash grant system

On 23 March the Government of Madagascar, the United Nations and other
huma nitarian partners jointly launched the Madagascar Cyclone Enawo Flash
Appeal, calling for just over US$ 20 million to assist 250 000 of the most vulnerable
people affected by the storm with life -saving assistance and protection for the next
three months.

1 TheUN Under -Secretary -General and Emergency Relief Coordinator (USG/ERC) and
the Malagasy Permanent Representation at the UN re -launched the Flash Appeal on
ENAWO on 28 March in New York, with the participation of the Malagasy Prime
Minister, various Mini  sters and the UN Resident Coordinator for Madagascar via
videoconference.
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2.4 Historical events in the area

TCs season
Madagascar is affected by Tropical Cyclone s during the Indian Ocean TC season that
officially is: from mid -Novtomid -Apr (see Annex 5).

Historical TCs in Madagascar

The impact (dead and number of people affected) over the period 19 90-201 6 included in

EMDAT-CRED is shown in Figure 11.TC ENAWO is also i ncluded in the figure and it is
shown in RED. As can be seen, the most damaging TC (highest number of deaths and
people affected) over the last years was:

TC GAFILO in 2004 . it made landfall in Sava Region, near Antalaha, as an intense TC

(equivalent to a  Cat 4 in the SSHS). It killed more than 360 people (> 100 due to a

shipwreck) and affected nearly 1 million people. It hit Madagascar only one month after

TC ELITA. Therefore the  damage from TC G AFILO became more severe. The Government
of Madagascar declared an emergency and appealed for international assistance

on 8 March 2004.

Moreover, TCs IVAN and  FAME affected more than 239 000 people in Madagascar in 2008.
A Madagascar Flash Appea I was launched on 3 March 2008 to support Government
efforts to r espond to the immediate and early recovery needs of over 239 000 people in
urgent need of assistance (source: FAO 9).

The TCs included in the Figure below made landfall in different areas of Madagascar.

A

more detailed analysis on th e NE Madagascar (area of  the landfall of ENAWO) is shown on

the next page.

1100000

GAFILO © 100 dead
1000000 Landfall -
Cat. 4

900000

800000
LEON - ELINE

700000

3 GRETELLE
[S)
42 600000 GERALDA ‘
o . KESINY IVAN
a °
9 sooo0o @
& ENAWO
® Landfall
400000 HUDAH Cat. 4
300000
INDLALA GIOVANNA
° HUBERT e
200000 MANOU © CHEDZA
@ BIGIZA |oina
L]
100000 . ELITA 0
+ ERNEST pave * o
o ) - o @ 1
1990 1995 2000 2005 2010 2015 2020
Figure 11 - TC Impact (people affected and deaths) in Madagascar over the period 1990 -2017.

Data source: EMDAT i CRED

9 http://www.fao.org/emergencies/appeals/detail/en/c/168107/
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Landfall

Area

The most significant TCs since 2000

in Figure 12.

in NE Madagascar are shown in the  Table below and
EQUIVALENT
PoPr. DEAD
SSHS
AFFECTED (CRED)
L ANDFALL
HUDAH 2000 Cat 4 370 000 23
HARY 2002 Cath - 1
GAFILO 2004 Cat 4 990 000 363
INDLALA 2007 Cat 3 215 000 80
JAYA 2007 Catl - 3
IVAN 2008 Cat 4 524 000 93
JADE 2009 Catl 65 000 15
BINGIZA 2011 Cat 2 115 000 35
ENAWO 2017 Cat 4 434 000 81
(B pead Sambava
A SAMBAVA
e SAvA | ENAWO
ol N [ 2017
o \ :\O
: ; ANDAPA
'SOIvF,IA SLALA Antalaha
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= g
@AFILD
L
O ANTALAHA ? (J3[>3260]
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Copyright, Eurcpean Union, 2017. Map created by EC.JRC. The boundanes and NAMEes SHown ON this Map 0 N IMply SACial endorsement oF acceptance by the EUrcoean Unkn.

Figure 12 i Significant TCs inthe area over 2000 -201 7.
(sources: GDACS, JTWC, EMDAT -CRED)
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3 Pre -event: Impact estimation

3.1. Overview

Several data sources are available to obtain the TC information: TC bulletins, Numerical
Weather Forecasts (e.g. global scale, regional scale specific f or the TCs) and Satellite data,
see Annex 2.

The most important sources of TC information are the TC bulletins provided by the Regional
Specialized Meteorological Centres ( RSMCs) and the Tropical Cyclone Warning Centres
(TCWCs). These centres have the regional responsibility to forecast and monitor each area

of TC formation. Every 6  -12 hours the TC warning centres publish a TC bulletin, including
several TC information, whic ~ h vary from centre to centre.

For Madagascar, the RSMC responsible of the south -western Indian Ocean TC basin is
Meteo France La Reunion  (http://www.meteofrance.re/ ).

In addition to these centers other organizations, as the Joint Typhoon Warning Center
(JTWC), provide TC information.

The JRC set up an automatic routine that includes the TC bulletins produced by the National
Oceanic and Atmospheric Administration (NOAA) and JTWC into a single database, covering
all TC basins (see http://portal.gdacs.org/Models ). This system is currently used in GDACS.

A brief description of the data and models used by the JRC are presented i n Annex 2, while
more information can be found in the WMO - Global Guide to Tropical Cyclone Forecasting,
2017.

In th isreport only the results of following systems are presented

Section 3.2 | National Meteorological Service (NMS ) of Madagascar

Section 3.3 Regional Specialized Meteorological Centre (RSMC) . Meteo France La Reunion

Section 3.4 | GDACS (based on JTWC forecasts)

Section 3.5 | ARISTOTLE (based on RSMC forecasts)

Table 4 - System s analysed in this report.
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3.2. National Meteorological Service
The National Meteorological Service  1° of Madagascar (MMS) is:

T ADirection Gener al e dhtp/iwaw.nkedtnadagascarong/i e 0

The MMS has four different types of alerts as shown in the figure below:

GREEN ALERT YELLOW ALERT RED ALERT BLUE ALERT

Alerte Bleue

Signification
48h & 24h avant Nimpact

L& cyclons menace la localits mais le danger n'est pas
immédiat

Dans les prochaines heures, Soyez trés vigilant u da
» Les autorités locales prannent toutes les disposiions quelles otre habitation, ne circulez pas, tene
jugent utlles

» Mettez vous a labri. tenez-vous informés.

> L'Avis de menace peut &re trés court ou méme ne pas.
onister

Actions 4 entreprendre

» Ecouter en permanence les informations radiophoniques et
télévisées

» Abandonner les maisons situées au bord de l'eau

» Rejoindre un endrolt sbr. si [habitation ne T'est pas

» Faire une provision suffisante pour quelques jours

» Casser toutes activités maritimes

» Stocker d fsau potable

» Metira dans un sndrait sir le bétail rde au calme appar
» Ramener les pirogues vers la tarre ferme et bien es amarrer

Avis dbéaverti Avis de menace Avis de danger imminent Vigilance post aléas

Table 5 - Alert types for TCs (National Meteorological Service of Madagascar)

For TC ENAWO, the MMS placed the coastal areas from the northeast to the eastern parts
of the country , including Antalaha and Maroantsetra districts, on

1 3-4 March : Green Alert
1 5-6 March : Yellow Alerts
1 7-8 March: Red Alerts
Red alert s for central and southern regions were also issued on 7 - 9 March.

The time -evolution of the alerts is shown in the next figures.

i 00317 030317
2,03 1@ 05n -
- T .53 P G
.- &in - Qen  109H0%h
O 0 (0]
» o o
03 March ‘ 04 March 06 March
06:00 UTC 06:00 UTC 06:00 UTC
B $E 20F L oS 2L Plepp———mr— T oy R4 8 > flaer TE o £33 %E 5
Al [

logendos

128

B vigilance post aléas
B avis de danger immunent
[ avis de menace

0 avis d' avertissement
[ néant ou alerte levee
—&— position observee

- 4 - position prévue

I§5
168

195

s

/™ Cercle de position
\__/ probable du centre

1 07 March 07 March
06:00 UTC 12:00 UTC @ é e e 0o0e
2| o cmm cn cT FT mm or PT

5 HE TTE BE BE E %E E TE E

Figure 13 - Forecast TC ENAWO and Alerts (Meteo Madagascar)

10 List of all national meteorological services is available at https://www.wmo.int/cpdb/ ,
https://public.wmo.int/en/about -us/members _ or https://worldweather.w mo.int/en/members.html
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3.3. Regional Specialized Meteorological Centre

The Regional Specialized Meteorological Centre (RSMC) responsible for the south -western
Indian Ocean TC basin is

1 Meteo France La Reunion: http://www.meteofrance.re/

For TC ENAWO, the RSMC La Reunion:
9 issued the first bulletin for ENAWO on 3 March 2017 morning
1 identified the landfall in SAVA region the firsttimeon 3 March evening

7 identified the intensity  (Intense Tropical Cyclone, 10  -min averaged winds !':166 -
212 km/h) on 3 March evening

Track and Intensity

The track of the following bulletins are shown in Figure 14 . The maximum winds (10 min
average) estimated in each bulletin are shown in Figure 15, while the stor m surge
estimationsin Table 7.

3 March 06:00 UTC 4 days before landfall

3 March 12:00 UTC Landfall / Intensity area identified the first time

4 March 12:00 UTC 3 days before landfall

5 March 12:00 UTC 2 days before landfall

6 March 12:00 UTC 1 day before landfall

7 March 12:00 UTC First bulletin after landfall

11 March 06:00 UTC Last bulletin

Table 6 - List of Forecasted maps included in Figure 14

Last information on TC ENAWO is available at:

http://www.meteofrance.re/cyclone/activite -cyclonique -en-cours/dirre/ENAWO

1 Vmax of JTWC: 1 -min sustained, Meteo France La Reunion: 10 min averaged.

The conversion factors are shown in the table below (source WMO).

Vmaxegpn=K Vmaxgy | At-Sea | Off-Sea | Off-land | In-Land
K 0.93 0.90 0.87 0.84
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Heures locales La Réunion
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Heures locales La Réunion
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Heures locales La Réunion
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[® METEO FRANCE
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Heures locales La Réunion

[ METEO FRANCE
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vy 9 Y O O
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Figure 14 - TC ENAWO track/intensity (source: RSMC La Reunion Meteo France)
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Winds

The 10 -min average d winds estimated in each bulletin are shown in the Figure below.

Vmax 10 min averaged (km/h)

2017/03/04 00:00
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03/03/2017 12:00
03/03/2017 18:00
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—@—05/03/2017 00:00
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—8—06/03/2017 06:00
—8—-06/03/2017 12:00
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2017/03/10 00:00/

Figure 15 7 RSMC La Reunion - Meteo France Forecast s: maximum winds (10min averaged) for
each TC bulletin. Red track line: last bulletin before the landfall. Grey track line: first bulletin after
the landfall. Black line: Best Track Meteo France . Red dotted line: Landfall time.

Storm Surge

RSMC La Reunionincluded in the bulletins the following storm surge estimations

DATE

6 March 06:00 UTC

STORM SURGE ESTIMATIONS

ANTONGIL BAY IS MORE LIKELY TO UNDERGO SIGNIFICANT STORM SURGE. IT
IS EXPECTED TO REACH 3-4 METERS NEAR MAROANTSETRA  BUT ONLY
1 METER SOUTH OF ANTALAHA

6 March 12:00 UTC

ANTONGIL BAY IS MORE LIKELY TO UNDERGO SIGNIFICANT STORM SURGE. IT
IS EXPECTED TO R EACH 3-4 METERS NEAR MAROANTSETRA BUT CLOSER TO
1 METER SOUTH OF ANTALAHA AND NEAR ANTANAMBE

6 March 18:00 UTC

ANTONGIL BAY IS MORE LIKELY TO UNDERGO SIGNIFICANT STORM SURGE. IT
IS EXPECTED TO REACH 3-4 METERS NEAR MAROANTSETRA BUT CLOSER TO
1 METER SOUTH OF ANTALAHA AND NEAR ANTANAMBE

7 March 00:00 UTC

ANTONGIL BAY IS MORE LIKELY TO UNDERGO SIGNIFICANT STORM SURGE. IT
IS EXPECTED TO REACH 3-4 METERS NEAR MAROANTSETRA BUT CLOSER TO
1 METER SOUTH OF ANTALAHA AND NEAR ANTANAMBE

7 March 06:00 UTC

WITH A REAL TRACK FURTHER NORTH THAN EXPECTED, THE STORM SURGE IN
THE ANTONGIL BAY  SHOULD BE LESS THAN EXPECTED. IT IS NOW EXPECTED
TO REACH 1-2 METERS NEAR MAROANTSETRA . AT ANTALAHA WITH A
BATHYMETRY LESS CONDUCIVE FOR STRONG STORM SURGE EVENT, EXPECTED
STORM SURGE VALUE IS WITHIN THE SAME RANGE (BEWARE THAT THIS VALUE
DOES NOT TAKE INTO ACCOUNT THE TIDE AND THE WAVE SET UP).

Table 7 - Storm surge estimations (RSMC La Reunion - Meteo France)
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3.4. GDACS

JRC is responsible for the operation of Global Disaster Alert and Coordination System
(GDACS), that plays a major role in alerting the international community to humanitarian
emergencies during natural disasters. The alerts of GDACS (Green, Orange, Red) ar e
elaborated based on the severity of the event, the population involved and the vulnerability

of the countries (see www.gdacs.org ). GDACS also sends e -mail and SMS alerts to
subscribed recipients.  GDACS includesthe an alysisofall three TC effects (wind, rain, storm
surge) for every TC occurring worldwide, using several different data sources

The description of the GDACS alert system for the TC can be found in Annex 1, while an
overview onth e TC data sources usedis presented in Annex 2.

3.4.1. Overview

GDACS issued the first RED alert (for high winds !2) in Madagascar on 3 March and an
Orange Alert for the Storm Surge impact on 4 March. The region of the landfall area,
SAVA Region, was identified on 4 March. The automatic GDACS report for TC ENAWO can

be found at:  http://www.gdacs.org/report.aspx?name=ENAWO -17.

The analysis of the GDACS alerts for winds and storm surge are presented in Section 3.4.2

and the following bulletins are analysed more in detail

3 4 Mar 06:00 UTC  (Three days before the landfal 1)

5 5 Mar 06:00 UTC (Two days before the landfal 1)

7 6 Mar 06:00 UTC (One day before the landfal 1)

9 7 Mar 06:00 UTC  (Few hours before the landfall )

10 7 Mar 18:00 UTC  (First advisory available after the landfall )

Table 8 - TC bulletins analysed in detail in the next Sections.

TC Data source : Forthe TCs developed in the TC basin of SW Indian Ocean, like TC ENAWO,
GDACS uses the forecast of the JTWC. The forecasted track of all the JTWC advisories are
shown in Figure 4, while the track of the Regional Specialized Meteorological Centre (RSMC)
Meteo France La Reunion is in Section 3.1. JTWC issued a Tropical Cyclone Formation Alert

on 2 March and the first TC Warning NR 1 on 3 March at 09:00 UTC for TROPICAL CYCLONE
09S (NINE) .
12 OVERALL GDACS alert : itis based only on the Wind impact and not also on the rainfa Il and storm surge effects.
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Figure 16 - GDACS Track of TC ENAWO (Forecast JTWC)
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3.4.2. Wind Alert ( Overall Alert )

GDACS has issued the first ~ RED alert (for High winds) in Madagascar on 3 March at 18:00

UTC and it has maintained this alert level until the landfall, excep t for the bulletin 7 issued

on 6 Mar at 06:00 UTC, when the alert level was reduced to Orange due to a lower
forecasted intensity. All the alerts issued by GDACS for this event are shown in Table 9.

As can be seen the alert level and population varied from bulletin to bulletin, this is due to
the fact that the alert level strongly depends from the forecasted track and intensity.

The landfall area in Sava Region was identified the first time on 4 Ma rch at 18:00 UTC,
while the forecast of the maximum sustained winds varied from 157 to 231 km/h.

Maximum  sustained

Max winds forecasted Number of
. . Category (km/h) people
Nl Enl=in PEis forecasted Last affected by
Number (UTC) . .
(equivalent MAX forecasted winds
to SSHS) point before >1 18 km/h
landfall
1 (6] 03/03/2017 06:00 Category 4 231 231 0
2 6] 03/03/2017 18:00 Category 4 222 222 2.6 million
3 g 04/03/2017 06:00 Category 2 157 157 1.7 million
4 6] 04/03/2017 18:00 Category 3 204 204 5.7 million
5 E 05/03/2017 06:00 Category 3 185 185 240 000
6 6] 05/03/2017 18:00 Category 3 204 204 1.2 million
Z 06/03/2017 06:00 Category 2 167 167 480 000
8 6] 06/03/2017 18:00 Category 4 231 231 1.2 million
9 6] 07/03/2017 06:00 Category 4 | 231 231 2 million
10 6| 07/03/2017 18:00 Category 2 167 - 1.7 million
Table 9 - GDACS alerts event time line
The alert level colour is related to population affected by high winds (> 1 18 km/h) , vulnerability
and intensity . In yellow: last bulletin before landfall, in blue: first bulletin after landfall.
9:30 -9:45 UTC
Landfall
6,000,000 o 250
5,000,000 A @ ’E_ B IE\\
s 'E\ (3) ~ - a- - .E‘ ~ 4 \ 200
3 So o7 a’ 3
£ 4,000,000 N 7 © a
£ a 150 £
< E
.E 3,000,000 _!;
&5 100 &
2 2,000,000 =
&
1,000,000 I I I 0
0 - 0
8 ] 2 ] 2 2 8 % 8 %
2 2 3 2 3 2 2 2 2 3
s § § § & § § § 3§ 3
Advisory

Figure 17 i Variation ofthe GDACS alert levels for TC ENAWO for each TC  bulletin . The bars
represent the population affected, the line represents the variations of the Vmax for the last
forecasted point before the landfall for each TC bulletin .

13 This GDACS alert was issued on 4 March using LandScan ™ 2013 for the population. This alert has been recently
revised using a new version of LandScan ™ and now it is a GDACS orange alert (see Technical Annex).
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http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=10

Three day s BEFORE the landfall ( 4 March, 06:00 UTC)

The GDACS alert level for winds using the data of the
advisory 3 was RED .

As shown in the figure below, according to this data the
maximum sustained winds forecasted was 204 km/h. oo IENAWO.17

According to this forecast, there were nearly 2 million { “M#anan-,-c
people possibly affected by winds of more than 120 HADAGASCAR)
km/h (i.e. Hurricane -force winds). The GDACS impact
estimation of this advisory and the Event time line are
shown below.

Figure 18 - GDACS track and wind -
buffers for Adv. 3. (green: 64-92 km/h ,
orange: 93 -118 km/h, red: > 118 km/h)

Event time line

The storm evolution is shown in the table below. Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color Date (UTC) Category Wind speed Wind gusts Population affected Location (lat, lon)
by cyclone winds (>120km/h)
1 03 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h { mph) no people -12.7, 56.8
2 03 Mar 2017 18:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people -13.1, 56.3
3 04 Mar 2017 06:00 Tropical storm 102 km/h (63 mph)  km/h { mph) no people -13.6, 56.5
3 04 Mar 2017 18:00 Category 1 120 km'h (75 mph)  km/h { mph) no people -14, 56.3
3 05 Mar 2017 06:00 Category 1 139 km/h (86 mph)  km/h { mph) no people -14.2, 55.7
3 05 Mar 2017 18:00 Category 2 167 km'h (103 mph) km/h { mph) no people 14.5, 54.8
3 06 Mar 2017 06:00 Category 3 204 km/h (126 mph) km/h ( mph) 43000 people -14.9, 534
3 g 07 Mar 2017 06:00 Category 2 157 km/h (98 mph)  km/h ( mph) 1 million people -16, 50.9
1 3 08 Mar 2017 06:00 Category 1 120 km/h nph)  km/h ( mph) 1 million people
13 09 Mar 2017 06:00 Tropical storm 74 km/h (46 mph) km/h { mph) no people -19.8, 481 1
Event timeline
Sustained wind speed and population by Category 1 winds or higher
1.5 ] 300
1.2 240
Jl| Catzaory 4
- 1
0 Jl| Category 3 =
= 0.0 | E
E Category 2 =
c 1 9
% l| category 1 :E:L
3 0.6 fj120 b
E 1 Tropical Storm H
1
0.3 150
1
1
0 ! 0
1 2 3 3 3 3 3 3 3 3
Date/time
|- Sustained wind speed = Population |:rri||in|1:||
Figure 19 - GDACS Alert for TC ENAWO - Event Time Line, according to the data of the Advisory 3,
as of 4 March 0 6:00 UTC ( three day s before the landfall).
Note: The wind speed corresponds to the maximum sustained wind s at the time indicated
in the column fiDateo, while the Category is based on

14 See Footnot e 13 on page 8.
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Two days BEFORE the landfall (5 March, 06:00 UTC)

The GDACS alert level for winds using the
data of the advisory 5 was RED.

As shown in the figure below, according to
this data the  maximum  sustained winds e &g 6:00 UTC

forecasted was 204 km/h. ol i oo IR L C
2 'Y v

According to this forecast, there were

240 000 people possibly affected by winds of
more than 120 km/h (i.e. Hurricane -force
winds). The GDACS impact estimation of this
advisory and the Event time line are shown
below. .

Figure 20 - Asin Figure 18, butfor Adv.5

Event time line

The storm evolution is shown in the table below. Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color Date (UTC) Category Wind speed Wind gusts Population affected Location (lat, lon)
by cyclone winds (>120km/h)

1 03 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h { mph) no people -12.7, 56.8

2 03 Mar 2017 18:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people -13.1, 56.3

3 04 Mar 2017 06:00 Tropical storm 102 km/h (63 mph)  km/h ( mph) no people -13.6, 56.5

4 04 Mar 2017 18:00 Category 1 120 km/h (75 mph)  km/h ( mph) no people -13.7, 56.9

5 05 Mar 2017 06:00 Category 1 139 km/h (86 mph)  km/h ( mph) no people -13.5, 56.1

5 05 Mar 2017 18:00 Category 2 167 km/h (103 mph) km/h ( mph) no people -13.7, 55.2

5 06 Mar 2017 06:00 Category 3 185 km/h (115 mph) km/h ( mph) no people -14, 541

5 06 Mar 2017 18:00 Category 3 204 km/h (126 mph) km/h ( mph) no people -14.6, 52.7

5 07 Mar 2017 06:00 Category 3 185 km/h (115 mph) km/h ( mph) 240000 people -15.3,51.4

5 08 Mar 2017 06:00 Tropical storm 111 km/h (69 mph)  km/h ( mph) no people -16.8, 49.3 1
5 09 Mar 2017 06:00 Tropical storm 74 km/h (46 mph) km/h { mph) no people -19.5, 47.3 1
5 10 Mar 2017 06:00 Tropical depression 56 km/h (34 mph) km/h { mph) no people -21.8, 471 1

Event timeline
Sustained wind speed and population by Category 1 winds or higher

0.5 300
1
1 After
0.4 1 Landfall 240
I Category 4
T 1 Category 3 £
= 0.3 1 180 E
E Category 2 ~
< [
s b
E Category 1 o
2 0.2 120 B
o Tropical Storm =
&£
0.1 60
0 rApepepppp—p—p—— 1}
i 2 3 4 5 5 5 5 5 5 5 5
Date/time

|- Sustained wind speed = Population [million)l

Figure 21 - Asin Figure 19, but for the Adv. 5 of 5 Mar, 06:00 UTC (two days before the landfall)
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On e day BEFORE the landfall (6 March, 06:00 UTC)

The GDACS alert level for winds using the data
of the advisory 7 was reduced from RED to
ORANGE due to a lower intensity

As shown in the figure below, according to this
data the maximum sustained winds forecasted
was lower compared to the previous forecast,
with a max imum of 185 km/h

According to this forecast, there were nearly

4;,

500 000 people possibly affected by winds of ENA 031
more than 120 km/h (i.e. Hurricane -force f j
winds) , see Table 9. The GDACS impact 25:00 UTC

estimation of this advisory and the Event time

- Figure 22 - Asin Figure 18, butfor Adv. 7
line are shown below.

Event time line

The storm evolution is shown in the table below. Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color Date (UTC) Category Wind speed Wind gusts Population affected Location (lat, lon)
by cyclone winds (>120km/h)

1 03 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h { mph) no people -12.7,56.8

2 03 Mar 2017 18:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people -13.1, 56.3

3 04 Mar 2017 06:00 Tropical storm 102 km/h (63 mph)  km/h { mph) no people -13.6, 56.5

4 04 Mar 2017 18:00 Category 1 120 km/h (75 mph)  km/h { mph) no people -13.7, 56.9

5 05 Mar 2017 06:00 Category 1 139 km/h (86 mph)  km/h { mph) no people -13.5, 56.1

6 05 Mar 2017 18:00 Category 2 167 km/h (103 mph) km/h { mph) no people -13.9, 551

7 06 Mar 2017 06:00 Category 2 167 km/h (103 mph) km/h { mph) no people -14, 538

7 06 Mar 2017 18:00 Category 3 185 km/h (115 mph) km/h { mph) no people -14.6, 52.4

7 07 Mar 2017 06:00 Category 2 167 kmih (103 mph) km/h { mph) 320000 people -16.1, 50.9
: 7 O | 07 Mar 2017 18:00 Category 1 130 km/h (80 mph)  km/h { mph) 300000 people -15.9, 496 :
17 a 08 Mar 2017 06:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people -16.9, 486 1
: 7 O | 09 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h { mph) no people -20.6, 47 :
17 8| 10 Mar 2017 06:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people 264, 478 1
T = DO O N A N

Event timeline
Sustained wind speed and population by Category 1 winds or higher

0.35 190
1
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0.28 I is2
I Category 1
= i ey
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Figure 23 - Asin Figure 19, but for the Adv. 7 of 6 Mar, 06:00 UTC (one day before the landfall)
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Last advisory BEFORE the landfall (7 March, 06:00 UTC)

The GDACS alert level for winds at the time of
this advisory was RED, with in total over 2
million people  possibly affected by winds
higher than 120 km/h.

The maximum sustained winds forecasted for
this advisory was 230 km/h (equivalent to a
Category 4 in the SSHS) for the position just
before the landfall

The GDACS impact estimation and the Event
time line for this advisory  are shown in the
figure below.

Figure 24 - Asin Figure 18, butfor Adv.9

Event time line

The storm evolution is shown in the table below. Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color Date (UTC) Category Wind speed Wind gusts Population affected Location (lat, lon)
by cyclone winds (>120km/h)

1 03 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h { mph) no people -12.7, 56.8

2 03 Mar 2017 18:00 Tropical storm 83 km/h (52 mph) km/h { mph) no people -13.1, 56.3

3 04 Mar 2017 06:00 Tropical storm 102 km/h (63 mph)  km/h ( mph) no people -13.6, 56.5

4 04 Mar 2017 18:00 Category 1 120 km/h (75 mph)  km/h ( mph) no people -13.7, 56.9

5 05 Mar 2017 06:00 Category 1 139 km/h (86 mph)  km/h ( mph) no people -13.5, 56.1

6 05 Mar 2017 18:00 Category 2 167 km/h (103 mph) km/h ( mph) no people -13.9, 551

7 06 Mar 2017 06:00 Category 2 167 km/h (103 mph) km/h ( mph) no people -14,53.8

8 E 06 Mar 2017 18:00 Category 4 231 km/h (143 mph) km/h ( mph) 320000 people -14.5,52.4

9 C 07 Mar 2017 06:00 Category 4 231 km/h (143 mph) km/h ( mph) 1.5 million people -14.6, 50.6
19 -C 07 Mar 2017 18:00 Category 2 1E’ km/h (103 mph) km/h ( mph) 1.3 million people -15.2, 491 i
1 9 08 Mar 2017 06:00 Tropical storm 111 km/h (69 mph)  km/h ( mph) no people -16.4, 47.7 :
: 9 08 Mar 2017 18:00 Tropical storm 74 km/h (46 mph) km/h { mph) no people -18.2, 46.8 1
I 9 09 Mar 2017 06:00 Tropical depression 56 km/h (34 mph) km/h { mph) no people -20.7, 46.2 :

Event timeline
Sustained wind speed and population by Category 1 winds or higher

240
Category 4

1.33
After
Landfall

Category 3
180
Category 2

Category 1
120
Tropical Storm

0.8

Population (millian)
Wind speed (km/h)

0.4 60

1 2 3 4 5 6 ¥ 8 9 I - ] o 5
—————————— - -
Date/time

|- Sustained wind speed = Population {million) |

Figure 25 1 Asin Figure 19, but for the Adv. 9 of 7 Mar, 06:00 UTC (few hours before the
landfall)
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First bulletin AFTER the landfall (7 March, 18 :00 UTC)

The GDACS alert level for winds for this
advisory was RED, wi thintotal 1.7 million
people (see Table 9) possibly affected by
winds more than 120 km/h.

The maximum sustained winds forecasted
for this advisory was 167 km/h (equivalent
to a Cat egory 2 in the SSHS) for the first

position after the landfall. 7 L™

The GDACS impact estimation and the
Event time line for this advisory are shown
in the figure below.

Figure 26 - Asin Figure 18, butfor Adv. 10

Event time line
The storm evolution is shown in the table below. Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color Date (UTC) Category Wind speed Wind gusts Population affected Location (lat, lon)
by cyclone winds (>120km/h)

1 03 Mar 2017 06:00 Tropical storm 65 km/h (40 mph) km/h ( mph) no people -12.7, 56.8

2 03 Mar 2017 18:00 Tropical storm 83 km/h (52 mph) km/h ( mph) no people -13.1, 56.3

3 04 Mar 2017 06:00 Tropical storm 102 km/h (63 mph)  km/h ( mph) no people -13.6, 56.5

4 04 Mar 2017 18:00 Category 1 120 km/h (75 mph)  km/h ( mph) no people -13.7, 56.9

5 05 Mar 2017 06:00 Category 1 139 km/h (86 mph)  km/h ( mph) no people -13.5, 56.1

6 05 Mar 2017 18:00 Category 2 167 km/h (103 mph) km/h ( mph) no people -13.9, 55.1

7 06 Mar 2017 06:00 Category 2 167 km/h (103 mph) km/h ( mph) no people -14,53.8

8 E 06 Mar 2017 18:00 Category 4 231 km/h (143 mph) km/h ( mph) 320000 people -14.5, 52.4

9 E_ 07 Mar 2017 06:00 Category 4 231 km/h (143 mph) km/h ( mph) 1.5 million people -14.6, 50.6
1 10 G 07 Mar 2017 18:00 Category 2 167 km/h (103 mph) km/h ( mph) 1.2 million people -15.2,49.5 1
! 10 08 Mar 2017 06:00 Tropical storm 111 km/h (69 mph)  km/h ( mph) no people -16.5, 48.4 :
i 10 08 Mar 2017 18:00 Tropical storm 74 km/h (46 mph) km/h ( mph) no people -18.1,47.5 1
1 10 09 Mar 2017 06:00 Tropical depression 46 km/h (29 mph) km/h ( mph) no people -21.1,46.8 1

Event timeline
Sustained wind speed and population by Category 1 winds or higher
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Figure 27 - Asin Figure 19, but for the Adv. 10 of 7 Mar, 18:00 UTC (after landfall)
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3.4.3. Storm surge  Alert

The max imum storm surge calculated by the JRC calculations using the TC bulletins as

input in the JRC HyFlux2 are shown in the figure below. As can be seen in this figure the
maximum  storm surge forecasted was between 0.5 and 1.4 m, and the alert level for this
event varied from green to orange . It should be noted that the maximum storm surge
calculated could vary si  gnificantly if the forecasted track and/or intensity change.

According to the JRC calculations , the area potentially most affected was the area along
the northern coast of Helograno Antongila Bay, near Maro antsetra

GDACS Alert - Max Storm Surge (m)
2.0

E
2 Pd P
. Pd P P
3 1 Pd
- Pd
b
[=]
&
" ’a
L]
=

0.5

0.0

20170303.18 20170304.06 20170304.18 20170305.06 20170305.18 20170306.06 20170306.18 20170307.06 20170307.18
Figure 28 7 Maximum storm surge calculated  for each TC bulletin
Note: JRC storm surge calculations donodtinthemacechude wave

of a delta river, bays, the storm surge may be higher. The torrential rains that may affect

the mountains  areas during the passage of a Tropical Cyclone may increase the river flow
and its outflow could be blocked by the incoming storm surge. This could create floods in
the surrounding areas of the cities close to a delta river.
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Three days BEFORE the landf

all (4 March, 06:00 UTC)

JRC calculations, using as input the data of the Advisory 3 of 4 March 06:00 UTC (three

days before the landfall) estimated a possible max

1 1 m near Soanierana Ilvongo

(Analanjirofo region)

imum storm surge of:
,on7 Mar ch at 20:00 UTC.

Track of TC
ENAWO

Soanierana |+«
Ilvongo

|
}
i

Affected locations

Locations affected by Storm surge (15 of 76)
Calculation based on advisory number 3 of 04 Mar 2017 06:00:00.
(Simulation using 2 minute resolution)

Date Name Country Storm surge height (m)
07 Mar 2017 20:00:00 Soanierana lvongo Madagascar 1.0m
07 Mar 2017 20:00:00 Andrangazaha Madagascar 1.0m
07 Mar 2017 19:00:00 Fandrarazana Madagascar 0.9m
07 Mar 2017 22:00:00 Analanampotsy Madagascar 0.9m
07 Mar 2017 22:00:00 Ampasimbe Madagascar 0.9m
07 Mar 2017 22:00:00 Ampasina Madagascar 0.9m
07 Mar 2017 22:00:00 Antakobola Madagascar 0.9m
07 Mar 2017 23:00:00 Mahavanona Madagascar 0.8m
07 Mar 2017 21:00:00 Manakalana Madagascar 0.8m
07 Mar 2017 23:00:00 Fenerive Madagascar 0.8m
08 Mar 2017 00:00:00 Antsikafoka Madagascar 0.7m
07 Mar 2017 21:00:00 Ambodifototra Madagascar 0.7m
07 Mar 2017 21:00:00 Lonkintsy Madagascar 0.7m
07 Mar 2017 21:00:00 Lokintsy Madagascar 0.7m

Figure 29 - JRC storm surge calculations, as of 4 March, 06:00 UTC.

LEFT: storm surge along the coasts (green<lm, orange
potentially affected

RIGHT: locations

O1m)

Two day s BEFORE the landfall (5 March, 06:00 UTC)

JRC calculations, using as input the data of the Advisory 5 of 5 March 06:00 UTC (two days

before the landfall) estimated a possible max

1 0.7 m along the northern and eastern
Maro antsetra (Analanjirofo region)

imum storm surge of:

coasts of Helograno Antongila Bay, near
on 7 Mar ch at 16 :00 UTC, while near

Fampotabe (Sava region) on 7 March at 19:00 UTC.

Track of TC
ENAWO

Affected locations

Locations affected by Storm surge (15 of 112)
Calculation based on advisoery number 5 of 05 Mar 2017 06:00:00.
(Simulation using 0.5 minute resolution)

Date Name Country Storm surge height (m)
07 Mar 2017 19:00:00 Fampotabe Madagascar 0.7m
07 Mar 2017 16:00:00 Mahalevona Madagascar 0.7m
07 Mar 2017 16:00:00 Maroantsetra Madagascar 0.7m
07 Mar 2017 16:00:00 Andranofatsy Madagascar 0.7m
07 Mar 2017 18:00:00 Ambatoharana Madagascar 0.7m
07 Mar 2017 17:00:00 Ambanizana Madagascar 0.7m
07 Mar 2017 17:00:00 Benjana Madagascar 0.7m
08 Mar 2017 00:00:00 Manompana Madagascar 0.7m
07 Mar 2017 19:00:00 Rantranavona Madagascar 0.6m
07 Mar 2017 23:00:00 Antanambe Madagascar 0.6m
07 Mar 2017 18:00:00 Tampolo Madagascar 0.6m
07 Mar 2017 18:00:00 Antalavia Madagascar 0.6m
07 Mar 2017 15:00:00 Anantoraka Madagascar 0.6m
08 Mar 2017 02:00:00 Soanierana lvongo Madagascar 0.6m

Figure 30 - Asin Figure 29, butas of 5 March, 06:00 UTC
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One day BEFORE the landfall ( 6 March, 06:00 UTC)

JRC calculations, using as input the dat aofthe Advisory 7 of 6 March 06:00 UTC (one day
before the landfall ) estimated a possible max  imum storm surge of:

T 1 m along the northern coast of Helograno Antongila Bay, near Maro antsetra
(Analanjirofo region) ,on7 Mar ch at1 3:00 UTC.

Affected locations

Locations affected by Storm surge (15 of 153)
Calculation based on advisory number 7 of 06 Mar 2017 06:00:00.
(Simulation using 0.5 minute resolution)

Track of TC
ENAWO Date Name Country Storm surge height {m)
07 Mar 2017 13:00:00 Mahalevona Madagascar 1.0m
07 Mar 2017 14:00:00 Maroantsetra Madagascar 1.0m
07 Mar 2017 14:00:00 Andranofotsy Madagascar 1.0m
07 Mar 2017 14:00:00 Ambanizana Madagascar 1.0m
07 Mar 2017 14:00:00 Benjana Madagascar 1.0m
07 Mar 2017 14:00:00 Anantoraka  Madagascar 0.9m
07 Mar 2017 15:00:00 Tampolo Madagascar 0.9m
07 Mar 2017 13:00:00 Manambia Madagascar 0.8m
07 Mar 2017 16:00:00 Rantabe Madagascar 0.7m
07 Mar 2017 10:00:00 Ambodivato  Madagascar 0.7m
07 Mar 2017 13:00:00 Voloina Madagascar 07m
07 Mar 2017 16:00:00 Maintimbato Madagascar 0.7m
07 Mar 2017 16:00:00 Fananehana Madagascar 0.7m
07 Mar 2017 16:00:00 Anoromby Madagascar 0.7m

Figure 31 - Asin Figure 29, butasof 6 March, 06:00 UTC.

Few hours BEFORE the landfall (7 March, 06:00 UTC)

JRC calculations, using as input the data of the last bulletin available before the landfall (7
March 06:00 U TC) estimated a possible max  imum storm surge of:

1 0.9m alongthe coast of Antalaha district, near Ampaha (Sava region), on7 Mar ch

at 9:00 UTC
1 0.8 m along the northern coast of Helograno Antongila Bay, near Maro antsetra
(Analanijirofo region) , on 7 Mar ch at 11:00 UTC

Affected locations

Locations affected by Storm surge (15 of 177)
Calculation based on advisory number 9 of 07 Mar 2017 06:00:00.
(Simulation using 0.5 minute resolution)

Track of TC
ENAWO

Date Name Country Storm surge height (m)
07 Mar 2017 09:00:00 Ampaha Madagascar 0.9m
| 07 Mar 2017 09:00:00 Andrapengy Madagascar 0.9m
07 Mar 2017 13:00:00 Voloina Madagascar 0.8m
07 Mar 2017 12:00:00 Manambia Madagascar 0.8m
07 Mar 2017 12:00:00 Anantoraka Madagascar 0.8m
07 Mar 2017 11:00:00 Maroantsetra Madagascar 0.8m
07 Mar 2017 09:00:00 Ambinany Madagascar 08m
07 Mar 2017 11:00:00 Andranofotsy Madagascar 0.Tm

07 Mar 2017 09:00:00 Ambodipont-Sahana Madagascar 0.7m

07 Mar 2017 10:00:00 Mahalevona Madagascar 0.6m
07 Mar 2017 13:00:00 Rantabe Madagascar 0.6m
07 Mar 2017 09:00:00 Antalaha Madagascar 0.6m
07 Mar 2017 09:00:00 Anjahamarina Madagascar 0.5m
07 Mar 2017 10:00:00 Ambanizana Madagascar 0.5m

Figure 32 - Asin Figure 19 , but as of 7 March, 06:00 UTC.
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After landfall (7 March, 18:00 UTC)

JRC calculations, using as input the data of the first

March 18:00 UTC) estimated a possible max

imum storm surge of:

bulletin available after the landfall (7

1 0.8 m along the coast of Antalaha district, near Ampaha (Sava region) , on?7
March at 10:00 UTC
T Nearly 1 m along the northern coast of Helograno Antongil a Bay, near
Maro antsetra  (Analanjirofo region) , on 7 Mar ch at 14:00 UTC.
Affected locations
E - Locations affected by Storm surge (15 of 184)
Calculation based on advisory number 10 of 07 Mar 2017 18:00:00.
(Simulation using 0.5 minute resolution)
rrrrr Track of TC Date Name Country Storm surge height (m)
£ = ENAWO 07 Mar 2017 14:00:00 Manambia Madagascar 1.0m
07 Mar 2017 14:00:00 Anantoraka Madagascar 1.0m
Maroantsetra 07 Mar 2017 15:00:00 Voloina Madagascar 1.0m
07 Mar 2017 14:00:00 Maroantsetra Madagascar 1.0m
p 07 Mar 2017 10:00:00 Ampaha Madagascar 0.9m
& 07 Mar 2017 13:00:00 Andranofotsy Madagascar 0.9m
07 Mar 2017 10:00:00 Ambinany Madagascar 0.9m
v - 07 Mar 2017 10:00:00 Antalaha Madagascar 0.8m
B, T 07 Mar 2017 13:00:00 Mahalevona  Madagascar 0.8m
e G5 - 07 Mar 2017 14:00:00 Rantabe Madagascar 0.7m
2 07 Mar 2017 09:00:00 Andrapengy ~ Madagascar 0.7m
07 Mar 2017 10:00:00 Anjahamarina Madagascar 0.6m
0 07 Mar 2017 13:00:00 Ambanizana Madagascar 0.6m
A 07 Mar 2017 14:00:00 Maintimbato ~ Madagascar 0.5m
Figure 33 1 Asin Figure 19 , but as of 7 March, 18:00 UTC.
3.4.4. Rainfall Alert

The analysis of the
working during the passage of TC ENAWO.
current system including new data as described in

GDACS rainfall alert is not included

, beca use this system was not

JRC is solving this problem, improving the
the Technical Annex
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3.5. ARISTOTLE

3.5.1. Overview

ARISTOTLE ( All Risk Integrated System TOwards Trans -boundary holistic Early -warning )
projectwas set -up by DG -ECHO with funds from the European Parliament in 2016 , creating
a pilot project aimed at the production of a multi -risk report within few hours from an
event, on alim ited number of primary events

1 Earthquakes (secondary induced hazard: Tsunamis) ;

1 Volcanic Eruptions ;

1 Severe Weather Events (Tropical Cyclones, winter storms, major cold /heat waves
and severe precipitation)  ;
1 Flooding .
ARISTOTLE aims at the provision of Multi -Hazard Advice to ERCC, either in advance or
during the activation of EC Civil Protection Mechanism (CPM) to increase preparedness and
response |l evels of the EU and i mproving ERCCO&s

Three d iffer ent types of products  are available :

U 3 hour -informative scientific reports to ERCC ( pro-active and reactive mode) ,
delivered to ERCC through the ERCC portal ;

U  Situational Awareness reports i after the Multi -Hazard Operational Board  weekly
meetings a Bulleti n is prepared with the multi -hazard assessment. Delivered to

ERCC through the ERCC portal

U Informative communication whenever appropriate following the SOP.

°
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o

3

<}

a m
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g Earthquakes . %3
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2 Tsunamis
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TIME

Figure 34 - ARISTOTLE workflow
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3.5.2. Reports

ARISTOTLE was activated by  the ERCC of DG ECHO on 5 March (two days before landfall)
and it produced the first report after three hours from the activation and an updated report

on 7 March after the landfall . The current situation and possible evolution included in the
two ARISTOTLE reports are presented below.

The THREAT LEVEL for this eventwas RED , while the total population in the area potentially
affected by the cyclone was about 14 million. This number is different from the number of
people estimated by GDACS  (1-2million)and the one reported by national authorities after
the landfall (434 000) . This difference will be analysed in detail in Section 5.

Report 5 March 2 017 ARISTOTLE EMERGENCY REPORT
- T LEVEL |

Current Situation: Tropical Cyclone Enawo is currently centred around
600km to the NE of Madagascar. It is forecast to intensify over the coming
24 -48 hours and track towards NE Madagascar.

Possible evolution: _ Tropical Cyclone Enawo is likely to continue to strengthen

to an Intense Tropical Cyclone by late Monday through Tuesday, then make
landfall on north  -eastern Madagascar on Tuesday UTC time. There has been
increasing agreement between models through the pa st 24 hours, with all
deterministic solutions now showing Enawo moving WSW and continuing the
strengthen through today (Sunday) and Monday into Tuesday. The system

may reach its peak intensity on Monday, just prior to landfall with mean wind

speeds of arou nd 100 -110 Knots (115 -125 mph).

Although the cyclone is likely to weaken through Tuesday, it is still expected

to be a potent cyclone as it affects NE Madagascar. After making landfall the

winds will quickly decrease and it is likely to move southwards af fecting more
of the E coast, with the remnants still likely to bring as much as 500 to 750

mm of rainfall to much of eastern Madagascar over the following few days,

with the capital city Antananarivo also at risk of enhanced rainfall.

Destructive winds li  kely to damage power supplies, and buildings. Torrential rainfall likely to bring flash flooding
and an enhanced risk of landslides. Significant storm surge could bring coastal erosion and flooding. Significant
risk to life across the affected region.

Total population in the area: 14764500 (from LandScan 2015 DB). Note that the population shown here includes
the Capital City (Antananarivo), which may receive several hundred mm of rain over the event, but will avoid the
worst of the wind and rain so is not at as great a risk of significant impacts than the NE part of the country.

Updated Report 7 March 2017 - ARISTOTLE EMERGENCY REPORT -

- STORM FORCE WINDS AND NEAVY RAIN FROM CYCLONE ENAWO - UPDATE

Current situation: _ Cyclone Enawo made landfall just north of Antalaha earlier
today, with sustained winds of 110 kt (203 km/h). The system generated

186 mm of rain at Sambava in the 6 hours to 12:00 UTC. The system has
weakened somewhat as it has moved over land and away from the warm
waters of the Indian Ocean. Furthermore, as Enawo moves over the
mountainous interior of Madagascar, its wind speeds wi Il continue to reduce
and concerns surrounding the system will become largely confined to further

very heavy rain.

Possible evolution: Enawo is expected to continue SW, then S across
Madagascar over the next few days, with wind speeds expected to be 40 kt
(74km/h) by 00:00 UTC Wednesday, 38 kt (70 km/h) by 06:00 UTC, and 35

kt (64km/h) by 12:00 UTC Wednesday. This system is still expected to be
moisture -laden, with a further 500 -700 mm of rain possible as it tracks S
across the eastern half of the country. Some 200 -400 mm of rain is possible
in Antananarivo. Whilst winds are expected to ease, they are still strong
enough to bring down power lines and damage poorly constructed buildings.

The greater concern is the continuing heavy rain, which will likely lead to mud slides, flash flooding and further
damage to infrastructure in the country.

Figure 35 7 ARISTOTLE Reports - Current Situation and Possible evolution
(Source: ARISTOTLE)
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4. Post -event: Impact assessment

4.1. Satellte Images Analys es

4.1.1. Copernicus EMS - Mapping

Copernicus Emergency Management Service (Copernicus EMS) provides information
for emergency response in relation to different types of disasters, including meteorological

hazards, geophysical hazards, deliberate and accidental m an-made disasters and other
humanitarian disasters as well as prevention, preparedness, response and recovery
activities (see http://emergency.copernicus.eu/ ). Three components constitute the
Copernicus EMS: Copernicus EMS 1 Mapping, the European and Global Flood Awareness
System (EFAS & GIoFAS), the European Forest Fire Information System (EFFIS) and Global
Wildfire Information System (GWIS).

The products of Copernicus EMS - Mapping for TC ENAWO have been use  d in this analysis

The Copernicus EMS - Mapping addresses, with worldwide coverage, a wide range of
emergency situations resulting from natural or man -made disasters. Satellite imagery is
used as the main datasource. It is provided during all phases of t he emergency
management cycle, in two temporal modes (Rapid Mapping, Risk and Recovery M apping ),
and free of charge for the users. It can be activated only by authorised users. More
information can be found at: http://emergency.copernicus.eu/mapping/ems/service -
overview

Copernicus EMS (Rapid Mapping) has been activated on 7 March 2017 at 15:00 UTC by DG
ECHO and several maps have been produced (see Figure 36):

1 2 Delineation maps  which show the flood extent

1 12 Grading maps which show the results of the damage assessment (assets)

The Copernicus Areas Of Interest (AOI) are shown in the Table 10 andin Figure 37 ,while
an overview of the maps are reported in Anne x 8. More information can be found at:
http://emergency.copernicus.eu/mapping/list - of -components/EMSR197/

EMSR197: Tropical Cyclone ENAWO-17 in
Madagascar

Event Time (UTC): 2017-03-07 16:00
Event Time (LOC): 2017-03-07 19:00
Event Type: Wind storm ﬁ
Activation Time (UTC): 2017-03-07 15:00 Région
Reference maps produced: 0 M. nga SOFIA ﬂ
Delineation maps produced: 2
Grading maps produced: 12
Activation Status: Closed
Affected Countries/Territories: Coverage map: 4 GeoRss: ()
M Republic of Madagascar
Area Descriptor: Antsiranana Province T == = = =
Authorized User: 3 f
EC Services|DG ECHO ‘; i
Activation Reason:
Tropical storm ENAWO-17 has formed in the Southern
Indian Ocean north-east of Madagascar. It is moving south- |1/
west and is currently foreseen toc make landfall early 7
March on the north-eastern ceast of Madagascar as a very
intense cyclone, with extreme rainfalls and maximum |
storm surge height of one meter. ENAWO-17 is predicted to | |
have a high humanitarian impact based on the maximum
sustained wind speed, the potentially affected population
(up to one million people) and their vulnerability.

Requested Product: Delineation and Grading Maps EMSR197 - Activation Extent Map
Release: r08 - Version: v1 - Delivered: 2017-03-29 12:11
View as: - -

Filter by map type:

Filter by product: . . [06] - [18] - [os] - [19]

Figure 36 - Copernicus EMS Activation for TC ENAWO in Madagascar
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http://emergency.copernicus.eu/
http://emergency.copernicus.eu/mapping/ems/service-overview
http://emergency.copernicus.eu/mapping/ems/service-overview
http://emergency.copernicus.eu/mapping/list-of-components/EMSR197/

Population affected:

For each AOI the % of people affected

by floods has been calculated as follow:

d
=0 n et

b

L (ol
[ | mT, ‘.

Copern icus EMS uses LandScan ™ data for the population.

table below and in

AOI

Area P

e aBlmt <m™

The results are shown in the
Figure 37, while more information are in Annex 8.

Details

01

02

03

04

05

06

07

08

09

16

17

19

21

24

Table 10 - Copernicus AOI and % of people affected

Maroantsetra 15 %

Vangaindrano North 12%

Vangaindrano Not estimated )

Sambava 14 %

Antalaha 1.7%

Ambodiadabo 32%

Maroantsetra 12 %

0%

RENSEE R E No damage detected (ND)

0%

Fampotabe No damage detected  (ND)

Anororo Not estimated )

Sambava Area 0.5%

Antalaha 1.8 %

0%

BT No damage detected (ND)

lakora Not estimated )

AOI 01 / Maroantsetra / Scale 1:60000
COMPLETED

- Delineation Map:

RADARSAT-2, 07/03/2017 15:04 UTC
COSMO-SkyMed, 10/03/2017 02:22 UTC

AOI 02 / Vangaindrano North / Scale 1:10000
COMPLETED
- Delineation Map:
Pleiades-1A, 14/03/2017 07:10 UTC
AOIl 03 / Vangaindrano / Scale 1:10000
COMPLETED
- Grading Map:
Pleiades-1A, 14/03/2017 07:10 UTC
AOIl 04 / Sambava / Scale 1:10000
COMPLETED
- Grading Map:
Pleiades-1A, 10/03/2017 06:50 UTC
AOI 05 /Antalaha / Scale 1:10000
COMPLETED
- Grading Map:
GeoEye-1, 16/03/2017 06:50 UTC
AOI 06 /Ambodiadabo / Scale 1:10000
COMPLETED
- Grading Map:
GeoEye, 11/03/2017 07:10 UTC
AOI 07 / Marontsetra / Scale 1:10000
COMPLETED
- Grading Map:
GeoEye, 11/03/2017 07:10 UTC
AOI 08 / Ratsianarana / Scale 1:70000
COMPLETED
- Grading Map:
SPOT-6, 10/03/2017 06:22 UTC
AOI 09 / Fampotabe / Scale 1:70000
COMPLETED
- Grading Map:
SPOT-6, 10/03/2017 06:22 UTC
AOIl 16 /Anororo / Scale 1:10000
COMPLETED
- Grading Map:
Pleiades-1A, 15/03/2017 07:02 UTC

AOIl 17 / Sambava Area / Scale 1:50000
COMPLETED

- Grading Map:

WorldView-3, 10/03/2017 07:08 UTC

AOIl 19 /Antalaha / Scale 1:50000
COMPLETED

- Grading Map:

WorldView-3, 22/03/2017 07:02 UTC
AOIl 21 / Moramanga / Scale 1:35000
COMPLETED

- Grading Map:

GeoEye-1, 25/03/2017 07:24 UTC

AOI 24 / lakora / Scale 1:36000
COMPLETED

- Grading Map:

Pleiades-1B, 25/03/2017 07:06 UTC

by floods , map scale and sensor used

* Damage to assets was detected, affected population not calculated
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Figure 37 - Copernicus EMS AOI and % of people affected by floods.
* Damage to assets was detected, affected population not calculated



According to this analysis, the AOIs with more than 10 % of people affected are:

 Maroantsetra Area : 15 %

 Maroantsetra 112 %

1 Ambodiadabo :32%

1 Sambava :14 %

1 Vangaindrano North: 12 %
Maroantsetra

The map of Maroantsetra Area is shown in the figure below, while all the other maps are
reported in Annex 8. This map shows the evolution of the floods, comparing the waters
detected by the satellite on 7 March and on 10 March.

Figure 38 T Flood extent Map of Maroantsetra Area (situation as of 7 and 10 March 2017)
(Source: Copernicus EMS © 2017, [EMSR197] Maroantsetra; Delineation Map)
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