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Abstract  

Tropical Cyclones (TCs) are among the most damaging events. They affect the population 

with three dangerous effects: strong wind, heavy rain and storm surge. JRC has developed 

a system  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, 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 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 

implementing a  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.  
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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 Ȥbased 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, introducing the atmospheric forcing in the JRCôs HyFlux2 code 

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 JRCôs tools developed for the analysis of the TCs are used in early warning systems 

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 project named All Risk Integrated System TOwards Trans -

boundary hoListic 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.   

http://www.gdacs.org/
http://erccportal.jrc.ec.europa.eu/
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Figure 1  ï 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 ).  

TC ENAWO  
8 March, 07:10 UTC  

AFTER LANDFALL 

https://www.nasa.gov/feature/goddard/2017/enawo-southern-indian-ocean
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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 I ndian Ocean and started 

strengthening again, moving away from the southern coasts of Madagascar.  

 
Figure 2  -  Track of TC ENAWO  and population affected  per district s  

(data source s: JTWC , BNGRC )   
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 Measurements  

2.1.1.1  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 Information Service  (NESDIS) 

Multiplatform Tropical Cyclone Surface Winds Analysis (MTCSWA) 1 are shown below. 

According to this data, 3h before the landfall TC EANWO had max. sustained winds of 219 

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

 

 

 

 

Figure 3  ï NOAA-MTCSWA w inds for TC ENAWO on 7 March 06:00 UTC (above) and on 7 March 

12:00 UTC (below)  (source: NOAA -NESDIS)  

 

                                           
1 More information on this product are available at: http://www.ssd.noaa.gov/PS/TROP/MTCSWA_UM.pdf   

Vmax = 219 km/h  

Vmax = 189  km/h  

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 4). 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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4  ï Figure: Accumulation rainfall 6 -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   

24h rainfall accumulation  

6 Mar 06:00 ï 7 Mar 06:00  

Sambava  104  mm  

Antsirabato  71 mm  

Toamasina  48 mm  

St. Marie  37 mm  

 

24h rainfall accumulation  

7 Mar 06:00 ï 8 Mar 06:00  

Sambava  215  mm  

Ambohitsilaozana  99 mm  

Toamasina  97 mm  

Mananjary  39 mm  

Antananarivo/Ivato  56 mm  

St. Marie  128 mm  

Fascene (Nossi - Be)  102 mm  

Antsohihy  102 mm  

  

24h rainfall accumulation  

8  Mar 06:00 ï 9  Mar 06:00  

Antsohihy  104 mm  

Mananjary  237 mm  

Fianarantsoa  137 mm  

Antananarivo/Ivato  100  mm  

Besalampy  94 mm  

Fascene (Nossi - Be)  70  mm  

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
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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.  

 

 

 
Figure 5  ï Difference between  the  tot al  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
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2.1.1.3  Storm Surge  

In order to evaluate the JRC storm surge calculations, the only tide gauge available in the 

area is located in Toamasina in Antisanana region, approx. 370 km south of Antalaha  

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

  

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

(see  http://webcritech.jrc.ec.europa.eu/SeaLevelsDb/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 

problem is reported in Annex 6 , while more information can be found in Probst  et al (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 .   

Toamasina  

Antalaha  

http://webcritech.jrc.ec.europa.eu/SeaLevelsDb/Home/TideChartPro/1588
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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 Report nr. 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. According to the UN -BNGRC Sit uation  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 due to TC ENAWO will be analysed, using Sendai Targets and related Indicator, 

in Section  4.2 . 

2.2.1  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 in the 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 Office National pour lôEnvironnementò, see Annex 4), are shown below. 

Region  Dead  Missing  Injured  Displaced  Pop affected   % affected  % displaced  

ALAOTRA MANGORO  17  2 2 6 789  10 964  1 %  0.6  %  

AMORON I MANIA  2 -  -  1 203  2 041  0.3 %  0.2  %  

ANALAMANGA 5 -  6 28 783  32 983  1 %  0.8 %  

ANALANJIROFO  7  1 6 62 621  66 784  6 %  6 %  

ANDROY -  -  -  -  2 130  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 %  < 0.1 %  

ATSINANANA  34  1 46  19 432  28 358  2 %  2 %  

DIANA  1 -  2 -  2 559  0.3 %  0.3 %  

IHOROMBE  -  -  -  63  63  < 0.1 %  < 0.1 %  

SAVA  6  1  184  114 500  236 456  23 %  11 %  

SOFIA  5 -  4 62  27 046  2 %  < 0.1 %  

VATOVAVY 
FITOVINANY  

1 1 3 4 982  14 110  1 %  0.3 %  

Total  81  18  253  247 219  433 985  2 %  1 %  

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)  

                                           
6 BNGRC (source: IOM Report -  Annexes, http://www.globaldtm.info/madagascar/ )  

http://www.globaldtm.info/madagascar/
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REGIONS  

 

DI STRICTS  

 

Figure 7  ï 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:  

¶ Antalaha  (Sava) : 92 % of people affected  

¶ Maroantsetra (Analanjirofo):  25 % of people affected  

However, analysing the number of deaths, the highest values are in:  

¶ ATSINANANA: 17 in Vatomandry, 15 in Brickaville, 1 in Toamasina, 1 in Marolambo.  

¶ 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 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (source: BNGRC , as of 17 March 2017)  

  

Most Affected Regions  

Region  Population  Pop. Affected  % affected  

SAVA  1 034 599  236 456  23 %  

Andapa  200 296  5 861  2.9 %  

Antalaha  244 174  224 571  92 %  

Sambava  321 059  450  0.1 %  

Vohémar  269 070  5 574  2.1 %  

ANALANJIROFO  1 091 901  66 784  6 %  

Maroantsetra  233 091  58 401  25 %  

Mananara N.  179 262  2 348  1.3 %  

Soanierana -Ivongo  143 515  429  0.3 %  

St. Marie  28 003  311  1.1 %  

Fénérive Est  325 308  2 095  0.6 %  

Vavatenina  182 722  3 200  1.8 %  

TOTAL  2.1 million  303  240  -  

 

Table 2  -  Impact of ENAWO in the two most affected regions  
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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 I MANIA  15  -  21  

ANALAMANGA  142  3 153  2  

ANALANJIROFO  1 845  3 131  1 598  

ANOSY -  106  -  

ATSIMO ANDREFANA  17  -  -  

ATSIMO ATSINANANA  52  640  4 

ATSINANANA  764  5 229  600  

DIANA  14  452  13  

IHOROMBE  11  -  -  

SAVA  34 894  5 287  34 420  

SOFIA  22  122  3 

VATOVAVY FITOVINANY  141  526  106  

Total  37 988  19 290  36 767  

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

REGIONS  

 

 
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     

 

http://www.bngrc-mid.mg/index.php?option=com_content&view=article&id=7&Itemid=112
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DISTRICTS  

 

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 8,  a dam burst around the city of Ambinanitelo and caused floods in the 

city itself and in the surrounding areas, including Maroantsetra.  

 

 
Figure 10  -  Floods in Maroantsetra  

(source: Copernicus EMS © 2017, [EMSR197] Maroantsetra; Delineation Map)  

  

                                           
8 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   

https://remi.webmail.ec.europa.eu/owa/redir.aspx?C=KVKOMEU-mPM3bk6R679CqYSQm4oDZcsVtxudQnffVNn1HWpZh9nUCA..&URL=https%3a%2f%2fblogdemadagascar.com%2fphotos-inondations-a-maroantsetra-apres-le-passage-du-cyclone-enawo%2f
http://www.orange.mg/actualite/rupture-barrage-dambinanitelo-maroantsetra-sous-eaux
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2.3  Humanitarian Response  

European Commission  

¶ The European Commission released emergency assistance of ú1 million to help 

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 Sit uation  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  

¶ 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 lso 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  

¶ The governmentôs office for disaster and risk management (BNGRC Bureau National 

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).  

¶ Relief items were pre -positioned in 15 districts ahead of Cyclone Enawoôs arrival to 

respond to food security, education, h ealth, nutrition, shelter, water and sanitation, 

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

Analanjirofo regions on 10 March (see ECHO Crisis 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.  

http://erccportal.jrc.ec.europa.eu/maps
http://erccportal.jrc.ec.europa.eu/ECHO-Flash
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International Response  

¶ 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) .  

¶ From 9 to  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.   

¶ The UN 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 T ropical Cyclone s du ring the Indian Ocean TC season that 

officially is: from mid - Nov to mid - 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 : i t 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 l  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.  

 
Figure 11  -  TC Impact (people affected and deaths) in Madagascar over the period 1990 -2017.  

Data source: EMDAT ï CRED  

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

FAME 

Landfall  
Cat. 4  

Landfall  
Cat. 4  

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

The most significant TCs since 2000 in NE Madagascar are shown in the Table below and 

in Figure 12 .  

 

  

 

 

 

 

 

 

 

  

NAME  YEAR  

EQUIVALENT 

SSHS  

LANDFALL  

POP .  

AFFECTED  
DEAD  
(CRED)  

HUDAH  2000  Cat 4  370 000  23  

HARY  2002  Cat 5  -  1 

GAFILO  2004  Cat 4  990 000  363  

INDLALA  2007  Cat 3  215 000  80  

JAYA  2007  Cat 1  -  3 

IVAN  2008  Cat 4  524  000  93  

JADE  2009  Cat 1  65 000  15  

BINGIZA  2011  Cat 2  115  000  35  

ENAWO  2017  Cat  4 434 000  81  

Figure 12  ï Significant TCs  in the  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 is report 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.  

http://www.meteofrance.re/
http://portal.gdacs.org/Models
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3.2.  National Meteorological Service  

The National Meteorological Service 10  of Madagascar (MMS) is:  

¶ ñDirection Generale de la Meteorologieò: http://www.meteomadagascar.mg/   

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

GREEN ALERT YELLOW ALERT RED ALERT BLUE ALERT 

 

 
  

Avis dôavertissement 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  

¶ 3-4 March : Green Alert  

¶ 5-6 March : Yellow Alerts  

¶ 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.  

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    

   

  

 

03  March   
06:00 UTC  

04 March   
06:00 UTC  

06 March   
06:00 UTC  

07 March   
06:00 UTC  

07 March   
12 :00 UTC  

http://www.meteomadagascar.mg/
https://www.wmo.int/cpdb/
https://public.wmo.int/en/about-us/members
https://worldweather.wmo.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  

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

For TC ENAWO, the RSMC La Reunion:  

¶ issued the first bulletin for ENAWO on 3 March 2017  morning  

¶ identified the landfall  in SAVA region  the first time on 3  March  evening  

¶ identified the intensity ( Intense Tropical Cyclone, 10 -min averaged winds 11 : 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 

estimations in Table 7 .  

 

RSMC La Reunion (TC bulletins included  in  Figure 14 )  

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   

  

                                           
11  Vmax of JTWC: 1 -min sustained, Meteo France La Reunion: 10 min averaged.  
 The conversion factors are shown in the table below (source WMO).  

  

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

 

 
 

Figure 15  ï 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 Reunion included  in  the  bulletins the  following storm surge estimations :  

DATE  STORM SURGE ESTIMATIONS  

6 March 06:00 UTC  
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 includes the an alysis of all 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 on th e TC data sources used is presented in Annex 2.   

 

3.4.1.  Overview  

GDACS issued the first RED alert  (for high winds 12) 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 . 

 

GDACS  
( Bulletin  Nr .)  

Date  

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

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

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

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 : For the 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 : it is based only on the Wind impact and not also on the rainfa ll and storm surge effects.  

 

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

Bulletin 
Number  

GDACS 
Alert 
level  

Bulletin Date  
(UTC)  

Max 
Category 

forecasted  
(equivalent 

to SSHS)  

Maximum  sustained 
winds forecasted 

(km/h)  
Number of 

people 
affected by 

winds  
> 1 18  km/h  

MAX  

Last  
forecasted  

point  before 

landfall  

1 

 

03/03/2017 06:00 Category 4 231 231 0 

2 

 

03/03/2017 18:00 Category 4 222 222 2.6 million 

3 

        (13) 04/03/2017 06:00 Category 2 157 157 1.7 million 

4 

 

04/03/2017 18:00 Category 3 204 204 5.7 million 

5 

 

05/03/2017 06:00 Category 3 185 185 240 000 

6 

 

05/03/2017 18:00 Category 3 204 204 1.2 million 

7 

 

06/03/2017 06:00 Category 2 167 167 480 000 

8 

 

06/03/2017 18:00 Category 4 231 231 1.2 million 

9 

 

07/03/2017 06:00 Category 4 231 231 2 million 

10 

 

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.   

 

Figure 17  ï Variation of the 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 TM 2013 for the population. This alert has been recently 

revised using a new version of LandScan  TM and now it is a GDACS orange alert (see Technical Annex).  

(3) 

9:30 -9:45  UTC 

http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=1
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=2
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=3
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=4
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=5
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=6
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=7
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=8
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=9
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000341&episodeid=10
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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 14 .   

As shown in the figure below, according to this data the 

maximum  sustained winds forecasted was 204  km/h.  

According to this forecast, there were  nearly 2 million 

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 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 ñDateò, while the Category is based on the SSHS. 

  

                                           
14  See Footnot e 13  on page 8. 

Figure 18  -  GDACS track  and wind -
buffers for Adv. 3. (green: 64 -92  km/h , 

orange: 93 -118 km/h, red: > 118 km/h)  

After Landfall  
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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 

forecasted was 204  km/h.  

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 21  -  As in  Figure 19 , but for the Adv. 5 of 5 Mar, 06:00 UTC (two days before the landfall)  

 

Figure 20  -  As in  Figure 18 , but for Adv. 5  

After 
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  

500  000  people  possibly affected by winds  of  

more than 120 km/h (i.e. Hurricane - force 

winds) , see Table 9 . The GDACS impact 

estimation  of this advisory and the Event time 

line are shown below.  

 

Figure 23  -  As in Figure 19 , but for the Adv. 7 of 6 Mar, 06:00 UTC (one day before the landfall)  

  

Figure 22  -  As in Figure 18 , but for Adv. 7  

After 
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 wa s 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 

Cat egory  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 25  ï As in Figure 19 , but for the Adv. 9 of 7 Mar, 06:00 UTC (few hours before the 
landfall)  

  

After 
Landfall  

Figure 24  -  As in Figure 18 , but for Adv. 9  
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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 th in total  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.  

The GDACS impact estimation and the 

Event time line for this advisory are shown 

in the figure below.   

 

 

 

 

Figure 27  -  As in Figure 19 , but for the Adv. 10 of 7 Mar, 18:00 UTC (after landfall)  

  

After 
Landfall  

Figure 26  -  As in Figure 18 , but for Adv. 10  
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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 

even t  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 .   

 

 

 

Figure 28  ï Maximum  storm surge calculated  fo r each TC bulletin . 

 

Note: JRC storm surge calculations donôt include wave, tide and river effects. In the area 

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 imum  storm surge of:  

¶ 1 m  near Soanierana Ivongo ( Analanjirofo region) , on 7 Mar ch at 20 :00 UTC. 

  

Figure 29  -  JRC storm surge calculations, as of 4 March, 06:00 UTC.  
LEFT: storm surge along the coasts (green<1m, orange Ó1m)  

RIGHT: locations potentially affected . 

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 imum  storm surge of:  

¶ 0.7 m  along the northern  and eastern  coast s of Helograno Antongila Bay, near 

Maro antsetra (Analanjirofo region)  on 7 Mar ch at 16 :00 UTC, while near 

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

  

Figure 30  -  As in Figure 29 , but as 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 a of the Advisory 7 of 6 March 06:00 UTC  (one day 

before the landfall ) estimated a possible max imum  storm surge of:  

¶ 1  m  along the northern coast of Helograno Antongila Bay, near Maro antsetra  

(Analanjirofo region) , on 7 Mar ch at 1 3:00 UTC.   

 
 

Figure 31  -  As in Figure 29 , but as of 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:  

¶ 0.9 m  along the coast of Antalaha  district, near Ampaha  (Sava  region),  on 7 Mar ch 

at  9:00  UTC 

¶ 0.8 m  along the northern coast of Helograno Antongila Bay, near Maro antsetra  

(Analanjirofo region) ,  on  7 Mar ch at 11:00 UTC . 

  

Figure 32  -  As in 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 bulletin available after the landfall (7 

March 18:00 UTC) estimated a possible max imum  storm surge of:  

¶ 0.8  m  along the coast of Antalaha  district, near Ampaha  (S ava  region) ,  on 7 

Mar ch at  10:00  UTC 

¶ 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.   

 

 
 

Figure 33  ï As in Figure 19 , but as of 7 March, 18:00 UTC.  

 

3.4.4.  Rainfall Alert  

The analysis of the GDACS rainfall alert is not included , beca use this system was not 

working during the passage of TC ENAWO.  JRC is solving this problem, improving  the 

current system including new data as described in  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 ) 

project was 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 a lim ited number of primary events :  

¶ Earthquakes (secondary induced  hazard: Tsunamis) ;  

¶ Volcanic Eruptions ;  

¶ Severe Weather Events (Tropical  Cyclones, winter storms, major cold /heat  waves 

and severe precipitation) ;  

¶ 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 levels of the EU and improving ERCCôs assessment capacity.  

Three d iffer ent types of products are available :  

ü 3 hour - informative scientific reports  to ERCC ( pro -active and reactive  mode) , 

delivered to ERCC through the ERCC portal ;  

ü Situational Awareness reports  ï 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 ;  

ü Informative communication  whenever appropriate following the SOP. 

 

 

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 event was 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 -2 million) 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   

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.  

Tot al 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   

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 ll 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  ï ARISTOTLE Reports -  Current Situation and Possible evolution  

(Source: ARISTOTLE)  
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4.  Post - event: Impact assessment  

4.1.  Satellite  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 ï Mapping, the European and Global Flood Awareness 

System (EFAS  & GloFAS ),  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 ):  

¶ 2 Delineation maps which show the flood extent  

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

The Copernicus Areas Of Interest (AOI) are shown in the Table 10  and in 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/   

 

Figure 36  -  Copernicus EMS Activation for TC ENAWO in Madagascar   

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/
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Population affected:  

For each AOI the % of people affected  by floods  has been calculated as follow:  

 

Ϸ ╟▫▬◊■╪◄░▫▪ ╪██▄╬◄▄▀ 
╣▫◄Ȣ╪██▄╬◄▄▀

╣▫◄Ȣ░▪ ═╞╘
ᶻ  

 

Copern icus EMS uses LandScan TM data for the population. The results are shown in the 

table below and in Figure 37 , while more information are in Annex 8.   

 

AOI  Area  Ϸ ╟▫▬Ȣ╪██▄╬◄▄▀ Details  

01  Maroantsetra  15 %  

 

02  Vangaindrano North  12%  
 

03  Vangaindrano  Not estimated (*)  
 

04  Sambava  14 %  
 

05  Antalaha  1.7%  
 

06  Ambodiadabo  32 %  
 

07  Maroantsetra  12 %  
 

08  Ratsianarana  
0 %  

No damage detected  (ND)  
 

09  Fampotabe  
0 %  

No damage detected  (ND)  
 

16  Anororo  Not estimated (*)  

 

17  Sambava Area  0.5%  

 

19  Antalaha  1.8 %  

 

21  Moramanga  
0 %  

No damage detected  (ND)  
 

24  Iakora  Not estimated (*)  

 

Table 10  -  Copernicus AOI  and % of people affected  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  
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According to this analysis, the AOIs with more than 10 % of people affected are:  

¶ Maroantsetra  Area : 15 %  

¶ Maroantsetra : 12 %   

¶ Ambodiadabo : 32 %  

¶ Sambava : 14 %  

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

  
























































































































