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• Due to the geographical (~37º N , 25º W) location of Azores this archipelago is occasionally       
affected by strong Extratropical cyclones and even by tropical cyclones.

• Extratropical cyclones are more frequent in winter and tropical cyclones occur mostly in
September and October.

1.Extratropical cyclone: 14 Dec 2015

2. Tropical cyclones: Ophelia (2017) and Nadine (2012)



Global Commercial Shiping Routes

The Comet Project



Navigation forecast
IPMA (Portuguese Institute for Sea and Atmosphere)



Case 1: 
Extratropical cyclone 14 December 2015



Consequences

•Destruction of the marine structure in Ponta Delgada (ships moved away from the port the
day before – lesson learned from storm 25 dec 1995)

•16 people lost their home and 4 injured in storm 146 incidents and 1 dead



Meteorologycal situation
Summary

Path and m.s.l.p. variation (hPa)

Pressure in the center of the low (-28hPa/24h) 
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Pressure variation in center of low (hPa)



-28hPa /24 h

ECMWF: European Center for Medium-Range Weather Forecast
Mean Sea Level Pressure and Meteosat 10 RGB

996hPa

968hPa



Maximum gust expected
110 to 130 km/h between 09 and 12 UTC 

Maximum gust expected 130 to 160 km/h 
between 12 and 15 UTC  (São Miguel) 

FORECAST wind gust (km/h)
ECMWF: European Center for Medium-Range Weather Forecast

Maximum gust observed 141 km/h in
São Miguel



Advanced Scatterometer (ASCAT)  
14 December 2015



3 days before: Significant wave height expected 8 to 10 m from SW in Central and Eastern islands.

FORECAST significant waves height (m)
LAM (European Shelf Model) 



FORECAST significant waves height (m)
LAM (European Shelf Model) 

Significant wave height expected 8 to 10 m from SW in Central and Eastern islands.

Significant wave height 8 m central and eastern islands
(CLIMAAT: University of Azores buoys)



FORECAST precipitation (mm)
ECMWF:European Center for Medium-Range Weather Forecast

Nordeste

Expected precipitation 20 to 35 mm in 24h

Angra do Heroísmo

m.s.l.p. Angra do Heroísmo 968 hPa



14 December 2015
Final Notes

Due to the weather warnings (wind):

•Schools and public services were closed

•Most of the private sector closed at lunch time

•Ships in Ponta Delgada port moved away

Forecast with ECMWF operational model was of
foremost importance in this situation



Tropical cyclones in Azores



Tropical cyclones in Azores
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Prevailing tracks (month)

Azores: Occur mostly in September and October



Regional Specialized Meteorological Centres (RSMCs)

Tropical cyclone forecast

RSMC Miami-Hurricane Center/NOAA/NWS National Hurricane Center, USA.

For the North Atlantic (Azores)

Source: WMO



National Hurricane Center
techniques to estimate tropical cyclones intensity

Dvorak Technique Scatterometers Microwave Patterns

Microwave Sounders SATCON



Forecast intensity and path
meteorological models

•Statistical: Forecasts based on
established relationships between storm-
specific information (i.e., location and time
of year) and the behavior of previous
storms.

•Simplified dynamical : Forecasts based 
on simplified dynamic representation of 
interaction  with vortex and prevailing flow

•Dynamical: solve the three-dimensional physical equations of motion that govern the atmosphere.

interaction  with vortex and prevailing flow
(trajectory)

•Consensus: Based on multi-model or single-model ensembles 



The forecast rely mostly in information from NHC



Case1
Hurricane Ophelia (9-15 October 2017)

HRV image, tainted with values from the near infrared 
channels of Meteosat , at sunset on 14 October around 

18:00 UTC, when the system passed south of Azores.

Category 3 hurricane: 178-208 km/h 
( Saffir-Simpson Hurricane Wind Scale) 



Forecast (NHC)



Forecast (NHC)



Forecast (NHC)



•Tropical cyclone procedure was implemented in IPMA for Azores: Information for public, media
and civil protection every 6 or 12 h (depending on the distance from the islands) .

•Update in IPMA webpage information (if needed).

•Voice record send to media by email.

•High demand of information from public and media

Procedure in IPMA (Portuguese Institute for Sea and Atmosphere) 
for Azores

•Voice record send to media by email.

• Location (ex: 150 km south of Terceira island)

• Movement (ex: to NE at 15 km/h)

• Intensity (ex: Category 1 in Saffir Simpson scale)

• Forecast (ex: winds from S 100 km/h gusting to 140 km/h)

•Time of arrival ( ex: Sunday morning ) - probabilities

• Warnings ( ex: red for wind and waves)



Weather warnings



Best track positions for Hurricane Ophelia, 9–15 October 2017. 
16-17 October extratropical stage

The track during the extratropical stage on 16–17 October is partially based on analyses from the
NOAA Ocean Prediction Center, Met Éireann (Irish National Meteorological Service), and the UKMET
(United Kingdom Meteorological Office).



Ophelia satellite 11-16 October



Advanced Scatterometer (ASCAT) 



Advanced Scatterometer (ASCAT) 



Advanced Scatterometer (ASCAT) 



Altimeter (significant wave height)



Observations



CASE 2 : Nadine 10 september – 3 october 2012
(Azores in 20/21 Sep and 3 October)



Best track positions for  Hurricane Nadine
10 September – 3 October 2012

From NHC: Best track positions for Hurricane Nadine, 10 September – 3 October 2012. 



3-Day track forecast, uncertainty cone



Nadine satellite (12 September to 04 October)



Advanced Scatterometer (ASCAT) 



Advanced Scatterometer (ASCAT) 



Advanced Scatterometer (ASCAT) 



Warning and watches issued for Azores (NHC)

Watch and warning summary for Hurricane Nadine, 10 September – 3 October 2012. 



Surface wind field of tropical cyclone Nadine



Observations in IPMA (Portuguese Institute for Sea and Atmosphere)
meteorological stations

Island Month/day Maximum gust (km/h)

Faial 09/20 129

Terceira 09/20 108

10/04 9510/04 95

S. Jorge 09/20 101

10/04 100

S. Miguel 09/22 101

10/04 90



Thank you!Thank you!


