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Impacts of Storm Hercules in Southwestern Europe
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Abstract. The aim of this study is to analyze the impacts of the Hercules storm in southwestern Europe.
The storm occurred from January 5 -7, 2014. A brief characterization of the storm was conducted and the
witnesses’ accounts were compiled, complemented with field survey before and after the storm. The re-
sults show that this event had origin in an intense low pressure system that hit Portugal, Spain, France and
the UK. The system triggered strong sea waves with long periods, run-ups between 6 to 9 m, and inunda-
tion depths of less than 1 m. The effects on the European coastlines showed some weaknesses in the spa-
tial planning management: (i) the fact that a wave train restricted to the beaches, front streets, ports and
marinas caused significant damage; (ii) some people ignored the emergency management authorities, put-
ting themselves in a risk situation.
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1 Introduction

Between January 5—7, 2014 a low pressure system approached south Western Europe from the Atlantic Ocean.
It was called “Hercules” by the Weather Channel [1]. Its passage left significant damage in the south Western
Europe countries due to strong winds, long period waves and intense precipitation. The most significant im-
pacts occurred on the evening of Monday, January 6 and in the early morning of Tuesday, January 7, 2014.
Atmospheric disturbances caused by atmospheric gravity waves, storm activity, pressure jumps, frontal pas-
sages and squalls can generate long sea waves [2], [3]. These waves are similar to ordinary tsunami waves and
can affect coasts in a similar way. They are usually called meteotsunamis or meteorological tsunamis [4], [5].
These events were observed all around the world: 1978 in Croatia at the Adriatic Sea [6]; 1981 in South Afti-
ca [7]; 1984, 2003, 2007 and 2008 at Adriatic Sea [3]; 2005, 2007 and 2008 in the British Colombia [8]; and
more recently on June 13, 2013 in the US east coast (http://www.extremestorms.com/meteo_tsunami.htm) and
on March 29, 2014 in Florida, USA (http://www.app.com/article/20130613/NJNEWS/306130114/ Ambulance
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-heading-hospital-hit-by-car-Surf-City). Thus, the features of Hercules storm fits well in this type of natural
hazards.

In this research three methodologies were applied: the storm characterization was conducted by analysing
satellite images, Global Forecast System re-analysis, and tide gauge data. The eyewitnesses’ accounts were
compiled from the Portuguese media, mostly from TV stations, that posted the information online. The study
was also complemented by field survey that was conducted on two places in Portugal.

2 Storm characterization

The storm Hercules was registered by the Portuguese Meteorological Office radars regarding the rain rate
generated by this system (www.ipma.pt). Real time images showed that, over time, especially close to the
18:40 (UTC) on January 6, when the 1% big ocean wave hit the coast, the precipitation was crossing Portugal
on the direction SW/NE, with nucleous of intense precipitation over the areas/regions affected.

Furthermore, the Global Forecast System re-analysis [1] showed that the storm was defined by a deep trop-
ospheric low pressure system with a frontal system associated to it, propagating from west Atlantic to the UK,
which can be clearly seen in the 500 hPa maps [1] and in the satellite images of the January 6 and January 7
(Figure 1). The most important part of this frontal system was its cold front characterized by a rather long
horizontal extension, since north of UK until south of the Iberian Peninsula. This cold front had also very
strong winds associated to it, especially over the Iberian Peninsula. Another important feature of the atmos-
pheric conditions that generated the ocean waves responsible for the destruction was that Portugal, and in the
subsequent days Spain, France and UK, was also under the influence of a high pressure system advecting
warm air into the region. As a consequence of these two pressure systems combined, over time, the resulting
winds are particularly strong, at surface and in altitude.

Fig.1. Satellite imageoi;er southwestern Euope (www.satdund.ac.k). Left: Jury 6,2014, 14:23 UTC, AVHRR
channel 2; right: January 7, 2014, 14:12 UTC, AVHRR channel 2

The most significant impacts occurred on the shoreline occurred in the evening of January 6 and in the ear-
ly morning of January 7 during the high tides. Figure 2 shows data from tide gauge stations that recorded the
Hercules storm (www.ioc-sealevelmonitoring.org) in Portugal and France. Data also show clearly long period
waveforms of about 10 minutes, a feature also observed in meteotsunami events. All these effects combined
resulted in a situation of rather intense consequences in the coastal cities exposed to the system, not only in
Portugal, but also Spain, France and the UK.


http://www.sat.dundee.ac.uk/
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Fig. 2. Tide gauge recordings during the Hercules storm: a) Cascais, Portugal; b) zoom of Cascais data; c) Ponta Delgada,
Azores Islands, Portugal; d) zoom of Ponta Delgada data; €) Socoa, France; f) zoom of Socoa data

3 Eyewitnesses’ accounts

The storm was very well documented by live reports on the Portuguese media, mostly by TV stations, and
later posted on permanent online archives. In addition, many witnesses took photos and videos and later post-
ed online. Thus, the witnesses’ accounts in Portugal were compiled [1] on 29 places on Portugal mainland, as
well as in Azores and Madeira Islands (Fig.3). The authors [1] divided the storm impacts into the storm’s
physical parameters, damages (natural features and structures and property) and fatalities. In general, there
were several waves, but two being the largest with 6 -9 m high. The low coastal areas were flooded, with sand
deposition on most of the streets, while on the other areas with natural landscape, the sand dunes were de-
stroyed. There was almost completely destruction of all beach infrastructures like bars, restaurants, sidewalks
and walls. Furthermore, on the fishing ports several small boats and warehouses were also destroyed. At Opor-
to about 20 cars were dragged inland. It was estimated that the storm caused more than 16 million Euros in
damages [9]. Official Government Administrations were able to forecast the storm and issue warnings to
coastal populations to avoid going to close to the shoreline. However, people did not respect the warnings and
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went to the coast to watch the storm, taking photos and filming the waves. Although nobody died, many peo-
ple were caught by the waves, and about 20 people needed assistance and there were at least six injured. Dis-
aster prevention measures were also taken by stakeholders [1], either by evacuating families and elementary
school children, building sand bars, and closing parking lots and roads to traffic. Thus, stakeholders’ response
was commendable, not only in the days before the storm by taking disaster prevention measures, but also in
the emergency response, and later in assessing damages and in the cleaning operations.
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Fig. 3. Location of the places where the witnesses reported the storm impact

The Hercules storm also affected other European countries (Table 1). In Silgo and Lahinch, Ireland (see lo-
cation in Figure 1) the waves flooded the promenades, and several witnesses were taking photos and videos
too close to the coastline [10]. The UK has been hit by several storm surges, causing severe floods during
December 2013 and January 2014 [11], [12]. The reports are somehow confusing, being difficult to separate
the impact of the Hercules storm itself from the impact caused before and after the January 6 storm. Still, an
“unexpected” wave swell was forecasted by the Natural Resources Wales to the afternoon of January 6 to
Aberystwyth, and therefore all buildings along the promenade were evacuated [13]. Several videos show the
storm hitting the area, flooding the promenade [10], with local populations taking photos and videos too close
to the coastline, putting themselves into a danger situation. The storm deposited debris and stones on the roads
[14]. In Cornwall, the waves were 8 m high [13].

In Saint-Malo, France although no damage was reported, the waves overtopped the levees and inundated
the front streets [10]. Like in Portugal and in the UK, videos also show local populations taking photos and
videos too close to the coastline, putting themselves in a danger situation. In Biarritz, France a video shows
one wave amplifying at the cliffs, hitting three people. One person is still missing and another was seriously
injured [15]. Also in Biarritz, some buildings were damaged including the local casino. Three children were
injured by broken glass of a window that was hit by the waves [10]. In Valdovino, Spain three people were
missing after being washed away by the waves on Monday, January 6 at about 18:40 UTC [16]. Later one
body was found. A fourth person was also caught by the waves, but managed to escape without injuries [17].
The waves were 12 m high.
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Table 1. Summary of the Hercules storm impact in Ireland, UK, France and Spain.

Place Storm parameters Damage Fatalities
Ireland Waves were 11.8m high at to Flooded the promenades of
Mullaghmore Head in Sligo, Sligo and Lahinch -
Ireland
Aberystwyth, Waves overtopped the
UK - levees and deposited debris -
and stones on the roads
Cornwall, UK Waves were 8m high at Land's Waves overtopped the
End levees and deposited debris -
and stones on the roads
Saint-Malo, Waves hit the area on Jan 1 — No damage reported, but
France 5,2014 waves  overtopped  the
levees, inundated some -
streets
Biarritz, France 1 wave amplified at the cliffs, Damage on several 1 person was

on sunday (Jan 5) at about
17:30 (16:30 UTC)

buildings, including broken
windows

seriously injured, 3
children were

injured by broken
glass and 1 person
was missing

1 person was dead
and 2 people were
missing

Valdovino, - Waves were 12 m high
Spain -

4 Field Survey

Previous field survey conducted in Portugal at Figueira da Foz, Ericeira, Estoril and Carcavelos [1] allowed
analyzing the storm’s impact, as a complement to data and the eyewitnesses’ accounts. The results showed
that: (i) the waves were about 6 - 9 m high, with inundation depths up to 2.7m, validating the witnesses’ re-
ports; (ii) sand dunes are natural barriers to ocean waves, even in an extreme event. However, the constant
coastal erosion that has not been addressed properly puts in danger the coastal communities; (iii) damages
were restricted to the coastline (beaches, fishing ports and promenades), while further inland areas were safe
mainly because the Portuguese coast has high ground. This feature allows tourists and local residents to escape
safely and in time to higher ground.

In addition, several photos taken by a witness from different angles [18] showed people standing nearby the
Sagres Fortess (Fig 4), where the waves’ amplification was recorded. By scaling an average person high as 1.6
m, it can be roughly estimated that the waves at Sagres were 15 - 33 m above the local ground. The first author
conducted a field survey on the area, on different occasions (Fig 5). The survey results show that Sagres for-
tress is located on high ground about 36 m high, with steep cliffs. Therefore the Hercules storm run-up nearby
the Sagres Fortress would be 51 - 70 m high, showing that on the cliffs the waves break and amplify signifi-
cantly.
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Fig 4. Framework at Sagres, Portugal. The field survey was conducted on the area, on both Beliche and Sa-
gres Fortresses
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Fig .5 Field survey at Sagres: upper photo shows the view from the Sagres Fortress. Photo taken on November
1, 2011; lower: photo shows the view from the Beliche Fortress. Photo taken on August 20, 2014

Furthermore, the first author conducted a field survey at Oporto river mouth, Portugal (fig 6). The area was
chosen after the detailed investigation of two videos available online [19], [20]. The two videos were filmed
on approximately the same spot, on the grass between the north and the south breakwaters.

Video [19] showed the wave hitting the lighthouse, amplifying till about 3 m above it, at 29 seconds, and at
51 seconds was reaching the end of the north breakwater. The field survey results show the lighthouse is about
7 m high (fig 7), and the north breakwater is 4.7 m high. Therefore, the run-up at the lighthouse was about
14.7 m. In addition, the north breakwater is about 240 m long, allowing calculating the velocity of the wave as
11 m/s (39.3 km/h).
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Fig. 6 Framework of the field survey conducted on November 7, 2014 at Oporto, Portugal. There are two breakwaters,
and the witnesses were nearby the parking lot.

South
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North
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Fig. 7 Left photo: The south breakwater. There are two warning signs about the danger of waves overtopping the break-
water, in Portuguese and English. Right photo: the north breakwater is 4.7 m high and about 240 m in length. The light-
house is about 7 m high. A video [19] showed the wave hitting the lighthouse about 3 m above the lighthouse, at 29 sec-
onds, and at 51 seconds was reaching the end of the breakwater

Video [20] showed the wave inundating the area (fig 6), and one person was dragged under a car, almost
drowned. The video shows very clearly that even a 0.20 m tsunami wave inundating a parking lot is very dan-
ger. The field survey results show the area is 5.2 m high, but high ground is available nearby, and those who
escaped to those areas were not caught by the wave.
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Discussion

Hercules storm occurred on January 5-7, 2014. Satellite images and tide gauge data shows the Hercules storm
was characterized by long period waves, causing its behavior on the coastline as “tsunami like”. Thus the
Hercules storm is characterized as a meteotsunami.

The storm was also very well documented by the media and the witnesses provided important data by post-

ing online videos and photos. The witnesses’ accounts show the maximum water level occurred around 18:40
(UTC), which was also validated by the tide gauge data, corresponding to the high tide.
European authorities have worn the coastal populations in advance, and disaster prevention measures were
taken. In some places evacuation orders were issued before the storm in Portugal and UK. However, several
people put themselves in danger by going too close to the shoreline, to take photos and filming the waves. As
a consequence, there was one person dead in Spain, three people were missing (one in France and two in
Spain), more than 10 people were injured (four in France and more than six in Portugal), and more than 20
people needed assistance in Portugal. These results show that it is necessary to develop strategies of spatial
planning that involve the implementation of safety awareness, dissemination of disaster prevention measures
and mitigation strategies to the general public, as discussed by [1]. In fact, during the November 7, 2014 field
survey in Oporto, the weather conditions were stormy yet people did not take any precaution and were stand-
ing on the south breakwater. Although, nobody was washed away, a large wave overtopped the breakwater
(fig. 8). Later that afternoon the weather conditions deteriorated and the Portuguese Meteorological Office
issued a warning to Oporto. The Maritime Authority took actions and put a stripe on the south breakwater to
stop people to go there. In spite of all the precautions, two men went fishing, and in the early morning of No-
vember 9 one of them was washed away [21], [22]. The next day, on November 10 the body was still missing
[23], [24]. Nevertheless, stakeholders’ response was commendable, not only in the days before the storm by
taking disaster prevention measures, but also in the emergency response, and later in assessing damages and in
the cleaning operations.

everal people

North breakwater b North breakwater

Fig. 8 In spite of the warning signs, people were standing on the south breakwater, putting themselves in a danger situa-
tion. Photos were taken with two seconds interval

The flooded areas were not significantly large being restricted to the beaches, sea fronts, marinas and ports,
and on some streets of the low coastal areas, including both commercial and residential buildings. Thus, the
storm showed the weaknesses of the coastal areas to a maritime extreme event, showing that coastal protec-
tions need serious evaluation and urgent mitigation actions are necessary [1].

In general, the witnesses reported waves of 6 -9 m. However, field survey results show the waves amplified
significantly locally. In Sagres, Portugal the run-ups were estimated has 51 — 70 m high. At Oporto, the inun-
dation depth was about 0.20 m, with run-up of 5.2 m, however at the north breakwater the wave broke, ampli-
fied and reached about 15 m high. In addition, field survey allowed calculating the velocity of the waves as 11
m/s (39.3 km/h), which is compatible to a tsunami. This result proves that a person cannot run from a tsunami
wave and therefore should evacuate to higher ground before the wave reach the coast.

Furthermore, in the north-Statland in Namdalseid in Nord- Troendelang, Norway there was a landslide on
Wednesday afternoon January 30, 2014, nearby a lake. This landslide triggered 4-5 m waves that hit the local
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marina and up to 10 meters high (http://www.adressa.no/nyheter/nordtrondelag/article9046577.ece), causing
significant damages on the boats and warehouses (http://www.adressa.no/nyheter/  nord-
trondelag/article9047229.ece). Between 44 and 55 people were evacuated after the flood however nobody was
injured (http://www.dagbladet.no/2014/01/30/nyheter/innenriks/flodbolge/ras/ulykke/31553784/). Therefore,
these events show that European coastlines or nearby water bodies are more vulnerable to tsunamis than pre-
vious thought.
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