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Introduction
During the afternoon of October 9th 2018 there
was an episode of torrential rain with thunderstorms in the mountainous area of the north-east of
Mallorca Island. This resulted in flash floods of an
extreme impact, such as the death of 13 people
and other severe damage. The Levante and the
north-east of Mallorca are areas prone to high intensity rainfall, especially in the autumn months
(Grimalt et al., 2001).
The meteorological situation on a synoptic scale
was defined at medium-high levels by a cut-off low
centered to the east of the Iberian Peninsula. The
Balearic archipelago was at the forward (eastern)
sector of this low, under a moderate southwestern
diffluent flow. At low levels there was a weak easterly flow over the western Mediterranean Sea, established by a strong European anticyclone. This
environment favored the development of deep
convection over the eastern part of the Peninsula

and Balearic Islands. The combination with other
mesoscale factors (I.e, the humidity supply or the
effect of the relief of the affected region, the Artà
Peninsula (Figure 1), and its mountainous Levante
range), led to the development of convective cells
over the sea to the east of Mallorca that were successively penetrating the island, giving rise to the
so-called "train effect" (Doswell et al., 1996) which
resulted in very heavy and persistent rains.
In this paper, the meteorological causes that led to
the very serious impacts recorded are analysed in
depth, especially showing the predictive capabilities of the available operational tools.

Geographical context
The Artà Peninsula is located in the north-east of
Mallorca Island (fig. 2-a). Parallel to the east coast
of the island, 10 km inland, one can find the Levante range, where the main peaks reach a height
of approximately 300 to 500 meters. Many streams

Figure 1: Location of the affected region (Artà Peninsula and Levante Range)
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Figure 2: a) Artà peninsula map; b) Sant Llorenç des Cardassar
town and Ses Planes and Sa Blanquerna torrent sources.

(torrents) are born in these peaks and flow into the
sea after crossing several towns (fig. 2-b).
It is known that floods produced by high intensity
rain are the greatest natural risk in Mediterranean
countries (Llasat et al., 2010). It is also known that
the swelling of streams, which are often dry, can
be especially violent in environments of complex
orography (very widespread in this area).

Observations
The precipitation records were analysed for this
episode. Fig. 3 shows the 24 hour accumulated
precipitation in Spain on 9 October 2018 (AEMET
stations). By looking at the records in Mallorca,
one may appreciate the highly irregular distribution of the precipitation across the island (fig. 3-b),
very concentrated in the Artà Peninsula where records of more than 200 mm were obtained at several points. It is remarkable that in Manacor town
(only 8 km away from Sant Llorenç des Cardassar,
the most affected town) only about 23 mm was
registered.
Most of the precipitation was registered between
16:00 and 22:00 L.T., with a maximum between
18:30 and 20:30 L.T. Table 1 shows the data re-

Figure 3: a) Total 24 hour accumulated precipitation on October
9th 2018 (AEMET automatic stations); b) AEMET records (automatic stations and secondary network)

gistered for 9 October (two sources: AEMET and
Balearsmeteo networks). Note that some hourly
records exceed 60 mm (90 mm/hr in Colonia Sant
Pere), which is AEMET threshold for torrential
rain. Also, instantaneous intensities were greater
than 2 mm per minute. The total 24 hour precipitation surpasses the climatological monthly average
for each station in October. It is known that October and November are the rainiest months of the
year in Mallorca, and it is then when heavy rainfall
episodes happen (that is, 100-200 mm/24 hours),
with a crucial role of the orography.

Impacts
The flash floods had catastrophic impacts in five
municipalities on the Artà Peninsula: Sant Llorenç
des Cardassar, Artà, Son Servera, Manacor and
Capdepera (fig. 4). Unfortunately 13 people died,
mainly in Sant Llorenç de Cardassar where the
Ses Planes torrent swelled and the water level
rose to 5-7 m height. A summary of the main damages can be found in Table 2.
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Municipality

24h Pcp (mm)

1 h intensity (mm)

Average Pcp (mm) rainiest
months (1981-2010)-AEME
Oct

Nov

Annual

97.9

111.1

684.1

Colonia San Pere

232,8 (AEMET)

89,6 (AEMET)

Sant Llorenç des Cardassar

220 (AEMET)
257 (Balearsmeteo)

51,6 (Balearsmeteo)

Artà
Artà- Sa Tudossa (mountain)

200,5 (AEMET)
277,4 (Balearsmeteo)

71,4 (AEMET)
58,2 (Balearsmeteo)

96

101.9

642

Son Servera Son Sard
(5 stations)

597,2 (AEMET)

40,6 (AEMET)

80.4

84.6

530.7

Capdepera – Cala Ratjada

81,5 (AEMET)

71.7

74.2

445.8

Manacor (3 stations)
Manacor – Son Crespí Vell

21,8-24,1 (AEMET)
121 (AEMET)

Son Carrio – Son Fred

209,5 (AEMET)

Table 1. AEMET and Balearsmeteo records (9 October 2018 and climatological monthly averages)

Figure 4: Images of the torrent swelling in Sant Llorenç des Cardassar (source: Diario de Mallorca (left), El País (right))

• 5 municipalities affected (S. Llorenç des Cardassar, Artà, Son Servera, Manacor and Capdepera); 232 km2
• 35,000 people affected (9,000 damaged, 342 rescued). 13 people died, several injured.
• Ses Planes torrent flow (Sant Llorenç): 0.15 m3/s => 513 m3/s (in 15 min).
• Various main and secondary roads affected. 8 bridges with severe structural damage. Impacts in public hydraulic domain
and coastal demarcation.
• 426 cars dragged or damaged, several people trapped inside their vehicles. In Sant Llorenç numerous displaced neighbours
on the rooftops.
• Loss of housing and housing damage (rehabilitation, structural damage) (1000 affected buildings, shops, industries, tourist
establishments and agricultural holdings)
• Telecommunications systems complications (breakage of several antennas). Damage to drinking water and electrical supply
and sewage pipelines.
Table 2: Victims and damages (source: digital media, Joan Pol – Emergency Direction)
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Synoptic and mesoscale
framework
The synoptic setting on 9 October was governed
by the presence of a quasi-stationary cut-off low
at medium/high levels with a cold core of -20 ºC
at 500 hPa (fig. 5-a). It was centered on the east
of the Iberian Peninsula, slowly moving to the
west to north-west, leaving its diffluent area (moderate south to south-westerly flow) and its front
jet streak over the Balearic Archipelago, providing
dynamical forcing. There may also have been a
possible interaction with a zonal subtropical jet
stream that came from the Canary Islands (subtropical connection appreciated on the RGB airmass
Eumetsat composite – not shown here).

Figure 6: a) 9 Oct 2018 12 UTC Palma de Mallorca radiosounding; b) 925 hPa wind and relative humidity 18 UTC (HRES-IFS
ECMWF 00Z run)

Figure 5: a) 9 Oct 2018 12 UTC analysis: 500 hPa temperature
and geopotential height; b) IR 10.8 μm Meteosat channel +
frontal analysis (12 UTC)

At low levels, high pressure was dominating Europe, reaching the north-east of Spain (fig.5-b).
There were also two relative lows, one centered
to the south-west of the Iberian Peninsula. This
generated a flow from the east to south-east at low
levels over the Balearic Islands which established
a constant moisture advection (fig. 6-a).

At the mesoscale level, the Mallorca area was
prone to deep convection. The sounding analysis (observed and predicted) showed unstable
conditions: high SBCAPE and low LI as well as a
remarkable vertical wind shear that sustained the
organisation of the system (fig. 6-a). Due to the
southeastern flow over north-east Mallorca, there
was an increase of the relative humidity and the
precipitable water at low levels in the region during the day (fig. 6-b). The sea surface temperature in the western Mediterranean was high (2425 ºC). These factors, combined with a topographical effect (the island relief itself, and the Levante range) contributed to the development of
deep convection in the area, but there must have
been a convergence front on the mesoscale interacting with the orography that determined the
train effect. Some signal of this convergence line
to the east of Mallorca was observed in some model fields (such as the vertical velocity- not shown)
but it was not well represented. Anyhow, as shown
in the next section, more evidence of this line was
found using the Doppler radar imagery
The European Forecaster
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Convective structure
The convective system was analysed using remote sensing imagery. First, from the satellite
analysis it was observed that deep convection developed early on October 9th on the second quadrant of the cut-off low (fig. 7-a). This sub-synoptic
area was favorable for deep convection due to the
synoptic forcing (moderate diffluent flow over the
area at medium/high levels). From the IR imagery,
very low brightness temperatures of the tops were
inferred (around -70 ºC at the moment of most intense rate: 16:30-17 UTC), indicating very deep
convection. No evidence of a mesoscale convective system (MCS) were found (medium size, no
stratiform area).
From the radar analysis it was observed that
maximum reflectivity of 60 dBz was reached several times during the episode. There was no
hail reported, so this indicated very high rainfall

Figure 8: a) Doppler radar horizontal velocity at 16:26 UTC; b)
Lightning recorded from 9 Oct 12 UTC to 10 Oct 00 UTC (the
ellipses encircle the areas of maximum discharge spatial density).

intensities. The convective structure could be appreciated on the reflectivity image sequence: a
quasi-stationary line oriented from south to north
over north-east Mallorca (fig. 7-b), where individual convective cells were moving from south to
north along that line. This is the train effect that
generated the persistent and torrential rain. Also,
moderate values of VIL Density were observed, as
well as a maximum echotop (12 dBz) of 12-14 km
over a great area, which indicated deep convection (not shown). Furthermore, the convergence
line mentioned before was identified on the radar
Doppler horizontal velocity field (fig. 8-a). It was
noticed in several images, and the possible origin
of this line could be a mesoscale western boundary to the eastern flow present at low levels.
Figure 7: a) 16:30 UTC Meteosat11 WV 6.2 μm channel; b) Radar
reflectivity 16:30 UTC
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The lightning analysis (fig. 8-b) presented a very
high hourly frequency (16:00-17:00 UTC): 1111

impacts were coincident with the maximum rainfall
intensity. The distribution of the discharges along
a narrow band was also remarkable, as could be
also appreciated using the radar reflectivity imagery. The number of discharges (total and relatively low number of positive ones) indicated that it
was a very efficient thunderstorm.

Episode predictability
The models performance was studied in order to
better understand the predictability of the episode.
First, from several days before (5), both probabilistic ENS and deterministic high resolution HRES
ECMWF models already indicated the formation
of a cut-off low on the north-east side of Spain,
with very little uncertainty. Five days before, ENS
presented 3 different scenarios, centering the cutoff low more to the north-east than what actually
happened (fig. 9). The location of the cut-off low
is very important since it is highly related to the
precipitation probability: the forward edge of the
cut-off low is the most probable area, especially
if other factors are present, such as low level humidity supply and high sea surface temperatures
in the Mediterranean. Over the next few days, the
ENS-IFS improved the prediction of the cut-off
low, showing a more precise position (centre over
the Iberian System – east north-east Peninsula).

The deterministic HRES-ECMWF outputs (24 hour
accumulated precipitation for October 9th) were
also analysed for different runs (fig. 10). From 7
October 00 UTC to 8 October 12 UTC, all runs underestimated the accumulated precipitation over
Mallorca. Only the run 24 hours before the episode forecasted high values over south Mallorca
(40-60 mm/24hr).
The latest run available before the episode (9 October 00Z run) presented the most realistic results,
showing the intense precipitation that also occurred over east Catalonia, Balearic Sea, south-east
France and Malaga, but still underestimating the
accumulation for the Balearic Islands (below 40
mm/24 hr).
The precipitation forecasts of the mesoscale
non-hydrostatic model Harmonie-Arome (operational in AEMET) were also examined (fig. 11).
The latest runs before the episode (8 October
12Z run and 9 October 00Z run) presented 24
hour accumulated precipitation fields that showed
the convective precipitation lines, but the position
changed from one run to the other, barely affecting
Mallorca Island. Only the last run (9 October 12Z
run, not available at the time of the event) predicted higher precipitation amounts (< 80 mm/12hr)
in eastern Mallorca, but still underestimated the
actual quantities.
Finally, new results have been obtained with the
experimental Harmonie-Arome LETKF assimilation algorithm (Escribà, 2019). The 9 October 00
UTC run tests show 3 hour accumulated rainfall
(15-18 UTC) of 40-60 mm over Sant Llorenç des
Cardassar zone improving the localisation and
the intensity of the convective bands (Figure 12).
If this algorithm had been operational, this would
represent significant progress, since it could have
helped in the forecasting activities.

Summary and concluding
remarks

Figure 9: a) Probabilistic ENS ECMWF probabilistic scenarios on
4 Oct (00Z run) for 9 Oct at 12 UTC: 500hPa geopotential height
(contour) and T (shaded); b) HRES-IFS analysis (9 Oct 12 run)

We have analysed here a recent episode of flash
floods in north-east Mallorca with very serious
impacts, resulting in the deaths of 13 people.
These events produced by high intensity rain
are the greatest natural risk in the Mediterranean
countries. This event occurred under a synoptic
framework of a cut-off low at medium/high levels,
as well as other factors that led to the formation
of a mesoscale convective line, which resulted in
The European Forecaster
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Figure 10: 24h HRES-IFS forecast precipitation on 9 Oct for different model runs: a) 7 Oct 12 ; b) 8 Oct 00Z; c) 8 Oct 12Z; d) 9 Oct 00Z.

Figure 11: 9 Oct 24h precipitation for model Harmonie-Arome: 8 Oct 12UTC run (a) ; 9 Oct 00 UTC run (b)

a train effect over the affected region. The usual
forecasting tools (probabilistic and deterministic
models) were proven unable to predict the amount
of accumulated precipitation and its devastating
44
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consequences. Only by analysing the remote-sensing imagery is it possible to infer some of the
characteristics of the episode and also to better
determine the region of impact. This leads us to a

Figure 12: 9 Oct 3 hour accumulated precipitation (15-18 UTC) for model Harmonie-Arome: 3DVAR assimilation (left) ; LETKF assimilation (right)

final conclusion: this episode is an example of the
importance of the forecaster when the usual tools
fail, and above all, the major need of nowcasting (remote-sensing analysis, and derived tools)
combined with surveillance, which is very useful
nowadays due to the immediateness of social
media. This case study also encourages the
testing of available nowcasting tools, as well as
new nowcasting technologies in the future.
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