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Abstract: The Western Mediterranean region is frequently affected by torrential rains, such as that
developed between 10th and 13th September 2019. Accumulated rainfall above 400 mm considering
the whole precipitation event as well as precipitation values close to 200 mm were recorded in some
places in just 2 h. The synoptic environment of this event is characterized by an advection of easterly
maritime winds focusing in the southeast Western Mediterranean basin and the presence of an up-
per level isolated low over the area of intense torrential rainfall. In this study, the spatial distribution
and temporal evolution of this rainfall event are analyzed.
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1. Introduction

The Western Mediterranean region is, due to its latitude, a transition zone between
mid-latitude low pressure and subtropical high latitude [1]. Among the characteristics of
theMediterranean climate, we highlight its hot and dry summers, its mild and rainy win-
ters and the torrential rainfall [2,3] since they represent one of the main potential causes
of natural hazards in the area due to the losses and the damages caused by this phenom-
enon are extensive and frequent [4,5]. Likewise, the increase in precipitation intensities
that is notorious on the Mediterranean coast stands out [6]

The presence of an extraordinarily deep cut-off low in the first half of September,
precisely at the time when there is more energy available in the lower troposphere, would
imply that the meteorological phenomena that occur will also be extraordinary as soon as
the flow in lower layers provides the appropriate configuration. During the torrential
rainfall episode that took place in the Western Mediterranean basin from 10-13 September
2019 seven people lost their lives. The most affected areas were extensive areas of the
Valencia Region, Murcia, Castilla-La Mancha and Andalucia. A first approximation made
by the Valencian Government of the damage caused by the storm estimated the economic
impact of the rains and floods at around 1500 million euros, which represents more than
1% of the regional annual GDP [7]. Due to the importance of this precipitation event in
the indicated area, its most important features are analyzed, using two different sources
of data data: the ERA5 atmospheric reanalysis of the European Center for Medium-Term
Weather Forecasts and permanent stations located in the Valencian and the Murcia Re-
gion, areas in which precipitation records were more extreme.
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2. Materials and Methods

To carry out this study, different parameters obtained from the European Center for
Medium-Range Weather Forecasts (ECMWF) were analyzed, through the atmospheric
analysis ERA5 (European Reanalysis v5; [8]). ERAS offers a higher resolution in space and
time and assimilates more observational data sets than previous reanalysis, making it sig-
nificantly more accurate [9]. From said reanalysis, pressure at sea level, wind at different
pressure levels and surface variables, such as relative humidity, were used. These varia-
bles were chosen because they are essential factors to evaluate this torrential event, as well
as based on the fact that high percentage of humidity gives us information regarding
cloudiness.

Finally, a specific analysis of accumulated and daily precipitation has been carried
out in specific areas of the Murcia and Valencia regions to observe the degree of intensity
of this parameter and, therefore, the magnitude of this event. To carry out this analysis,
data obtained from the Ministry of Agriculture and Fisheries, Food and the Environment
through the network of agrometeorological stations SIAR (Agroclimatic Information Sys-
tem for Irrigation) is used.

3. Results

On September 10 and 11 (Figure 1a), cold air pool descended from northern Europe
towards the study region. In addition, this cold pool presented very low temperatures of
up to —21 and -15 °C on the Mediterranean coast. It should be noted that the wind mainly
came from the east of the Mediterranean. On the other hand, on September 12 (Figure 1b)
the isolation of the cold pool created in the previous days can be seen in the South of Spain
and in the North of Africa, with the similar characteristics of low temperatures and wind
observed the previous days, with a temperature of —15 °C in the central zone of the low
pressure. Subsequently, on September 13, this cool pool began to move, presenting low
heights of between 5750 and 5700 m, towards the interior of the Peninsula. In addition,
the east wind continued to affect the Mediterranean coast and the interior of the Iberian
Peninsula. Temperatures were —18 °C in the center of the storm.

Observing this process in perspective, a feedback was detected related to the contri-
bution of wind from two different areas within the study region, the formation of this
isolated cold pool aloft that feed the observed torrential rains. On the one hand, a wind
can be distinguished coming from the West of Spain, as the product of an anticyclone that
later entered through the North of France and Spain and headed towards the Eastern
Mediterranean coast. On the other hand, the presence of easterly wind from theMediter-
ranean Sea reinforced this feedback.
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Figure 1. (a) Geopotential height (m, shaded color), temperature in °C (solid green line) and wind
(arrows) at 500 hPa on 11 September 2019 at 12:00 UTC; (b) Geopotential height (m, shaded color),
temperature in °C (solid green line), and wind (arrows) at 500 hPa on 12 September 2019 at 12:00
UTC.

On 12 and 13 September, a high relative humidity was simulated by ERAS5. On 11
September, a saturation of 96% begins to be observed north of Alicante Province and 90%
over in the Murcia Region. Next, on 12 September (Figure 2a), there is high relative hu-
midity in the study area, both in the Alicante area and in the interior of Murcia Region,
with values of 99% and 96, respectively. This high relative humidity values are accompa-
nied by an incident surface wind from the east of the Western Mediterranean, with a
great intensity due to the rapid variation of pressures. Subsequently, on 13 September
(Figure 2b), the same relative humidity percentages continued to be obtained in both
study areas with less incident and weak winds on the coast of the study area, compared
to those reproduced on 12 September.

13/09/2019 18:00 UTC

(b)

Figure 2. (a) Sea level pressure (contour, mb), wind (arrow, m/s) and relative humidity (shaded, %)
12 September 2019 at 12:00 UTC; (b) Sea level pressure (contour, mb), wind (arrow, m/s) and relative
humidity (shaded, %) 13 September 2019 at 18:00 UTC.

Accumulated rainfall over different weather stations are shown in Figure 3. Taking
into account the different days, at the heaviest precipitation was recorded on 12 and 13
September. On the one hand, among the various weather stations, Catral (193.5 mm) and
Orihuela (154.8 mm) located in the Valencian Region were chosen, due to a large accumu-
lated precipitation on 12 September. For this day, in the Murcia Region, and with a great
difference with respect to the other areas, the territory with the most accumulated precip-
itation was Torre Pacheco (127.2 mm). On the other hand, Orihuela (119.4 mm) recorded
the higher precipitation scores in the Valencia Community. In addition, in the border be-
tween the Valencia and Murcia regions, that is, Pilar de la Horadada, a high amount of
precipitation was observed on 13 September, with accumulated values of of 132.5
mm, compared to the other specific areas. Only Santiago de la Ribera with 158.8mm sur-
passed Pilar de la Horadada that day.

Accumulated precipitation values reached 400 mm considering the whole event in
some stations, with daily values exceeding 200 mm in some locations in just 2 h.
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Figure 3. Representation of the accumulated precipitation by means of a diagram in the different

study areas of the Valencia and Murcia regions for the days 11, 12, 13 and 14 September 2019.

Table 1. 24 h of accumulated precipitation (mm) from 00:00 a.m. to 00:00 p.m. during the days 11,
12,13 and 14 September 2019.

ACCUMULATED PRECTPITATION
11/09/2019 12/09/2019 13/09/2019 14/09/2019

Crevillente 0 1143 10.15 12.59
Catral 0 193.5 16.66 19.6
Orihuela 0 154.8 1194 6.23
Villena 11.94 2348 8.93 8.16
Villajoyosa 195 23.68 4.18 207
El Pilar 0 112.7 1325 139
Yecla 534 31.23 10.19 1795
Abanilla 11.94 2348 8.93 0
Mula 6.4 795 83 9.8
La Ribera 0 66.2 158.8 4.1

Torre Pacheco 127.2 109 36
Cieza 1 941 91.23 97

]
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Figure 4. Temporal evolution of 24 h of accumulated precipitation (mm) from 00:00 a.m. to
12:00. p.m. to 00:00 p.m. during the days 11, 12, 13 and 14 September 2019.

4. Discussion

The Valencia and Murcia regions are favorable areas for torrential rains, especially
the northern and southern part of the Alicante Province. From 10 to 13 September 2019,
an extreme heavy rains occurred, especially on 12 and 13 September, which caused signif-
icant economic losses, damage to infrastructure and some human casualties. This torren-
tial episode was characterized by the interaction of various parameters, both in height and
in surface area. In the first place, the presence of a low level of pressure in height and the
advection of the wind, which came both from the west of Spain and from the east of
the coast as an easterly wind. In addition, surface conditions were also favorable for the
generation of this event. The surface wind added to the high moisture content gave rise
to cloud formation and precipitation. The persistence of these environmental features per-
sisted during the whole precipitation episode. Various authors [10-12] have identified
these mechanisms observed in this study as the main cause of the torrential rains in the
Valencian Region. The results found in this study allow us to have a better understanding
of the episodes of intense rains that take place in the east of the Iberian Peninsula recur-
rently.
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