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A B S T R A C T   

On the morning of 29 August 2020, a supercell developed to the west of Mallorca (Balearic Islands, Spain) and 
then crossed the island. The storm produced strong winds, at least one EF2 category tornado on the Enhanced 
Fujita scale, heavy precipitation and large hail. The affected areas suffered power and landline phones outages, 
massive falling of trees that caused the closure of roads, and material damages on properties and infrastructures. 
Unfortunately this kind of high impact events are quite common in the western Mediterranean, specially during 
or near autumn, but generally elude the capabilities of standard forecasting procedures. A better understanding 
of their development and any improvement in their prediction are crucial to issue better warnings to civil 
protection and the general public. 

Assessment of the Convective Available Potential Energy and Storm Relative Helicity present in the prior 
environment highlights the area where the actual supercell developed. However, neither the severity of the 
convective system nor other important properties such as its trajectory, can be predicted by the classic analysis of 
larger scale ingredients. This paper proposes a novel approach to obtain this additional information by applying 
the CM1 model. This cloud-resolving model was developed precisely to study convective storms and therefore 
emerges as the ideal tool to provide clues on the likelihood of a supercell and its severity and trajectory. 

Specifically, we test the systematic run of several CM1 simulations over the favorable area highlighted by the 
classic analysis and explore the convective structures that can develop and evolve in such environments. The 
results point out the ability of the CM1-based method to capture for the 29 August 2020 event the supercell 
formation, its trajectory and severity parameters. Therefore, a CM1-based strategy can provide useful details 
about eventual convective structures and their characteristics, allowing forecasters to issue better weather 
warnings at operational level.   

1. Introduction 

The western Mediterranean region is annually affected by high- 
impact weather events, especially in the late summer and autumn 
(Tudurí and Ramis, 1997). Among these high-impact weather episodes, 
some events reach severity in the form of extreme rainfall intensities, 
large hail, down-bursts and tornadoes. As a local example, statistics 
calculated from the 1989–1999 period tornado reports in the Balearic 
Islands show a total of 23 tornadoes recorded events, with 30% of the 
cases reaching F2 intensity in the Fujita scale (Gaya et al., 2001). A more 
modern and improved version of the original Fujita Scale, the Enhanced 
Fujita Scale, is now widely used world-wide (e.g SPC, 2007 or EC, 2013). 

Convective systems that lead to severe events are common in the 
western Mediterranean. There are numerous documented events such as 

Ducrocq and Bougeault (1995), Ramis et al. (1997), Ramis et al. (1999) 
or Romero et al. (2015) that study squall lines, Homar et al. (2001) or 
Gayà (2011) that examine tornados or Sánchez et al. (2003) that 
investigate a hail event. In most of these events the severe convection 
developed and evolved over land, while in fewer events like that of 4 
October 2007 in Mallorca (Ramis et al., 2009) the precursor processes 
occurred over maritime areas. In the event studied here, the severe 
supercell also developed and evolved over the sea until it reached land at 
the northwestern coast of Mallorca. 

The aim of this work is to describe and analyze the severe convective 
environment that led to the 29 August 2020 supercell in Mallorca. The 
classic analysis of convective indices, like instability and helicity, is 
complemented with a novel approach based on application of the Cloud 
Model 1 (CM1; Bryan and Fritsch, 2002; Bryan, 2008b). This approach 
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allows to obtain more detailed information regarding the characteristics 
and effects of the potential convective systems. 

The CM1 model was designed primarily for idealized research, 
particularly for deep moist convection (i.e., thunderstorms), so it is a 
good tool to asses the convective potential of an environment. If fed with 
a pseudo-radiosounding that characterizes the basic state, a CM1 run 
provides detailed insight about the convective potential of the envi-
ronment and on the likelihood of organized thunderstorms like multi-
cells, squall lines or as in the present case study, supercells. The method 
also provides relevant information on the supercell properties, like 
severity and trajectory. This additional information can be very useful to 
asses the severity of a convective environment, specially in an opera-
tionally forecasting context where the forecaster needs to decide 
whether to issue a warning based on the available information 
beforehand. 

The ability of the CM1 model to provide insights of convective 
structures has been proved in a wide range of earlier studies. For 
example, Spiridonov et al. (2021) analyse a supercell storm that 
occurred at the Vienna International Airport on 10 July 2017 and pro-
duced large hail and a F2 tornado. This study relies on WRF and CM1 
models to examine the triggering factors of the supercell and posterior 

tornado formation and evolution; it also evaluated their location and 
intensity. The CM1 model is also used in Wade and Parker (2021) to 
simulate high-resolution supercells to investigate low-CAPE environ-
ments potential. All simulated storms present heavy precipitation and 
their reflectivity fields show classical supercell structures. Schueth et al. 
(2021) examine the reflectivity and winds obtained in a high-resolution 
tornadic supercell CM1 simulation to investigate the stream wise 
vorticity current. Patra et al. (2022) implement different stochastic pa-
rameterizations in the CM1 model to asses the sensitivity of tropical 
cyclone intensity (wind) to these random parameterizations. Another 
example is Boyer and Dahl (2020), that simulates several supercells and 
quasi-linear storms with the CM1 model to investigate the role of large 
near-surface vertical vorticity in their development. 

The paper is structured as follows: Section 2 describes the event and 
presents a large scale analysis of severe convective ingredients; Section 3 
details the methodology and results of our approach consisting of 
applying the CM1 model to analyze in detail the convective potential of 
the environment; finally Section 4 presents the main conclusions ob-
tained in the study. 

Fig. 1. Map of the Balearic Islands. The affected municipalities of Mallorca are highlighted in colors. The labeled dots show the location of the 49 pseudo-soundings 
used to initialize CM1 runs. 
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2. Description of the event and large scale analysis of the severe 
convective potential 

On 29 August 2020, a supercell developed over sea to the west of the 
Balearic Islands (Spain). At around 11:30 local time (9:30 UTC) the 
associated storm reached the northwest coast of Mallorca and severely 
affected the municipalities of Banyalbufar, Esporles and Valldemossa of 
the Serra de Tramuntana (see Fig. 1). The storm produced several down- 
bursts, at least one tornado, heavy precipitation and hail larger than 2 
cm. The Banyalbufar meteorological station is the only AEMET station in 
the vicinity of the affected region (AEMET - Agencia Estatal de METe-
orología, the National Weather Service of Spain). According to its reg-
isters, the station experienced southwesterly winds with gusts reaching 
an exceptional speed of 171 km h− 1, which is a record value for this 
station. However, based on field analysis of the damage undertaken by 
government officials, it is estimated that the gusts would have reached 
values up to 190 km h− 1, corresponding to EF2 category winds in the 
Enhanced Fujita scale (winds between 179 and 218 km h− 1). In fact, the 
Environment and Territory Department of the Insular Government 
estimated that the wind uprooted most of the trees in 736 hectares of 
forest area, causing the closure of several roads and the interruption of 
electricity and telephone supplies in the affected municipalities, as well 
as material damages on properties and infrastructures (AEMET, 2020a, 
b). 

The visual appearance of the convective cloud base as photographed 
from Puig de la Moneda, Valldemossa (Fig. 2) shows a distinctive greenish 
color along the horizon. This cloud tint is commonly observed in intense 
thunderstorms as the absorption of sunlight by rain and hail could lead 
to a green sky (Bohren and Fraser, 1993; Gallagher et al., 1996; Wang, 
2002; Ramis et al., 2009; Romero et al., 2015). 

Constant Altitude Plan Position Indicator (CAPPI) images at 2.5 km 
altitude from the radar at the Balearic Islands (Fig. 3) show a supercell 
formation occurring about 130 km to the west of Mallorca that splits at 
around 0630 UTC. The anticyclonic cell moves north–northeastwards 
while the cyclonic one points east-southeastwards. At around 0830 UTC 
the radar shows a hook-echo signature just off the Mallorcan coast. 
Precipitation intensity within the supercell was very important as indi-
cated by reflectivity values reaching as high as 60–66 dBZ. By 0930 UTC 

a V-Notch structure is formed over the north of Mallorca, traveling 
eastwards. The supercell crossed Mallorca and continued towards the 
south of Menorca before dissipating at around 1230 UTC. This supercell 
lived more than 8 h according to the radar signal. 

The large-scale meteorological environment in which the supercell 
developed was characterized, first of all, by a subtropical anticyclone 
located west of the Iberian Peninsula (see Fig. 4.a). A low-pressure 
system over the continent with its centre situated over the North Sea 
was driving a basic northerly flow over west Europe. However, a sec-
ondary low-pressure system located over the western Mediterranean 
was deflecting this general flow and advecting warm and moist maritime 
air towards the islands. The temperature field at 850 hPa shows a clear 
temperature gradient over the eastern part of the Iberian Peninsula 
associated with the cold front (Fig. 4.a). At mid-tropospheric levels, 500 
hPa, Fig. 4.b shows a prominent trough with its axis extending along the 
Iberian peninsula. At 250 hPa, Fig. 4.c shows the wind speed and di-
rection, clearly following the trough that guided the circulation. As the 
synoptic pattern evolved eastwards, this upper level jet entered over the 
western Mediterranean, favoring deep-layer shear in the Balearic Islands 
environment. The Meteosat images (see Fig. 5) show the cloudiness 
associated with the passage of the cold front, along with a more compact 
structure ahead of it that accompanies the supercell life cycle (see 
Fig. 3). 

Once the large-scale meteorological environment of the event has 
been described, we focus on exploring the convective potential of the 
troposphere that allowed the supercell development. Specifically, the 
Convective Available Potential Energy (CAPE) and the Storm Relative 
Helicity (SRH) indices are assessed, as both are widely used by the 
community to this end (e.g. Meukaleuni et al., 2016; Coffer et al., 2019; 
SPC, 2022). Here, both indices are evaluated using the 00UTC 29 August 
2020 meteorological forecast provided by the Global Forecast System 
(GFS) model maintained by the National Centers for Environmental 
Prediction (NCEP). One the one hand, Fig. 6.a shows how the CAPE 
structure moves from the north–northwest to the south-southeast, 
following the same direction as the cold front and the storm itself. 
Specifically, the region of the supercell generation (northwest of Mal-
lorca Island) presents values of CAPE between 1000 and 2500 J kg− 1 

that suggest moderate-to-strong instability. Higher CAPE values are 

Fig. 2. Photograph of the thunderstorm taken from Puig de la Moneda, Valldemossa, on 29 August 2020 at around 0900 UTC when it was about to reach the coast. 
Photograph kindly provided by Lluís Salvà Pou. 
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found southeast of Mallorca that evidence the convective potential 
surrounding Mallorca during the episode. On the other hand, Fig. 6.b 
shows that SRH follows a similar geographical evolution of CAPE but 
shifted backwards. This SRH field refers to the 0–3 km layer and uses for 
the estimated storm movement the Internal Dynamics method devel-
oped in Bunkers et al. (2000). Also, values of SRH larger than 250 m2 s− 2 

are located again to the northwest of Mallorca Island. This threshold is 
significant because 0–3 km SRH values greater than 250 m2 s− 2 suggest 
increased threat of tornadoes and supercells (SPC, 2022). 

Both CAPE and the SRH indices can be combined to obtain the En-
ergy Helicity Index (EHI; See Rasmussen (2003) and Hart and Korotky 
(1991) for more details). Specifically, the EHI is formulated as 

EHI =
SRH⋅CAPE

160000
(1)  

This index is revealed as a prominent indicator of tornadic potential 
since it relies on the idea that storm rotation should be maximized when 
instability (CAPE) and helicity (SRH) are both large (Hart and Korotky, 
1991; Rasmussen, 2003; Thompson et al., 2003). Fig. 6.c highlights the 
fact that EHI is a combination of CAPE and SRH as its evolution follows 

the same north–northwest to south-southeast direction of both individ-
ual ingredients. However it moves slower -the EHI structure is almost 
stationary over the islands- as it maximizes in the front and rear, 
respectively, of the SRH and CAPE patterns. Regarding the EHI magni-
tude, values larger than 1 indicate supercell potential, while values 
between 1 and 5 suggest that EF2 and/or EF3 tornadoes are possible. 
Accordingly, Fig. 6.c clearly shows the accentuated potential for 
supercells all over the Balearic Islands and possible EF2 tornados in 
some regions, including the region where the supercell actually devel-
oped. As already stated, the recorded winds at the nearest meteorolog-
ical station and the ground effects both confirm a EF2 category tornado 
in the region, whereas the radar images confirm the supercell signature 
during the event. 

The analysis of the GFS forecasts fields puts forward the severe 
convective potential of the environment of 29 August 2020 that lead to 
the catastrophic winds, rain and hail on the northwest coast of Mallorca. 
However, although the convective potential is well captured in these 
forecast fields, and they are compatible with the actual outcome, they do 
not provide information on the probability of a supercell, the timing and 
location of its eventual formation, the maximum intensity the storm 

Fig. 3. Hourly series on 29 August 2020 of CAPPI images at 2.5 km altitude from the Mallorca radar.  
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Fig. 4. Synoptic scale analysis from the GFS forecast on 29 August 2020 at 0000 UTC, valid at 0600 UTC. a) Geopotential height (solid line, in m) and temperature 
(colored field, in ºC) at 850 hPa; b) Mean Seal Level pressure (solid line, in hPa) and geopotential height at 500 hPa (colored field, in m); and c) Wind field at 250 hPa, 
the speed is represented in m s− 1 according to the colored field and the direction is indicated with the arrows. 
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would attain and the expected effects in case it reached the coast. In the 
next section, an approach to improve the knowledge of these important 
details - prior to the actual event - will be presented and discussed. 

3. CM1 based analysis of the severe convective environment 

The CM1 model is a three-dimensional, nonhydrostatic, fully- 
compressible and time-dependent numerical model. It was designed 
for idealized studies of atmospheric phenomena driven by relatively 
small-scale processes, such as thunderstorms. It has been widely applied 
during the last decade in supercell and tornado research (e.g. Markowski 
and Dotzek, 2011; Markowski and Richardson, 2014; Orf et al., 2017; 

Peters et al., 2020; Jo and Lasher-Trapp, 2022). By design, the CM1 
model is an ideal tool to explore the convective potential of an envi-
ronment like the one present in the Balearics on 29 August 2020. In this 
section, we explore the application of several CM1 runs over the region 
highlighted by the classic severe convective potential parameters 
(CAPE, SRH and EHI) to obtain more details on the likelihood of a 
supercell and its characteristics. 

3.1. Methodology 

The CM1 version release 20.2 was used to perform all simulations. 
The model conserves mass and energy better than other modern cloud 
models (Bryan, 2008b). However, it is limited by its idealized convec-
tion initiation and by using an initially horizontally homogeneous 
environment as far as the simulation realism is concerned. Therefore, 
our approach relies on a set of idealized simulations using an observed 
proximity sounding to define the base state and a warm bubble to 
initiate convection. 

The governing equations are the filtered Navier–Stokes equations (i. 
e., Large-Eddy Simulation equations; more details in Bryan, 2008b). 
Temporal advance is performed with the Runge–Kutta 3rd order scheme 
(Wicker and Skamarock, 2002). The Klemp-Wilhelmson time-splitting 
method for acoustic modes is used for the pressure solver, with a 
vertically implicit solver and horizontally explicit calculations, as in 
MM5 and WRF models (Dudhia, 1993; Skamarock et al., 2019). The 
advection terms are discretized using a fifth-order spatial discretization 
and no artificial diffusion is applied. The subgrid turbulence parame-
terization is similar to the parameterization of Deardorff (1980) that 
relies on turbulence kinetic energy (TKE). The microphysics parame-
terization includes five types of hydrometeors (cloud droplets, rain-
drops, ice, snow, and graupel) following the Morrison double-moment 
scheme (Morrison et al., 2005; Morrison et al., 2005), a realistic setup 
for a supercell simulation. No topography is considered in the simula-
tions. The lateral boundary conditions are open radiative, while the 
bottom and top boundaries conditions are free-slip (no friction). No 
surface heat fluxes are imposed and Coriolis acceleration is not included 
either. The absence of terrain, surface heat fluxes, radiative forcing and 
Coriolis force allows the model basic environment to remain steady 
during the simulations (Markowski and Dotzek, 2011). 

The horizontal grid spacing for the simulations is 1 km within a 120 
km × 120 km region. The domain moves eastward with at a constant 
speed of 5 m s− 1 to better follow the progression of the supercell when 
developed. The vertical grid spacing is 500 m within a 20 km vertical 
extent (i.e. 41 levels). A symmetric ellipsoidal warm bubble 10 km wide 
and 2.8 km deep is added in the initial field to provide a trigger for the 
supercell formation. Specifically, the maximum potential temperature 
perturbation is of 5 K at its center (located at 1.4 km above ground level, 
60 km in the x-direction from the western boundary and 40 km in the y- 
direction from the southern boundary), and decreasing gradually to zero 
at its outer edge. The large time step of the model is set at 6 s. Each 
simulation runs for 3 h. 

The environments of the simulations are initialized with a pseudo- 
sounding. The pseudo-soundings are derived from the 29 August 2020 
00UTC GFS forecast runs valid at 03, 06 and 09 UTC. A vertical profile of 
the relevant variables (following the CM1 criteria on how to construct 
the input sounding file; Bryan, 2008a) is extracted from the GFS forecast 
field at the geographical location of interest. However, the available GFS 
forecast fields only include 31 standard pressure levels, largely omitting 
the structure of the atmospheric boundary layer. It is well known that 
the vertical resolution is an important limiting factor when considering 
convective inhibition and initialization (see for example Taszarek et al., 
2021; Weisman and Klemp, 1982). In order to produce a proper vertical 
structure of the meteorological fields, an extra step to enhance the 
pseudo-sounding is performed. These improved pseudo-soundings are 
generated by exposing the GFS forecast fields as input fields for a 1-h run 
with the Triangle-based Regional Atmospheric Model, a nonhydrostatic, 

Fig. 5. IR Meteosat images on 29 August 2020. Images available at wetter-
zentrale.de - Copyright EUMETSAT 2020. 
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fully compressible numerical model (TRAM; Romero et al., 2019). These 
1 h-runs with TRAM allows to increase the vertical levels from 31 to 52, 
with enhanced resolution in the planetary boundary layer (PBL). The 
short duration of the TRAM model run allow to properly balance the 
meteorological fields in the vertical, effectively accounting for the tur-
bulence mixing, while avoiding relevant model dependent dynamics of 
regional or convective scale. The TRAM configuration is the same as in 
the operational run of finest resolution (approximately 2 km x 2 km) 
launched twice daily over the Balearics by the UIB Meteorology Group 
(TRAM SR; see Romero, 2020). 

Fig. 1 shows the location of the 49 TRAM SR grid points where the 
vertical profiles are extracted to build the improved pseudo-soundings, 
subsequently ingested in the CM1 runs. These 49 locations form a 7x7 
points square centered to the northwest of Mallorca, covering the region 
highlighted by the CAPE, SRH and EHI ingredients and where the 
supercell of 29 August 2020 evolved. 

3.2. Results 

In this section, the results of the proposed 49 simulations are 
examined. We focus on the outputs concerning the convective potential, 
thunderstorm organization and degree of severity allowed by the basic 
environment at their respective geographical locations. 

Fig. 7 shows the maximum reflectivity in the atmospheric column at 
the beginning, middle and end of the simulated period (30, 100 and 180 
min, respectively) for the experiments initialized at 03 UTC 29 August 
2020. The simulations are examined in terms of the location of their 
pseudo-soundings with respect to the southwest-northeast diagonal of 
the diagram (almost parallel to the coast of Mallorca) and with respect to 
its distance to the bottom-right corner (covering part of Mallorca, 
including the affected area; see Fig. 1 for reference). At the beginning of 
the simulation the runs near the diagonal, specially those close to the 
northeast corner, develop convective storms with up to 60 dBZ signals of 
maximum reflectivity. However, these convective structures are short- 
lived and dissipate quickly, even before the 100 min simulation time. 

Equivalent examination of the runs initialized at 06 UTC (Fig. 8) 
show that more members than three hours earlier develop big 

convective storms. This happens now at both sides of the diagonal. These 
more robust thunderstorms are long-lived and most of them survive until 
the end of the simulation. Many of these convective systems show a 
storm-splitting behaviour similar to the splitting of the observed 
supercell, with a preponderance of the right mover cell towards the end 
of the simulated period. Their associated values of maximum reflectivity 
attain 70 dBZ. 

Finally, the runs initialized at 09 UTC (Fig. 9) develop convective 
systems at almost all locations at the beginning, but only those located 
towards the southeast corner (i.e. environments close to Mallorca) sur-
vive until later stages of the simulation. These runs exhibit again a 
storm-splitting behaviour similar to the splitting of the observed 
supercell and values of composite reflectivity up to 70 dBZ. 

We seek a method to summarize the above results for the maximum 
reflectivity and other fields of interest. We compute at each analysed 
time step the maximum spatial value of the variable of interest for each 
one of the 49 CM1 maps. The result is then represented according to a 
color scale on a 7 x 7 pixel image corresponding to the original 
geographic location of the CM1 runs. 

Fig. 10 shows these computed values for the maximum reflectivity of 
the CM1 runs initialized at 03, 06 and 09 UTC. In agreement with 
Figs. 7–9, Fig. 10 highlights the fact that the convective structures 
develop near the northwest corner for the 03 UTC runs, while their 
development shifts to the diagonal region in the 06 UTC runs and con-
tinues to move to the southeast corner in the 09 UTC runs. This south-
eastwards displacement of effective environments for the triggering and 
maturation of intense storms as the runs are initialized at later times, 
agrees with the evolution of the synoptic situation (recall Section 2). 
However, differences appear between the different initialization times. 
The convection developed in the 03 UTC runs decays quickly and does 
not persist across the southwest-northeast diagonal. In the 06 UTC runs, 
the convective storms develop on both sides of the diagonal and, as 
simulation time advances, they are also favoured near and over the coast 
of Mallorca. The convective structures in the 09 UTC runs are already 
well developed for the environments at the end of the simulations taken 
from the southeast quadrant (Mallorca). 

The evolution of deep convection signatures in each run is in 

Fig. 6. From the GFS forecast of 29 August 2020 issued at 00 UTC, corresponding to 06, 09 and 12 UTC (from top to bottom, respectively): a) Convective Available 
Potential Energy (CAPE) for the most unstable parcel in the lowest 180 mb, b) Storm Relative Helicity (SRH) in the layer 0–3 km and c) Energy Helicity Index (EHI). 
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Fig. 7. The 30, 100 and 180 min simulation time output for the Maximum Reflectivity (dBZ) from the 49 CM1 simulations initialized with the 03UTC 29 August 2020 
00UTC GFS forecast fields. The 49 simulation maps are placed following the 7 points x 7 points initial soundings presented in Fig. 1. 
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Fig. 8. As in Fig. 8 but for the simulations initialized with the 06UTC GFS forecast fields.  
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Fig. 9. As in Fig. 8 but for the simulations initialized with the 09UTC GFS forecast fields.  

M. Vich and R. Romero                                                                                                                                                                                                                       



Atmospheric Research 290 (2023) 106784

11

agreement with the large scale analysis of the event. In the 03 UTC runs 
the developed supercells are short lived because they do not find a 
proper environment. None of them develops over land. The 06 UTC runs 
capture better the location (over the coast of Mallorca) as well as 
severity, but the 09 UTC runs are the more accurate representations as 
intense supercells develop mostly over the coast and land. Since the 
actual storm reached Mallorca at 9:30 UTC and these three sets of runs 
are initialized with the 29 August 2020 00UTC GFS run, in a operational 
context there would be at least a 9 h window to complete the simula-
tions, examine the results and issue a warning if needed. 

Fig. 11 shows equivalent computations but for the total accumulated 
rainfall. The rainfall pattern follows closely the evolution of the 
maximum reflectivity seen in Fig. 10. At the middle time of the simu-
lations (100 min) rainfall values exceed 50 mm for many pseudo- 
soundings of the 06 and 09 UTC experiments and can be as large as 
120 and 150 mm in some particular cases. By the end of the simulations 
(180 min) values over 80 mm are found at about half of the matrix cells. 
These high values of total rainfall agree with observations of the event as 
well as with the geographical location of the affected areas. 

The matrix cell computations are finally repeated for the surface 
wind speed. Fig. 12 displays cell-maximum wind values over 20 m s− 1 

following the convective storms, reaching higher values (up to 35 m s− 1) 
at the end of the simulations. Similarly to the rainfall field, the wind at 
surface follows the southeastwards migration and progressive 
enhancement of severe convective environments during the morning of 
29 August. Accordingly, the highest values are found towards the 
southeast quadrant in the 06 UTC runs and neatly over this quadrant in 
the 09 UTC runs. The geographical location of extreme winds as well as 
the speed values themselves are in reasonable agreement with the 
location and intensity of the observed damaging winds. Existing records 
show winds of approximately 47 m s− 1 (approximately 170 km h− 1) in 
the worst affected regions of Mallorca (Valldemossa, Banyalbufar and 
Esporles - near the southeast corner of the analysed matrix of 
environments). 

4. Conclusions 

The description and numerical analysis of the 29 August 2020 severe 
convective storm in Mallorca has been presented. The western coast of 
Mallorca was affected by extreme winds, hail and torrential rain. At least 
one EF2 category tornado affected the municipalities of Valldemossa, 
Banyalbufar and Esporles, producing vehicle traffic and power supplies 
interruptions. A supercell storm structure over the western Mediterra-
nean was clearly caught by the radar images as it traveled eastwards, 
even showing a V-Notch feature when it crossed Mallorca. 

The severe convective nature of the meteorological scenario is 
captured forehand by the GFS forecasts issued at 00 UTC 29 August 
2020. The forecast fields valid at 03, 06 and 09 UTC exhibit high values 
of CAPE, SRH and EHI, compatible with the observed outcome of a 
supercell. However, these indicators alone do not provide final infor-
mation on the effective likelihood of a supercell, its path or its severity. 
Therefore, a complementing strategy based on the use of the CM1 model 
has been proposed. 

In essence, the region highlighted by classical analysis of convective 
potential is an ideal location for launching several CM1 runs to obtain 
more details on this convective potential and the attainable degree of 
severity. A square covering the targeted area with a sample of 49 CM1 
simulations initialized at 03, 06 and 09 UTC from the 29 August 2020 
00UTC GFS forecast fields have been considered. Each simulation is fed 
by a pseudo-radiosounding representing the environment and the results 
provide more useful information on the convective structures permitted 
by such environment. Since this strategy is applied to several locations 
and at several times, the results allow to effectively determine the spatial 
and temporal pattern of severe convective prone environments and how 
they evolve. Ad hoc indicators like maximum reflectivity or maximum 

Fig. 10. The maximum spatial value of the reflectivity (dBZ) field for each CM1 
simulation at the 30, 100 and 180 min simulation time outputs initialized at 03, 
06 and 09 UTC 29 August 2020. The geographic location of each simulation 
within the 7x7 matrix corresponds to the same location as in Fig. 1. 

Fig. 11. As in Fig. 10 but for the maximum spatial value of total accumulated 
rainfall (mm). 

Fig. 12. As in Fig. 10 but for the maximum spatial value of surface 
wind (ms− 1). 
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surface wind speed can be examined to asses the degree of severity and 
hazardous potential. 

The novel CM1-based approach presented here serves to further 
examine the convective potential of an environment as it couples 
application of a cloud model with the classic analysis of large scale in-
gredients. The goal is to provide better insights on the severity of a 
possible convective event already highlighted by the classic approach. A 
systematic -many simulations- approach like the one presented in this 
study is expensive computationally and this fact would prevent from an 
easy implementation for routine forecasting. However, a more targeted 
approach consisting of deploying fewer CM1 simulations would require 
lower computational resources and should be more than feasible. 
Running a few but representative CM1 simulations at strategic locations 
could allow forecasters to extract detailed information on the severity 
potential of a likely convective system, helping to issue more robust and 
reliable warnings. 
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