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Tornadoes are violent and destructive natural phenomena that occur on a local scale in most regions around the world. Severe
storms occasionally lead to the formation of mesocyclones, whose direction or sense of rotation is often determined by the Coriolis
force, among other factors. In the Northern Hemisphere, more than 99% of all tornadoes rotate anticlockwise. (e present
research shows that, in topographically complex regions, tornadoes have a different probability of rotating clockwise or anti-
clockwise. Our ongoing research programme on tornadoes in Mexico has shown that the number of tornadoes is significantly
higher than previously thought. About 40% of all tornadoes occur in the complex topographic region of the Trans-Mexican
Volcanic Belt. Data collected (from Internet videos) on the rotation of tornadoes formed in this region showed that about 50% of
them rotated in a clockwise direction, contradicting tornado statistics for most of North America. Time series of the helicity
parameter showed that tornadoes formed in topographically complex areas exhibited different behaviours compared to those
formed in plains that are related with supercell systems.

1. Introduction

Rotational phenomena in the atmosphere occur at a wide
range of scales, from turbulent motions at several centi-
metres, dust swirls at several metres, tornadoes at hundreds
of metres, hurricanes at hundreds of kilometres, and, finally,
circulations associated with planetary perturbations at
thousands of kilometres. Circulation and vorticity param-
eters essentially represent two ways of quantifying such
rotational processes. Circulation is the line integral of the
velocity vector around a closed curve, whereas vorticity is the
rotational of the velocity vector. In other words, circulation
is a measure of the size of a rotational event, whereas
vorticity defines the spinning rate [1]. (e vertical com-
ponent of the relative vorticity, ς, is calculated from hori-
zontal gradients of the velocity vector. (e absolute vorticity
is calculated as ω(a) � ς + f, where f � 2Ω sinφ is the

Coriolis parameter, Ω � 7.29 × 10−5 ·s−1 is the angular ve-
locity of Earth, and φ is the latitude. (erefore, vorticity can
be related to circulation simply by dividing circulation by the
covered area. In this sense, vorticity can also be interpreted
as twice the angular velocity of the rotating system. Simple
solutions of the equation of motion in natural coordinates
reveal that tornadoes of typical scales may have a cyclonic
or anticyclonic rotational direction. (is solution is called
cyclostrophic balance.

Tornadoes are an extremely powerful natural phenom-
enon defined as “a rotating column of air, in contact with the
surface, pendant from a cumuliform cloud, and often visible
as a funnel cloud and/or circulating debris/dust at the
ground” [2]. Given their unpredictable frequency and scale,
as well as their high potential to cause damage, tornadoes are
categorised as extreme weather events [3]. Severe storms and
tornadoes are closely related. Abundant lower-tropospheric
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moisture, steep mid-tropospheric lapse rates, and strong
tropospheric wind shear are important elements that
influence the formation of tornadoes [4]. Also, high
vorticity values, i.e., rotating air masses produced by the
interaction of cold and warm fronts, are one of the key
factors leading to the development of supercell storms and
tornadoes [5].

Generally, the spatial distribution of severe storms and
tornadoes coincides with large convergence zones of air
masses [6]. (ese processes often occur on plains, such as
on the plains of North America where supercell storms are
common. Furthermore, tornadogenesis mainly occurs in
supercell systems that are affected by the Coriolis force,
which causes tornadoes in the Northern Hemisphere to
generally rotate in an anticlockwise direction. However, a
large number of tornadoes also occur in non-mesocyclonic
systems. It is important to mention that the possibility of
anticyclonic events cannot be ruled out. In this respect,
Snider [7] carried out the first description of an anticy-
clonic tornado, and Fujita [1] studied the characteristics of
such events. Recently, the features of anticyclonic torna-
does were explained applying radar data [8]. Anticyclonic
tornadoes are generally found on the hook echo of anti-
cyclonic supercells in updrafts that take place within a
preexisting anticyclonic vortex [9]. Several publications
have additionally described the physical and dynamic
aspects of tornadoes [10–13]. Recent data on the incidence
of tornadoes in the United States (U.S.) indicate that up to
1200 tornadoes may occur per year [14, 15]. But, countries
such as Canada [16], India [17], Greece [18], China [19],
Spain [20], Brazil [21], and South Africa [22] also have
well-documented tornado events. Although statistics on
anticyclonic tornadoes around the world are not available,
studies have shown that these phenomena are rather rare.
Fujita [1] found that, in 27 years, only 29 clockwise-
rotating tornadoes were detected in the U.S. Snider [7]
similarly found that, of 100 investigated tornadoes, only 1
had an anticyclonic rotation. In recent research works, no
information on frequency of anticyclonic tornadoes was
found. If one considers the abovementioned average
number of tornadoes per year, a very small percentage
were anticyclonic. (is simple analysis demonstrates the
overwhelming dominance of cyclonic tornadoes in the
Northern Hemisphere.

2. Study Region

(e Trans-Mexican Volcanic Belt (TMVB) is a Neogene
volcanic arc built on the southern edge of the North
American plate [23]. It extends approximately 900 km from
the Pacific Ocean in the west to the Gulf of Mexico in the
east, crossing 13 states in Mexico; its width varies from 200
to 300 km. (e region is characterised by a complex to-
pography, with mountains reaching heights of more than
5000m (Figure 1). Also, the TMVB is considered as one of
the 14 biogeographic provinces in Mexico and is defined as a
transition zone [24]. (e region selected for this analysis is
located within the zone of influence of the TMVB from
18.80°N, 105.40°W to 21.52°N, 95.79°W.

3. Methodology

An official tornado database does not exist for Mexico, but
some efforts have documented tornadoes [25]. We have
directed an ongoing data collection programme on tornado
events since 2013 based on official reports from the Na-
tional Weather Service of Mexico, eyewitness reports,
social media networks, and newspapers. Every tornado
report is validated and entered into our database. (is
information can be later used as a starting point for re-
search on tornadoes. In the present study, video evidence of
the occurrence of tornadoes and their sense of rotation
during the 2010–2017 period was obtained from the In-
ternet (YouTube, Twitter, and Facebook). We only con-
sidered tornado records that had complete information on
the time of occurrence and the coordinates of the event and
that were associated with videos evidencing the sense of
rotation. To determine the prevailing meteorological
conditions during these tornado events, we applied the
Weather Research and Forecasting (WRF) model. For this
analysis, 11 tornadoes, including 7 anticyclonic and 4
cyclonic tornadoes, were selected. In addition, the tornado
of Ciudad Acuña in 2015 is highlighted as reference of a
mesocyclonic tornado in a flat region of Mexico.

(e WRF model is a numerical weather prediction and
atmospheric simulation system designed for research and
operational applications [26]. Although the used resolution
is not appropriated to resolve tornadoes themselves, the
WRF model is an important tool that can show how local
systems (mountain-valley circulations or forced convection
by topography) and mesoscale systems (cold fronts or
moisture fluxes) interact with a tornado formation. Ac-
cordingly, the WRF Model has been used in several studies
on tornadoes [17, 27–30]. In the present study, the selected
reanalysis dataset was the NCEP FNL Operational Model
Global Tropospheric Analyses. (ese data are expressed on a
1 × 1° grid every six hours [31]. All calculations were carried
out using similar domain characteristics and physical
parameterisations. A mother domain (D1) was created with
100 × 100 grid points, a 9 km resolution and outputs every
30minutes. (en, a first nested domain (D2) was generated
with 88 × 88 grid points, a 3 km resolution, and outputs
every 30minutes; finally, a second nested domain (D3) was
generated with 76 × 76 grid points, a 1 km resolution, and
outputs every 10minutes. All simulations were carried out
so that the points where tornadoes occurred were centred in
space and time. (e physical options were selected as fol-
lows: WRF single-moment 3-class schemes for micro-
physics; Dudhia shortwave scheme, RRTM longwave
scheme, and MM5 similarity scheme for surface layer op-
tions; unified Noah land surface model for land surface
options; Yonsei University scheme (YSU) for planetary
boundary layer options; and Kain–Fritsch scheme for cu-
mulus parameterisation [32–38].

4. Results

(e study of tornadoes in Mexico, a country with complex
topography, is relatively incipient. In the 2000–2017 period,
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331 tornado events were reported, corresponding with a
yearly mean of about 18. In our ongoing data collection
programme on the occurrence of tornadoes, up to 30, 50, 46,
and 58 tornado events were identified in 2014, 2015, 2016,
and 2017, respectively, so the yearly number of tornadoes
may be substantially higher. As shown in Figure 1, tornadoes
appear across nearly the entire country of Mexico, yet the
spatial distribution reveals a clear correspondence with
complex orographic features. In particular, a relatively high
number of tornadoes occurred within the TMVB region of
central Mexico. Also, numerous tornadoes were recorded
along the Eastern Sierra Madre. Interestingly, in the flat
coastal regions of the Gulf of Mexico and the Yucatan
Peninsula, an important number of tornadoes were also
recorded. (e coastal side of the Western Sierra Madre also
frequently experiences tornadoes. However, a simple anal-
ysis reveals that about 40% of all documented tornadoes for
the 2000–2017 period occurred in the complex orographic
region of the TMVB.

Additionally, a careful analysis of 27 audio-visual items
with information on tornadoes in the TMVB region for the
2010–2017 period revealed an outstanding fact: 14 tornadoes
rotated clockwise (marked with blue circles in Figure 1),
whereas 13 rotated anticlockwise (marked with red circles in

Figure 1). It seems that tornadoes have the same probability
of rotating in either a clockwise or anticlockwise direction in
the TMVB. (ese data records are random in character, as
there is no reason to believe that a similar proportion of
clockwise- or anticlockwise-rotating tornadoes was pur-
posefully recorded. (e criteria for the selection were solely
based on the clarity of the sense of rotation and the ability to
identify the place of occurrence (in the TMVB) of the visual
material uploaded by Mexican individuals. (is information
allows us to infer that the number of tornadoes that rotate in
a clockwise direction is high and that practically all of these
tornadoes occur in the TMVB. Table 1 shows the list of
documented tornadoes in the TMVB and their corre-
sponding identification, date, place of occurrence, geo-
graphic position, and sense of rotation. Video links for each
tornado (YouTube, Twitter, and Facebook) are included in
the supplementary information. It is important to mention
that the tornado marked as I.D. 8 (Table 1) initially exhibited
anticyclonic rotation but then shifted to cyclonic rotation. In
this case, it likely occurred in the vicinity of a convective
zone where both cyclonic and anticyclonic vortexes may
have been present.

Several fundamental questions arise as follows: why do
so many tornadoes occur along the Trans-Mexican Volcanic

Trans-Mexican Volcanic Belt
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Figure 1: Orography of Mexico and spatial distribution of tornadoes originating from 2000 to 2017. (e box indicates the region of the
Trans-Mexican Volcanic Belt. Cyclonic and anticyclonic tornadoes are marked with red and blue circles, respectively. (e names of several
important mountain ranges are also indicated. Tornado reports were collected from a previous climatology [25] and our data.
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Belt? Why do tornadoes have the same probability of ro-
tating clockwise or anticlockwise? And, why do clockwise-
rotating tornadoes mostly appear in the TMVB region? We
discuss some of the possible answers. (e mountain chain of
the TMVB represents a significant barrier to frontally
propagating meteorological perturbations. In North
America, no similar obstacles of this magnitude exist for the
propagation of cold or warm air masses.(is feature induces

numerous processes of forced convection that may lead to
the formation of severe storms. Also, the TMVB separates
regions with distinct meteorological characteristics. On the
northern side, a highland zone with significant drought is
present; this region frequently receives cold air masses. In
contrast, the southern side is often influenced by the en-
trance of moist air masses from the Gulf of Mexico or from
the Pacific Ocean. So, the interaction of these air masses with

Table 1: Summary of tornado events in the Trans-Mexican Volcanic Belt (2010–2017) with video evidence on the sense of rotation
(A: anticyclonic; C: cyclonic).

I.D. Date Place Latitude Longitude Rotation
1 06/09/2010 Guadalajara, Jalisco (7) 20.690 −103.373 A
2 15/05/2011 Zempoala, Hidalgo (3) 19.914 −98.687 A
3 30/05/2011 Jocotitlán, State of Mexico (4) 19.719 −99.687 A
4 16/03/2012 Toluca de Lerdo, State of Mexico 19.363 −99.631 A
5 22/03/2014 Tangancı́cuaro, Michoacán (5) 19.882 −102.211 A
6 14/04/2015 Acatlán, Hidalgo (1) 20.264 −98.443 A
7 01/06/2015 San José Chiapa, Puebla (6) 19.224 −97.751 A
8 10/09/2015 Nuevo Parangaricutiro, Michoacán 19.417 −102.122 A
9 27/05/2016 Chiautempan, Tlaxcala (2) 19.323 −98.182 A
10 26/03/2017 Calpulalpan, Tlaxcala 19.578 −98.516 A
11 06/06/2017 Las Vigas de Ramı́rez, Veracruz 19.621 −97.146 A
12 29/06/2017 Tequixquiac, State of Mexico 19.957 −99.103 A
13 18/07/2017 Xalisco, Nayarit 21.465 −104.905 A
14 06/08/2017 Cadereyta de Montes, Querétaro 20.665 −99.849 A
15 01/06/2012 Ecatepec, State of Mexico (10) 19.577 −99.017 C
16 16/08/2012 Toluca de Lerdo, State of Mexico 19.267 −99.686 C
17 21/05/2014 Santiago Tianguistenco, State of Mexico 19.174 −99.480 C
18 17/08/2014 Almoloya, Hidalgo 19.766 −98.306 C
19 23/03/2016 San José del Rincón, State of Mexico 19.678 −100.151 C
20 21/04/2016 Cuautepec de Hinojosa, Hidalgo (8) 19.919 −98.292 C
21 24/05/2016 Toluca de Lerdo, State of Mexico 19.233 −99.697 C
22 03/08/2016 Tapalpa, Jalisco (11) 19.901 −103.791 C
23 01/05/2017 Amecameca de Juárez, State of Mexico 19.142 −98.769 C
24 17/05/2017 Toluca de Lerdo, State of Mexico (9) 19.395 −99.641 C
25 17/05//2017 Toluca de Lerdo, State of Mexico 19.354 −99.668 C
26 30/05/2017 Huejotzingo, Puebla 19.208 −98.406 C
27 07/08/2017 Toluca de Lerdo, State of Mexico 19.289 −99.614 C
Note: the numbers in parentheses indicate the time series shown in Figure 2.
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Figure 2: Time series of storm-relative helicity (SRH) of 12 tornadoes in the Trans-Mexican Volcanic Belt (TMVB) region: seven clockwise-
rotating tornadoes (continuous lines marked as 1 to 7) and 5 anticlockwise-rotating tornadoes (dashed lines marked as 8 to 11) are shown.
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the intricacies of the complex orography of the TMVB tends
to generate favourable conditions for the formation of severe
storms and, occasionally, cyclonic or anticyclonic tornadoes,
which apparently have a similar probability of occurrence.

Figure 3 displays several relative humidity patterns
developed during cyclonic and anticyclonic tornado events
in the TMVB. In the first case shown in Figure 3(a) (I.D. 6 in
Table 1), an anticyclonic tornado occurred at the boundary
between two air masses: a humid air mass from the Gulf of
Mexico and a dry air mass occupying the TMVB. Normally,
the interaction of these two kinds of air masses initiates an
instability process. In Figure 3(b), a humid air mass flowing
from the Pacific Ocean towards the TMVB is shown
interacting with a drier air mass. Again, an anticyclonic
tornado (I.D. 9) occurred near the border separating these
two air masses. In Figure 3(c), a cyclonic tornado (I.D. 15)
that developed under low relative humidity conditions is
shown, but the contrast in relative humidity is of the same
order as the tornadoes depicted in Figures 3(a) and 3(b) (I.D.
6 and 9, respectively). Another situation is illustrated in
Figure 3(d), showing the prevalence of high relative hu-
midity values during a cyclonic tornado event (I.D. 20).
Hence, the hypothesis that interacting air masses influenced
by the TMVB, i.e., its orographic intricacies, leads to the
formation of tornadoes seems to be correct. Humid air
masses flowing from the Pacific Ocean or from the Gulf of
Mexico and drier masses from the north often encounter one
another in this transition zone. (eir interaction appears to
significantly contribute towards processes of atmospheric
instability and the formation of severe storms and tornadoes.
(ese dynamics may represent one answer to the question of
why so many tornadoes occur along the Trans-Mexican
Volcanic Belt.

Convection of humid air masses can be induced by
convergence processes, or forced convection can be induced
by the presence of mountains. In Figure 4, the positions of
tornadoes with cyclonic (red points) and anticyclonic (blue
points) rotations are shown in the TMVB for the 2010–2017
period. A general inspection reveals that anticyclonic tor-
nadoes overwhelming tend to occur in a particular moun-
tainous area near random geological formations, whereas
cyclonic tornadoes are more dominant across extensive
valley areas. (is qualitative evaluation further confirms that
the complex orography of the TMVB plays an important role
in determining the sense of rotation of tornadoes formed in
this region. Overall, tornadoes seem to have a similar
probability of rotating in either a clockwise or anticlockwise
direction, as confirmed by the collected videos on tornadoes
(Table 1). Although the importance of local dynamical
conditions such as valley-mountain circulation, convergence
and divergence processes, and convection seems to prevail in
the process of tornado formation, mesoscale meteorological
circulations also play a role in driving air masses towards the
TMVB. Another factor to consider is that the Coriolis force
at the latitudes of the TMVB is about half that of Tornado
Alley in the U.S. Also, in the TMVB region, tornadoes
generally form in areas with mountains as lateral boundaries
in contrast to the open plains of the U.S.

Ultimately, tornadoes are hazardous events that can have
destructive consequences and pose dangers to the safety and
health of individuals inhabiting the regions where they
occur. (e present study is based on official public records
and videos of tornadoes observed by inhabitants, so the
results may be related to population density. In Figure 5, the
population density in the TMVB region and the position of
recorded tornadoes are shown, revealing a close correlation
between the positions of recorded tornadoes (black points)
and areas with a high population density (reddish areas).
(is pattern has essentially two implications: first, the tor-
nadoes in this region represent a potential danger for the
inhabitants, and second, the number of tornadoes in this
region may be markedly higher if one considers that tor-
nadoes may occur in areas with low population density yet
remain unreported. (en, the relevant meteorological
conditions prevailing during the occurrence of tornadoes
and other meteorological dynamics are discussed.

5. Discussion

Relevant meteorological characteristics prevailing during
the occurrence and evolution of tornadoes in the TMVB
were simulated using the Weather Research and Forecasting
(WRF-ARW) model. (e results are shown on the nested
domain at a resolution of 1 km based on the average 10-
minute outputs. (e orography of the region suggests that
the behaviour of meteorological variables can be complex. In
fact, important rotational variables such as vorticity and
helicity exhibit a complex behaviour in their temporal and
spatial distributions, in contrast to a smooth behaviour of
these parameters found in a mesocyclonic system.

Helicity is the vertical integration of the scalar product of
the velocity and vorticity vectors; that is, vorticity is included
in helicity.(e consideration of the velocity vector relative to
storm or cloudmotion is called storm relative helicity (SRH).
SRH is interpreted as the transfer of vorticity from the
environment to zones with convective motion [40]. When
the values of SRH and convective available potential energy
(CAPE) are high, these two elements can regulate the in-
tensification of mesocyclones and the likelihood of torna-
dogenesis [41]. (e integration of SRH within a range of 0-
1 km is a good forecast parameter for distinguishing between
tornadic supercells and ordinary storms [42]. In Figure 2,
time series of SRH are shown for 12 tornadoes, including 7
clockwise-rotating tornadoes (continuous lines) and 5
anticlockwise-rotating tornadoes (dashed lines). Although
the tornadoes occurred on different dates under diverse
conditions in the TMVB region, a 10-hour period is shown
for all of them.(e shaded strip indicates the incidence time
of tornadoes. A complex behaviour is observed, with SRH
values oscillating between approximately −200 and
200m2·s−2. Among the cyclonic tornadoes (marked from 8
to 11), positive values are temporally dominant; among the
anticyclonic tornadoes (marked from 1 to 7), negative values
are dominant. However, the most important characteristic is
that the SRH values of both types of tornadoes oscillate
around zero. (e considered spatial and temporal
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resolutions may not be the most suitable, but the complexity
observed in the time series indicates the in�uence of to-
pography and suggests a similar probability of occurrence of
either cyclonic or anticyclonic tornadoes.

�e oscillating behaviour of the SRH values of tornadoes
in the TMVB can be compared to those calculated for a
reference tornado event in Ciudad Acuña, Mexico, on 25
May 2015 (Figure 2). �is tornado was generated in a
supercell system and occurred in a northern, relatively �at
region of Mexico [43]. �e di�erence in the time series
generated for this supercell tornado compared to those
generated for the tornadoes that formed in the TMVB (1 to
11) is overwhelming. �e SRH values for the Ciudad Acuña
tornado are always positive, and the curve well behaved.

Atmospheric dynamics in a topographically complex
environment include di�erent phenomena such as valley-
mountain circulation, convergence and divergence of
�ows, convection events due to surface heating, forced
convection events, pressure gradients associated with
mesoscale systems, and cold fronts or tropical waves with
high humidity, among others. �e interaction of all these
factors seems to lead to a disordered pattern of SRH in
tornadoes occurring in the TMVB region, as shown in
Figure 2. To further verify this �nding, the horizontal
distribution of SRH was additionally calculated for tor-
nadoes rotating anticyclonically and cyclonically. In Fig-
ure 6, SRH integrated between 0 and 1 km for anticyclonic
tornadoes in domain D3 is shown. �e horizontal
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Figure 3: Relative humidity at 2m calculated for anticyclonic tornadoes (a, b) (I.D. 6 and 9, respectively) and cyclonic tornadoes (c and d)
(I.D. 15 and I.D. 20, respectively) (Table 1). �e black cross indicates the position of the tornado.
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distribution of SRH values varies widely in terms of positive
and negative values. Anticyclonic tornadoes occurred near
areas with negative SRH values. However, the SRH values
in the vicinity of the four anticyclonic tornadoes vary
between −125 and 100m2·s−2. Notably, the spatial variation
in SRH values in the area of tornado occurrence is of the
same order as the temporal variation shown in Figure 2.
Finally, another interesting finding is the temporal fluc-
tuation in the SRH values of anticyclonic tornadoes, which
vary every 30 to 60 minutes (Figure 2).

In addition, the horizontal distribution of SRH values is
shown for the cyclonic tornado that developed in Ciudad
Acuña (Figure 7(a)) and for three cyclonic tornadoes
(Figures 7(b)–7(d)) in the TMVB. (e pattern for the first
tornado (Figure 7(a)) is completely dominated by a positive
SRH system, which is frequent in areas that experience
severe supercell storms. (is tornado is associated with
SRH values mostly oscillating around 350m2·s−2 over an

extensive area. Some fluctuation is observed, but the area of
positive SRH is clearly defined. Also, the SRH pattern of the
tornado generated in the supercell (Figure 7(a)) was more
ordered than that of tornadoes generated in the complex
environment of the TMVB (Figures 7(b)–7(d)). Finally, the
SRH values of the tornadoes in the TMVB show greater
positive and negative variations in the range of −40 to
140m2·s−2. (e comments and discussion presented above
contribute to answering questions about the same proba-
bility of rotating clockwise and counterclockwise and why
tornadoes rotating in a clockwise direction occur mainly in
the TMVB.

6. Conclusions

Tornado phenomena in Mexico exhibit extraordinary
characteristics in terms of their sense of rotation, number,
and distribution. Moreover, tornadoes in the TMVB region
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apparently have a similar probability of cyclonic or anti-
cyclonic rotation, suggesting that this behaviour is random
and mostly determined by the complex topography, as
opposed to dust whirls, for which the random rotation
behaviour is mainly determined by turbulent processes. �e
Coriolis force is about a half than that of the Tornado Alley,
and its e�ect seems to be small. �e fact that there is a high
percentage of anticyclonic tornadoes con�rms that the
Coriolis force does not play an important role. �is suggests
that tornadoes occur in short-lived systems where there is no
mesocyclone formation. To explain the observed percentage
of 50% of anticyclonic and cyclonic tornadoes, the in�uence

of the complex orography on the atmospheric circulation in
the TMVB prevails. Additionally, a signi�cant number of
tornadoes occur in the TMVB region of Mexico, and the
number of tornadoes in Mexico is much higher than the
one previously thought. Although the statistics presented
on tornadoes herein are relatively poor, they are consistent.
Our collected data suggest that the number of clockwise-
rotating tornadoes may be relatively high in the TMVB.
Unfortunately, anticipating where a tornado will hit is one
of the most pressing tasks that operative meteorologists and
researchers face despite the relative ease of predicting
supercell formation [12]. In topographically complex
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Figure 6: Storm relative helicity integrated between 0 and 1 km for anticyclonic tornadoes I.D. 2 (a), I.D. 6 (b), I.D. 7 (c), and I.D. 9 (d) in
domain D3 (Table 1 for I.D. numbers). �e black crosses indicate the position of the tornadoes.
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regions, the prediction of where a tornado will hit seems to
be an even greater challenge. �e main purpose of the
VORTEX 2 experiment, funded by the National Science
Foundation (NSF) and the National Oceanic Atmospheric
Administration (NOAA), is to �nd answers to how, when,
and why tornadoes are formed and to verify the origin of
their rotation. Finally, many regions in the world have
complex orography, so it would be interesting to explore
whether tornadoes in these regions have the same prob-
ability of cyclonic or anticyclonic rotation similar to the
TMVB. Such studies would also provide further insight
into the factors a�ecting the formation or sense of rotation
of tornadoes.

Data Availability

�e data used to support the �ndings of this study are
available from the corresponding author upon request.

Conflicts of Interest

�e authors declare that there are no con�icts of interest
regarding the publication of this paper.

Acknowledgments

�e study was funded by the National Council of Science
and Technology (CONACYT) of Mexico (grant 298737).

29°30′N

29°10′N

29°N

29°20′N

101°20′W 101°W

–100 0 100 200 300 400 500

100°40′W

Storm relative helicity (m2/s2)

(a)

99°20′W 99°W 98°40′W

19°25′N

19°35′N

19°45′N

19°15′N

–160 –120 –80 40 0 40 80 120 160
Storm relative helicity (m2/s2)

(b)

98°30′W 98°10′W

19°40′N

19°50′N

20°N

20°10′N

–160 –120 –80 40 0 40 80 120 160
Storm relative helicity (m2/s2)

(c)

99°30′W99°50′W

19°25′N

19°35′N

19°15′N

19°5′N

–160 –120 –80 40 0 40 80 120 160
Storm relative helicity (m2/s2)

(d)
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We are very grateful for the Mexican individuals who
uploaded videos of tornadoes to the Internet, making it
possible to formulate several inferences about tornadoes and
their sense of rotation in Mexico.

Supplementary Materials

Video links for each tornado case analysed in the TMVB
providing rotation evidence are listed in the table (Excel).
(Supplementary Materials)
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