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On the 21st of February of 2006, as a good part of the northern and central part of Catalonia was suffering
the effects of hail and snow, an intense storm developed, just off the coast of Castelldefels, which
produced various waterspouts, some of which reached the sea surface, creating a spectacle nothing short
of spectacular.
Figura 1

INTRODUCTION
Before we even proceed with any data, let's review some of the geographical and climatic data that make
this area so unique, from a meteorological perspective. (Note that all temperatures given from hereon in
will be in Celsius format.).

Figura 2: Castelldefels is a small town located just south of the Llobregat river delta, within the province
of Barcelona (Catalonia). Its climate is purely Mediterranean: hot summers and warm winters, often
accompanied by extreme weather. This area is also known for irregular rainfall, most of it falling during the

months of August, September and October (which also coincide with the warmest sea surface
temperatures). Castelldefels' 30-year annual rainfall averages 550 to 600mm (Note: as with any
geographical area, there are exceptions to the rule).

The following is a brief and concise description of the conditions that led to this tornado episode along the
Castelldefels-Gavá coastline. One fact that must be pointed out before we proceed is that a waterspout of
this size is a rare event, even when conditions are favorable for such occurrences (i.e. end of the summer
when the instability and the temperature ranges are at their "wildest").

SINOPTIC SITUATION
Let's take a look at the synoptic topographic map forecasted for that very afternoon in which this extreme
weather episode took place. On the one side this map represents surface atmospheric pressure (isobar)
and, on the other, the measured temperature had we been at an altitude where the atmospheric pressure
equaled 500hPa (as shown in exhibit 4). This temperature can usually be measured/found at an altitude of
5,500 meters (on average) and it is essential for the (accurate) forecasting of these events at any time of
the year. The larger the temperature difference between the surface and the upper layers of the
atmosphere, the larger the atmospheric instability, hence more and violent storms. Note that the winter of
1970-71 registered the second biggest inclusion of polar air masses (cold wave) since 1950. More than 50
weather stations in this area registered temperatures lower than -20º, with the small town of Monreal del
Campo (province of Teruel) registering the lowest temperature: -28º. The geographical triangle formed by
the towns of Teruel City, Calamocha (province of Teruel) and Molina de Aragón (in the province of
Guadalajara;) is considered to be Spain's "cold pole", a small strip of land located at an altitude between
800 and 1.100 meters, with an annual average of 120 freezing days and, as this report shows, a certain
propensity for severe storm formation during the summer months.

Figura 3: As we can see from the map below, there is a low (mesoscale low) located in front of the
Catalonian coastline. This low acts a churner that forces the collision of cold air masses from the north with
warm and moist air from the south/southeast. Add to this 500hPa in the upper layers of the atmosphere
coupled and a pocket of cold air between -30 and -33º and we can pretty much see that the stage is set
for a very unstable atmosphere, apt for storm formation. Based on this the weather forecasters, on that

very day, predicted a very "active" afternoon... which was the case in the end.

Figura 4:To corroborate the disparity in thermic gradients (the difference in temperature between the
upper an lower layers of the atmosphere is indeed considerable) all we have to do is take a look at the
forecasted temperature map at a altitude of approximately 1.600 meters (average altitude at which, under
normal conditions, we'd find 850 hPa of barometric pressure). As you can see, the northeastern sector of
mainland Spain is split in two by the before mentioned low, with a cold air mass located to the west of
Catalonia and a warm and moist air mass just off the coast over the Mediterranean sea. Moreover, the
difference between the temperature at 850 hPa (0º) and 500 hPa (-31º) is a tad above 30º, which most
likely "force" considerable convection.

Figura 5: At that very instant, when the tornado formed, under normal conditions, there shouldn't have
been any tornadic events, although that wasn't the case, as we can see from the Catalonian Meteorological
Service's (SMC) radar pictures, which showed reflectivities of less than 40 to 45 dbz (moderate to locally
strong rain showers). Nevertheless, the (tornadic) episode did occur.

Figura 6: Image source: Meteosat at 17:00Z (19:00 Spain time)

Meteosat's image clearly showed the line of thunderstorms passing just over the central part of Catalonia's
coastline, and affecting the province of Barcelona..

Figura 7: Another factor to take into account is the surface winds. These winds act as a transport agent of
all the moisture the Mediterranean contains. This moisture, as you can imagine, is a required element in
the formation of thunderstorms. Looking at the forecasted surface wind maps one can only infer that this
element would indeed be present in Catalonia's Litoral and Prelitoral. However, although moisture is a very
important element, let us iterate the fact that it is NOT essential for storm formation, especially when
humidity levels are at 55 to 70%, as was the case on that very day.

Figura 8: We will now look at another essential ingredient in the forecast, intensity as well as the direction
of thunderstorms: winds at an altitude of 5,000 meters. As it is widely known, these winds (commonly
known as "jet stream") blow at higher speeds than those at the surface level do, in part due to the fact
that, at that altitude, there are no orographic obstacles to stop them. Moreover, they move in a horizontal
direction and can reach a length in the thousands of kilometers. As we can see from the above wind map
at 300 hPa of altitude, there is an upper layer low located in the south of France influencing the weather in
the northeastern most part of Spain. Due to this upper layer winds are null, and hence positively affecting
storm formation. This is an unequivocal symptom of instability. Best of all, this provides thunderstorms
with the vertical elasticity needed for further intense development and not waste all their energy in their
displacement but rather in the form of intense rainstorms or better yet, tornadoes!!
Figura 9: Radar in the city of Valencia, 18:20 hours

Vorticity is also an element to take into account in the forecasting the intensity of storm formation. In any
case, we won't stop now in describing how this element affects any formation, as we'd enter the realm of
physics and it would delay, more so than inform, the forthcoming section. To summarize we will say, in
plain and simple terms, that vorticity indicates to which degree there will be upward or downward
movements of warm air masses in a particular geographical location.

PHOTOGRAPHS AND ACCOUNT OF THE PHENOMENOM
* Depiction an photographs by Iván Herrera Martín (A.K.A. Congestus) from Castelldefels
Once the synoptic study is realized we now proceed to the storm "hunting". In any case, let us underline
the fact that severe tornadic episodes are impossible to predict (even more so during the winter months, in
which, statistically, they are nonexistent).
Figura 9: At first glance we can see that as the sun gradually warms the land surface (hence increasing
the energy that later on will eventually feed the storms) there is strong development of cumulus congestus
and cumulonimbus along the littoral sierras of coastal Catalonia (mainly Garraf, Collserola and Sierra de
Marina.) The downpours are weak and unconnected at first (locally accompanied by hail at lower levels and
snow at an altitude between 550 and 600 meters, approximately).

Figura 10: The temperature throughout the central part of the Catalonian coastline now moved between
13 and 14º and the frequency of the downpours and storms was getting higher (in contrast to the -30º at
an altitude of 5,300 meters).

The situation was progressively getting more and more "interesting", especially after 16:30. Storm clouds
were now developing on the strip of coastline just north of the Baix Llobregat and the winds coming from
the south/southeast were now contributing more and more moisture and low cloud (stratiform) cover.
Although "impressive" to some accounts, the situation could be described as normal for a winter storm
episode.

Figura 11: The sky, which had been clear all throughout the morning (in Castelldefels,) was now
beginning to show signs of vertical development. Cumuliform clouds were now covering the sky over this
Catalonian town. This was the perfect moment to get to a high point and take pictures of the episode.
What I did not expect was to see a waterspout just to my east, right in front of the southern strip of
coastline in Castelldefels. The waterspout was not impressively elongated, although its width could've been
described as "considerably large". The cloud from which this spout had sprung was nothing more than an
overdeveloped cumulus humilis (which really surprised me).

Figura 12, 13, 14, 15, 16 y 17: From that moment on, I could not believe the weather phenomena
taking place in front of my very eyes. I saw 3 waterspouts almost touching ground at the same time. One
of these spouts, located just in front of Castelldefels, even reached the sea surface for a few minutes, as
you can see from the following pictures.

Figura 18, 19, 20, 21, 22, 23, 24 y 25: As time went on the width of the spout and the quantity of
water being sucked upwards was getting more voluminous. At this point I could not believe what I was
being a spectator of... and just a few yards in front of me! Meanwhile when I glanced up at the base of the
cloud I could clearly see that it was getting progressively more turbulent, with apparent convection.

Figura 23, 24 y 25: I could not believe that this was actually taking place in Castelldefels. By now, the
outer wall of the spout was now almost reaching the base of the cloud, and its width was now extended
many meters from the axis.

Figura 26: At the same time, it'd started to rain, lightly, and lightning could now be seen striking the
water surface out in the distance. I was even lucky enough to take a shot at the precise time when it hit
the surface of the water, right next to the waterspout, perfectly delimiting the spout's contour.

.
I think the most difficult thing was to try to measure the intensity of the tornado using the Fujita scale,
and to know whether the cloud was indeed a super cell. We finally concluded that the waterspout had to be
between an F1 and an F2..

Figura 27: In the next and last photograph we can see a certain "tendency" in the base of the
cumulonimbus to rotate in unison with the spout... although it is hard to ascertain. What we can establish
though are the hailstorms that pounded Barcelona City and its metropolitan area.

* Photographs and account by Manuel Massagué Conde (Cyklon) from one of the beaches in
Castelldefels.
On the 21st of February I was still finalizing my move to a new place, boxes everywhere, my computer
neatly placed by my weather station and the entire place just up in shambles (for a couple of days). If we
add to this the fact that, during the preceding days, I had neither seen any TV nor received any type of
forecasts, models, etc.; from anyone, you can imagine my complete unawareness of what was about to
happen. Nevertheless, at lunchtime, when I got out of work, a few cumulonimbuses to my NE in full
vertical development caught my attention, in contrast to a cloudless sky right overhead. The humidity
levels were relatively low, and the moment itself reminded me of early spring. Due to the fact that I had
the camera in my car, and my partner and I had not decided where to eat, I decided to drive up to an open
field to find a good vantage point from where to observe and take pictures of the event.
I found the rapid development (in just 15 minutes) of these clouds and the fact that the base of some of
these clouds was beginning to unite rather abnormal. Some of them reached the blackish color typical in
super cell development. At first I though everything would end in a stray shower, even though this was not
normal for winter weather in this neck of the woods. Since the storm seemed to be stagnant I decided to
drive up to it.
While in Collserola, right under that impressive mountain of water vapor, I could see some signs of
rotation in the base of the cloud: whirlwinds and upward drafts. I also experienced contrasting air currents,
one warm and humid from the south (that I felt hitting the back of my neck) and another cold and dry
from the NE hitting the tip of my nose. Both air masses generated impressive changes in gray gradients in
the cloud, some of which reached pitch black tonality.
Figura 28: While in Hospitalet, driving around, I kept stopping the car and taking pictures of the event. By
now there was clear rotation, and the clouds were now going from dark green to light gray in color, typical
of the storms I had witnessed before. As the cloud moved, it came over the city and the base of the
tornadic cumulus became visible.

A retired man that just happened to walk by, out curiosity for my excitement, approached me while I was
taking some pictures came up to me and asked me: "youngster, do you think it's going to rain today?”
While still holding the camera, I took my eye off the visor for a second and told him: "well, I'm not really
hoping for rain, what I really want to see is a tornado!". Curiously enough, he seemed not impressed. The
old man stared at the cloud for a few seconds, shook his head and told me, as he was walking away and
still looking at the sky: "I don't know... these things never happened before, but anything's possible
nowadays. Good luck!” I must say that I was curiously impressed by what the man said, although the
moment did not lend itself to further conversation as I was hopelessly waiting for the tornado to pop down
from the cloud. However, after taking a few minutes looking at the base of the cloud and sensing that
nothing was going to happen I decided to move on to beach, knowing that that accumulation of chaotic
energy would eventually release its fury downward in the form of a tornado as soon as it hit the sea.

At Gavá beach I had plenty of time to buy a burger and I decided to wait around 45 minutes until at last!
right next to a coast guard ship, I saw what looked like the silhouette of a waterspout. During a 20 minute
period I saw waterspout after waterspout come and go, even multiple spouts hitting the sea surface at
almost simultaneously (4 actually,) although (at first glance) none of them strong enough to suck any
water upwards. Some of them actually touched down inland, but the light configuration at the time did not
lend itself to take any decent photographs.
Figuras 30 y 31: Since experience has taught me to work with the light and not against it. I've learned
than, given enough time, it's best to find the best perspective so light enhances the visual effect over the
phenomenon in question. In this case I realized that the best vantage point would be 1 kilometer south of
my current position, at Castelldefels beach. Once I got there I quickly realized I had made the right
decision: a few seconds after I positioned myself on the beach the cloud decided to unleash its fury in the
form of a waterspout just a few hundred meters in front of me, again, right next to very coast guard ship I
mention above these lines (which as with I, had been moving southward parallel to the coastline).

And the rest is history, from that moment on; I witnessed multiple spouts touching down, one after
another, a total of 6 in the end.
Figuras 32, 33, 34, 35 y 36: The first waterspout was long and lean, very "stylized", very "classic" in
meteorological terms.

Figuras 37, 38, 39, 40, 41, 42, 43, 44 y 45: The second waterspout was fairly large, and it was quickly
followed by a third one which appeared to be a little weaker, although its base, at one point, even crashed

into the base of its predecessor in a rather spectacular manner. At one point 3 of these funnels could be
seen rotating one right next to the other, as though they were trying to "dance" in unison. After a few
minutes other funnels touched down, 3 of them fairly large and other 3 that could be described as weaker
(than the other 3). Two of them were oddly rotating in a very satellite-like manner, very fast, around a
larger one, and a fourth spout, weaker but more intense, could also be seen in the distance also crashed
into the base of a larger spout.

Figuras 46, 47, 48, 49, 50, 51, 52 y 53: The fifth spout touched down in a very spectacular manner,
with plenty of shape and definition, and the sun's rays hitting it from the side, enhancing its already
beautiful contours and hence giving everyone on the beach an spectacle worthy of complete and utter
amazement. To top it all off, a rainbow decided to pop up on the side of one of the spouts. Needless to
say, it was one of the most beautiful and jaw-dropping phenomena I've seen in my life.

Figura 32: At 20:14 hours, in a W-NW direction. Rain begins to fall, and the wind begins to pick up,
blowing fairly strong gusts. The downdrafts towards the west are simply enormous.

On this occasion the waterspouts did not touch ground, but we can only reiterate the fact that there is no
record of something like this happening at this time of the year in this region of Spain. Many climatologists
are of the opinion that this is due to a localized climatic change, one that favors the formation of these
type of severe meteorological phenomena (4 documented tornadic episodes in a period of less than 1 year,
two of them actually making land incursions and all under different climatic and seasonal conditions,) and
that must be researched in depth, in a very scientific and systematic manner. We believe that episodes like
the ones explained above are symptomatic of a larger, more dangerous problem. This is not an isolated

incident or typical of the microclimate in this part of Spain. This, we believe, is the "tip of the iceberg" of a
larger climatic change and hence becomes worthy of deeper study and consideration, specially knowing
that this part of the Iberian peninsula is one of the most overpopulated parts of the country, with critical
infrastructure, like airports, chemical plants and a large harbor.

SUMMARY AND CONCLUSIONS
* By Manuel Massagué Conde
This area of Catalonia has had its share of micro-climatic anomalies during the past few years, like the
extraordinary snow episode of a couple of weeks ago, in which snow was registered falling at sea level.
During the afternoon of the 21st of February of 2006, a cold and dry mass from the north, advanced into
Catalonia, "crashing" with a moist, warm and almost static air mass that had been in place for almost one
week, and allowing Catalonians to enjoy above-average temperatures for that time of the year.
At the same time, a warm and moist air mass (with a maritime component) developed just south off of this
region in Spain. Eventually this mass moved up north and collided violently against the above mentioned
cold wave just over the Baix-Llobregat area. This collision was orographically enhanced by the Litoral and
Pre-litoral ranges, which channeled the cold air towards the Llobregat river delta, and eventually met the
above mentioned moist and warm air mass just off the coast in the Mediterranean Sea.
This collision of air masses, of such different origins and climatic characteristics, took place just over that
strip of coastline going from the slopes of the Litoral range down to the coastline, again, enhanced by the
Llobregat river channel; generated (during the early afternoon hours) two storm cells on both sides of this
channel. From Castelldefels I was able to observe two cumulonimbuses in full vertical development. All
theories and preconceived ideas from the tornadic episode in September of 2005 in the same area (which
took place again in October and November of the same year,) the observations and "symptoms" in the
general synoptic configuration, the sky, the clouds, the flight of the seagulls, etc.; looked suspiciously
similar to the 3 preceding severe weather episodes, and this allowed me to make the educated guesses
that eventually led me to take the above pictures of more than 20 tornadoes and waterspouts in a period
of less than 6 months in this small area along the Catalonian coastline.
Based on these educated guesses, with no opportunity wasted, as soon as the before mentioned tornadic
episode began to whip its fury I decided to go toward it. What really impelled me to pursue this particular
"hunt" was the opportunity to corroborate that the phenomena I was being an spectator of, along with the
preceding three tornadic episodes, was not an isolated even but rather a new micro-climatic anomaly that
was far from the climatic normalcy that this part of Catalonia enjoyed and the Mediterranean had us
accustomed to in years past. Make no mistake; this is not an isolated event. This is a new climatic pattern,
one that will produce more severe weather in this part of the Mediterranean Sea.
(On a side note, and to add to my point I would say that, by the same line of thought, the trajectory of
Vince and its subsequent landfall as a hurricane in Spain, along with Delta, also reaching Spain, as a
tropical storm mind you, are not casual anecdotes, but rather a new climatic pattern that has developed
and will most likely repeat itself from hereon in. Needless to say this new climatic pattern is in no way an
isolated event that only affects Spain or the western parts of Europe or Africa, but an interconnected and a
new weather pattern that affects all of the world's climates.)
It was 14:30 hours when, from one of the slopes of Collcerola, in Barcelona, I was able to take some shots
of a phenomena or "rarity" that I was ignorant of, a tornadic funnel in the form of a "V", which descended
from the base of the cloud only to reenter it at a different point. I also heard thunder making a similar
noise to that of a regular home-made rocket and saw sparkle with no clear cut direction, neither ground to
cloud or vice versa, yet creating such a blast that even the asphalt I was standing on shook; etc. To be
honest, any of these two phenomena would've sufficed my curiosity, although after following this cloud
down to Hospitalet de Llobregat and witnessing further development along the coast I came to the
conclusion that I was witnessing yet another tornadic event.
It was at this very moment that I saw the electric discharge I describe above these lines, and at the same
time, inexplicably, this chaotic and furious storm seemed to begin to deintensify. One of my theories is
that the absence of electrical activity in the clouds strengthens and accumulates enough electrostatic
power to enhance the ingredients that ultimately give birth to tornadic activity. I think that this absence
eventually "forces" the storm to release all its energy in the form of a tornado.

No sooner did I hear this bang sound that I realized that the storm wouldn't hold any last-minute surprises
for me, although I decided to follow the storm anyway. Furthermore, the cloud began to extend itself
toward the sea. About 16:30 hours, after the "hunt" had taken me to the beaches of a town called Gavá, I
began to zoom in on the clouds just off shore and realized that the storm was quickly reorganizing itself,
independently from the one located inland, surprisingly moving in the opposite direction and hence on
collision course with the storm located inland. It was from the base of the newly developed cumulus
congestus from which I witnessed the birth of various waterspouts that did not, however, reach the sea
surface.
A bit after that, from 16:50 on, just as the line of convergence, which denotes a collision of air masses,
was hovering right over the coastline a visual spectacle unfolded: an almost simultaneous touchdown of 4
waterspouts, right in front of my camera, some large, some small and fast. As though taking part of a
chaotic dance, some developed to significant magnitudes while some others just dissipated. The spectacle
lasted for about an hour, and it produced images as curious as a huge waterspout being "escorted" by
smaller ones. Some even collided with a larger one, causing the base of the larger one to tilt sideways no
doubt due to the influx, which at first appeared weak. It was then that another waterspout touched down
on the sea surface, huge and with beautiful contour line, looking almost supernatural, even competing for
beauty with that of a nearby rainbow, giving birth to a photograph that is now known the world over.
Before vanishing, amongst the dense and intense hail showers which affected the southern parts of the
cities of Barcelona and Hospitalet del Llobregat, the storm delighted us with the only cloud to ground
discharge of the entire episode.

Personally, this has been my most memorable photographic moment of a meteorological event of this
magnitude.
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