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35th ANNIVERSARY SPECIAL

EDITORIAL
By SAMANTHA J. A. HALL
THIRTY-FIVE YEARS! I wasn’t even on the planet when The Journal of Meteorology made
its debut in October 1975… My brother was, though. So knowledgeable with computers
and technology (helping us with any IT or other technological difficulties!), he had planned
his way out in to this world at just the right time for some very interesting weather - snow
juxtaposed with a heat-wave! He was born on the 3rd June in Warrington and my Mother
recalls it being warm. Anyway, when the time came for me to show my face to the world,
I came out at a very interesting time weather-wise too – golf ball sized hail completely
demolished my Nanna and Grandad’s commercial greenhouses around the day I was
born. With us both born at such a time where the weather was ‘unusual’, a lot of people
believe this to be the reason why we are so interested and passionate about the weather.
I don’t know about that… but all I do know is that in October 1975, and the year prior to
this, Terence Meaden founded something extraordinary and for it still to be here today, for
whatever reason you are reading this, one cannot help but feel a huge sense of pride, and
almost a fluttery feeling inside to think we’ve come so far and done so well, continuing his
revered accomplishments.
Funded entirely by Terence and other directors in the beginning, the severe weather
scientific community owes a debt of gratitude for this generosity and complete unwavering
determination to achieve a database of United Kingdom whirlwind events (at first!), never
once even contemplated until 1974 when TORRO was founded. If it weren’t for this sheer
dedication, we would not be aiding important further research today, nor would we be able
to help several students who come to us annually for tornado data for dissertations and
such like. And, if it weren’t for Terence, I would not be living my dream now either.
When I look back at Terence’s first editorial (J. of Meteorology, UK, Vol. 1, Number
1. October 1975), I cannot believe the similarities from then and now. For instance, to whom
this Journal is offered to and useful to, has not really changed apart from the magnitude of
subscribers, which is incredible in itself…
“Amateur Meteorologists. This journal is offered, in part, to such amateurs, in order to
report their work and to stimulate further their scientific activity. There are many amateurs who
capably carry out private investigations and inexpensive research projects, and without professional
guidance achieve results of utility and distinctions.”
Indeed, we rely most heavily on the ‘enthusiastic amateur’, whether it be
observation and reporting, site investigating or photographing wonderful scenes of severe
weather, without you, our research and eventually the documenting of that research just
would not happen. You are vital in ensuring events do not go unnoticed and, now, being
international, that means every single amateur meteorologist in the world has a part to
play in this, often pioneering, study of severe weather. Please do continue to write and
send in your experiences, observations and newspaper cuttings! The latter may sound old
fashioned, but that was the only way of finding data back in the 70s… and TORRO are
continually updating their databases as further information comes through.
“Professional Meteorologists. At the same time, this journal is offered to professional
meteorologists and research workers who require a rapid publishing medium for their less
mathematical and more popular papers. They should find this is a journal of current research and
information, and a reference source with regard to the major weather events in the news.”
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OK, perhaps this has changed slightly over the years as more technical papers
have begun to stream in to the editorial office. But that is most certainly not to say that we still
do not accept, in fact we absolutely need the popular, scientific research papers. Matthew
Clark does a tremendous job in ensuring recent important events do not go undocumented,
but we need more of you to do the same. I continue my aim to refine this Journal to suit all
members of the weather community, from the amateur, to the professional, and I sincerely
hope that you are all beginning to notice now this transition has and is improving, with
fewer highly technical and mathematical papers (though still important, and encouraged
worldwide) and more scientific research papers that most people can follow.
“Other Readers. It is hoped that people in related sciences and jobs who have a special
interest in, or an occupational dependence upon, the weather will be interested by the journal
too. For example, there are agriculturalists, architects, civil engineers, coastguards, ecologists,
environmentalists, farmers, forecasters, horticulturalists, local authorities… “For all of us are affected
by the social and economic consequences of both (1) climatic drift and unseasonable weather, which
influence the growing seasons, crop yields, food prices, fuel bills, and so on, and (2) severe or
unpredicted wearther (such as floods, droughts, storms, blizzards, frosts, and fogs) which affects
property, crops, lives, health, pollution, and transport safety.”
Indeed, since I took the helm, in late 2006, I have encouraged “Other Readers” to
subscribe and contribute. The weather affects, as Terence has stated adequately, all of us
- our every day lives in one way or another, and this Journal continues to deliver a growing
documented knowledge in what causes such adverse conditions all over the world, from the
USA, to India, to our own home-land. The severe weather which occurs on our tiny island is
often due to so many different atmospheric parameters, and so the research that TORRO
undertakes, and continues to publish in this Journal is unprecedented, completely pioneering
and so important to everyone, and in the most recent years, it has been TORRO’s severe
weather forecasts which have taken a huge step forward in aiding public safety in particular.
Thus also enabling further study in countries where similar parameters exist causing such
devastating destruction.
It is my passion and true aim in life to continue this publishing of such important
study through this Journal and help in the continuation of documenting monthly whirlwind
reports, and updates in TORRO’s large database of whirlwind events, of which, the number
of archived events is approximately 5000 now. Of course, all the aspirations our still nonprofit organisation has to fulfill still requires funding. This is where yet another similarity
between Terence’s first Editorial, and this one of mine has particular pertinence:
“To all readers we extend a hearty welcome. We hope you will benefit from and enjoy a
journal which contains timely, helpful articles… Readers can help us achieve these aims by preparing
concise, informative papers and by communicating promptly any information about unsual or
extreme weather events in their locality which could be of interest to other readers. They can help
us also through recommendation, to raise the circulation of the journal, so that its quality may be
improved and its price held steady against the current tide of inflation.”
Through TORRO’s new Regional Network scheme, in particular, we can strive to
achieve in publishing timely and up-to-date weather reports and through ‘word of mouth’
and enthusiasm, we can all continue to increase readership, and especially after the recent
recession, we all can help raise the Journal’s profile, ensuring its quality is retained, and
improved in future years. The photography section in particular is an extremely popular
area, and I, along with the immense drive and enthusiasm of Howard Kirby, truly aim to
persist in driving this Journal forward to deliver more astounding photographs. I hope for
more colour in general and simply continue to ensure the escalation of our organisation for
the importance of severe weather science.
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To date, I thank every single person to whom every ounce of spare time and
money they had was devoted to expanding the Journal and I truly hope I can continue in
their footsteps and do real justice to their initial hard work. I think Terence was completely
correct in his very first words of his editorial: “Meteorology is the most personal of the nonlife sciences.” We all thank you Terence.
35th Anniversary Year
So, to this year! I truly hope, all of you will find this volume to be very special,
interesting and in some areas lighthearted in nature. Keeping the same format, i.e. scientific
papers in the front, photography in the centre, and our usual features, short communications,
letters, etc, nearer the back, we are going to have some extra special features this year,
including “This Month 35 Years Ago” which will take a brief look back at the weather during
the month of publication! In addition, short archived articles will be reproduced from the
first year’s JMet and I hope to have several editions of “Weather and Me” especially from
those of you who have been subscribers from the beginning, and/or those of you who
have always been interested in weather, but didn’t subscribe until later… but of course, this
feature applies to each and every one of you! Also, tell your weather stories from 1975 - did
you have any ‘brief encounters’ with adverse weather conditions, do you remember your
beloved football match being cancelled due to flooding? Were you stormchasing in the
USA? If the latter, do tell us about your experiences of undertaking this dangerous activity
without all the technology we are so accustomed to now! Anything, from scientific papers to
the more lighthearted articles, we want to hear from YOU!
We are also planning more than one competition this year, and with the prizes we
are gathering, it would be insane not to enter! The first competition is entitled “Question of
the Month”. In each of the 12 Journals this year, beginning in this edition, there will be a
question pertaining to the weather in 1975, or something to do with TORRO or the Journal
in 1975. Weather specific questions will be from worldwide events etc. Those of you who
enjoy researching will fully enjoy this competition as some questions you will probably have
to research, others you may know instantly. But, you must wait until the last question in
December before sending in your entries! All those with a full list of correct answers will then
be placed in a box and an independent adjudicator will pick out the winner’s name and they
will all be announced in the January 2011 issue. The prizes include: a copy of the very first
Journal of Meteorology, Roy Bedford’s excellent book entitled “Yesterday’s Weather”, and
an Xplorer2 courtesy of Daniel Bodenham of www.skyline-technology.com. A huge thanks
to Daniel for his generosity in supplying this great prize. We will also be having at least two
photography competitions – the first coincides with the proposed snow/winter special issue
I want to publish this year. Details of this competition are in this edition and on our website
and the other competition will be 1975 related…
Announcements
I also wish to announce, wonderfully, three new members to our International
Editorial Board. I would like to welcome Dr Leszek Kolendowicz of the Adam Mickiewicz
University in Poznan, Poland. Dr Kolendowicz has been a devoted supporter for several
years and now continues his generosity to the Journal by joining our expanding team of
board members. His excellent severe weather background and his reports on Poland’s
tornadoes and thunderstorms make him a true asset to the team and I wish to thank him for
joining us in this special year. He has already proved his enthusiasm for his new board role
by introducing us to the official list of scientific journals. So called, The Ministry of Science
and Higher Education.
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This will not only heighten our visibility for further research projects but will also introduce
IJMet to many more scientists from Poland who may contribute and support us, so a big
thank you Leszek.
The second new member to the Board I would like to introduce is our already
excellent contributor of the annual report for Hurricanes, Tropical storms and Cyclones - Dr
Kieran Hickey (Department of Geography at the National University of Ireland, Galway,
Ireland). Dr Hickey’s experience in the area of tropical storms and hurricanes will be of
extreme importance in reviewing papers of this kind. A big thank you and a very warm
welcome to the board, Kieran!
Our third new member to the board, is Dr Paul Messenger (Senior lecturer of
Applied Mathematics in the University of Glamorgan, UK). An already truly proactive
member of TORRO - for Dr Messenger we must thank him twice, as ironically he had sent
a letter stating he was interested in volunteering for the role of Advertising Manager, just as I
had emailed him with the proposal of joining the International Editorial Board! I was amazed
that he agreed to carry out both roles for us and I truly cannot thank him enough.
Advertising is one of the largest ways in which we can increase our finances to
improve research and further the Journal’s expansion to wider audiences. Paul has already
begun actively strengthening the Journal’s visibility worldwide by kindly setting up many
online accounts which will help us deliver quick information to all our readers, along with
giving us excellent advertising chances. For instance, you can now follow us on Twitter
- twitter.com/IJMet. We are also on Facebook as Ijmet and we have eBay and You Tube
accounts to explore further avenues of advertising easily and as cheaply as possible.
Advertising will not be to the detriment of severe weather research content, on the contrary
it will be of great benefit, not only financially and growth, but I hope it will secure some longterm relationships with an array of important institutions and companies in order to drive
forward our activities.
I am truly astounded by the number of volunteers who have come forward this year
to help with the Journal - it will be particularly significant in exploring important areas I have
not found the time to undertake as much as I would very much have liked to. With this, I am
honoured to introduce new members to the main editorial team. Firstly, I thank and welcome
Matt Dobson of Meteogroup, UK, who has joined our ever expanding photography section
to aid Howard Kirby as Assistant Photograph Editor.
Secondly, Andrew Kelly has volunteered his services as our Press and PR
Consultant - his experience and knowledge of the publishing sector will be of absolute
importance to the team, not only in again expanding our profile, but also as imperative backup should we need it in ensuring production does not stop. With Andrew’s knowledge of the
Journal’s desktop publishing computer programming and much much more, I am absolutely
thrilled and overjoyed to have his expertise amongst the group; thank you, Andrew for
coming forward.
Lastly, but most certainly not least, Nicola Parsons, who has been a TORRO
member for many months now - keen to help, she has been interested in joining our ever
expanding editorial team for some time. After discussion on what she would be interested in
doing, she is now undertaking the precious task of Marketing Manager. Again, promotion is
something the team have previously found very difficult to explore and properly devote time
to. This is such an important area, ensuring we maintain and expand our visibility in web
referencing for further researchers, as well as ensuring we continue to grow and expand
our readership. I would expect marketing and advertising to overlap from time-to-time, so
Nicola and Paul will no doubt work together on occasion. Nicola’s organisational skills and
overall wonderfully passionate personality for this area will make her an astounding asset to
the team.
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You can find out more about Nicola and her interest in the weather
in this month’s Weather and Me article on page 32! I sincerely
thank Nicola for initially offering her services, and for her loyalty,
trustworthyness and great strength of ability to take initiative in
her role.
To have such proactive volunteers on the team enables
us to look forward to a very exciting future and remember, all roles
and duties fulfilled to keep this Journal in production are done so
completely voluntarily, so I am sure you will all join me in not only
welcoming all our new recruits, but also in thanking them for taking
time out of their already busy days to help. If you wish to contact
any of our team members, please either see the contents page,
or our website’s team-page: www.ijmet.org/theteam.htm for their
email addresses etc.
And here, to conclude this very long, but special Editorial, as always, without you,
we wouldn’t still be here, so you receive the largest thanks and praise of all. Please do
continue to contribute – especially with the special issues and competitions. I am most
excited though about hearing all of your individual stories of the weather in 1975 this year
– it was a very interesting year, so there must be hundreds of tales to tell. I also want all
your stories, papers, articles, photographs on the incredible winter we have been enduring.
Remember, we consider any article provided it is severe weather related! Remember to
view our guidance for submission and our editorial team will be available to assist.
Absolutely finally, I grant you all a happy, healthy and prosperous New Year. Thank
you once more for everyone’s most truly wonderful support and generosity over troublesome
times gone past. I hope you will all enjoy the weather nostalgia presented throughout this
special year… and good luck in the competitions!
With all my very best wishes, Samantha Hall

MONTHLY COMPETITION
JANUARY’S QUESTION OF THE MONTH
YOU COULD WIN...
An Xplorer2 (pictured) courtesy of www.skyline-technologies.co.uk
One year’s free subscription to the IJMet
A copy of Roy Bedford’s book: ‘Yesterday’s Weather’
Just answer the following question correctly!*

On 6 May 1975, at approximately 3.30 pm (local time), Omaha, USA was hit by a
devastating tornado killing three people. Approximately how long did the tornado
travel for according to the authorities? (You must be within 2 miles of the recorded
track length for the answer to be correct).

* When you have the correct answer, record it and wait until the final question in December’s issue
of IJMet before sending in your entries. Any incomplete entries will not be valid. Winners will be
announced in the January 2011 issue of the Journal after all entries which contain the correct answers
will be placed in a box - an independent judge will pick out the winner’s name. For further information
please visit our website www.ijmet.org or email us. GOOD LUCK!
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EDITORIAL SPECIAL
By G. TERENCE MEADEN
It is a delight to look back to Issue number 1
of The Journal of Meteorology which I was preparing
in the summer of 1975 for publication in October;
and a still greater delight to know that 35 years later
the magazine continues in good hands under the
editorship of Samantha Hall.
I recall that even as I was typing that first
editorial there was occurring late one afternoon - on
the 14th August - the heaviest rainfall ever known for
the London area, and this extreme event happened
in Hampstead with a fall of 170.8 mm (6.72 inches) in
the space of two-and-a-half hours. It was most timely
to record this as a 3-page article in the first issue, with
a follow-up in the second issue of the magazine.
At the same time because Britain was having
its hottest summer for 28 years, it was opportune to profit from this with reviews and digests
in the pages of the new magazine. In fact, the summer began inauspiciously with a cool May
and a poor start to June, with snow stopping cricket at Buxton in Derbyshire and Colchester
in Essex. Britain had suffered a long winter of social unrest and industrial strikes when the
late snow and ground frosts came - to be immediately followed by the first of the summer
heat and the British referendum on the European Common Market. This led me to write to
The Times where my letter was published, following which the nation’s social discord was
branded as “the winter of discontent”, and adopted and used by politicians ever since. The
letter follows:
“Sir, On June 3 when your correspondents, Mr Green and Mrs. Mortimer, were preparing
their letters, Britain’s hills had been swept with snow and her valleys filled with frost as reminders that
it can sometimes be difficult for Britain to rid herself completely of one winter before commencing the
next. Nevertheless, on June 6, the day of the proclamation of the historic “Yes to Europe”, the Continent
responded with a warm wind of welcome. From one weekend to the next, our long and cheerless winter
was replaced by the joy and warmth of summer.
“Now is the winter of our discontent
Made glorious summer by the sun of York.” - Richard III.
Yours faithfully, G. T. Meaden
Editor, Journal of Meteorology
Cockhill House, Trowbridge, Wiltshire.”

The several major articles in the first issue included “Of raingauges and kings - the story
of rainfall measuring at the royal palaces”, “Britain’s extreme temperatures by month
of the year”, “A history of tornado study in Britain”, “The Tornado and Storm Research
Organisation”, “The climate of Rugby”, and articles by weather forecasters Michael Hunt
and Bob Prichard.
As for the success of the Tornado and Storm Research Organisation, that is
another great story.
A few issues of J. Meteorology number 1 are even now available and will be gifted
to anyone requesting a copy.
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DOPPLER RADAR OBSERVATIONS OF A TORNADIC
SUPERCELL THUNDERSTORM OVER
SOUTHEAST ENGLAND
By MATTHEW R. CLARK
Met Office HQ, Fitzroy Road, Exeter, Devon, EX1 3PB, United Kingdom
(matthew.clark@metoffice.gov.uk; matthew@ijmet.org)

Abstract: On 14 November 2009 a number of tornadoes occurred over Essex and Suffolk in southeast
England. In addition to the tornadoes, marble sized hail was reported locally. Doppler radar data from
the Met Office Chenies (northwest London) radar is used to investigate the characteristics of the
storm responsible for these events. It is shown that all of the reports were associated with a single,
persistent storm which possessed a long-lived mesocyclone. Other features which are indicative of a
supercell storm, including storm splitting and deviant rightward motion, are presented and discussed.
The environment of the storm is analysed using available observations and factors favourable for the
development of a supercell thunderstorm are highlighted.
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At the time of writing, few examples of discrete supercell thunderstorms in the UK
have been documented in the literature. Having said this, the first comprehensive study of a
supercell storm anywhere in the world was in fact of a storm which occurred over southern
England – the now infamous ‘Wokingham’ storm of 9 July 1959 (Browning and Ludlam,
1962). The Wokingham storm produced hail of up to two inches in diameter and wind
gusts to at least 50 knots locally, but was apparently not tornadic. More recently, analysis
of conventional radar data revealed that a number of storms which were responsible for a
small outbreak of tornadoes on 28 July 2005 over the English Midlands, including the T5
Birmingham tornado, were very likely to have been supercells (Knightley, 2006). Supercell
traits exhibited by those storms included storm splitting and deviant rightward movement
of the right split members. Although Doppler radar data was not available on that occasion,
a high resolution real-data simulation of the Birmingham storm revealed that the modelled
cell possessed significant storm-scale cyclonic vorticity at around the time corresponding to
tornado occurrence (Smart, 2008).

Keywords: supercell, tornado, UK, Doppler radar, mesocyclone.

INTRODUCTION
On 14 November 2009 TORRO received several reports of tornadoes over
southeast England. The first tornado, which occurred over Benfleet, Essex, was reported to
TORRO by five separate eyewitnesses, and this event was also reported widely by the local
and national media. Over 60 houses were damaged. A site investigation was conducted,
which revealed a track length of over 1.6 km and typical track width of 25 – 45 m. The tornado
damage was rated as being of T2 intensity. Tornadoes were also subsequently reported at
locations further to the northeast; at Wickham Market and Lowestoft (Suffolk), though little
detailed information has come to light regarding either of these events. In addition to the
tornadoes, marble sized hail was reported and photographed in Basildon, Wickford and
Colchester. An unconfirmed report of hail damage to a car windscreen in Wickford was also
given, which suggests that larger hail may have occurred very locally. A provisional analysis
of radar data revealed that the tornadoes and damaging hail were all associated with a
single, discrete storm cell which moved northeast over Kent, Essex and Sussex.
Doppler radar data from the Met Office’s Chenies radar, located near Amersham,
Buckinghamshire, has been archived for this event. Data is available for the period 0832 –
0932 UTC, during which time the storm was located within range of the radar. Fortuitously, the
Benfleet tornado occurred within this archived period. The radar data strongly suggests that
the storm in question was a supercell. The primary characteristic of a supercell thunderstorm
is a persistent (i.e. lasting several tens of minutes or longer), deep mesocyclone which is
collocated with the updraft region (e.g. Moller et al. 2004). In this case, Doppler radar data
was able to confirm the presence of a persistent mesocyclone. Other features indicative of a
supercell thunderstorm included storm movement to the right of the convective layer mean
winds, storm splitting and, at times, a distinct forward inflow notch and surging flanking line
at the leading edge of the rear-flank downdraft (RFD). These features will be described and
discussed subsequently. In addition, the synoptic and mesoscale settings of the storm will
be discussed briefly, through analysis of the various available observations types.

Figure 1. Surface analysis charts for 0000 UTC (left panel) and 1200 UTC (right panel) 14 November
2009 over Europe and the northeast Atlantic. Crown Copyright © Met Office 2010.

The relative lack of documented and confirmed examples of supercells in the UK is
likely in part due to the relative rarity of such storms in this country. However, perhaps more
importantly, it is because Doppler radar data has not generally been available for analysis
until recently. At present, the Met Office has five operational Doppler radars, located over
the south of the UK. All of southern England and parts of the Midlands and eastern Wales
are within range of these Doppler radars. Recent examination of plan position indicator
(PPI) plots produced from the radar data suggests that readily identifiable supercell storms
may be detected on average perhaps two or three times a year, even within this limited
domain, which amounts to only a fraction of the UK’s total land area. Planned expansion
of the Doppler radar network in the near future should allow more events to be observed
and documented in due course, and eventually this will allow a climatology of supercell
thunderstorms in the UK to be developed.
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STORM ENVIRONMENT
Figure 1 shows surface analysis charts for 0000 and 1200 UTC 14 November
2009, over Europe and the North Atlantic. At 0000 UTC, a deepening depression was
centred close to southwest Ireland. This moved northeast over the following 12 hours, to
be located close to northwest Scotland by 1200 UTC. The cold front associated with this
depression moved rapidly eastwards over much of the country during the early hours of
the 14th, clearing the far southeast of England before dawn. To the rear of the cold front, a
weakly unstable, showery polar maritime air mass existed. It was within this airmass that
the supercell storm developed. The Camborne 0000 UTC tephigram sampled this airmass
(unfortunately, a 1200 UTC sounding was not made at Herstmonceux on this day), revealing
just over 110 Jkg-1 CAPE. Given that 0000 UTC Camborne surface temperature and dew
point temperatures were similar to those generally observed close to the storm, this value
is likely to have been reasonably representative of the CAPE in the storm environment.
However, there is some evidence to suggest that the storm may have benefited from slightly
higher dew point temperatures for a time, which would have increased the CAPE somewhat.
This point will be returned to later in this section.

Figure 2. Surface mesoanalysis for 0900 UTC 14 November 2009 over southeast England. Left panel:
wind speed, direction and mean sea level pressure in hPa. Isobars are drawn at 1 hPa intervals. Right
panel: surface dew point temperature in °C. Isodrosotherms are drawn at 1°C intervals. ‘S’ denotes the
location of the supercell storm at this time. ‘C’ denotes location of Met Office Chenies Doppler radar.
‘W’ denotes location of the Wattisham wind profiler.

Within the showery airmass, a trough line is marked on the 0000 UTC analysis,
to the southwest of the UK (see Figure 1, left panel). The trough moved eastwards across
the southern third of the UK during the morning of the 14th, accompanied by clusters of
showers and isolated thunderstorms. The supercell over southeast England appears to
have occurred in the vicinity of this trough. The 1200 UTC surface analysis chart (Figure 1,
right panel) shows the trough having just cleared England into the North Sea. Strengthening
surface winds and a less unstable airmass followed from the west across the south of the
UK during the afternoon and evening hours, in association with the depression’s ‘wrap
around’ occlusion. The 500 hPa geopotential height field (not shown) also reveals a closed
low, centred just to the west of Ireland at 0000 UTC on the 14th. Coincident with the surface
low, this feature moved steadily north-eastwards, to be centred close to northwest Scotland
by 1200 UTC on the 14th.
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A strong, generally south-westerly flow was located to the south of the geopotential height
minimum, over much of the UK. There is some evidence to suggest a more discrete jet
maximum rounded the southern and south-eastern flanks of the 500 hPa geopotential
height minimum between 0000 and 1200 UTC, affecting the southern UK during the morning
hours of the 14th. Somewhat weaker south-westerly winds followed behind this maximum,
reaching most of the UK by the evening.
Figure 2 shows mesoanalyses of surface wind speed, direction, pressure (left
panel) and dew point temperature (right panel) at 0900 UTC 14th November. The location
of the supercell storm at this time is marked by an ‘S’ in the dew point temperature panel.
Surface winds were from between south and southwest over the area of interest at this
time. There is some indication that winds were slightly veered at locations within and to
the southwest of the more general area of convection associated with the trough marked
in Figure 1, which was moving northeast and was situated at this time over Surrey and the
Greater London area. This can be seen when comparing the wind direction in this area
with that at locations further east, over Kent and Essex for example, where it was generally
from 190 or 200°. However, there do not appear to be any marked variations in surface
wind direction over the area, at least on scales which can be resolved by the mesoanalysis.
The surface dew point temperature field (Figure 2, right panel) was characterised at 0900
UTC by a northwest to southeast gradient in dew point temperatures, with higher values to
the southeast. Of particular interest is the pool of higher dew point temperatures (>9 °C)
located in the vicinity of the Thames Estuary and the Essex and Suffolk coastlines. Given a
storm inflow from the southeast or east, the supercell would likely have ingested this higher
dew point air from about the time at which it crossed the Thames Estuary. Interestingly, the
storm was observed to intensify at about this time, with tornadogenesis occurring a few
minutes after it crossed the Thames Estuary. It is therefore possible that intensification and
indeed the onset of severe weather were promoted by higher CAPE in the storm inflow,
associated with this higher dew point air. If the observed surface temperature and dew point
temperatures in the vicinity of the Thames Estuary are used to modify the Camborne 0000
UTC sounding, a somewhat higher (though still modest) CAPE of around 300 Jkg-1 results.
A further interesting feature shown by the mesoanalysis is a subtle tongue of slightly lower
dew point air, which extends from northwest to southeast immediately to the southwest of
the location of the supercell at this time.
Vertical wind profiles as measured by the Met Office wind profiler at Wattisham,
Suffolk, are available at 15 minute intervals. Wattisham lies just 10 to 15 km northwest of the
track taken by the supercell thunderstorm (its location is marked by a ‘W’ in Figure 2). The
time-height plot of wind speed and direction shows that whilst the showery polar maritime
air mass was characterised by generally lower wind speeds than both the strongly sheared
pre-cold frontal air mass and the less unstable airmass following from the southwest in the
vicinity of the occlusion, low level wind shear was still strong. For example at 1000 UTC,
which corresponds to the time of closest approach of the supercell to the wind profiler site,
0 – 1 km bulk shear was equal to 20.3 ms-1. A wind maximum of approximately 28 ms-1
appears to have been centred at approximately 3 km AGL, with a slight decrease in wind
speed with height above this level. Although low level speed shear was strong, directional
shear was modest. Within the lowest 1 km a 15° veer is evident. Above this level, the wind
direction remained essentially constant with increasing height at around 210 to 215°. Using
the observed motion vector of the supercell storm (see next section), the profile at 1000
UTC gives 0 – 1 km storm relative helicity (SRH; a measure of the amount of ‘spin’ which
may be acquired by an updraft) of 190 Jkg-1. Interestingly SRH in the 0 – 3 km layer was
only a little higher than 0 – 1 km SRH, being close to 200 Jkg-1.
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Although not especially high, this is within the range of values which have been shown to
support long-lived updraft rotation. For example, 0 – 3 km SRH of 100 – 150 Jkg-1 has been
suggested as an approximate minimum for mesocyclone occurrence in the US (Moller et
al. 1994) whilst Davis-Jones et al. (1990) suggest that weak mesocyclonic tornadoes may
occur when 0 – 3 km SRH exceeds 150 Jkg-1. In this case, the significant SRH value, in spite
of the nearly unidirectional shear, is primarily a result of the deviant rightward movement of
the supercell storm, as discussed in the following section.

Figure 3. Time height plot of wind speed and direction as observed by the Met Office Wattisham wind
profiler, for the 24 hours beginning 0000 UTC 14 November 2009. Note that the showery polar maritime
airmass within which the supercell developed passed over Wattisham between approximately
0600 and 1200 UTC.

The wind profiler data reveals that the strongest shear was confined to a relatively
shallow layer at low levels on this occasion. Deep layer (0 – 6 km) bulk shear was
approximately 20 ms-1 (40 knots) which is close to the threshold considered supportive
of supercell development in the US. For UK storms, which are typically shallower than
their US counterparts, it may be that shear values over a shallower layer than 0 – 6 km
are most relevant in determining storm mode. On the other hand, studies in the US have
shown that low-level shear parameters are better at discriminating between significantly
tornadic and non-tornadic supercells than parameters associated with shear over deeper
layers (e.g. Markowski et al. 2003; Thompson et al. 2003). It therefore seems likely that the
very large low level shear present in this case was a favourable factor for tornadogenesis,
notwithstanding the relatively weak shear above 3 km AGL.
It is worth noting that the risk of severe convection was recognised before the
event on this occasion. In fact, the tornadoes all occurred within a TORRO tornado watch.
The TORRO tornado watch had been issued for all of England and Wales shortly after
midday on the 13th extending for a period of approximately 24 hours.
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The extended period of this watch, in comparison to that of most watches, was designed
to cover multiple risks; firstly, associated with the active warm and cold fronts, both of
which exhibited embedded convective activity, which moved through the region during the
afternoon of the 13th and in the overnight period of 13–14th November, but also associated
with post cold-frontal convection expected during the 14th. Southern parts of England were
deemed at highest risk of severe convective activity, due to the predicted combination of
slightly higher instability and strong shear over this region (P. Knightley, Pers. Comm.).
RADAR ANALYSIS
Figure 4 (top panel) shows instantaneous rainfall intensity (derived from radar
reflectivity) over southeast England at 0900 UTC. A large area of convective cells is evident,
aligned generally southwest to northeast. This area of convection was moving towards the
northeast. Some intense cells are evident within this area, with rainfall rates exceeding 32
mmh-1 in the strongest cells. The location of the supercell storm is shown by an arrow. It can
be seen that the supercell is located on the southeast flank of the general area of convection.
This positioning is likely to have been significant, in that the lack of convective cells to the
south and east of the supercell will have allowed for unobstructed inflow. Furthermore, its
location several kilometres to the east of neighbouring convection would have minimised
interaction with downdrafts from other cells, which may otherwise have disrupted the
supercell’s structure. The storm can be traced back to convection which developed close to
the West Sussex coast in the vicinity of Bognor Regis, around 0745 UTC. It developed at the
southeast edge of an area of scattered convective cells which subsequently evolved into the
area of convection visible in Figure 4. Analysis of a sequence of radar images reveals that
the cell maintained its position on the eastern flank of the larger area of convection, even
moving slightly further east of it for a time. After 0900 UTC, a developing line on the eastern
edge of the convection appears to have slowly encroached upon the cell as the whole area
of convection continued to be advected and develop generally towards the northeast. The
supercell eventually merged with this line around 1000 UTC. Despite this, severe weather
continued to occur in association with the cell, which remained identifiable as a discrete
reflectivity maximum within the line. For example the final tornado, over Lowestoft, occurred
shortly before 1100 UTC. Unfortunately by this time the storm was located well beyond
the range of the Chenies Doppler radar. The storm subsequently moved offshore and
consequently no further severe weather reports were received. Storm reflectivity declined
rapidly from this time which suggests that the demise of the supercell probably occurred
soon after this time.
Figure 4 (bottom panel) shows the track followed by the supercell storm, as given
by the locus of the central point of the storm echo at five minute intervals from 0832 UTC, as
observed by Chenies Doppler radar. In addition, the tracks of two ‘left split’ cells which were
observed are also shown. The supercell was already mature at the time of the first archived
Doppler radar imagery. The cell was observed to split twice during the hour ending 0932
UTC, with each left split member persisting for around 20 – 30 minutes before becoming
absorbed by the developing line of convection to the west. The left split cells both exhibited
an elongated shape, with the major axis of the cells being aligned with the shear vector.
Figure 5 shows a graph of the motion vectors of the primary supercell and each of the left
splits, as derived from sequences of radar data. The convective layer mean wind vector is
also shown. In this case, the 0 – 4.5 km above ground level (AGL) mean wind as calculated
from the Wattisham wind profile at 1000 UTC has been used as the ‘convective layer’ mean.
This is in order to take into account the relatively shallow depth of the convective storm on
this occasion, when compared, for example, to the typical depth of summertime mid-latitude
continental thunderstorms.
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It can be seen that the primary supercell moved significantly to the right of the convective
layer mean wind. Such behaviour is a well-known trait of many supercell storms, which has
been shown by numerical simulations to result from continuous propagation of the updraft,
and resulting new convective development, towards the right-flank of the storm (e.g. DavisJones, 2002). In this case, the motion vector of the right-moving supercell was 85 % of the
magnitude and 11° to the right of the convective layer mean wind vector. In contrast, the
left split members in fact exhibited no significant deviant motion. The mean motion vector
of the left split cells was 95 % of the magnitude and 1° to the right of the convective layer
mean wind vector. This motion vector can be considered to be essentially the same as the
mean wind vector, given uncertainties associated with the calculation of a representative
mean wind.
Figure 4. Top panel: Composite radar
rainfall imagery at 0900 UTC over
southeast England. Arrow denotes location
of supercell thunderstorm. Dotted line
denotes the track followed by the storm.
Box denotes the area shown in the bottom
panel. Bottom panel: Tracks followed by the
primary supercell storm (R1) and the two left
split members (L1 and L2) as observed by
Chenies radar. Dotted line denotes track of
the centre of the mesocyclone, as observed
by radar. ‘TN’ denotes the location of the
Benfleet tornado.

The lack of deviant motion of the left
split members is perhaps not surprising
given that, in general, no significant
anticyclonic rotation was evident in either
cell according to the available Doppler
radial wind data. However, the data does
suggest a weak anticyclonic circulation
for a limited time in association with left
split two, between 0922 and 0932 UTC.
The
right-moving
supercell’s
mesocyclone was clearly visible in
Doppler radial velocity fields as a
persistent velocity couplet which
indicated cyclonic rotation. A velocity
couplet is a discrete dipole in the radial
velocity field (adjacent areas of radial
winds of opposing sign, showing inbound
and outbound flow) which is produced
by the flow comprising the vortex. In
the case of rotation, the imaginary line connecting the maximum and minimum in radial
velocities associated with the dipole is orientated perpendicular to the local radar beam
(radial). In this case, the couplet associated with the mesocyclone was resolved even out
to the maximum range of the radar which is 100 km. The track followed by the centre of the
mesocyclone is also given in Figure 4.
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It can be seen that the mesocyclone track was located to the southeast of the track followed
by the centre of the storm reflectivity echo during much of the period analysed. This is
consistent with conceptual models of supercells in which the mesocyclone is typically located
on the right, rear flank of the storm. The location of the Benfleet tornado, also marked on
Figure 4, lies on the track taken by the mesocyclone. Given the location of the tornado along
the track, the time of occurrence of the tornado can be inferred to have been around 0912
UTC. This is in excellent agreement with the mean time of occurrence as calculated from the
individual reports of this event submitted to TORRO, which was equal to 0911 UTC (the time
of occurrence indicated by the individual reports ranged from between 0900 and 0920 UTC).
Interestingly, at the time of the tornado, the mesocyclone was located further to the southeast
with respect to the storm reflectivity centroid than at other times in the analysis period. After
tornado occurrence, the mesocyclone track appears to have turned leftwards and more
closely followed that of the storm reflectivity centroid. This suggests that the mesocyclone
associated with the tornado may
have occluded after tornado
occurrence, or that the tornado
occurred in association with a
new mesocyclone developing
to the southeast of the previous
mesocyclone. Unfortunately, the
temporal and spatial resolution
of the radar data is not high
enough to observe the evolution
of individual mesocyclones at this
range. However, it is interesting to
note that mesocyclone occlusion
following the Benfleet tornado
was in fact observed by an
experienced eyewitness located
a few kilometres to the east of the
storm at this time (P. Sherman,
Pers. Comm.).
Figure 5. Motion vectors of the primary
supercell (R1), the two left split members
(L1 and L2) and the 0 – 4.5 km convective
layer mean wind vector (CLM).

Figure 6 (inside rear cover) shows 1° elevation angle reflectivity (echo strength)
and radial velocity PPI images of the storm at 10 minute intervals, between 0832 and 0912
UTC. Single Doppler radar detects only the component of wind which is orientated either
directly towards or away from the radar (radial velocity). In the radial velocity plots, orange
and red shading denotes a component of flow orientated away from the radar, whilst green
and blue shading represents a component of flow orientated towards the radar (see the
scale provided in Figure 6 for further details). The persistent velocity couplet can be seen at
all times in the velocity data (its location is circled in the 0912 UTC velocity panel in Figure
6 for reference). The feature is recognisable as a small region of co-located opposing radial
velocities.
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Date: 14 January 2010
Location: Allt Mor, Glenmore Forest near Aviemore, Scotland
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Comparison with the reflectivity images reveals that the mesocyclone was located towards
the east or southeast flank of the storm. The reflectivity images in Figure 6 also show the left
split members at times; left split one is best formed around 0852 UTC, and left split two is
most evident at 0912 UTC (though the development of each is more clearly apparent when
viewing five minute sequences of radar imagery). The storm’s closest approach to the radar
occurred at 0837 UTC, at which time the echo centre was located at a range of 61 km. The
range gradually increased from this time, being around 72 km by 0912 UTC. Therefore, the
1° elevation angle radar beam was intersecting the storm at a height of between 1.0 and
1.25 km above ground level during the period shown. The storm passed out of range of the
radar at around 0945 UTC.
The right moving storm’s echo configuration, as shown by the reflectivity data,
exhibited several features which are characteristic of a supercell thunderstorm. These
features were particularly evident in the 0832 and 0837 UTC radar scans, when the storm
was closest to the radar. Figure 7 shows a close-up view of the storm reflectivity echo at
0837 UTC, which has also been annotated to show the main features of interest. A small
notch is visible immediately to the north of the location of the mesocyclone centre, which
likely marks the main inflow region. A small bowing section is visible to the south of the
mesocyclone, which marks the leading edge of the rear flank downdraft (RFD). The RFD
appears to have surged forwards temporarily around this time. Other features include the
initial signs of the developing left split cell one. The whole configuration is highly suggestive
of a high precipitation supercell, in which the mesocyclone is embedded in and surrounded
by precipitation. The echo associated with the leading edge of the RFD became far less
apparent in subsequent radar scans; however, a subtle inflow notch on the eastern side of
the storm was visible for most of the period analysed.
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Date: 10 January 2010
Figure 7. Close-up view of the storm reflectivity echo at 0837 UTC. Left panel is annotated to show the
main features of interest. Right panel shows the same image without annotation, for clarity of viewing.
Crown Copyright © Met Office 2010.

This photograph was taken after several nights where the
temperature had fallen as low as -13.5 °C.
Location: Dalcairney Falls, Dalmellington, UK Extra information: 41 ft high waterfall, 28 ft deep!

II

35th Anniversary Year

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
January 2010, Vol.35, No.345

© Tim Prosser
Spindrift between Creag Leacach and Glas Maol, Scotland.
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Figure 8 shows a timeseries of the supercell’s core reflectivity and mesocyclone
differential velocity, analysed using the 1° elevation angle radar data over the archived data
period. It can be seen that the storm core reflectivity was persistently high, in the range 54
to 58 dBZ. A substantial increase in reflectivity occurred between 0857 and 0902 UTC, with
the peak value of 58.6 dBZ occurring at 0902 UTC. This peak in reflectivity is consistent in
timing and location with the observations of the marble sized hail over Basildon, for example.
At this time, a hail spike was visible in the reflectivity field (see 0902 UTC reflectivity panel
in Figure 6). This feature is seen as a thin, weak echo extending out from the storm echo
to increasing ranges, in a direction parallel to the radar beam. Such features are a result of
so-called “three-body” scatter, which involves scattering of the radar beam between the hail
and the ground and then back to the radar.
The mesocyclone differential velocity is defined as the difference between the
relative maximum and minimum in radial velocities associated with the velocity couplet.
Mesocyclone differential velocity was found to be generally between 20 and 35 ms-1 between
0830 and 0910 UTC (Figure 8). These values are somewhat weaker than those typically
associated with tornadic supercell mesocyclones in the US Great Plains. Nevertheless,
following the classification of Andra et al. (1994), the upper-end of the range of observed
differential velocities lies close to the boundary between ‘weak’ and ‘moderate’ classes of
mesocyclone intensity, given the distance from the radar. The timeseries of mesocyclone
rotational velocity shows some random variation from scan to scan, most likely as a result
of variations in the radar’s sampling of the feature. The beam width of the radar is around
1 km at this range, and the data suggests that the mesocyclone was only of order 5 km in
diameter. However, some longer term trends in differential velocity are discernable above
the random scan-to-scan variations. A broad peak in differential velocity can be seen,
centred around 0900 UTC. The peak value of 32 ms-1 was observed at 0857 UTC at a
range of 66 km from the radar.

These are probably absolutely the most incredible pictures
of icicles we (the IJMet team) have ever seen.

Figure 8. Timeseries of mesocyclone differential velocity (ms-1) and core reflectivity (dBZ) for a period
of one hour beginning 0832 UTC, as observed in 1° elevation angle scans data from
Chenies Doppler radar.
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It is interesting that both reflectivity and mesocyclone differential velocity peaked at around
the same time. Furthermore, the peak in reflectivity and differential velocity preceded
tornado occurrence by approximately 10 to 15 minutes. Following tornado occurrence,
mesocyclone differential velocity reduced substantially, falling to less than half of that at the
time of peak strength by the 0922 UTC scan, though with some recovery evident just before
the storm passed out of range of the radar. Reflectivity values also appear to have reduced
slightly following tornado occurrence.
CONCLUSIONS
Analysis of radar data has demonstrated that the tornadoes of 14 November 2009
were associated with a discrete, persistent and intense convective storm. It has been shown
using Doppler radial velocity data that the storm possessed a persistent mesocyclone,
which was evident throughout the one hour period for which archived Doppler radar data
was available for analysis. It is very likely that the mesocyclone persisted for a considerably
longer period than this, given the subsequent reports of tornadoes further to the northeast
along the storm’s path, after it had passed out of range of the radar. The persistence of the
mesocyclone provides strong evidence that the storm was a supercell. It is encouraging
to note that the Doppler radar was able to resolve the supercell mesocyclone out to its
maximum range of 100 km, despite the relatively small dimensions of the feature. Expansion
of the network of Met Office Doppler radars, which is planned to take place in the near
future, should allow for more supercell storm events to be analysed in future.
Other observed features which are known to be characteristic of supercell
thunderstorms included storm splitting and movement to the right of the convective layer
mean winds. It has been shown that the storm environment was generally favourable
for the development of a tornadic supercell storm, particularly given the strong low level
shear, though the CAPE was considerably lower than is typically associated with supercell
environments in the US Great Plains, for example. An important factor which allowed for
storm organisation and longevity in this case was the favourable location of the cell on the
southeast flank of a larger area of convection, which permitted continued access to higher
dew point air and maintained unobstructed storm inflow.
This case is interesting, since it demonstrates that discrete, tornadic, supercell
thunderstorms may occur outside of the summer season, in low CAPE environments. Of the
few previously documented cases of discrete supercells in the UK, almost all (to the author’s
knowledge) have occurred in the summer, in situations characterised by considerably higher
instability (typically of order 500 – 2000 Jkg-1 of CAPE). Although the climatological maximum
in tornado frequency across the UK occurs in autumn and early winter, most tornadoes
occurring at this time of year appear to be associated with linear convective systems, such
as along strong cold fronts or post cold-frontal squall lines. Embedded storms exhibiting
some supercell-like features, including hook echoes, persistent mesoscale vortices and
repeated tornado occurrence have sometimes been documented in these situations (e.g.
Clark, 2009). However, the true frequency of supercell thunderstorms occurring in the UK
cool season, and the proportion of tornadoes in this country which may be attributed to such
storms, remain to be discovered.
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INTER-ANNUAL RAINFALL VARIABILITY IN
THE NIGER DELTA, NIGERIA
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The only detailed study on the Niger Delta is that undertaken by Ologunorisa and
Adejuwon (2003) on rainfall trends and periodicity in the Niger Delta. The present study is a
further attempt at examining climatic variability in the study area. It seeks to examine interannual variability of rainfall in the Niger Delta.

*Centre for Climate Change and Environmental Research,
Osun State University, Osogbo, Nigeria.
Department of Agricultural Meteorology and Water Management,
University of Agriculture, Abeokuta, Nigeria.
*(ologunorisatemi@yahoo.com)
Abstract: The study examines the annual, dry and wet season rainfall patterns in the Niger Delta. It
also analyses the inter-annual rainfall variability in the region using monthly and annual rainfall from
selected stations in the study area covering 1931-1997. The annual rainfall variability was analysed
using standardized rainfall anomaly index. Results show that the Opobo zone receives the highest total
annual rainfall of 3500-4100 mm; also that the dry season rainfall is restricted to the coastal station of
Opobo, Forcados and Calabar. Finally, rainfall varies from year to year and in different locations in the
Niger Delta, with annual rainfall on the increase since 1980s to the time of writing.
Keywords: Niger Delta, Rainfall, Nigeria.

INTRODUCTION
An essential aspect of climate, particularly rainfall, is its variability (Ayoade, 1971).
The mean rainfall for the year, season or month is no guide to the agricultural potential in the
interpretation of the recorded data (Jackson, 1989). Rainfall variability has therefore been
the focus of many climate studies in the recent past, but only a limited quantitative analysis
of variability has been undertaken for tropical area (Walsh and Lawler, 1981 and Jackson
1989).
Studies of rainfall variability have been carried out in Queenland (Ross, 1958),
Fiji (Haris, 1963); and Israel (Goldreich, 1995; Tyson et al., 1972 for South Africa); and
Jury et al. (1995) in Madagascar. In Nigeria, previous climatological studies of rainfall
variability include Mahdi (1969), Ilesanmi (1969, 1972), Oyebande and Oguntoyinbo (1970),
Ayoade (1971). These studies focus on various causal factors of rainfall such as monsoons,
disturbance lines, relief and Inter Tropical Discontinuity (ITD). Ojo (1970) and Anyadike
(1979, 1981) have widened the scope to include atmospheric parameters. Ojo (1970) used
precipitable water only, while Anyadike (1981) used in addition, depth of maritime winds,
depth of the convectively unstable layers, zonal and meridional water fluxes.
The problem with some of these studies despite their novelty is mainly the limitation
arising from the scarcity of suitable data which constrained Anyadike (1981) for instance to
base his study on only five stations which are widely scattered over different parts of West
Africa (Oguntoyinbo and Hayward, 1986). Doubts arise as to how approximate results from
such widely spaced stations could be truly representative of the character of this area’s
rainfall, which is very convective in nature.
In addition, no detailed study has been carried out on the climatic fluctuation in
the Niger Delta. The few available studies in Nigeria such as Adejuwon et al. (1990) and
Adelekan (1998) contain only Port Harcourt and Calabar stations. And it is not possible
to make an adequate generalization of rainfall variability on the basis of these two rainfall
stations over a large area such as Niger Delta which covers 70,000 km2 and which is also
vulnerable to climate change due to industrialization, deforestation, petroleum exploration
and exploitation.

Figure 1. Map of the Niger Delta region of Nigeria.

STUDY AREA
The Niger Delta is one of the world’s largest wetlands, encompassing over 20,000
km2 in southeastern Nigeria (see Figure 1). The Delta is a vast floodplain built up by the
accumulation of sedimentary deposits washed down the Niger and Benue Rivers (Moffat and
Linden, 1995). It is composed of four ecological zones: coastal barrier Islands, mangroves,
fresh water swamp forests, and lowland rainforest.
The high rainfall and river discharge during the rainy season, combined with the
low, flat terrain and poorly drained soils, cause widespread flooding and erosion (Moffat
and Linden, 1995). The climate is influenced by two major surface air masses. These are
the warm, moist southwesterly air mass, which bring rainfall from March to October, and
the warm, dry northeasterly air mass, blowing over Nigeria from November to February. It
should be stated that the region experiences a dry season rainfall between November and
February.
METHODOLOGY
Monthly rainfall data were collected from the Nigerian Meteorological Agency,
Oshodi; Lagos from 1931 to 1997 for analysis. The stations selected include Benin, Sapele,
Warri, Forcados, Yenegoa, Ahoada, Port Harcourt, Degeme, Onne, Opobo, Calabar and
Uyo (see Figure 1). However, it should be noted that Yenegoa, Ahoada, Onne and Uyo have
incomplete data starting from 1961, 1973, 1977 and 1981 respectively. From the monthly
data, annual rainfall data were derived. The annual rainfall variability was analysed using
Standardized Rainfall Anomaly Index (SAI).
SAI = XI - X
d
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Where Xi = annual rainfall for a particular year
X = mean annual rainfall for the period covered by the data
d = Standard deviation
RESULTS AND DISCUSSION
Annual Rainfall
Figure 2 shows the mean annual rainfall for the Niger Delta region. Four rainfall
zones can be deduced from the figure. These are the Opobo zone with the highest mean
annual rainfall between 3500-4100 mm; followed by Forcados and Yenegoa zone with
3000-3500 mm rainfall; Warri and Calabar zone with 2,500-3,000 mm; and Benin, Sapele,
Degema, Ahoada, Port-Harcourt, Onne and Uyo zone having total annual rainfall of 20002,500 mm.
Figure 2 (top). Mean annual rainfall.
Figure 3 (middle). Wet-Season rainfall.
Figure 4 (bottom). Mean Dry-Season rainfall.

Wet Season Rainfall
Figure 3 shows the mean
wet season rainfall over the Niger
Delta. Beinn has the lowest rainfall
value of 1939.9 mm, and followed by
2000.7 mm at Uyo. Rainfall value of
between 2097.9 mm and 2225.3 mm
characterize the area southwards of
Benin and Uyo (see Table 1).
The wettest area is the southern
fringe with Opobo having 3456.4 mm
of rainfall followed by Forcados with
3159.1 mm. These locations benefit
from being close to the coast and the
warm moisture laden tropical maritime
(MT) air mass from the Atlantic Ocean.
The rest of the Niger Delta such as
Calabar and Warri receive rainfall
values of 2591.5 mm and 257.00 mm.
The high mean annual rainfall
value received in Calabar does not
only result from MT air mass but also
results as a result of relief influence of
the Cameroon Mountains. The thick
humid air provides the favourable
meteorological
conditions,
which
triggers instability through forced uplift over high relief. The south-north rate of change
of ITD migrates gradually northwards and more rapidly southward through the whole wet
season period (March-October). Its influence seems to be significant through the entire
length of the region with the area north of latitude 6 °N having a shorter period of prevalence
than the ITD.
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S/N

Station

1.
2.
3.
4.
5.
6.

BENIN
SAPELE
WARRI
FORCADOS
YENEGOA
AHOADA
PORTHARCOURT
DEGEMA
ONNE
OPOBO
CALABAR
UYO

7.
8.
9.
10.
11.
12.

2087.1
2391.5
2907.8
3469.3
3190.8
2370.1

Mean
Monthly
Rainfall
(Nov – Dec)
Dry Season
(mm)
145.8
167.5
228.7
267.2
305.9
187.1

2370.1
2355.1
2438.4
3816.8
2903.8
2124.2

Mean
Annual
Rainfall
(mm)
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7.05
7.03
8.18
8.90
9.57
6.90

Mean
Monthly
Rainfall
(Mar – Oct
Wet Season
(mm)
1939.9
2223.4
2578.0
3159.1
2885.5
2206.4

237.9

9.77

2138.9

90.23

257.9
112.7
370.4
304.1
142.1

10.03
8.74
9.44
10.75
5.48

2097.9
2225.3
3456.4
2591.5
2007.7

90.23
91.26
90.56
89.25
94.52

Percentage
of Mean
Rainfall in
Nov – Feb.

Percentage
of Mean
Rainfall in
Mar-Oct.
92.95
92.97
91.82
91.10
90.43
93.10

Table 1. Summary of Some Rainfall Characteristics in Selected Stations in the Niger Delta.

Table 1 shows the summary of some rainfall characteristics in selected stations in
the Niger Delta. Results show that more than 89 % of the annual rainfall occurs between
March and October, while about 11 % falls during the dry season, which are the months of
November to February.
Dry Season Rainfall
The rainfall pattern during the dry season (see Figure 4) is rather different from the
wet season and the annual total rainfall patterns. Six rainfall zones can be recognized during
the dry season. These include Opobo zone having the highest rainfall value of 370.36 mm
followed by Yenogoa and Calabar zone with 300-350 mm of rainfall; Forcados and Degema
with 250 to 300 mm; Port-Harcourt, Warri and Onne with 200-250 mm; Sapele and Ahoada
with 115-200 mm.
The lowest rainfall values for the region were recorded in Benin and Uyo with less
than 150 mm. During the dry season, most of the region is dominated by harmattan with
little effect on the coastal margin. The harmattan is an inversion at its top level; a condition
that inhibits rainfall development (Oguntoyinbo and Hayward, 1987).
The dry season rainfall is generally low. The position of the ITD greatly determines
rainfall attributes such as the length of the rainy season. The seasonal distribution of
rainfall shows that when it occurs, it is restricted to the coastal stations such as Opobo and
Forcados.
Annual Rainfall Variability
The annual rainfall variability in the Niger Delta was analysed using SAI. Results
from Figure 5(a-d) show that rainfall varies from year to year in each station, and also from
place to place. At Benin station, rainfall was below average between 1931 and 1948, 1954,
1959, 1971, 1972, 1981-1986. Rainfall was above average in 1949, late 1950s, 1963-1967,
1969, 1974-1980 and 1990 to the time of writing. Sapele station had 29 years of excessive
rainfall, 3 years of average rainfall while the remaining 35 years were below average. It
could be observed that no serious variation occurred, yet rainfall is in excess in 1931 and
1957 with a very low rainfall in 1970.
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Figure 5a. Standardized rainfall anomaly index for the stations: (a) Benin; (b) Sapele; (c) Warr.

Rainfall in Sapele has been on the increase since the 1980s until the time of writing. The
period between 1931-1988, and 1965-1980 could be regarded as drought years, as rainfall
fell below the mean annual at that station. Rainfall was quite excessive in the 1950 and
1960s, and in recent years, especially the 1990s.
At Forcados, there was excessive rainfall in 1957 and drought in 1932, 1943, 1959
and 1990. Yenagoa station recorded rainfall below the mean annual rainfall between 1960
and 1987 and wetter years since the late 1980 until the time of writing. In Ahoada, the 1970s
and 1980s were dry years, while the 1990s were quite wet. Port Harcourt station recorded
high variability during the period under consideration. Rainfall suffered serious recession
between 1968 and 1992. Although rainfall is on the increase it has not increased to the level
attained during the 1930s, 1950s and 1960s.

Figure 5b. Continued standardized rainfall anomaly index for the stations: (d) Forcados, (e) Yenagoa;
(f) Ahdada.

At Degema station, dry and wet years alternated between 1932 and 1970. The 1970s were
quite dry, while rainfall has been on the increase since the 1980s. A similar situation at
Degema occured in Onne station where dry and wet years alternated between the mid
1970s and 1990s. A wet period was experienced in 1999 and 2000. Opobo recorded below
average rainfall during the period under study more so than anywhere else. No severe
drought could be said to have occurred at Opobo. The years 1935, 1940, 1962 and 1975
could be described as years of excessive rainfall, while rainfall declined in the late 1990s.
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Figure 5c. Continued standardized rainfall anomaly index for the stations: (g) Port-Harcourt; (h)
Degema; (i) Ohne.

At Uyo station, the 1980s were quite dry and the 1990s have been wet even though there
has been a decline in rainfall during this period. Annual rainfall in Calabar station reveals a
high level of variability. Wet years have alternated with dry years for the period under study.
The 1980s were quite dry and wet years appear to dominate the late 1990s.
CONCLUSION
The study has shown the annual, dry and wet season rainfall patterns in the Niger
Delta with Opobo zone having the highest mean annual total rainfall of 3500 to 4100 mm,
while the dry season rainfall is generally low and usually restricted to the coastal stations of
Opobo, Forcados and Calabar. Results of inter-annual rainfall variability shows that rainfall
varies from year to year and from place to place in the study area. The region recorded low
rainfall in the 1970s, and rainfall has been on the increase since the 1980s.
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Figure 5d. Continued standardized rainfall anomaly index for the stations: (j) Opobo; (k) Uyo; (l) Calabar.
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CALL FOR WEATHER DVDS AND/OR VIDEOS 2010!
Have your video reviewed by our International Severe Weather Media Reviewer - Paul Domaille.
Featured in The International Journal of Meteorology and read by hundreds worldwide - what better
advert for your chase highlights - if it’s good!
We are now also reviewing scientific documentary DVDs - if you have one, or have seen one, send
them in to be reviewed!
If it’s a DVD/Video and it’s about severe weather - we will review it!
If your DVD/Video is featured it will automatically be entered into the new TORRO/ International
Journal of Meteorology Film Festival! Details about the last festival can be found on our website.
Send your DVDs and/or Videos to:
Media Reviews, Paul Domaille, Les Amarreurs, Route de Coudre, St Peters, Guernsey, GY7 9HX
UNITED KINGDOM
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THIS MONTH 35 YEARS AGO - JANUARY 1975
To mark the 35th anniversary of the International Journal of Meteorology we begin a series
of short items about the weather of the corresponding month 35 years ago.
January 1975 was a very mild month with west and southwesterly winds throughout;
incursions of cold Polar air were brief and largely confined to the north of Britain. On the 2nd
a depression in the Norwegian Sea deepened below 940 mb, and another reached a similar
depth near south Iceland on the 22nd. Atlantic fronts crossed the British Isles almost daily,
but these were weak in the south for the first 10 days. Strong winds and gales occurred
frequently, gusts exceeding 60 knots in the west on the 22nd and again in eastern England
on the 25th. Two deaths from drowning occurred as a result of high seas on southern and
western coasts on the 19th and 22nd, and there were a number of reports during the month
of ships sinking or running aground, with some further loss of life.
Temperatures reached 14.6 °C at Dyce (Aberdeen) on the 5th, and 15.2 °C
at Stanstead Abbots (Herts) on the 16th, and most places in the south had only one or
two nights with air frost (some none at all); on the other hand, in the interludes between
depressions on the 18/19th, and again on the 28/29th, temperatures fell as low as -9 °C
in the Scottish Highlands, while on the 18th freezing fog kept temperatures below zero all
day in Glasgow. It was a wet month generally, except in some rain-shadow areas of the
northeast, and there was a marked deficiency of sunshine in the west. Some of the monthlyread rainguages in Snowdonia, the Lake District, and the Western Highlands of Scotland
recorded over 750 mm (980 mm at Styhead in Cumbria). Snow cover was mainly a feature
of northern hills, where upwards of 20 cm accumulated at times in the second half of the
month, but on the 28th a temporary slight covering developed as far south as the English
Midlands; much of southern England, however, had no snow at all.
An outbreak of about 10 tornadoes occurred on a cold front as it moved east
across eastern England in the early afternoon of the 12th; another active cold front moving
southeast across Britain in the afternoon of the 22nd produced a tornado in Lincolnshire;
and three days later there was another outbreak of about half-a-dozen tornadoes, mainly in
Lancashire, as an intense secondary depression formed on a frontal system moving east
across the country. The monthly total of 16 tornadoes was the second highest on record for
January, exceeded only by the 39 that had occurred just 12 months earlier in January 1974.

Send us your weather stories from 1975! You can write to:
IJMet Editorial Office
PO Box 972
Thelwall
Warrington
WA4 9DP
United Kingdom
Or email your stories to editorial@ijmet.org!
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WEATHER AND ME
By NICOLA J PARSONS
14 Downlands Way, Rumney, Cardiff, CF3 3BY, UK.

I’d like to take the chance to introduce myself and give you an idea as to where
my passion for photographing weather came from, sharing some of my favourite photos.
When I think back, I always wanted to be an astronaut or a fighter pilot. I had a
fascination with the skies and stars. It was later that I developed a passion for weather.
I used to look to the sky thinking that magic was at work, weather has that element
of mystery for me. The stories of Zeus locked in a grand battle raging in the skies.
My first experience of extreme weather and what I like to think encouraged
a passion towards it was when I was five, 16 October 1987, the Great Storm. Here is
where my passion for extreme weather in particular hurricanes started, I remember very
little about this apart from the howling crazed noise the wind made during the night. I got
my second experience of hurricane force winds aged nine, with the ‘Burns’ Day’ storm
of 1990. This was more spectacular, a feeling of uncontrolled excitement. I remember
being in school when it struck, children were sent home if parents could collect them; the
windows had been blown inward by the sheer force of the wind. The low lying playing
fields were already flooded. I still have a brief flashback of holding onto a lamp post and
being lifted off the floor as my mum struggled to get us to the house less than 100 m away.
As a child you knew where I would be when the cumulonimbus was overhead
roaring with thunder, outside in the garden, staring up to the sky with delight. My
mum would be hiding in one corner; she has a massive fear of thunderstorms. I never
have understood that fear, still to this day I give her a call as soon as I know there is
a storm on its way, and she turns the music up, draws the curtains and rides it out.
Last year I got to experience hurricane Paloma, while on honeymoon, it
passed out at sea to the North of Jamaica, the second most powerful November
hurricane on record in the Atlantic Basin. It was here while watching this magnificent
beast at sea, that I started to enjoy photography, I wanted to keep those visual images.
Now hurricanes are not the most photogenic skies I have ever seen, but needless to
say the evening sky of decaying cumulus and towering might of cumulonimbus capillatus, all
the way down to the delicate structure of cirrus unicus riding the sky, I’ve found, to be simply
beautiful. Even their Latin names
hold an err of grace about them.
Still nothing compares to
the mighty thunderstorm, still to
this day I run outside, camera in
hand, skipping with excitement
at the moment I see the first
‘scud’ clouds start to scurry
along or hear the first clap of
thunder shake the sky, looking
up in amazement, like a child
looks to the sky in anticipation
of seeing Father Christmas…
I’m waiting for the next display.
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TORRO THUNDERSTORM REPORT FOR THE
BRITISH ISLES: MAY 2009
By BOB PRICHARD
Nearly all the thunder this month was associated with showers, notably between
the 15th and 21st, when persistent and often blustery south to southwesterly winds blew
around a depression off northwest Ireland. At this time of year, a reasonably lengthy landtrack is normally required before the showers turn thundery; as a result, there was no
thunder all month across almost the whole of southern England whilst thunder was heard on
three days over parts of the west and north of the Midlands and northern England – though,
given the nature of showery weather, there were quite a few places even here that reported
no thunder at all.
An increasingly vigorous westerly airflow dominated the opening days of the
month. Although we have no confirmed reports of thunder, sferics indicated that, on the
7th, there may have been some amongst the gales and downpours over western Scotland
and the north and west of Ireland as a series of troughs/cold fronts swept through from the
Atlantic (it should be noted that as automatic weather stations steadily take over from human
observers in the official reporting network, it is becoming ever more unlikely that we will
get confirmation of thunder from the more remote parts of the country). Blustery, showery
weather was general on the 8th, and there were a few reports of thunder from places as
widely separated as north Buckinghamshire, Manchester and Motherwell – whilst again it
seems quite likely that it occurred in a few of the frequent showers in the northwest and over
Ireland during the day. There was certainly thunder in County Wexford; at Castlebridge,
lightning struck the chimney of a house, causing the section of the roof above a playroom
to collapse, with tiles, insulation and ceiling slabs all coming down on it. Nobody was hurt.
On the 9th, a very active wave depression moved northeast across southern and eastern
Scotland in the afternoon, giving very cold, wet weather with a little thunder in these parts.
Pressure rose across the country during the 10th, but there was thunder in a few of the
showers over southern Scotland and northernmost England in the afternoon under a cold
pool left behind from the very disturbed spell.
An anticyclone retreated northwards well away from the British Isles by mid-month,
and rain moved slowly north across the country from late on the 14th; there was a little
thunder over central southern England (from Horsham to Oxford) during the evening and
night within a zone of particularly heavy rain. Behind the rain area, heavy, thundery showers
became widespread over Wales and central England during the 15th, especially late in
the day, near to a small depression drifting north across the area. Some of these storms
were quite lively, with localised flooding and lightning damage to buildings, especially
around the Pennines in the evening. A fairly deep depression then lay close to northwest
Britain until the 21st, and blustery showers turned thundery each day as they moved north
across similar areas to the 15th; they were mostly fairly well scattered, but were a little
more widespread on the 19th. Parts of Scotland and Ireland were also affected – notably
the Belfast area on the 20th. With conditions blustery at the best of times during this spell,
it was sometimes quite a frenetic scene during the heavier, thundery, showers. Hail fell in
places; considerable lying hail was reported from Stourbridge on the evening of the 16th,
whilst stones of 10 mm diameter fell at Newchapel (Stoke-on-Trent) on the afternoon of the
19th. On the 20th, lightning struck an electricity pylon, cutting power to 8000 homes in the
Aberdeen and Peterhead areas; it was also reported that lightning struck the St Fergus gas
terminal and shut down production.
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The last day of this spell of showery weather gave thunder in Grampian on the afternoon of
the 22nd, before giving way to a rather more stable weather pattern as pressure rose over
southern Britain. However, destabilisation occurred on the 25th in very warm air ahead of
cold fronts from the Atlantic. There was much explosive development of cumulonimbi into
thunderstorms on the near Continent, but little activity infiltrated our islands; there were
just a few minor thundery outbreaks in the southeast. Lightning struck a house at Pegwell.
Isolated thunder also accompanied heavy rain over southeastern districts that night.
SPECIAL WINTER 2010 IJMET PHOTO COMPETITION!
To coincide with the planned special issue concerning the recent cold and snowy winter in
the British Isles - the worst in 30 years of records, there will be a photograph competition
to showcase some of the best scenes from around the British Isles during this time. There
will be prizes for winners which will include having your photograph published in the Special
Winter 2010 IJMet issue*.
Please read the following before entering:
•
Photos must be from The British Isles and taken during the winter 2009/10 (can include
November and March if necessary);
•
There are three categories: Landscape; Macro/Close-ups, and Human Interaction;
•
You may enter a maximum of three photos but only one in each category;
•
Please state which category you are entering your photo/s for;
•
You must be the owner of the photo which you are entering;
•
Photos must not have been published in IJMet previously;
•
Entering the comp means you agree to having photos published in IJMet and for use
with other IJMet promotions;
•
Decision on winners is final;
•
Entries must be resized down to approx 800x600 pixels but high resolution versions
must be available on request. If originals are not available, they will not be entered.
How to Enter:
Email your photographs to howard@ijmet.org by 31 August 2010.
Prizes:
First Place: Your winning picture on the front cover of the proposed snow special issue and on the
website; A winning certificate; Your winning photograph printed on canvas (size approximately A1).
Total First Place Prize amounts to approximately £60.
Second Place: Your photograph featured in the photo section of the proposed snow special issue;
One year’s free subscription to the IJMet. If you are already a subscriber, you will not have to renew
for one year; £20 Jessops’ Vouchers. Third Place: Your photograph featured in the photo section of
the proposed snow special issue; £10 Boots digital photograph printing vouchers.
Judging
Photographs will be judged by the Photography and IJMet team, and winners will be announced in
the proposed special issue where the winner’s photograph will be published on the front page.
GOOD LUCK!!!!

Please see www.ijmet.org/Snowspecialcomp.htm for further details and
Terms of Entry
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BOOK REVIEWS
By PETER ROGERS
WEATHER WISE Reading Weather Signs by Alan Watts ISBN 978-7136-81536 (2008) Adlard Coles Nautical pb pp 156 £12.99.

DOPPLER RADAR OBSERVATIONS OF A
TORNADIC SUPERCELL THUNDERSTORM OVER
SOUTHEAST ENGLAND
By MATTHEW R. CLARK
(Pages 10 - 21)

Alan Watts has built up a deserved reputation
for producing, and updating books for inshore sailors and
others that combine sound meteorological knowledge with
a love for the sea. This, his latest book for Adlard Coles
Nautical is different.
As the introduction acknowledges ‘This is a
Weather book with a difference’, because it sets out to
answer in simple terms, that many people ask about the
weather. There are 21 topics covered from The Seasons,
through Will There be Bad Weather ? to Tornadoes and
Things worth knowing.
The book is profusely illustrated with colour
photographs, charts, diagrams and tables. Many of the
photographs are very striking, and the captions, though short are very instructive. The print
used is clear and uncluttered, and, although it does not open flat, this volume easily fits into
the pocket.
In the crowded field of soft backs on weather and climate, a new book has to be
different to make its mark. In this reviewer’s opinion, this book succeeds brilliantly. Why not
buy two copies (for the price is so reasonable) one for the bookshelf at home, and the other
to carry round in the anorak pocket when out and about? Highly recommended.

WEATHER WORLD: PHOTOGRAPHING THE GLOBAL SPECTACLE by Gordon
Higgins. ISBN 13:978-0715326404 (2007) David & Charles in association with
the Met Office. hb. pp 252 £18.99.
Volumes of photographs about the weather have proliferated over the last few
years, and, with the advances in photographic techniques, these have become technically
steadily better, and have resulted in quite a few coffee-table books.
This volume, in this reviewer’s opinion stands out from the pack. The photographs,
are almost without exception stunning and beautiful, and quite a few of them are from the
published year, 2007. The book is made up of two parts: Part 1 is Weather from Above, and
consists almost entirely of satellite imagery, while Part 2: Weather from Below. Obviously,
these are photographs taken from the ground.
However, it is the linking commentary, pitched at the intelligent layman rather than
the specialist market, that makes this book so special. It is intelligent and readable and
greatly adds to the enjoyment of the photographs.
Being printed on satin black art paper stock, the pictures can smudge easily of
handled with anything other than clean fingers. Even at the full retail price, this book is
excellent value, but it can readily be found at a reduced price in many bookshops. Highly
recommended.

Figure 6. Sequence of radar reflectivity (left) and radial velocity (right), as observed by Chenies Doppler
radar, showing the evolution of the supercell storm at ten minute intervals starting 0832 UTC. Radar
location is to the northwest of the area shown, which has a fixed width of 45 km. For reference, the
location of the mesocyclone is circled in the 0912 UTC radial velocity panel.
Crown Copyright Met Office 2010.

www.ijmet.org

“An international magazine for everyone interested in weather and climate,
and in their influence on the human and physical environment.”

ISSN 1748-2992

