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AN IMPROVED HYDROSTATIC AIR - BAROMETER
By KEVIN F. SCOTT
Meteormetrics Limited, Kirklands, Craigend Road, Stow, Selkirkshire, TD1 2RJ, UK
(kevin.scott@meteormetrics.com)

Abstract: An improved Hydrostatic Air-barometer is described which is based upon a modified
hydrometer and which is temperature compensated. Theory and design details are given together with
manufacturing procedures and the results of performance tests provided and discussed. Applications
of this instrument in the educational field are indicated.
Keywords: Hydrostatic Air-Barometer, Mercury-free Barometer, Temperature compensated Barometer,
Educational barometer.

INTRODUCTION
This paper describes the design, development and performance of a novel
barometer based on a modification of a hydrometer. Figure 1a shows a standard hydrometer
used for measuring the density of liquids. The instrument floats at a level at which, by
Archimedes Principle, the weight of fluid it displaces equals its own weight. It thus sinks
lower in less dense liquids and the scale in the stem can be calibrated in units of density.
Figure 1b shows a hydrometer modified by piercing the bulb B with a small hole O to allow
the fluid to enter and compress slightly the air in B. Immersed in a liquid of fixed density,
conveniently water, the modified hydrometer sinks to a position in which it displaces its own
weight in liquid as before. But if the atmospheric pressure were, say, to rise, the volume
of gas trapped in B would be reduced, and the instrument would sink lower in the liquid
to maintain its hydrostatic equilibrium. At constant temperature, the depth to which the
instrument sinks provides a measure of the atmospheric pressure. We will refer to this
instrument as a hydrostatic barometer.
The idea of modifying a hydrometer in this way appeared at the beginning of the
eighteenth century. In a letter (Caswell 1704) from a Mr Caswell FRS of Oxford to the
Reverend Mr Flamsteed MRSS a description of a hydrostatic barometer is given together
with an account of its extraordinary sensitivity. This arose because in Caswell’s design the
captive gas bulb (B in Figure 1b) had a capacity of “almost 2-1/2 quarts”, about 3 litres.
He also incorporated an ingenious method of expanding the measurement scale by a
diagonal wire crossing the meniscus of the liquid such that even small vertical movements
of the instrument produced a larger movement of the meniscus relative to the wire. Caswell
calculated that a change in pressure of 0.1 inches of Mercury would result in a movement
of the meniscus of 120 inches. He relates that he could easily detect the small pressure
changes occurring when a cloud passes overhead or when there was a variation in the
slightest breeze.
A somewhat more elaborate instrument based on the same principles was
described by Cooper (1839). The hydrostatic barometer was constructed of thin brass
sheet and floated in a vessel of similar material and the whole contained in an outer vessel
containing a large volume of water which could be heated by a small spirit lamp to a chosen
working temperature of 75 °F. The author used a thermometer readable to 0.25 °F to
ascertain when the apparatus had reached the working temperature. Weights were added
to a small pan attached to the top of the hydrostatic barometer to bring it to a fixed position
in the water.
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The instrument was calibrated against a mercury barometer and the author derived an
empirical relation between the weights required and the altitude at which the instrument
was operated. The purpose of the device was thus, principally, for altitude measurement in
surveying.
Figure 1. 1a (left) A simple
hydrometer. 1b (right), A
hydrometer modified to
function as a hydrostatic
barometer.

In 1900, Karl Fischer (Fischer, 1900)
published a further design for use as
an altimeter in hot-air balloons. Figure
2 shows his instrument redrawn from
the original paper. In this design great
care was taken to provide a constant
temperature by surrounding the
hydrostatic barometer with two jackets
containing melting ice and a further
insulating jacket packed with wool. The
author points out that the great merit of
the instrument as an altimeter lies in the
fact that its performance is independent
of the acceleration due to gravity and
so if the balloon was to accelerate or
decelerate vertically, the readings of
pressure would be unaffected.
As a barometer, the hydrostatic
instrument does offer the potential
for sensitivity and precision, while
not requiring mercury. The only
drawback is the instrument’s sensitivity
to
temperature
which
previous
designs have overcome by careful
thermostatting. In the design described in this paper a temperature compensation is applied
which results in an instrument, simple to operate, clearly readable and of good precision.
THE DESIGN OF A TEMPERATURE COMPENSATED HYDROSTATIC BAROMETER
Figure 3 is a sketch of the temperature compensated hydrostatic barometer. It
consists of three glass bulbs, A, B & C, a narrow glass stem S accommodating an inverted
thermometer T. Bulb A is sealed from B below and is provided to give the instrument correct
buoyancy. Bulb B is the barometric bulb, which is open to the liquid in which the instrument
is immersed via aperture D. Bulb C is sealed from B above and opens to a tubulure R
stoppered with a cork. Bulb C is filled with sufficient lead shot to provide the correct buoyancy.
When the instrument is immersed in water and is correctly adjusted, it floats at a
position in which the vertical distance between the thermometer thread and the surface of
the liquid in which it is floating is very nearly linear with the atmospheric pressure.
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Figure 2. Karl Fischer’s hydrostatic barometer. His description
translated from the German is as follows: “ The hydrometer, at a
suitable height supplied with distilled water and mercury, is immersed
with water in a container made out of a pipe A A and A A filled to the
brim. A A is immersed in a similar second container B B. Above, B B is
soldered on to a circular plate, in the middle of which an opening is left,
which allows Cylinder A A to fit exactly into B B. A second similar sheet
R2 is attached to R1 by means of a layer of leather and screws, so that
A A is sealed against B B in a watertight way. The index mark is closely
connected to R2, while two short connecting tubes are soldered into
R2, which between them hold a glass tube G G with sealing wax and
smooth lead sealing putty. A fine ring mark M M is etched on to G G,
on which the position of the hydrometer scale can be read off. The cork
stop K1 on the floor of A A serves to protect the glass body against
impact during transport, as does the rubber stopper in the glass tube –
drawn as dotted - and finally for further protection of the glass tube, a
measuring pipe cap S S is screwed into R2.
In order to keep the inner space of A A at a constant temperature,
a coat of ice is frozen in between A A and B B, similar to a Bunsen
ice calorimeter, and this coat of ice itself is kept from melting by a
container filled with ice C C. For the time of the reading, container B B
somewhat raised. C C is thermally protected by a further tin container.
The space between C – D is filled either with ice or dry sheep’s wool or
otherwise with insulation material. The three hooks soldered on to D D
are to hang up the instrument in the balloon.
The melted water is drained off through a hose put into F or, if the
outside temperature falls below 0º, melted water is allowed to run back
through the hose. K1, K2, and K3 show corks.”

THEORY
Referring again to Figure 1b, if the radius of bulb B is
the volume of gas is

R g , and its total volume is Vg0, then

Vg = Vg0 − ( z − h2 )π .Rg2

If the atmospheric pressure is Pa, and the density of the liquid is
acceleration g, the pressure in the bulb B will be given by:

ρ

and the gravitational

Pg = Pa + ρ .g .(h2 − h1 )
Applying Archimedes Principle:





mg   V  h1..r 2 .g
Where V is the total immersed volume of the barometer and

V = Vt + Vg − π .R 2 .( z − h2 )

Vt is the total volume of tubing:
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At an absolute temperature T, the volume of gas is Vgt and thus,

VgT .Pg = Vg0 .R.T / 2 .4 E − 3
Rearranging these equations for

2
h1 , and, for convenience, defining ζ = π .r .ρ .g ,and

γ = r 2 / R 2 , and η = (− VT − V0 + π .R 2 .z + m / ρ ) yields a quadratic equation,

(ζ .γ − ζ )h12 + (γ .V0 ρ.g − V0 .ρ.g + Pa .π .r 2 − z.ζ + π .R 2 .z.ρ.g + 2.γ .ρ.g.η − ρ.g.η )h1 +

(V P

o a

)

+ V0 .ρ .g.η / π .r 2 − Pa .π .R 2 .z + 2.Paη − z.ρ .g.η + ρ .g.η 2 / π .R 2 − V 0 R.T 2 .4 E − 3 = 0
dh1

This rather unwieldy equation can easily be solved numerically to give a value
dPa
of which is the sensitivity of the instrument and for dh1
which is the temperature
dT
coefficient.
Figure 3. The structure
of the compensated
hydrostatic barometer

By adjusting the physical dimensions of
the instrument, the sensitivity can be set
at any convenient value and in the case
of the instrument described here, the sensitivity was set at 1 mm/
mb, (i.e. a little more sensitive than a standard mercury barometer).
TEMPERATURE COMPENSATION
We come to the chief respect in which the present design is an
improvement over previous versions of the hydrostatic barometer.
When the temperature increases, the gas in the barometric bulb
B, expands and increases the buoyancy of the instrument. This
results in it floating higher, by an amount given by the temperature
coefficient determined above. It was found that, using the
dimensions to give a sensitivity of 1 mm/mb, the temperature
coefficient amounted to 3.8 mm/°C. A thermometer was constructed
with this rate and with such dimensions that it could be installed
in the stem of the hydrometer with the bulb uppermost as shown
in Figure 3. A scale callibrated in millimetres was provided on the
barometer stem. By adjustment, it was arranged that the end of the
thermometer thread was level with the surface of the water in which
the instrument was floated when the atmospheric pressure was
1000 mb. Because the vertical movement of the barometer with
temperature exactly equalled the corresponding movement of the
thermometer thread, this was true at all temperatures. Reading of
the barometer became simple: if the thermometer thread extended
below the liquid level, the atmospheric pressure was higher than
1000 mb by 1 mb for every mm of the thermometer thread below
the water level. If the thermometer thread stood higher than the
level of the water, the atmospheric pressure was correspondingly
less that 1000 mb by the distance from thermometer thread to the
water level. This method of compensation is covered by a Patent
Application. (Scott, 2008)
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HYDROSTATIC CONSIDERATIONS
It is of course, important that the
instrument be hydrostatically stable in a
vertical plane at all working temperatures and
pressures. Figure 4 shows diagrammatically
the different moments of each part of the
instrument with respect to the surface of
the liquid. All the moments, which tended to
force the instrument to lie horizontal were
first calculated. These were of two kinds: the
moments of all the components above the
surface and the moments of the Archimedian
upthrusts of every component below the
surface. Then were calculated all the rectifying
moments: from the weights of all components
beneath the surface. The sum total of these
latter moments had to be greater than the
former for vertical stability. Figure 5 shows the
dimensions of the instrument, which satisfy
this criterion.
Figure 4. Hydrostatic design factors.

CONSTRUCTION AND MANUFACTURE
The hydrostatic barometer was constructed from 11 mm OD x 4 mm ID borosilicate
tubing using a Meteormetrics Ltd programmable glass-working machine. Figure 6 (inside
rear cover) shows the sequence of operations to produce the required 3 bulbs in the desired
configuration. After blowing the bulbs and sealing between them, the required aperture was
opened in the lower section of the barometric bulb, and the tubulure fashioned to take the
cork. A graduated tube was attached to the upper end and the whole annealed overnight.
A thermometer was fashioned by blowing a bulb 18 mm in diameter and sealing it to a 1
mm ID x1.6 mm OD capillary tube which had been previously
internally silanised using hexamethyl disilazane (10 % in
heptane, 95C, six hours). The finished thermometer was filled
with dry Toluene dyed with Solvent Red TAX.
Sufficient lead shot was placed in the lower bulb to
enable the instrument to float at somewhat above the correct
height. Gentle contact between the cork and the bottom of the
containing vessel enabled the discharge of sufficient air from
the barometric bulb to bring the instrument to the correct level
corresponding to the prevailing atmospheric pressure. Figure
7 shows the completed instrument.
HYDROSTATIC BAROMETER PERFORMANCE
The performance of the hydrostatic barometer
prototypes was estimated by taking readings from them
together with readings from a Meteormetrics Precision
Laboratory Sympiesometer over a 26 day period during which
the atmospheric pressure varied from 975 mb to 1040 mb.
Figure 5. The dimensions of the final design.
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Figure 7. The completed instrument.

Plots of the readings over this period are shown in Figure 8 (inside rear
cover). They show close correspondence but are displaced one from
another by a small offset, largely due to the fact that the hydrostatic
barometer at the start was set to a reading about 5 mb from the actual
pressure.
Figure 8, also shows that the response of the two prototypes,
although similar, was slightly shallow and this is shown more clearly in
Figure 9 (inside rear cover). Here the readings from the two prototypes
are plotted against the actual atmospheric pressure. From the slopes,
the sensitivity of TTS007 (a) was 0.77 mm/mb and for TTS007 (b),
0.73 mm/mb Using this actual sensitivity, the standard deviation
calculated from the data in Figure 9 is 2.1mb, which is small enough
to make the instrument useful and offer better precision than many
aneroid instruments.
CONCLUDING REMARKS
Considering the simplicity of the instrument and that no
compensation has been applied to allow for the volatility of water, the
hydrostatic barometers performed well on test. They would certainly
be satisfactory for general estimation of the weather and as their
operation depends upon a good deal of basic physics they would
offer considerable scope in the field of education. Connected with
this is their operational transparency: their mode of operation is quite
evident to intelligent inspection and, with a bell jar and simple pump
their operation could be readily observed and measured in a short
timescale.
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MEASUREMENT OF LEAD CONCENTRATION
IN ROADSIDE PARTICULATES
IN GABORONE, BOTSWANA
T. S. VERMA1, S. K. JOHN, P. V. C. LUHANGA, and T. A. THOMAS
Department of Physics, University of Botswana, P/Bag 00704, Gaborone, Botswana.
1

(vermat@mopipi.ub.bw)

Abstract: The aim of the present study was to measure concentration of lead in the environmental
aerosol in Gaborone, Botswana. The Government of Botswana imposed a restriction on the use of
leaded petrol in March 2006. This study was intended to make measurement of lead content in the
particles before and after the implementation of the above restriction in Botswana. The measurements
were taken three weeks before and about eight weeks after the implementation of the restriction. The
idea was to investigate the trend in the variation of lead content in particles. During this study it was
seen that the concentration of atmospheric lead declined by about 24 %.
Keywords: Lead particles, leaded petrol and pollution, human health.

INTRODUCTION
Cadmium, lead, mercury and nickel are some of the airborne harmful metals. Of
major interest and concern is toxic lead because it is more largely dispersed compared to
the other harmful metals mentioned above, as they are locally and regionally concentrated.
A cause for the large dispersion of toxic lead is vehicular emission. Lead is a part of
leaded petrol, which most countries are still using. Other sources of environmental lead
include industries for paints, batteries, lead sheets and pipes, cable sheathing, solder etc.
Environmental lead concentration has been seen to vary from 0.2 to 2 µg m-3 - this is
dependent on rural or urban area, and on traffic volume (Elsom, 1987).
All over the world, the vehicular density has been seen to rise over the last two
decades, causing a negative impact on human health and the environment and so some
countries like Mexico, China and the European Union have stopped using leaded petrol
(UNEP, 1999).Consequently the environmental lead concentration has been seen to
decrease. A study undertaken in 2002 in South Africa has shown significant reductions in
blood lead levels among school children following the introduction of unleaded petrol in
South Africa (Mathee, et al., 2006). A similar study was also done in the United States of
America (Lanphear et al., 2000). Other studies also revealed that the lead level in blood has
decreased due to the phasing out of leaded petrol (Engconsult, 2006).
More than 85 % of lead emissions from automobiles consist of highly toxic inorganic
lead, which is easily absorbed into the body due to the small size of combustion - derived
lead particles. Many studies have shown the associations between blood lead levels and
adverse neurological outcomes and behavioural effects (Davis, 1990, Tong, 1998; Paulina
et al. 2004, Pocock et al., 1994; and Schwartz, 1994). Lead particle concentration was also
investigated in the UK after the phasing out of leaded petrol. Their results also indicated a
lower concentration of lead particles in the atmosphere (Nicolas, 2003).
Ambient lead from vehicle exhaust may also travel a long distance and spread
widely, although much lead is deposited on the soil in areas near heavily travelled roads,
where it persists for prolonged period eventually damaging vegetation. To reduce the impact
of lead on the environment, leaded petrol was phased out in sub-Saharan Africa with effect
from 1 January 2006 (Wikipedia, 2006).
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As part of a global campaign to reduce the negative effects of lead poisoning in living
organisms, the Government of Botswana also terminated the use and sale of leaded petrol
from 1 April 2006 see declaration order dated 9 March 2005 (Government of Botswana,
2005).
Botswana is a land locked country in Southern Africa with a population of about
1.6 million and a total area of about 581,730 km2 (Botswana Tourism Board, 2006). There
are approximately 125 motor vehicles for every 1000 people (2007). The total number of
registered vehicles has increased from 31,684 in 1980 to just over 200,000 in 2006 (BOPA,
2006).
In the present study, it was decided to measure the lead content variation in the
airborne particles before and after the phasing out of leaded petrol. The facilities for the
required measurements exist in the Department of Physics in the University of Botswana.
Carbon Adhesive Disc

Figure 1. Environmental Scanning Electron
Microscope Stub.
Stub

EXPERIMENTAL SET UP
The aim of the present study was to monitor the concentration of lead content
present in the collected atmospheric samples. Atmospheric samples were collected on
small aluminium stubs which had high purity carbon discs of about 12 mm in diameter
attached to the stub top. Figure 1 shows an example of the stub used. The exposed side of
the carbon disc had a smooth surface with adhesive to capture environmental particles to
be later analysed using an environmental scanning electron microscope (ESEM). Each stub
was placed in a beaker so that wind effects could be minimised and only free falling particles
could be captured. The beaker was placed at a height of about 2 m from the ground and
about 5 m away from a busy road that passes by the side of the University of Botswana.
Exposure times were determined by analysing the traffic flow on the road. It was decided to
collect samples when there was high traffic flow. After the preliminary study, it was decided
to expose a stub for four hours. A new stub was used each time and samples were collected
three times a week. The study was planned for three weeks before and eight weeks after
the official date of closure of sale of leaded petrol (1 April 2006). The exposed stubs were
collected and kept safely in a box in the laboratory for later analysis using the ESEM.
The stubs were then analyzed using Environmental Scanning Electron Microscope
(ESEM) to detect the lead concentration in the particles collected on each stub. As part
of preparing the stub for analysis, the stubs were carbon coated by resistive heating of
shaped carbon rods to provide electrical conductivity. The carbon is heated in a vacuum to a
temperature of approximately 2137 °C and till a vapour pressure of 1 x 10-4 mb is achieved.
In this condition carbon sublimes and vaporization takes place. As the atoms of evaporated
carbon come into contact with the stub, they migrate along its surface, forming clusters and
cause a continuous film to be produced.
Each particle in each stub was observed through ESEM and the weight percentage
of each element in each particle was measured.
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The photographs of those particles with elemental lead were also taken using ESEM. Some
of the micro photographs of the particles are shown in Figure 4(a-b). Data were collected
from the ESEM and the average percentage weight of elements observed in each stub was
calculated.
RESULTS AND OBSERVATIONS
Table 1 shows the weight % of elements present in one of the particles in Stub
No.1 which was exposed on 10 March 2006 as analysed by the ESEM. It shows a very high
concentration of lead (90.58 %).
Table 1. The weight (%) of elements present in a particle.
Element

Weight %

Aluminium

2.31

Silicon

3.68

Potassium

1.00

Iron

1.05

Copper

1.36

Lead

90.58

Similarly the elements present in other particles in different stubs were also analysed using
ESEM. The average lead concentration in each particle on each stub was found and a
graph of average weight in percent (%) of lead concentration in different stubs was plotted
and can be seen in Figure 2.

Figure 2. Amount of lead present in each stub on different days.

The graph shows the average lead concentration on each stub between 10 March 2006
and 2 June 2006. Stub No.1 on 10 March 2006 recorded the maximum lead concentration
of 90.58 % and Stub No. 30 on 2 June 2006 recorded the minimum lead concentration of
68.74 %.
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As the days progress the amount of lead content present reveals a decreasing trend.
This could be due to the phasing out of leaded petrol from 1 April 2006 as per Botswana
Government Declaration Order dated 9 March 2005.
Figure 3 shows the average size of particles found containing lead. The average
diameter of large particles that contained lead was 5 µm and was found in stub Nos. 22 and
28 whereas the average diameter of the smallest particle that contained lead was 1 µm and
was found in stub No. 20.
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CONCLUSION
This study shows a declining trend in the concentration of lead content in the
atmosphere in Gaborone, Botswana as was expected. The decline of lead concentration
in the atmosphere in the 84 days was seen to be about 24 %. It is thought that this effect
is due to the transition of the usage of unleaded petrol in Botswana which began from
1 April 2006. We should bear in mind that the lead particle emitted from the leaded
petrol before the transition date could remain in the atmosphere for several months. The
measurements (Hana et al., 1983) show that 25 % of the vehicular emission, lead, is in the
form of large, coarse particles which settle on the road-side and the rest are of a fine size
which remain floating for a considerable time due to their high residence time. The earlier
reports (Niriagv, 1989) suggest that an anthropogenic contribution from vehicular emissions
in particular, dominates the natural cause of lead particles. The concentration of particles
from mobile and immobile sources is largely controlled by meteorological parameters, wind
speed and direction. Despite the contribution to human health impact, the possible role of
these particles are visibility reduction and solar energy transfer influencing environmental
conditions. These airborne lead particles may also act as ice forming nuclei in ice formation
in clouds if favourable conditions exist (Haar and Gray, 1971). In order to have a better
understanding in the trend of lead particles in the atmosphere, continued study is required.
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Figure 3. The variation of size of particles containing lead.

Figures (4a - b) show the photomicrographs of different particles containing lead,
taken by ESEM. Figure 4a was for the particle containing lead in stub No. 14. The size of
the particle was about 2 μm in diameter and was exposed on 24 April 2006 whereas Figure
4b was for the particle containing lead in stub No. 28 and was exposed on 28 May 2006.
The size of this particle was about 5 μm in diameter and was one of the largest observed
particles containing lead.
Figure 4a (left). Stub 14 (24 April 2006).

Figure 4b (right). Stub 28 (28 May 2006).
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A NOTE ON A SKY MIRAGE AT KINLOSS, SCOTLAND
By STEUART CAMPBELL
4 Dovecot Loan, Edinburgh, Scotland, EH14 2LT, UK.

Most people, even meteorologists, associate the word ‘mirage’ with the common
inferior mirage often seen on a hot surface, usually a road. In such a case, the caustic
formed by the thermocline just above the hot surface acts as a mirror, reflecting whatever is
in view just above the road in the far distance.
		
Few are aware that a ‘superior mirage’ can sometimes be seen in the sky, the
image being reflected off a caustic formed by a thermocline in a temperature inversion.
Such inversions are common, forming in calm conditions where the ground cools faster than
the air above it. The images seen via such a mechanism are often reported as UFOs, as in
the case described in this article. However, it is rare for someone to obtain a visual record
of such an event.
		
At about 1655 on 5 March 1996, Dave Sidley and his wife noticed strange lights
coming and going in different places in the sky to the east of their home in the west of
Inverness (Scotland). It was daylight, with an overcast sky and very little wind. He
immediately reached for his camcorder and began recording the lights (see accompanying
stills (Plates 1 and 2)). He told his wife that they might be UFOs. At first the mirages are brief
flashes at various places in the eastern sky, but later a light is seen to move steadily across
the sky from right to left (south to north). The video sequence is 3 minutes 45 seconds long.
		
Sidley’s report and his tape found its way to the BBC in Inverness, who asked
me for an opinion. The tape and an interview with me were later broadcast on Reporting
Scotland from the BBC’s studio in Edinburgh on 22 May 1996. At the time, I did not know
the source of the lights, but I did declare them to be mirages.
		
Only when I obtained the full tape recording was the source obvious. At the end
of the recording (time then recorded as ‘4:56’), an RAF Nimrod MR2 ISTAR (Intelligence
Surveillance Targeting Acquisition Reconnaissance) aircraft can be seen (see Plate 2
showing the aircraft). It was then obvious that the mirages were of the Nimrod’s powerful
lights. In July that year I received confirmation from Squadron Leader Brian Connolly at
RAF Kinloss (letter dated 10 July 1996), where the Nimrod’s were based, that they do fly
with lights on permanently. Unfortunately he referred to the date of the BBC broadcast, not
the date of the incident, but after I queried this on the 14th August a telephone call from
F/L Simon Prior at Kinloss to me confirmed that a Nimrod was flying on the day in question
and that it had flown towards Inverness, although not over it. He stated that the aircraft was
fitted with two 600 W landing lights and he confirmed that they would have been on during
the flight. Nimrod crews regularly practice manoeuvres known as ‘circuits and bumps’,
flying around the high ground south of Kinloss and periodically touching the runway but not
landing. A Nimrod which flew east from Kinloss and then circled to the right would eventually
head west towards Inverness. The Nimrods regularly use Ben Rinnes (840 m high and 57.5
km almost due east of Inverness) as a ‘turning point’. Consequently, a Nimrod that had
turned at Ben Rinnes was almost certainly the source of the unidentifiable lights.
		
Such mirage lights could only have been seen as reflections, perhaps magnified,
off various inversion layers between Ben Rinnes and Inverness. The images would be
transient, initially anyway, because of movement not just of the Nimrod but of the inversion
layers (it is evident from the different altitude at which the mirages were observed that
several separate inversion layers must have been involved).
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At the time a large anticyclone was centred near Ireland, dominating the weather
over the UK (see the synoptic chart that shows the situation about one hour later - Figure 1),
but a weak cold front affected northern Scotland during the day. The forecast for the Moray
Firth and Grampians was mainly dry with some bright or sunny spells, with cloudy skies
dominating in the afternoon. The clouds can be seen in one of the stills.

Figure 1. The MSLP Analysis at
1800 UTC on 5 March 1996
© Met Office.
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At Kinloss, the following weather data were recorded: in the 24 hours to 1500 on 4 March
1996, with neither sun nor rain, the temperature had been between 6 °C (min) and 9 °C
(max); in the 24 hours to 1500 on 5 March 1996, there had still been no rain but there had
been 2.3 hours sun and the temperature had varied between 2 °C (min) and 10 °C (max).
At Kinloss at 1700, the surface temperature was 8.4 °C with a wind of 9 km from
270 °. The previous night had seen the temperature fall to 1.7 °C, with a very light wind. In
Inverness, it had fallen to -0.4 °C.
The nearest upper air data come from Stornaway, some 160 km away to the
northwest. Data are available only for 1200 on 5 March 1996 but they do show inversions
(at 2058 - 2157 m and 5201 - 5600 m). The wind was generally from the northwest at 11 kn
(surface) to 32 kn (at 5000 m).
I counted at least 10 separate mirage images at three different levels. In the latter
part of the video, an almost continuous brighter light appears, steadily moving north. This
seems to be a direct view of the Nimrod’s lights, therefore the aircraft itself is not visible until
later in the sequence, when the lights themselves cannot be seen because the view is sideon.

Plate 2. A still from near the end of the video sequence showing the Nimrod
circling on its way back to Kinloss. © Dave Sidley.

Note that although currently unavailable, should the video clip become viewable on the IJMet website,
readers will be notified in a future issue of the Journal.

Plate 1. A still from the video showing one of the mirage images of the Nimrod’s lights: the spot of
light indicated by the arrow. Note the smoke, which indicates calm conditions.
(Bottom right box: zoomed in image of mirage). © Dave Sidley.
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DR. GREG FORBES
Severe Weather Expert, The Weather Channel, Atlanta, GA, USA.

The “Great Tornado Hunt”, VORTEX2, ended on Saturday 13 June 2009 with
much of the same frustration that hounded it for all but one day since it began on the 10th
May -- no tornadic storms. The sole tornado capture was a spectacular one, an EF2 tornado
in southeast Wyoming on the 5th June.
But VORTEX2 scientists captured valuable comparison data on non-tornadic
supercell thunderstorms on several occasions. This is the overall goal of VORTEX2: to
determine why and how some supercell thunderstorms develop tornadoes, whereas others
do not. But to obtain confident results as answers to those questions, they need to capture
data on more than one tornado! Doing that will have to wait until the field phase of the
project resumes in 2010.
The map below shows the preliminary number of tornadoes that occurred in the
states included in the VORTEX2 operations area. While those numbers look impressive,
nearly each state wound up below average for the operations period.

© Roger Webber

Both photos received 1st and 2nd Place at the 2009 TORRO Autumn
Conference Competition! Congratulations Roger!

Figure 1. Below average tornado rates included in the VORTEX2 operations area.

© IJMET PHOTOGRAPHY email: howard@ijmet.org

HOW THE WEATHER PATTERN
LET DOWN VORTEX2 IN 2009

I

II

© Paul Hunter

Milford-on-Sea, UK
14 November 2009
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How bad was it?
The following list shows my preliminary calculations for the 10th May – 13th June
period. Only Missouri was above average, and most of those tornadoes occurred outside of
the VORTEX2 domain.
South Dakota 90 % below average.
Iowa 88 % below average.
Wisconsin 78 % below average.
Oklahoma 67 % below average.
Kansas 65 % below average.
Nebraska 52 % below average.
Texas 40 % below average.
Wyoming 20 % below average.
Colorado 7 % below average.
Missouri 90 % above average.
10-state total 50 % below average.

© Jane Burridge
Hayling Seafront
16 November 2009

© Pete Scott

Newhaven Lighthouse
14 November 2009

By my count, the number of tornadoes in these states was the fourth-lowest in the past
15 years, with 2006 having the fewest tornadoes during this period. What a difference a
year makes. In 2008, tornadoes occurred in 452 counties in that 10-state area during the
VORTEX2 period. For the good of scientific research, the hope is that 2010 is more active yet also one where tornadoes are relatively remote and free of disasters.
The weather pattern during the second half of May - with the jet stream up in
Canada - dramatically reduced the chance for supercell thunderstorms and tornadoes in
the VORTEX2 operations area. That “drought” period never allowed the operations period
to get back to normal, tornado-wise.
It seems like May 2009 had a split personality - bad May and good May! The last
half of May was quiet in terms of severe thunderstorms and tornadoes - good May (from the
public’s perspective). But the month actually began with quite a few such storms - bad May.
Table 1 shows this.
1 – 15 May

16 - 29 May

Preliminary Tornado Count

168

28

Departure from 10-yr Average

+15 %

-79 %

Average Daily Severe Reports

15

52

Departure from 10-yr Average

-12 %

-71 %

Table 1. Two-halves of May 2009 and the tornado and severe weather reports and their difference to
the 10-year average in May. Clearly the second half of May was a hugely below average.

It seems like the atmosphere flipped a switch on the 16th May. Late May was so quiet
largely due to the upper level jet stream which retreated into Canada, as shown in the
following Figures (© NOAA/ESRL).
Figure 2 - The darker shades above the main line of winds indicate the jet-stream
axis up in Canada, with speeds up to about 40 m/s (90 mph). By contrast, that white region
across much of the United States has winds less than 10 m/s (22 mph). This map certainly
does not look like a typical May jet stream situation.
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I’ve been saying it looked like August, and Figure 3 proves it. The average upperlevel wind pattern for August is shown. Wind speeds are lower, peaking at about 25 m/s
(56 mph), but the axis of main jet stream winds is along the United States-Canada border,
slightly south of where it was in late May, but very close.

Figure 2. 300 mb winds (m/s) showing the jet stream far up in Canada when usually it is much farther
south aiding severe weather potential. © NOAA/ESRL.

Figure 4. Map showing the 300 mb winds (m/s) much more conducive to severe thunderstorm and
tornado development. © NOAA/ESRL.

What should the upper winds in May look like in a “normal” year?
In a pattern that is usually pretty variable, notice that much of the country has
speeds in the 15-25 m/s range (34-56 mph); fastest in the Northeast and Mexico. That’s
much more favourable for severe thunderstorms – see Figure 4.
What does the upper-level wind have to do with it?
Weak jet-stream-level winds hamper severe thunderstorms and tornadoes for two
reasons. First, low-pressure weather systems and their fronts tend to flow along the jet
stream - so there were not many such systems in the United States during late May to
trigger severe thunderstorms. Big severe weather outbreaks usually require that type of
weather system. Second, with weak winds aloft, the thunderstorms that do form tend to be
almost upright rather than tilted or leaning over - their tops pushed forward faster than their
bases by strong winds aloft. Upright storms tend to be short-lived because the rain and hail
generated in the thunderstorm updraught falls right back down into it, disrupting, cooling,
and weakening it. They don’t usually have the type of wind shear needed for updraught
rotation and supercell thunderstorm development.
Figure 3. August map showing very close resemblance to the wind pattern that occurred in May 2009.
© NOAA/ESRL.

Stormchasing in 2009 – My brother and I didn’t have a great year chasing last year, although we did
manage to see storms almost daily, they were weak and only one rotated. Just as the season began to
‘pick up’ again for chasers, we had to come home!… Write in, tell us your chasing stories!
Samantha (Editor).
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SHORT COMMUNICATION

THIRTY YEARS AGO - THE FASTNET RACE DISASTER
By PAUL R. BROWN
Thirty years ago the biennial Fastnet Yacht Race took place on 13-14 August
1979, in which competitors are required to sail from the Isle of Wight to the Fastnet Rock off
southern Ireland, then back home again.
The weather of that month was unsettled, with Atlantic fronts crossing the British
Isles at frequent intervals. By midday on the 11th August another in a long succession of
depressions was moving out of North America across Nova Scotia, with central pressure
1001 mb; 24 hours later it was east of Newfoundland, at 45 °W, although at this time
the central pressure had risen a few millibars to 1006. It continued moving steadily east
near the 50th parallel, and by 1200 GMT on the 13th (the day of the Fastnet Race) it was
approaching southwest Ireland, the centre by now analysed as 996 mb. Up to this point
there had been no gale warnings, but the new evidence that it had deepened about 10
millibars since the previous day prompted the forecasters to issue preliminary warnings
that afternoon for the Southwest Approaches. By late afternoon, increasing pressure falls at
Valentia began to cause alarm, and the gale warnings were amended to make them more
urgent (though still only Force 8).
By 1800 GMT pressure at Valentia was falling very rapidly (6.6 millibars in three
hours), and this rate accelerated through the evening, until at one point it was falling
over 10 millibars in three hours - a value occasionally reached in autumn and winter, but
almost unknown in summer. The gale warnings were increased to Force 9. It is not easy to
ascertain the exact central pressure of the depression at 1800 GMT, when it was still just
off southwest Ireland, but shortly after midnight on the 14th, when it was moving into the
Shannon Estuary, it was down to 978 mb, having deepened nearly 20 millibars in 12 hours.
The possibility of Force 10 was now being forecast.
As it moved across southern Ireland in the early hours of the 14th August the
low began to fill very slowly, but was still 980 mb over Kilkenny at 0600 GMT. Figure 1
shows the synoptic situation at 0300 GMT. The depression had been preceded by an open
wave on a cold front, which had moved north-east across Wales and England the previous
evening (and which can still be seen moving away across the North Sea). Earlier, this wave
and the new incoming low had been quite separate features, but as the latter caught up
with the wave, its warm front became linked to the trailing cold front, as shown on the chart.
As the new low centre crossed Ireland, a very tight pressure gradient developed
to its south, between Fastnet and the Isles of Scilly, associated with a back-bent occlusion.
Winds in this area appear to have reached at least Force 10-11 for a time in the early hours
of the morning, and Pedgley (1997) analysed a small area of Force 12 just south of Fastnet
Rock at 0300 GMT at the height of the storm (based on reports from yachts in the area).
This very tight gradient began to weaken as it moved on into Wales and southwest England
later, but the exposed headlands of Mumbles and Hartland Point still measured gusts of 66
and 74 knots respectively. By a most unfortunate coincidence, the severest winds occurred
just at the time when many of the yachts in the race were in the worst affected area. These
were boats that would not normally encounter much more than a Force 6 when out for
pleasure, and would certainly not intentionally venture into a Force 8 gale; so when they
were suddenly and unexpectedly overtaken by a Force 10-11 it is hardly surprising that the
result was the worst disaster in the history of British yachting.
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Twenty-three yachts were lost, and 15 crew members drowned, together with
another four from a non-racing boat; 165 yachts withdrew from the race, and fewer than half
of those that started reached the finishing line (Anon, 1979).
It was generally agreed that the immediate cause of the disaster was the extreme
height and confusion of the waves rather than the wind strength per se.
ANON. (1979) The Fastnet race disaster, 14 August 1979. J. Meteorology, UK, 4, 277-280.
PEDGLEY, D. E. (1997) The Fastnet storm of 1979: a mesoscale surface jet. Weather, 52, 230-242.
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TORRO TORNADO DIVISION REPORT:
AUGUST and SEPTEMBER 2004
By PAUL R. BROWN and G. TERENCE MEADEN
A warm, humid, south-easterly airflow prevailed for the first 10 days of August 2004, the middle of the
month was cyclonic, and the last week was westerly. This was a productive month for whirlwinds, with
16 tornadoes (11 definite), four waterspouts, and 15 funnel clouds; there were also three tornadoes
in the Irish Republic. September, by contrast, was very quiet, with just two tornadoes and two funnel
clouds; the first 10 days being mainly anticyclonic, while westerly types prevailed for the rest of the
month.

TN2004Aug03 Wallingford, Oxfordshire (51° 36’ N 1° 08’ W, SU 603892)
Terence Meaden interviewed one of the witnesses to this tornado, Ms Phyllis
Charlton of Springdale, who said that during a torrential thunderstorm with hail (and ball
lightning) she saw a whirling wind with leaves spiralling into the air and the visibility within
the swirl zero (as if it was fog or cloud). Later she noticed huge quantities of leaves lying
in a cyclical pattern, and at Kine Croft Park she found trees and many branches down. A
neighbour in Norman Way told her that garden furniture from another street had landed
in her garden, while at Beansheaf Terrace a witness saw a tree turning in the air as it
was uprooted. All these places are within a few hundred metres of each other; but there
were also reports of possible tornado damage at Brightwell-cum-Sotwell (witness Ms Anne
Roberts) and Wittenham Clumps, some 2-3 km northwest of the other locations. The time
was 3.30 pm (1430 GMT), and Ms Charlton indicated that the direction of travel was roughly
west to east. Force T1.
At 1200 GMT a slack pressure gradient covered the British Isles between high
pressure far to the northeast and an ill-defined ridge in the Southwest Approaches. It
became warm and humid in central areas, with temperatures in the mid-20s °C (and dew
points 17-19 °C), but heavy thunderstorms broke out quite widely in the afternoon.
tn2004Aug05/I Hanworth/Hampton, Greater London (c 51° 25’ N 0° 22’ W, TQ 1271)
Report from Mr Robert Craik. Said to have occurred about 1415 GMT, but no
further details to hand. At 1200 GMT a slack pressure gradient covered England and Wales
ahead of fronts moving into Ireland in association with a low, 994 mb, in mid-Atlantic. The
weather was again very warm and humid, with afternoon thunderstorms in many central
areas.
FC2004Aug05 Near Knighton, Radnorshire (c 52° 20’ N 3° 03’ W, SO 2872)
Reported with photographs on The Weather Outlook forum. Time given as 7.007.30 pm (1800-1830 GMT). Information from John Mason of TORRO.
TN2004Aug05/II Stone, Staffordshire (52° 54’ N 2° 08’ W, SJ 9034)
A correspondent to the uk.sci.weather group reported a possible tornado “as some
trees were blown down including an oak tree which fell on to a club house”. This would not
normally be considered sufficient evidence for a tornado, but Chris Hawkridge of TORRO
spoke to two fire officers who confirmed that, not only had they received tree damage reports
from this tornado, but that it was witnessed passing the back of their HQ at grid reference SJ
904309 (time not known).
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WS2004Aug10 Between Sark and Guernsey, Channel Islands (c 49° 26’ N 2° 27’ W)
Report received third hand via the UKweatherworld forum (observer’s name not
recorded). Time of the sighting was about 1830 (1730 GMT). At 1800 GMT a slack south
to south-easterly airflow covered the British Isles associated with a low, 994 mb, well to the
southwest of Ireland. A cold front was moving slowly north over northern England, and a
shower trough was passing through the Channel Islands.
TN2004Aug11 Malham, North Yorkshire (c 54° 03’ N 2° 08’ W, SD 9062)
A photograph was received from Mr Stephen Crick, taken during the afternoon
(exact time not stated), showing a long, thin, funnel stretching from cloudbase to horizon,
and apparently reaching the ground over open moorland. The synoptic situation was similar
to that of the previous day. Showers and thunderstorms developed quite widely during the
day, while parts of Scotland had more prolonged rain.
FC2004Aug11? Kingsteignton, Devon (50° 33’ N 3° 35’ W, SX 8773)
A press report (Thisissouthdevon web site) on the 14th August carried the headline
‘Tornado strikes during storm’; but while it described the effects of a thunderstorm on
‘Thursday’ (12th), it stated that the “twister was spotted heading across the outskirts of
Kingsteignton near the clay pits ... on Wednesday”, i.e. the 11th, where it was seen by Mr
Simon Titt and others. There is obviously some uncertainty about the date, and there is no
evidence that it reached the ground. It was seen in the afternoon, and was said to have
been visible for a few minutes.
FC2004Aug12/I Poole, Dorset (50° 43’ N 1° 58’ W, SZ 0191)
Reported to the UKweatherworld forum. Time given as 0930 GMT. By 1200 GMT
the low that had been to the southwest for several days had drifted into southern Ireland,
centre 999 mb. There were further showers and thunderstorms, locally heavy, over England
and Wales, and more prolonged rain again over parts of Scotland.
FC2004Aug12/II Leicestershire
Witnessed by Mark Humpage of TORRO, and reported to the UKweatherworld
forum. No further details to hand. The location was given as Letteridge (Leicestershire), but
no such place is known.
TN2004Aug15 Dunhampton/Hartlebury, Worcestershire (52° 17’ N 2° 13’ W, SO 8466)
Terence Meaden interviewed Mr E. James Howell, who experienced this tornado
at his farm, one kilometre from the A449 road (at Comhampton?). He and others watched
the funnel shaking a hedge, spinning straw into the air, and lifting a heavy wet bale of
straw and tumbling it about five metres. The Wolverhampton Express & Star (19th August)
reported that the tornado had removed the roof of a petrol station at nearby Hartlebury, and
also described its passage through the Kidderminster Caravans holiday park (SO 841690),
where Mr Adrian Hart said: “... I noticed a lot of debris in the air. The wind became really
strong very quickly... The cloud was about 300 feet across and was spinning around. A
cone of wind dropped from the sky to the ground about 40 yards from us.” Another camper,
Mr James Barnett, said: “It was a proper twister, like in the films. It only seemed to affect
Hartlebury, then it went off towards Clent - we saw it touch down three more times in fields
as it went away.” Awnings were ripped away and television aerials and tent pegs sent flying
through the air, damaging cars. Mr Howell gave the time as 4.00 pm (1500 GMT), but the
newspaper gave it as 7.00 pm (1800 GMT) - the farmer is more likely to be right. The track
length was three kilometres, possibly more, from south or southwest. Force T1.
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At 1200 GMT a weak, humid, southwesterly airflow covered the British Isles
between a high, 1021 mb, over central Europe and a complex low, 1005 mb, west of Ireland.
There were scattered, locally heavy, showers, and a few reports of thunder.
TN2004Aug16/I Caldicot, Monmouthshire (51° 35’ N 2° 45’ W, ST 484877)
The South Wales Argus (17th August) reported this as ‘Freak whirlwind strikes
town’. It affected the Blackbird Road, Heron Road, Plover Crescent, and Mill Lane area
at about 1230 pm (1130 GMT), when several houses suffered damage to their roofs. The
implied track was a few hundred metres in length from about southwest. Force T1.
By 1200 GMT the previous day’s low, now 998 mb, had drifted a bit closer to
western Ireland, and several shower troughs were circulating round it over the British
Isles. There were further showers, and some longer spells of rain, in most areas, with local
thunder.
FC2004Aug16/I Ashton-under-Lyne, Lancashire (c 53° 29’ N 2° 05’ W, SJ 9499)
Mr Paul McDowell saw a funnel cloud from Oldham in the direction of Ashtonunder-Lyne at 1720 GMT.
tn2004Aug16/II Swynnerton area, Staffordshire (c 52° 55’ N 2° 12’ W, SJ 8535)
This tornado was reported in the Staffordshire Newsletter of the 20th August.
Several people in Swynnerton, Creswell, Yarnfield, and Walton reported seeing “a spiralling
funnel of wind” during a thunderstorm at 7.30 pm (1830 GMT). Most of the witness
statements make no specific mention of its having reached the ground, although Mrs Julie
Pickering of Yarnfield said: “It was quite frightening. The wind was howling and extremely
violent”, which seems to suggest ground contact. In a separate report, Chris Hawkridge of
TORRO submitted a photograph, taken at 2007 (1907 GMT) from just outside Stafford in
the direction of Great Bridgeford, showing a well-formed funnel cloud reaching more than
halfway to the ground; this is presumably the same one that the other people saw, but he
was unable to find any sign of damage in the area.
fc2004Aug16/II Sheffield (Sothall), West Riding of Yorkshire (53° 20’ N 1° 19’ W, SK 4482)
Mr N. Fishwick saw what he described as ‘the beginnings of a tornado’ during an
evening thunderstorm. It only lasted about 30 seconds.
TN2004Aug17 Near Longniddry, East Lothian (c 55° 58’ N 2° 53’ W, NT 4476)
Mr Tom Paton sent us details of a tornado cloud that he saw at about 3 pm (1400
GMT) from a position just west of Longniddry. It was a few miles away to the southeast, and
the photograph he took shows a very broad funnel descending to below the near horizon.
There appear to have been no reports of damage. There was heavy rain and thunder in the
area at the time. An account of Mr Paton’s sighting was later published in The Scotsman.
At 1200 GMT the British Isles remained within the circulation of the previous
day’s low, now 992 mb, near western Ireland, but this was becoming absorbed by a new
developing low, 989 mb, to the southwest. There were further showers and thunderstorms,
mainly over northern England and Scotland, while more persistent rain affected southwest
England.
tn2004Aug18/I Penmaen, Glamorgan (51° 35’ N 4° 07’ W, SS 535886)
Ms Amanda Denison contacted TORRO’s John Mason about an event that
happened at the Three Cliffs Bay campsite at North Hills Farm during the night.
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She described how poles were snapped in half, canvas and nylon was ripped, a heavy
trailer was somersaulted three times and deposited upside down 15 feet away, tent poles,
cookers, furniture, and gas canisters were flying through the air, awnings ripped from
caravans, and fencing destroyed. None of this points conclusively to a tornado, but there
was certainly a sudden, short, spell of wind much stronger than before or after. There is
some doubt about the time: Ms Denison said it happened at 1.30 am (0030 GMT), but
acknowledged that this might be inaccurate, while the owner of the site, Mr Glyn Beynon,
was quoted as saying 3.00 am (0200 GMT), though he did not witness the storm himself.
(Mumbles Head recorded a gust of 55 knots at 0218 GMT.)
At 0000 GMT a deep low, 982 mb, lay to the southwest of Britain, while a small
secondary of 990 mb was centred near Pembrokeshire; during the day, the secondary
deepened and moved to the North Channel, the main low moved towards northwest France,
and their associated fronts and troughs moved north over all parts of Britain, giving showers
or longer periods of rain, heavy at times - thunderstorms were widespread in the afternoon.
rs2004Aug18 Knighton, Radnorshire (52° 20’ N 3° 03’ W, SO 2872)
The Shropshire Star of the 19th August reported that “At about 2.30 pm [1330 GMT]
yesterday members of the Knighton Writers were arriving at the St Edward’s Close social
room for their latest meeting. But following a brief thunderstorm, the group was stunned to
find a number of small fish had apparently rained out of the sky and were lying on a paved
area outside the building - nowhere near the River Teme.”
TN2004Aug18/II Luton, Bedfordshire (51° 54’ N 0° 27’ W, TL 070233)
First reported on a now-defunct web site, the tornado was said to have damaged
two industrial premises at Selbourne Road. Mr Naveed Salam of Selbourne Motors
described seeing his signboards flying about, and Mr Alan Corkhill of Regal Litho heard a
huge bang and then part of the roof started falling in; he and his colleagues escaped injury
by taking cover, but flying debris damaged a number of motor cars outside. It was said to
have lasted 90 seconds. The meteorologist Philip Eden, who lives in the area, sent us a
photograph he took (before he had heard about the tornado), which shows an interesting
scud cloud which could have been the remnants of the tornado funnel. The time of the event
is not recorded, but it was in the afternoon. Force T1-2.
FC2004Aug20/I Horton, Northamptonshire (52° 10’ N 0° 48’ W, SP 8154)
Photographed by Sam Jowett of TORRO at about 1100 GMT. At 1200 GMT
the British Isles lay between a low, 985 mb, off the coast of Norway and a ridge of high
pressure in mid-Atlantic. An occlusion, introducing a cool northerly airstream, was moving
slowly southeast across the English Midlands, followed by a secondary cold front. There
were showers and thunderstorms near the occlusion, rain on the cold front, and scattered
showers much further to the northwest over Ireland and Scotland.
FC2004Aug20/II Oxted, Surrey (51° 15’ N 0° 00’ W, TQ 3852)
Report received via Matt Capper of TORRO. A small funnel cloud was seen at
about 2.00 pm (1300 GMT).
FC2004Aug20/III Michael Wood Service Station, Gloucestershire (51° 39’ N 2° 25’ W, ST
7095)
Reported on the UKweatherworld forum. No further details to hand.

316

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
November 2009, Vol.34, No.343

FC2004Aug21/I Jersey (Airport), Channel Islands (49° 13’ N 2° 12’ W)
Reported in the 1250 GMT METAR from Jersey Airport. At 1200 GMT the previous
day’s mid-Atlantic ridge was moving east across Ireland. It was a day of sunny periods and
scattered showers, these mainly in the north and east.
FC2004Aug21/II Stornoway (Airport), Isle of Lewis, Western Isles (c 58° 13’ N 6° 20’ W, NB
4533)
Reported ‘in the vicinity’ in the 1320 GMT METAR from Stornoway Airport.
TN2004Aug23/I Lower Loxley, near Bramshall, to Stramshall, Staffordshire (52° 53’ N 1° 56’
W, SK 044312 to c 52° 55’ N 1° 53’ W, SK 078357)
This tornado first struck at what was given to us as ‘Burnt Mill House Farm’ at
Lower Loxley, near Bramshall, at 3.40 pm (1440 GMT); the Ordnance Survey, however,
does not show a farm of that name, but it does show a Burndhurst Mill, which is evidently
the intended location. Here, large branches were broken from trees, damaging a vehicle
as they fell, and the tornado was seen sucking water up about 50 feet as it crossed the
River Blithe. It then moved on a northeasterly track of 3.5-4 miles (about 6 km), passing
through Bramshall, before dying out in the Stramshall area. TORRO members Matt Capper,
Steven Warren, and Chris Hawkridge investigated the track the following day, and noted
trees shredded, damage to farm buildings, including some roofs ripped off, a few large oak
trees split in half, and bales of straw that had been rolled along and, in a few cases, picked
up and carried for as much as 1000 m (across hedges). The track width was fairly consistent
at 100 m. Force T3-4.
Two friends of TORRO’s John Mason took a photograph of the tornado, which
although not of good quality, shows it as a retreating dust whirl; and the Burton Mail (24th
August) printed a photograph of it, taken by Ms Helen Lyons. According to this press report,
a man suffered head injuries when his kitchen was wrecked by the tornado, and a girl was
thrown 70 feet across a yard (apparently without injury). Matt Capper obtained a very good
photograph of the tornado taken from Loxley Hall School by a photographer who did not
wish to be identified.
At 1200 GMT a depression of 1002 mb was slow-moving over the west coast of
Ireland; its occluded front was moving north over northern and eastern England, followed
by a small shower trough over the Midlands. Several of the tornadoes of this day appear
to have been associated with this trough. There was rain on the occlusion, followed by
showers and thunderstorms (locally heavy) behind it.
TN+FC2004Aug23/II Alton, near Clay Cross, Derbyshire (c 53° 10’ N 1° 27’ W, SK 3764)
Mr Adrian Avery was driving from Matlock to Chesterfield shortly after 4.15 pm
(1515 GMT). On leaving Matlock he saw a funnel cloud to the south, but by the time
he reached Ashover (say, 1530 GMT) it had disappeared; soon afterwards, however, it
reformed, and he described it thus: “It was grey/silvery colour and touched down to ground
several times - with smaller vortices coming off from the main. When it touched down - it
appeared to give a mist off the ground. The column was quite narrow and remained vertical
- straight down from the clouds. At the top the cloud was rotating and the funnel would
disappear and reappear for about 10 minutes.” From his high vantage point he watched “as
it moved across the valley towards Chesterfield.” He estimated that it was east of the hamlet
of Alton, a position that roughly coincides with a continuation of the line of the Lower Loxley
tornado. Force probably T0.
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tn2004Aug23/III Southwold, Suffolk (52° 19’ N 1° 40’ E, TM 5076)
BBC Norfolk and the East Anglian Daily Times (24th August) reported that a circus
big top was damaged during a thunderstorm at 4.30 pm (1530 GMT) by what was thought
to have been a tornado. The tent was first hit by lightning, then severe winds ripped a 30foot hole in the roof. One of the performers, Mr Ramon Cordell, said: “I saw clouds swirling
around very fast and then I saw a whirlwind appearing.”
tn2004Aug23/IV Weeting, Norfolk (52° 28’ N 0° 36’ E, TL 7789)
Photographs were received from Mr Pip Preiss showing a broad, ragged, funnel in
the near distance descending from a heavy bank of Cu/Cb clouds (there was thunder in the
area at the time). The base of the funnel was obscured by nearby buildings/trees, making
it difficult to assess whether it reached the ground, but if it did so it would have been over
open fields. The time was given as 4.40 pm (1540 GMT). Force probably T0-1.
TN2004Aug23/V Swanland, East Riding of Yorkshire (53° 46’ N 0° 29’ W, TA 003285)
A report in the Hull Daily Mail of the 24th August, mainly to do with flooding, added
that “... thousands of pounds of damage was caused when more than 100 panes in a
glasshouse at Swanland Nurseries [Beech Road] were smashed and left strewn over a
200 ft area in a whirlwind during last night’s [evening] storms.” (This location, like Alton, is
also on a north-easterly, but much more distant, extension of the line of the Lower Loxley
tornado.)
TN2004Aug24 Ullswater/Haweswater area, Cumbria (c 54° 32’ N 2° 51’ W, NY 41)
Mr Ron Richardson was travelling on the A6 road near Melkinthorpe at 1145
(1045 GMT) when he saw to the southwest “a large rotating cloud, black in colour with
grey sections spinning around and being drawn upwards”, and which he believed to be a
tornado; it was in the Glenridding/Ullswater/Haweswater area, and appeared to be on the
ground for about five minutes.
At 1200 GMT the previous day’s low, now 1001 mb, was drifting east across
southern Scotland. England and Wales had further showers and thunderstorms, the latter
mainly in the east, while the north of Scotland had more persistent rain at times.
FC2004Aug24/I Darlington area, County Durham (c 54° 31’ N 1° 33’ W, NZ 2814)
Reports were received that several people (unnamed) had seen a funnel cloud
from Darlington in the afternoon, and a picture purporting to be of the same funnel was
published in a national newspaper the following day. Teesside Airport also reported a funnel
cloud in the 1520 GMT METAR, which was presumably the same sighting.
FC2004Aug24/II Long Stratton, Norfolk (52° 29’ N 1° 14’ E, TM 1992)
Mr Steve Lansdell sent us a photograph of a funnel cloud seen at 1700 BST (1600
GMT). Although quite short in the picture, the funnel was said to have been much longer just
before it was taken.
2LD2004Aug26 East of Everleigh, Wiltshire (51° 16’ N 1° 42’ W, SU 2352)
Terence Meaden’s daughter, Isabella, saw two ‘huge’ land devils north of the
Barrow Plantation between Everleigh and Ludgershall at 1750 BST (1650 GMT); one was
the size of a house, the other a little smaller. At 1800 GMT a strengthening southwesterly
airstream covered the British Isles as a deepening depression, 988 mb, moved towards
northwest Scotland. Ahead of this, England and Wales had a fine day with increasing upper
cloud.
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WS2004Aug27 Thorney Island/Hayling Island, Hampshire (c 50° 49’ N 0° 58’ W, SU 7302)
Reported by Ms Kelly Barker. Time given as 1335 GMT. At 1200 GMT the previous
day’s low, now 979 mb, was moving east across Shetland, and its cold front was crossing
southeast England. There was rain on the front in the south, and squally showers over north
Scotland, but only isolated showers elsewhere.
FC2004Aug27 Irish Sea
Seen over the Irish Sea from Cumbria at 6.15 pm (1715 GMT). (Report via the
UKweatherworld forum.)
WS2004Aug28/I Port Isaac, Cornwall (c 50° 35’ N 4° 50’ W, SW 9980)
A waterspout was seen moving east off Port Isaac at 1015 GMT (information from
Nigel Bolton of TORRO). At 1200 GMT a westerly airstream covered the British Isles. Most
places were dry with variable amounts of cloud, but showers affected Ireland and parts of
Scotland.
2WS2004Aug28/II Aberporth, Cardiganshire (c 52° 08’ N 4° 32’ W, SN 2651)
Reported on the UKweatherworld forum (no further details known).
FC2004Aug28? Bridgwater, Somerset (51° 07’ N 2° 59’ W, ST 3037)
A picture was shown on ITV News on 28 December 2004 showing a long funnel
cloud, at least halfway to the ground, apparently taken on the 28th August (time not known).
TN2004Sep26 Isle of Coll, Argyllshire (56° 37’ N 6° 34’ W, NM 1956)
Mr John MacRae contacted us via Matt Capper of TORRO to report that at 8.20
pm (1920 GMT), “because of rather severe gales”, he went outside to check that everything
on his farm was all right, and looking to the southwest he saw a tornado funnel that briefly
reached the ground; it was about 10-15 ft (3-5 m) in width, and lasted less than a minute
before lifting and vanishing.
At 1800 GMT a westerly airstream covered the British Isles between a low, 976
mb, northeast of the Faeroe Islands and a high, 1030 mb, in the Bay of Biscay; a cold
front had cleared Scotland during the afternoon, but was lingering over northern England
and Ireland. There was rain and drizzle near the front, and a few showers in the north of
Scotland, but the airmass hardly seems unstable enough to have produced a tornado at
the time and place stated; and neither was the wind particularly strong, as implied in the
statement (though it had been quite windy earlier in the day).
TN2004Sep30 Attleborough, Norfolk (52° 31’ N 1° 00’ E, TM 0495)
Following reports of a tornado on Radio Norfolk and in the Eastern Daily Press of
the 30th September, TORRO’s Dr Charles Briscoe visited Attleborough the following day.
The vortex was first seen by Ms Cathy Blake to the south of Attleborough, from where she
watched it travel in a north-easterly direction parallel to, and just east of, the A11 road for
about 10 minutes, until it became lost from view; it kept growing and shrinking during this
time, but she could not be sure that it reached the ground; however, a colleague of hers took
a photograph, which, although not of the best quality, does appear to show the funnel cloud
reaching the ground (or nearly so).
At Attleborough itself the tornado struck several premises in Church Street and
High Street, where roof tiles were removed, bins and stalls were carried away, and two
parasols with heavy (30 lb) bases were lifted up or broken; a horse chestnut tree had all its
conkers torn off, and an old man claimed that he was lifted several inches off the bench on
which he had been resting.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
November 2009, Vol.34, No.343

319

The tornado then passed through the playground of a school (TM 052955), where water
was raised four feet from the ground and a metal drain cover was lifted out of its hole, but no
further effects were noted beyond this point. The track length on the ground was therefore
about 500 m from south-west or west-southwest, width 60 m, and force T1. The time was
approximately 1620 (1520 GMT).
At 1200 GMT eastern England was in the slack warm sector of a frontal system
moving slowly east, the cold front of which lay from northwest Scotland to central southern
England. By 1800 GMT this front had only just reached the Greenwich Meridian, so the
tornado occurred some way ahead of it. There was rain on the fronts, especially earlier in
the day, but this degenerated into showers during the afternoon.
FC2004Sep30/I Cogenhoe, Northamptonshire (52° 14’ N 0° 47’ W, SP 8260)
A funnel cloud was observed at Cogenhoe, near southeast Northampton, at 5.20
pm (1620 GMT), and was photographed 10 minutes later by Mr Mark Leabon at Earls
Barton (UKweatherworld forum). The picture shows a slender funnel about halfway to the
ground.
FC2004Sep30/II Between Peterborough and Thrapston, Northamptonshire/Cambridgeshire
(c 52° 28’ N 0° 27’ W, TL 08)
Reported by Mr David Edgeworth (The Weather Outlook forum) to the south of the
main road between Peterborough and Thrapston at about 1730 BST (1630 GMT).
Tornadoes in the Irish Republic (brief details from Dr John Tyrrell’s Annual Review)
TN2004Aug15 County Wicklow
A force T1 tornado caused slight damage to homes and farmland (see the
Dunhampton entry above for the synoptic situation).
TN2004Aug17 County Cork
A force T0 tornado was seen by several witnesses, but no track could be found
(see the Longniddry entry above for the synoptic situation).
TN2004Aug18 Bandon, County Cork (51° 45’ N 8° 44’ W, W 4955)
A force T1 tornado with a damage track of 1.1 km (see the Penmaen entry above
for the synoptic situation).
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TORRO THUNDERSTORM REPORT FOR
THE BRITISH ISLES:
MARCH AND APRIL 2009
By BOB PRICHARD
MARCH

There was a good deal of dry and sunny weather this month and so, not surprisingly,
not much thunder – though it did occur in various districts during the unsettled opening and
closing days.
A blustery, showery westerly airflow followed fronts into northern Scotland during
the afternoon of the 2nd, and thunder was reported on Fair Isle. The 3rd was wet and windy
across most of the country. Heavy rain accompanied the clearing cold front across England
in the evening, with some reports of hail – and one of thunder from Salisbury Plain. Deep
cold air followed in a rather slack westerly airflow on the 4th; the air was dry, but there
was a scattering of wintry showers, with isolated thunder in the afternoon. At night, a small
depression ran southeast over Cornwall, giving heavy snow for a time in the southwest;
there was an isolated thundery showery in its wake off the Cornish coast early on the 5th. A
further scattering of wintry showers later in the day brought isolated thunder to parts of the
northeast Midlands. During the 7th, a vigorous depression drifted east not far to the north
of Scotland; in the evening, a squall-line accompanied a cold front across many northern
and central regions with local hail - and thunder over parts of Northern Ireland and southern
Scotland. Widespread showers followed in a cold, blustery west to north-westerly airflow on
the 8th, and there were several reports of thunder – especially in the afternoon in parts of
London, East Anglia and around Stockport.
It was then quiet – and very sunny – for a fortnight. The return of unsettled weather
saw a cold, blustery showery north-westerly airflow sweep across the country – especially
the north and east – during the 23rd, and there was isolated thunder during the afternoon
and evening amongst the showers from Suffolk to the Moray Firth. In a further north-westerly
outbreak on the 25th, isolated thunder affected a few places from south Lincolnshire to
Suffolk. From the 26th to the 28th a deep depression brought further squally, occasionally
wintry, showers as it drifted south-east from northern Scotland into the North Sea; there
were just one or two reports of thunder on all three afternoons.
APRIL

The recent trend to quieter-than-normal months continued. Thunder was only at all
prominent on three days in April: the 15th, 25th and 28th – and then only in rather restricted
zones. Thus, once again, many parts of the country were thunder-free and there are no
confirmed reports of it being heard on more than two days anywhere.
There may have been a few thundery showers over southern and eastern Ireland
during the late afternoon of the 10th in a showery westerly airflow. The first confirmed
reports this month, though, are from the late evening of the 14th through to early on the 16th
as thundery showers moved north-west across southern England, the Midlands and Wales,
around low pressure to the southwest of Britain. The most active storms were over the west
and north of the Midlands and northeast Wales during mid-morning on the 15th and in the
Bristol area (with large hail) later the same day. Several houses were hit and damaged by
lightning across the Midlands, as were variously, trees, a lamp post, an electric pole and
(near Aldershot) a railway track. At Market Harborough (Leicestershire), lightning struck
two trees and then, via wiring, passed into an office building and hotel, damaging windows,
fittings and electrical equipment, as well as tearing a radiator off a wall.
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Flooding was reported from parts of Birmingham and Sutton Coldfield.
It was then quiet again until the 24th, when there was a brief thundery outbreak
from west Cornwall to southwest Dyfed on a cold front in the early evening; there was also
a report of thunder from Dublin. The most dramatic weather event of the month came that
night, when a small, intense depression formed on the cold front off southwest Cornwall. It
gave a very localised, very intense, deluge to southwest Cornwall, with indications that up
to 190 mm of rain may have fallen early on the 25th near St Ives. Severe flooding resulted,
and three people died when their car was swept off the road by flood-water at Zennor. There
appears to have been an isolated clap or two of thunder during the deluge. The cold front
then rotated around the depression, weakening rapidly away from the southwest initially, but
coming to life in the afternoon over northern England as it moved into warm air. A thundery
outbreak ensued over the more northerly counties of England and across southwest
Scotland, Northern and central Ireland. Five electrical transformers were destroyed by
lightning in County Monaghan, and there was also much damage to the telephone system
in the area. Behind the front, thunder accompanied a sharp shower of large, cone-shaped,
hail near Bangor (north Wales) in the late afternoon of the 25th, and there was a thundery
shower on the Moray Firth around midday on the 26th.
A complex area of low pressure drifted south-east across the country during the
27th and 28th. Showers behind its frontal rain produced isolated thunder over parts of Ireland
and from Bath to Wokingham on the afternoon of the 27th; slow-moving thundery showers,
with heavy hail in places, were quite widespread from late morning to mid-evening on the
28th around the Wash and over parts of the Midlands, central southern and southwest
England and Wales. Leicester was one of the worst-affected towns, with flooding and
lightning damage when, in the Enderby district, a block of offices was struck. The building
was set alight, with the roof and top floor severely affected. Employees were evacuated as
the roof started caving in above them, whilst another 25 people had to leave neighbouring
houses. Electricity and phone lines were cut to a number of homes.
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SHORT COMMUNICATION
A SHORT NOTE ON THE RAINFALL DURING THE SOUTH-WEST
MONSOON SEASON IN THE DISTRICTS OF ERNAKULAM,
KOZHIKODE AND MALLAPURAM IN KERALA, INDIA
By R. LAKSHMINARAYANAN
“Arul’, T.C.2/1371 (1), Manganoor Konam “A” lane, Pattom,
Thiruvananthapuram – 695004, Kerala, India.
(rlnhere@rediffmail.com)

Kerala receives a normal rainfall of 214.3 cm in the south-west monsoon
season June to September. In 2007’s monsoon Kerala received a rainfall of
278.4 cm, thus registering an excess rainfall of 30 % (20 % and greater than
that above normal is considered as excess). This is the third highest south-west
monsoon rainfall during the period 1901 - 2007. There has never been a year of
excess rainfall in the south-west monsoon since 1981. The next highest recorded
south-west monsoon rainfall in recent times was in 1981 when 251.6 cm fell. The
interesting feature of this year’s rainfall is that all the districts received excellent
rainfall. The south peninsula received an excess rainfall of 26 % during the southwest monsoon rainfall in 2007. The salient feature is that both the coastal districts
and interior districts of Kerala got good rainfall. The coastal districts Ernakulam,
Thrissur,Kozhikode Kannur,and Kasargode received more than 300 cm of rain in
this monsoon season. The highest rainfall occurred in Palghat district with 56 %
excess.
During the period 1901 to 2007 Kerala had excess south-west monsoon
rainfall in 10 years, the highest being in the year 1924 with an excess of +64 %.
The other years when Kerala received excess rainfall in this monsoon season
were 1907 with +24 %,1920 with +25 %, 1931 with +22 %, 1933 with +24 %, 1959
+27 %, 1961 +48 % and 1968 with +28 %, 1981 with +22 % and this year 2007
Kerala received a rainfall of 278.4 cm with an excess of +30 %. Thus this year’s
rainfall is the third highest excess rainfall Kerala received during the south-west
monsoon season recorded during the period 1901 – 2007.
Weekly weather reports district-wise for Kerala are available from
1976. Looking into the district-wise rainfall it may be mentioned that Ernakulam,
Kozhikode and Mallapuram districts received the highest rainfall in this year’s
south-west monsoon. Ernakulam district received a rainfall of 309.5 cm, while the
earlier best was 258.9 cm in 1994. Kozhikode district received a rainfall of 358.2
cm, while the earlier best was 347.2 cm in 1992. Mallappuram district received a
rainfall of 291.7 cm, while the earlier best was 288.8 cm in 1980. Alleppey, Kollam,
Kottayam, Palghat and Pathanamthitta districts received the second highest
rainfall in this south-west monsoon season. Alleppey district recorded a rainfall of
216.0 cm as against the best of 233.4 cm in 1983.
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Kollam district recorded a rainfall of 175.4 cm as against the best of 187.9 cm in
1991. Kottayam district recorded a rainfall of 239.8 cm as against the best of 270.8
cm in 1983. Palghat district received a rainfall of 263.9 cm as against the best
rainfall of 274.5 cm in 1981. Pathanamthitta district recorded a rainfall of 216.6 cm
as against the best of 227.2.0 cm in 1991.
Idukki and Kasargode districts recorded the third highest rainfall in this
year monsoon season. Idukki district recorded a rainfall of 343.5 cm after 2005
and 1981. In 2005, Idukki district received the highest ever south-west monsoon
rainfall and annual rainfall of 434 and 562 cm, while in 1981 it received 397cm and
477 cm respectively. Kasargode district received a rainfall of 340.6 cm after 1994
and 1997. Kasargode received a rainfall of 394.3 cm and 341.8 cm in the southwest monsoon season of 1994 and 1997 respectively.
This year’s rainfall is unique in one sense that Kerala recorded excess
south-west monsoon rainfall after 1981 when it recorded an excess rainfall of +22
% after a lapse of 26 years. This year‘s south-west monsoon rainfall of Kerala is
the third highest rainfall of the south-west monsoon after 1924 and 1961 during the
period 1901 to 2007.
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Figure 6. Stages in the manufacture of the hydrostatic
barometer: 6a: Blowing the counterpoise bulb;
6b: Blowing the barometric bulb;
6c: Blowing the buoyancy bulb;
6d: Sealing the stem between the bulbs;
6e: Blowing the aperture in the barometric bulb.

INSTANT STORM FORECASTING By Alan Watts (2009) ISBN 978-0-71368784-2 Adlard Coles Nautical (an imprint of A&C Black, Ltd.) 36 Soho Square,
London W1D 3QY pp 64, pb £7.99.
This is the latest in the series on the weather produced for the nautical publisher
Adlard Coles by that very prolific author, Alan Watts. It follows his well-tried and highly
successful formula of large colour illustrations covering one page with narrative on the
facing page, after the usual, highly informative introductory chapters which explain ‘The
World’s Wind and Weather; and ‘Bad Weather Systems’.
The heart of the book consists of the chapters on :’Wind Storms’; ‘Thunderstorms’;
‘Lightning’; ‘Tropical revolving Storms’; ‘Tornadoes and Waterspouts’; Snowstorms’;
‘Mountain Storms’; ‘ Avalanches’; ‘Floods’; ‘Deep cold and Ice Storms’; ‘Falling and Mountain
Winds’; and ‘Bad Weather Winds of the World’ The last two chapters are devoted to El Nino
and Intense Heat.
An amazing amount of ground is covered in a clear untechnical way by an expert
author, while the choice of colour photographs, all very apt for their relevant chapters, is
excellent, and they are beautifully reproduced. The one that took my breath away was that
of an avalanche. The accompanying text contains practical advice about how to cope if
caught in an avalanche etc.
At £7.99, this is unbeatable value, and book should be a must for every reader
of this Journal, to add, hopefully, to their growing collection in this series, the last of which,
recently reviewed, was Weather Wise.

6a

6b

6c

6d

6e

Figure 8. A comparison
of the readings obtained
from two examples of the
hydrostatic barometer
with the readings from a
Meteormetrics Precision
Laboratory Sympiesometer:
type MCS002.

NATURAL CLIMATE VARIABILITY AND GLOBAL WARMING: A Holocene
Pespective Edited by Richard W Battarbee and Heather A Binney (2008) ISBN
:978-1-405-5905-0 (2008) Blackwell Publishing Ltd now Wiley-Blackwell pp
276, hb £55.
The rapid climate change that seems to be occurring world-wide makes this
volume both timely and instructive, concentrating as it does on the Holocene period.
There are 19 contributors from the UK, France, Germany, The Netherlands,
Norway, Switzerland and the UK, who, between them, contribute 10 chapters in a wideranging survey of the period. So, Frank Oldfield contributes a chapter entitled, ‘The Role
of People in the Holocene’, while Martin Claussen’s contribution is entitled ‘Holocene rapid
land-cover changes – evidence and History’. The final chapter ‘Holocene perspectives on
future climate change’, is particularly relevant and important.
Each chapter has an extensive list of references, and all are fully illustrated with
maps, diagrams, and graphs with some photographs, notably of some of the Holocene
period research pioneers such as Japetus Steenstrup, Alfred Gabriel Nathorst, and Christian
Vaupell. It has been immaculately printed by the new combination, Wiley-Blackwell, following
the acquisition, in February, 2007, of Blackwell Publishing by John Wiley & Sons and your
reviewer could detect no misprints.
Clearly, the book is aimed at a specialised readership. Nevertheless it is, in this
reviewer’s opinion, an essential addition for any meteorological library, and, at £55.00 not
completely out of the financial range of dedicated individuals,

Figure 9. The readings
obtained from the two
prototype hydrostatic
barometers plotted against
the atmospheric pressure.
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