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Abstract: It is shown in this paper how a pulse laser system could create artificial rain. When a pulse
is sent up in the atmosphere, depending on its energy, it will break the bonds (dissociate) of major
species N, and O, and form excited N"and O’. These excited atoms are very unstable and immediately
react to form NO and O,. These reactions are endothermic and absorb a large amount of heat from the
surrounding. As a result, cooling will be produced which will form tiny drops of water. These tiny drops of
water will grow bigger and create rain. Simultaneously N, and O, will be ionized to form N,*, O," and O,
(electrons will get attached to O,). These precursor ions will undergo several reactions and become big
clustered ions. These big ions will act as seed which will lead to precipitation and rain. Low temperature
created by dissociation will further help grow bigger ions fast and produce rain. Experimental work is
necessary to determine the characteristics of laser systems that could be utilized.

Keywords: Laser, Endothermic reactions, Cloud Condensation Nuclei, Artificial Rain.

INTRODUCTION

Rain plays a great role in the national economy by influencing the agriculture yield.
But rain is a natural phenomenon and it does not fall as and when man needs it; hence man
has been trying to create artificial rain for many years. Presently, the process which is used
for creating artificial rain is seeding. In this process, chemicals such as silver iodide, calcium
chloride or sodium chloride are used as seed. They are spread from the aircraft in the cloud
region. Nucleation starts on these chemicals which lead to the precipitation and then rain.
This process has been tried in South Africa, Thailand, Japan, Mexico, Brazil and some parts
of India. But this process, on most of the occasion fails. Besides, it is harmful to mankind
because it brings harmful chemicals on earth along with the rain: it is also expensive. In this
paper the authors propose a laser system to produce artificial rain. The authors’ system has
advantages over the seeding process in that it does not pollute the environment; it is a one
time investment and is less expensive. In addition, it can be targeted to even warm white
clouds which are not rainy (in seeding processes only black rainy clouds are targeted).

Laser has not, so far, been applied to create artificial rain. Only recently, Rohwetter
et al. (2010) have shown that self-guided ionized filaments generated by ultra-short laser
pulses are able to induce water-cloud condensation in the free, sub-saturated atmosphere.
The authors were able create precipitation in the atmosphere in the altitude region between
45 and 75 m. This group has been doing research for the past several years to trigger
lightning and guide the discharge to a harmless spot. In their method, a high power pulse
laser creates a bunch of filaments (low resistance path) between the lightning cloud and
earth. Since the whole path between cloud and the earth is ionized, their pulse energy is
attenuated as it travels in the atmosphere and hence, not able to create precipitation at a
higher altitude (rain bearing clouds are not located in the 45-75 m altitude region).
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In the authors’ technique, the pulse does not ionize the whole path from the earth to cloud.
To that end, it can travel to a higher altitude (~500 m) up to the cloud region.
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THEORY

Nitrogen (N,, 78 %) and oxygen (O,, 21 %) are the two major gases in the
atmosphere. Therefore, when a laser pulse is shot in atmosphere, depending on the energy
of the pulse, it may dissociate them (break their bonds) as follows:

N=N—N,+hv—N +N 1)
0=0-0,+hv—> 0 +0 )

N, has a triple bond [N=N] and O, has a double bond [O=0]. Bond energy of N, = 226 kcal/
mole [1cal = 4.184 Joule, Avogadro number = 6x10%%]. Therefore, energy required to break
1 molecule of N, = 226x10°x4.184/(6x10%) = 1.58x10"® Joule. Bond energy of O, = 96
kcal/mole. Therefore energy required to break 1 molecule of O, = 6x10°x4.184/(6x10%) =
0.67x1078 Joule. So the total energy required for breaking 1 molecule of N, and 1 molecule
of O, is (1.58x10" + 0.67x10%) = 2.25x10"® Joule. If the energy of the laser pulse is 500
mJ, then this much energy is capable of dissociating a column of N, and O, containing about
(0.5/2.25x107"® =) ~10" molecules.

In reactions (1) and (2), two excited atoms, N* and O* are formed. They are very
unstable and react immediately to form NO and O4 as follows:

N*+02+AH - NO+O 3)
(AH = 43,200 cal/mol.)
O*+02+M+AH - 03 +M 4)

Both the reactions occur in the atmosphere and have been measured in the
laboratory (Sander et al., 2003). Reaction (3) is important for the formation of NO in the
thermosphere and reaction (4) is the main source of formation of O, in the stratosphere.
Both the reactions are endothermic and abstract a large amount of heat energy (43,200 cal/
mol for reaction (3) and 67,600 cal/mol for reaction (4)) from the surrounding atmosphere.
As aresult, the atmosphere is cooled below the condensation temperature of water vapour.
This cooling will create CCN (clouds condensation nuclei) in a cloud parcel and produce
tiny water droplets in the atmosphere. These tiny water droplets then act as natural seed for
the formation of rain drops in the atmosphere (Drake, 2006). These water droplets may also
shift to other places due to the flow of air motions and form another set of rain drops in their
new position.

The above mentioned theory can also be looked in another way. Bonds of N, and
O, break if the temperature of the region becomes higher than 3000 K. The temperature
in lightning can reach a massive 30,000 K in just a fraction of a second. An important point
on which so far no satisfactory understanding has reached is the fact that in lightning, a
temperature as high as this can be produced (Newcott, 1993). But for the formation of
precipitation, a temperature as low as approximately (-10 K) is needed. Therefore, how
does a region which is at a temperature of approximately 30,000 K attain a temperature
of approximately -10K so fast? What removes the heat produced in the lightning? Three
theories exist: i) Reynolds’s effect, ii) lon capture theory, and iii) Breaking drop theory.
However, these theories are not tenable because they are applicable before lightning. The
heat energy attained in a lightning strike will evaporate the precipitation which is formed
before the lightning.
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Then, according to these theories one cannot observe any precipitation after lightning.
Nevertheless one observes precipitation after lightning, meaning that after lightning, some
process occurs which creates precipitation. The authors’ explanation is that endothermic
reactions (3) and (4) remove the heat and produce the cooling. The higher the temperature,
the more N* and O* will be formed and more cooling and rain will be produced. If the
temperature is not very high, less than the number of N* and O* will be formed and that may
not lead to reasonable precipitation. That is why, after lightning, sometimes precipitation is
not observed. So if the laser pulse could produce this much temperature, then also rain drop
formation is possible.

When a laser pulse is shot in the atmosphere, depending on the energy of the
pulse, N,and O,would be ionized (Rohwetter et al., 2010) as follows:
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N,+hu— N, +e (5)
O,+hu—0, +e (6)

The ionizing potential of N, = 15.58 ev = 2.49x10*® Joule and ionizing potential of
0, =12.2 ev = 1.95x10"® Joule. Hence the total energy required for ionizing 1 molecule of
N, and 1 molecule of O, is (2.49x10*® + 1.95x107'¢) = 4.44x108 Joule. If the energy of the
laser pulse is 500 mJ, then this much energy is capable of ionizing a column of N, and O,
containing about (0.5/4.44x10-'® =) ~10"” molecules or ~ 10" ions and electrons. Electrons
will react with O, to form negative ion O, which after a series of reactions will form heavy
negative cluster ions. N,* and O,* will also undergo a series of reactions to form heavy
positive cluster ions. According to Rohwetter et al. (2010), these ions act as seed to create
artificial rain in the atmosphere. However, Rohwetter et al. (2010) did not consider that
these molecules could also have been dissociated because the dissociation energy is about
half of that of the ionization energy.

It should, therefore, be clear that when a laser pulse is shot in the atmosphere, first
bonds of N, and O, will break by dissociation or high temperature. Then excited N* and O*
will be formed, endothermic reactions will take place, surrounding will be cooled, tiny water
particles will be formed which will result in rain. In addition, N,* and O," ions will be formed
which will quickly be converted to clustered ions. These clustered ions will act as seed to
produce artificial rain.

RAIN FOLLOWS LIGHTNING AND SOME RELATED WORK

The authors’ theory is analogous to what happens after lightning. On several
occasions it has been found that precipitation follows lightning. After precipitation there may
be or may not be heavy rainfall. Also, it is not obligatory that lightning will always precede
rain, for example during the monsoon period when rain falls as showers. This is due to
the supper saturation process. Nevertheless, it has been observed that if it does rain after
lightning, it is a heavy fall.

Golde (1977) from a number of radar observations has reported that intense
precipitation is not even present in the clouds before the first discharge but it develops
abruptly in the same region after discharge from which the lightning flashes originate.
Battan (1981) has observed a very rapid growth of precipitation particles/ice crystals caused
by electrical forces following a lightning discharge.

In many cases the onset of strong electrification follows the appearance of heavy
precipitation within the cloud in the form of hailstones (Wallance and Hobbs, 1977). The
correlation between lightning and precipitation is as follows: heavy gushes of rain or hail
often reach the ground within 2-3 mins after the lightning flash.
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Evidence shows that lightning is the cause rather than the result of the rapid intensification
of the precipitation (Mason, 1975). It is further speculated that the rapid intensification of
the precipitation from about 1 mm/h to 50 mm/h in this 2-3 min period is caused by a greatly
accelerated rate of coalescence of water drops under the influence of electrical forces by a
mechanism that is obscure and has no convincing experimental or theoretical base (Mason,
1971).
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From the above work it is clear that precipitation is formed after lightning. In an
earlier theoretical study (Chopkar, 1993), it had been shown that the bonds of N, and O,
break at temperatures above 3000 K. In this work it has been shown that the heat energy
produced in a thunderstorm is more than 4.2 x 10° kcal and the total energy needed to break
the bonds of N, and O, is 4.16 x 10° kcal. Hence, lightning is capable of breaking the bonds
of N, and O, to produce N* and O*. These active species are unstable and further react to
form_stable molecules NO and O,. These reactions are endothermic and they absorb 8.37
x 10 kcal of heat from the surrounding atmosphere. The authors have also shown that to
reach the dewpoint, 1.58 x 10° kcal energy is to be abstracted from the atmosphere. This
value (1.58 x 102 kcal) is much less than 8.37 x 10® kcal and hence super cooling will be
produced by endothermic reactions to form water droplets in the atmosphere. These water
droplets will act as natural seed for formation of rain drops resulting in rainfall. These steps
are shown in the Schematic Flowchart (see page 367).

An experiment was done in the laboratory in which an electrical spark was produced
in a glass chamber to act as artificial lightning. The formation of water droplets appeared
on the walls of the glass chamber. The details of this experiment and results have been
described in Chopkar and Chakrabarty (2008). This experiment shows that water droplets
are formed by condensation, which is due to endothermic reactions associated with artificial
lightning created in the glass chamber by the electrical spark.

Carls and Brock (1987) did an experiment in which atmosphere was heated by a
laser pulse up to 1600 to 2400 K. They observed water droplet formation in the atmosphere
and they postulated that water droplets were formed by the ionization process. This is partly
true because they did not consider the dissociation and the occurrence of the endothermic
reactions which are responsible for cooling and capable of CCN formation.

Braun, et al. (1995) have shown that high-power laser pulses which produce
self-guided ionization filaments (a low resistance conducting path) in air, also produces
water droplets as a side-effect. A group consisting of French and German scientists has
been doing research with laser to alleviate damage caused by lightning to persons and
property for a long period of time (Kasparian, et al., 2003; Mejean, et al., 2006). Their laser
produces a bundle of ionization filaments which triggers and guides high voltage lightning
to discharge towards a desired spot. They did the experiment in a fog chamber and they
observed water droplet formation inside the chamber after every laser shot. They suggest
that these droplets were formed due to the ionization process; the charged species N,* and
O,"act as nuclei (Kasparian, et al., 2000). But as it has been shown earlier, water droplets
could have been formed not only due to ionization but also due to dissociation followed by
endothermic reactions, because dissociation takes less energy compared to ionization and
therefore dissociation will precede ionization.

Yoshihara, et al. (2007) have shown that the pulsed UV-laser irradiation of ambient
air induces the formation of water droplets or small ice particles in the laboratory. They also
observed that the atomic oxygen which is formed in this process quickly reacts with oxygen
molecules to form ozone. In their experiment ozone is formed due to endothermic process
by which condensation takes place and CN (condensation nuclei) is formed which produces
water droplets or ice crystals.
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It may be mentioned here that a group at the Indian Institute of Tropical Meteorology,
Pune who is experimenting with lidar, has also observed that a few drops of water fall after
the laser beam is shot in the atmosphere.
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Schematic flow chart showing methodology to create artificial rain in the atmosphere:

High-energy plasma laser pulse creates high temperature in a fraction of a second

!

At this high temperature bonds of N, and O, break (dissociate) to form at least one excited N" and one
excited O

!
N=N->N+N
0=0->0+0
|

Excited N" and O" are very unstable and immediately react to form NO and O,

!
N'+0,>NO + O

0 +0,+M—0,+M
!

These two reactions are endothermic and absorb a large amount of heat from the surrounding
atmosphere

l

This lowers the temperature of the surrounding atmosphere and CCN is formed in the cloud

!

These condensation nuclei act as seed and start rain

1

Simultaneously with the breaking of their bonds, N, and O, will also be ionized

N, +hu— N," +e
O,+hu—0, +e

Free electrons ‘e’ thus produced will get attached to O, and form negative ion O, |
N,*, O," and O, ions are quickly transformed into heavy clustered ions

’

These heavy ions in cooled atmosphere act as CCN for formation of rain droplets.

SYSTEM

The system to be used for creating artificial rain by laser systems consists of a
transmitter and a receiver. The transmitter could be a terawatt femtosecond Tisapphire
pulse laser. Its fundamental wavelength could be ~800 nm. The pulse will have energy
~400 mJ, duration 100 fs and with a repetition frequency of 10-100 Hz. The laser pulse
has to propagate with almost high peak intensity over a distance of ~500m. This non-linear
phenomenon is caused by the subtle interplay between self-focusing induced by optical
Kerr effect and the defocusing by the self-generated plasma.
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Figure 1. Block diagram of the laser system to create artificial rain.

Further experimental work is necessary to determine accurately what should be the power
and wavelength of the laser so that the bond breaking and ionization could take place at
the cloud height of ~500 m. A block diagram of the system to be used is shown in Figure
1. The system is controlled by a Micro Controller (remote unit), which consists of a data
acquisition and processing system. The peripherals of the system include fast transient
digitizer, computer controlled stepper motors (SM-1 and SM-2). The laser beam energy
will be adjusted by SM-2. The system will be operated by a MV power supply. Initially the
beam will be of 15 cm arc and then the beam expander will vary the width of the beam to
get significant amount of rain. A movable mirror will direct the beam in the larger area of
the atmosphere. Further experimental work is necessary to determine what should be the
cross-section of the beam for rainfall to cover a reasonably wider area.

A receiver will be used for measuring the water vapour content or liquid water
content before sending the pulse in the atmosphere.
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It operates in another wavelength sensitive to water vapour. It may also be used to measure
water vapour content after the end of the experiment. A Caesarian telescope of 60 cm
diameter will be used which will be controlled by an intelligent system of Micro Controller
(local unit). The telescope can be adjusted in a north-south and east-west direction by SM-1
and SM-2 respectively. In the acquired mode of the laser system, the back scattered laser
light signal will pass through a selected wavelength filter through an FW (filter wheel) and
fall on the sensor (photodiode or IrDA or PMT) of high gain low noise, which convert the light
into an electrical signal (which is directly proportional to the concentration of water vapour).
This signal will be again amplified with the help of a high gain low noise fast amplifier. The
output signal will be communicated to a micro-controller of the system to the PC and the
acquired data will be stored in the required format on the system memory for processing
later. Further experimental work is necessary to determine how much moisture should be
present in the atmosphere for precipitation to occur before sending the pulse.
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Figure 2. Demonstration of the laser system creating artificial rain from ground (left),
and from aircraft (right).

The system can be mounted on a mobile van so that the experiment can be carried
out at any preferred location. The system can also be mounted on aircraft. A demonstration
of the laser system creating artificial rain from the ground as well as from an aircraft is given
in Figure 2. Experimentation from the ground at one location can cover a land area up to a
radius of 80 to 100 km.

CONCLUDING REMARKS

A high power pulse laser system is capable of creating precipitation in the
atmosphere. It is currently believed that these water droplets are formed due to the
ionization of N,and O,. lons N,*, O," and O, (electrons will get attached to O,) thus formed
act as seed for condensation. But it has been shown in this paper that dissociation (bond
breaking) precedes ionization because dissociation energy is much smaller than that of
ionization. Hence bonds of N, and O, will break before they are ionized and excited N’
and O will be formed. These excited ions are very unstable and immediately undergo
endothermic reactions to form NO and O,. These endothermic reactions absorb heat from
the surrounding atmosphere, and as a result, condensation takes place and tiny droplets of
water are formed which results in rain. Simultaneously, ionization processes will take place
and N,*, O," and O, ions will be formed. These ions will immediately be converted into
bigger cluster ions and will act as seed for rain.
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The cost of the whole experiment is ~$1million. The authors do not have this
funding to conduct the experiment. However it is hoped that some organization would do
this experiment and demonstrate its great benefit to mankind. The technique has been
patented both nationally and internationally.
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Abstract: In this paper three methods of the multiple regression from temperature, water vapour
pressure and cloud fraction are used to estimate the downward long-wave radiation at surface of the
earth (DLWRS) over Cairo and Aswan, Egypt using statistical model (Instat). Firstly Brunt equation is
improved by using the local parameters over Cairo and Aswan to decrease the Mean Absolute Error
(MAE) to be 6.5 % for Cairo and 8.11 % for Aswan compared with the corresponding error from original
Brunt equation (11.1 % for Cairo and 23.5 % for Aswan). Secondly adding the cloud fraction to the
temperature and water vapour pressure in the multiple regressions is noticed to reduce MAE to be 4.85
% for Cairo and 4.92 % for Aswan. Finaly cloudy days are separated from clear sky days over Cairo
and Aswan. The errors are improved over Aswan more than Cairo to be 3.7 %, 3.4 % for Aswan and
4.28 %, 4.27 % for Cairo respectively.

INTRODUCTION

The Earth receives energy from the sun mostly in the form of visible light radiation.
Most of the energy is in visible wavelengths and in infrared wavelengths that are near the
visible range. Long-wave radiation plays a very important role in our life where it has a major
influence in controlling the various weather parameters such as (Temperature, humidity,
clouds, etc...). So it has a great importance in many fields such as Agriculture, Hydrology
Meteorology, etc...). Hence it was necessary to determine the long-wave radiation over
the places that concerning of the previous mentioned fields. But in Egypt there are only
two stations that have measured the downward long-wave radiation up to the year 2000
and then these readings ceased. Beyond this time, the component of downward long-wave
radiation is needed. The Greenhouse gases are not transparent to infrared radiation so they
absorb infrared radiation. In the purely radiative case, one can think of the atmosphere as
emitting infrared radiation both upwards and downwards. The upward infrared flux emitted
by the surface must balance not only with the absorbed solar flux but also with downward
infrared flux emitted by the atmosphere. The earth’s surface is commonly assumed to emit
and absorb energy as a grey body in the infrared region; in which the Stefan-Boltzmann law
takes the form

Terrestrial flux 11 = € o T4, 0< € <1, this is the general form but for the earth’s
surface it is 0.9< € <1, see for example Zapadka et al. (2001). Although the atmosphere
is nearly transparent to short wave radiation it readily absorbs terrestrial radiation. The
principal absorbers being water vapour (5.3 to 7.7y and beyond 20u), ozone (9.4 to 9.8 ),
carbon dioxide (13.1 to 16.9u), and clouds (all wavelengths) see Russell (1998). Some of
previous studies for estimating DLWR can be summarized as follows:

Brunt (1932) found that the simple relation for estimating DLWR can be takes the form
Li=eoT4(a+be) (1)
Or

L,=coT*(1-a-be) (2)
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He obtained a = 0.256 and b = 0.065. Other investigators have taken values from 0.34 to
0.71 for a, and from 0.023 to 0.110 for b. The median of 22 evaluations are a = 0.605 and
b = 0.048, which are very close to the values used by Budyko (1956) a = 0.61 and b =
0.050. El-Hussainy (1992) calculated the coefficient of the relation between DLWR (MJm-2
day) and temperature (°K) and water vapour pressure (mb) by using the data from Cairo
and Aswan during the period from January 1990 to January 1992. El-Sayed (2003) had
implemented three methods to get the regression between downward long-wave radiation
and meteorological parameters.
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Duarte et al. (2006) adjusted equations for both clear-sky and cloudy-day conditions
with data from an experimental site in Ponta Grossa, in Parana State, in Southern Brazil.
Several authors have proposed locally adjusted equations for downward long-wave radiation
fluxes in cloudy conditions, such as Jacobs (1978) for Baffin Island, Canada, Maykut and
Church (1973) for Alaska, USA, Sugita and Brutsaert (1995) for Kansas, USA, Konzelmann
et al. (1994) for Greenland and Crawford and Duchon (1999) for Oklahoma, USA

DLWRS measured = = DLWRS by using Brunt eq
------ DLWRS evaluated

Figure 2. Measured, Brunt
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by equation (4) for Aswan
during 1995-1998.
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DATA AND METHODOLOGY

In this research the authors used Daily averages data of Temperature (°K), Water
vapour pressure in (mb) and amount of clouds in oktas, and daily downward long-wave
radiation in (W/m?). These data are measured at two different meteorological stations over
Cairo and Aswan, Egypt from the beginning of 1995 to the end of 1998.
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At first the authors discuss the correlation between DLWR and these parameters
(temperature, water vapour pressure and cloud fraction), then a statistical package (Instat)
was used to estimate DLWR as a multiple regression from temperature, water vapour
pressure, and cloud fraction at each station for the first two years. These improved equations
are applied for the other two years at the same station and during the four years for the
other station. The average error is calculated from each different equation to get the best
one. By this method we can evaluate the downward long-wave radiation for any place that
containing a synoptic station with the same features like Cairo and Aswan.
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ESTIMATING OF DLWRS AND ITS RELATION WITH T, E, AND CLOUD AMOUNTS

The correlation coefficient between DLWRS and T is calculated over Cairo and
Aswan. It's found that temperature has a higher correlation with DLWRS over Cairo with
correlation coefficient of 0.883 than Aswan with correlation coefficient of 0.78. While the
correlation coefficient between DLWRS and water vapour is found larger for Aswan (0.54)
than for Cairo (0.45).

In this research three different ways are used to get different regression formulas
for calculating DLWRS over Cairo and Aswan related to temperature, water vapour pressure
and cloud amounts

First Method improving Brunt Equation

(a) In this case the original Brunt equation in the form (3) is used to estimate
DLWRS at Cairo during two years 1997 and 1998 compared with measured values during
the same period.

(Ilo)=eoT*(a+be) (3)

Where, a=0.5 & b = 0.065 & € = 0.9 for natural surfaces and o = 5.67 x 10 jm2sec'k*

A large mean absolute error (MAE) is noticed between estimated DLWRS from
equation (3) and observed values for the same period to be 11.1 %. So analysis of variance
at Cairo during 1995 and 1996 is used to improve Brunt equation to a new form as equation
(4) with estimated statistical value of F distribution 1382.52 (non dimension value). Equation
(4) is applied for Cairo during 1997 and 1998. The MAE between observed and estimated
DLWRS from equation (4) is reduced to 6.9 %.

(110)e,,,= OT* (0.696 + 0.05166 €°°) + 9.6 @)

The same equations (3) and (4) are applied again for Aswan during the period
1995 to 1998. The MAE is noticed very large due to the original Brunt Equation to be 23.5
%, while it is improved to 8.11% after using equation (4).

Figure 1 and Figure 2 show the comparison between the DLWRS estimated by
original Brunt equation (3) and an empirical equation (4) with measured values for Cairo
during 1997 and 1998, and Aswan during the period from 1995 to 1998 respectively. One
notices that DLWRS estimated values coincide more with measured values than estimated
from the Brunt equation over Cairo and Aswan.

(b) The same technique as in part (a) was repeated, but for Aswan to get a new
regression for estimating DLWRS in the form of equation (5) with the estimated value of F
equal to 481.87.

(110)pouay = OT*(0.948 - 0.004 €°5) — 46.4 (5)
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Applying equation (3) for Aswan during 1997 and 1998, gave a very large MAE between
observed and calculated DLWRS by this equation is 23.61 %, while applying equation (5)
improved the error to 4.7 %. Again equations (3) and (5) are applied for Cairo during the
period 1995 to 1998. It is found that MAE between measured and calculated downward
long-wave radiation at surface from equation (3) is very large (24.3 %), while it decreased
to 6.47 % due to equation (5). Figures 3 and Figure 4 show the comparison between the
values estimated by Brunt equation and by an empirical equation (5) with measured values
for Cairo and Aswan.
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Second methid for estimating DLWRS by using the parameters (T, WVP, Cl)

(a) In this method the cloud amount is added to temperature and water vapour
pressure to get a new form of the multiple regressions for estimating DLWRS at Cairo. The
analysis of variance is applied for Cairo during 1995 and 1996 to get a fitted equation of the
following form with an estimated value of F equal to 661.29:
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(110)g,,,= 0.894 GT* + 13.037 €°5 + 3.4483 cl —51.385 (6)

Equation (6) is applied for Cairo during 1997 and 1998 and also for Aswan from 1995 to
1998. It is found that MAE reached to 4.85 % for Cairo and 7.9 % for Aswan. Figure 5 and
Figure 6 show daily DLWRS for Cairo during 1997 and 1998 and for Aswan from 1995 to
1998 evaluated by using equation (6). One can see that, two curves are nearly coinciding in
most intervals except the end for Cairo.

— DLWRS measured -----..DLWRS evaluated '
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Figure 6. Measured and
evaluated daily DLWRS
over Aswan from 1995 to
1998 by equation (6).
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(b) The same method as in section (a) is used but for Aswan during the years
1995 and 1996 we get a fitted equation as in the following form with estimated value of F
equal 329.29:

(110) pquan= 0.95856 0T* —2.43 €°5+ 7.1454 ¢l -54.758 (7)
DLWRS measured - - --- - DLWRS evaluated |

Equation (7) is applied
for Aswan during 1997 600
and 1998 and also for 550

Cairo from 1995 to 1998. | - 500
One notices that MAE | & 450
was 4.92 % nearly the | S 400
same of MAE due to |¢ 990
equation (5) for Aswan % 300
4.7 %). 3 250
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Figure 7. Measured and 150
evaluated daily DLWRS 100
over Aswan during 1997 1997 1998

and 1998 by equation (7).
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While the estimated values of DLWRS for Cairo by the same equation during the period
1995-1998 have a MAE of 6.8 %. Figure 7 illustrates measured and estimated DLWRS over
Aswan during 1997 and 1998 by using equation (7). Figure 8 is the same as Figure 7 but for
Cairo during the period from 1995 to 1998.
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400 Figure 8. Measured and
350 evaluated daily DLWR

over Cairo during 1995 to
1998 by equation (7)
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Third method for estimating DLWRS during cloudy and clear-sky days
In this method the authors separated the data of cloud days from that of clear-sky
conditions and got empirical equations for the both cases.

(1) For cloudy days (amount of cloud larger than 2 Oktas)

(a) The same technique as in the previous two methods for analysis of variance is
applied in cloudy days over Cairo during 1995 and 1996 to get the following fitted empirical
equation with estimated value of F equal 674.65:

(110)¢aire= 0.9846 0T +21.147 €°°+ 5.3 cl -116.27 (8)
Equation (8) is applied for Cairo during the years 1997 and 1998 which improved MAE

to 28 %. The curves represent the measured and evaluated values are shown in Figure 9.
Similarly, equation (8) is applied also for Aswan during 1995 to 1998. The MAE equals 6.25 %

and the curves represent — DLWRS measured - -+ ---DLWRS evaluated
the  measured and 550
evaluated values are
shown in Figure 10. e Y
450 : ; S
__ 400
]
S 350
§ 300
-t
B 250
200
Figure 9. Measured and -
evaluated daily DLWRS
over Cairo during 1997 100
and 1998 for cloudy days. 1 20 39 58 77 95 115134153172 191210 229 248 267 286 305 324 343 362
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(b) By the same method as in previous section: (a) but for Aswan during 1995 and
1996 one has the following fitted empirical equation with an estimated value of F equal to
166.30:
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(110),,0,= 0.814 GT* +18 €25+ 7.19 ¢l —67.677 9)

When this equation was applied for Aswan during 1997 and 1998, the AME was found to be
3.7 % and the curves represent the measured and evaluated values are shown in Figure 11.

Same equation: (9) is applied for Cairo during 1995 to 1998, with MAE equals 6.25
%, where the curves represent the measured and evaluated values are shown in Figure 12.

DLWRS measured =~ - ----- DLWRS evaluated

Figure 10. Measured and
evaluated daily DLWRS over
Aswan during 1995 and 1998

for cloudy days.
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(2) For clear-sky days (amount of cloud less than 2 oktas)
(a) Clear-sky days only for Cairo is used during 1995 and 1996 to get the following
fitted equation with estimated value of F equal 424.84:

(110)g,= 0.94729 OT* + 22.135 €°5- 101.79 (10)

Equation (10) is used to estimate DLWRS for Cairo during 1997 and 1998 which improved
MAE to a minimum value 4.27 %. The curves represent the measured and evaluated values
are shown in Figure 13.

Similarly, equation (10) is applied for Aswan during 1995 to 1998. The MAE
reached 6.8 % and the curves represent the measured and evaluated values are shown in
Figure 14.

(b) By the same technique as in section (a) for clear sky days but at Aswan during
1995 and 1996 is used to get the following fitted equation with estimated value of F equal to
847.52:

(110)p = 0.81748 GT* + 6.878 05 — 19.857 (11)

Equation (11) is used for the data of Aswan during 1997 and 1998 to estimate DLWRS.
It was found that the MAE was reduced to its minimum value 3.4 % where the curves
represent the measured and evaluated values: shown in Figure 15.

The same equation is applied for Cairo during 1995 to 1998. The MAE equals 6.9
% and the curves represent the measured and evaluated values are shown in Figure 16.
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The measured and estimated values of daily DLWRS over Aswan are more coincide than
over Cairo.

SUMMARY AND CONCLUSION

In this study, the correlation between some atmospheric parameters (T, e, and
cloud amounts) and DLWR at surface is discussed. For both Cairo and Aswan the authors
found that DLWRS depends mainly on temperature, secondly on water vapour and finally
on cloud amount.
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The correlation is stronger for Cairo than Aswan in temperature and cloud, while it is weaker
with water vapour pressure. The final result of correlation coefficient can be summarized
as in Table 1. It was found that the original Brunt equation underestimates for DLWRS
compared to the observed and modified Brunt equation. This seems to be due to lower
temperatures in England than Egypt.

DLWRS measured raamm DLWRS evaluaed
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Table 1. Correlation coefficients between DLWRS and temperature,
water vapour pressure and cloud amounts.

Cairo Aswan
Temperature 0.883 0.78
Water vapour pressure 0.45 0.54
Cloud amounts 0.05 0.038

Separating the cloudy days from that of clear-sky days reduced the MAE to the lowest
values for Cairo to be 4.28 %, 4.27 % and for Aswan to be 3.7 %, 3.4 %. So the authors
recommended using the third method to evaluate the DLWRS.
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CALL FOR WEATHER DVDS AND/OR VIDEOS 2010/11!

Have your video reviewed by our International Severe Weather Media Reviewer - Paul Domaille.
Featured in The International Journal of Meteorology and read by thousands worldwide!
What better advert for your chase highlights!

We are now also reviewing scientific documentary DVDs! 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
TORRO/International Journal of Meteorology Film Festival!

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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WEATHER STATION READINGS IN BERGENFIELD,
NEW JERSEY, USA: APRIL 2010
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By RUDY NICKMANN

April 2010 was the warmest April | have experienced in Bergenfield, NJ since
1983. This follows a March of record warmth. Temperatures averaged 4.7 °F (2.6 °C) above
normal. The average maximum was a remarkable 6.9 °F ( 3.8 °C ) above the long-term
mean. Amaximum of 93 °F (33.9 °C) was reached on the 7th. There were no days with frost.
This has occurred only once before... in 1983.

A minimum of 36 °F (2.2 °C) was noted on the 14th. This was the highest low that |
have ever recorded in April. It was a dry month. Precipitation was only about 70 % of normal.
Almost all the month’s rain fell on the 25th - 26th when | measured 2.26” ( 57.4 mm ).

ENGLISH UNITS METRIC UNITS
TEMPERATURE PRECIPITATION WIND TEMPERATURE PRECIP
DAY MAX MIN AVG RAIN SNOW SC GUST DIR MAX MIN AVG RAIN SNOW
1 77 45 61 11 N 250 7.2 16.1
2 73 41 57 14  sE 228 50 139
3 74 44 59 16 ESE 233 6.7 15.0
4 79 46 63 16 wNw 261 7.8 16.9
5 79 45 62 18 sE 261 7.2 167
6 82 51 67 T 14 ESE 27.8 10.6 19.2 T
7 93 51 72 25 sw 339 106 222
8 84 59 72 21 ESE 289 150 219
9 67 47 57 027 24 waw 194 83 139 6.9
10 65 41 53 27 w 183 50 117
11 78 48 63 20 sw 256 89 17.2
12 69 39 54 19 N 206 39 122 .
13 58 41 50 0.03 10 NE 144 50 97 08 Figure 1. Weather
14 71 36 54 14 N 217 22 119 station data for
15 75 41 58 T 20 wnw 239 5.0 14.4 T Bergenfield, New Jersey,
16 57 46 52 0.20 16 E 139 7.8 108 51 USA in April 2010.
17 58 46 52 0.01 24 wNw 144 7.8 111 0.3 Note peak gusts are
18 59 42 51 22 w 150 56 103 shown in mph.
19 63 39 51 20 N 17.2 3.9 106 *SC = Snow Cover
20 74 38 56 12 sE 233 3.3 133
21 71 43 57 0.01 20 se 217 641 139 0.3
22 72 47 60 0.02 25 wnw 222 83 153 05
23 71 38 55 22 wnw 217 33 125
24 73 38 56 19 NNwW 22.8 3.3 13.1
25 56 45 51 1.65 11 NE 133 7.2 103 419
26 52 49 51 0.61 11 NNE 111 94 103 155
27 60 39 50 29 wnw 156 39 97
28 58 37 48 T 29 wNnw 144 28 86 T
29 72 41 57 30 w 222 50 136
30 85 49 67 14 wsw 294 94 194
31
AVG 702 437 57.0 212 65 13.9
SUM 2.80
MAX 93 59 1.65 30 w 339 150 222
MIN 52 36 111 22 86




382 35th Anniversary Year © THE INTERNATIONAL JOURNAL OF METEOROLOGY

November 2010, Vol.35, No.355

WEATHER STATION READINGS IN BERGENFIELD,
NEW JERSEY, USA: MAY 2010

By RUDY NICKMANN

May 2010 was the second warmest May | have experienced since my records
began in 1983.Temperatures averaged 4.1 °F (2.3 °C) above normal. After a winter which
saw temperatures below the long-term mean, this spring was quite warm. Temperatures
rose rapidly after the first week in March and have remained well above average with
only a few brief cool intervals during all three spring months. This warm spell has been
remarkable in its strength and persistence. The following list displays average temperatures
and departures from normal.

March 47.0 °F +5.2 °F
April 57.0 °F +4.7 °F
May 65.9 °F +4.1 °F

| recorded a maximum of 98 °F (36.7 °C) on the 26th. A minimum of 35 °F (1.7 °C)
was noted on the 11th. It was a dry month. Precipitation totaled 2.44” (62.0 mm) which was
only about 60 % of normal.

ENGLISH UNITS METRIC UNITS
TEMPERATURE PRECIPITATION WIND TEMPERATURE PRECIP
DAY MAX MIN  AVG RAIN SNOW SC GUST DIR  MAX MIN  AVG RAIN SNOW
1 89 55 72 18 ESE 317 128 222
2 92 62 77 21 sw 333 167 25.0
3 82 65 74 111 24 sw 27.8 183 231 282
4 82 58 70 T 32 sw 27.8 144 21.1 T
5 8 50 67 T 24 sE 283 10.0 19.2 T
6 82 60 71 26 s 27.8 156 217
7 79 50 65 20 wnw 26.1 10.0 18.1
8 77 49 63 007 36 wsw 250 94 172 18
9 53 43 48 32 w 117 61 89
10 63 39 51 27 wnw 172 3.9 10.6
11 58 35 47 12 sse 144 17 84
12 50 44 47 045 14 Ese 100 67 83 114 Figure 1. Weather
13 72 39 56 14 s 222 39 131 station data for
14 84 57 71 003 18 ssw 289 139 214 0.8 ,
15 76 56 66 26 WNw 244 133 18.9 Bergenflgld, New Jersey,
16 75 51 63 17 waw 239 106 172 USA in May 2010.
17 77 48 63 11 s 250 89 169 Note peak gusts are
18 63 51 57 0.73 19 NNE 17.2 10.6 139 185 shown in mph
19 65 51 58 001 12 ~Nw 183 106 144 0.3 *Qr —
20 87 53 70 12 s 306 117 211 SC = Snow Cover
21 89 56 73 14 Ese 317 133 225
2 77 57 67 14 E 250 139 194
23 76 60 68 14 E 244 156 200
24 77 62 70 12 NE 250 167 208
25 87 58 73 12 s 306 144 225
26 98 61 80 13 Nw 367 161 264
27 82 57 70 0.04 13 E 27.8 139 208 1.0
28 76 54 65 11 sE 244 122 183
29 82 62 72 13 ssw 27.8 16.7 222
30 90 64 77 17 waw 322 17.8 25.0
31 89 63 76 20 E 317 17.2 244
AVG 77.8 539 658 254 122 188
SUM 2.44 62.0
MAX 98 65 80 1.11 30 w 367 183 264 282
MIN 50 35 47 100 1.7 841
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WEATHER AND ME

By JEFFREY K. BLACKSHAW

37 Balmoral Road, Elderslie, Renfrewshire PA5 9RA

| guess it all started standing at the window at home during the night of 14th / 15th
January 1968 watching the worst storm of the century in Glasgow. It became known as the
night a hurricane hit the city though this is not a true description. | was only 13 years old
and this was something big, possibly a once in a lifetime event. The location of Glasgow
can make it prone to this type of storm once or twice in a century. The city lies in a valley
and when deep depressions pass to the north of the city winds on the southern flank funnel
through two valleys leading from the west or south west towards the city. When these two
areas of winds meet to the west of the city, this can cause extra turbulence and slight
rotation. Average wind speed between 2 am and 3 am at Glasgow airport was 61 mph with
gusts to 102 mph and the pattern of damage in the city strongly suggested that a number
of tornadoes had touched down. Residents described the noise as ‘like an express train
coming up the street’ and in some streets buildings were severely damaged on one side but
had only slight damage on the other side. Glasgow was in the front right hand sector of this
storm where hurricanes and deep depressions tend to spawn tornadoes. Over 1,000 houses
were severely damaged, 50 houses had to be demolished and 20 people lost their lives in
central Scotland. The army stayed for two weeks to help with the clean-up operation. This
storm is covered in detail in several weather books depicting severe weather in Britain. My
own recollections that night were of the incredible power of nature and feeling movement in
the house which was a two storey semi detached villa. Most of the windows at school were
broken. My dad had a caravan at Roseneath Caravan Park opposite Helensburgh on the
Firth of Clyde approximately 20 miles west of Glasgow. Our caravan was located nearest to
the water. The site was extensively damaged, including our caravan which was never seen
again.

This obviously made an impression on me and in June 1969 | started to take
my own weather readings on a daily basis. Instrumentation was basic to begin with, but a
Stevenson screen and Snowden rain gauge followed within a year. The Stevenson screen
caused some amusing moments early on when neighbours thought it was a bee hive and
my mum was shocked that | was going to leave my new pristine copper rain gauge out in
the rain! | vividly remember assembling the Stevenson screen. Every single one of the slats
was laid out on the dining room table and painstakingly given one coat of primer and two
coats of gloss before assembly.

My original site was in Ralston approximately 6 miles west of Glasgow. In 1984 my
weather station (along with my new wife) transferred to Elderslie, approximately 12 miles
west of Glasgow where | have been recording to this day. Within a few months of starting
daily observations in Ralston | recorded the lowest temperature at either site —17.3°Con 7
January 1970.

Whilst on holiday with the Boys Brigade in Copenhagen, Denmark in July 1969 a
severe thunderstorm on the 24th made a lasting impression helping to shape my interest in
severe weather. This was reinforced while on holiday in Romania in both 1975 and 1976.
There were severe thunderstorms in Constanta on the Black Sea coast on 9 July 1975 and
the following year on the 5th July an amazing display of lightning in Poiana Brasov in the
Carpathian mountains one evening.
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This was ‘Dracula’ country and believe it or not we had foolishly started to look for vampires in
the forest that afternoon but quickly ended up enjoying the wonderful warmth and hospitality
of the locals leaving the scary stuff for that evening during the lightning.

Back at home, the first notable severe thunderstorm occurred on 28 September
1976 not long after the ‘long hot summer’. | was working in the centre of Glasgow where
the storm was severe. Back home in Ralston | recorded approx 16 mm in one hour, but the
centre of Glasgow received almost 90mm in 4 hours from 5 pm which was the heaviest
concentrated fall since records began in 1888. Most rail services were severely disrupted
and the Glasgow underground was suspended.

The next severe thunderstorm was on 4 June 1978. This was a Sunday evening
and lightning was intense and overhead for 90 minutes from 6.45 pm until 8.15 pm. Rainfall
totalled 40 mm with 26 mm falling during the 90 minutes. Paisley Abbey, a few miles away,
was struck by lightning and there was considerable flooding.

Another severe storm occurred the following June. On 12 June 1979 a severe
thunderstorm broke at 4 pm and was overhead until 6 pm, although thunder could be heard
before and after these times. Rainfall totalled 51 mm in 5 hours, with 45 mm falling in 2
hours and 28 mm falling during the first 20 minutes. This remains the heaviest fall | have
recorded for that time period. The temperature fell from 21 °C at 4 pm to 13 °C within 10
minutes.

To complete a very thundery few years, another severe thunderstorm occurred
on 27 May 1981. Lightning was frequent and often overhead from 2.30 pm until 6 pm.
Hail occurred at the start of the storm giving a covering on the ground. Rainfall totalled
26 mm in 1 hour from 2.30 pm and 43 mm in total from 2.30 pm until 7.30 pm. Glasgow
airport recorded 60.4 mm rainfall with 25.2 mm falling in 1 hour from 2 pm during which the
temperature fell from 14 °C to 7 °C. It was exceptionally dark and the street lights were on
for more than an hour that afternoon.

There were two electrically active thunderstorms within a week of each other
during the night of 26/ 27 June 2001 and during the night of 3 / 4 July 2001. Lightning was
frequently in excess of 10 flashes per minute during both storms which is very unusual for
this part of the world.

This can be a very wet part of the country and | have recorded some notable heavy
spells of rain. In September 1985 | recorded over 80 mm rain twice in a 48 hour period.
In December 1994 | recorded my wettest 24 hour period with 124.6 mm rain falling split
between the 11th and 12th. In December 1994 | also recorded 183 mm rain in 48 hours.
During November / December 2006 | recorded 349 mm rain in 16 days and 677 mm for the
two months.

This is not an area known for prolonged heat-waves or high temperatures, however
| have recorded 31 °C in June 1982, July 1977 and August 1975 with the station record
standing at 31.2 °C on 4 August 1975.

There was a notable severe spell of weather between 17 January and 24 January
1993 with four gales recorded, three of which were either severe gales or storm force
winds. The storm force winds during the night of 21 — 22 January 1993 caused considerable
structural damage. A further notable storm was Boxing Day night in 1998 with storm force
10 winds and considerable structural damage.

There have been some notable cold snaps, particularly December 1981 and the
first half of January 1982. In December 1981 there were only three nights with the minimum
temperature above the average minimum for the month and there were ten nights with the
minimum below -9 °C and seven days with the maximum temperature below -3 °C.
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Another notable cold snap was between Christmas and New Year in December 1995 when
| recorded 3 consecutive nights with the minimum temperature below — 15 °C and three
consecutive days with the maximum temperature below —8 °C. In January 1979 | recorded
two nights with the minimum temperature below —16 °C.

What am | doing now? Recently | have been busy transferring over 40 years of
records on to the computer, a huge task that is not finished yet. Current sheets are now
typed and older sheets which will not change have been scanned on to the computer.
Needless to say this keeps me occupied during the long northern winter nights.
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TORRO TORNADO DIVISION REPORT: JULY 2009

By PAUL R. BROWN and G. TERENCE MEADEN

1
The hot weather of late June 2009 continued for the first two days of July, but the rest of the month was
very unsettled with cyclonic and westerly weather types.This was another active month for whirlwinds,
with eight tornadoes (four definite) and 30 reports of funnel clouds; one of the tornadoes began as a
waterspout, and there was one other report of a waterspout (and one that was too far offshore to be
counted). We also know of one tornado (unconfirmed) and one funnel cloud in the Irish Republic.

Wind2009Jul01 Blackpool (Branstree Road), Lancashire (563° 48’ N 3° 00’ W, SD 345340)

A correspondent, Mr Stuart Lynch, reported that he was awoken at 0245 GMT by
a thunderstorm with hail in which there was a “massive increase in wind speed”, which he
attributed to a tornado; but there is too little evidence to accept it for the records. At 0000
GMT a weak southerly airstream covered the British Isles between a small high, 1025 mb,
in the North Sea and a low, 998 mb, in mid-Atlantic; a shower trough lay from the Isle of Man
to the Midlands.

WS-TN2009Jul02 Lochinver, Sutherland (58° 09’ N 5° 15’ W, NC 0922)

Mr Declan Logan and his family were on holiday near Lochinver, when a
thunderstorm developed in the area. They then noticed “a strange funnel-shaped cloud
like the ones that form a tornado”; after the storm was over they heard from a local woman
that a ‘waterspout’ had destroyed her garden near the shore at Lochinver. Now the term
‘waterspout’ is sometimes used for a cloudburst, but the sighting of a funnel cloud suggests
that this was indeed a tornadic waterspout that came ashore for a short distance. The time
of occurrence was about 1330 GMT. At 1200 GMT a hot southeasterly airstream covered
the British Isles between a high, 1023 mb, in the North Sea and a complex low, 1003 mb,
in mid-Atlantic. There was some rain in the far west, and thunderstorms over the Scottish
Highlands.

FC2009Jul05/1 Holy Island, Northumberland (c 55° 40’ N 1° 49’ W, NU 1241)

The Northumberland Gazette of the 10th July published several good photographs
of this funnel cloud taken from Beal in the direction of Holy Island by Ms Lissa Haines.
They show a slanting funnel extending at least halfway to the ground. She described it as
“rotating really fast”. The time was about 1240 GMT.

fc?2009Jul05 Nuneaton, Warwickshire (52° 31" N 1° 28’ W, SP 3691)
Mr Christopher Paul Roe submitted a report of a funnel cloud forming at 0800
GMT, but with insufficient detail to verify it (date erroneously given as the 6th in his report).
At 1200 GMT an occluded low, 998 mb, was drifting slowly east into western
Ireland, with a variety of fronts and troughs in its circulation. Showers were quite widespread
in the west, but more scattered in the north and east.

fc2009Jul05/1l Near Oxford, Oxfordshire (c 51° 44’ N 1° 12’ W, SP 50)
The COL Daily Weather Diary stated that “According to the Met. Office a funnel
cloud was reported near Oxford”, apparently in the afternoon.

ws2009Jul05? Pwill (Loughor Estuary), Carmarthenshire (c 51° 41’ N 4° 12’ W, SN 4801)
The Llanelli Star of the 15th July reported that Ms Karen Edwards had photographed
a ‘tornado’ over the Loughor Estuary at about 1710 GMT on ‘Monday July 5'.
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The 5th, however, was a Sunday, which leaves it unclear whether the date was the 5th or
6th (both days had showers over South Wales). We have not seen the photograph, but Ms
Edwards described the funnel as lasting 5-10 minutes, moving from the estuary to over
land, at which point it withdrew into the clouds; there was a heavy shower at the time.

2tn+FCs2009Jul06/I Loch Leven (Benarty Hill), Kinross-shire (66° 09’ N 3° 22’ W, NT 1597)

Several splendid photographs of these funnel clouds were taken by Mr John Arnott
at about 1915 GMT (information from Mr Andy Mayhew of UKWeatherworld). In one of the
pictures two well-developed funnels are seen, together with a third incipient one; they are
viewed against the steep background of Benarty Hill (height 1100 ft), and two of the funnels
descend several hundred feet below the summit on the nearside of the hill, indicating that
they probably reached the ground at some point.

Mr Graham Owens reported the same event to us directly: in a detailed account
accompanied by photographs he described seeing “a series of tornadoes form along the
ridge line of Benarty Hill... approximately eight minor tornadoes... appeared to reach ground
level (very thin, contorted, generally dipping from cloud to ground in an easterly direction...)”.
Their direction of movement was from east to west, and there had been heavy showers
throughout the day.

At 1200 GMT the previous day’s low, 999 mb, was centred over southeast Scotland,
and still drifting east. Showers, some heavy and thundery, were widespread across the
British Isles.

FC/TN2009Jul06/1 Errol/Longforgan area, Perthshire (c 56° 25’ N 3° 13’ W, NO 22)

A report was received from Mr Matthew Porter, who saw a funnel cloud from
Dundee, which “looked like it was making contact with the ground” in the Errol/Longforgan
area; this would have been towards Benarty Hill from his viewpoint, but the implied location
is too far from there to be certain that it was the same event, and his timing was somewhat
earlier at 1835 GMT (the date was given erroneously as the 7th in his report).

tn2009Jul06/1l Brandon, County Durham (54° 45’ N 1° 40’ W, NZ 2339)

Mr James Jackson reported a funnel cloud at 1350 GMT, which he described as
“almost reaching to the ground at one point”, which suggests the spinning wind probably did
reach the ground. It lasted two minutes and was followed by very heavy rain with lightning.
The Northern Echo (7th July) published film and a photograph of a funnel cloud taken from
Wingate (NZ 4037) by Ms Kelly Flint during the afternoon. The photograph shows a long
slanting funnel disappearing behind nearby rooftops, which is probably another sighting of
the same event.

FC2009Jul06/Il Castleford area, West Riding of Yorkshire (c 53° 43’ N 1° 22’ W, SE 4225)

An anonymous correspondent to the UKWeatherworld forum photographed a fairly
short funnel cloud north of Doncaster at about 1630 GMT. He noted that local BBC news
later mentioned a ‘mini-tornado’ over Castleford, which was probably the same event.

fc2009Jul06/11l North of Thirsk, North Yorkshire (c 54° 15°N 1° 21’ W, SE 4284)
Mr Andrew Chandler reported a small funnel cloud about 1.5 miles (2 km) north of
Thirsk at 1610 GMT.

FC2009Jul06/IV South of Guisborough, North Yorkshire (c 54° 32’ N 1° 04’ W, NZ 6115)
The Middlesbrough Evening Gazette (7th July) reported that Mr Mike Hall
photographed a ‘tornado’ beginning to form over the Cleveland Hills from Guisborough.
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He estimated that it was five or six miles away. We have not seen Mr Hall's photograph, and
the report gave no time of day, but the same newspaper published another picture, taken
by Mr Neil Watson, showing the funnel a good third of the way to the ground; he gave the
time as 1740 (1640 GMT).

Mike Cinderey of TORRO later informed us that a Mr Geoff Smith had photographed
a funnel cloud looking south from New Marske (NZ 6220) at about 1637; it is uncertain
whether this time is BST or GMT, but if the latter, the funnel would undoubtedly be the same
one as in the press report, and it looks similar in the photograph. Mr Cinderey observed
several heavy thundery showers in the area during the afternoon.
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fc2009Jul07/l Derby, Derbyshire (52° 55’ N 1° 29’ N, SK 3535)

Ms Kayleigh Parker sent in a report of a funnel cloud seen between 1400 and
1500 GMT; she referred to a piece of film that she took during a thunderstorm, but this was
inconclusive as far as the funnel cloud was concerned. It was said to have lasted about one
minute.

At 1200 GMT the low of the previous two days, 998 mb, was in the North Sea, and
becoming absorbed by another low, 996 mb, over Norway; a northerly airstream with minor
fronts and troughs covered the British Isles. Showers and thunderstorms were widespread
and heavy over central and eastern England, but lighter and more scattered in other parts
of Britain.

FC2009Jul07/1l Arnold, Nottinghamshire (563° 00’ N 1° 07’ W, SK 5945)

Mr Ethan Nicholls submitted a report of a heavy thunderstorm, which began at
1515 GMT and lasted the best part of an hour, during which a funnel cloud was observed,
but it is not clear exactly what time the funnel was seen.

FC2009Jul07/1ll Kinoulton, Nottinghamshire (52° 52’ N 1° 00’ W, SK 6730)

The Melton Times (8th July) published a photograph (which we have not seen) of a
funnel cloud taken by Mr Davey Smith at about 1330 GMT. There was a heavy thunderstorm
about the same time.

FC2009Jul07/IV Retford/West Burton, Nottinghamshire (c 563° 21’ N 0° 52’ W, SK 78)
Mr Robin Hind reported a funnel cloud somewhere near Retford (aka East Retford)
or West Burton Power Station at 1000 GMT; it lasted 4-5 minutes.

FC2009Jul07/V Felixstowe, Suffolk (51°57°N 1° 19’E, TM 2834)

The Evening Star (9th July) published an account of ‘what looked like a tornado’,
which was seen by Mr Dominic Miaoulis (and others) at about 1715 GMT over the western
part of the town. Witnesses confirmed that it did not reach the ground.

FC2009Jul08 Monkton, Ayrshire (565° 31’ N 4° 37" W, NS 3527)

Dave Hancox of TORRO observed this funnel cloud at 0957 GMT. It lasted about
four minutes. At 1200 GMT the British Isles remained in a northerly airstream between a
low, 994 mb, over south Norway and a ridge of high pressure extending south to north
over the eastern Atlantic. There were fewer showers about than recently, and they were
generally light (except locally in southern England).

WS2009Jul(early) North Sea (east of Aberdeen)
The Aberdeen Evening Express of the 9th July reported that a waterspout had
been photographed from an oil platform 70 miles off the coast.
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It did not give the date or time of observation, and the sighting is too far out to be counted
in the statistics.
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FC2009Jul09 Pontefract, West Riding of Yorkshire (563° 41’ N 1° 19' W, SE 4521)

Mr Paul Thompson from Knottingley sent us a report of a funnel cloud that
descended several times over a period of 5-7 minutes about 1200 GMT, reaching halfway to
the ground at its longest. The Pontefract and Castleford Express of the 16th July published
a photograph of a funnel cloud taken by Mr Phillip Beadham; it was seen north of Pontefract
Crematorium at about 1200 GMT, and appears to reach at least a third of the way to the
ground. It was also seen from Featherstone. The synoptic situation was similar to that of the
previous day, with a weakening northerly airstream; a convergence line lay from the Lake
District to East Anglia at midday. There were showers in the north and east, especially near
the convergence, where some were thundery, but most other areas had a dry day.

fc?2009Jul13 Telford, Shropshire (52° 41’ N 2° 28’ W, SJ 6909)

Mr Martin Clarke sent in a report of a ‘tornado’ that was visible for just five seconds,
apparently in the evening, before becoming obscured by trees; but having no further details
we cannot document this as more than a possible funnel cloud. At 1800 GMT the British
Isles were on the fringe of a slow-moving low, 984 mb, west of Ireland; an occlusion was
crossing western districts, preceded by a shower trough over central and northern England.
There were showers, thundery in places, in many western and northern areas.

fc2009Jul14 West of Newbury, Berkshire (¢ 51° 23’ N 1° 22’ W, SU 46)

Mr Carl Stephen Day contacted us to report that he saw “two or three wispy spirals
of condensation” beneath a Cb cloud, which he believed to be the start of a funnel cloud.
This was west of Newbury between about 1815 and 1830 GMT. At 1800 GMT a complex
low, 995 mb, was moving slowly east off southern Ireland. Clusters of showers, heavy and
thundery at times, affected many areas of Britain during the afternoon.

FC2009Jul15/l Lough Neagh (near Ballyronan), County Derry (c 54° 42’ N 6° 31’ W, H 9685)

This funnel cloud was reported by Mr Richard Byett, who observed it over the
northwest of Lough Neagh at 1530 GMT. It was a ‘substantial, very well defined’ funnel,
which lasted 15 minutes and could be seen rotating rapidly. There was a thunderstorm at
the time.

At 1200 GMT the previous day’s complex low had centres of 1005 mb over
Scotland and eastern England. Showers were widespread and thundery in the north, but
more scattered in the south.

FC2009Jul15/1l East of Bangor, County Down (c 54° 38’ N 5° 32’ W, J 5979)

Mr Dave Vance submitted a report of a ‘rope-like vertical funnel’ seen at 1000
GMT, which he estimated to be about five miles (8 km) east of south Bangor; it lasted 3-4
minutes, but did not reach the ground. There were Cb clouds in the vicinity.

FC2009Jul15/1ll South of Inverness, Inverness-shire (¢ 57° 23’ N 4° 04’ W, NH 7634)

The Press and Journal of the 17th July published a photograph of a funnel cloud
taken by Mr Tom Hoad from the A9 road about 10 miles (16 km) south of Inverness at about
1235 GMT. The picture shows a well-formed funnel reaching at least halfway to the ground.

FC2009Jul15/IV Tain Range, Ross & Cromarty (57° 49’ N 3° 568’ W, NH 8382)
A funnel cloud was reported in the 1250 GMT METAR from Tain Range airstrip.
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Despite the similar timings, this is rather too far from the Inverness sighting to be treated as
the same.
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FC2009Jul15/V Durris Forest, Kincardineshire (c 57° 02’ N 2° 22’ W, NO 7893)

Mr John McMenemy reported a funnel cloud seen from near the west of the Durris
Forest at 1250 GMT,; he estimated it to be about two miles (3 km) to the northeast, and it
lasted approximately five minutes. There was a thunderstorm in the area at the time.

FC2009Jul15/VI Dishforth Airfield, North Yorkshire (54° 08’N 1°25' W, SE 3871)
A funnel cloud was reported in the 0950 GMT METAR from Dishforth Airfield.

tn2009Jul16 Islay (east of Loch Indall), Argyll (c 55° 44’ N 6° 19’ W, NR 2958)

Mr lain Mitchell photographed a long funnel cloud from Port Charlotte, looking east
across Loch Indall, at about 1830 GMT (details from the Islay website). The funnel extends
some way below the summits of the background mountains (height 1500 ft), and it seems
probable that it would have reached the ground at some point.

At 1200 GMT a rather slack pressure pattern covered the British Isles between the
remnant of the previous day’s low, now 1013 mb, north of Scotland and a new developing
low, 1012 mb, in the Bay of Biscay. There were further showers (locally heavy) in the north
and west, while more persistent rain moved into Wales and England in the afternoon and
evening (thunderstorms broke out widely in the southeast).

FC2006Jul16/I Kirkcaldy, Fifeshire (66° 06’N 3° 11’ W, NT 2791)

Fife Today of the 23rd July published a photograph entitled ‘Kirkcaldy’s little
twister’. The picture shows a well-developed slanting funnel cloud reaching at least halfway
to the ground. Several witnesses are named in the account, but it is not clear who took the
photograph, nor at what time it was taken.

FC2009Jul16/Il Southeast Northumberland

An anonymous photograph was received of a well-developed funnel cloud
reaching a good halfway to the ground during a rainstorm, but the time and exact location
are unknown.

RC2009Jul16 North of Worthing, West Sussex (c 50° 59’ N 0° 24’ W, TQ 1303)

Mr Nick Akehurst observed “increasing circulation of the clouds with what appeared
to be a funnel trying to form” north of Worthing at 1940 GMT. There was a thunderstorm at
the time.

3FC/TN2009Jul17/l Near Leighton Buzzard, Bedfordshire (c 51° 63° N 0° 38’ W, SP 9422)

Mr Miles Emmett sent in a report of a “Brief touchdown of tornado followed by
three further funnel clouds in the same storm system. Next storm system produced large
hail and strong updrafts but no funnel clouds spotted”. This was in the Leighton Buzzard/
Edlesborough area between 1015 and 1040 GMT. But while it sounds plausible, there is not
really enough evidence to count this as a tornado.

By 1200 GMT the previous day’s developing low in Biscay had moved northeast
across England to be off the Yorkshire coast, and deepened to 998 mb. There were
outbreaks of rain over northern England, and thunderstorms on a trough from Hampshire to
Norfolk.



© THE INTERNATIONAL JOURNAL OF METEOROLOGY
November 2010, Vol.35, No.355

FC2009Jul17/1l Spalding area, Lincolnshire (c 52° 48’ N 0° 09’ W, TF 22)

The Skegness Standard (17th July), while reporting thunderstorms in the area that
afternoon, added that “people living in the Spalding area have witnessed twister-like cloud
formations”; and the Peterborough Evening Telegraph of the following day said that Mr Phil
Booty from Spalding had filmed a ‘tornado-like funnel cloud’ on his way home from work. A
photograph that reached us anonymously showed a slender slanting funnel cloud reaching
halfway to the ground, but the location was only given as Lincolnshire. In the absence of
further information all these reports are treated as one.
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RC2009Jul17 Longstanton, Cambridgeshire (62° 16’ N 0° 02’ E, TL 3966)
Mr Bart Hallmark reported a “convective storm with possible vertical-axis rotation”
at 1145 GMT.

TN2009Jul17 Attleborough, Norfolk (52° 31’ N 1° 00’ E, TM 0495)

This tornado was investigated by Chris Bell of TORRO. It occurred at 1230 GMT,
causing damage to four homes, and felling several trees and large branches (in excess of
30 cm diameter). The track length was at least one kilometre, and force T2. (Although the
investigation was not carried out until three weeks later, the evidence was still indisputable.)

FC2009Jul22 Cupar, Fifeshire (56° 19’N 3° 01’ W, NO 3714)

Mr Nick Macivor reported a funnel cloud seen for 10-15 minutes at about 1500
GMT at the trailing edge of “An enormous cloud resembling a cell or supercell moving
southwest to northeast”. The funnel reformed several times during this period. At 1200 GMT
a low, 989 mb, was slow-moving over the Hebrides; its occluded front lay over the Northern
Isles, and a shower trough was crossing England. There were showers in many parts of
Britain (locally thundery in Scotland), but the south was mostly dry.

FCs2009Jul23/l Stornoway (Airport), Isle of Lewis, Ross & Cromarty (68° 13° N 6° 21’ W,
NB 4533)
Recent funnel clouds (within the past half-hour) were reported in the METARS from
Stornoway at 1220 and 1250 GMT. We have assumed these relate to separate sightings.
At 1200 GMT the previous day’s low, now 992 mb, was centred over northeast
Scotland. There were further showers in many areas (away from windward coasts), some
of them again thundery.

FC2009Jul23/1l Highbridge, Somerset (51° 13’ N 2° 59’ W, ST 3247)

A photograph of this funnel cloud, taken by Mr Graham Powell, was published in
the Burnham & Highbridge Weekly News of the 29th July, showing it about halfway to the
ground. Another picture, taken from Catcott, was shown on local television news (Points
West). It occurred in the afternoon, exact time not stated.

FC2009Jul23/1ll Yeovilton (RNAS), Somerset (61° 00’ N 2° 39’ W, ST 5422)
A funnel cloud was reported in the 1619 GMT special METAR from Yeovilton. This
is probably different from the Highbridge sighting.

FC/WS2009Jul24/1 Llandudno/Colwyn Bay (offshore), Caernarvonshire (c 53° 19’ N 3° 47’
W, SH 8182)

The North Wales Daily Post (25th July) published a photograph of a vertical funnel
cloud reaching at least halfway to the surface.
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It was described as ‘a waterspout - a tornado which forms over the sea’, and was said to
have been visible for 20 minutes about 11.15 am (1015 GMT) offshore from Colwyn Bay
and Llandudno, moving east from the Little Orme towards Rhyl. The photographer was Mr
Chris Hoyle. Another witness, Mr Phil Brown, said: "It looked like an almost black tornado
reaching down to the sea, not quite touching”.

At 1200 GMT the previous day’s low was still over northeast Scotland, but now
filling steadily at 1002 mb. A westerly airstream with shower troughs covered most of Britain.
Despite the rising pressure, showers and thunderstorms were still quite widespread away
from western coasts.
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FC/TN2009Jul24/1l East of Heiton, Roxburghshire (c 55° 35’ N 2° 19’ W, NT 8032)

Mr Simon Erskine submitted a report of what he first described as a ‘tornado’.
He supplied a photograph showing an impressive-looking storm cloud with a good deal of
inflowing scud, from the centre of which a wide black column can be seen descending behind
a nearby hill. He later made a thorough investigation of the area (11th August), but could find
no evidence of tornado damage, nor could he find any witnesses who had definitely seen
anything of that nature: his final conclusion (as a non-meteorologist), therefore, was that it
did not reach the surface. The time of observation was 1716-1722 GMT, and the estimated
location between Lempitlaw and Mindrum (near the Northumberland border).

tn2009Jul27 Huntingdon, Cambridgeshire (52°21°N 0° 10’ W, TL 247731)

This was reported in the Hunts Post of the 5th August, where it was said to have
struck Thongsley just after 4 pm (1500 GMT) on the 27th July. A wooden gazebo was
lifted out of a garden and blown down the street, a lady carrying potatoes had them blown
out of her hands, and there was other damage to gardens and garages. At 1200 GMT a
westerly airstream covered the British Isles between a low, 988 mb, between Scotland
and Iceland, and a high, 1027 mb, near the Azores; shower troughs were crossing eastern
Scotland and central England. There were some heavy showers on the troughs, but only a
few showers elsewhere. It is tempting to relate the tornado to the trough crossing England,
but this appears to have gone through Huntingdon about an hour before the reported time
of the tornado.

TN2009Jul28/I Stornoway, Isle of Lewis, Ross & Cromarty (c 58° 12’ N 6° 23’ W to 58° 13’
N 6°22° W, NB 424325 to NB 432338)

This widely-reported tornado occurred at about 2130 GMT. According to the
Stornoway Gazette (29th July), it caused damage to roofs, cars, and trees; and BBC
Highlands & Islands reported that a parked motor car was overturned and a camper van
was tilted over against a tractor before righting itself (there appear to have been no injuries,
either to the occupants of the van or to anybody else). The BBC’s man on the island, Mr
Norman Campbell, said the path of the tornado was from the ferry terminal across Matheson
Road to the Goathill area, most of the damage being in James Street and Garden Road; and
this was confirmed by a track published anonymously on the Arnish Lighthouse website (we
are grateful to Jonathan Webb of TORRO for bringing this to our attention), which indicated
that its last known position was in Sand Street. The implied track length is therefore 1.5
km from southwest or southsouth-west, but any extension beyond that would have been
outside the town, and probably undetectable.

At 1800 GMT a complex low, 989 mb, lay to the west of Scotland, producing a
southwesterly airstream over the British Isles, within which several minor frontal systems
were moving northeast: an occlusion in the cold air was approaching the Hebrides; a frontal
wave was crossing the Irish Sea.
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Another wave was moving into the Southwest Approaches. Outbreaks of rain or showers
affected northern and western parts of Britain in the evening. The Stornoway tornado was
evidently on the occlusion, but the Bolton event is more difficult to explain - only the tail-
end of a warm front was crossing the area at the time, although there were indications of
instability from the rainfall radar.

TN2009Jul28/Il Bolton (Harwood), Lancashire (63° 36’N 2° 24’ W, SD 736116 to SD 738117)

This was reported in the Bolton News (29th July), where it was described as a ‘freak
tornado’ that felled trees and bent steel girders as it passed through Harwood (northeastern
outskirts of Bolton). At the golf course in Longsight Park a mature cherry tree was uprooted
and large branches were torn from some trees while others close by were untouched. No
time of day was stated in this report (indeed, even the date could only be surmised), but a
later investigation by the editor, Samantha Hall (6th August), confirmed that it occurred on
the 28th, although two witnesses gave slightly different times - between approximately 1700
and 1800 GMT. She heard of (but was unable to speak to) another witness who had seen
“bushes and branches swirling round and round”; and other people saw water swirling as
the tornado crossed a pond. The track was from southwest or westsouth-west, but although
there was talk of its having begun at the Town Hall, the only evidence of ground contact was
in the park, indicating a short track of just a few hundred metres. Force T1-2.

fc?2009Jul28 Brierley Hill area, Staffordshire (c 52° 28’ N 2° 05’ W, SO 98)

Mr Andy Bates submitted a report of a possible funnel cloud seen from the M5
motorway, from where it appeared to be towards Brierley Hill, but he lost sight of it before he
could be certain of what it was. Time was about 1750 GMT.

ws?2009Jul29 Bristol Channel (off Font-y-gary), Glamorgan (c 51° 23’ N 3° 23’ W, ST 0465)

BBC Wales published a photograph taken by their own staff purporting to show
a waterspout offshore from Fontygary Holiday Park (Cardiff), but although the shape is
suggestive, the definition is more like that of a rain shaft. The time was probably about 0810
GMT. At 0600 GMT a waving cold front from northeast England across west Wales to the
Southwest Approaches was moving very slowly east. There were outbreaks of rain, heavy
in places, near the front.

tn?2009Jul30 Near Guildford, Surrey (c 51° 12°N 0° 39’ W, SU 94)

Mentioned in the Meteorological Office Monthly Weather Summary, but unless
any further details are forthcoming it cannot be counted. At 1200 GMT a westerly airstream
covered the British Isles between a high, 1026 mb, in the Bay of Biscay and a low, 998
mb, near south Norway. There were showers, locally thundery, in many areas (except near
western coasts).

Whirlwinds in the Irish Republic
tn2009Jul06 Clonmines (Ard na Mara), Wellingtonbridge, County Wexford (52° 15’ N 6° 48’
W, S 8212)

The Irish Times of the 8th July reported this under the headline ‘House struck by
mini-tornado’. The owners, Mr Patrick Sudworth and Ms Linda Sudworth, of Ard na Mara,
said their kitchen ceiling collapsed, another ceiling cracked, house beams were moved,
water was sucked out of the toilet, and a window was blown out; while outside, scaffolding
on a nearby house was carried through the air, and roof tiles were ripped off. The exact time
was not stated, but it was in the afternoon. (See the Castleford entry above for the synoptic
situation.)
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FC2009Jul14 Near Carrick-on-Shannon, County Leitrim (c 53° 56’ N 8° 06’ W, M 9399)

The Drogheda Independent of the 12th August, in a summary of July’s weather,
mentioned that “a large funnel cloud or tornado was recorded near Carrick-on-Shannon
on July 14” (time of day not stated). This town is on the border between Leitrim and
Roscommon, so the sighting could have been in either county. (See the Newbury entry
above for the synoptic situation.)
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Editor’s note regarding the Bolton Harwood, Lancashire entry

On conducting a site investigation, there were enough witness reports to conclude
the vortex had begun from the Town Hall in the southwest. The vortex then tracked through
Bolton golf course, dissipating just after the golf course briefly missing a children’s park.
Several large oak trees were felled due to severe damage — five stumps of at least 2-3 ft in
diameter were left. Interestingly, there was an area of damage which is still a mystery; steel
girders protecting housing from flying golf balls had been completely mangled, but these
girders were completely off the main track, possibly suggesting a brief second touch-down.
A site investigation report is currently being prepared and will be published on completion.

| THIS MONTH 35 YEARS AGO: NOVEMBER 1975
I

To mark the 35th anniversary of the International Journal of Meteorology we continue the
series of short items about the weather of the corresponding month 35 years ago.

After a few days of westerlies at the start of November 1975 a large anticyclone
moved northeast across Britain to settle over Scandinavia in the second week, from where
it fed rather cold continental air across the country. The second half of the month saw
alternations of westerly and northerly types as depressions moved east over or to the north
of Scotland, and this period produced a few large orographic rainfalls in the western hills
(e.g. 70.0 mm at Cwm Dyli, Snowdonia, on the 15th); but in many areas the monthly rainfall
was again below average (as much as 50 % below in a few places). Gales occurred on the
16/17th and again on the 27th, as rapidly deepening depressions crossed Scotland: there
was a gust of 59 knots at Coltishall (Norfolk) on the 17th, while 84 knots was recorded at
the exposed lighthouse at South Gare on the North Yorkshire coast on the same day; and
Belfast Harbour recorded 62 knots on the 27th.

In a shortinterval of slack pressure gradient on the 14th fog persisted all day in parts
of eastern England, and daytime temperatures here were only one or two degrees above
freezing. Overnight temperatures fell to -6 °C in places on the 14th, and again following
northerly outbreaks on the 21/22nd and at the end of the month (-7.3 °C at Lagganlia, in
the Cairngorms, on the 21st; -7.1 °C at Aylesbury, Bucks, on the 22nd). Snow, mainly in the
form of showers, fell at times in the second half of the month, but significant accumulations
were confined to the hills (8 cm at Glenmore Lodge, Inverness-shire, on the 16th; 3 cm at
Princetown, Dartmoor, on the 26th).

Persistent fog, with visibility as low as 50 metres, recurred in central and eastern
England on the 30th, this time in a rather unusual synoptic situation for that sort of weather.
As a deep depression moved away on the 29th a cold, unstable, northwesterly airstream
covered the British Isles; this weakened sufficiently overnight to allow fog and frost to form
away from the west, and the feeble November sunshine of the following day was unable
to break the inversion or clear the fog, leading to day maximum temperatures of -1 °C in
Lincolnshire. Meanwhile, western coasts (in the same airmass) were experiencing typical
unstable weather with excellent visibility and scattered wintry showers.
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LETTERS TO THE EDITOR

To the editor,

The note by me published in the November 2009 issue (34/343) is misleadingly titled. As
the note itself explains, the mirages were actually seen from Inverness. As far as | know, no
mirages were seen from Kinloss.

Steuart Campbell
Edinburgh.

Editor’s Response:

It is with sincere apology that Mr Campbell’s article [“A Note on a Sky Mirage at
Kinloss, Scotland”] was printed with an error in the title. However, all proofs are checked
and approved for print prior to publication. Nevertheless, | completely understand that
proofreading the article would have a focus on the main content and that | should have
pointed out the change to the title for approval/amendment. | would also like to apologise to
Mr Campbell for not including this correspondence sooner.

MONTHLY COMPETITION

NOVEMBER’S QUESTION OF THE MONTH

YOU COULD WIN...

An Xplorer2 (pictured) courtesy of yww.skyline-technology.co.ul
One year’s free subscription to the IJMet

A copy of Roy Bedford’s book: ‘Yesterday’s Weather’

Just answer the following question correctly!*

Four tornadoes were recorded on 11 November 1975 in the USA. Two rated F1, and two
rated F2 on the Fujita Scale. At what time did the F2 Texas (at Guyman Airport) tornado
occur? You must be within 1 hour each way to be correct.

* When you have the correct answer, record it and wait until the final question in December’s
issue of IUMet 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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