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SPATIAL AND DIURNAL VARIATION OF HOURLY
RAINFALL IN THE SIANG BASIN
IN NORTHEAST INDIA
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By *S. NANDARGI, S. S. MULYE and O. N. DHAR

*Indian Institute of Tropical Meteorology, Dr.Homi Bhabha Road,
Pashan, Pune 411 008, India.

(shobhanandargi@gmail.com)

Abstract: The paper presents results of a pilot study of rainfall along the Siang basin that flows through
the Arunachal Pradesh Himalayas in the northeastern Indian region. Using hourly station rain gauge
data during 2001-2004, an attempt has been made to study spatial distribution of hourly rainfall and
the relation between rainfall duration and diurnal variation during the summer monsoon season (June
to September) over the Siang basin. The study has shown that most of the rainfall in the Siang basin
comes from long duration rainfall events (an event that lasts longer than 6 hours). The long-duration
rainfall events tend to have their maximum hourly rainfall around early morning, while short-duration
rainfall events have their peak rainfall around late night.

Keywords: Short duration rainfall analysis, diurnal variation, India, Siang Basin.

INTRODUCTION

Frequently, rain gauges representing a large area are used to estimate point
rainfall, and factors are applied to this to obtain spatially averaged rainfall. However, the
spatial distribution of rainfall has not been investigated as thoroughly as its temporal
distribution while studying the rainfall-runoff process. The use of self recording rain gauges
(SRRG) enables the accurate temporal distribution of rainfall to be measured. A method
for interpreting spatial variations in hourly rainfall would therefore be of immense value to
design engineers for construction of minor hydraulic structures across the rivers.

In hilly regions like the Himalayas, orography plays an important role in distribution
of rainfall during different hours of the day. Considering this, characterizing diurnal
precipitation features aids understanding not only in the mechanism of rain formation but
also the mechanism of the local climate features. In view of this, an attempt has been made
to study the spatial and diurnal variation of hourly rainfall in the Siang basin, northeast India.

SHORT DURATION RAINFALL STUDIES IN INDIA

In India, a large number of hydrometeorological studies are available on rainfall
analysis of observational data. These studies are useful to the design engineers and
planners to estimate spillway capacities of medium and large dams or reservoirs. However,
very few studies are available on short duration analysis of rainfall due to paucity of self
recording raingauge (SRRG) data. Dhar (1960), Dhar and Ramchandran (1970), Dhar and
Kulkarni (1971), Harihar Ayyar and Prasad (1971), Harihar Ayyar and Tripathi (1973; 1974),
Kulkarni et al. (1991; 1993) are some of the studies that have been made in recent years.
All the above studies except Ayyar and Tripathi (1974) are mainly related to hourly data of
selected stations. Ayyar and Tripathi (1974) have prepared 15 minute to 15 hour rainfall
frequency maps of India for return periods of 2, 5, 10,...., 50 years using hourly data of about
60 to 100 SRRG stations, distributed all over the country.

Pathan (1994) while studying the wettest and driest hours of the day during the
southwest monsoon season over the Indian region found that the maximum rainfall activity
occurred in the afternoon hours over the mainland region.
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Figure 1. Map of Siang basin showing different sub-basins and locations of 7 SRRG stations.

For night hours it occurred in the coastal regions. He attributed this difference to the
differential response of the solar influence of precipitation formation mechanism over
continental and coastal areas. There are, however, no systematic studies carried out for
individual river basins in India.

In recent years there has been a considerable demand from river basin project
engineers regarding the distribution of maximum rainfall of short durations, viz. less than
24 hours preferably of Himalayan river basins. This information is required by them for the
design of small hydraulic structures. The use of SRRG data enables the accurate temporal
distribution of rainfall to be measured. In view of this, an attempt has been made in this
paper to study short duration rainfall for different durations of 1, 3, 6,..., etc. hours as well as
diurnal variation of rainfall of seven SRRG stations located in the Siang Basin in Arunachal
Pradesh of the northeast India during the summer monsoon months of June to September.
Before discussing about the actual analysis, in the following section physiographic and
climatological features of the Siang Basin has been given in order to clarify the rainfall
distribution over the study region.

PHYSIOGRAPHIC FEATURES OF THE SIANG BASIN

Most of the hydropower potential and other water resources of the Indian sub-
continent are concentrated in the Brahmaputra Basin, out of which more than 80 % lies
in the Siang (Dihang) and the Subansiri Basins in India (Brahmaputra Board, 1983). The
Siang Basin is located in the northeastern part of the Brahmaputra valley. The river Siang,
originates from an altitude of 5,300 m about 63 km southeast of the Manasarovar Lake in
the southwest Tibet. The source of this river lies in the Kanglung Kang Glacier (82°10’E and
30°31°’N) near Konggyu Lake (4,877 m) and the Kailash Range of the Himalayas. The river
is known as Yarlung -Tsangpo from origin up to Indo-Tibet border. It is the largest river in the
world flowing at an altitude of about 4000 m.
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In western Tibet, it flows from west to east, parallel to the Himalayan mountains on the
northern side.

In eastern Tibet, the river flows around the snow-capped massif of Namche Burwa
(7,756 m) and the Gyala Peri and enters India in the state of Arunachal Pradesh at Kepang
La above Tuting. In Arunachal Pradesh up to the confluence with rivers Dibang and Luhit,
the river is known as Siang (also called ‘Dihang’). The Siang Basin consists of a major
sub-basin of its tributary viz. Siyum, besides its own (see Figure 1). Three head streams,
Dihang, Dibang and Luhit meet in Sadiya sub-division of Tinsukhia district, east of Kobo and
it is from this confluence that the river takes the mighty form and is known as ‘Brahmaputra’.

35th Anniversary Year 41

Figure 2. Orographical features around Siang basin in India.

The Siang basin represents some remarkable physical features. The geographical
limits of the basin in Arunachal Pradesh (India) lie between the Lat. 28°N to 29°20’ N and
Long. 93° 50’ to 95° 30" E which covers the total area of about 14,039 km? (NHPC, 2005;
NRSA, 2005). Dhar and Nandargi (2004), Mandal et al. (2004) have given in detail the
physiographic features of the Siang basin. However, it is to be mentioned that the entire
basin is highly mountainous with elevations varying from 610 m to 4,572 m. The basin
is bounded on the north by the eastern Himalayas, on the west by Abore hills and the
Subansiri Basin and on the east by Mishmi hills (see Figure 2).

CLIMATOLOGICAL FEATURES OF THE SIANG BASIN

As stated earlier, the entire basin is surrounded by three hilly ranges which play an
important role in the distribution of rainfall over different sub-basins of the Siang Basin. In
addition to this, the meteorological situations which are mainly responsible for causing heavy
rainfall over and near the basin are as follows: Low pressure systems originating from the
Bay of Bengal during the monsoon season and moving in easterly to northeasterly direction
cause heavy rainfall over the region; The periodic movement of western disturbances and
upper-air troughs in the westerlies over Arunachal Pradesh;
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When seasonal monsoon trough shifts to the foothills of the Himalayas, mostly during July
and August months, a ‘Break’ situation is established thereby causing heavy rainfall in the
foothills of the Himalayas (Rao, 1976). These meteorological situations which are influenced
by local orographic affects, are responsible for causing moderate to heavy rainfall over the
region (Figures.1 and 2).

The southwest monsoon normally enters Assam and adjoining areas around the
first week of June, establishes firmly over entire northeast India by the second week of
June. It withdraws from this region in the second week of October. Mean seasonal (June-
September) and annual rainfall of all the available stations in and around the basin were
worked out on the basis of available daily rainfall data (period 1901-2004) from the National
Hydroelectric Power Corporation (NHPC) as well as from NDC, IMD, Pune, of 40 stations
located in and around the basin. It can be seen that about 57 % of the annual rainfall
occurs during the monsoon season of June-September while during May-October the basin
receives about 79 % of the annual rainfall. Figures 3a and b show the spatial patterns of
mean seasonal (June-September) and annual rainfall maps over the entire Siang Basin in
northeastern India.

DATA USED

Hourly rainfall data during most of the severe rainstorms which affected the Siang
Basin was not available, as such time distribution analysis was worked out on the basis of
hourly rainfall data of seven SRRG stations located inside the Siang basin (see Figure 1),
supplied by NHPC for the period, 2001-2004 (June-September). Before proceeding with
actual analysis, in the following sections important rainfall features of the seven SRRG
stations are given by way of information.

SEASONAL AND ANNUAL RAINFALL MAGNITUDES OF SRRG STATIONS

It is seen from Figure 1 that the SRRG stations are mostly located along the sides
of the Siang and the Siyum rivers. Of the seven stations, Mayum is located at an altitude of
1500 m. Gelling and Bomdo stations are located in Mishmi hill ranges whereas Tuting and
Nyering are located on the tongue of the Abore hills. Kaying and Along are the two plain
area stations. In Table 1, mean seasonal (June-September) and annual rainfall of these
seven SRRG stations inside the Siang Basin have been given.

Table 1. Mean Seasonal (June-September) and annual rainfall (mm) for seven SRRG stations (based
on a long period of 30-80 years daily rainfall data).

Station Altitude (m) June-September | Annual (mm) ;zrlz_gfe grt]ir:;er
Gelling 900 1777 3145 57
Mayum 1500 1723 3353 51
Tuting 600 2567 4572 56
Nyering 1100 1691 2936 58
Bomdo 700 746 2142 35
Kaying 326 2494 4102 61
Along 300 1237 1894 65
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It may be mentioned that the rainfall — elevation profile shows that the zone of
maximum rainfall occurs near the foothills and at an elevation of 1000 m to 1500 m (Figure
4). Beyond this elevation, rainfall decreases continuously as elevation increases until the
Great Himalayan range is reached.
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EXTREME 1, 2 AND 3 DAY RAINFALL EXPERIENCED BY SRRG STATIONS

Table 2a lists the seven SRRG stations which experienced the highest 1 to 3 day
rainfall with their dates of occurrences on the basis of daily rainfall data of a period of about
30-80 years (1901-2004). It is seen from Table 2a that the highest rainfall at these stations
ranges from 140 mm to 322 mm for 1 day, 181 mm to 410 mm for 2 days and 251 mm to
564 mm for 3 day durations.

Table 2a. Highest 1-3 day rainfall (mm) for the seven SRRG stations (1901-2004).

1-day 2-day 3-day
) Rainfall | Date of oc- Rainfall | Date of occur- Rainfall Date of occur-
Station
(mm) currence (mm) rence (mm) rence
Gelling 150 24/03/2001 214 06-07/07/2004 305 06-08/07/2004
Mayum | 137 08/07/2004 235 08-09/07/2004 321 07-09/07/2004
Tuting 308 05/04/2005 399 09-10/07/1991 564 10-12/09/1984
Nyering | 140 21/07/2002 181 08-09/07/2004 251 07-09/07/2004
Bomdo | 182 20/05/2002 200 20-21/05/2002 219 20-22/05/2002
Kaying 322 22/08/2001 410 21-22/08/2001 426 21-23/08/2001
Along 247 27/06/1976 299 27-27/06/1976 312 27-29/06/1976

It is also observed that these stations have recorded these highest rain amounts
mostly during the southwest monsoon months of June to September. In Table 2b the highest
24 hour rainfall evaluated on the basis of hourly rainfall data (2001-2004) has been given by
way of comparison. Highest hourly rainfall at these stations varies from 88 mm to 356 mm
for the 24 hr duration.

Table 2b. Highest 24 hour rainfall (mm) for the seven SRRG stations.

Station Highest 24 hr rainfall (mm) Date of occurrence

Gelling 88.0 6/7 (9 hr) - 7/7 (8 hr) 2001
Mayum 146.0 8/7 (14 hr) - 9/7 (13 hr) 2001
Tuting 161.0 23/8 (2 hr) - 24/8 (1 hr) 2001
Nyering 105.0 23/8 (11 hr)-24/8 (10 hr) 2001
Bomdo 100.0 21/8 (21 hr) -22/8 (20 hr) 2001
Kaying 356.5 22/8 (5 hr) - 23/8 (4 hr) 2001
Along 158.5 20/7 (14 hr) - 21/7 (13 hr) 2002

Using hourly rainfall data, maximum observed rainfall for different durations of 1, 3,
6,... hours has been calculated and is shown in Table 3. It can be seen from this table that
except Gelling, Nyering and Bomdo stations, the highest 1 hour maximum rainfall recorded
by the rest of the stations ranges between 28-46 mm.
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Of all the stations, Kaying, a station located in Siyum sub-basin has recorded the highest
observed rainfall for 1 hr-72 hr duration. Figure 5 shows the distribution of the highest
observed rainfall for 1-72 hours for the seven SRRG stations.

Table 3. Highest observed rainfall (mm) for 1 hr-72 hr durations of the seven SRRG stations in the

Siang Basin.

Gelling Mayum Tuting Nyering Bomdo Kaying Along
1hr 16.0 27.6 30.0 17.0 17.0 46.0 32.0
3hr 26.5 51.0 43.0 29.0 35.0 88.0 84.0
6 hr 38.0 71.8 61.5 49.0 45.0 142.0 99.0
9 hr 49.0 83.2 89.0 68.0 54.0 200.0 126.5
12 hr 59.0 87.4 100.0 78.0 61.0 238.0 144.0
15 hr 62.0 95.0 121.0 85.0 72.0 296.0 151.0
18 hr 79.0 111.0 132.0 89.0 84.0 314.0 157.0
21 hr 86.0 129.0 146.0 95.0 90.0 336.0 158.5
24 hr 88.0 146.0 161.0 105.0 100.0 356.5 158.5
27 hr 90.0 163.0 174.0 111.0 105.0 369.0 159.5
30 hr 94.0 173.0 188.0 112.0 109.0 377.5 162.0
33 hr 104.0 190.4 201.0 1215 117.0 386.0 174.5
36 hr 110.0 208.4 219.0 128.5 121.0 398.5 185.5
39 hr 116.0 220.0 232.0 136.5 123.0 400.0 196.0
42 hr 120.0 228.6 242.0 141.0 125.0 407.0 198.0
45 hr 121.0 238.0 260.0 149.0 129.0 408.5 199.0
48 hr 121.0 257.0 271.0 157.0 136.0 414.5 199.0
51 hr 122.0 271.6 287.0 159.0 139.0 4155 203.0
54 hr 122.0 280.0 296.0 161.0 140.0 417.0 205.0
57 hr 122.0 290.0 303.0 168.0 143.0 423.0 214.0
60 hr 123.0 301.4 314.0 175.0 146.0 424.0 217.0
63 hr 134.0 309.4 322.0 181.0 149.0 424.0 2225
66 hr 138.0 314.6 329.5 188.0 151.0 424.0 224.0
69 hr 143.0 319.8 340.5 191.0 153.0 424.0 224.5
72 hr 146.0 3224 355.0 191.0 156.0 424.0 2245

ANALYSIS OF INTENSE RAIN SPELLS

As stated in this study, it has been observed that the rainstorm events are
composed of several precipitation-producing meteorological phenomena which appear and
decay during the duration of the rainstorm event both individually or combined together with
several other phenomena. The pattern of movement of these situations is erratic and their
durations are widely variable over the Siang Basin. Considering this, a heavy rain spell or a
storm was defined as any fall of rain — not necessarily continuous — preceded and followed
by three or more hours without rain.
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Figure 3a. Isohyetal map of June September rainfall (cm) over the Siang Basin.

T T T T
— jun-sept isoline (cm) _
29°0°N
28°30'N
Dapbrijo
28°0'N %
Damporijo
z (H)

94°0'E 94°30'E 95°0'E 95°30'E

Figure 3b. Isohyetal map of Annual rainfall (cm) over the Siang Basin.
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Applying this definition, examination of hourly rainfall data showed that the majority
of rain events (> 60 %) were less than 15 hours in duration throughout the study period. The
longer duration rainfall events (i.e rain events greater than 15 hours duration) contributed
significantly to the rainfall total during the rain spell. Further, it has been evident that there
were about 5-6 intense spells of heavy rainfall experienced by each station with the average
rate of 3-10 mm/hr of rainfall. These heavy rain spells were selected on the basis that there
should be continuous rain hours of more than 10 on each day of the spell with a gap of
1-3 hours of zero rainfall. Table 4 gives the list of all the intense hourly rain spells. From
this Table, out of 5-6 heavy rain spells, 2 to 4 rain spells lasted for more than 30 hours.
In the case of Moyum and Tuting stations, there were 2 rain spells each, which lasted for
about 72 hours, however the total rainfall recorded during the spells was comparatively less.
Whereas, in the case of the Kaying station (Siyum sub-basin), a heavy rain spell on 21-23
August 2001 lasted for 48 hours (with 44 rain hours during the spell), recorded a total rainfall
of 424 mm and up to 46 mm of rain fell in a single hour.
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Figure 4. Variation of seasonal and annual rainfall (mm) with respect to altitude.
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Figure 5. Distribution of hourly maximum rainfall (mm) during 1-72 hrs for the seven SRRG stations in
the Siang Basin in northeast India.
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Table 4. List of heavy rain spells based on hourly data for Siang basin.
Station | Rain spells ing ing hou_rs durlng rainfall/ fall during
Hour Hour durlng the rain hr the spell
the rain spell (mm) (mm)
spell (hrs) | (mm)

Gelling | 6-9 Jun 2001 9 8 49 146.0 3.0 10.0
19-21 Jun 2001 20 8 32 86.0 2.7 13.0
28-29 Jul 2001 8 12 59.0 4.9 11.0
24-25 Aug 2001 8 19 75.0 3.9 7.0
30 Aug-1 Sept 2001 | 21 8 22 83.0 3.8 9.0
22-25 Jun 2004 14 13 47 140.1 3.0 8.5

Moyum | 4-7 Jun 2001 9 8 40 141.0 35 17.0
27-30 Jul 2001 15 14 53 181.0 34 11.0
21-24 Aug 2001 22 21 70 235.5 34 13.0
7-10 Jul 2004 11 10 71 3224 4.5 12.0
4-7 Oct 2004 56 217.6 3.9 27.6

Tuting | 5-8 Jun 2001 53 213.0 4.0 12.0
27-30 Jul 2001 48 219.0 4.6 13.0
21-24 Aug 2001 23 22 69 355.0 5.1 23.0
6-9 Jul 2004 9 8 71 350.0 4.9 13.0

i’:fler' 19-22 Jun 2001 2 1 41 138.0 34 10.0
28-31 Jul 2001 2 1 41 123.0 3.0 10.0
22-25 Aug 2001 9 8 44 191.0 43 14.0
8-10 Sept 2001 15 14 47 94.0 2.0 8.0

Bomdo | 21-24 Aug 2001 13 12 56 156.0 2.8 13.0
8-11 Sept 2001 16 15 30 90.0 3.0 17.0

Kaying | 21-23 Aug, 2001 9 8 44 424.0 9.6 46.0
2-5 Jul 2003 1 10 63 234.8 3.7 16.0
15-18 Aug 2003 4 3 49 227.5 4.6 31.0
2-4 Jun 2004 9 8 31 149.0 4.8 31.3
29 Aug-1 Sept 2004 | 22 21 37 192.5 5.2 21.0
31 Aug-3 Sept 2004 | 12 1 40 317.5 7.9 25.0

Along 21-24 Aug 2001 9 8 31 169.0 55 23.0
20-23 Jul 2002 9 8 52 2245 4.3 31.0
9-12 Aug 2002 9 8 47 1725 3.7 19.5
2-4 Jul 2003 9 8 44 153.5 35 19.5




© THE INTERNATIONAL JOURNAL OF METEOROLOGY
February 2010, Vol.35, No.346

RELATIONSHIP BETWEEN ANY MAXIMUM 24 HOUR RAINFALL TO MAXIMUM
OBSERVATIONAL-DAY RAINFALL

After selecting intense rain spells for all the seven SRRG stations, the highest
maximum rainfall for any 24 hour period during the spell was calculated for each spell for all
the stations. Similarly, maximum rainfall that was recorded during the observational day (i.e.
8.30 hrs of the day to 8.30 hrs of the next day) was also calculated. An average ratio was
then calculated for all the spells and for all the stations. Table 5 gives the average ratios for
the eight stations.
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Table 5. Average ratios of any 24 hour maximum rainfall to maximum observational-day rainfall.

Station Gelling | Mayum | Tuting | Nyering | Bomdo | Kaying | Along

Maximum ratios | 1.01 1.22 1.22 1.09 1.2 1.09 1.31

Table 5 shows that in the case of the station at Gelling one has to increase
observational-day rainfall by just 1 % and to that of Nyering and Kaying stations, by 9 %
so as to get a maximum 24 hour rainfall. While calculating maximum rainfall for these
stations, only observational-day rainfall could be considered. In other words, for these two
stations maximum 24 hr rainfall and observational day rainfall were practically of the same
magnitude. The ratio is found to be highest (i.e. 1.31) in Along.

In Moyum, Tuting and Bomdo stations, these ratios were also found to be higher.
One has to increase the observational-day rainfall by 22 %, 22 %, 20 % and 19 % respectively
to obtain any 24 hour rainfall. In the USA, Hershfield (1961) found observational-day rainfall
ratio to be in the order of 13 %. In Calcutta (Dum Dum), Dhar (1970) found this ratio in the
order of 11 % while Harihar Ayyar and Tripathi (1973), using the data of about 70 stations
spread all over India, found this ratio to be in the order of 15 %.

DIURNAL VARIATION OF HOURLY RAINFALL

Knowledge of the diurnal variation of precipitation is important for understanding
of the water balance as well as in the use of applications for water resource management
and hydrology because the analysis of the diurnal cycle of precipitation needs relatively
higher temporal resolution of precipitation data. The diurnal variations of rainfall rates are
also of interest to telecommunication operators who would like to know the seriousness of
loss of traffic due to rain attenuation. The knowledge of the diurnal cycle of precipitation is
also important for the evaluation of the evaporation especially on daily values, because the
precipitation time of a day and successive sunshine duration affects the amount of daily
evaporation (Rucong et al., 2007).

According to Foster (1949) diurnal variation of rainfall will be small at places where
precipitation is mainly caused by the cyclonic storms or depressions as these phenomena
occur irrespective to time of day. Diurnal variation will be more at places where rainfall is
more or less controlled by local surface heating.

In this study an attempt has been made to study the harmonic analysis of the
hourly rainfall (viz. diurnal variation of rainfall) of the seven SRRG stations distributed in
different climatic regions of the Siang Basin. Diurnal variation of rainfall of a station indicates
variation of rainfall distribution during a calendar day (0 to 24 hour). The mean rainfall for
each clock-hour of the day was calculated based on available data period for each of the
monsoon months of June to September.The study revealed that the long duration rainfall
events tend to have their maximum hourly rainfall around early morning, while short duration
rainfall events (an event of 1-3 hours) have their peak rainfall approximately late in the
night.
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This contrast explains the two peaks in the diurnal variation of averaged precipitation over
the basin. Figure 6 shows the diurnal variation of hourly rainfall for the seven SRRG stations.
The important features learned by the diurnal curves are as follows:

It is seen from Figure 6 that there are peaks in rainfall curves during the early
morning hours, from about 1-8 hrs and late night from 19-24 hrs especially in case of the
five stations, viz. Gelling, Moyum, Tuting, Kaying and Along. This is mainly due to uplifting
of the moist wind currents in the valleys of the basin. Thereby indicating that during the
actual monsoon months, rainfall at these stations is not affected by ground conditions such
as local heating causing convective rainfall. For Nyering and Bomdo stations, these peaks
in rainfall curves appeared throughout the day due to convective activity.

35th Anniversary Year 49

Gelling

10
j i Figure 6. Diurnal variation of
2| hourly rainfall for the seven SRRG

0 stations in the Siang Basin.

’ CONCLUDING REMARKS

K Tuting In the absence of SRRG network,
3 C hydrologists find it difficult to break
5 up 24 hr and 48 hr maximum rain
L amounts into shorter durations of
- — 3, 6, or 12 hours for estimating
g ¢ peak discharge by Unit Hydrograph
s . method. In the present analysis, the
3 o spatial distribution of hourly rainfall
E has been studied on the basis of
® available SRRG station data located

inside the Siang Basin along the sides
of the Siang river.
On the basis of the available

Kaying records, it was found that heavy rain
spells were not of longer duration
(45 % of the rain spells yielded falls
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and August 2001.This study will be
helpful in breaking up maximum rain
amounts into shorter durations from
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Diurnal variation of the hourly data

- Hours .

shows peaks in rainfall curves during
the early morning hours, from about 1-8 hrs and late night hours from 19-24 hrs in the case
of the five stations at Gelling, Moyum, Tuting, Kaying and Along.

Itis to be mentioned that in this study, the hourly rainfall data for approximately four
years only have been used and it is likely that these ratios may change if a longer period of
data and if more stations were available.
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THE DESIGN, CONSTRUCTION AND PERFORMANCE
OF MERCURY-FREE AIR-BAROMETERS OR
SYMPIESOMETERS FOR METEOROLOGICAL AND
LABORATORY APPLICATIONS
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Abstract: Two new designs of Air-Barometers or Sympiesometers are described and their performance
evaluated with a view to their replacing mercury-containing instruments.

Keywords: Air-barometer, Sympiesometer, Mercury-free barometer.

INTRODUCTION

On 2 January 1667, Robert Hooke (1667) described to the Royal Society an
instrument for measuring the barometric pressure, which could be used on board ships
and a fortnight later demonstrated the instrument. Regrettably no drawings survived, but
it is clear from Hooke’s description that the instrument consisted of two parts: a spirit
thermometer and a volume of air trapped over mercury such that changes in its volume
could be observed. These two parts were evidently placed side by side such that changes in
the gas volume arising from temperature changes could be resolved from those arising from
changes in barometric pressure. In 1818, Alexander Adie (1818) published a Patent entitled
“An improvement on the Air-Barometer’ and his original diagram of the instrument which he
called a “sympiesometer”, is shown in Figure 1. It consists of a bulb (A) filled with hydrogen,
a vertical measurement tube connected to the lower reservoir (C), a thermometer, a fixed
scale OP calibrated for temperature, and a sliding scale MN calibrated for pressure. In use,
the thermometer is first read and the sliding scale adjusted until its index is adjacent to the
prevailing temperature on scale OP. The barometric pressure is then read by noting the
position of the meniscus in the measurement tube against the sliding scale.

After exhaustive testing at sea, Adie’'s sympiesometer prompted an enthusiastic
report from the Captain of one of the vessels in the Ross expedition to the Arctic: “The
Sympiesometer is a most excellent instrument and shews the weather far better than the
marine barometer. In short, the barometer is of no use compared to it.... In my opinion it
surpasses the mercurial barometer as much as the barometer is superior to having none at
all.” (Quoted by Adie, 1819).

This paper reports on a revisiting of the sympiesometer and improvements to it
with a view to its replacing mercurial barometers as they are phased out in response to new
European Union legislation banning the export of mercury.

In any comparison of instruments, the main considerations are:

e The type of instrument: whether capable of absolute or relative measurements;

e The verifiability of the readings: whether it is readily possible for a user of the instrument
to check that it is reading correctly;

e The precision of the instrument;

e  The readability of the Instrument;

e The stability and portability of the Instrument.



52 35th Anniversary Year © THE INTERNATIONAL JOURNAL OF METEOROLOGY

February 2010, Vol.35, No.346

Figure 1. The original sketch of Adie’s Sympiesometer from his patent of 1818.

If a comparison is made using these factors, between the mercury
M | barometer, the sympiesometer and modern electronic barometric
instruments, virtues are well-distributed among them. Although space
does not permit a full analysis here, it is clear that a mercury barometer
is essentially absolute in its measurement: in principle, it requires no
setting and measurements which only involve mass, length and time
are required to obtain an absolute value of the atmospheric pressure.
In practice, this virtue is often more theoretical that actual: many
instruments are set up by comparison with a primary standard anyway.
Moreover, the mercury barometer is only partially verifiable by the
user, who cannot check the quality of the Torricellian vacuum in the
instrument in question, and, until the modern advent of high-vacuum
pumps, the quality of this vacuum was the single biggest challenge
to the precision of mercury barometers and is still a significant factor.
The electronic barometer provides ultimate portability and reasonably
high precision but requires calibration against a known standard and,
more seriously, is far from verifiable, its operation being very opaque
to the user.
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Figure 2.  The Wall-mounted

N Sympiesometer, MCS002.
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value of the prevailing pressure provided the quantity of
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gas in the captive gas vessel is accurately known. In
practice the instrument is more conveniently set against a standard, and it is
verifiable: in principle, measuring its dimensions will confirm its calibration. Its
greatest virtue, however, is its readability. By appropriate choice of its geometric
proportions, the sensitivity in mm/hPa can be set to any desired value. This
can result in a considerably expanded scale. The two instruments described in
this paper have sensitivities of 2.0 and 1.0 mm/hPa, both considerably more
sensitive than a mercury barometer. In fact, a sympiesometer can equal or
exceed a Fortin barometer in precision and is much easier to use. Its portability,
too, was quickly recognised in its usefulness as an altimeter in nineteenth
century surveying.

SYMPIESOMETER DESIGN

The greatest disadvantage of Adie’s sympiesometer was that, after
reading the thermometer, the index on the sliding scale had to be set to the
value of the temperature read off on the fixed scale. Thus a transfer had to be
made between the thermometer and the fixed scale before any measurement
of the pressure could take place. The author of this paper conceived of an
improvement effected by inverting the thermometer and running the sliding
scale between it and the barometric measuring tube (Scott, 2008). This is
depicted in Figure 2, which shows a wall-mounted instrument designated
MCS002.
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A precision bore borosilicate glass tube A is fitted with an adjustable piston H and corrected
at its lower end to the barometric measuring tube B terminating in the fluid reservoir C. A
thermometer DE is supplied with a fixed scale F. Amovable scale G running in a vertical slot
milled in the wooden base is calibrated in millibars or other convenient units of pressure and
has an index mark which can be aligned with the end of the thermometer thread as shown.
After the instrument has been properly set up the atmospheric pressure can be read from
the meniscus in the measuring tube against the sliding scale.

Application of the Ideal Gas equations to the captive gas contained in A and in
part of the tube BC leads to an equation relating the height of the barometric fluid in the
measuring tube, h to the prevailing atmospheric pressure P, If the volume of the captive gas
vessel is Vg", the internal radius of the measuring tube r, its total length z, the density of the
barometric fluid p, the acceleration due to gravity, g, the Universal Gas constant R, and the
number of moles of gas confined in the captive gas vessel, n, the Absolute Temperature, T,
the height h is given by the quadratic function:
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m’ pgh’ — (P’n +pgl.) + o g.{:]/'; - (P“If"f +Pmiz— nRT]z 0 Equation (1)
By solving this quadratic equation and selecting suitable values for the dimensions of
the instrument, it is readily possible to adjust the scaling to a convenient value. In the
instruments designed by the author, the dimensions were adjusted to achieve the sensitivity
required. The choice of the barometric sensitivity determines the rate of response of the fluid
level to temperature. For a chosen sensitivity of 2 mm/hPa, the temperature H
coefficient of height h, was calculated as -6.75 mm/°C at 20 °C and 1000
hPa. This then was the required rate of the thermometer.

THERMOMETRY

The loss of mercury to the science of thermometry is more serious
than its loss to barometry. By far the best thermometric fluid is mercury,
and extensive research is currently being carried out to find a non-toxic
replacement. Failing mercury, ethanol and toluene are traditionally among
the alternatives. The behaviour of a thermometric fluid in a borosilicate glass
thermometer is critical especially for use in the sympiesometers described
in this paper. The reason for this is as follows: It is desirable that the thermal
inertia of the thermometer be similar to that of the captive gas vessel. That
is, when a change of ambient temperature occurs, both the thermometer
and the gas vessel should respond at similar rates. This reduces any
transient errors which may be apparent if the instrument is used while the
room temperature is changing. The thermal inertia of the captive gas vessel
is relatively large because gases mix and diffuse only rather slowly. To
match, the thermometer must therefore, have a large bulb. This bulb size
then determines the capillary bore required to give the desired rate. In the
instruments described in this paper, the capillary bore was 1 mm to give a
sufficient bulb size.

A further complication arises because in these designs, the
thermometer is inverted and the thread expands downwards on rising
temperature. This is demanding in terms of the nature of the thermometric
fluid and of the glass surface with which it is in contact.

l%%%%%\%

Figure 3. The Table-top Sympiesometer, TTS002.
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The requirement is that the thermometer thread should not break when the
thermometer is taken through repeated cycles of heating and cooling, nor should any of the
fluid become dispersed on the inside surface of the capillary tube. To meet this requirement,
the molecular forces which hold the fluid to it should be much greater than any attraction
between the fluid molecules and the glass. (This is why mercury is such a good choice as it
is repelled by the glass surface.)

In the course of the development of the instruments described here, a variety of
thermometric fluids were tried in glass tubes treated in various ways. The most successful
combination proved to be Toluene in a capillary internally treated with hexamethyl disilazane
(15 % vl/v solution in heptane, 95 °C for 6 hours). This latter treatment replaces the OH
groups on the glass surface with trimethylsilyl groups which have a weaker interaction with
the toluene molecules and thus lead to a more stable thermometer thread.

The thermometer in the instrument shown in Figure 2 has to exhibit an accuracy
of 1 % to maintain the barometric accuracy of the instrument. In order to achieve this,
the bore of the capillary is measured with a microscope to which a calibrated micrometer
is attached. The measured bore is then matched to a blown glass bulb, the volume of
which is measured with a burette. By careful selection of these components, the necessary
thermometric accuracy can be achieved.
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Figure 4. A barometric trace obtained from readings taken from a Sympiesometer type
MCS002, compared to a standard.

A GLASS TABLE-TOP COMPENSATED SYMPIESOMETER

An alternative design of sympiesometer, designated TTS002, is shown in Figure 3,
operating on the same principles as foregoing but capable of a readability and precision of
1 hPa but without any printed scales. The captive gas volume A is fitted with an adjustable
piston B sliding in a precision bore tube C. A thermometer bulb H is sealed into A and leads
to a capillary thermometer stem F. This stem has two turns of a helix fashioned in its upper
section to ensure that, at low temperatures bubbles cannot enter H. The Captive gas volume
A'is connected to glass helix G which is carefully wound with a uniform pitch of 10 mm.
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The whole assembly is mounted via a cork stopper into glass cylinder E. A slot (not shown)
machined in cork D allows the atmospheric pressure to reach the interior of E. A quantity of
barometric fluid (a mineral oil - Aero-shell fluid 3) dyed with Solvent Blue is placed in E and
the cork and glass assembly replaced. By adjustment of piston B, the fluid level can be set.

The height of the fluid level is related to the atmospheric pressure by a quadratic
equation similar to Equation 1. The dimensions of the components were calculated and
adjusted to give precisely a sensitivity 10 hPa per vertical centimetre, i.e. 10 hPa per
turn of the glass helix G. The thermometer dimensions were adjusted to exhibit the same
rate with temperature as the gas expansion rate linearly along the axis of the helix. At a
fixed pressure, there is, therefore, the same linear displacement between the end of the
thermometer thread and the level of barometric fluid in the helix G at all temperatures in the
working range of the instrument.

If the whole instrument is rotated about its vertical axis while the eye remains level
with the end of the thermometer thread, a point will be reached when the thread is exactly
level with the top of a turn of the helix G at a point nearest to the eye. This set point is
chosen to represent 1000 hPa. The instrument is set up so that if the level of the barometric
fluid lies below the set point, the pressure prevailing is less than 1000 hPa, and if above,
then the pressure is greater than 1000 hPa. This means that each full turn of the helix
represents 10 hPa below or above the 1000 hPa set point.

This makes the instrument very easy to read. It is first rotated to locate the set point
and the level of the fluid noted in full turns and a fraction of a turn above or below the set
point. Allowing 10 hPa per turn, the pressure is readily obtained by adding to, or subtracting
from 1000 according to whether the fluid level is above, or below, the set point. The process
is a great deal easier to carry out than to describe. The instrument is readily readable to
within 1 hPa and the main source of reading error, parallax, is greatly reduced by the helix
itself which enables the observer to check that the set point is being observed perpendicular
to the axis of the helix.

THE ACCURACY OF THE SYMPIESOMETERS
The accuracy of the instruments is determined by the control of two main sources
of error: calibration & setting errors and intrinsic non-linearity.

Calibration and Setting Errors

There are two main points in the instruments where particular attention must be
paid to minimising these errors. In order to reduce the calibration and setting errors to the
level of the intrinsic non-linearity, the volume of the captive gas vessel needs to be set
accurately to 0.5 %, in the case of instrument MCS002.This is achieved by using precision
tubing with a 10 micron tolerance on the bore. Correct use of the initial set-up procedure
should ensure the setting of the piston to sufficient precision (0.25 mm) to achieve the
accuracy required. The thermometer rate is required to be within 1 % of the calculated
value. Variation in the pressure reading arising from this source of error will be at worst,
0.3 hPa, 10 °C away from the set-up point. In the case of model TTS002, the demands are
somewhat less to obtain 1hPa precision.

These errors are zero at the set-up pressure and temperature, so it is worth setting
the instrument up as near to the middle of the temperature and pressure ranges at which it
is to operate.

Correction for Non-Linearity

Equation 1 shows that the relationship between the height of the barometric fluid
h and the pressure and temperature is quadratic, but in practice, it proves to be very nearly
linear.
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The deviations are slight, particularly at points reasonably close to the set-up point, but can
be significant at points remote from it. Table 1 shows the pressure in hPa to be added to
the reading of the instrument MCS002, to correct for this non-linearity if the set-up point is
20 °C and 1000 mb.

Pressure mB B>
H O Qb o b o b
5 01 04 05 07 08 08 08 08 08 0.7 0.6 0.4 0.2
6 00 02 04 05 07 07 08 08 0.7 0.6 0.5 0.4 0.2
7 01 01 03 04 06 06 07 0.7 07 0.6 0.5 0.4 0.2
8 03 00 02 03 05 06 06 06 06 06 05 0.3 0.2
9 04 01 01 02 04 05 05 06 06 05 0.4 03 0.2
10 -05 0.3 00 0.1 0.3 04 05 05 05 05 0.4 0.3 0.2
11 06 0.4 -01 0.1 02 03 04 05 05 04 04 0.3 0.2
12 0.7 0.5 -02 0.0 0.1 0.3 04 04 04 04 04 03 0.2
13 09 0.6 -03-0.1 0.1 02 03 04 04 04 0.3 0.3 0.2
14 1.0 0.7 -04-02 0.0 01 02 03 04 04 0.3 0.3 0.2
15 1.1 0.8 -05-0.3 -0.1 0.1 02 03 03 0.3 0.3 0.3 0.2
16 -1.2 0.9 -0.6-0.3 -0.1 00 01 02 03 0.3 0.3 0.3 0.2
17 1.3 1.0 -0.7 -04 -0.2 0.0 0.1 02 03 0.3 0.3 0.3 0.2
18 1.4 1.0 0.7 -0.5 -0.3 -0.1 0.1 0.2 0.3 0.3 0.3 0.3 0.2
19 15 -1.1 -0.8 -0.5 -0.3 -0.1 0.0 02 02 0.3 0.3 0.3 0.2
20 -1.6 -1.2 -0.9 -0.6 -0.4 -0.2 [0.0] 0.1 02 0.3 0.3 0.3 03
21 16 1.3 -1.0-0.7 -0.4 02 0.0 0.1 02 0.3 0.3 0.3 0.3
o) il L) b ol 0k e S| ] (0 (s () (06 1)
23 1.8 1.4 -1.1-0.8 -05 -0.3 -0.1 0.1 02 0.3 0.4 0.4 04
24 1.9 15 -1.1-0.8 -05 -0.3 -0.1 0.1 02 0.3 0.4 0.4 04
25 1.9 1.5 -1.2-0.9 -0.6 -0.3 -0.1 0.1 02 0.3 0.4 0.4 04
26 2.0 -1.6 -1.2-0.9 -06 -0.3 -0.1 01 02 0.3 04 0.5 05
27 21 1.7 -1.3-0.9 -06 -04 -0.1 0.1 02 04 04 05 05
28 21 1.7 -1.3 -1.0 -0.6 -0.4 -0.1 0.1 02 0.4 0.5 0.5 0.6
29 22 1.7 -1.3-1.0 -0.7 -04 -0.1 0.1 0.3 0.4 0.5 0.6 06
30 2.2 1.8 -1.4 -1.0 -0.7 -0.4 -0.1 0.1 0.3 0.4 0.6 0.6 0.7
31 2.3 1.8 -1.4 -1.0 -0.7 -0.4 -0.1 0.1 0.3 0.5 0.6 0.7 0.7
32 2.3 1.9 -1.4 -1.1 -0.7 -04 -0.1 0.1 0.3 05 0.6 0.7 0.8
33 24 1.9 -1.5-1.1 -0.7 -04 -0.1 0.1 0.4 05 0.7 0.8 0.9
V 34 24 19 -15-11-07-04-01 02 04 0.6 0.7 0.9 0.9

35 24 2.0 -15-1.1 -0.7 -04 -0.1 02 0.4 06 0.8 0.9 1.0

S
%
D

Temperature C

Table 1. Corrections for non-linearity of Sympiesometer MCS002 with a
set-point of 20 °C and 1000 hPa.

SYMPIESOMETER PERFORMANCE

The wall-mounted sympiesometer, designated MCS002, was tested by comparing
its readings with a precision standard barograph, which had for its sensing element a
Sensortechnics pressure transducer type 144SC0811BARO. (Sensortechnics, 2008)) This
device is capable of an accuracy of better than 0.1 mb over a range of 50 mb and its
performance was checked against published barometric pressures at Edinburgh Airport
(United States Department of Commerce, National Oceanic and Atmospheric Administration,
2008) and at Gogarburn, Edinburgh (MeteoGroup, UK Limited, 2008).

Figure 4 shows the barometric trace for a period of 1345 minutes from 9:25 am on
22 October 2008, in the village of Stow, Selkirkshire Scotland.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY
February 2010, Vol.35, No.346

This trace was obtained using the standard barograph based on the Sensortechnics
element detailed above. Superimposed on the plot in Figure 4 are the readings obtained
from the sympiesometer MCS002. They show a standard deviation from the standard plot
of 0.16 mb. This can be taken as a measure of the accuracy of the MCS002 instrument in
the range examined.

A comparison between the Sympiesometers TTS002 and MCS002 is shown in
Figure 5. This shows the barometric trace for a period of 2100 minutes from 8:45 am on
19 October 2008, also in the village of Stow. The standard deviation between these two
sets of data is 0.9 mb and this can be taken as a measure of the accuracy of the TTS002
instrument in the range examined.
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Figure 5. The performance of the TTS002 compared with the MCS002.

CONCLUDING REMARKS

The results outlined above confirm that the sympiesometer is worthy of the high

reputation it enjoyed in the Nineteenth Century.
Its precision certainly matches that ordinarily obtained from a Fortin barometer and if the
latter is at all disadvantaged by dirty mercury, the sympiesometer is at once superior.
The advantage of being able to read the instrument accurately without the use of a lens
or a Vernier is very significant where operational conditions are not ideal or the user is
inexperienced. It may be that the loss of the general use of mercury, while regrettable, is not
such a serious set-back to traditional measurement of the barometric pressure.

Finally, the results obtained from the table-top Sympiesometer TTS002, show
remarkable accuracy from an instrument which has no engraved scale, but relies upon a
glass helix for its quantification. Not only do the results show that the instrument can give
measurements of the barometric pressure to 1 hPa accuracy, but use of the instrument
reveals that smaller changes in pressure- down to a tenth of a hPa - can be readily detected.
Serious meteorological observation could be carried out using it.
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THIS MONTH 35 YEARS AGO: FEBRUARY 1975
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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.

Pressure was high over the near-Continent for most of February 1975, and the
mean wind direction over the British Isles was southeasterly, a pattern that would normally
lead to a cold, frosty, month; but following a very mild December and January, there was little
snow cover over Europe, and under these conditions the strengthening February sunshine
raised mean monthly temperatures above the seasonal normal in all parts of Britain (except
locally on the east coast). At Dinnet (Aberdeenshire) a maximum of 16.0 °C was recorded
on the 2nd, and later in the month 14.8 °C was recorded at East Dereham in Norfolk on
the 24th; both of these high maxima occurred on fine sunny days following cold nights with
temperatures near or below zero. In fact, despite the often mild days, night frosts occurred
with about the average frequency for February, and were occasionally severe in Scotland
(-11.4 °C at Balmoral, on upper Deeside, on the 8th); but even on some of the coldest
nights the following days were still mild, leading to some unusually large diurnal ranges of
temperature: e.g. at Grantown-on-Spey (Aberdeenshire) on the 28th an overnight minimum
of -7.4 °C was followed by a day maximum of 12.2 °C. Atlantic fronts broke through to carry
rain across the country for a few days in the middle of the month, and this turned to snow for
a while in parts of the north, but monthly rainfall was well below normal in most areas, again
with the exception of parts of the east coast. It was a very sunny February in the west - 134
hours at Valley (Anglesey).

An exception to the generally mild theme occurred in northeast Scotland, where
frost and freezing fog were rather persistent in the first part of the month (at Kinloss, on the
Moray Firth, temperatures remained below freezing for most of the time from the 6th to the
10th). Morning fog also occurred quite frequently in many other areas of Britain, some parts
of central England recording it on half the days of the month. As in the previous month,
snow cover was mainly confined to northern hills, and most of lowland Britain had no days
with snow lying at the morning hour (0900 GMT); but at Little Rissington, high up on the
Cotswolds, there was a temporary slight covering on the 15th, and snow lay more generally
for a while in the north of Scotland about mid-month, although depths were no more than
moderate, except on the highest ground.

Send us your weather stories from 1975! You can write to:

[JMet Editorial Office
PO Box 972
Thelwall
Warrington
WA4 9DP
United Kingdom

Or email your stories to editorial@ijmet.org!
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TORRO TORNADO DIVISION REPORT:
January to April 2005
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_ By PAUL R. BROWN and G. TERENCE MEADEN
|

A vigorous westerly type prevailed for the first three weeks of January 2005, but the remainder of the
month had north to northwesterly winds flowing round a large anticyclone west of Ireland: there were
four tornadoes in the United Kingdom this month (all definite), and another four in the Irish Republic,
most of these occurring on New Year’s Day; there were also two reports of funnel clouds, and one
report of waterspouts. The first half of February had a mixture of weather types, but cold north and
east winds prevailed later, and these continued into March; but the second half of March was much
warmer, with winds from between east and south. Both these months were quiet for whirlwind activity:
waterspouts, one of which came ashore as a tornado, were reported on two occasions in February,
and there were two reports of funnel clouds in March. April was a changeable month, with westerly or
cyclonic types for much of the time: there was one tornado (definite), and 13 reports of funnel clouds.

TN2005Jan01/1 - see the Irish list at the end of this report.

TN2005Jan01/1l Castle Douglas (Lodge of Kelton to Hillowton), Kirkcudbrightshire (54° 56’
N 3° 58 Wto 54° 57'N 3° 55" W, NX 738615 to NX 770637)

The Galloway News of the 7th January published an account of this tornado, and
a local professional meteorologist, Mr Geoff Monk, kindly provided us with a formal report of
the event.

The track began just north of the Lodge of Kelton, then crossed Blackpark, where
a barn roof collapsed and there was much damage to tree branches; next, a number of
mature beech trees were felled at Kilmichael, while a little further on houses suffered roof
damage in Deeside Avenue. At the High School, a conifer was snapped off and carried
27 yards through the air, and at Dunmuir House large oak trees were brought down by
the tornado; damage was also noted at a building site at Garden Hill, where pieces of
plasterboard were found embedded in the brickwork of a house. The final evidence of the
track was at Hillowton, where mature trees were felled (and where an eyewitness observed
the funnel), but it was impossible to say how much further the tornado might have travelled
because the area beyond was open grassland. The known track was therefore about three
kilometres in length from westsouthwest, with a maximum width of 60 m (average 40 m).
The time of occurrence was about 1355 GMT, and the sound was likened to that of an
express train. Force T2-3. There was slight evidence of another tornado about two miles to
the northwest.

At 1200 GMT a large low, 958 mb, was slow-moving off northeast Iceland, and a
rapidly-deepening wave with a double frontal structure was moving northeast across the
British Isles. The tornadoes of this day were associated with the second cold front, which
was crossing eastern Ireland at midday. All areas had showers or longer periods of rain
during the day, with thunder in a few places.

TN2005Jan01/lll Lymm (Oxheys Farm) to Altrincham (Devisdale Road), Cheshire (53° 22’
N 2°30"Wto 53° 23'N 2° 22° W, SJ 667855 to SJ 757876)

This tornado was very well investigated by Justin Parker and Tim Sharp of TORRO
(an account was also published in the Manchester Evening News of the 5th January).

The first signs of the track were near Oxheys Farm, where trees and buildings were
damaged; the tornado then passed over Burford Road, Lymm, where plant shelters were
destroyed at the Willow Pool Garden Centre, fences and trees were damaged at nearby
Rosewood House, and at Broomedge Nurseries two large greenhouses were destroyed.
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Further on, there was roof damage to homes in Warrington Lane, Agden (where children
observed the approaching tornado funnel), and also in Park Road, Little Bollington; but
the most widely reported incident was in Dunham Park, where falling trees killed an eight-
year-old boy (Timothy Sutton) and injured several other people. From there, the tornado
continued to just beyond Devisdale Road, Altrincham, where there was further tree damage.
The known track was therefore just under 10 km in length, from approximately west to east.
The time was from about 1515 to 1530 GMT. Force T3-4. One of the witnesses likened the
sound to that of “a big jet [aircraft]”.
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FC2005Jan01 Nelson, Lancashire (¢ 53° 50’ N 2° 13’ W, SD 8637)
Reported by Mr Robert Shapcott, but no details known.

tn?2005Jan07/08? Ambleside/Grasmere area, Cumbria (c NY 30)

A Mr Alf Payne contacted us on the 10th February (2005) to say that while visiting
Cumbria he came across trees that looked as if they had been hit by a tornado: some were
twisted and torn and had trunks ripped off in a twisting pattern well above ground level, while
others close by appeared to have been untouched. His father (a local resident) thought this
had happened in early January, possibly overnight 7/8th (a night of very severe gales in
the area); but with no further information forthcoming, we cannot rate this as more than a
possible tornado (not counted for statistical purposes).

TN2005Jan18 Plymouth (Trefusis Park), Devon (c 50° 23’ N 4° 07’ W, SX 495560)

Following reports on the BBC of possible tornado damage in the Lipson Vale area
of Plymouth in the early hours of the morning, Nigel Bolton of TORRO inspected the damage
the next day. He was able to confirm that a tornado had occurred in the area of Trefusis
Park, producing a track 400-500 m in length; the main damage was to a grove of lime
trees, of which eight were felled in a pattern typical of a tornado, and a resident described
the sound as like that of an express train. According to the Western Morning News (19th
January), metal advertising boards were ripped off walls, and a number of houses suffered
damage to their roofs. The time was given in the press report as about 0230 GMT. Force
T1-2.

At 0000 GMT on the 18th a large low, 961 mb, was centred off southeast Iceland,
and a westerly maritime Polar airmass with shower troughs covered the British Isles, veering
to northwesterly during the day. Squally showers, wintry in many places, were widespread
in the west and north (where thunder occurred locally), but were more isolated elsewhere.

fc2005Jan18 Near Barwell, Leicestershire (c 52° 34’ N 1° 21’ W, SP 4497)

This report was received via Stuart Robinson of TORRO from a correspondent
(full name not known) who was travelling on the A447 road near Barwell in a thunderstorm
when he saw “what looked like a funnel cloud in the direction of Hinckley [i.e. to the south]
at around 1530-1545 [GMT], which was now on the back edge of the thunderstorm”.

2-3WS2005Jan24 Dover (13 km offshore), Kent (c 51° 03’ N 1° 28’E, TR 4333)

Two, perhaps three, waterspouts were seen by Dover Coastguard (Langdon Bay)
at about 1145 GMT, said to have been about eight miles (13 km) offshore and moving
westward. Rainfall radar showed a line of showers from near Dover southwards to the
French coast. The grid reference given here is based on the assumption that the spouts
were seen to the southeast of Langdon Bay. At 1200 GMT a large high, 1045 mb, was
centred just west of Ireland, and a northerly airstream with wintry showers covered eastern
England.
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EW2005Feb13 Mousehole (offshore), Cornwall (c 50° 05’ N 5° 33’ W, SW 4626)

According to the COL Daily Weather Diary, a ‘dust devil’ (rotation visible on the
sea surface) was seen offshore (time not stated). It was not associated with cloud, and the
presence of a strong offshore wind would imply an eddy whirlwind. At 1200 GMT a strong
northerly airstream from the Arctic covered the British Isles (although temperatures were not
particularly low), giving scattered showers, wintry in places.
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2WS2005Feb19/20 Whitburn (offshore), County Durham (c 54° 57°N 1° 22’ W, NZ 4161)

The Northern Echo of the 21st February, while describing the effects of wintry
weather in the region, added that Mr Peter Hogg of the seabird observatory at Whitburn saw
two waterspouts out to sea; and the Newcastle Evening Chronicle added that they were in
sight for eight minutes. The time of day is not stated, neither do the reports make clear the
date, although it seems likely that it was either the 19th or 20th (both dates had a rather cold
northerly airstream with scattered showers, wintry in places).

WS-TN2005Feb22 Guernsey (St Peter Port Marina), Channel Islands (49° 27’ N 2° 34’ W)

Just before 1430 GMT a waterspout was seen to come ashore (i.e. moving from
east to west) and cause damage to the rubber roof of the Marina office. Mr Tony Rive,
who was in the boatyard, described it as “close to 100 ft wide and the height of the pier,
heading west from the end of the new jetty”, while a fisherman saw a dinghy lifted out of
the water. Mr Gordon Brehaut, who was in the damaged office, described the sound as like
thunder. Force T1. At 1200 GMT the British Isles lay in a cold easterly airstream between
a large high, 1044 mb, over Lapland and a complex set of lows, 1001 mb, in the western
Mediterranean. Frequent wintry showers affected central and eastern areas, but the west
was mainly dry.

3FC2005Mar08 Jersey Airport (c 16 km to west and SW), Channel Islands (c 49° 10’ N 2°
25’ W)

The 1350 GMT METAR from Jersey Airport reported ‘funnel cloud in the vicinity’,
and Mr Frank Le Blancq informed us that three funnels were seen to the west and southwest
of the airport from 1325 GMT, lasting about 25 minutes in all; they were drifting south at an
estimated distance of about 10 miles (16 km). At 1200 GMT a rather weak northwesterly
airflow covered the British Isles round a high, 1038 mb, off western Ireland; a weak warm
front was moving south across the English Channel. Most places were dry and mainly
cloudy, but eastern England had a few showers. Although conditions did not look favourable
for funnel clouds, it was noted that the lower atmosphere over the Channel was very
unstable to sea temperatures up to 5000 ft, above which there was a strong inversion;
and research by Tony Gilbert of TORRO has shown that such situations have produced
unexpected funnel clouds (and waterspouts) on other occasions.

2L.D2005Mar16 South Downs (north of Shoreham-by-Sea), West Sussex (c TQ 20)

These two land devils were observed by Peter van Doorn of TORRO. The first,
at 1208 GMT, was in a ploughed field: this devil was about one metre in height, funnel-
shaped, and 40 cm wide at the top, moving northward at about 0.5 m/s; just before its
disappearance, three or four large ‘sparks’ were seen to emerge from it, perhaps the result
of chalk fragments that it had picked up reflecting the sunlight. The second devil was seen
at 1250 GMT over a dusty track: this one was over two metres high and about three metres
wide. At 1200 GMT a southwesterly warm sector covered most of England, associated
with a low, 982 mb, northwest of Scotland, while a cold front was crossing western areas.
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There was moderate to heavy rain on the front, but some warm sunshine ahead of it over
southeast England (away from the south coast).
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FC2005Mar23 Sunderland, County Durham (564° 54’ N 1° 23’ W, NZ 4057)

lan Miller of TORRO photographed this funnel cloud at 1605 GMT from just south
of the mouth of the River Wear. There had been a shower just before, but no thunder or
lightning. At 1200 GMT a southerly airstream covered the British Isles between a high,
1026 mb, near the Black Sea and a complex set of lows, 975 mb, in mid-Atlantic. Much of
England was dry and warm, but isolated showers were reported in the afternoon.

LD2005Mar28 Basildon, Essex (561° 35’ N 0° 26’ E, TQ 6990)

A correspondent to the UKWeatherworld forum (name not known) drove through
this devil at the crossroads of the A127 and A176 at 1530 (1430 GMT). At 1200 GMT a weak
easterly airflow covered England and Wales between a low, 999 mb, southwest of Ireland
and a high, 1031 mb, in the Norwegian Sea. Inland parts of the south were quite warm with
variable amounts of cloud, but coastal areas were much cooler with sea fog at times.

FC2005April06 Near Stafford, Staffordshire (52° 49’ N 2° 09’ W, SJ 9025)

Report from lan Pickering of TORRO. Seen from near Junction 14 of the M6
motorway (time not known). At 1200 GMT a low, 985 mb, was moving slowly northeast near
the Shetland Isles, and its cold front was crossing southeast England. There was rain on the
front, and showers (some of hail, and a few with thunder) behind it.

FC2005April07/I Bournemouth, Dorset (50° 45’ N 1° 50° W, SZ 1294)

Seen from near the General Hospital between 1400 and 1415 (1300-1315 GMT) -
information from Robert Doe of TORRO. At 1200 GMT the previous day’s low, 984 mb, was
now drifting south off eastern Scotland, and a west to northwest airflow covered England
and Wales with a secondary cold front moving southeast. Showers, some with hail and
thunder, occurred widely during the day.

FC2005April07/Il Danbury, Essex (51°43’N 0° 34’E, TL 7705)
Seen by Mr Tom Defty of The Weather Outlook forum at 1228 (1128 GMT).

2FC2005April14/l Newton Abbot, Devon (50° 32’ N 3° 37’ W, SX 8671)

The Torquay Herald Express of the 15th April reported that several readers had
seen these funnel clouds between 1630 and 1700 (1530-1600 GMT). Ms Tracey Cunliffe
said: “There were two, the whole of the sky was absolutely black and then just underneath
it we could see twists of cloud starting to come down from the sky. A big black cloud started
to twist down and form a tail and we could see it being sucked back up into the cloud”.

At 1200 GMT a low, 999 mb, was drifting very slowly east over central England;
there was a shallow wave near the east coast, from which an occlusion was developing
westwards across northern England and Ireland. There were showers (with local hail and
thunder) in many places, while eastern and northern England had longer spells of rain.

TN+FC2005April14 Exeter (to east), Devon (c 50° 46’ N 3° 17" W, SY 1098?)

A correspondent to The Weather Outlook forum (full name not revealed) was
travelling west on the A30 road towards Exeter, when he saw and photographed a funnel
cloud. From the pictures we have seen, the funnel appears to have reached the ground (in
arural area), and it was also the opinion of the correspondent that it probably touched down
briefly.
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The exact location was the subject of some debate, but from the pictures and the
photographer’s description of the area, it may have been near the village of Fenny Bridges
and just north of the A30 road. The time was shortly after 1310 (1210 GMT). Another small
funnel was seen just before the main one.
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FC2005April14/Il Midsomer Norton, Somerset (51° 17N 2° 29’ W, ST 6654)

Seen at 1645 (1545 GMT) by Mr Neil Johnson of The Weather Outlook forum. It
lasted 5-10 minutes, and was associated with a thunderstorm. (Information passed on by
John Mason of TORRO.)

FC/TN2005April14/Ill Kibworth Beauchamp area, Leicestershire (c 52° 31" N 1° 02’ W, SP
6691)

This funnel cloud was photographed by Mark Humpage of TORRO at 1910 (1810
GMT); it descended from a moderate Cb cloud, and at one point reached three-quarters of
the way to the ground, but the view of it was then obscured by precipitation. It was said to
have been seen near a reservoir - probably Saddington Reservoir, the grid reference for
which is given here.

FC2005April15/1 Shaldon, Devon (50° 32’ N 3° 31’ W, SX 9372)

Report received from Mr Steve Sickelmore. The funnel was seen about 1645
(1545 GMT) during a thunderstorm with hail, it lasted about 10 minutes, and did not reach
the ground. At 1200 GMT the previous day’s low, now 1001 mb, was in the southern North
Sea, the occlusion lying from northeast England to the Isles of Scilly. England and Wales
had further showers or longer spells of rain, again with local hail and thunder.

FC2005April15/Il West Hythe/Cheriton area, Kent (¢ 51° 02’N 1° 04’E, TR 1535)
Two separate reports were sent to The Weather Outlook forum of a funnel cloud
seen in the West Hythe and Cheriton areas (time not known).

FC2005April19/I Trefin (c 6 km to south), Pembrokeshire (c 51° 563’ N 5° 10’ W, SM 8226)

The Western Telegraph (27th April) reported that Mr Martin Williams had
photographed this ‘tornado’ about four miles (6 km) south of Trefin towards Solva at 1615
(1515 GMT). The picture shows a fairly long funnel cloud making a shallow angle of about
25 degrees with the horizon, but there is no indication that it reached the ground. At 1200
GMT afilling low, 1000 mb, was slow-moving in the western English Channel, and a shower
trough lay over Wales and the English Midlands. Showers, with hail and thunder in places,
affected Wales and the southern half of England during the afternoon.

FC2005Apr19/ll Near Milford Haven Refinery, Pembrokeshire (c 51° 42’ N 5° 00’ W, SM
9305)

John Mason of TORRO photographed this funnel cloud from a distant viewpoint
to the north. Although the pictures have had to be magnified to show anything, and are
therefore rather blurred, there is definitely a funnel visible in the approximate area of Milford
Haven Refinery. It was apparently shot at some time in the afternoon.

FC2005April27/1 Near Barry, Glamorgan (c 51° 24’ N 3° 17" W, ST 1168)

Seen by Mr Lyn Jones about midday (1100 GMT). Information from Peter Kirk of
TORRO. At 1200 GMT a southwesterly airstream of returning maritime-Polar air covered
most areas (except the north of Scotland) associated with a complex area of low pressure,
main centre 993 mb, in mid-Atlantic.
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A shower trough lay west to east across southern England. Scattered showers, with
occasional hail and thunder, occurred over England (away from windward coasts).
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2fc2005April27/11 Albury/Shere area, Surrey (c 51° 13’N 0° 29' W, TQ 0647)
Two funnel clouds were reported by Mr James Ogilvie at 1030 GMT; marble-sized
hail and strong gusts were also reported (information from Paul Knightley of TORRO).

FC2005April27/1ll Sutton (west of Worcester Park), Greater London (c 51° 22°N 0° 15’ W,
TQ 2265)

This report came via the Net-Weather forum, passed on by Peter Kirk of TORRO.
The funnel was seen by Mr Lee Warrington to the west of Worcester Park between 1430
and 1500 (1330-1400 GMT) in a developing hail/thunderstorm.

2ew2005Apr28 Loch Ailort, Inverness-shire (c 56° 51’ N 5° 43’ W, NM 7379)

Reported on the UKWeatherworld forum, but no details to hand. At 1200 GMT the
previous day’s Atlantic low had moved northeast and become quite intense, with centre 979
mb just west of the Hebrides; its occluding frontal system was crossing western Britain,
although away from the low centre the fronts were surprisingly weak. Gusts of 50 knots or
more occurred in northwest Scotland..

Tornadoes in the Irish Republic (brief details from Dr John Tyrrell’s Annual Review)
TN2005Jan01/1 Ballymore, County Westmeath (53° 29°N 7° 41 W, N 2149)

This T3 tornado occurred at 1145 GMT, and had a track length of 1.7 km and
maximum width of 120 m. Severe tree damage noted. See the Castle Douglas entry above
for the synoptic situation.

TN2005Jan01/1l Ballinamullen, County Westmeath (563° 26’ N 7° 33' W, N 3042)
This T2 tornado had a track length of 6 km.

TN2005Jan01/1ll Killucan, County Westmeath (563° 31’N 7° 08’ W, N 5752)
This T2 tornado occurred at 1215 GMT, and had a track length of 2 km and
maximum width of 80 m. Damage noted to buildings and trees.

TN2005Jan01/l Markethill, County Armagh (54° 18’ N 6° 32° W, H 9640)

This T2 tornado occurred at 1330 GMT, and had a track length of 9.5 km. (Although
Armagh is not, strictly speaking, in the Republic, we include the report here to keep it
together with the other Irish events of this day, but it is numbered with the UK events.)

TN2005Jan01/1V Clonee, County Meath (563° 24’ N 6° 26’ W, O 0440)

This T3 tornado was quite widely reported in the press (e.g. the Irish Sunday
Independent of the 2nd January): it was said to have occurred just before 1300 GMT, and
to have affected the Hansfield, Castaheney, and Huntersrun areas of Clonee, where at
least 70 house suffered roof damage, a motor vehicle was overturned, and much subsidiary
damage was caused by flying debris. The track length was 1.5 km.

q/tn2005Jan01/I Drogheda, County Meath (563° 43’ N 6° 21’ W, O 0975)

This was reported as a tornado in the Drogheda Independent, but the damage
was of a relatively minor nature, and Dr Tyrrell considered that it could not be documented
as more than a squall - one or two trees were blown down, a set of traffic lights was twisted
round, and a Wendy house was carried through the air.
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The time was given as between 1230 and 1330 GMT. (Drogheda is on the border between
counties Louth and Meath, but the report refers to the latter county.)
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q2005Jan01/1l Dublin Airport, County Dublin (63° 25'N 6° 14’ W, O 1743)
A parked aeroplane was blown into another one during a severe squall at Dublin
Airport between 1200 and 1300 GMT; a gust of 74 knots was measured.

FC2005Feb06 Dublin, County Dublin (c 53° 21°N 6° 16’ W, O 1634)
At 1200 GMT a shallow trough extended north across the British Isles from a low,
1016 mb, over Spain. Showers from the Irish Sea affected the east coast of Ireland at times.

2FC2005Apr11 Celtic Sea

At 1200 GMT a westerly warm sector covered the British Isles between a low, 985
mb, off southeast Iceland and a high, 1035 mb, off northwest Spain. This was another of
those cases when the low-level air was very unstable to sea temperatures up to about 6000
feet, above which there was a strong inversion.

Ad(dition to report for December 1990 (published in J.Met. vol. 16, pp. 284-286)
tn1990Dec21 Croxton, Norfolk (52° 26’ N 0° 45’ E, TL 8786)

Our correspondent, Mr Norman Brooks, reported that a ‘small tornado’ caused a
narrow track of damage (lamp post pulled out of the ground, etc.) at about 0200 GMT. This
was discovered in his files some 15 years after it happened, having been reported to him by
Mr Peter Golding of Croxton. At 0000 GMT on the 21st a low, 997 mb, was moving east over
Denmark; its cold front had moved southeast across East Anglia the previous afternoon,
but by midnight was returning from the west as a warm front. This synoptic situation does
not lend support to the occurrence of a tornado, implying that the stated date/time may be
wrong.

Ad(dition to report for January to April 2001 (published in J.Met. vol. 28, pp. 137-138)
WS2001Feb/Mar? Hastings (¢ 30 km offshore), East Sussex (c TV 88)

Mr Michael O’Farrell, in reporting a waterspout off Hastings on 1st November
2005, mentioned that he had seen another in the same area four years earlier, moving from
west to east approximately 20 miles (30 km) out to sea. The time was 1300 (GMT?) on a
Friday, but he could not be sure about the month.
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THE WEATHER AT DURHAM IN 2009

By T. P. BURT

Despite a very cold December, 2009 was one of the warmest years on record at Durham, 14th equal
warmest in 160 years. And despite eight months of below-average rainfall, the annual total was still well
above average, with exceptionally high rainfall in July and November. 17th July (64.2 mm) was the sixth
wettest day on record at Durham since 1850.

The year started with the coolest January since 2001 but temperatures were
above average nevertheless, despite feeling much worse! There was the lowest absolute
maximum (10.8 °C) since 2001 and the lowest absolute minimum (-5.8 °C) since 2004.
There was the largest number of ground frosts since 1998. The 12-month average was
now down to 9.08 °C, the lowest since the 12 month period ending Sept 2001. It was drier
than normal, although both 2005 and 2006 were drier than January 2009. February was
a relatively mild month after a cool January. It was the 117th warmest in 160 years, so not
quite in the upper quartile. Curiously, there was a ground frost every night to the 15th, but
only one thereafter. It was a little drier than normal. It was the first February since 2000
with sun every day, but overall sunshine hours were below average. The average winter
temperature was 3.9 °C, 0.5 °C above average. It was the 96th warmest winter since 1850-
51, not exceptional therefore. It was the 65th driest winter since 1850-51 with a total rainfall
of 132 mm, 26 mm below average. The six-month rainfall was now back to average but the
12-month total remained well above average.

March was the 15th warmest 1850, although 2000, 2002, 2003 were all warmer.
The warmest March on record is 1938 (9.2 °C). There was the 12th highest maximum (17.2
°C) for a March day since 1900 (18th), the warmest March day since 1991. However, there
were the most ground frosts for March since 1980 and the lowest absolute grass minimum
since 1950 (when available records begin for that variable), implying cold, clear nights.
The mean minimum temperature was above average, but not greatly so. It was the driest
March since 2003, the 35th driest March on record since 1850. The driest March was in
1953 (1.3 mm). There were the fewest number of rain days since 2004. The last three
months have been the driest three months since August — October 2007, while the last
six months have been the driest six-month period since April — September 2006. Looking
at a slightly longer period, November - March inclusive, it has been the 36th driest period
since 1850/51; 1999/2000 and 2003/4 were drier. For the second month in a row, all days
recorded sunshine. It was the 4th sunniest March since 1882, beaten only by 2003, 1907
and 1894.

April was the 8th warmest at Durham since 1850. Even so, mean air temperatures
were higher in 2003, 2004 and 2007! It was the 8th highest mean maximum — exceeded
in 2003 and 2007 — and the 15th highest mean minimum temperature. It would have been
a very dry month except for the fall of 23.2 mm on the 28th of which 18.2 mm fell steadily
over eight hours during the evening. Temperatures in May were well above average too,
although the mean air temperature was 0.1 °C below that last year. The mean maximum
temperature was the highest since 2004. The absolute minimum temperature (2.9 °C) was
the highest since 1986. It was the first May with no ground frosts since 2003. For the 7th
month in a row, rainfall was below average. The three and six month totals were now both
well below average, but with the totals from last June and July still in the sum, the 12-month
total remained well above average. It was the sunniest May since 2001. With only February
having been very slightly below average, cumulative sunshine hours were now well ahead
of average.
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It was a breezy month with above-average wind speed, equal to 2003 and the windiest
May since 2000. There was a gust of 77 km/h on the 7th. Not surprisingly, it was the 5th
equal warmest spring (with 2002) on record at Durham. Other than 1945, the other warmest
springs have all been in this decade: 2003, 2004 and 2007.

June had the 29th highest mean maximum temperature since records began in
1900 but with the mean minimum being exactly average, mean air temperature was, overall,
only a little above average. There was the lowest grass minimum since 1999, but no ground
frost within Durham City all month. There were some warm spells: at the beginning of the
month, in the middle (Durham Regatta weekend), 22nd — 24th and at the end of the month.
In between were some cooler days. The maximum on the 5th of only 8.3 °C deserves some
mention; we do not compile a list of lowest maximum temperature in each month but if we
did, this would surely be close to the record! Rainfall was well above average, ending a run
of seven months of below-average rainfall. It was wetter than last June, but much less wet
than June 2007. Overall, June 2009 ranks 135th wettest in 160 years (since 1850). June
was less sunny than in May. It was sunnier last June but there was less sun in June 2007.
June was a calm month with average wind speed well below average. The maximum gust
was only 59.6 km/h on the 19th.

The most extraordinary weather episode in July occurred on the 17th when very
high rainfall caused severe flooding in Durham; the University’s Maiden Castle sports centre
was inundated for only the 3rd time since being built in the early 1960s. The rain began on
the 16th with a fall of 11.6 mm in one hour (1400-1500 GMT): altogether 15 mm fell that
day. A total of 64.2 mm was recorded on the 17th; there were only three hours that were
completely dry. Remarkably, 6.6 mm fell between 1400 and 1500 GMT and 9.2 mm in the
next hour. The highest gust of the month was recorded during this period. 17 July 2009 is the
6th wettest day on record at Durham since 1850. The last time this total was exceeded was
25 August 1986 when 69.2 mm fell. The wettest day on record at Durham is 11 September
1976 with 87.8 mm. All this rain meant the 4th wettest July on record, easily beating last
year (134 mm), but still exceeded by 1930 (183.9 mm), 1867 (184.9 mm) and 1888 (206.6
mm). It was the 17th wettest month on record since 1850. Interestingly, eight of these 17
have been in summer, four in autumn and five in winter, none in spring; this reflects the fact
that Durham tends to have wet summers (marginally wetter than autumn) with a tendency
to heavy falls of rain. As a result, all long-term rainfall totals were now well above average
again. In terms of temperature, July (26.8 °C) was an unexceptional month, a little above
average in all respects; only 13 days had a maximum above 20 °C. The absolute maximum
on the 1st was the highest since 2006, but thereafter temperatures were not exceptional.
The absolute minimum was the highest since 2004.

It was the warmest August since 2003, and the equal 22nd warmest since 1850.
Minimum temperatures were a little higher above average than maximum temperatures.
August was a dry month, equal 53rd driest since 1850. Nevertheless, it was the 11th wettest
summer on record since 1850. When we note that 2008 was the 8th wettest and 2007 was
the 14th wettest, the last three summers have been disappointingly wet therefore! These
are the three wettest summers in a row at Durham since records began in 1850. 2004 was
the 10th wettest summer too. This decade has therefore seen a complete reversal of the
very dry summers of the 1990s. The mean air temperature for the summer as a whole was
the same as last year, 14.9 °C, equal 30th warmest since 1850.

September temperatures were well above average, especially during the day. It
was the 23rd equal warmest in 160 years and included the highest September temperature
since 2004 (23.7 °C on the 12th). It was the 12th driest September since 1850 with the
fewest number of rain days (with 2003) since records began in 1950.
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Nevertheless, it was a little sunnier than normal. October was mild, particularly so at the
end of the month with maximum temperatures above 15 °C on the last four days. It was
the 23rd equal warmest October in 160 years. Rainfall was again below average and the
three month total was now well below average again, although the six month total remained
above average. Despite the mildness and below-average rainfall, it was less sunny than
usual. It was also a less windy month than normal, but there was a gust of 91.6 km/h on the
3rd. It was the 11th equal warmest November on record since 1850. 2001 and 2003 were
equally warm, 2006 was warmer! Daytime temperatures reached double figures on no less
than 17 days and there were no ground frosts, even on the seemingly “very cold” nights at
the end of the month. It was also the 2nd wettest November since 1850, only exceeded by
November 1965 when a total of 185.9 mm was recorded. Indeed, this was the 24th highest
month total for all months since January 1850 (n = 1919), so only about 1 % of months are
this wet in Durham. Nevertheless, compared to July, no one day contributed the majority;
there were falls over 25 mm on 1st (26 mm) and 29th (27.2). In all, there were 22 rain days
(>0.25 mm) and 18 wet days (>1 mm). Not surprisingly, all long-term totals were now above
average again, most notably the six-month total. And despite all the rain, sunshine was
just a little above average. Overall, it was the 8th warmest autumn at Durham, but 2001,
2005 and 2006 were all warmer. It was only the 48th wettest autumn at Durham, despite
November, but in this decade only 2000 has been (much) wetter.

After a mild November, December was the complete reverse — very cold indeed.
December was not nearly as wet as November (still well above average) but most of the
precipitation in the second half of the month fell as snow. We no longer keep records of “snow
lying” but this must have been the month with the highest number of days with snow lying
for well over a decade. December 2009 was the only month below average temperature in
the whole year. It was the coldest December since 1995 (1.8 °C) — indeed the coldest of any
month since then, a run of 168 months in all. Mean maximum temperature was the lowest
for December since 1996 and mean minimum temperature the lowest since 1995. It was the
=30th coldest December in 160 years; all things being equal, this would mean a December
like this every five years on average but of course with climate change, a December this
cold could be viewed now as much more unusual, more like once every 15 years perhaps.
Nevertheless, there were several days above 10 °C at the start of the month, the last as
late as the 10th. The absolute minimum air temperature (-7.8 °C) was the lowest only since
2001. Despite all the precipitation, December was sunnier than normal.

Notwithstanding a cold December, the year as a whole saw an average mean air
temperature of 9.5 °C, the 14th equal warmest in 160 years. In this decade only 2000, 2001
and 2008 have been colder. All years this decade are in the top 21 warmest out of 160
years. One very cold month right at the end of 2009 could not disguise the fact that this has
been the warmest decade on record at Durham since 1850. Given the exceptionally wet
July and November, this meant that 2009 as a whole was also well above average in terms
of rainfall total, even though eight months were below average. It was the 32nd wettest year
at Durham since 1850 (749.1 mm). This decade only 2000 (873.2 mm) and 2008 (817.1
mm) have been wetter. There were 176 rain days — the most since 2000. 2009 was the
sunniest year since 2003, just above average.
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The following page shows a table with the data collected for 2009 in Durham.
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Jan | Feb | Mar | Apr | May | Jun | Jul |Aug| Sept | Oct | Nov [Dec| Yr

Mean air

34 | 47 | 6.8 | 89 |11.3(13.5(154]15.8| 13.6 |10.5| 7.5 |24]| 95
temperature

Difference from
average

04 (15|18 (19|14 |(05]|05|11]| 09 |07]|18 |-1.5( 0.9

Mean maximum | 59 | 75 [ 11 |13.7| 16 |18.3(19.7(20.1| 18 14 [10.5(5.2| 13.3

Mean minimum 08 [ 19|26 |41 |66 86 |111|115| 92 |69]| 44 |-05( 56

Absolute maximum| 10.8 | 13.8 | 17.2( 18.6 | 23 |25.6(26.8|24.4| 23.7 |16.4( 14.5|10.6| 26.8

Absolute minimum| -57 | -4 |-53]|-07(29 (35| 8 |89 | 48 0 |02]-78]| -7.8

No. ground frosts | 24 16 23 20 0 0 0 0 0 4 12 122 | 121

Rainfall 39.4|35.6(21.2|36.8(38.2]80.6/|167.4/39.2| 14.4 |39.0|153.8(83.6| 749.2

Highest daily

. 6.6 178106232 | 94 [(10.4(64.2] 12 56 | 9.6 (27.2]12.2| 64.2
rainfall

No. rain days 16 9 8 8 15 [ 19 | 22 | 14 4 14| 22 | 25| 176

Sunshine hours | 80.1 [ 65.1 |176.2(151.8(192.5(131.7| 131 |129.2| 106.4 |75.1| 73.8 |70.2(1383.1

Max daily sunshine| 7 75 (1141126 | 118 |11.7(11.7[{ 95 102 (79| 58 [6.5]| 11.8

Mean windspeed | |, 5| 113 | 150|126 | 14.8| 7.8 |12.4[14.1| 109 [10.9]107]|

(km/h) data| 12

MONTHLY COMPETITION

FEBRUARY’S QUESTION OF THE MONTH

YOU COULD WIN...

An Xplorer2 (pictured) courtesy of www.skyline-technologies.co.uk
One year’s free subscription to the IJMet

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

Just answer the following question correctly!*

Which circket match had to be cancelled when a second cold front from Iceland
caused a snowfall of 5 cm (2 in) in Derby, UK on 2 June 1975? The towns’ names
that the teams were from will be adequate to correctly answer this question.

* 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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FOCUS ON... MY PASSION

By PETE SCOTT

T

Wow, what can | say but how honoured and humble | feel that IJMet asked to do a
feature on me. Where do | start, it's always a bit daunting when someone says “so, tell me
about yourself and your fascination of weather”. | guess | should start at the beginning then,
from childhood where you'd find me with my nose pressed up against the window misting it
up from the inside listening to the thunder rumble and watching the sky flashing bright white
in the hours of darkness when | should have been tucked up in bed. My dad would come
into the room to check up on me and make sure | wasn’t scared and we’d both sit at the
window watching what was and still is to me the biggest and best show on the planet. I'd
flick through encyclopaedia’s looking at the pictures and reading about storms and found a
picture of a tornado. | can still see itin my minds eye to this day and will be very happy when
| do find one that looks like what | saw in that book 30 odd years ago.

| bought my first “serious” camera in the mid 90s (Canon EOS 1000f) and dabbled
with photography for a few years and concentrated more on landscapes and waterfalls.
We’'d get some storms pass by and I'd rush out trying to shoot lightning thinking my
reactions might be fast enough to press the shutter when | saw a flash, | think | managed
two strikes on three rolls of 36 exp film. It didn’t matter though, the pleasure | found when
| did see what I'd managed to capture in that brief split second. It was just after that |
discovered cable releases and thought about the long exposures of shooting waterfalls and
pre-empting lightning and keeping the shutter open for long periods of time on a tripod. A
more successful capture rate began along with the pride of having them made into poster
size prints for my wall.

The BBC went to Oklahoma in 1999 after the F5 that went through and destroyed
so many homes. | was hooked to the programme and the dramatic footage that they were
broadcasting gave me a new direction and renewed determination to see a tornado with my
own eyes.

In 2002 | ventured out to the States and joined up with Charles Edwards and Jim
Leonard for two weeks stormchasing. No tornado, but | saw weather that I'd never see back
here in the UK. That was it | was hooked, the intention was to return every other year, that
intention didn’t last very long as | was back out in 2003 to meet up with Charles and Jim
again. Still no tornado, but another exciting year. 2004, 2005, 2006, 2007, 2008, 2009 and
onwards I've been going out with friends and we do it on our own now. Obviously we're
not as good as the pro tour companies who run out there but we’re learning more and
more every year and improving, quite often reaching our target area only to find the tour
companies and TV crews arriving an hour or so after us.

I moved away from film cameras in 2004, | bought a Canon EOS 10d whilst in the
States with the intention of still shooting on film at the same time. That was the last day the
EOS 30 was used, it's been sat on my shelf at home collecting dust ever since. 2006 saw
the 20d make into my bag, 2007 | moved onto the full frame sensor with the 5d, February
2009 | picked up the 5d mk2. The sad thing is the 5d mk1 has gone very much the same
way as my old EOS 30, it doesn’t get a look in as | shoot everything with the mk2 now and
put up with lens juggling because | like the camera so much.

| use a modified Manfrotto tripod when I'm in the States, with weight being an issue
on flights the luxuries of taking several tripods aren’t realistic so | have a regular tripod with
a fluid head on the top for video work but on the two “front” legs I've attached two mounts
for the DSLREs, it looks all kind of funky when everything is rigged up on this tripod, it does
become a talking point when other people see it.
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| had quite a few photo’s after 2004 and wanted to show them to friends around the
world so had my website built www.chasethestorm.com but not being technically minded it
stagnated as | didn’t know what to do with it and relied on a friend to update it for me which
didn’t happen as often as I'd liked. So back in March 2009 | rebuilt it myself and gave it
a complete fresh new look, added video clips, a new look gallery, blog and the facility to
broadcast live images via webcam when I’'m out chasing in the UK or the States.

There are so many good storm photographers out there and to get my name
mentioned in the same breath as the likes of Mike Hollingshead would be a dream, | think
that his work is the most visually stunning and incredible eye candy but just a little over the
top on the processing for me but they still make me gawp when | look at them

| travel to the States every year because it's easier to chase storms out there on so
many different levels. Storms are bigger and stronger, more frequent, longer lasting, road
networks are easier to move around, less congested, better weather data. After having said
all of that I'd still be happier to see a photogenic short lived tornado here in Essex than in
the States. | do chase here at home and will do the miles if there’s a significant weather
event, you’ll probably find me down at Newhaven when the winds are high, the lighthouse
disappears as the waves surge over the wall and engulf it. It's a great day shooting down on
the south coast especially with the gale force 10 winds that hit our shores on 14 November
2009 but not half as exciting as 10 June 2009. | nearly had my wish come true with a
rotating storm that produced a solid funnel cloud no more than two miles from my home, my
hands were shaking with excitement when | was watching the wall cloud turning and scud
rising quickly into the base and a funnel appear catching the sunlight. | was willing it down
into the field but it wouldn’t make that final drop, I've seen several tornados in the States
and none have given me the rush of adrenalin as this little funnel did in my own back yard.

What does the future hold for me? | doubt my love of severe weather will dwindle
and my exodus to the States will carry on, my flights are booked for May 2010 for just over
three weeks chasing this year, the last 11 months seems to have taken an age to pass by
and I'm chomping at the bit and raring to go.

There could be a book in the pipeline but that’s still a project very much in its
infancy at the moment. I'll be sharing the book with a good US chaser friend so people will
be able to see chase accounts and images through the eyes of a US chaser as well as
myself.

I'm just waiting on a few more essential photos to put an exhibition together of
my “hobby” at the local library. I'd like to see the reaction of the public to my images of the
amazing structures and the beauty that these cells produce as they float over the plains, if
you didn’t know better some of them look like they’re straight out of a CGI studio compared
to what we see here in the UK.

I'd really like to inspire people to get out with their cameras and take dramatic
weather photos, get people thinking about the weather and pushing themselves to improve
with thinking about locations to shoot from. The beauty of photography is anyone can do it
no matter how old or young.

So that’s it from me, | hope you’ve enjoyed reading this and looking at my photos.

If you don’t take chances you’ll miss out on success!







