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ABSTRACT. The annual and monthly frequency distribution, tiree commencement and duration of
thunderstorms & squalls and environmental changsscgated with occurrence of squall at Guwahatpéyir have been
analyzed. The frequencies of thunderstorms andllscar@ maximum in the month of May followed by ApMost of
the thunderstorms occur during premonsoon and noonseason and squalls occur during Feb-May. Mosthef
premonsoon thunderstorms commence during midnigeatly morning while the thunderstorms during noamsseason
have preference to commence between 0600-1200 Wgfority of thunderstorms is of the duration ofdebkan three
hours. Majority of squalls have the duration olléisan four minutes, direction as northwesterly aocur during 0900-
2100 UTC. On the average, environmental temperdalle by 2.2° C, the relative humidity rises byo®, and the
pressure increases by 1.6 hPa due to squall owerak&ti Airport. The average maximum wind speed @ased with a
squall over Guwahati Airport is about 39 knots. @amson with the past studies indicates that cheratics of
thunderstorms and squalls have not changed signtficover the years.

Key words— Thunderstorm, Squall, Climatology, Frequency.

1. Introduction frequency is maximum in May (19) followed by June,
July & August (17 each), September (16) and Adri)(
The thunderstorms & squalls are the important According to Climatological Tables, India Meteorgical
hazards to the aviation activities. The statistical Department (1966 & 1999), the thunderstorms analiju
knowledge of their time of occurrence is helpfulisgeue occur over Guwahati Airport mostly during pre-moniso
forecast and warnings. There have been many stodies and monsoon season. Guwabhati Airport is situatetthen
climatological aspects of thunderstorms & squatiévay Brahmaputra valley and at the foothills of Garodiha
over different parts of India. The frequency of Jaintia range on the southern bank of Brahmapuiiea.r
thunderstorms in different months over India hagsrbe The great Himalayan range lies to the north witghhi
extensively discussed by Rao & Raman (1961). Adogrd  average height and many snow covered peaks. Theyval
to them, highest thunderstorm activity occurs ossam, has a gentle slope from east to west.
Bengal, Jharkhand and Orissa. The annual average of
these areas exceeds 75 days. The northeast Assam, t The thunderstorm activity over northeast India
most thundery area in India has an average excgddio though occurs throughout the year, the intensity of
days. Mukherjeeet al (1964) have analyzed the thunderstorm is significantly higher and hazarddusng
occurrence of thunderstorm over Guwahati Airpoddsh ~ pre-monsoon season (March—May) and the thunderstorm
on the data of 1955-61 and found that Guwahati &kirp  activity in this season over northeast India is wagy
gets thunder on 119 days in a year. According ¢ontthe known as Nor'westers. The thunderstorm activityrove
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northeastern India is characteristically differémm the
thunderstorms over other parts of the country cmrgig
its genesis, time of occurrence and intensity etc.
According to Sen & Basu (1961) and Mukherjeteal
(1964), the chief synoptic features during pre-noons
months are the existence of a high pressure angh s
20° N extending vertically upto middle tropospharal a
low pressure area north of 25° N in the lower tgiwre.
The wind at lower levels upto 850 hPa remains ntiyma
southerly or southwesterly over northeast Indiae Targe
scale flow in the upper troposphere remains westerl
Often western disturbances in the form of low puess
area and/or trough embedded in the westerlies @ams
the region in an eastward direction. Localized emtion
many times is induced by low level cyclonic cirdidas
extending vertically upto 2.1 km. There existsagh of
low pressure over Uttar Pradesh and Bihar wittaxis or
trough running in a WNW-ESE direction. Around this
trough, WSW/WIly current normally blows over Assam i
the lower levels with the passage of western distuce
or otherwise, the seasonal trough often gets agatad
and extends southeastwards into Gangetic West Benga
eastwards to North Bengal, causing incursion ofsioi
SW/S-ly air from Bay of Bengal into Assam. ENE/E-ly
current which is relatively dry and cooler blows
westwards across the foot of the Himalayas. Thstence
of dry and cold ENE/E-ly over north Assam and warm
moist SW/S-ly over the southern latitude results iB-W
line of wind discontinuity which is also a favoulab
though not essential factor for thunderstorm. The
existence of upper level divergence when associattd
moisture incursion in lower levels appears to beyve

(April 2006)

monsoon season due to interaction of basic monfoan
with the orography of the region. According to Mekjee

et al (1964), Cumulonimbus clouds are found to be
present during almost all days in monsoon seasamn ov
Guwahati Airport. The frequency of thunderstorms is
significantly less during post monsoon and wintasons.
Considering the climatological studies of thundamsis
and squalls over northeast India, Sen and Basulj196
over different stations in Assam, Mukherjet,al (1983)
over Calcutta, Sivaramakrishnan (1987) over Mohenba
and Moid (1996) over Mohanbari have studied the
climatic characteristics. The works on the climagptal
aspects of thunderstorms and squalls over Guwahati
Airport during recent years are limited. In thisidy, an
attempt has been made to find out different cliteafical
aspects of thunderstorms and squalls in recenty@aaar
the Guwahati Airport based on 10 years data. Ttsicba
objective of the study is to understand the temp(ath
diurnal and intra-annual) variations in the occnoe of
thunderstorms and squalls over the Guwahati Airport

2. Data and methodology

The data on occurrence of thunderstorms and squalls
over Guwahati Airport have been collected from @ntr
Weather Registers of India Meteorological Departmen
(IMD) for a period of 10 years (1991-2000). The
thunderstorms accounted in this study include ladisé
occasions when “thunder heard” is reported. A tleurisg
seldom heard beyond the distance of 25 km, 40 ky ma
be considered as the upper limit for the distancetich
thunder can be heard from the source of lightnitence

favourable for intense and widespread thunderstormthe climatology obtained in this study represerts t

activity. According to Chaudhary (1961), the strasuar
insolation and orographic lifting helps to form &bc
convergence leading to deep convection. Srinivasa.
(1973) has reviewed the work done on the Nor'wsster
upto early 1970. Chaudhary & Majumdar (1983) have
reviewed subsequent work to qualitatively explale t
variations in Nor'westers activity observed withe th

advance of the season from early March to late May.

According to them, with the progress of season,
Nor'westers activities extend northwards and westsia
They have found that according to synoptic climagyl of

the northeast India)(the intensity of the seasonal trough
over Gangetic plain increases) (horizontal extent and
vertical depth of moist maritime air increases hadrds
and westwards ii{) the liquid water content of the
atmosphere also increases with lowering of cloud

characteristics of thunderstorm activity over areaar
centered on Guwabhati Airport within the radius 6fkin.
The occurrence of squall is reported as per theraiof
IMD. A sudden increase of wind speed by atleasb@es

on the Beaufort scale, the speed rising to foroe @ore,
and lasting for atleast one minute is called squBtie
wind force of 6 on Beaufort scale corresponds to
minimum wind speed of 39 km per hour.

The annual and monthly frequency, time of
commencement and duration of thunderstorms andlsqua
are calculated and analyzed. To analyze the time of
commencement of thunderstorms and squalls, a day is
divided into 3 hourly periods and the average fesmies
of thunderstorms for each 3 hourly period have been
worked out. As regards duration of thunderstorms,

condensation level, increase of buoyancy energy andrequencies for the period of less than 3 hour8,®urs,

hence greater penetrations of convective clouds timé

6-9 hours, 9-12 hours, 12-15 hours and more than 15

lower stratosphere with progress of the season. Thehours are calculated and analyzed. The duraticsyodll

vertical wind shear also decreases with the deer@as
wind speed in middle and upper troposphere wittaade

has been analyzed in the categories of 1-4 mindtés,
minutes, 7-10 minutes and more than 10 minutestiduta

of the season. The thunderstorms also occur duringThe direction of the squall has been analyzed ae§rees
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Fig. 1. Average monthly frequency distribution of thundersis over Guwahati Airport

of compass,viz, north (N), northeast (NE), east (E), 3.2. Time of commencement of thunderstorms
southeast (SE), south (S), southwest (SW), westgid)
northwest (NW). Also the environmental changes Considering year as a whole, about 20.6% of the

associated with the occurrence of squalls are [kl total thunderstorms have started during 0900-120C U
and analyzed by finding out changes in environmenta followed by 18.5% during 1200-1500 UTC & 17.6%
temperature, relative humidity, mean sea level quies  during 0600-0900 UTC. The monthly frequency

and maximum wind speed associated with the squall. distribution of time of commencement of thunderstsr
over Guwahati Airport is shown in Fig. 2. Duringepr

3 Results& discussion monsoon season, the thunderstorms have mostlyredcur
during late night/early morning hours, which is saas

3.1. Frequency distribution of thunderstorms climatological pattern of the thunderstorm oversthi

region. Mukherjeeet al (1964) have found that most of

On the average, there have been 127.5 thunderstorm@€ thunderstorms  during pre-monsoon season occur
per year over Guwahati Airport. The frequency range during late night/early morning. During monsoon sssa

from 172 in 1994 to 94 in 1999 during 10 years qiof specially in August, when the frequency is maximum,
1991-2000. Average monthly  distribution  of MOSt of the thunderstorms commence during 0600-1200

thunderstorms is shown in Fig. 1. The occurrencénef ~ UTC. According to Mukherjeeet al (1964), most of
thunderstorms is maximum in the month of May fokaly ~ thunderstorms during monsoon season also commence
by April. In monsoon season, the frequency is maxm during the same period. Thus there is a charatiteris
in the month of August. Incidence of thunderstorims difference in the nature of the thunderstorms over
post-monsoon and winter season is very insignifican Guwahati Airport, during pre-monsoon and monsoon
Majority (92.4%) of total thunderstorms have ocedrin ~ S€asons as there is difference in causative synopti
pre-monsoon and monsoon seasons. Comparing with th€onditions for thunderstorm during these two season
results obtained by Mukherjeet al (1964) and IMD During post monsoon gnd winter seasons, though
(1966, 1999), the frequency of occurrence and sedso frequencies are less, maximum number of thundenstor
distribution of thunderstorms do not show any digant ~ has commenced during 1200-1500 UTC followed by
variations from the climatological pattern. The g ~ 0900-1200 UTC. Comparison with the results obtaiogd
frequency of thunderstorm activity during pre-mamso Mukherje_ze et al_ (1964) indicates that characteristic
season may be attributed to the favourable synopticP@ttern like the time of commencement of thundensso
conditions as discussed in Sec. 1. The higher &ecy of during different seasons has not changed over years
thunderstorm activity during August may be attrézuto

the fact that, all India break monsoon conditionsttyo 3.3. Duration of thunderstorms
occurs in August. During all India break monsoon o ]
condition the monsoon trough shifts to the fooshdf the The frequency distribution of duration of

Himalayas leading to maximum low level convergence thunderstorms in different months is shown in Biglt is

over Assam region and hence more frequent thuraterst  found that during 10 years period, 69.3% of the
activity. Also during this condition, a north-soutiough ~ thunderstorms are of the duration of less thanishand
develops over the region which is further helpfor f 22-4% are of the duration of 3-6 hours. Consideting
thunderstorm activity. frequency of thunderstorms with duration of 3-6 fsou
about 29 thunderstorms occur per year withdhisition
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TABLE 1(a)
Frequency distribution of thunder ssorms over Guwahati Airport in relation to duration and
time of commencement during 10 years period (1991-2000)
Duration Time (UTC) of commencement of thunderstorm activity
Month (Hours) Total
0000-0300 0300-0600 0600-0900 0900-1200 1200-150600-1800 1800-2100 2100-2400
Jan 0-3 0 1 0 2 1 2 2 1 9
3-6 0 0 0 1 2 0 0 0 3
6-9 0 0 1 0 0 0 0 0 1
Feb 0-3 0 2 1 4 5 2 1 3 18
3-6 0 0 0 1 2 4 0 0 7
6-9 0 0 0 0 1 2 0 0 3
9-12 0 0 0 0 0 0 0 0 0
12-15 0 0 0 0 1 0 0 0 1
Mar 0-3 5 5 7 12 11 8 6 5 59
3-6 4 1 0 0 8 6 1 4 24
6-9 0 0 0 1 1 1 1 0 4
9-12 0 0 0 0 0 0 0 1
Apr 0-3 15 7 16 13 24 11 9 16 111
3-6 6 2 3 3 10 14 9 9 56
6-9 0 0 0 2 7 5 4 0 18
9-12 0 0 0 1 4 0 1 7
12-15 0 0 0 0 0 0 0 0
>15 0 0 0 0 1 0 0 3
May 0-3 21 11 21 21 20 15 12 20 141
3-6 6 2 3 3 10 12 16 8 60
6-9 3 0 3 0 8 5 0 21
9-12 0 1 1 0 0 3 1 9
12-15 0 0 0 2 0 0 0 3
Jun 0-3 16 8 30 24 17 8 9 8 120
3-6 3 5 4 9 6 4 5 2 38
6-9 0 0 0 0 0 6 1 1 8
9-12 0 0 0 0 0 3 0 3
Jul 0-3 7 7 32 41 22 6 7 10 132
3-6 0 1 6 6 4 9 6 1 33
6-9 0 0 0 2 3 0 0 0 5
9-12 0 0 0 1 0 0 0 0 1
Aug 0-3 1 4 45 45 23 6 3 7 134
3-6 0 3 8 11 5 6 3 1 37
6-9 0 1 0 1 1 1 0 7
9-12 0 0 1 1 0 0 0 4
Sep 0-3 1 5 32 39 15 4 9 5 110
3-6 0 1 4 7 3 2 5 1 23
6-9 0 0 0 0 1 1 1 1 4
9-12 0 0 0 0 1 0 0 0 1
12-15 0 0 0 0 1 0 0 0 1
Oct 0-3 2 1 5 6 9 3 3 5 34
3-6 1 0 0 0 0 1 2 0 4
Nov 0-3 1 1 2 2 2 1 0 0 9
3-6 0 0 0 0 1 0 0 0 1
Dec 0-3 0 1 0 2 3 0 1 0 7
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TABLE 1(b)

Frequency distribution of thunder storms over Guwahati Airport in different seasonsin relation to duration and
time of commencement during 10 years period (1991-2000)

Duration Time (UTC) of commencement of thunderstorm activity
Month (Hours) Total
0000-0300 0300-0600 0600-0900 0900-1200 1200-1500 1500-1800 1800-2100 2100-2400
Pre-monsoon 0-3 41 23 44 46 55 34 27 41 311
3-6 16 5 6 6 28 32 26 21 140
6-9 3 0 3 3 10 14 10 0 43
9-12 0 1 1 1 3 2 17
12-15 0 0 0 2 0
>15 0 0 0 0 0
Monsoon 0-3 25 24 139 149 77 24 28 30 496
3-6 3 10 22 33 18 21 19 5 131
6-9 0 1 0 3 8 3 2 24
9-12 0 0 1 2 3 0 0 9
12-15 0 0 0 0 0 0 1
>15 0 0 0 0 0 0 0 0 0
Post monsoon 0-3 3 3 7 10 14 4 4 5 50
3-6 1 0 0 0 1 1 2 0 5
6-9 0 0 0 0 0 0 0 0 0
9-12 0 0 0 0 0 0 0 0 0
12-15 0 0 0 0 0 0 0 0 0
>15 0 0 0 0 0 0 0 0 0
Winter 0-3 0 3 1 6 6 4 3 4 27
3-6 0 0 0 2 4 4 0 0 10
6-9 0 0 1 0 1 2 0 0 4
9-12 0 0 0 0 0 0 0 0 0
12-15 0 0 0 0 1 0 0 0 1
>15 0 0 0 0 0 0 0 0 0

and highest frequency is found to be in the moifthlay more duration is nil during post monsoon season and
(6.0) followed by April (5.6). In 6-9 hour duration negligible during January to March. Similarly
category, there have been about 7.1 per year a@¢elih thunderstorms with duration of 9-12 hours or moageh
hours duration category, it has been 2.6 per yearage the tendency to commence mostly during 1200-150C UT
frequency of thunderstorm with duration of morenti22- followed by 1500-1800 UTC and 1800-2100 UTC
hours period is less than one and most of them haveespectively during April and May. Thunderstormstioé
occurred during pre-monsoon season. It indicated th duration more than 12 hours are very rare and mnostl
thunderstorms during pre-monsoon season are mordound in the month of April & May and have the tendy
durable. In Tables 1(a & b), the frequency disttiitou of to commence during 0900-1200/1200-1500 UTC. Hence
thunderstorms in relation to duration and time of thunderstorms commencing during evening in pre-
commencement has been shown. It is seen that thenonsoon months are found to be more durable.
thunderstorms with 6-9 hours duration have mostly

commenced during 1500-1800 UTC followed by 1800-

2100 UTC during May & June, 1200-1500 UTC followed 3.4. Frequency distribution of squalls

by 0900-1200 UTC during July, August, 1200-1500 UTC

followed by 1500-1800 UTC and 1800-2100 UTC during The frequency distribution of squalls over Guwahati
April. The frequency of thunderstorm with 6-9 hrs o Airport in relation to direction of squalis shown in
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TABLE 2

Frequency distribution of squallsover Guwahati Airport in relation to direction during 10 year s period (1991-2000)

Month Frequency distribution of squalls in relation teedtion Total
N NE E SE S Sw w NW

Jan - - - - 1 - - - 1
Feb - - - - - - 1 4 5
Mar - - - - 1 1 1 1 4
Apr - 1 1 - - 2 3 11 18
May - 1 - 1 - 3 3 17 25
Jun - - - - - - - - 0
Jul 0
Aug - 0
Sep - - - - 1 1
Oct - - - - - - - - 0
Nov - 0
Dec - - - - - - - 0
Total 0 2 1 1 3 6 8 33 54

Table 2. On the average, 5-6 squalls occur in & gyeer squalls have occurred during 0900-2100 UTC.
Guwahati Airport. According to Mukherjest al. (1964), Considering the individual pre-monsoon months ofilAp
about 6 squalls per year have occurred over Guwahatand May, when the frequencies of squalls are sagmifly
Airport during 1955-61. The pre-monsoon seasothés  higher, maximum number of squalls have occurred (4
most favoured season for the squalls over Guwahati, each) during 0000-0300, 0900-1200, 1200-1500, 1500-
87% of the squalls have occurred in the period from 1800 and 1800-2100 UTC in the month of May and
March to May. The frequency is maximum in May (abou during 1200-1500 UTC followed by 1500-1800 and 1800
50%) followed by April. It endorses the results abed 2100 UTC in the month of April. The frequencies of
by Mukherjeeet al (1964). Statistics shows that majority squalls during above mentioned periods have beentab
of the squalls have wind direction as northwest&3p56), 87% and 80% respectively in April and May.

followed by westerly (15%) and southwesterly (11%).

According to Sen and Basu (1961), large majoritye(o

90%) of the squalls during pre-monsoon season over Most of the squalls have duration of period 1-4
Guwahati Airport have come from northwest with only followed by 4-7 minutes. The squalls are more digratp
few from west and rarely from southwest during &arge  pre-monsoon season as all the squalls with thetidoraf
period of 1955-59. According to present study, al&8% 7 minutes or more (3 out of total 54) have occudedng

of the total squalls during pre-monsoon season haen pre-monsoon season only. However the most durable
associated with northwesterly direction. Monsoord an squall of the duration greater than 10 minutes have

post monsoon seasons are almost free of squalls. occurred once during March originating between 6900
1200 UTC.
3.5. Time of occurrence and durations of squall 3.6. Environmental changes with the occurrence of
squall

The frequency distribution of squalls in relatian t
duration and time of occurrence is shown in Table 3 The changes in environmental temperature, relative
Considering the total frequencies of squalls, nadghem humidity, mean sea level pressure and wind speed ha
have occurred during 1200-1500 UTC followed by 0900 been examined for the squalls occurring in the pre-
1200/1500-1800/1800-2100 UTC. About 76% of theltota monsoon season as those are most frequehtnmore
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TABLE 3
Duration of squalls over Guwahati Airport
) Time (UTC) of occurrence of Squall
Month Duration Total
(Minutes) 0000-0300 0300-0600 0600-0900 0900-1200011500 1500-1800 1800-2100 2100-2400

Jan 1-4 - - - 1 - - - 1
Feb 1-4 - 1 - 2 1 4

4-7 1 1

7-10 0
Mar 1-4 1 - 1 2

4-7 0

7-10 1 - 1

>10 1 - - 1
Apr 1-4 1 2 5 4 3 1 16

4-7 1

7-10 1 -
May 1-4 3 - 1 4 4 3 1 18

4-7 2 - 1 1 7

7-10 0
Jun 1-4 - - - - 0
Jul 1-4 - 0
Aug 1-4 0
Sep 4-7 - - 1 - - 1
Oct 1-4 - 0
Nov 1-4 0
Dec 1-4 - - - 0
Total 5 3 2 9 14 9 9 3 54

disastrous in nature. The results are shown ineldbln
association with the squall, the environmental terapure
falls but relative humidity, mean sea level pressand

and average rise in pressure is found be 1.6 hikarie
in humidity has been as high as 31% while averagein
humidity has been 8.8% with the occurrence of dqual

wind speed increases. The highest fall of tempegatu The highest maximum wind speed due to squall has be

associated with the squall over Guwahati Airportiry
the period under study has been 7.6° C, while geefall
of temperature due to squall is found to be 2.2°The
maximum rise in mean sea level pressure has bddta4d

70 knots, while the average maximum wind speed has
been 39 knots. Sen and Basu (1961), while analyzing
squalls during pre-monsoon season over period of
1955-59, have found that the speed of ssjoallmost
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TABLE 4

(v) Comparison with the past studies indicates that t

Environmental changes during squall over Guwahati Airport .
9 9 P characteristics of thunderstorms and squalls over

Date Temp fall Humidity rise Pressure changePeak wind Guwabhati Airport have not changed significantly othee
(°C) (%) (hPa) (knots) years.
Average 2.2 8.8 1.6 39
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