MAUSAM, 54, 4 (October 2003), 819-828

551.58 : 551.515.4(540)

Climatology of thunder storm activity over the Indian region :
A study of east -west contrast

G. K. MANOHAR and A. P. KESARKAR*
Department of Space Sciences, University of Pune, Pune - 411 007, India
*India Meteorological Department, Pune - 411005, India
(Received 17 October 2002)

WR — MR & 276 RIFE & dw=i & Tol W A & Al @gand) & Afs [av iR
JNfrHTH eRIA a1 Jird drgAE (& Had) & T sifdel (TR AraA fas faMeT 1999) &
MR WR 39 I H YR & ol WX qBM &I =edl & JRIRar § gd—ufes fawwar &
frarefs vy &1 Jarme aRdfds foRaR & e fear o 2| R & Ao & s wR iR

it

IMEANNSTS. & WIF WR 9RA Pl I U= # dfcT T § ; 9Rd & Aeqeig dr 79° gd W
g9 R uf¥erdl uee W S R JEE aret A @ dwRigel faeanet & uRvmEr o1 g8t
far T | R favemyr § I8 ud @en © & aiffe ol R qwm @) e gdf v # 4763 ®©
3R Uf¥edl u<er H gAP! WA 3194 & SR ISl WX B arel foAl ' , gt

RTH U< @ AFGA 961 g & TRl & AT Hdg B | Tl

ATHE @1 HIeTRiiedT ¥ I8 Udr Fofdl § b TS W e arel fad, qF el |
ITD! HagTliaar § e wAd & A1 srganis &R e T9y sRgetell W 3ffdad eRdeid
g A H AR gfg wTdier ©9 H <ol 1 ag gRome ome s '

o o

3BT WA W &, Tel JHecid SWHedd eRTdely arg a3k oS,

B Sifg B TE 2| TR fAvower 9 gg 91 W g6l ® 5 ydl udw & qEAd o & T sk
3ME AU U< TS IUGFT © 3R ol WX JHE & AR 8 &b oIy IcRar 21 &,
gRomHl | I Ul FAd ® fh Mg & SR 99 iR gl uew & T ardl & @) ==t 3w
T % forg & 7S R 6 A qd &R uRew & TS W ol ) afbadr # fawwar R € ug
AT ST 2 {6 9 e # qarg v gRomy Suarh Rig 8 |

1

ABSTRACT. Based on the latest data (I. M. D., 1999) of rhiymtumber of station thunderstorm days (Thn) and
mean maximum surface air temperatuies,§ of 276 Indian stations, an important and a loegding issue of east- west
contrast in the frequencies of occurrence of thtstdems over India is resolved in substantial detai this study. On
the premise of nearly equal land areas, and deofitye station network, and location of ITCZ; lads divided in two
regions: Eastern Region (ER) and Western Region)(&¢Ross the 79° E longitude line over India. Risspértaining to
the contrasting features of Thn over ER and WRpagsented. Our analysis showed that the annuéTioteover the ER
are 4763, and over the WR are 3194 and the promdi#erence in Thn is associated with monsoon @easonths over
the ER and WR. The temperature sensitivity of a@we of Thn showed that thunderstorms respondnexpially to
modest increment ifimax ON the semi-annual and annual time-scales in thathregions but with clear contrast in their
sensitivity over ER. This result is in good agreemeith the results cited in many studies, whetati@nship between
global tropical surface air temperatures and GEfarpaters are investigated. Our analysis suggeatsthie hot and
humid extensive land region of the ITCZ of the ER more suitable and responsible for the developnoént
thunderstorms. Further, results showing highereslof CAPE and moisture field over the ER are dised to explain
the E-W pronounced contrast in the thunderstornvitictlt is believed that the results presentedhiis study will be
useful.

Key words— Thunderstorm, Climatology, CAPE.

1. Introduction of the atmosphere (Riehl and Malkus, 1958) and as a
result is acknowledged also for the preponderatfidhen
The tropical land region of the Earth is well world's majority of the thunderstorm activity (Waims,
understood as a central player in the convectiartamn 2001). Thunderstorms being one of the main agerafies
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energy exchange in the atmosphere, and also bamg t
potential source of precipitation on the surface tlod
earth, an understanding of their frequencies otioenice
over a region is useful in many studies like Gldblglctric
Circuit (GEC), global energetics etc. The juxtagiosi of
the land and seas to the south of India and tharesgof
the hot and humid land surface to the north, ard we
suited for the large-scale development of thundemss
over India. These circumstances produce a valuddie
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procurement of similar information also from thediam
region. Global or regional lightning activity is faghly
variable parameter on many time-scales. This véitials
usually attributable to changes in the flash ratr p
thunderstorm, and to the number of thunderstorms
themselves. It is reported that among the above two
factors the contribution of number of thunderstorsg-3
times greater than the change in lightning flagtgdiency

of an individual thunderstorm (Williamst al., 2000).

base to scientific community to carryout studies of Identification and proper documentation of suchiaeg

frequencies of thunderstorms at regular intervaler o
India. However, a review of the literature (Kendrew
1949; Raoet al., 1971; and Manohaat al., 1999) on the
thunderstorm studies over India indicates thatngifie
community have shown infrequent concern with long
periods of waiting involved. Some significant reksar
concerning the activity of thunderstorms over Infiam
the above mentioned literature are noteworthy ared a
furnished below.

Kendrew, 1949 “The world community has
perceived a tendency to underestimate the freqesrafi
occurrence of thunderstorms over India and espgal
in the summer monsoon season”. Further in thisrtapo
is stated that “For a humid tropical land, India is
remarkably free from thunder. In monsoonal climates
tendency is to a pronounced maximum in the traomsi
months at the beginning and end of the summer nmmso
and little during the height of the monsoon; tsistrongly
marked in India”.

Raoet al., 1971 - “Thunderstorm frequencies on an
average over most parts of the eastern India agkehi
than those over the western parts of India suchtheae
exists a steep gradient of thunderstorms from west
east”.

Manoharet al., (1999) - in their recent study on
thunderstorm activity over India and the Indiantbaest
monsoon, have addressed some issues pointed thg in
above literature; and have shown the convincingende
to describe the importance of thunderstorms inticeiao

of contrasting frequencies of thunderstorms oves th
tropics therefore becomes an important topic ofiytu
Manohar et al. 1999 in their study of the southwest
monsoon over India have showed that the monsoaiglro
region is a vulnerable zone for the development of
thunderstorms. The important summary of the forksai
studies suggests that thunderstorm activity, pitatipn
and many other issues related with thunderstornes av
region are strongly linked with each other.
climatological study of thunderstorm activity ovadia is
therefore most essential.

A

In the present work attention is focused on
conducting a comprehensive study of frequencies of
occurrences of thunderstorms over India with a ispec
reference to quantify their east-west contrasuivstantial
details. The latest available data of monthly ndsmaf
number of thunderstorm days and mean maximum surfac
air temperatures for 276 Indian stations are usethis
study. It is expected that this study will be halph the
understanding of the problems related with the dndi
southwest monsoon.

2. Dataand method of analysis

The India Meteorological Department (IMD) has
recently (1999) brought out a voluminous but vesgful
publication entitled “Climatological Normals 1950°8
Normals provided in the publication are in the fooh
tables of mean monthly values of surface data of
meteorological parameters for a large number ofaimd
Observatories. For the present study we have select

the monsoon phenomena and global electrical circuit monthly data of number of thunderstorm days (Thm) a

Earlier studies correlating the seasonal rainfalthw
frequencies of thunderstorms were by Landsberg@&l(19
and Freier (1978). Their results showed that, inegal,
the low-precipitation regimes matched with lower

monthly mean of daily maximum surface air tempeesu
(Tmay for 276 stations having standing for a minimum of
25 years except for the station Agatti having datal5
years. Table 1 gives the details of the statiors Fig. 1

frequencies of thunderstorms or were due to lack ofshows the network of the stations used in thisystud

thunderstorms-producing weather conditions. Markson
1986, have discussed association of tropical cdiorec
with ionospheric potentials and global circuit aidn.
Further, Rutledget al. (1992) and Williamt al. (1992)

in discussions of electrification and precipitation
development of the monsoonal and
thunderstorms over Australia have expressed a faed

It is noted from this figure that the stations arell
spread and also are uniformly distributed over @ktent
of the country .The distance between the nearest tw
stations is 20 km or more. This would therefore

continental effectively reduce the chance of a single stormndpei

reported simultaneously by the two stations.
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TABLE 1
Details of station network
Station Lat. Long. agoe\ighr;sl Station Lat. Long. alg—ioe\;ghr;sl Station Lat. Long. ane\;ghésl
1) 2 (3) @) (1) (2 (3) (4) (1) (2 3) (4)
Abu 246 7272 1195 Bidar 1792 77.53 664 Gangtok 27.33 88.62 1812
Agartala 23.88 91.25 16 Bijapur 16.82 75.72 594 Gannavaram 16.53 80.8 24
Agatti 10.85 72.47 4 Bikaner 28 733 224 Gaya 2475 84.95 116
Agra 27.17 78.03 169 Bokaro 23.67 85.88 242 Goalpara 26.18 90.63 38
Ahmedabad 23.07 72.63 55 Bombay 189 72.82 11 Gonda 27.13 81.97 110
Ahmednagar 19.08 74.8 657 Brahmapuri 20.6 79.85 229 Gondia 21.47 80.2 313
Ajmer 26.45 74.62 486 Buldana 20.53 76.23 650 Gopalpur 19.27 84.88 17
Akola 20.7 77.03 282 Burdwan 23.23 87.85 32 Gorakhpur 26.75 83.37 78
Alappuzha 955 76.42 4 Calcutta 22.53 88.33 6 Gulberga 17.35 76.85 458
Alibag 18.63 72.87 7 Car-Nikobar 9.17 9283 10 Gulmarg 3405 744 2655
Aligarh 27.88 78,07 187 Chaibasa 2255 85.82 226 Guna 2465 77.32 478
Alirajpur 2228 744 293 Chambal 2492 75.58 351 Guwabhati 26.1 9158 54
Allahabad 25.45 81.73 98 Champa 22.03 827 245 Gwalior 26.23 78.25 207
Ambala 30.38 76.77 272 Chandbali 20.78 86.73 6 Halflong 25.17 93.02 682
Ambikapur 23.17 83.25 611 Chandrapur 19.97 79.3 193 Hanamkonda 18.02 79.57 269
Amraoti 20.93 77.78 370 Cherrapuniji 2525 91.73 1313 Hardoi 27.38 80.17 142
Amritsar 31.63 74.87 234 Chhindwara 22.1 79 685 Harnai 1782 73.1 20
Anantpur 14.68 77.62 350 Chitradurga 14.23 76.43 733 Hassan 13 76.15 960
Angul 20.83 85.1 139 Churu 28.25 74.92 291 Hazaribagh 23.98 85.37 611
Arogyavaram 13.563 78.05 701 Coimbatore 11 76.97 409 Hissar 29.17 75.73 221
Aurangabad 19.88 75.33 581 Contai 21.78 87.75 11 Honavar 14.28 74.45 26
Azamgarh 26.05 83.22 78 Cooch Behar 26.33 89.47 43 Hoshongabad 2277 77.77 302
Baghdogra (A) 26.63 88.32 131 Cuddalore 11.77 79.77 12 Hydrabad (A) 1745 78.47 545
Bagratawa 22.63 77.98 331 Cuddapah 14.48 78.83 130 Imphal 2477 93.9 781
Bahraich 2757 816 124 Cuttack 20.17 85.93 27 Indore 22.72 758 567
Balasore 2152 86.97 20 Dahanu 19.97 72.72 5 Jabalpur 23.2 79.95 393
Balehonnur 13.37 7545 885 Dalhousie 3253 75.97 1959 Jagdalpur 1908 82.03 553
Ballia 25.75 84.17 64 Daltonganj 24.05 84.07 221 Jaipur 26.82 75.8 390
Banda 25.47 80.37 121 Darbhanga 26.17 85.9 49 Jaisalmer 26.9 70.92 242
Bangalore 12.97 77.58 921 Darjeeling 27.05 88.27 2127 Jalgaon 21.05 75.57 201
Baramati 18.15 74.58 551 Deesa 242 722 136 Jalpaiguri 26.53 88.72 83
Bareilly 28.37 794 173 Dehra Dun 30.32 78.03 682 Jammu 32.67 74.83 367
Baripada 21.93 86.77 54 Dehri 2492 84.18 107 Jamnagar 22.47 70.02 20
Barmer 2575 71.38 194 Devgad 16.38 73.35 36 Jamshedpur 22.82 86.18 129
Baroda 223 73,25 34 Dhanbad 23.78 86.43 257 Jamui 2493 86.3 82
Beed 19 75.72 519 Dharmsala 32.27 76.38 1211 Jawai Bandh 25.08 73.08 295
Belgaum 15.85 74.53 753 Dholpur 26.67 77.83 176 Jeur 182 75.2 521
Bellary 15.15 76.85 747 Dhubri 26.02 89.98 35 Jhansi 25.45 78.58 251
Berhampore 24.13 88.43 19 Dibrugarh 27.48 95.02 111 Jharsuguda 21.92 84.08 230
Betul 21.87 77,93 653 Dohad 2283 74.27 333 Kakinada 16.83 82.23 8
Bhagalpur 25.23 86,95 49 Dumka 2427 87.25 149 Kalimpong 27.07 88.47 1209
Bhavnagar 21.75 72.18 11 Fatehpur 28.93 80.83 114 Kalingpatnam 18.33 84.13 6
Bhawani Patna  19.92 83.18 261 Ferozpore 30.92 74.67 200 Kallakkurichchi  11.73  78.97 127
Bhopal 23.28 77.35 523 Forbesganj 26.3 87.27 61 Kanker 20.27 81.48 402
Bhubaneshwar  20.25 85,83 46 Fort Cochin 9.97 76.23 3 Kanpur(A) 26.43 80.37 126
Bhuj 23.25 69.67 80 Gadag 15.42 75.63 650 Karnal 29.7 77.03 249
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TABLE 1 (Contd.)

Station Lat.  Long. al|3-| Oe\;ghr; S| Station Lat. Long. alg—ioe\;ghr;sl Station Lat.  Long. agoe\;ghr;sl
(1) (2) (3) 4) 1) (2 (3) (4) 1) (2) 3) 4)
Karwar 14.78 74.13 4 Mysore 12.3 76.7 767 Ranchi (A) 23.32 85.32 652
Keonjhargarh 21.62 85.58 463  N. Lakhimpur 27.23 94.12 102  Ratlam 23.32 75.05 486
Khammam 17.25 80.15 112  Nagapattinam 10.77 79.85 9 Ratnagari 16.98 73.33 67
Khandwa 21.83 76.37 318 Nagpur 211 79.05 310 Rentachintala 16.55 79.55 106
Kheri-Lahimpur  27.9  80.8 147  Nainital 294 7947 1953 Roorkee 29.85 77.88 274
Kochi 9.95 76.27 3 Najibabad 29.62 78.38 270  Sabaur 25.23 87.07 37
Kodaikanal 10.23 77.47 2343 Nancowry 7.98 93.53 26 Sagar 23.85 718.75 551
Kolhapur 16.7 74.23 570 Nanded 19.08 77.33 358  Sagar Island 21.75 88.05 3
Kondul 7.22 9373 8 Nandurbar 21.33 74.25 206 Salem 11.65 78,17 278
Koraput 18.82 82.72 913 Nasik 20 73.78 598 Sambalpur 21.47 83.97 148
Kota 2518 75.85 257 Nellore 14.45 79.98 20 Sandheads 20.85 88.25 10
Kothagudem  17.55 80.63 111 New Delhi 28.58 772 216  Satna 2457 8083 317
Kozikode 11.25 75.78 5  New Kandla 23 7022 14  Seoni 22.1 7955 619
Krishnanagar 234 8852 15  Nidadavolu 16.92 81.67 13 Sheopur 25.67 76.68 235
Kurnool 15.83 78.07 281  Nimach 2447 749 496  Shimoga 13.93 7563 571
Leh 3415 7757 3514 Nizamabad 18.67 78.1 381 Sibsagar 26.98 94.63 97
Long Island 1242 9293 o5 Nowgong 2507 7945 229  Sidhi 24.42 8187 272
Lucknow 2675 8088 128 ©Ongadl 1557 8005 12 sikar 27.62 7513 432
(Amausi) Orai 25.98 795 141  sjchar 2482 928 29
Ludhiana 30.93 75.87 247  Pachmarhi 22.47 78.43 1075 Simla 311 7717 2202
Lumding 2575 93.18 149 Palayamkottai 8.73 77.75 51 Sironcha 18.85 79.97 123
Madras 13 8018 16  Palghat 10.77° 7665 97 Solapur 17.67  75.9 479
Mahabaleshwar 17.93 73.67 1382 Pamban . 9.27 793 11 Sri Niketan 2365 877 5o
Mahbubnagar 16.75 78 505 Panchet Hills 23.62 86.78 119 )
Mahuva 21.08 7178 9 Panjim 15.48 73.82 60 Sriganganagar 29.92 73.88 177
Mainpuri 2723 79.05 157 Parbhani 1927 7683 423 Srinagar 34.08 483 1587
Majbat 2675 92.35 120 Pasighat 281 95.38 157  Sultanpur 2625 82 97
Malda 25.03 88.13 31 Pathankot 32.23 75.63 312  Surat 212 72.83 12
Malegaon 2055 74.53 437 Patiala 30.33 76.47 251  Suri 23.88 87.53 77
Manali 3227 77.17 2039 Patna (A) 25.6 85.1 60 Tabhri 30.4 78.48 770
Mandi 31.72 76.97 761 Pendra 2277 81.9 625 Tangla 26.65 91.92 78
Mandla 2958  80.37 443 Phalodi 27.13 7237 234 Tezpur 26.62 92.78 79
Mangalore 1287 74.85 99 Phulbani 2048 84.27 489  Thikri 2207 754 172
Marmugao 1542 73.78 62 Port Blair 11.67 92.72 79 T.hriU\./an.anthapurgm 8.48 76.85 64
Masulipatanam 1618 81.13 3 Punalur 9 76.92 34 T!rucuchlnappallal 10.77 78.72 88
Mayabandar 1292 92.92 )8 Punasa 2223 76.4 267 Titalgarh 20.3 83.3 211
Pune 18.53 73.85 559 Tura 25,52 90.23 370
Medikeri 1242 7573 1182 19.8 85.82 6  Tuticorin 88 78.15 4
Meerut 2902 7763 222 pypeq 2577 87.47 38 Udaipur 2458 73.7 582
Midnapore 2242 81.32 45 pyrulia 23.33 8642 255 Umaria 2353 80.88 459
Minicoy 8.3 73 2 Radhanpur 2383 716 30 Uthagamandalam 114 76.73 2249
Minicoy 8.3 73 2 Raichur 16.2 77.35 400 Varanasi 25.45 82.87 76
Miraj 16.82 74.68 554 Raigarh 21.88 83.38 220  Vellore 12.92 79.15 214
Motihari 26.67 84.92 66 Raipur 21.23 81.65 298 Vengurla 15.87 73.63 9
Mukhim 30.58 78.48 1981  Rajgarh 24 76.72 382  verval 2009 70.37 8
Mukteswar 29.47 79.65 2311 Rajkot (A) 223 70,78 138 vishakhapatnam 17.72 83.23 3

Mussoorie 30.45 78.08 2042 Ramgarh 23.63 855 335 Yeotmal 204 78.15 451
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Fig. 1. Map of India showing station network of 276 siat used
in this study. Map also shows mean position of mons
trough and envelop around is showing one standard
deviation of variation in monsoon trough

Monthly data of Thn and |, for the stations contained in
the ER and WR are used to obtain the seasonal fiydnt
means of Thn and,,0ver the two regions.

3.  Resultsand discussion
3.1. Observations of east -west contrast

Figs. 2 (a&b) shows the seasonal variation of Thn
andT ., respectively for the two regions under studysit i
noted from Fig. 2(a) that in the ER and WR the semi
annual oscillation of the seasonal variation in Tikn
clearly seen. In the ER, the first maximum is seeoccur
in the month of June while in the WR the first mmayim
is seen to spread over in the months of May and.Juis
also noted that in the ER and WR the amplitudethef
second maximum which occur in the months of August
and September respectively, are reduced by 15 % and
40 %. A careful examination of the two curves ohTih
Fig. 2(a) indicates that in 10 out of the 12 monthes
curve for the ER lays well over the curve for th&®W his
feature is valid right from the month of Januarydan
continues up to the month of October. During th&8e
months, the curve for the ER is seen to show ctamgly
higher amplitudes of Thn as compared to that ferwR.
The prominence in the difference in their monthly
amplitude is alarmingly high in the five months ipdr
from May-September which covers the last monthhef t
pre-monsoon season and whole of the monsoon season.

The east-west expanse of the mean position of theDuring these five months, Thn over the ER are icesz
monsoon trough over the Indian region was studigd b in the range 36 % to 139 % of the WR. Some addition

Paul and Sikka (1976); and Rajkumar and Narsimhaduantitative information of contrasting thunderstor

(1996). Their study indicated that the portion bt
monsoon trough line east of 79° E longitude is awmd
almost within the tropics (+25° N, Williams, 1994)nd
the portion of the trough line west of 79° E longi¢ lies
north of 25° N latitude. We therefore see that 788 E
longitude line demarcates the trough line into tegions:
eastern region and western region, each of whieb i
distinctly within and outside of the tropics. Thitiss felt
that the two sections of the trough line, eastend a
western, on the premise of tropics and subtropiosige

a logistic support in the examination of the eastiw
contrast in thunderstorm activity over India. THere, for
an examination of the east-west contrast, we haxded
India in two regions: Eastern Region (ER) and Weste
Region (WR), on either side of the 79° E longitdiie
across the country (Fig. 1). It is noted from tigsire that

activity over the ER and WR are: Annual total numbg
thunderstorm days over the ER and WR are 4763 4 319
and monthly mean Thn per station are 3.0 / 1.8
respectively. Comparison between the seasonaltiarsa

of Thn andT,. Over the two regions enables us to obtain
quantitative estimates of sensitivity to temperatur
changes of thunderstorm occurrence. Our records sho
that over both the regions, the increase in Thindypre-
monsoon season was in the range 33-36 % per KeQrri
the Thae The corresponding increase in Thn on semi-
annual time-scale in the tropical land regionsawotgd by
Williams (1994), was in the range 30-40 %. We nbi
consistency in these results. Correlation coeffisieover
the annual period of 12 months betweBp, and Thn
over the ER and WR work out to be 0.74 and 0.84lewh
these correlations for the monsoon season monthk wo

the land areas of the eastern and western regioms a Out to be 0.95 and 0.98 respectively. These cdivela

nearly the same or well comparable for the purpdsbe
present study. The numbers of stations containethen
eastern and western regions are 132 and 144 resgect
which shows nearly equal and uniform distributioh o
stations over the two regions. It is noted thathbtite
regions appear to be balanced with respect to etisr.

coefficients are significant at 0.01, 0.001, 0.08 8.02%
level of significance respectively. The seasonat@etage
distribution of the annual thunderstorm activityeealed
that 60 % (49 %), 28 % (32 %), 7 % (13 %) and 56%4)
thunderstorms occur during the monsoon, pre-monsoon
post-monsoon (O-N) and winter season (D-J-F) months
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respectively over the ER (WR). One month shift kestw
the first maximum in Thn and,, in both the regions is
withnessed. We compare our results with the resoits
Williams 1994. Our results clearly corroborate trearly
one month time lag in heating of the land surface
following the maximum in insolation. For the result
presented so far we refer to studies of William89d,
1997) where relationship between the tropical serfair
temperature for the globe and many other paramefers
GEC, including thunderstorm days, has been examined
These studies revealed a good phase agreementelbetwe

surface air temperature and GEC parameters and ar

apparent sensitivity of global circuit response to

temperature in the range of 10-100% per 1° C. These

results are attributed to the influence of tempegaton
convective activity. It is seen here that, thuntters
activity responds to surface air temperature orh libe
time-scales, semi-annual and annual over the tgioms
but with clear contrast in their sensitivity of ocence.

3.2. Topographical influence

The present study has produced valid evidences to

show that the ER dominates over the WR in terntheif
thunderstorm frequencies. Our findings now clearly
corroborate the early results of Rabal. 1971. This
validation of the results requires some explanatiand
results supported by other parameters. To our
understanding, explanation for these results casooght

on the basis of the contrasts in the propertiesuoface
meteorological parameters and some situations [anetva
over these regions. It is well known that the efievaof
land surface above the mean sea level is an imgorta
property in deciding the surface heating of a regibhis
situation is some what similar and hence compartble
one where surface heating is dominated by theivelat
prevalence of land and water (Williams, 2002). ithex
case the lower land areas are known to be systeatigti
hotter than the far elevated ones and the onesrcoeu

by the surrounding extensive presence of water® Th
average altitude above mean sea level of the ERsnmrt

to be 3 meter, while that of the WR works out to589
meters. This more than two orders of lower elevatib
the ER is an important factor in maintaining Taax
contrast in influencing the development of strong
convection and development of thunderstorms.

This contrast in the average elevation of these
regions makes the ER systematically hotter, ovejoma
parts of the annual period than over the WR. Figp) 2
shows a plot off,,.x Over the two regions. It is noted that

during the pre-monsoon and monsoon season morghs th
Tmax Over the ER are hotter in the range 0.15 to 1.3° C

than over the WR. We note that this period of seven
months is larger than the remaining five rhergeriod
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Monthly Mean of Number of Thunderstorm Days

over Eastern and Western Indian region Separated by 79° E Longitude
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Fig. 2(a). Monthly mean number of thunderstorm days overERe
and WR of India separated by 79° E longitudes
Monthly Mean of Daily Maximum Surface Air Temperatures
over Eastern and Western Indian Region Separated by 79° E Longitude
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Fig. 2(b). Monthly mean maximum surface air temperatures tve
ER and WR of India separated by 79° E longitudes

when western region temperatures are just margirall
excess of the eastern region. Evidences for a pyimude
of dry bulb temperature in influencing deep conigett
development of thunderstorms, and lightning onaegi
and global scales can be found in some of the tecen
studies (Williams, 1992, 1994, 1999; Price, 1993)e
important conclusion of their studies is that thkéeasive
hot land regions of the tropics are more suitabid a
responsible for the development of deep convecdiot
occurrences of thunderstorms. The present studgftre
stresses the importance of subtle higher valueg,gfin
their effect on parcel buoyancy in the dry phasat th
substantially impacts the moist stage.

3.3. Sensitivity and prediction equation between
Thn and Tpax

We propose to obtain suitable prediction equations
of the Thn in relation td ., over the ER and WR. These
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equations are used for studying the difference hia t
sensitivity of occurrences of Thn with changesTip
over the two regions. Figs. 3(a&b) shows the scatte
diagram of x-y plot of T, versus Thn. Further,
exponentially growing best fit curves have beeteditto
the scatter points in each figure. The best fitisttas for
these figures are also presented in each diagram.
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T Y =0.68892 ¢

" Chi* = 3.2572
I Corr Coff = 0.741631

\
L

From the exponential nature of the curves and from
their prediction equations following inferences drawn.

Monthly Mean Number of Thunderstorm Days

We note that, the sensitivity of occurrences of Tith ol = .
subtle changes M.y is higher over the ER than that over 24 2 2 0 32 % 3% 3
the WR. For example, at 34° CBf,, Thn over the ER is Monthly Mean Maximum Surface Air Temperature (° C) over Eastern Region
4.0 and over the WR it is 2.6. At 36° C ©f., the Thn &
over ER and WR are 5.1 and 3.3 respectively. Frioen t g )
analysis it is inferred that foF, in the range 34-36° C, 2
the amplitudes of occurrences of Thn over the ER ar 2 °7
nearly 54 % larger than that over WR. This ressilini -
agreement with the findings that the aggregate murob 2 .
Thn over the ER (~4800) is found to be nearly 56%gédr B 27 ’ /_”
than that of the aggregate number (~3600) oveMife é 5 R
Further, from the Figs. 3(a&b) we also note thagrahe z T \Y=0<64974 gl e
ER the gradient of Thn per 1° C changeTigy in the £ - T e g';izg;fsjgf‘mw
range 32-34° C is 0.55 and for the temperaturehin t S, " . R
range 34-36 ° C the gradient is 0.65. The corredingn 4 % 22 20 2 3 %8
values over the WR are 0.25 and 0.45. ThUS, we thete Monthly Mean Maximum Surface Air Temperature (° C) over Western Region
the gradient of sensitivity of occurrences of Thmeothe @
ER is distinctly higher than that over WR. é TI .

g 3.0 ,’," wAuo

Fig. 3(c), shows a scatter diagram of x-y plotshef g g ..l T

monthly differences inT,,x between the ER and WR 28 /
versus the similar monthly differences in Thn. An 5y 7 LTS Jares ghosemionrs
exponentially growing best fit curve, statistics ludst fit 8 S 15 May " Chi=038973
and the month corresponding to each scatter paint i 25 10 A Corr Coff = 0.94022
presented in this figure. We note that, the béstufive not § € o5 ___u__ﬁ.c,;;e’;’” Mar
only corroborates the results discussed in the iqusv 238 .l Jan
paragraph but also reveals seasonal features of the £~ Dec  Nov
thunderstorm activity associated with changeg;jg over § o] i . — . ,
the two regions. It is noted from the labels of thenths % Dif:e»?ence in I\}I‘;zthly Mea?\.oMaximumO:ir Tempe:éoture (degr;:z C)

that the cluster of the months exhibits a systemaditern (East region - West Region)

of seasonality evolving during the course of theuah

period. It is observed that the scatter pointsqmaat the Figs 3(a-c). Scatter plot of (@) navs. Thn over ER(b) Toe Vs

lower end of the curve are associated with the -post Thn over WR and (c) Difference i (ER - WR)
monsoon and winter season months. Points near the vs. Thn (ER - WR)

central portion of the curve are of the pre-monssesison

months and the points along the upper reaches ef th

exponentially growing curve are associated with the station per month for difference in temperatureabbut
monsoon season months. We thus note the systematif.75° C; and attains a peak value of 3.6 thundersto
pattern of evolution of higher values of Thn asats corresponding to temperature difference of abo26°1C.
with the seasons. We also note that the majorrdififee in It may be summarized that the sensitivity of the
the Thn activity over the ER is linked in a stramgnner occurrences of the thunderstorms is clearly astatia
with the higher temperatures (0.15 - 0.55° C) ia pine- with the subtle changes in the temperature and toreis
monsoon and more so (0.55 - 1.3° C) in the monsoonconditions of the atmosphere which are prevalent
season months. In the monsoon season different@rin  during the pre-monsoon and monsoon seasons. The
over the ER enhances from about two thunderstquen results showing the higher values of wet-lpdkential
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TABLE 2

Monthly mean maximum wet-bulb potential temper ature (Tyy °C) during the monsoon season months
of theyears 1972 and 1975 over the ER and WR

1972 1975
WR ER WR ER
Months (results based on data of 4Qresults based on data of 38(results based on data of (results based on data of 38
stations) stations 40 stations) stations

Tow °C CAPE (J/kg) To°C  CAPE (J/kg) To°C  CAPE (J/kg) T, °C  CAPE (J/kg)

June 24.9 1950 26.2 3300 24.6 1750 26.1 3200
July 24.8 1800 26.3 3500 24.8 1800 26.0 3150
August 24.2 1150 259 3000 24.9 1950 26.3 3500
September 23.5 500 25.5 2800 24.5 1600 25.9 300

temperatures, and CAPE, over the eastern regioimglur shows that the eastern tropical land region is more
the monsoon season are briefly presented below. conditionally unstable and the larger CAPE valumobir
the deep and frequent convection that produces

Previous studies by Williamet al. (1992), Williams thunderstorms. Thermodynamic  structure of the
(1992 and 1994) and Jayaratne (1993) have used thatmosphere over India during southwest monsooroeeas
monthly mean maximum wet-bulb temperature to was also studied by Srinivasan and Sadasivan (197g)
compare its association with deep convection in theanalysis of their relative humidity data of six
tropics (Williams, 1997). The use of surface welsbu representative stations over both the regions sheaved
temperature was common and consistent in theséestud that the percentage increase in the average relativ
because the wet-bulb temperature records simultestyeo  humidity over the ER was in the range 1-32 % in the
the effect of temperature and moisture, both ofcltare vertical column of the atmosphere ranging from 1686@
important for the thermodynamics of moist convettio - 300 hPa.
Also, in a recent study Manohat al. (1999) have used

the monthly mean maximum values of surface wet-bulb 3.4. Influence of TCZ
temperatures to understand the association betweén
bulb temperature and thunderstorms days over ttiarin From Fig. 2 (a) and Fig. 3(c) it is seen thathe t

region. Their studies have shown that a modeseasa in monsoon season the mean Thn over the ER and WR are
the wet-bulb temperature is associated with an reepiial 5.3 and 2.7 respectively while in the pre-monsoeasen
increase in the occurrences of thunderstorms. Tothese means are 3.3 and 2.3 respectively. Thesee$ig
complement our results of contrasting number of indicate that thunderstorm activity during the nuors
thunderstorm days described above, we presenti@i br season over the ER is enhanced by 60% with respect
the surface temperature conditions in termsTgf °C; the pre-monsoon season, while the similar enhaneeme
(monthly mean maximum surface wet-bulb potential over the WR is only 17%. The important point of
temperature), and the values of (CAPE,J/kg) in theinformation of this analysis is that the seasonal
monsoon environment over the two regions. For thisenhancement in the thunderstorm activity is a commo
purpose€Ty, data for the 78 Indian stations are taken from feature of both the regions. But activity-wise tBR is
the studies of Manohaat al. (1999), since these data are clearly seen to dominate over the WR. Similar
unfortunately not available in the IMD normals. TaR enhancement in the thunderstorm activity over titkain
presents regional average pictureTgf and that of the region was also pointed out in a recent study bydhar
CAPE representing the two regions. CAPE values areet al. 1999. Their results which were based on analysis
retrieved from the relation betwedp, and CAPE from 11 years (1970-80) monthly data of thunderstornsday
the studies of Williamst al., 1992. 78 Indian stations showed an average enhancement of
56 % in the monsoonal thunderstorm days with adstiah
We note that thdy,, values and the CAPE over the deviation of 23 over the 11 year period of studi}.this
ER are consistently higher than those over the Wi information clearly shows that, the seasonal enduent
Tew Values are larger in the range 1.2° C - 2.1°  the in Thn is a consistent and regular feature. Theeefthe
ER and the CAPE values are as much higher as tiRECA east-west (E-W) disparity in their activity needsme
values themselves over the WR. This result theeefor explanation.
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The east-west disparity in the enhancement in theanalysis pertaining to temperature sensitivity of
Thn, witnessed above may be attributed to a largene occurrence of Thn for 1° C incrementTRax Showed that
to the seasonal expanse of the mean location pfcab  thunderstorm respond exponentially to modest irseréa
convergence zone (TCZ) across the 79° E longitudg 0 T, 0N the semi annual and annual time-scales in theth
the Indian region. TCZ is a dominant upwelling zone regions. But the response over ER was nearly thiigleer
which favors the monsoonal convection and the than that over WR. Our analysis suggested thatrtbe
development of thunderstorm (Rutledgt al. 1992, hot and humid extensive plain land region of theZTa®
Williams et al. 1992, and Manohaet al. 1999). The the ER is more suitable and responsible for théndrig
character of the TCZ is that it produces monsoonaldevelopment of thunderstorm. Results showing higher
convection mainly as a result of synoptic-scaleveogent values of moisture and CAPE and surface wet-bulb
air motion. These air motions are themselves dribgn  potential temperature over ER explain the east-west

horizontal pressure gradients that are set up titydénal
gradients in surface temperatures. Although these
monsoonal thunderstorms are in excess in humbaerthiza
pre-monsoon seasons ones, the above mentioneadsstudi
have clearly shown that these thunderstorms ar&klyea
electrified and their per-thunderstorm contributido
rainfall is much larger than those of the pre-mamso
season. Fig. 1 shows the normal position and teal ar
coverage of TCZ over the Indian region. It is evidthat

the areal coverage and horizontal extent of the E&&

of 79 ° E is much larger than that over the regi@st of
79° E longitude. Thus it appears that the dominasifce
thunderstorms activity and steep gradient from west
east is mainly attributed to the lateral extent ardanse

of the TCZ over the two regions.

4. Conclusions

The climatological data sets of Thn were used to
determine their mean seasonal variation over ERVERd
It was noted that over both the regions Thn shouledr
signals of the semi-annual oscillations of the emabk
variation. But the first maximum of this signal ovihe
ER occurred in the month of May, while over the WR
occurred in the months of May and June. It wasdttat
the amplitude of the first maximum over the ER was
higher by about 72 % than over WR. The second
maximum of the seasonal variation over ER and WR
occurred in the months of August and September
respectively. It is noted that in both the regiohe
amplitude of the maximum dominated significantlyeov
the second maximum. The monthly mean amplitudes of
the seasonal variation of Thn over the ER excediuesk
over the WR during most parts of the annual peridds
feature was witnessed particularly in the five nhant
period from May to September. The annual total nermb
of thunderstorm days over ER was noted to be 4768 a
over the WR were 3194. This analysis showed that
thunderstorm activity over ER is nearly twice higligan
that over WR. The computation of correlation camdfints
between monthly values of Thn amgl,, showed that Thn
and Tax Were highly correlated. This result indicates that
there exists a good phase agreement betiiggrand the
occurrence of thunderstorm over the two regionse Th

contrast in thunderstorm activity over India.
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