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ABSTRACT. In this study an attempt has been made to prov1de an objective method of forecastmg -
thunderstorm * activity - over Dundigal  airfield “and nezghbourhood duung the pre-monsoon season -
(March to May). Inter-relatlonships of a number of meteorological parametors in the context of subsequent
convective. activity were studied by means of frequency tables. The six parameters, chosen were surface

- dew point, surface wind “direction, ‘Showalter’ stability index, wind direction at 850 mb, mean mixing
“ratio- from 850 to 700 mb, and' convective condensatlon level. These were ‘combined graphlcally by
correlauon tc.chmque to form an objective forecastmg aid.

: ~ The method was tested on independent data and the results were found to be in good Agreament“
W1th the observations. A sklll score of 072 and a percentage accuracy of 87% were achleved

1. Introduction G , 'Io ensure that the data used would be re-
A ssthod of qmck check on ithe possxb 1hty offﬁ presentative of Dund:gal airfield and neighbour-

- hood, the following criteria were used to deﬁne'
thunderstorm occurrence has been develop‘ed :
by Showalter (1953) in which. the 850 mb  ° thunderstorm period: - L
‘parcel for mountain area stations a hlgher level, (&) Thunderstorm thundershower, squall L
s lifted ?ity adlabatlcall% to satur%g:lflon] att"nc(i:1 tggg ] - recorded at Dundlgal airfield. -
* pseudo-a iabatically to 500 mb. The ifte Ge o
‘mb temperature is then subtracted algebraically (b) Cb cloud I'BCOI‘dEd at Dundlgal alfﬁem

from the observed 500 mb temperature. A nega-
“tive value shows mstablhty (rising air warmer
than the env1ronment) ancl a posmve value indi-

The above criteria ylelded a total of 181 . .
occasions of thunderstorm occurrence for the
months March to May during the years 1973-77.

"cates sfablhty G ~ This comprised the development data. The period
- This study aims to set up an objective tcchm— -, March to May 1972, was used to test the proce-
que for a Yes or No forecast of thunderstorm dure and would be referred to as mdependent
activity in the pre-monsoon period (March t(c;f, test data. o ~ ,
‘May) over Dundigal airfield and neighbourhood
for the period 1100 to 2100 IST (0530 01530 3 S"‘“‘“’“ of parameters

“'GMT) . , A number of meteorologwal parameters wluch -
Surendra Kumar ;(1972) had used a sm:ular - were cons1dered useful in the forecasting of
/techmque for forecasting thunderstorms/dust- th‘%?d torm were analysed and their depen-,
~ storms in pre-monsoon season over Delhi and - denc . i ; 1.
 neighbourhood. A skill score of 045 and a  Stud cans of frequency tables as shown
percentage aCcuracy of 78 per cent were obtam— _in Tables 1 to 6. The following parameters ]
edbyhim. : k : ‘which showed the maximum dependence on the
- e S . occurrence of thunderstorm actw1ty were selec-
% Data used - . s "iedi e
The surface - weather data for the penod, i (a) Surfacc wmd dnrectlon (0000 GMT) ~
1972 to 1977 were extracted from the current (b ) Surface dew point. temperature - (0000
~ weather registers of Dundigal airfield while the GMT).
upper winds and temperatures were extracted (c) Showalter stablhty index (1200 GMT,
from the upper air data of Begumpet ' o - of previous day)
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Fig. 1

TABLE 1

Stability index ¥

—5.9 —49 —39 —29 —1.9-0.9 0.1 1.1 2.1 3.1 4.1 5.1 .
>—6.0 to to to to to to to to to to to to >6.0
-—5.0 —4.0 —3.0 —2.0 —1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0

N e

Total No. of days 22 11 19 28 34 33 38 19 37 47 26 33 17 38
Jo. of days of
N(t)hgndeafstorm A 16 9 13 18 17 16 17 8 10 14 8 10 5 14

" bercentage - 72.7 81.8 68.4 64.2 50 48.5 44.7 42.1§27.2 29.78 30.76 30.3 29.4 36.8
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Surface wlnd directlon o .

N N’NE NE ENE. E ESE SE :éSS'E" s ssw W WSW W WNW NW NNW
 TomiNoof 22 T “14°;'f_s‘ 23 34 o w 24] 3 5 45;1 e ‘,,2‘4 v
Le days o e s . . .

_ No.ofdaysof 7 3 4 3 7 13 29 8 1990 9 15 71 20 18 15 10
thundexstorm : . Ak o - e
pemm‘age 31 31 8 37 25 38 47 23 38 37 45 46 58 40 35 4l

(d) Wmd dlrectxon at 850 mb (1200

GMT of prekus day).

(e) ‘Convective condensatlon level (1200,,
~ GMT of previous day). ,

(f) Mean mixing ratio from 850 to 700 -

mb. (1200 GMT of previous day)

The parameters (a) (c) and (d) were selected S

. -because they represented the influence of the
 lower level instability on thunderstorm occur-

~ rence while (b), (e) and (f) were selected be-
. cause they hxghhghted the mﬁuence of the lower o

. ylevel and hlgher level mo1sture

o Combmatwn of parameters

 After testlng various combmatmns of para-‘,

- meters, the followmg,combmatmns were selected: -

' and scatter dlagram‘, plotted

(a) Surfac wmd du:ectlon and surfabe dew

~ storm periods and the denominators represented
_the total number of cases, with the
o category 'n;,k bers from Flgs 4 and 2.

~ scatter diagram (Fig. 1) was plotted (a dot
‘tepresentmg an occurrence and a cross repre- -
‘sentmg a non«-occurrence) The number shown
‘against a dot or cross represents its frequency.
~ Similarly scatter diagrams for the combinations
G (b) and (c) were also plotted (Flgs 2 and 3) ,

: ‘fourt

(b) Mean mlxmg ratio from 850 to 700‘,
: mb and wmd dlrechon at 850 mb.

(c) Showalter stability mdex and convec~
' nve cnndensauon level ‘ ~

Usmg the ﬁrst combmatlon of surface wind
dxrectmn and surface dew point temperature a

Usmg the category number of Figs. 1 and 2 a
h scatter diagram was plotted in which the
| repres d the number of thunder-

“indicated
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TABLE 3 R TABLE. 4 (
Surface dew point temperature Mean Mixingh Ratio (850 to 709 mb)
Dew point Total No. of MMR Total No.  No. of
temp. number of occurrences Percentage  (gm/kg) of days days of Percentage
©C) days ' thunderstorm :
<15 171 24 14 | <3 15 . 6
15.116 43 13 %5, 3.11t04.0 40 6 15
. 5.1 to 6.0 75 22 30
17.118 0 0 43 6.1 t0 7.0 80 36 45
18.1-19 33 2 4 7.1 t0 8.0 64 34 53
19.1-20 82 4 53 8.1 t0 9.0 25 15 60
20.1-21 39 22 60 9.11t010.0 36 25 69

>2F - 54 37 70 >10°0 22 13 81 -
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: TABLE 5 .
L Convective Condensatwn Level (CCL)
'CCL  Total No. No.of e
range - of days days of Percentage
(mb) -~ 7thunderstcrm e
400500 20 2 10
501600 © - 152 35 . 23
601-700 148 70 4T
701800 - 60 45 75
oS80 180015 B

Using ihe category numbers from Frg 3 and

‘Frg 4 a fifth scatter diagram was plotted where-

“in the denommator represented the total num-
~ber of cases with the indicated category numbers
from Figs. 3 and 4 and the numerator represented
the number of cases of thunderstorms. This

: - figure was divided into two parts by a solid line, -
- representing 50 per cent probability of occur- -

rence. The area on the left hand side represent-
ing the probability higher than 50 per cent was

taken as Yes forecast and the one on the right

“hand qrde W"tS taken as No.
\‘5. Results and tests

: The procedure was tested on the mdependent

test data, of 1972, (March to May). The skill

score tumed out to be 0.72 and percentage

i accuracy was 87 per cent.

1972 (Independent test data)

e Foreeast '
= - \ ;
Oceurrenee Non- Total
: e occurrence
9 Oceurrence 30 5 35
:'"'5 Non- s ;
&  occurrence . 6 41 47
O Total 36 ‘46 )
Skill score - : 0 72

Percentage aocuracy , 87 per cent
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CATEGORY NUMBER FROM FIG.4
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CATEGORY NUMBER FROM FI1G 3

Data for the year 1977 was also used to test i
the procedure. The skill score was 0. 68 and per.
centage accuracy 84 per cent : B

1977 (’Developmenfv data) :

Forecast el e
— — s N
Occurrence Non- Total
e , occurrence .
. ¥ -
e 'Occurrenee' i35 g 4
w - ; : S
% ~ Nom- , . i
z i necnrrence o 4 29 u33;4 ;
©  Tota 39 37 T
Skill score oiésf L
. 84 per cent

Percentage aceu’racy :

(a) Evaluate the various ,parameter “le.,
stability index, mean mixing ratio and
© convective condensation level from
1200 GMT tephlgram :

. (b) Plot the surface wind direction and
s ‘surface dew point temperature of 0000

GMT in Fig. 1 and ﬁnd the category ,

number

() Plbt the mean mixing ratio and wind

direction at 850 mb of 1200 GMT in

Fig. 2 and ﬁnd the category numbe1

C(d) Plot the stabrlrty mdex and convective
- condensation level of 1200 GMT in
Fig. 3 and find the category number

. (e)\f"Usmg the category number from Figs.
T 1 and 2, find the category number
; ,“;m Flg 4 e




80 ) Frr. Lt. R. K. SINGH

TABLE 6

Wind direction at 850 mb
N NNE NE ENE E ESE SE SSE S SSW SW WSW; W WNW NW NNW

Total No. of 49 15 8 21 24 30 . 30
days .

No. of daysof 10 3] 2 3 4 7 4
thunderstorm

Percentage 20.4 20

25 14.2 16.6 23.5 13.3

25 30 34 23 21 15 32 38 45

8 12 10 4 5 6 8 15 12

32 33.3 29.4

17.3 23.6 40 25 34.2 26.6

(f) Using the category number fxom Figs.
3 and 4 and the plot on Fig. 5, find
; the area in which it falls (to the left
or right of solid line) and determine

the appropriate Yes/No forecast.
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