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ABSTRACT. The present study is an attempt to study diffestability indices in relation to the occurrence of
nor'westers in order to find out the critical vaduef different indices favourable for the formatiohthunderstorms and
severe thunderstorms in Bangladesh. Computations &lso been made for the stations in and aroumgjiBadesh for
studying the spatial distribution of the stabilitglices. The critical values of Showalter Stabilitgex (Sl), Lifted Index
(LI), Dew-point Index (DPI), Dry Instability IndefDIl), Cross Total Index (CT), Vertical Total IndéXT), Total Totals
Index (TT), Energy Index (El), SWEAT Index (SWI)dK-Index (KI) at 0000 UTC over Dhaka may be taken
<+ 3°C,<0° C,<-3°C,<0° C,2 16° C,= 24° C,= 40° C, -6 Joule/gm>200 and>34° C respectively for the
nor'westers to occur in Bangladesh.

The spatial distribution of different Stability linés reveals that maximum negative values o 5IDPI, DIl and
El lie over the eastern Madhya Pradesh, Bihar, \Bestgal and adjoining Bangladesh indicating thénkiginstable
area. The negative areas of the indices in conibmatith the low pressure area over Bihar, Westda¢and adjoining
Orissa and Bangladesh as well as the cyclonic lation up to 3-4 km or above are favourable for ticeurrence of
nor'westers in Bangladesh. Maximum values of CT, 8WI, KI and TT exist over eastern Madhya Prad@&shar,
West Bengal and adjoining Bangladesh indicatinghiglly unstable area. Normally, nor'westers hagerbfound to
occur at the northeastern or eastern part of #ee @rmaximum instability.

Key words — Showalter Stability Index, Lifted Index, Dew-poimidex, Dry Instability Index, Cross Total Index,
Vertical Total Index, Total Totals Index, and K-tnd

1. Introduction such an indicator can be calculated hours priotht®
actual development of any convective activity, Gtsaas

A stability index is a measure of the potential timely identifier of areas within an air mass, whiare
instability of the atmosphere over a specifiedoagiSince  capable of supporting convective activity. Oncesthe
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potential areas are identified, the severe wedtiecaster
can then take a closer and more precise examinafion
these areas, incorporating all available parametedds,
and experience into making a final forecast (Thamesad
Lin, 1985).

Over the years, studies of convective out-breaks ha
helped to
development. These careful isolations have ledh® t
development of the many stability indices that iareise
by forecasters today. Since each storm outbreakhaag
its own varying environment, one index may proveo
more accurate over another within a particular rstor
setting.

Meso convective systems (MCS) are responsible for

much of the beneficial precipitation and most & #evere
weather (heavy rains, high winds, hail, tornadoed a
lighting) that occur in Bangladesh during the preasoon
season (March-May). The accurate forecasting oéreev
thunderstorms and tornadoes during this seasonimeana
challenging problems for operational meteorologists
Newton (1963) has identifiedi)( potential instability,
(i) low-level moisture, i{i) sheared and veered
environmental winds and iv) some triggering
mechanism(s) as favourable synoptic conditionséwere
storm development. It is very important for forgiegas to

be able to distinguish between severe and non-sever

thunderstorms. Extreme instability, strong vertigahd
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order to find out the critical values of differeimdices
favourable for the formation of thunderstorms
Bangladesh and those are suggested. The stabitityeis
those have been studied are Showalter StabilitgXri81),
Lifted Index (LI), Dew-point Index (DPI), Dry Ingvdity
Index (DII), Cross Total Index (CT), Vertical Tothddex
(VT), Total Totals Index (TT), SWEAT Index (SWI),

in

isolate those altered during convective Energy Index (El) and K-Index (KI). To calculatectie

stability indices, the low-level data at 850 hP& haen
used. Computations have also been done at therstati
and around Bangladesh for studying the spatial
distribution of the stability indices.

2. Data source

Real time rawinsonde data of 0000 UTC of the pre-
monsoon season during 1990-95 at different isobaric
heights from 1000 hPa to 100 hPa at Dhaka, Chittggo
and some Indian stations surrounding Bangladesle hav
been collected from the GTS link of Storm Warning
Centre of Bangladesh Meteorological Departmant
have been used for this study.

3. Methodology of stability analyses

The stability indices have been investigated for a
large number of severe thunderstorms in orderno diut

shear and atmospheric instability are considered aghe critical values of different indices favouralite the

deciding factors (McNulty, 1988; Johns and Doswell,
1992). Whereas Goligeat al (1997) have considered the
following meteorological features necessary foméaio
formation {) a deep layer of mid tropospheric dry air
above a moist surfacdij)(steep moisture and temperature
gradients, i{i) high surface temperatureiv) low level
convergence and upper air divergenag, ertical wind
shear and i) atmospheric instability. Stability indices,

determined from environmental soundings, have been

used by forecasting offices to locate the arealiicivthe
severe weather is likely to occur (Faubwethal, 1951;

Showalter, 1953; Galway, 1956; Miller, 1972). These

stability indices provide necessary conditions (imat
sufficient) conducive to storm occurrence.

formation of thunderstorms in Bangladesh. For these
stability indices, the low-level data at 850 hP& haen
used. Computations have also been made for thierstat
in and around Bangladesh for studying the spatial
distribution of the stability indices. The follovgn
stability indices are calculated by using the data
0000 UTC for this study purpose.

Showalter Stability Index : Sl Fso0— Tpsoo Q)

)

The lifted Index can be used as a predictor ohlate
instability (Galway, 1956). LI values less than ®°can
be considered to be extreme with heavy to strong
thunderstorm potential (McNulty, 1995) in the US.

Lifted Index LI =Tsp0— TpSOO

In Bangladesh, the meteorologists use some of the

stability indices to forecast severe thunderstorkmewn
as nor'westers or Kalbaishakhis. But except a fawlies
(Chowdhury and Karmakar, 1986; Dad al 1994)
extensive studies have not so far been done ostabdity
indices to determine the stability criteria.

In the present study, the stability indices havernbe
investigated for a large number of severe thunderst in

Dew-point Index  :DPI = Ts00—T 'as00 3
Dry |nstab|||ty Index: DII :Teoo -T '600 (4)
Cross Total Index CT =Tugs0— Ts00 (5)

The critical value of CT is 18 or more for the
thunderstorms to occur.
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TABLE 1

Showalter Stability Index (Sl) and its frequency
at 0000 UTC at Dhaka

TABLE 3

Dew-point Index (DPI) and its frequency at 0000 UTGit Dhaka

Frequency (f) % of the total

Range of SI{C) Frequency (f) % of the total
12t0 9 1 1.56
9to6 3 4.64
6t03 7 10.94
3t00 19 29.69
Oto-3 23 35.94
-3to -6 9 14.06
-6to-9 2 3.13
Total 64 100
TABLE 2

Lifted Index (LI) and its frequency at 0000 UTC atDhaka

Range of LI {C) Frequency (f) % of the total
9to6 1 1.56

6t03 2 3.13

3to0 10 15.63
Oto-3 22 34.38

-3to -6 25 36.06
-6t0-9 4 6.25

Total 64 100

Vertical Total Index : VT =Tgso- Ts00 (6)

Total Totals Index : TT F 450+ Tags0— ZTs00 (7)

The SWEAT Index : SWI = TR gso+ 20 (TT — 49)
+2f g +f5+ 125 (St 0.2)
(8)

None of the terms may be negative. Hence if

Teeso < 0, the first term is set to zero; If TT < 49gth
second term is set to zero; and the last termt i®seero if
any of the following conditions are not metg between
130° and 250°ps between 210° and 31065 - ag > 0,
and bothfg, fs = 15 knots.

Energy Index as defined by Darkow (1968) is :
El = MSEp— MSEs 9)
The K-Index (George, 1960) can be computed by

Kl = (T850 - TSOO) + Td 850 — (T700 - Td 700) (10)

Range of DPIC)

6103 1 1.56
3t00 1 1.56
Oto-3 4 6.25
-3to -6 16 25.00
-6to-9 26 40.63
-9to-12 11 17.19
-12 to -15 4 6.25
<-15 1 1.56
Total 64 100
TABLE 4

Dry Instability Index (DI 1) and its frequency at 0000 UTC at Dhaka

Range of DIl {C) Frequency (f) % of the total
12to 9 1 1.56
9to 6 2 3.13
6t03 1 1.56
3to0 3 4.69
0to-3 18 28.13
-3to -6 21 32.81
-6to0-9 16 25.00
-9to-12 2 3.13
Total 64 100
Where,

Td 850 Td 700

T850- T700| TGOO- T500

850 and 700 hPa dew-point
temperature respectively
in °C

850, 700, 600 and 500 hPa

temperature respectively
in °C

T "a500 = dew-point along a pseudo-
adiabat to 500 hPa

Tps00 = temperature of a parcel

lifted dry adiabatically from
850 hPa to its condensation
level and moist adiabatically
to 500 hPa
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TABLE 5 TABLE 7
Cross Total Index (CT) and its frequency at 0000 UT at Dhaka Total Totals Index (TT) and its frequency at 0000 UC at Dhaka
Range of CT{C) Frequency (f) % of the total Range of TT{C) Frequency (f) % of the total
-10to 0 3 2.78 <32 2 1.85
0-10 11 10.19 32-36 4 3.70
10-16 21 19.44 36 -38 3 2.78
16 -18 14 12.96 38-40 4 3.70
18-20 10 9.26 40-42 9 8.33
20-22 22 20.37 42 - 44 10 9.26
22-24 15 13.89 44 - 46 14 12.96
24 - 26 9 8.33 46 - 48 21 19.44
26 - 28 3 2.78 48 - 50 13 12.04
Total 108 100 50 - 52 11 10.19
52-54 12 11.11
TABLE 6 54 - 56 2 1.85
Vertical Total Index (VT) and its frequency at 0000UTC at Dhaka 56 - 58 3 2.78
Total 108 100
Range of VT {C) Frequency (f) % of the total
<22 1 0.93
22-24 4 3.70
TABLE 8
24 -26 17 15.74
26 - 28 23 21.30 Energy Index (EI) and its frequency at 0000 UTC aDhaka
28-30 28 2593 Range of EI (J/gm) Frequency (f) % of the total
30-32 18 16.67 12106 6 5.56
32-34 14 12.96 6t0 13 12.04
34-36 3 2.78 0to -6 30 27.78
Total 108 100 -6 to -12 36 33.33
-12to -18 18 16.67
-18 to -24 4 3.70
T 600 = surface temperature along a 041030 L 0.93
pseudo-adiabat to 600 hPa e4to- '
Total 108 100
fe s = 850 and 500 hPa wind speed
respectively in knots
S = Sin {5 - 0g)
been determined for Dhaka, Chittagong and someindi
O, Og = 500 and 850 hPa wind stations to study the degree of instability of the

direction respectively. atmosphere for the formation of thunderstorms/
nor'westers in Bangladesh. The different stabilitglices
Moist Static Energy at 850 Vviz, Sl, LI, DPI, DII, CT, VT, TT, El, SWI and KI wit

MSEgso. MSEsoo

and 500 hPa level. their frequencies are tabulated in Tables 1 to 10
respectively. Attempts have been made to find bet t
4. Results and discussion critical values of the indices for the formation of

thunderstorms and to study the spatial distributibthese
Different stability indices of the atmosphere prior indices for delineating the area of unstable atrhesp
to the occurrence of nor'westerg(, at 0000 UTC) have  The results are described in the subsequent stipissc



KARMAKAR & ALAM : INSTABILITY OF TROPOSPHERE ASSOCIATED WITH THUNDERSTORMS

633

TABLE 9

SWEAT Index (SWI) and its frequency at 0000 UTC aDhaka

Nor'westers Severe nor'westers with tornadic Intgns
Range of SWI  Frequency (f) % of the total Rangesaf/| Frequency (f) % of the total
50-100 6 5.56 <100 3 18.75
100-200 28 25.93 100-200 5 31.25
200-300 32 29.63 200-300 1 6.25
300-400 28 25.93 300-400 2 12.50
400-500 8 7.41 > 400 5 31.50
500-600 4 3.70
600-700 2 1.85
Total 108 100 Total 16 100

4.1. Stability indices and their frequencies over this stability may be thought of being destroyedd an

Dhaka in relation to the occurrence of
nor'westers in Bangladesh

(i)

From Table 1 it is clear that for most of the egent
the Sl was in between 3 to -3° C at 0000 UTC. Theree

Showalter Stability Index (SI) and its frequency

instability develops because of the incoming solar
radiation as well as moisture influx from the Baf o
Bengal extending to a greater height in the aft@nndlt is
seen from the table that 10 out of 64 (15.63%)westers
occur when Ll is 0 to +3° C. The table shows Sihbout

of 64 (.e., 79.68%) nor'westers occur when the LI < 0° C.
The table also shows that maximum number of

11 out of 64 i(e., 17.19%) nor'westers has been occurred nor'westers occur in the range of LI is -3 to —6° B8s

when Sl above 3° C at 0000 UTC, which indicates tiha

per the criteria of LI, no convective activity iogsible

atmosphere was highly stable. For these events thavhen LI is above +2° C or above, showers are plessib

instabilities might have been occurred due to msoh as
well as the moisture influx extended to a greatiglt.
The table also shows that 53 out of 64.(82.81%) of
nor'westers occur when the Sl < 3° C. It is ingtirgy to
note that that the atmosphere is treated as upsteixn
Sl is below 0° C. But the percentage of occurreisxce
suggesting us to consider the critical value oisSt 3° C
at 0000 UTC over Dhaka. From the intensity analytsis
has been found that 3 out of 5 severe nor'westd%o}
with marginal tornadic intensity occur when Skis3° C
and 2 out of 5 severe nor'westers (40%) with maagin
tornadic intensity when Sl is 0 to —2° C. Alsopss the
criteria of Sl, tornadoes are suspected when Sgemn
between -3 and —6° C or below. This criterion does
always hold good for Bangladesh.

(i) Frequency of Lifted Index (LI)

Table 2 shows that 3 out of 64.e(, 4.69%)
thunderstorms / nor'westers occur when the LI isvab3°
C at 0000 UTC, which indicates the stable atmospher
This can be attributed to the fact that the atmesplmay
remain stable in the morning, but as the day pszp®

when LI ranges between 0 and -2°C, severe
thunderstorms are likely when LI ranges betweento-2
—4° C and tornadoes when LIds-4. It has been seen that
3 out of 5 severe nor'westers (60%) with marginal
tornadic intensity occur when LI —-3° C and 2 out of 5
severe nor'westers (40%) with marginal tornadiemsity
when LlIis1to —3° C.

From the above discussion, it may be concluded that
thunderstorms are likely to occur over Bangladesterw
LI is < 0 and severe nor'westers with tornadic intensity
are possible when ¢ —3° C over Bangladesh.

(i) Dew- point Index (DPI) and its frequency

Table 3 shows that 6 out of 64.e(, 9.38%)
thunderstorms / nor'westers occur when the DPbva
0° C at 0000 UTC, which indicates the stable atrhesp.
It is seen from the table that 58 out of 64 (90.52%
nor'westers occur when DPI s 3° C. The table also
shows that maximum number of nor'westers occur
when DPI ranges between -6 to —9° C (26 out of 64
i.e., 40.63%). Therefore, DPI = -3° C may be taken
as the critical value for the occurrence ofwesters in
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TABLE 10 about 20.37% of the total number of nor'westersoutb
67.59% nor'westers occur when the CT>id6° C. The
table also shows that 84.25% nor'westers occur WBIEN
Range of Kl {C) Frequency (f) % of the total range is 10-26° C. Therefore, the critical valfi€® may
be taken as CT= 16° C. For severe nor'westers of

K- Index (KI) and its frequency at 0000 UTC at Dhala

20-22 1 0.95
tornadic intensity, 25% occur when CGI 10° C and
28-30 2 1.90 62.50% of severe nor'westers occur when €P20° C.
30-32 4 3.81 Therefore, CT> 20° C may be taken as the critical value
32.34 4 3.81 for the severe nor'westedd tornadic intensity to occur in
34-36 11 10.48 Bangladesh.
36-38 17 16.19 (vi) Vertical Total Index (VT) and its frequency
38-40 13 12.38
40 - 42 13 12.38 Table 6 shows that maximum nor'westers occur in
the range of VT = 28-3QC, which is about 25.93% of the
42-44 16 15.24 total number of norwesters. About 92.59% nor'weste
44 - 46 7 6.67 occur when the VT range is 24-34C. The table
46 - 48 5 476 also shows that 95.37% of nor'westers occur when
VT > 24° C. The critical value of VT may be taken as
48-50 3 2.86 VT = 24° C. For severe nor'westers of tornadic intgnsit
50 -52 2 1.90 31.25% occur when VT 28° C, 68.75% occur when
52 - 54 4 3.81 VT >28° C and 31.25% of severe nor'westers occur when
54 - 56 1 0.95 VT > 30° C. Therefore, VB 28° C may be taken as the
critical value for the severe nor'westers of toricad
56-58 2 1.90 intensity to occur in Bangladesh.
Total 105 100

(vii) Total Totals Index (TT) and its frequency

Bangladesh. It has also been seen from the analfyBiPI

that severe thunderstorms with tornadic intengigyli&kely Table 7 shows that maximum nor'westers occur in
to occur when DPI is —4° C (4 out of G.e., 80%) and ~ the range of TT = 46 - 48° C, which is about 19.4df%

Dhaka in the morning. nor'westers occur when the range of TT is 40 — 68°
The critical value of TT may be taken as 2 B0° C. For
(iv) Dry Instability Index (DII) and its frequency severe nor'westers of tornadic intensity, 68.75%uoc

when TT> 47° C and 56.25% of severe nor'westers occur

Table 4 shows that 7 out of 64.e(, 10.94%) when TT>49.50° C. Therefore, T 47° C may be taken
thunderstorms/nor'westers occur when the DIl isvabo as the critical value for the severe nor'westersoofiadic
0° C at 0000 UTC over Dhaka, which indicates tladblst intensity to occur in Bangladesh. In one case {o6d.6)
atmosphere. It is seen from the table that 57 dub4o  of severe nor'wester with tornadic intensity, th€ fas
(89.06%) nor'westers occur when I0° C. The table  been found to be 31.30° C, which is much lower @alu
also shows that maximum nor'westers occur when DIl This low value may be attributed to the fact that TT
ranges between -3 and —6 (21 out of 64 nor'westers may be low in the morning and as the day time msgr
32.81%). Therefore, DIK 0° C may be taken as the the atmosphere is more heated and more moisture is
critical value for the occurrence of nor'westers in coming from the Bay of Bengal. As a result the

Bangladesh. It has also been seen from the analiyfif atmosphere becomes more unstable and so nor'westers
that severe thunderstorms with tornadic intensigylikely might have occurred.

to occur when DIl is< —4° C (3 out of 5.e., 60%) and

40% severe nor'westers occur when DIl is > —2° C at (viii) Energy Index (EI) and its frequency

Dhaka in the morning.
Table 8 shows that 19 out of 108 nor'westers

(v) Cross Total Index (CT) and its frequency (17.59%) occur when El is above 0 Joule/gm and @9 o

108 nor'westers (82.41%) occur when El is below 0

From Table 5 it is observed that the maximum Joule/gm. 30 out of 108 nor'westers (27.78%) occur
nor'westers occur in the range of CT = 20-22° Ciowtis ~ When EI ranges between 0 and -6 Joule/gm. filaxi
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Figs. 1&2. Spatial distribution of Sl and LI on 14 April 1998e date of occurrence of nor'wester in Banglhdes

number of nor'westers (36 out of 108., 33.33%) occur out of 108 (94.44%) nor'westers occur when SWI is
when El ranges between —6 and —12 Joule/gm. Frem th> 100. But maximum nor'westers (74 out of 108,
discussion, it may be concluded that El = -6 cataken 68.52%) occur when SWI is200. So, SWb 200 may be

as the critical value of El at Dhaka for nor'westeo taken as the critical value for nor'westers to a@cou
occur in Bangladesh. 18.75% of severe nor'westisu Bangladesh. Table 9 also indicates that severe
of 16) occur when El is 0 to -6 and 50% of severe nor'westers may occur when SWI is < 200. But itacle
nor'westers occur when Bl —6. Therefore, EX -6 may that severe nor'westers have greater possibilitpdour

be taken as the critical value of El over Dhaka the when SWI is> 200 and severe nor'westers with tornadic
occurrence of severe nor'westers with tornadicrisity in intensity occur in Bangladesh when SW4 300.
Bangladesh. Therefore, SWI > 300 may be considered as thecatiti

value for the formation of severe nor'westers wotmadic
It has also been observed that severe nor'westersntensity over Bangladesh.

with tornadic intensity occurred even though the
atmosphere remains stable with El of 0 - 7 (5 dul®

i.e.,, 31.25%) at 0000 UTC and it goes against thetiagis

theory. This means that the stable atmosphere én th
morning changes into unstable atmosphere in thebetW
afternoon due to incoming solar radiation, favoleab
surface and upper air synoptic conditions and ragast

(¥) K- Index (KI) and its frequency

Table 10 reveals that most of the values of Kl esng

een 34 and 48, when 78.10% nor'westers occur
in Bangladesh. It can also be seen from the table
that maximum nor'westers occur in the range of

influx from the south. KI = 36 - 38° C, which is about 16.19% of the total
number of nor'westers. About 66.67% nor'westersuncc
(ix) SWEAT Index (SWI) and its frequency when the range of Kl is 34 - 44° C. The table also

. shows that 89.52% of nor'westers occur wher»K34° C.
It is seen from the Table 9 that 6 out of 108 The critical value of KI may be taken as ¥I34° C.
nor'westers (5.56%) occur when SWI4s100 and 102  For severe nor'westers of tornadic intensity 86.6xSgur
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74

Fig. 7
Figs. 3-8.Spatial distribution of CT, VT, TT, SWI, El and Kh 14 May 1992, the date of occurrence of norevest

when Kl > 28° C, 73.33% occur when Kt 37°C and 4.2. Spatial distribution of different instability
53.33% of severe nor'westers occur whenKK2° C. indices

Therefore, KI= 37° C may be taken as the critical value

for the severe nor'westers of tornadic intensityptour in The different stability indices of the troposphere

Bangladesh. the dates of occurrence of a number of nor'wedtane
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been computed by using the rawinsonde data of Dhaka(ii) The critical values of different stability indige
Chittagong and a number of Indian stations surrognd viz, SI< 3° C, LI< 0° C, DPI< -3° C, DIl < 0° C,
Bangladesh at 0000 UTC and their spatial distrimgi CT > 16° C, VT> 24° C, TT> 40° C, El = -6, SWI > 200
have been studied critically. and KI> 34° C may be considered to occur nor'westers in
Bangladesh.
The spatial distributions of SI and LI on the datés
occurrence of nor'westers are given in Figs. 1&82has (i) The critical values of different stability indige
been seen from the analyses of these Stabilitgésdihat  viz, SI< -3° C, LI < -3° C, DPI< -4° C, DIl < -4° C,
maximum negative values lie over the eastern MadhyaCT > 20° C, VT> 28° C, TT> 47° C, El = -6, SWI > 300
Pradesh, Bihar, West Bengal and adjoining Bangtades and Kl > 37° C may be considered to occur severe
indicating the highly unstable area. The negatigas of nor'westers with tornadic intensity in Bangladesh.
the Indices in combination with the low pressuresaover
Bihar, West Bengal and adjoining Orissa and Bareghd (iv) Maximum negative values of 3lI, DPI, DIl and El
as well as the cyclonic circulation up to 3-4 kmatmove and maximum values of CT, VT, TT, SWI and Kl liesov
are favourable for the occurrence of nor'westers inthe eastern Madhya Pradesh, Bihar, West Bengal and
Bangladesh. Normally, nor'westers have been found t adjoining Bangladesh indicating the highly unstadnea.
occur at the northeastern or eastern part of tea af The negative areas of the indices in combinatiat wie
maximum instability. low pressure area over Bihar, West Bengal and maidjpi
Orissa and Bangladesh as well as the cyclonic leition
The spatial distributions of CT, VT, TT, SWI and KI up to 3-4 km or above are favourable for the o@nae of
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