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ABSTRACT. The preconvective atmosphere of the four monthg¢MaApril, May and June) for the year 1980-

84 have been studied using the Radiosonde datR{RSHf the three stations of northeast India nan@iyvahati,
Dibrugarh and Agartala. The objective is to idgntfsuitable index for these stations with a pibsdrthreshold value
that can be used as the predictor for forecastingdery/nonthundery days. Total eleven indicescaresidered in this
study. The thermodynamic and kinematic parametgsired for calculation of the indices are derifrenin the RS/RW
data of 0000 and 1200 UTC and taking three statiogsther. Probability distribution curves are fe#dtto make a
qualitative comparison on the ability of the indice differentiate the thundery and nonthunderysdayean and
standard deviations are calculated and these arktosapply Z-statistics. The indices that havensh@ values at 90%
or more significant level are considered for furthralysis and rest are rejected. Threshold vaifidse selected indices
are assigned by an iterative process where the wieazlue of the index is used as the first guess skill scores are
calculated. Next the first guess value is changetitiae skills are recalculated. The process isimoed till the best score
is attained for each selected index. The threstalides of these indices are used to predict thedigny and nonthundery
days of the verification year 1985. It is foundttht has the best skill in forecasting thunderyAtmomdery days at 0000
and 1200 UTC for Guwabhati, Dibrugarh and Agartéddiens.

Key words — Northeast India, Thunderstorm prediction, Converdl indices.

1. Introduction (Rao and Raman 1961) particularly in the premonsoon
months (March, April, May and early June). In trégion
Thunderstorms are a major cause of natural disasterthunderstorm appear with severe intensity (Hoddinot
in many parts of India. Among these, the northeaste 1986) causing heavy loss to life and property. dahere
region experiences thunderstorm at a higher freqpuen is an urgent need to look into the present state of
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understanding and forecasting these severe weathethunderstorm prediction. In the present study, @engt

systems. In general the atmospheric conditionttigders

has been made to utilize the simpler diagnostibrtegie

severe weather over tropics can be categorized a®f using stability indices in forecasting thundeayd

(i) Conditional instability, i{) Low level convergence,
(iii) Advection of moisture at the lower level (850 hPa
(iv) Source of vertical lift of the parcel to triggéne

nonthundery days. We have chosen eleven indicesselh
indices are K index (George 1960), Total-Total (Tigex
(Miller 1970), Surface Lifted Index (SLI) (Means 33,

convection andv) Upper air divergence. These conditions Deep Convective Index (DCI) (Barlow 1993), Humidity

are prerequisite for the development of the thustdems.
According to Doswell (1987), the large scale prsess
help in developing a suitable thermodynamic stmectu
required for the formation of the convective sysiemtile
mesoscale processes act mainly to initiate corwecti

Index (HI) (Litynskaet al 1976), Boyden Index (BI)
(Boyden 1963), Convective Available Potential Energ
(CAPE) (Moncrieff and Miller 1976), Normalised CAPE
(NCAPE) (Blanchard 1998), Severe Weather Threat
(SWEAT) (Bidner 1970), Bulk Richardson Number

leading to thunderstorm. Thus thunderstorms are an(RINO) (Weissman and Klemp 1982) and Vertical wind

outcome of interaction between the synoptic schies f
and localized mesoscale forcings. Predictions
thunderstorms using stability indices and assessmEn

shear (SHEAR). These indices have their inherent

of advantages and limitations. The purpose of thiepapto

identify the suitable index with a prescribed tha@d in

success by the measure of skill scores have beeffiorecasting thundery/nonthundery days for the cheti

extensively attempted by many researchers. Stod@5j1
discussed the performance of stability indices @amstern
United States and their relation to thunderstormivikg.

Schultz (1989) compared several stability indiecesttidy
convective weather events over northeast Coloraittgu
data for the summer of 1985. Fuelberg and Bigg884}

namely Guwahati, Dibrugarh and Agartala of northeas
India. The performance of different indices to pced
thundery days are compared with the help of skilires
following Huntrieseret al (1997). The paper is arranged
in the following manner. Prevailing synoptic featuand
data used in the study are given in section 2. btiglogy

made a comprehensive study on the preconvectivels described in section 3. Results for three nasghe

environment of summer thunderstorm over
Panhandle. Scheafer (1990) discussed
advantages and limitations of Critical Success xn(ke
commonly used skill score) in assessing forecafis sk
thunderstorm. In another study, Doswell al (1990)
discussed the efficiency of different skill scoliesrare

Florida stations are discussed
in detail theliscussion of the work is given in section 5.

in section 4. Summary and

2. Synoptic condition and data used

Sen and Basu (1961) have given a complete picture

event (tornadoes, flash floods) forecasting based o of synoptic features that prevail in premonsoon then

contingency tables. Over the Indian region, esfigcia
over northeast India, several studies on thundemnsto
forecasting have been done in the past. The Freguzh

thunderstorm in different months over India hasrbee

over northeast India. The chief synoptic featunes the
existence of a high pressure area south of\28%tending
vertically up to middle troposphere and a low puess
area north of 25° N in the lower troposphere. Tlirdvat

extensively discussed by Rao and Raman (1961).lower level up to 850 hPa normally remains southerl

Koteswaram and Srinivasan (1958) discussed thepsigno
conditions  favourable for the development

thunderstorm and infer that the simultaneous peeserf
the low level convergence and upper air divergescthe
key factor for thunderstorm development.
features associated with premonsoon thunderstor®s o

southwesterly. The large scale flow in the upper

of atmosphere beyond 300 hPa remains westerly. Often

western disturbances in the form of a low pressusa
and/or trough embedded in the westerlies pass theer

Synoptic region in an eastward direction. The troughs ins¢he

westerlies often get extended up to Gangetic WesgBl,

Assam have been studied by Sen and Basu (1961). Aausing the incursion of moist southwesterliestsenies

study by Choudhury (1961) emphasizes the contobsti
of low level convergence and orographic lifting the
principal causes of the thunderstorm developmerthén
northeastern region of India. Mukherjee (1964) stdw

that the frequency of thunderstorm over Guwahats wa 1944)

from Bay of Bengal. Localised convection many tiree
induced by a low level cyclonic circulation extemgli
vertically up to 2.1 km. The strong solar insolatiand
orographic lifting helps to form local convergern¢t®D,

in this area. This frequently triggers deep

highest in night time during premonsoon months. He convection that leads to severe weather.

inferred that hills in the region had a profountkerm the
development of thunderstorm.

Relatively fewer attempts have been made
forecasting thundery/nonthundery days using coriepak
indices with an emphasis to their efficiency in

The RS/RW data of 0000 and 1200 UTC for the
premonsoon months (March, April, May and June)hef t

in five years (1980-84) for Guwabhati (26.18° N, 91.' B¢

Dibrugarh (27.48° N, 94.92° E) and Agartala (23.88°
91.25° E) are used for the study. The datdhe year



MUKHOPADHYAYet al

TABLE 1

: OBJECTIVE FORECAST OF THUNDER/NONTHUNDER DAYS 879

Description of Indices

Indexes Code Reference(s) Expression Explanation mn@mts
K K George (1960) T+ Ta)sso- Tsoo-(T700 - Tazo0) T and Ty are the dry bulb an Combination of 850-500 hPa
dew point temp. Subscripttapse rate, 850 hPa moisture,
indicate the pressure levels ilevels of saturation at
hPa 700 hPa
Total Total TT Miller (1967) gso - Tsoo) - (Tsso - Tasso) Notations similar to Kndex Lapse rate between 850 a
500 hPa and measure of
saturation at 850 hPa
Surface Lifted SLI Means (1952) Ts00 - T'sfas500 T is the environmentalThermal  stability of the
Index temperature®C) at 500 hPaT is atmosphere at 500 hPa in
the temperature of the parcel t#rms of environmental
500 hPa after it is lifted drytemperature and parcel
adiabatically from surface (sfitemperature.
to its condensation level and
moist adiabatically thereafter
Deep DCI Barlow (1993) T+ Ta)sso- SLI Notation as above Measure of lower elev
Convective temperature and 500 hPa
Index thermal instability
Humidity Index HI Litynskeet al. (T - Tq)sso + (T - Ta)700* (T - Ta)soo Notation as above Combination of measofe
(1976) saturation at 850, 700 and 500
hPa
Boyden Index Bl Boyden (1963) Hz00 - Hi000- T700 - 200 H is the height of the indicated
pressure level in decameter
Severe SWEAT  Bidner (1970) 12450+ 20(TT - 49) + 4Vgsg  V is the wind speed at th€ombination of thermal and
Weather Threat + Vs500+125 SHEARssm500 pressure level SHEAR is théhermo-mechanical stability
wind shear from 850 to 500 hPa
Convective CAPE Moncrieff and Zine Tveis the virtual
Available Miller (1976) Tve —Tvp temperature of the environment
Potential Energy g .[ dz andT,, is the virtual temperature
Zire ve of the parcel. 4 and Zgc are
the height at level of neutral
buoyancy and level of free
convection
Normalised NCAPE Blanchard (1998) CAPE Notation as above
CAPE _
Zing ~Zirc
Vertical Wind ~ SHEAR  Weissman and p(2) is the  density of air at density weighted vertical wind
Shear Klemp (1982) height z. v(0) andv(.5) wind shear from O to 6 km

j; p(z)v(z) dz

J-; ,o(z)dz

~[1/2{v(0) +v(5}}]

Bulk Richardson No RINO Weissman and Klemp (1982)APE/0.5SHEAR] 2

speed at at 0 km andS0km
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1985 is used to verify the forecast skill of thdiges for

these three stations. The RS/RW data are scrutinize

carefully and data from such ascent are used wtere
meteorological parametersviz.  wind, dry bulb
temperature, dew point temperature at standardsymes
levels are available. In some cases the RS/RW assen
incomplete or there are cases when the ascenthabad
up to the lower troposphere (700 hPa or so) onhesgé
ascents are not considered. As per
Meteorological Organisation (WMO) weather code if
there is a report of thunderstorm in the preserdatiney
(ww) or report of thunderstorm during past six hénam
the time of observation (W), the day is considdamete a
thundery day. This criterion is used to define dheny
days.

3. Methodology
3.1. Stability indices

The thermodynamic parametere.d dry bulb
temperature ) and dew point temperaturélyf] and
kinematic parameterse[g. horizontal wind components
(u, V)] available at standard pressure
interpolated in the vertical at intervals of 20 hBpecific
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TABLE 2

Contingency table

Prediction

Event predictedvent not predicted

the World

A B
Observation Event observed (Hits) (Misses)
C D

Event not observed (False Alarms)  (Nonevent Hits)

levels are

index are computed. Further statistical methodsuses
to quantify the usefulness of the selected indices.

3.2. Statistical significance
To determine statistically which index best
differentiates thundery (X) and nonthundery (Y)

atmosphere, test statistics(«(4 as introduced by McClave
and Dietrich (1988), are computed as follows

)

Where M and M, are mean stability values of any

ny: (MX' MY)[Szx/nx + s’ZY/ny]

humidity is derived from dew point temperature at a index for category X and Y,,nand 1y represent the

particular pressure. The stability indices namely TR,
SLI, DCI, HI, Bl and SWEAT are computed using the
parameters at standard pressure levels. The etnitis

number of events in each category. and § are
corresponding standard deviation. Larger absolataes
of Z, represent the usefulness of the index in

pressure level data are used to compute CAPE, NCAPEdifferentiating between thundery and nonthunderysda

SHEAR and RINO. The indices with their physical
meaning are explained in Table 1. K index considlees
saturation at 700 hPa where as TT considers tleasin

at 850 hPa. In addition both these indices inclimedry
bulb temperature difference between 850 and 50QlnRa
in fact gives the measure of lower tropospheriolaison.
SLI deals with the stability of the parcel at 5d@ahand it

However this method does not quantify the accumity
forecasts. Therefore several skill scores are cteapto
assess the forecast ability of each index.

3.3. Skill scores

For each index (Table 1) the number of correctly

checks whether the parcel is warmer/cooler than itsforecasted events (A), events not correctly forechéB),

environment at 500 hPa level. DCI is a combinatidn

events forecasted but not observed (C) and everits n

lower tropospheric (850 hPa) temperature and Sll. H forecasted and also not observed (D) are compuitd w

uses the level of saturation at 850, 700 and 5G0 BPis
a combination of geopotential height at 1000 and fPa

respect to the contingency Table 2. Based on tHase,
skill scores (Table 3Yiz. Probability of Detection (POD),

and temperature at 700 hPa. SWEAT is computed usingralse Alarm Ratio (FAR), Critical Success Index (CS
wind speed at 850 and 500 hPa and TT index. CAPE isTrue Skill Statistics (TSS) and Hiedke Skill Sc¢HSS)
calculated as per Moncrieff and Miller (1976) as a are computed. POD is the ratio of events that arectly

function of virtual temperature of parcel and eamiment.

forecast to the total number of events (A+B). FARle

NCAPE is expressed as CAPE normalized by the heightratio of false alarm (C) to the total number of dicted

difference between level of neutral buoyancy (LN#d
level of free convection (LFC). SHEAR is consideiasl
density weighted wind shear of the lowest 6 km fod t

events (A+C). CSI is the ratio of number of coriect
forecasted events to the sum of the total numbewvehts
and false alarm (A+B+C). Therefore CSI varies dlyec

atmosphere. RINO is calculated as CAPE normalized b with the number of correct event forecast and warie
density weighted vertical wind shear (Weissman andinversely with both the number of incorrect evesetast
Klemp 1982). The mean, standard deviation and the(false alarm) and number of missed events. How&&ir

probability distribution (Grosh and Morgan 197%gach

does not take into account the number of correcewvent
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TABLE 3

Description of different skill scores

Skill score Code References udtigpn Limits

Probability of detection POD Donaldsenal. (1975) POD = A/(A+B) 0<POD<1

False alarm ratio FAR Donaldsenal. (1975) FAR = C/(A+C) 0<FAR<1

Critical success index Csl Donaldsoret al (1975) CSI = A/(A+B+C) 0<CSk1

True skill statistics TSS  Hansen and Kuipers(1965) TSS = (A/A+B)-(C/C+D) -1 TS 1
= (AD-BC)A+B)(C+D)

Hiedke skill score HSS Brier and Allen (1952) HSS = (CF - H)) -1 HSS< 1

=2(AD- BC)/ (A+B)
(B+D) + (A+C)(C+D)

CF = Total number of correct forecast = A + D

N = Total number of events = A+B+C+D

A+C = Total number of forecast for the event

A+B = Total number of observed event

C+D = Total number of observed nonevent

B+D = Total number of forecast for the nonevent

E = Expected number of correct forecast by chan@e+€)(A+B) + (C+D)(B+D)/N

TABLE 4

Mean and Standard Deviation of indicesbased on 0000 UTC data of Guwahati, Dibrugarh and Agartala stations

Index Thundery day Nonthundeays
Mean Standard deviation Mean Standard deviation
K 32.6 9.2 31.2 8.6
TT 45.5 6.6 46.5 6.3
SLI -2.2 2.6 -2.8 35.7
DCI 29.6 12.2 26.1 14.4
HI 14.4 9.7 21.7 10.9
Bl 101.8 3.0 103.0 4.0
SWEAT 418.4 284.1 410.1 292.6
CAPE 296.7 606.8 311.1 694.5
NCAPE 0.9 0.94 11 1.2
SHEAR 1.8 2.6 1.7 2.4
RINO 182.1 487.4 171.2 475.7

(nonthundery days) forecasts (D). Hence Schea®9Q)l  have negative score. Although CSI does not congluker
stated that CSl is a biased score that is depemngemnt the number of correct nonevent forecast, TSS and HSS do
frequency of the forecasted event. TSS is exprezsebe consider that. But the limitation of TSS and HS&h, if
difference between the probability of detectioranfevent  the number of correct forecasts (A) and numberoofect

and the probability of detection of a false evehhe nonevent forecasts (D) are interchanged and nurober
highest and lowest possible TSS score is 1 antiSS. is misses (B) and number of false alarms (C) are
the ratio of categorically correct forecast (A+pae the interchanged between each other, scores remain
expected number of correct forecast due purelyhance unchanged whereas CSI score will change. Due ® thi
to the total number of events also above the egrpect inherent advantage and disadvantage, Doswellal
number of correct forecast by chance. HSS is défsueh (1990) concluded that “no single measure of foréiegs
that a perfect set of forecast (all categorica)hitill show success can give a complete picture and it is algsirto

a score 1, a set of random forecasts will be O tiadl include in addition to HSS, the CSI, POD and FARity
having lesser hits compared to the forecast by ahauill summary of forecasting verification”.
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Fig. 1. Frequency of thundery (TS) and nonthundery (Nod&)s of 0000 UTC for Guwahati, Dibrugarh and Aglaristations
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TABLES TABLE6
Values of Test statistics (Zxy) for eleven indices at 0000 UTC of Skill scoresand prescribed threshold values of selected indicesfor
Guwahati, Dibrugarh and Agartala stations. Values with 90% 0000 UTC of Guwahati, Dibrugarh and Agartala stations
significant level is denoted with single star (*). Values with 95%
significant level is denoted with (**) double star and that with 99% Indices POD FAR CSI TSS HSS

significant level isdenoted with triple star (***)
SLI<-0.2 785 .828 .164 .064 .026

Index Values of %
m 088 DCI>28.0 .778 .807 .182 .136  .074
- 085 HI<21.0 .625 .765 .195 .165  .122
SLI -1.67
DCI 1.32 that they do not reveal distinct difference between
Hi 269" thundery (thick line) and nonthundery days (thine}i
' Thus to speak in subjective manner, these indicedeas
BI -0.76 likely to become a useful indicator for thunderstor
SWEAT -0.16 occurrences and nonoccurrences. Among the regteof t
CAPE -0.27 indices K, SLI, DCI and HI show skewed distributioh
thundery days frequency with respect to nonthundery
NCAPE -1.19 frequency curve. The frequency curve of K index for
SHEAR 0.78 thundery days is skewed to the right with respec¢hat of
RINO 0.27 nonthundery days. Similarly the frequency curve for

thundery days for SLI is skewed to the right widspect

to nonthundery days curve. Thus these two indib@svs
some ability to differentiate the atmosphere betwee
thundery and nonthundery days. The frequency cfove
nonthundery days of DCI is bimodal. One of its pé&ak
very close to 0. As a result the frequency curve of
thundery days is well separated from this peak lvewe
the other maxima of nonthundery days is overlapping
This proves that DCI has some ability to differatgithe
thundery and nonthundery atmosphere. In case dhéll
two curves are skewed to each other most distinctly
These curves are implying that the frequency cuwfe
thundery days of an index is reaching its maximaa at
particular value when the frequency curve of nontlary
days is showing a decreasing trend. Thus it sugdbat
these indices have better potential to differeatidte
atmosphere.

The skill score computations in this paper are made
after determining for each index the threshold ealu
(differentiating thundery and nonthundery days)ttha
produced best possible forecast skill score in fiak
categories through an iterative process. The itarais
started by assuming the mean value of an index for
thundery days as the initial threshold and caloujathe
scores. This threshold is then changed and thesskites
are recalculated. The process is continued tilbthst skill
scores are attained.

The validity of the forecast through this process i
for 12 hours. The forecast by indices based on QDG
sounding will be valid during the next 12 hour exgliat
1200 UTC and similarly the forecast based on 120@ U
sounding will be valid for the next 12 hour endiag
0000 UTC.

To get a qualitative idea about the efficiency fué t
indices to discriminate the atmosphere in termthofder
and no thunder, the mean value of the indices are
considered. The mean values of TT, Bl and SHEAR
4. Results (Table 4) for thundery and nonthundery days arey ver

much similar which suggests the inefficiency of sihe

The results for 0000 UTC and 1200 UTC are jpgices to distinctly differentiate the two typesf o

discussed and presented separately. (thundery and nonthundery) atmosphere. In a stugy b
Fuelbarg and Biggar (1994) some of the indices are
4.1. Results of 0000 UTC rejected on the basis of this criterion. It maynogéed here

that the probability distribution curves of theseices do
The mean and standard deviation of all the indicesnot show any ability to distinguish the two typef o
for five years (1980-84) for the three stationssrewn in atmosphere. The remaining eight stability indid€sSLI,
Table 4. The probability distributions of theseioes are  DCI, HI, SWEAT, CAPE, NCAPE and SHEAR ) are
plotted in Fig. 1. The probability distribution @fT, B, found to have better and larger difference in mealnes
SWEAT, CAPE, NCAPE, SHEAR and RINO are such between the two categories (thunder and nonthunder)
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TABLE 7

Contingency table and skill scoresbased on 0000 UTC data and verified with following 1200 UTC
observations of Guwahati, Dibrugarh and Agartala stationsfor the year 1985
(Highlighted values ar e best scores among the indices)

Total thundery days (TD) observed —19%
Total nonthundery days (NTD) observed —81%

Prediction

Index Observation TD (%) NTD (%)
SLI<-0.2 TD (%) 12 7
(POD = .631, FAR = .833, CSI 251 NTD (%) 60 21
TSS = -.109, HSS=.052)
DCI > 28.0 TD (%) 6 13
(POD = .316, FAR = .86%;SI =.101 NTD (%) 40 41
TSS =-.178, HSS = -.115)
HI<21.0 TD (%) 10 9
(POD = .526, FAR = .69TSI =.238 NTD (%) 23 58
TSS = .242, HSS = .189)

To select those indices that will pass the sigaifie TABLE S8

test, Z statistics (&) is computed for all the eleven o _ o
indices as shown in Table 5. So far as statistical M%”Tag?jaa”cf’aéd D?}"aF'%Tgfd'ffer:e”tJT'OSa?mF’” 1200
significance (Table 5) is concerned, HI, SLI andI2@ ata of Guwahatl, Dibrugarh and Agartala stations

found to have highestyZ value and thus signifies that

Thundery days Nonthundery days
these three are having best potential to diffeadmtihe
thundery and nonthundery days. Rest of the eiglités Index Mean dseﬁggg‘;d Mean dseﬁggg‘;d
are not found to have desired level of significatmebe K 05 58 30 =
considered as predictors of thundery and nonthynder ' ' ' '
days and hence rejected. In order to quantify toi@cy T 47.4 75 47.5 6.0
of forecasts different skill scores are computed tfte IS 34 29 32 28
three indices r_1am<_a|y SLI, DCI and HI which havewho el 320 6.4 311 8
at least 90% significant level or more.
HI 19.5 10.9 20.4 10.5
Table 6 gives the prescribed threshold and BI 103.7 3.7 102.1 2.9
corresponding skill scores for these selected eslid he
best skill are obtained from DCI and HI with theetshold SWEAT 4551 2284 46l 214
values 28.0° C and 21.0° C respectively. This mehat CAPE 10558 13055 7907 11587
thundery (nonthundery) days will be forecast wheei 3 NCAPE 21 1.7 2.0 1.8
greater (less) than 28.0° C and for HI the foreedbtbe SHEAR 21 24 15 23
thundery (nonthundery) when its value will be less RINO 609.9 1091.8  501.2 953.2

(greater) than 21.0° C. From the skill score poiriew,

POD score of 0.785 for SLI is highest closely foléal by

0.778 for DCI. The best CSI, TSS and HSS scores are  4.1.1.Verification of prediction at 0000 UTC

found for HI and the values are 0.195, 0.165 arl®®.

respectively. As discussed earlier in section 3STe®id In order to verify the performance of the selected
HSS score will be given maximum emphasis as theee t indices for an independent data set, the forecasts
are supposed to reflect the true skill of categdigc  Vverified with the thunder/no thunder observatiohd @85.
correct forecast. These values of skill scoresfaued to The contingency table and different skill scores $d.l,

be consistent with the results reported earliedifierent DCI and HI are shown in Table 7. SLI has predicted
geographical location (Huntries@t al 1997; Fuelbarg highest percentage of correct thundery days (12%)pb
and Biggar 1994; Jacovides and Yonetani 1990). 19% realized and this is reflected in POD s¢0ré31).
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Fig. 2. Frequency of thundery (TS) and nonthundery (Nod&js of 1200 UTC for Guwahati, Dibrugarh and Agkrstations
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TABLE9

Values of Test statistics (Zxy) for eleven indices at 1200 UTC for
Guwahati, Dibrugarh and Agartala stations. Values with 90%
significant level is denoted with single star (*). Values with 95%
significant level is denoted with (**) double star and that with 99%
significant level isdenoted with triple star (***)

Index Values of %
K -1.00
TT -0.08
SLI -0.39
DCI 0.70
HI -2.38"
Bl 1.38
SWEAT -0.11
CAPE 2.44"
NCAPE 0.49
SHEAR 4.24”
RINO 1.23

The fact that percentage of false alarm (60%) ia th
thundery days forecast is highest in case of Sl{andhe

MAUSANM4, 4 (October 2003)

TABLE 10

Skill Scoresand prescribed threshold values of selected indicesfor
1200 UTC of Guwahati, Dibrugarh and Agartala stations

Indices POD FAR CSI  TSS HSS
HI <19.0 536 .694 .184 154 .087
Bl > 102.5 .615 .789 .176 .132 .063
CAPE >896.8 .410 .794 212 .102 .072
SHEAR <233 .600 .792 .181 -.105 -.063

4.2. Results of 1200 UTC

The mean and standard deviation of all the indices

for five years (1980-84) data set are calculateti sirown

in Table 8. The probability distributions of alletieleven
indices for 1200 UTC are plotted in Fig. 2. K, T3LI,
DCI, SWEAT, CAPE, NCAPE, SHEAR and RINO are
found to show probability distribution that fails teveal
distinct difference between thundery (thick linehda
nonthundery (thin line) days. Thus these indicesaat
glance seem to have less possibility of producingdg
forecast for thundery/nonthundery days. HI likeOOO
UTC has shown a skewed distribution. The probabilit
distribution curve for thundery days is skewedhe teft

FAR score to be 0.833. It produces only 21% correctwith respect to that of nonthundery days. The most

nonthundery days forecast. Thus other skill sctoeSLI
are also very low. Although the POD score 0.63hidh
compared to other indices, TSS and HSS are lowIgnain
due to large false alarndCl has predicted 6% thundery
days correctly, 40% is the false alarm and 41%hés t
correct nonthundery days forecast and the skiltescof
DCI in five categories are 0.316 (POD), 0.869 (FAR)
0.101 (CsSl), -0.178 (TSS) and -0.115 (HSS). Thdl ski
scores for this index are not good mainly due te lo
percentage of correct thundery days forecast argk la
false alarms. HI
percentage of thundery days (10%), least falsemalar
(23%) and 58% correct nonthundery days forecastsTh
HI with its prescribed threshold of 21.0 yields tbssore

in all the categories except POD. The POD scordla$
0.526 and it is the second highest score amonghtiee
indices. The POD score of HI is slightly lessemtizat of
SLI due to 10% correct forecast produced by Hlgesrest
12% by SLI. The reason behind HI showing best skill
score in all the other four categories (except P@D)
higher percentage of correct thundery and nonthynde
days forecast, lower percentage of false alarmmaisdes.
Thus from all the aspects of forecast HI seemsetfopm
better than other indices at 0000 UTC over thecsede
stations.

prominent intersection of two curves (thundery and
nonthundery days) is seen in case of Bl. Thus taisily

HI and Bl seem to have better ability to differatdi the

two categories of the atmosphere at 1200 UTC. ritlma
seen from Table 8 that indices namely K, TT, SLd an
NCAPE have their respective mean values for thunder
and nonthundery days very much close to each other
which further suggests that they are not able to
differentiate the two types of (thundery and nontiery)
atmosphere with good efficiency. The remaining seve

has predicted substantially high indices are found to have larger difference in meglnes

between the two categories.

To make a quantitative assessment of the suitabilit
of the indices the Z statistics is applied to ak tleven
indices and shown in Table 9. The indices that sow
values at 99% significant level are CAPE, SHEAR and
HI. Bl shows Z value at 90% significant level. KT, TSLI,
DCI, SWEAT, NCAPE and RINO could not show any
level of significance thereby suggesting poor &pito
differentiate the two categories of the atmosphiererder
to assess the quantitative accuracy of forecast by
statistically significant indices, different skiicores are
computed for HI, Bl, CAPE and SHEAR. Table 10 shows
the prescribed threshold and corresponding slaltescfor
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TABLE 11

Contingency table and skill scoresbased on 1200 UTC data and verified with following 0000 UTC observations
of Guwahati, Dibrugarh and Agartala stationsfor the year 1985 (Highlighted values ar e best scores among the indices)

Total thundery days (TD) observed —23%
Total nonthundery days (NTD) observed —77%

Prediction

Index Observation TD (%) NTD (%)
HI<19.0 TD(%) 15 8
(POD = .652, FAR = .400, CSI = .454 NTD(%) 10 67
TSS = .522, HSS = .506)
Bl > 102.5 TD(%) 10 13
(POD = .434, FAR = .803, CSI = 0.156 NTD(%) 41 36
TSS =-0.097, HSS = -0.078)
SHEAR < 2.33 TD(%) 8 15
POD =.347, FAR = .857, CSI = .112 NTD(%) 48 29
TSS =-.275, HSS =-0.183)
CAPE > 896.8 TD(%) 6 17
(POD = .261, FAR = .854, CSI = .103 NTD(%) 35 42

TSS =-.193, HSS =-.152)

the indices. The POD score (0.615) for Bl with #held substantially higher for Bl (41%). The percentage o
102.5 and TSS and HSS scores for HI with threshel® correct forecast of nonthundery days is also hig{@&)

are found to be the highest. So far as FAR score isfor HI. As mentioned in section 3 the TSS and H%S a
concerned, the index that will show lesser FAR il the most complete in the sense it reflects trubtyloif an
adjudged best and again HI has shown best FAR4D.69 index in producing categorically correct forecdsble 11

In other category namely CSI, TSS and HSS, HI hasshows that Bl, SHEAR and RINO all have negative TSS
shown highest skill with the prescribed thresholdhe and HSS values. HI alone shows positive TSS and HSS
threshold values for CAPE and SHEAR are 896.8 andvalue and amongst all the category of skill scoatues
2.33 respectively. In CSI category CAPE has shownfor HI are once again is found to be the high&ébus it
highest score 0.212 followed by 0.184 by HI. Théuea should be emphasized that HI has the best abitity t
of the skill scores are found to be of the simiester with predict the thundery/nonthundery days for 1200 UdC
the results of Huntrieseet al (1997), Jacovides and the three stations of northeast India namely Gutiaha

Yonetani (1990). Dibrugarh and Agartala.
4.2.1. Verification of prediction at 1200 UTC 5. Summary and discussion
The indices (HI, BlI, CAPE and SHEAR) with their In this study we have investigated the preconvectiv

prescribed threshold are wused to predict theenvironment of premonsoon months over three nosthea
thundery/nonthundery days for the four months (Marc Indian stations namely Guwahati, Dibrugarh and fejar
April, May and June) for the year 1985 and verifigdthe Eleven indices namely K, TT, SLI, DCI, HI, Bl, SWHEA
observation reported with the RS/RW data. The CAPE, NCAPE, SHEAR and RINO are calculated for
contingency table showing the details of forecastthe March, April, May and June for five (1980-84) yearfie
indices and corresponding skill score are shown inprobability distribution of all the indices are fikd to
Table 11. HI has predicted 15% correct thunderysday make a qualitative estimate of the potential ofheimclex
of 23% observed. The next better forecast for teuypnd to differentiate the thundery and nonthundery dayse
days are by Bl which has predicted 10% thunderysday mean and standard deviation are computed for ewmighi
but false alarm is very less in case of HI (10%) #&ns for 0000 and 1200 UTC and are used to calculateetste
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statistics (4y ) to examine whether the difference of mean
values of the indices for thundery and nonthundéays
are significant. The index that is found signifitavith at
least 90% level, is accepted. The selected indfoes
0000 UTC for Guwabhati, Dibrugarh, Agartala statiems
SLI, DCI, and HI and that for 1200 UTC are HI, BlI,

MAUSANM4, 4 (October 2003)

some of the indices in spite of having significant
difference (more than 90% level) between the mean
values for thundery and nonthundery days are niet tab
show good forecast skills. The reason could be Fhat
statistic is statistical measure by which the irdiare
tested but in reality the physiographical comphexit the

CAPE and SHEAR. The threshold values of the region and the three dimensional dynamical strecplay

statistically significant indices are calculatedotigh an
iterative process. After fixation of threshold, thalices
are used to predict thundery and nonthundery dayseo
verification year 1985. The accuracy of the forédas
compared by five different skill scores. The most
commonly used
forecasting over Indian region is TT. Our studyache
shows TT as an inefficient predictor for 0000 and
1200 UTC for the three northeastern stations.
mentioned earlier (section 3.1) TT takes into aotou
temperature (dry bulb) difference between 850 a@d 5
hPa and level of saturation at 850 hPa. It doestaia
into account the measure of saturation at any dehaes
(700 hPa, 500 hPa), which is crucial for thundersto

As

the major role in the formation of thunderstorm (no
thunderstorm) and this can not be represented gyolpg
any statistical measure. Small vertical wind sheathe
lowest 6 km of the troposphere is necessary fogtbaith
of deep convection but no substantial variationlay

index for operational thunderstorm level shear is seen that can be used as a goodttored

over northeast Indian stations.

Results show that atmospheric instability is
influenced by the availability of moisture at lowand

middle troposphere leading to the development of
thunderstorm over these stations. Among the eleven

indices, HI is found to be the best indices in potiog

development. As such this could be one of the maso thunderstorm at 0000 and 1200 UTC for the threecsed

behind the failure of TT for 0000 and 1200 UTC ttiery
days forecasting. The possible reason behind ther po
forecasting skill of SLI could be that SLI takestoin
account the thermal stability of the parcel and

stations. In the studies of Michalpoulou and Jadesi
(1987) and Jacovides and Yonetani (1990), HI isbas
a good predictor for nonfrontal thunderstorm.

environment at 500 hPa, which is necessary but not

sufficient for thunderstorm development. DCI is riduto
be a significant predictor for 0000 UTC but not #00
UTC for the three northeastern stations. DCI (Tdllés
expressed as a function of temperature at 850 tBa (
bulb and dew point) and SLI. Similar to SLI, DCledo
not show any better skill for 0000 UTC forecastimnger
Guwahati, Dibrugarh and Agartala. Percentage dofefal
alarm are equally high for SLI and DCI at 0000 Udwer
Guwahati, Dibrugarh and Agartala. Bl also has rexrb
found to be a good predictor for 0000 UTC. It cobll

In contingency Table 7 and Table 11, some thundery
days are missed in the forecast of the indicessBore of
these missed thundery days, the value of the select
index is found close to the threshold. For thesgsda
synoptic charts of the region are referred to exanthe
approaching low pressure or trough causing severe
weather. Such days with observed severe weather and
values of index closer to threshold are included as
correctly forecasted thundery days and then skifires
are recalculated. This attempt however has notyured

due to the fact that lower tropospheric (1000 hPa —any significant improvement. The small temporal and

700 hPa) thermal and geopotential field does rtesent

spatial dimension of the perturbation which has no

the deep convection based on 0000 UTC sounding. Thesignature in the large scale flow could be the ibess

SWEAT index is found effective for prediction of tex
tropical thunderstorms where baroclinicity and shea
associated with frontal systems, play a dominalg no
the formation of thunderstorm. SWEAT is expresse@ a
function of TT index that has shown poor skill tegict
thundery days. All these factors are responsibleinoe
poor performance of SWEAT as predictor. It is well
known that a deep layer of the atmosphere oveheast
India remains convectively unstable during all tlag/s of
the premonsoon months. This feature is also reftebly
the mean values of CAPE and RINO indices for &l th
four stations for both the time. As a consequemese
two indices are not able to show good skill
thundery/nonthundery days forecast in any of theeh

in

reason. Thunderstorm over northeast India can cooer

a meteorological station and surrounding (localjzedit
may affect large areas (wide spread). In the ptestedy

we have not classified thundery days from this angl
Similarly nonthundery days can be classified asdaiyh
weak convection or days with no convection. Future
studies will incorporate these classifications. éwrnindex
suitable for the Indian region will also be deveddpfor
more accurate and location specific predictions of
thunderstorms.
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