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ABSTRACT

Unigue incident of Thunderstorm (TSVsquall immediarely followsd hy dense fog occurred on 7-8% February, 2011
rediciig the visibility o almost zero which severely affected the flight movement at mdiva Gandhi Intermational (1G1)
alrport New Delhi. The immediate fornation of dense fog which was of radiation type and further during night/morning
rime could never be foreseen by forgcaster vven at noweas fime seale of 16 hours in advance. In the present anedy, data
Jrom ke swrfacs, wpper air, satellice, GWE and mrpert meteorclopical inzrruments {ocated ot the ends of the three
rramwys( AT have Been ovitieally analpsed o deteot and monitor the intensification and movement of Both the evenis 1o
Jind our their use in noweasting. Study of upper gir parametere shows the atmorphere was highly vesrghle by [ 2000TC
before the occarrence of T5 with CAPE value reaching up to 548 JiKg. The lopse rate 6(0C/Km while ut (000UTC when
dense fog was at the peak the wpper air pattern changed to stahle aimosphere where the reversed lapse rate was ohserved,
This study shows thar use of DWE, satellire and the Intzgrated Aviation Weather Observing System (14 WOS) at 1G1 airport
has an odvantage over synoptic wnd NWE inputs for acewrate nowcast of severe TS Squall to severe fog spell over the
grarian veducing the ground vigibility 1o zevs,

Keaywavds: Thundersrorm, Squall, Newecasiing, Fog, DWE, Sarellite and Mipgrated Swarion Weather Ghzerving Sysien.

1. Introduction over the country all through the year, even though
the climatelogical frequency of WD 18 slightly
higher during the winter season as compared to that
during the other sessons and hence the chances of
thunderstorm followed by fog is higher. In the
month of Febrary, [GL arrport has been affected by
fow cases of dense fog. It has been observed that
the dense fog in the month of Februery i= of very
short duration. These cases normally occur as
tadiation fog dus to ovemight rmin caused by
western disturbances, These rainfall events are also
gsgocimied with squall, hoil $torm I view of
transinon  from winter (o surmer season. The
‘geeurrence of [og over northem part of Indis and
gver Delhi has been studied by Bhushan (2003).
Bhowmik et al. (2004) and Singh and Surya kant
(2006) and Smgh (2011) while comprebensive
studies on-climatological and forecasting aspects of

Normally IGI sirport 18 affected by few cases of
dense fog of radiation type during February when
Western Disurbanees (WIs) affect northern India
with min, Time of occurrenmce and intensity of
likely weather phenemena which may affect
aviation severely is still » challenging job for the
forecasters, In one case, a severe thunderstorm
occurred in the afternoon of 7™ February 2011
hetween1400 and 1700 UTC causing rain and gusty
winds which was followed by fog leading fo zero
visibility at the airport by 2130UTC. The
occurence of both these weather evenrs were so
rapidly followed by cach other that the concerned
forecaster while issuing securate westher warnmg
for thunder squall, could not predict the oceurrence
of very dense fog in lime.

In wmter season. WD is one of the mmn weuther fog veeurrences over [GI Adrpori are availuble in
systems affecting north India. WID is an eastward Jenumani and Tvagi (2010a, 2010b, 2011). These
moving upper air trough in the sub-tropical westedy studies have been done mostly [or the month of
which often manifesied #s eyeclonie Circulation/ December and January when prolonged and severe
trough in the upper air charts or as closed lows on spells of fog normally ccours aver the region.
surfsce charts, These systems influence the weather Thunderstormy can generally form and develop in
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any geographic location, perhaps most frequently
within wreas located af mmd-latitude when warm
moist alr collides with cooler air. Thunderstorms
are responsible for te development and formation
of many severe weather phenomena. The
thunderstorms and the phenomena that occur along
with them, pose greal hazurds to bhuman life
Several methods are used to study thunderstorms.
Generally, the thundersiorms roquire  throe
vonditions to form, availability of sufficient
moisture, unstable atmosphere (air mass) and lifing
miechunism like low level convergence.

The triggering mechanism of thunderstorm occurs
when the region 15 affected by some synoptic low-
pressure system, The thunderstorm and squall at
different locations have been analyzed by many
vesearchers mainly for pre-monsoon and monseon
season. The frequency distribution of thunderstorms
and squall in different monthe in Indiun region wus
carried out by Rae and Raman (1961) and recently
a detuled chimatologeul study hius been carmied out
by Tyagi (2007). The statistical study of occurrence
of thunder =quall over Guwahati has been analysed
by Kumar sl Mohapatra (2006), over Patnn by
Laskar, (2009), Smdy of detailed climatological
[aets about squall over Dellii was carmed out by
Bhalotra (1934), Recently the climatological study
of occurrence of thunderstorm and squall over
Delta (IGT airport) has been done by Jenamani et al.
(2009). In the present study, we have analyzed
various aspects of the hmderstorm with rain
immediately followed by fog and its forecasting
uspecte us detected and forecasted using all new
ohserving systems e.g. IAWOS, automatic weather
gtation (AWS), DWR etc which have been
operational during April 2010 under modemizstion
of IMI} phase-T and CWG -2010, The autographic
records, synoptic three hourly observations on the
day of ocourrence and the previous day of squall
and data from cwrrenl weather instrument sysiem
(CWIS). DWR and satellite imugeries have been
anabyzed for this purpose.

In the preseni study. sitempt has been made io
anal}'ze'thn.' synoptic #nd meso-scale characteristios
of both the events using data from satellite. DWR
and all other conventional sources including
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weather data/RVER data. Various parameters have
heen erifically analysed (o find whetheér both the
events could have been better predicied.

2. Data and Methodology

The synoptic sitoation on day of occurrence of

ihunderstorm  has  been  diseusged.  The
melcorological  parameters  associdted  with
thunderstorm  and  fog fom  1200UTC  om

7"February, 2011 to 1200UTC on next day has
been constdered. The data from IAWOS located at
different munways (Figure 1), surface observation
data and current weather ohbservation of Adrmport
Meteorological office. IMD. at IGI awport, New
Delbi  has also  been  discussed.  The
thermodynamical — parameters  und  derived
paramcters imfuencing the thunderstorm over Dellu
have been analysed. The radiosonde (RSRW) daia
of Delhi al 0000 FTC and 1200 UTC ¢n  day of
pecurrence and on next day of thunderstorm has
been  considered o [And  owl  various
thermodynaniincal indices including Showalter
index (SI), lifted index (LI). SWEAT index, K-
index (EI). Total tolals mdex (TID. Comvective
available potential Enermy (CAPE). Convective
Inhibitions Energy (CINE), Temperature of Lifting
Condensation Level (LCL), Pressure of LCL,
Eoguilibrium level and Level of Free Convectlon
(LPC) ete, The calculstion of various indices has
bzen taken/calculate from
hitp:/iweather. uwyo.cdu/uppersir/indices.html - uud
Ananthakrishnan & Yegnanarayanan (1949).

3. Deseription of the eventy on 7-8 February,
2011 over Delhi

3.1 Occurrence of Thunder storm/squall

The upper air chart of 0000UTC on 7 February,
2011 bas been apalysed. it has been observed thar
an zelive WD lay over ceatral Pakistan and
adjoining Punjab as upper air system. The surface
and upper air winds were strong (15-40kt) & were
southwesierly/southerly to the west of Delli and
southeasterly to the northeast of Delhi up to 4. 5km
asl. An upper air wesizry trough roughly rung
along 65°E snd north of 28°N snd lay over 72°E
north of 24°N by the evening of 7® February, 2011,
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Figure 1: Location of aviation avtomatic weather siations (AWS) available on dilferent runway at Indira

Gandhi International airport, New Delhi.

Table 1. Thermodynamical indices on day of oecurrvence of thunderstorm with rain on 7"Febroary, 2011
immediately followed by very dense fog on 8"February, 2011over IGI airport New Delhi.

Stability indeces 07.02.2011 08.02.2011
00007 | 1200Z | O000Z | 12007
Showalter index(SI) .5 32 3.8 10.9
' Lified index Q.1 34 02 2]
K index 16.7 291 7.9 471
 SWEAT index 341 312 63 40
Total totals ndex 52 | 5 43 16
- C'onvective Available Potential energy[{CAPE) 15 | S4R 47 0
_Conveetive Inhibition Encrgy(CINE) 352 | 4o -101 fh
Bulk Richerdson Number 0.2 | 63 01 0
Egquilibrum Level 453 ' 307 478 -
Level of Free Convection 561 716 TE9 -
Press. (bPa) of the Lified Condensation Level 815 | 818 | %85 | 805
Temp. (K) of the Lifted Condensution Level 281 282 282 277

This shows that under the influence of above
systam strong moisture incursion took place over
the region and atmosphere was favourable for
development of thunderstorm activity dee to the
miteraction of northeryvinoithwesterly cold dry and
southwesterlyv/southerly  warm  moist aw. The
systern was rapidly moving northeasterly which has
@iven thunderstorm and squall with ram over Delhi
The thermodynamical indices have been analyzed
and are given m Table |, The SI 15 sunplest
measure of stability, if’ ST i= positive it shows that
the lifted parcel 18 colder than 113 new envirpnment
and thus atmosphere is stable. The ST & LI were
negative and TTT was more than 50, and high sweat
mdex was favoring for TS scuvily since moming
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on 7" February, 201 1. Though the KI value was not
favouring for TS activity. the high value of CAPE
favors the formution of thunderstorm very quickly.
CAPE was 15 I/Kg & 548 J/Kg at 0000 UIC &
1200 UTC on 7 February, 2011 and favours TS
activity towards cvening/night. On 6"February,
2011, the CAPE value was 0 J'Kg and 348 T/Kg at
(OOUTC and1200UTC respectively and on 8§
February, 2011; i wes § IKg and 0 IKg
respectively. However, the CINE was -352 /Kg &
40 kg at 0000UTC & at 12000TC on 7
February, 2011 sod -101 J/Ke & 0 JKg at
QO000UTC & at 1200UTC on 8" Februarv. 2011
which was alzo strongly favorable for development
of TS towards evening/night of 7*February, 2011
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Figure 2: Tephigram associated with thonderstorm and fog over New Delhi on 07-08" February, 2011.

The Tephigram of 0000UTC and 1200UTC on day
of oecurrence of thunderstormi/squall has been
shown in Figure 2. This shows that the stimosphere
was unstable and was tavorable for development of
thunder activity. The surface observations recorded
from 1200UTC on 7* Februpry, 2011 1o 12000UTC
on 8" February, 2011 have been shown in Table 2.
This shows that mnimuem  and  mEXimum
temperature on 7th Fehmary, 201 | was 8%c & 4°C
above normal respectively and refative humidicy

was 16% above nommal at 1200UTC en 7
February, 2011, Swiace wind wag 3-4 knols from
southwest direction till 2100UTC and then becomes
northwesterly 2-4 knot. The wind speed slightly
increased from 0&O0UTC on 8" February, 2011
which has favored lifting of fog on 8" Febrmary,
2011,

The thunderstorm started at 14200TC and rain
accompanied at 1505UTC snd rein stopped at
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Table 2. Surface observation on day of occurrence of thunderstorm on 7"February, 2011{1200UTC) und
immediately followed by very dense fog 8" February,2011(1200UTC) over TGT airport New Delhi.

Date Time | Temp | DP RH MSLP Min. Max. Surface | Rainfall
(TTC) | (*C) | (C) (%) (mb) Temp Temp Wind (mm)
('C) '"C) (Knot)

07023011 | 1200 | 248 | 160 |58@2) | 10073 | 162(30) | 27.0030) | 2303 | Nil
1500 | 20.6 148 |69 1008.9 32004 | Nil
1800 | 162 155 |96 101D.6 230/03 104
2100 | 15.0 146 | 98 10110 230103 INil

08.022011 nooon | 136 136 | 100 10115 25003 Nil
0300 | 124 124 |'100(77) 1013.0 | 122(8.0) | 27.2(23.0) | 23003 | Nil
0600 | 166 141 | 85 1013.6 320002 [ MNi
Degh | 226 93 43 1210.8 32004 il
1200 | 204 10,0 | 31¢42) 10103 | 1228.0) | 25.7(23.0) | 32008 | Nil

Vaulue in the parenthesis is the normal value.

15322UTC and thunderstorm stopped at 1650UTC
and 104 mm moderate rainfall has been recorded
over IGI airport New Delhi. The upper air winds
bacome westerly/northwesterly by the 1800UTC
and by 2100UTC the lower level winds become
north of north westerly as 1t brought cold air to
reduce the temperatures which was favorable for
fog formation in next early moming of 8" February.
2011, The rapid fall of temperature front 1500UTC
to 1R00UTC has been observed due to change of
wind to north westerly from south westerly which
played a crucial role for immediate formation of
fog. The dense fog started at 2100UTC on 7"
February, 2011 and continued till D530UTC on Bth
February, 2011.

The parameters  dunng  ihe
occurrence  of thunderstoem/squall recorded by
IAWOS at different RWY has been shown in
Figure 3 (u-d), Thiz shows that QNH started rising
rapidly from [430UTC and reached to maximum at
1526UTC and then storts falling gradually up to
I344UTC over the all the RWY. The temperature
started falling at 1457UTC, initially it falls slowly
then rapid fall was ebserved up to [SI7TUTC and
then il staried increasing gradually ever all the
RWY. Figure 3¢ shows that RH was 50% since
[200UTC and increased gradually ull 1408UTC
gver all the runway afler thal a litle dip was
observed and then increased over RWY 29 at
1412UTC though there was very little change over
other RWY. The RH increased sharply from 70 to
100% 8l 1500UTC over all the RWY beacause of
thunder with rain pecurred at 1505UTC and then it

meteorological
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continued 1o 100% il 600UTC on 8™ February.
2011 due to dense fog. Figure 3d shows that dew
poinl over different RWY. This shows that dew
point started increasing over RWY 29 at 141TUTC
& reached maximum at 1310UTC and then reduced
sharply, The dew poini over RWY 11 & RWY 27
was showing no shatp increase. The visibility, RVR

and surface wind, durng the occumence of
thunderstorm/squall followed by fog. recorded by

TAWOS at different RWY has been shown in
Figure 4 (a-¢). This show that visibility reduces 1o
900m over RWY 20 ai [414UTC and then
improved gradually and wisibility over another
runway could not fall. The eccurrence of TS was
reported at 1420UTC by current weather observer,
this shows thut visibility reduces doe to downdralt
pecurred earlier and away fo the station. It also
shows thut visibility starts redocing over all the
runway at 1458UTC and i1 reaches to 0640m ar
13153UTC due to heavy thunder shower b RVE
was nol affected. The wisibility improved rapidly
giterwards over all runways. Visihility fluciuated
bigtween 2500m 1o 10km over all the runways up Lo
I620UTC and fhereafter it reduces. Visibility
started falling over all the RWY after 1900UTC. I
started sefting to zero afier 2100UTC. The dense
fog occurred berween 2100 tw O445UTC. Wind
speed between 1200UTC on 7" February. 2011 and
0600UTC on 8™ Fehruary, 2011 has been shown in
Figure 4¢. This shows that surface wind was calm
over all mnway before thunderstonn and then wind
increased first over runwayvll and followed by
oiher rumway. Afler attaning the speed of Plmot at
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Figure 3 (a to d): Variation of QNH. Temperature, Relative humidity and Dew point on 7-8 February,
2011 during thunderstorm and followed by fog recorded by Integrated Weather Observing System over
different runway at over IGL airport New Delhi,
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1434U0TC over all runways it came down to 2knot
after 15mimutes. Surface wind became strong
after1454UJTC over all runways, maximum wind
reported was 21kuot over RWY27 at 1507UTC,
30knot over RWY 11 at 1309UTC and 27knot over
RWY29 at ISI0UTC. The gustiness of surface
wind was 30knot obzerved bul it could not fubill
the eriteriz of squall and it was not well-defined
sqquall.

Current westher observation has been given in
Table 3. This shows that the skyv was covered by
total Socie cloud, Zocta low and 3Jocte medium
gloud since morning on 7® February, 2011 dnd
olond started increasing from 09NOUTC and up to
1300UTC sky was covered by Tocta clouds
including one oota €B cloud and thundersiorm
started at 1420 UTC and was overcast at [500UTC.
The thunderstorm with rain started [508UTC and
104mm  rainfall weas recorded.  Sworface  wind
increased from 3kt to 18kt with maximum gost of
28kt and cloud at 1508UTC when system hit the
station. It starled reducing from 1700UTC gad there
was only 2octa cloud at 2000UTC. The
thunderstorm activity was part of large-scale rain
pccurring over northwest Indis dus 1o western
disturbances, The min ocourred in all pads of
norithwest Indin. The Maximum rain oceurred
JTammmn  and Kashmir followsd by Hinunchal
Pradesh and Uttarakhand.

3.2 Occurrence of dense fog

The rain occurred duiing 1505 101522 UTC was
10.4mm and sky clear was after 1930 UTC and
vigibility reduced to 900m due shallow fog at
2100UTC just one and half hours after cleanng the
sky and after two hours, dense fog was observed
whereas the cloud reduced to 3ocla since 1730UTC,
The wvisibility distibution aver Dethi from Meleo
France Synergie system and its neighborhood at
GODOUTC and at 0300UTC has been shown i
Figure 3. This shows that only Delhi iz affected by
dense fog whereas the surrounding of Delhi has
reported wisibility 2 (o0 4 km though the rain
occurred in all parls of northwest India.

The current weather observations of different
parameters have been shown in Table 3 and in
Figure 6. This shows that fog starts setting after
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2030UTC on 7% February, 2011 reducing visibility
rapidly to below 1000m, At 2130UTC, very dense
fog was set reducing visibility below 30metre and
sly wus obscured and persisied till 0400UTC on 8*
February, 2011. Visibility starfed improving after
0430UTC and at 0500UTC it was 500m in shallow
fog and visibility further improved to 1300m in
mist by 0600UTC. The fog occurred was of
radistion type which was cuused by cooling of the
ground by cutgoing radiation. The condition was
favourable for [ormation of fog as rain has provided
sutficien! moisture m the atmosphere; sky was
almost clear by 2000UTC on 7% February, 2011 and
northwesterly light wmd has also supported the
formation of fog by mixing and cooling of air in
lower levels. The variation of visibility, runway
visibility (RVR) and swface wind over different
RWY during the fog period has been shown in
Figure 4. This shows thut visibility and RVR started
reducing atter 2030UTC at RWY 2%-1l. The
moisture was available in abundance hence less
cooling was required for formation of fog and this
shows (he gradual drop in surface tempetature,

4. Detection and Monitoring

4.1 Thunderstorm/squall

The  satellite imageries (IR) from 1200UTC 1o
L 700UTC an T February, 2011 are shown in Figure
7, This shows that at 1200UTC northwest/west and
southeast'south of the Delli was coveréd by low
and medium clouds. The clouds were moving
towards northeast direction. The satellite imageries
at 1300UTC show that cloud development and
movement from northwest'wesl was more and
faster. The clouds initially started covering Dellu
from northwest/west direction at 1400UTC and
giving  thundershower over Delld eovermg it
completely by 1500UTC. After [SO0UTC 1t started
opening  from  porthwest/west  direction  and
atl 600UTC nostheast/eastern part only was coversd
by lew and medium cloud and at 1700UTC  Delhi

was clear.

The product Max (z) of DWR from 1202 UTC to
1602UTC on 7February, 2011 has been shown in
Figure 8. This shows that aboul two to four octa
clound mass with embedded small CB cells lay
T0km away i northwest (NW) and west direction
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Table 3. Variation of meteorological parameter reported on current weather during thunderstorm/squall
on 7" February, 2011 and fog 08"February, 2011 over 1G1 airport New Delhi.

Time | Visibihty | Weather Wind | Temerature = DewPomt | QNH Sky Condition
Ic | (M (Knot) ('Cy (°c) (bPa) | (Amount of cloud in octa)
1200 | 5000 Haze 23005 | 246 147 1008.5 SE2),ACE), (6)
1230 | 5000 Haze 0004 | 242 148 [008.3 SC(2),AC(4), (5)
{300 | 43500 Haze 20005 | 234 14.7 1008.8 SCZ)LACH), (5)
1330 | 4000 Haze goooo | 228 | 147 I008.8 | SC(2).CB(1),AC(S), (7)
1400 | 3500 Haze 0pao0 | 222 14.8 10088 | SCL2L.CBULACE).(T)
1421 | 2200 TS 000N | 218 | 154 10082 | SC(2),0B(1)AC(), (T)
1500 | 3000 T8 BOe3 | A5 | 148 10021 | SC{3).CB(LL,ACG), (T)
1508 §00 | HVY TSRA | 300/18G28 | 18 16.3 10107 | SCE)LCB(LLAS(E), (8)
1522 | 1500 | FBLTSRA | 207 | 165 | 165 10113 | 8C(3).CB(1)AS(B), (8)
1551 | 3000 T8 160005 | 163 154 1010.1 SC(3).CBI).ASE). (7)
1630 | 3500 TS 25004 | 166 | 164 1010, SC(3),CB(1),AS(6), (T)
1700 | 4000 TS 0005 | 164 16.4 10106 | SCOCBLACGLM)
1730 | 3500 BR 7003 | 164 | 164 10108 | SC2)CBU)ASE), () |
1751 | 3000 ing 003 | 164 164 10107 | SCR).CB1)AS(E), (3)
1830 | 2500 BR U003 | 158 | 158 10108 | SC(1.CBU)ASELE) |
1900 | 2500 BR oM | 159 1 158 10109 | SCLLCBULASEL ()
1930 | 2200 BR e | 149 1439 1016.9 | SCU).CB(L),AS(3), (3)
2000 | 1300 BR 6003 | 146 | 146 1010.9 AS(2),(2)
2030 | 1000 BR w003 | 146 14:6 10109 AS(2), (2)
2000 | 0900 MIFG 4004 | 142 | 142 10110 AS(2), (2)
2000 | 0600 MIFG 0005 | 1335 13.5 1011.1 AS(2), (2}
2130 | Below3s0 | VDenseFG | 33003 | 133 | 135 10112 A3(2), (2)
200 | Belows0 | V.DenseFG | 0000 | 133 135 1011.2 ASI2). ()
210 | 0100 Deise FG pooon | 135 | 133 1011.0 AS{2),(2)
2300 | 0300 FG T 10110 AS(2), (2)
2330 | Belows0 | VDenseFG | 00000 | 124 12.4 10110 AS(2).(2)
0000 | Belows0 | VDenseFG | 2503 | 123 | 123 10113 Sky obscurad
0030 | Below30 | V.DenseFG | 24003 | 120 12.0 10113 Sley obscured
0100 | Belows0 | V.DenseFG | 00000 | 1L 116 10116 Sky ahscured
0130 | Below 30 | VDenseFG | 2004 | 119 118 1012.0 Sy obscured
0200 | Below30 | VDenseFG | 20004 | 123 | 123 1012.2 Shv obscured
0230 | BelowSO | ViDenseFG | 22004 | 121 | 121 10123 Sky obscured
0300 | Below3s0 | VDenseFG | 260006 | 122 | 120 1013.0 Sy obscured
0330 | 0050 | VDemseFG | 25005 ! 12 | 1N 10133 Sky olbscured
0400 | 0050 | VDenseFG | 2406 | 127 124 1013.8 Sly obseured
(430 | 0150 | DenseFG e | s | 1014.0 Sky obscured
0452 | 0500 FG | 3004 | 136 128 10140 AC(Y.03)
0310 | 0700 MIFG 2005 | 13% 132 1014.0 AC(3) ,(3)
0330 1200 BR 0S| 147 133 10142 AC(3) ()
0600 | 1500 BR 2005 | 164 | 142 1014.2 AC(3).(3)
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dense fog over IGI airport New Delhbi.
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Figure 5: Visibility of north west India at (a) 0000UTC & (b) 0300UTC on
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Figure 6: Variation of meteorological parameters (a) Temperature & dew point (b) Wind speed and
{¢) Visibility during thunderstorm/ squall & dense fog on 7-8 February, 2011,

at |202UTC. Tt has been observed that the two
convective cells were present in NW diréction with
2km of vertical height of core of highest reflectivity
of 4448dBZ and other cell was observed i west
(W) direction with Tkm height of core of highest
seflectivity of 40-44 dBZ. These cells were
inlengilying and moving in  northeast (NE)
direction. At the 1232UTC. the cells in NW
direction were about 60km away from 1GT airport
with 9km of vertical height and of reflectivity of
48-32dBZ other cell wag abour 40km in west
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direction with Bkm of vertical height and of
reflectivity of 44-48dBZ. Also twa small cells of
reflectivity of 36-40 dBZ developed im NW and
west direction about 100-140 km away from the 1GI
airport New Delhi. The cells in NW direction
moved further NE wards and merged & organized
in the shape of parenthesis and lay 60km away in
north of northwest direction ap 1302 UTC, the cell
in west direction moved [aster and approached o
NW of Delha though it was of low miensity but the
cells behind this were of high intensity. The Max(z)
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Figure 7: IR Satellite imageries showing cloud mass over Delhi and umghhurhuu[t [ram 12I0UTC to
1700UTC on 7™ February, 2011.
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Figure 8: Max (z) prodoct of DWR showing movement of ¢clond mass associated with thunderstorm on
7" February, 2011 over IGI airport New Delhi.
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product of DWR picture at 1332UTC shows that
the cloud masz of low mtensity of CB cell was
about 180-200km away in NW direction moved in
NE direction and orgamzed and the gell m shape of
parenthesis has more intensified & further moved
towards NE wards and lay centered at S0km away
in murih of north wesl direction. The cells
approaching to NW of Delhi were organised and
approsched Delhi fom NW. These cells werr
stretched in the form of straight line covenng lrom
Drelhi to Pdani in Rajasthan. The cell near Pilani
was stronger 1l was of reflectivity of 52-56dBZ of
7hkm of wertical height and might have given
hailstorm over the tegion. All the three ¢loud
masses were parallel and moving towards NE. The
DWER picture at 1402UTC shows that the cloud
mass of low imtensity was about 200km away in
NW dirsction moved in northward and weakened
thereafter and the ecll in shape of parenthesis has
weakened and moved away towards nerth of
northeast wards and lay centered at 60km away in
north of Delhi, The cells m NW of Delli have
approached over Delhi from NW. Tt was of 11km
verticul height of core of highest reflectivity of 48-
52dBZ some more cells were geaerated i the west
of Delhi at abour 40km. The cell near Pilani was
weakened theugh is roflectivity was 44-48dBZ.
Delhi was severely affected by thunderstorm
activity from NW to SW side at 1432UTC. The

wertical height of core of highest reflectivity was.

52-56dBZ of %km. The Delhi and neighborhood
was covered by CB cell at 15302U0TC ond the whole
cloud mass was oricnted from NE o SW extending
from Dehrudun, to Alwar through Karnal & Delhi.
Though it was of 48-32dBZ of highest reflectivity
with core height of 4-6km, this cell has given
weather over Delhi. TS owver Delhi started from
1420UTC to 1650UTC and sccompanied with rain
from I503UTC to 1322U0TC goving  10.4mm
rainfall over Delhi. The movement of CB celis was
very fust towards NE duection and the sky was
started clearing from west side of Delhi by
1502UTC. The Delhi wes clesred from CB cloud
by 1602UTC snd the clowd mass was lay over
Uniarakhand and west UP covering Dehradun,
Roorkee, Muzailamane, Meerut and Ghaziabad
though it was of low intensity. The vanation of
wind speed dunng thunder with rain and
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thunderstorm/squall and then immediately followed
by dense fog between 1200UTC on 7"February.
2011 and 0600UTC on 8 Fehruary, 2011 has been
shown in Figure d4e. This shows that surface wind
was calm over all runway just before oocurrence of
thanderstorm. The wind started increasing initially
over rupwayll and [ollowsd by olher runway.
After attaining the speed of Zknot at 1434UTC over
all runways it curme down o 2knot alter [5minites
and it was the first spell of downdraft, Surface wind
became sirony afier14534UTC over all runway and
the maximurm wind reporfed was 2lknol over
RWY27 at 1507UTC, 30knot over RWYI1 at
1309UTC and 27knot over RWY29 al 1STQUTC
which matches with DWR picture and it was also
confirms that the CB cell initially affected Delli
from NW direction (RWY-11) and it was severe,

4.2 Dense fog

The satellite picture (Visible) from 0300UIC to
(3530UTC on 8 February, 2011 has heen shown in
Figure 9. This shows that at 0300UTC fog hud
formed over southwest Punjab and adjoining
Pakistan, Rajosthan, over Delhi and adjoming parts
of Hurvana The fog formed over west Rajasthan
and adjoining Pakistan at 0430UTC can also be
observed from the satellite ympgeries. The fog in
nighi can only be detecied through MODIS
imageries (NOAA). The MODIS imagenes at
2129UTC on 7™ February, 2011 have been shown
in Figure 10. This shows a dense fog parch over
north  Rajasthun  snd  sdjoming Harvana snd
scattered fog over some parts of Punjab, Himanchal
Pradesh and Uttarakhand. There is no trace of dense
fog over Dellia at 212900TC and the dense fog over
Dethi has formed after 2130UTC on 7" February.
2011, The salellite (Figure 7) imagenes (IR) do nol
provide any help to detect fog. The satellite
irageries (visible) can help Lo detect the fog in day
tune enly. The fog formation and detection over IGT
atrport has been monitored contnuously through
current weather observation, This shows that afler
the spell of heavy thunderstormysquell with rain,
visibility started ipcreasing and i was reported as
4000m at 1700UTC on 7" February, 2011 and then
visibility started falling continuously and reducing
to 1000m m mst at 2030UTC. It further reduced to
900m at 2100UTC and then o 600m at 21 10UTC
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Figure 9; Visible Satellite imageries showing fog over Delhi and some part of Punjub from 0300UTC to
(530UTC on 8™ Februnry, 2011,
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in shallow fog. The visimlity suddenly reduoced
below Shim m very demse fog at 2130UTC and
continued tll D300UTC on 8" February, 2011

Figure 10: Modis imageries (WOAA) showing fog
over NW India issucd at 21290TC on 7"
Febroary, 2011,

The sky was obscured in very dense fog during
000UTC to 0430UTC on 8" Februasry, 2011. The
visibility started improving after 0330UTC on §™
February, 2011, mutially the rate of improvement
was very slow but it improved very fasi afier
P432UTC and it was 1500 in nust at 0600UTC,

The Tephigram of 0000UTC on TFebruary, 2011
and 8 February, 2011 has been plotted and shown
v Figure 2. This shows that temperstors In
boundary layer at 0000UTC on7" February, 2011 is
5 to 6¢ more than that of 000OUTC on 8"
February, 2011. This ziso shows Lhe relative
humidity in boundary layer al 0000UTC on 8™
Fehruary, 2011 is higher than that of 0000UTC on
7" February, 201 |, The inversion layer at 0000UTC
on 7 Februyary. 2011 is at lower height than
0DOOUTC an 8% February, 2011, The inversion nedr
the surface i winter 15 a regular feature over North
Indin that provides a stable atmosphere which 1s
favourable for fog formation and i durabnlity.
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5. Real Time Forecasting and Noweasting

The active WD was affecting the region and the real
tirne [orecast [vr thunderstorm/squall was issued by
duty officer well in advance in Terminal
Asrodrome Foreeasis and in other aviation forscasts
because of satellite pictures available for every 30
mnnuies and DWR pctures available for every 10
minules, All these helped 10 momnitor the movement
and intensificanon of the system. The first
gerodrome warming for thundarstorm and asseelated
wind was issued at 1315UTC which was further
extended at [a0(ITC on Tth February, 2011, The
curren| hisd that  the
thunderstorm with rom and gosty wind ocgurrs

during 1420 1o 1650UTC. Hence the TS eventl was
correctly noweasted. However. the forecast of
pecurrance of dense [og during following night at

weather dats shown

redl ime could neither be issued in 6-hourly regular
fog forecasts with outlook valid for next 18-hours
which 1200UTC & [RO0OUTC
(Jenamani and Tvagi, 2011) nor in other aviation
forecarts issued on 7ih Februgry, 201

were  jssued al
It was nol
anticipated that the system wall move very fist and
the sky will be almost clear and wind will become
north wesierly and light, There was no documented
evidence availuble that in winter months when WD
passes over station then within two hours there will
be dense for. Howover, it was noweasted by duty
otticer and advice has heen sent to air raffic control
and watch supervisory office well n advance to
uclopt the low visibility procedure and to implement
the category operations far smooth functioning. The
amendead fog forecast was ssued ot 213000TC with
visibility less than 50m in very dense fog with
putlook for improvement after 0400UTC. The clear
sky. fall of temperature, availability of moisture,
light wind and the inversion in boundary layer
favoured fog formation. As a result, the low-level
moisture near the boundary loyer condenses info
uny fog droplers causing the visibility reduction to
zero over 1G] airport.

The DWR, Sstellite pieture, integrated sulomatic

weather ohserving system located at  different
ranway, automatie weather glations, hall hourly
current weather observation, three hourly surface
have hzlped ihe

monitormy and real tme noweasting of both the

observations forecaster In
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severe weather events which occurred one afler
anolher,

6. Conclusions

In the present study, analysis of various
meteprological  festures  associated  with  the
obcwrence of 4 thunderstorm/squall at late evening
which was immediately (after 2hours) followed by
very dense fog formation in the follgwmng moming
of 7-8™ February. 2011 leads to the following:
inferences:

{a) The thunderstorm at IGT airporl New Delli was
parl of large-scale min occurrence mainly due o
passing of a WD ever the region as an upper wir
systemn in association with westerly trough.

(b} The cloud roaszs which caused TS/rum over
Delhi along with WD moved very fast in the
northeast direction has  been  conlfrmed Gom
analysis of wenther charts. satsllite pictures at 30-
minule gap. DWR pictures at 10-minute gap,
curmrent weather observations {from eight integrated
aviation AWS, ete.

{e) Fast movement of WD coused sudden clear
skies and immediate fall in temperature due 1o
changing of wind to northwesterly and [urther local
radiation cooling. Such metearological conditions
became highly favorable for radiation fog formation
reducing the visibility to zero for longer hours over
the airfield as there was alreadv an oceurrence of
avernight tain/TS over the amport making
availability of moisture in abundance. Thus it 1s
suggested that the forecaster on duty could monitor
all observations minute by minute especially from
DWR and sarallite and then forscast the formation
of dense fog if condition 12 favourable.

{d) Analysis of local fealures shows the stability
mdex of TTl above 30, sweai mdex above 300,
reflectivity above 444BZ of DWR and negative
value of Showalter index had [avourd the

thunderstorm ocourrence.

(e) Study of upper air parameters showed the
atmosphere (o be highly unstable by 1200UTC
before the occumrence of TS with CAPE value
reaching upto 548 J/Kg and lapse rate 6'C/Km
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while at 0000UTC when dense fog was &t the peak
the upper air pattern changed 10 stable almogphere
where the reversed lapse rate was observed.

() This study shows that use of DWR, satellite and
the Integmted aviation westher observing svstom
(IAWOS) at 1G] airport has an advantage over
synoptic and NWP inputs for sceurdle nowceasting
of the kind of sudden development of severs
weather events. In such a case the forecaster needs
o monitor various  developments meticulously
through DWR. Satellite, and [AWOS [t s
sugiested that the forecaster should acquire prior
knowladge of these sysiems.
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