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lkj & bl 'kks/k&i= esa gky ds fiNys X;kjg o"kksZa ¼1995-2005½ ds vk¡dM+ksa ds vk/kkj ij vkbZ- th- vkbZ 

gokbZ vM~Mk ikye] ubZ fnYyh esa xtZ ds lkFk vk, rwQkuksa ¼Vh- ,l-½ vkSj paMokrksa ds vkus ds le; vkSj 
mudh vof/k dk fo’kys"k.kkRed v/;;u fd;k x;k gS ftlls buds vkus ds le; dk irk yxk;k tk ldsA 
bl vk¡dM+k vk/kkj dh foekuu psrkouh esa mi;ksfxrk ds ckjs esa Hkh crk;k x;k gSA paMokrksa ds izHkko dk irk 
yxkus ds fy, muds vkus ls gksus okys i;kZoj.kh; ifjorZu dk Hkh blesa fo’ys"k.k fd;k x;k gSA fnYyh esa ebZ 
2007 dk eghuk cgqr BaMk jgkA blesa fnu ds c<+s gq, rkieku dks fu;af=r djus esa xtZ ds lkFk vk, rqQkuksa 
dh Hkwfedk dk Hkh v/;;u fd;k x;k gSA ifj.kkeksa ls irk pyk gS fd xtZ ds lkFk rwQku twu esa lcls 
vf/kdre vk, vkSj mlds ckn tqykbZ dk eghuk jgk tcfd paMokr ebZ esa lcls vf/kdre vk, vkSj mlds 
ckn twu dk eghuk jgkA blls irk pyk gS fd izR;sd _rq esa 80 izfr’kr xtZ ds lkFk vk, rwQkuksa dh vof/k 
rhu ?kaVs ls de jgh vkSj 'ks"k eq[;r% rhu ls Ng ?kaVs rd jgsA fnu ds le; xtZ ds lkFk vk, rQkuksa  vkSj 
paMokrksa nksuksa ds vkjaHk gksus dh pje le; vof/k eghuksa ds lkFk&lkFk cnyrh jghA ekulwu iwoZ eghuksa ds 
fy, 1200-1500 ;w- Vh- lh- xtZ ds lkFk vk, rwQkuksa vkSj paMokrksa dk vuqdwy le; gSA tcfd ekulwu _rq 
esa ;g tYnh vkjaHk gks tkrs gSaA bl vof/k ds nkSjku yxHkx 37 izfr’kr dqy xtZ ds lkFk rwQku paMokrksa ds 
lkFk vk,A vkbZ gokbZ vM~Ms esa paMokr dh vkSlr vf/kdre iouxfr yxHkx 68 fd-eh- izfr ?kaVk jgh ftlesa 
vf/kdre iouxfr 139 fd-eh- izfr ?kaVk jghA vkSluru paMokrksa dh ?kVukvksa ds QyLo:i i;kZoj.kh; 
rkieku 5-6° lsa- fxjk] vknzZrk Lrj 17-8 izfr’kr c<+k vkSj ek/; leqnz nkc 1-6 gsDVkikLdy rd c<+kA bl 
v/;;u ls ;g Hkh irk pyk gS fd xtZ ds lkFk vk, rwQkuksa dh ?kVukvksa ds dkj.k  nSfud vf/kdre rkieku 
fu;af=r jgkA 1995 ls gokbZ vM~Ms esa ebZ ds eghus esa vf/kdre xtZ ds lkFk rwQku vk, vkSj fnYyh ds ebZ 
2007 lcls vf/kd BaMk eghuk jgkA 1950-1980 ds nkSjku xtZ ds lkFk vk, rwQkuksa dh vko`fRr;ksa dh rqyuk 
ls irk pyk gS fd mudh okf"kZd xfrfof/k;ksa esa 12 izfr’kr o`f) gqbZ gS ftlesa twu esa 51 izfr’kr vkSj ebZ esa 
26 izfr’kr cgqr gh vlkekU; o`f) gqbZA 1995 ls vk¡dM+ksa ds fo’kys"k.k ls irk pyk gS fd xtZ ds lkFk vk, 
rwQku xzh"e rkieku ls foykser% ijUrq lqn`< :i ls lglac) gSA 1975 ls yEch vof/k ds rkieku ds vk¡dM+ksa 
ls ;g Hkh iqf"V gksrh gS fd vf/kd iznw"k.k] HkweaMyh; m".kuu vkSj rsth ls c<+rsa gq, 'kgjhdj.k ds QyLo:i 
ebZ vkSj twu ds Hkh"k.k xehZ ds eghuksa  esa tSlk fd visf{kr gksrk gS] vf/kdre rkieku esa fo’ks"k o`f) ugha gqbZA 
vr% le;-le; ij ml {ks= esa xtZ ds lkFk vk, rwQkuksa dh ?kVuk,¡ rkieku esa o`f) ds fu;a=.k  dk eq[; 
dkjd jghA 

 
ABSTRACT. In the present study, commencement timings and duration of thunderstorms (TS) and squalls at IGI 

airport, Palam, New Delhi have been analysed critically based on most recent eleven years data of 1995-2005 to find their 
favourable time of occurrences. Then utility of such data base in the aviation warning has been demonstrated. 
Environmental changes associated with these squalls have also been further analysed to understand their impact. Being 
recent May 2007 a very cool month over Delhi, the role of TS on controlling the day’s soaring temperature has also been 
studied from their data.  Results show TS are maximum in June followed by July whereas squalls are maximum in May 
followed by June. It shows more than 80% of TS in each season are of duration less than 3 hours with remaining are 
mostly 3 to 6 hours. The peak time period of commencement of both TS and squalls in the day differ with the progress of 
the months. For pre monsoon months, the most favourable timing of TS and squalls are 1200-1500 UTC while for 
monsoon, it starts earlier. Around 37% of the total TS during the period were associated with squalls. The average 
maximum wind speed in squall at IGI airport is about 68 kmph with highest maximum wind speed 139 kmph. On an 
average the environmental temperature falls by 5.6° C, humidity levels rises by 17.8% and mean sea level pressure rises 
by 1.6 hPa due to the occurrences of squalls. Study also shows daily maximum temperature rise is highly controlled by 
TS occurrences and May 2007, being a month of highest TS occurrences at the airport since 1995, became one of the 
coolest month in May over Delhi. The comparison of TS frequencies shows 12% increase in their annual activities since 
1950-1980 with very high unusual increase of 51% in June and 26% in May. Since analysis of data from 1995 shows 
occurrences of TS are reversely but strongly correlated with summer temperatures and longer period temperature data 
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since 1975 also confirms absence of significant trend in maximum temperature and higher temperature days in peak 
summer months of May and June till recent as expected due to high pollution, global warming and fast urbanization in the 
city, so it is the higher number of TS occurrences over the region from time to time which might have been main factor 
for controlling its significant rise.  

 
Key words ‒ Thunderstorms (TS), Squalls, Duration and Commencement timings, Environmental effect. 

 
1.  Introduction 
  

Thunderstorms (TS) and squalls are the main 
channels of energy exchange in the atmosphere thereby 
causing drastic change in the environment of the place 
where they occur. These sudden changes in various 
meteorological parameters and atmospheric stability are 
very much hazardous to the aviation activities. Therefore, 
study of these activities at airport is very much important. 
In the absence any objective methods for their advance 
forecast except their nowcasting which we mainly do on 
the basis of current observation and RADAR echoes, 
study of climatological variation of their characteristics 
based on their longer period data would help in giving a 
better advance prediction related to their time of 
occurrences and associated squall characteristics for safe 
and efficient aviation weather warnings. There have been 
many studies on climatological aspects of TS and squalls 
over different parts of India. The frequency distributions 
of TS and squalls in different months for Indian region 
have been discussed in the past by Rao and Raman (1961) 
and recently by Tyagi (2007). For Delhi region, some 
climatological studies about squalls and dust storms at 
Delhi have been carried out by Bhalotra (1954) and 
Joseph et al., (1980) respectively which are based on very 
old data period going back 1940s or 1970s, e.g., Bhalotra, 
(1954) used data of 1943 to 1952 at Safdarjung airport 
while Joseph et al., (1980) used data during the period 
1972-1977 at IGI airport, Delhi. With climate change 
playing a very important role on all types atmospheric 
phenomenon, it is very much necessary to updates their 
climatological characteristics based upon latest data. 
                 

In the present paper, authors have studied the 
climatological aspects of the both squalls and TS activity 
over IGI airport, Palam, New Delhi using data of most 
recent 11 years of 1995 to 2005 which includes diurnal, 
monthly and intra-annual changes of their frequencies, 
durations and commencement timings for use in aviation. 
We have also studied environmental impacts of TS on 
trend of maximum temperatures both in day to day and in 
inter-annual scale mainly for summer months and impact 
of squalls on various environmental parameters e.g., 
environmental temperature, humidity, mean sea level 
pressure and maximum wind speed. Finally we have used 
these information’s for developing climatological 
forecasting guidelines based upon which different types 
squall warning can be appended in various thunderstorm 
warnings over IGI airport depending upon the particular 
month in which it occurs. 

2.  Data & methodology 
 

The data of TS and squalls over IGI airport, Palam, 
New Delhi from MMRs (Monthly Meteorological 
Registers) of Palam observatory  for the period 1995-2005 
and the temperature data from National Data Center, Pune 
for the period 1970-2007 have been used for the present 
study.  

 
3.  Results and discussion 

 
3.1.  Climatological characteristics of TS  

 
The IGI airport, Palam on an average experienced 

47.2 TS per year. The annual frequency of TS vary from 
the lowest of 22 in 2002 to the highest of 68 in 2001 
during 11 years (1995-2005) as shown in Fig. 1(a) while 
their monthly averages variation in Fig. 1(b) shows the 
lowest with below 1 in November and December with the 
highest of 8 in first three monsoon months. The 
comparison between IMD climatology of TS during 1951-
1980 [Fig. 1(b)] and that of 1995-2005 revealed that there 
is around 12% increase in their annual activities with very 
high unusual increase of 26% in May and 51% in June 
months. Most of the TS have occurred in pre-monsoon 
and monsoon season (between the period March to 
September) i.e., 86.9% with highest in monsoon 59% and 
27.9% in pre-monsoon. TS activity in winter season is 8% 
and in post-monsoon season, it is quite low, i.e., nearly  
4%.  
 

Fig. 1(c) shows the time of average commencement 
of TS when timing of all TS for the total period for all 
years are considered. It is highest with 10.2 i.e., around 
21.6% occurrences during afternoon/evening of 1200-
1500 UTC followed by 8.5 (18.1%) in 0900-1200 UTC 
with lowest of 2.1, i.e., nearly 4.6% during 0300-0600 
UTC of morning. In monthly time scale, Fig. 2(a) shows 
no clear cut peak timing for both winter months while for 
all three pre-monsoon months, it shows very high 
frequency of thunderstorms (31%) commencing during 
1200-1500 UTC with June to August not having single 
timings when TS commencement is highest [Fig. 2(b)]. In 
fact in these three monsoon months together, about 52 % 
of TS occurred during if a very long time period of 6-15 
UTC has been considered. It is interesting to see shifting 
of thunderstorm peak timings with progress of months 
from Fig. 2(c), with very high peak commencements 
during 0900-1200 UTC for September followed by          
1200-1500  UTC  for  October   and  1500-1800  UTC  for  
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Figs. 1(a-c).  (a) Year to year variation of TS frequency during 1995-2005, (b) Monthly climatological frequency of TS 

based upon data of 1995-2005 and 1950-1980 and (c) Diurnal variation of commencement timings based 
on their total occurrences in 1995-2005  

 
 
 
November with December having very few occurrences 
which are non-uniformly distributed during the day. 
 

Annual averages show that during the 11 years 
period, 83.7% of the total TS are of duration less than 3 
hours, 13.8% are of duration 3-6 hours and 2.1% are of 
duration 6-9 hours that too in pre-monsoon and monsoon 

seasons while seasonal data shows no TS of duration        
6-9 hours occurred in the post-monsoon and winter 
seasons.  The  TS activity of duration more than 9 hours is 
negligible at IGI airport, New Delhi and only one case in 
11 years of TS of duration 9-12 hours was noticed.       
The frequency distribution of duration of TS in       
different  months is shown in Fig. 2(d). It shows very high  
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Figs. 2(a-d).  Diurnal variation of commencement timings of TS activity and their durations during different months          
(a) January to April, (b) May to August, (c) September to December and (d) Duration of TS during different 
month 

 
frequencies of duration < 3 hours for all months with 
duration of 3-6 hours occurring at very low frequencies in 
all months except November and December while very 
few frequency of TS of duration 6-9 hours are in April, 
May and June to September with higher in May & August 
and relatively less in remaining months. 

3.2. Role of TS in controlling maximum  
temperature 

 
It is well known that people of the region get a 

temporary relief from the rising maximum temperature in 
the  peak  summer  months  of  May and June mostly from  
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Figs. 3(a-c).  (a) Trend of average Max. temp. in May at IGI and Safdarjung airport, (b) Trend of high temp. days in May 
and (c) Trend of frequency of TS activity in May 

 
the development and occurrences of thunderstorms 
accompanied with rain and squalls. In fact it is believed 
that higher maximum temperatures or heat waves do not 
persist  longer  period  over  northwest  India as these have 
been in eastern India recently. Orissa in 1998 and        
Andhra Pradesh and Orissa in 2003 and 2005 experienced 
severe prolonged heat wave spells causing high loses to 

human lives while north-western parts of India have           
no such severe impacts. It is because when temperature 
rises over the later, there is always a chance of 
development of dust storms or TS over the region. It        
has been also observed that in the absence of moistures in 
the region, if TS does not develop in some days then 
further  rise of temperature may certainly cause dust storm  
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Figs. 4(a-c).  (a) Trend of average Max. temp. in June at IGI and Safdarjung airport, (b) Trend of high temp. 
days in June and (c) Trend of frequency of TS activity in June 

 
 

 
to develop from dry westerly. Thus, with floating        
dusts associated with dust storm in the atmosphere 
trapping incoming sunlight, temperature risings and heat 
wave are controlled to some extent. But in case of east 
coast of India, if TS does not occur in the absence of 
moistures incursion from adjoining seas by setting of sea 

breeze or any by other supported synoptic circulation 
pattern then there is a least chance of dust storm 
development due to which high maximum temperatures 
with heat waves continued to persist for longer period as 
has been observed in May and June of 1998, 2003               
and 2005. 
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TABLE 1  
 

Correlation coefficients of temperatures with frequencies of TS 
 

 Months 

Maximum Minimum 

IGI airport Safdarjung airport IGI airport Safdarjung airport 
May -0.7* -0.6* -0.4** -0.4** 
June -0.8* -0.7* -0.7* -0.7* 

 

*significant at 99%, ** significant at 97% 

 
Impact of TS and squalls occurrences as temporary 

respite from rising heat waves in peak summer days 
leading to human conformability over a location have 
been already studied by Chakrabarti et al. (2007) by using 
their 6-years data of TS and temperature data from 
Kolkata. In the present study, because of both recent 
months of May 2007 and 2008 are very cool month over 
Delhi during when we experienced very few high 
temperature days when very high TS were occurred, an 
attempt was made to link TS occurrences with maximum 
temperature by analysing climatological trends from their 
longer period data of IGI airport, Palam and Safdarjung. 
Figs. 3(a-c) and Figs. 4(a-c) show trends and monthly 
variation of average maximum temperatures, number of 
higher temperature days than (≥ 41° C) and frequencies of 
TS for both the months of May and June from longer 
period data available since 1970 and 1995 respectively for 
Delhi (both TS and daily temperature data are available 
for IGI, Palam while only temperature data for 
Safdarjung). The mean frequency based on 1950-1980 
climate data of IMD shows a 12% increase in their 
numbers during recent of 1995-2005 with very high 
increase in May and June. The lowest average maximum 
temperature during May of 1970-2007 [Fig. 3(a)] was 
recorded in 1982 (35.2° C for IGI) over both stations 
while after 1990, it was lowest for May in 1997 (38.7° C 
for IGI) followed by 2004 and recent of 2007 (39.5° C 
each for IGI) and then 2001 (39.6° C for IGI). It may be 
noted that the daily temperatures was equals or higher 
than 41° C [Fig. 3(b)] for 4 days, 7 days and 8 days in 
1982, 1997 and recent of 2007 respectively over IGI and 
similar less days were observed over Safdarjung during 
these years. It may be noted from Fig. 3(c) that after 1995, 
the coolest May months of 1997, 2001 and 2007 are too 
experienced very high number of TS with 12 in 1997 and 
18 in 2001 and highest of 19 in recent of May 2007. In 
fact, during 1988-2007, 2007 is the 2nd coolest day 
temperature after 1997 due to highest TS frequencies in 
the month. It is also 10th in rank in order of coolest day 
temperatures since 1970. Though in May 2001, similar 
highest TS occurred, days in 2001 were warmer than 1997 
while average day temperature of 2001 were same as 
2007. Similarly, the warmest months during the period 
1970-2007 is 1984, 1978 and 1988 in May for both the 
stations with average day’s temperatures as 44.2° C,  

44.0° C and 43.2° C respectively recorded at IGI while 
higher temperature equals or crossing 41 at IGI are 29, 28 
and 24 days in these months respectively i.e., almost in all 
days. Since 1995, for which TS data are available in        
Fig. 3(c), the warmest month for May in both station of 
the city is 1998 when for 23 days, IGI experienced 
maximum temperature crossing 41ºC and average was 
42.7° C with only 3 TS.  Figs. 4(a&b) also show similar 
relationship between TS and day temperatures for the 
month of June. Correlation Coefficients (CC) between 
them in Table 1 shows very high negative CC which are 
nearly same for both the stations for respective months, 
e.g., -0.7 (-0.6) and -0.4 (-0.4) respectively for May and -
0.8 (-0.7) and -0.7 (-0.7) for June for IGI (Safdarjung) 
which shows TS really plays an important role in keeping 
both maximum and minimum temperature in both part of 
the city under controlled. As discussed before being the 
city experiencing population boom and fast urbanization 
resulting high pollution, long period linear trend analysis 
of both maximum temperatures and TS frequencies have 
been performed in Figs. 3 and 4 to understand whether 
both observatories, i.e., one located at outskirt and one 
located at centre of Delhi have been experienced any 
change in both extreme temperature days and average 
maximum temperatures from impact of pollutions and fast 
urbanization leading climate change during both peak 
summer months. 
 

It is interesting to note all trend lines related to 
temperatures in Figs. 3 and 4 are almost parallel to base 
lines (i.e., no significant trends) for both station in both 
months. In case of June rather, a slight fall in average 
maximum temperatures and their higher days have been 
noticed over both station from Figs. 4(a&b). The main 
cause can be well explained by looking the trends TS 
frequencies as have been noticed in both months from  
Fig. 3(c) and Fig. 4(c) which have been increased nearly 
from 6 to 10 days for both months. Data from 
climatological table of 1950-1980 of IMD compared to 
1995-2005 also shows an increase of 29% and 54% 
respectively in their frequencies for May and June which 
indicates the expected rise of day maximum temperature 
and high temperature days due to impact of climate 
change and urbanization after 1970 in Fig. 3 and Fig. 4(a) 
have surely been controlled by rising of such TS 
frequencies.  
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Figs. 5(a-c).  (a) Year to year variation of squall frequency during 1995-2005, (b) Monthly climatological frequency and 
(c) Comparison of squalls occurs in a month to that of TS in that month in terms of % from their total 
occurrences  

 
 

3.3.  Climatological characteristics of squalls 
frequency distribution of squalls and their 
relationship with TS occurrences 

 
The average annual frequency of squalls is found to 

be 17.6 with large variations. The year wise frequency 
distribution of squalls in Fig. 5(a) shows occurrences of 

highest squalls (27) in 1997 and lowest in 1996 and        
1998 (9). Season wise average frequency distribution 
shows highest TS activity occurred during monsoon 
followed by pre-monsoon, i.e., 92 in monsoon and 91 in 
pre-monsoon during 11 years (1995-2005). In post-
monsoon there are 7 cases and in winter season 4 cases 
were  observed  during  the  11 years. Month wise average  
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Figs. 6(a-c).  Diurnal variation of occurrence of squalls (a) based on total occurrence, (b) based on monthly occurrences 

for the month of April and May and (c) for the month of June and July 
 
 

squall frequencies in Fig. 5(b) shows no squalls in 
December and the highest average number of squall 
occurred in May as 5.5, i.e., 61 followed by June as  5.1, 
i.e., 56. Its average frequencies are 2.1 in April followed 
by 1.7 in July while it varies between 0.3 & 0.8 in 
remaining months. In Fig. 5(c), comparison of monthly 

percentage annual distribution of squalls with TS shows 
squalls are more in summer of May and June while TS are 
more in monsoon. Total number of squalls during the year 
1995 to 2005 are 194 out of which 82% of the squalls 
occurred in the months April, May, June & July with May 
and June months alone having 60% of total annual squalls.  
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Figs. 7(a-d).  Frequency of squall with respect to various directions (a) at the time of commencement based on total 
occurrences, (b) based on monthly occurrences for the month April to July, (c) after the cessation based on 
total occurrences and (d) based on monthly occurrences for the month April to July 

 
 
 

Rest of the squalls is distributed in the remaining months 
with rare chances of occurrences in winter, September and 
no squalls in December.  Fig. 5(c) also shows maximum 

TS activities are mainly from May to August, i.e., around 
65% while squalls are maximum in April to July with 
83%   of   the  total  occurrences.  The  average  frequency  
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Figs. 8(a-c).   Frequency of squall in different speed ranges (a) Based on total occurrences, (b) based on monthly 
occurrences for the month of April and May and (c) For the month of June and July 

 

 
of squalls in a year are 17.6 out of 47.2 TS (194 squalls 
out of 519 TS in 11 years), i.e., around 37% of the total 
thunderstorms are associated with typical squalls from. 
 

Time of occurrence of the squall  
 
Fig. 6(a) considers timing of occurrences of total 

squalls which indicates a peak at afternoon till mid-night 
as the occurrences frequencies are very high of 52 squalls 

during 0900-1200 UTC followed by 47 squalls during 
1200-1500 UTC, 30 squalls during 1500-1800 UTC and 
20 squalls during 0600-0900 UTC with very less chance 
of 9 during morning 0000-0600 UTC.  It also shows that 
76% of the total squalls have occurred during the period 
0600-1800 UTC. But their monthly occurrences, e.g., 
April, May, June and July in Figs. 6 (b&c) indicates a 
very high peak squall activity at 1200-1500 UTC with 
occurrences  during  the  other periods decreases gradually  
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TABLE 2 
 

Environmental changes during the squall over IGI airport, Palam 
 

 Temperature fall (°C) Humidity rise (%) Pressure change (hPa) Peak wind (kmph) 

Average 5.6 17.8 1.5 68 

Maximum  19.7 39 3.9 139 

Minimum 0.0 0.0 0.6 40 
 

 
 
from peak on both the sides. But in June & July, their 
peak timings are earlier, i.e., 0900-1200 UTC with gradual 
fall on both sides of the peak.  Comparing the two 
seasons, i.e., pre monsoon of April, May and monsoon of 
June, July from the Figs. 6(b&c), it is evident that the 
peak period of activity in April, May is between 1200-
1500 UTC, i.e., in the evening which shifts to the just 
afternoon period, i.e., between 0900 & 1200 UTC. So 
from aviation point one should note this timing of 
occurrences shifting while issuing terminal aerodrome 
forecast. From Figs. 6 (b&c), average squall occurrence in 
May is more than in April.  
 

Direction of commencement and dissipation of 
squalls  

 
Squalls at Delhi airport were reported in general 

from all the directions of 8 points of compass as shown in 
Figs. 7 (a&c) when direction of commencement and 
dissipation have been considered. Fig. 7(a) shows at the 
time of commencement 36% squalls were reported from 
westerly and north-westerly direction whereas Fig. 7(c) 
shows at the time of cessation 60% squalls were noticed 
from westerly and north-westerly direction which 
indicates a change in the direction of squall with their 
progress. It was also noticed that on most of the occasions 
ground wind direction changes at the approach of squall 
and during their progress by as much as 145 degrees. 
Monthly variation from Fig. 7(b) shows commencement 
from SW to NW in May while from W to NW in June 
with SE squalls are more in June compared to May. 
Similarly, Fig. 7(d) shows direction at the time of 
cessation highest for all months from W to NW.  
 

Squall wind speed 
 

The speed of the squalls vary from 40 kmph to          
120 kmph as depicted in Fig. 8 (a). A squall of the 
strongest wind speed of 138 kmph was observed on 27th 
April 2005 during this study period. Almost, 90% of total 
squalls are associated with wind speed of 40 to 90 kmph 
(20-45 knots) while 64% associated with 50-80 kmph (25-
40 knots) and nearly 42% reported 50-70 kmph (25-35 
knots). Analysis of monthly frequency of squall speed vs. 
number of occurrences in Figs. 8 (b&c) reveals that in 

May, the frequency of occurrence of squall within the 
wind speed range 70-80 kmph is higher, i.e., 20 squalls 
out of 194 when compared to other months. This rise in 
speed seems as a result of more solar heating in May. In 
June & July the majority of squalls noticed between the 
speed ranges 50 to 90 kmph with highest no. of squalls of 
the speed 60-70. This cut off value is very helpful in 
deciding the wind speed warning in 50 to 90 kmph. The 
frequencies of high speed squalls in May & June are 
higher than April & July.  

 
3.4.  Environmental changes associated with 

occurrences squalls 
 
The environmental changes associated with squalls 

are given in Table 2. Squalls bring out environmental 
temperature fall abruptly as the down drafts of towering 
CB spread from the cold air of middle and upper 
troposphere to the ground whereas relative humidity, 
mean sea level pressure and wind speed increases 
depending on the severity of the squall.  
 

The highest fall of temperature was 19.7° C while 
average temperature fall is 5.6° C. The maximum rise in 
mean sea level pressure was found to be 3.9 hPa while 
average rise in pressure is 1.5 hPa. The rise in humidity 
was as high as 39% while the average rise in humidity is 
17.8% with the occurrence of squall. The highest 
maximum wind speed during the squall has been noticed 
139 kmph while the average wind speed due to squall is 
68 kmph.  Only one exceptional case of rise in 
temperature by 1 to 2° C in the squall in Nov, 2005 was 
noticed out of these total squall cases in 11 years. This 
may be on account of ground inversion which can be 
confirmed from the radiosonde ascent.  It is found that the 
squalls occurring in the pre-monsoon season are more 
frequent and are most disastrous in nature & very much 
hazardous for aviation activities. 

 
3.5.  Use in forecasting  

 
It is very well known that exact timing of 

occurrences TS and squalls and its violent characteristics 
can not be predicted much in advance except now casting 
using  RADAR echoes. But in aviation, one has to include  
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TABLE 3 
 

Climatological guidance of TS forecast and associated squall warnings 
 

Months % of annual 
frequency 

Most 
favourable 
TEMPO 

timings for 
TAF 

Whether 
warning of TS 
to be issued if 

RADAR 
echoes 

Expected 
duration in 

in TAF 

Whether squall 
warning to be appended 

Expected direction and 
strength (i.e., wind speed) 

of squalls 

Mar 7% (still less 
chance) 

1200-1500 
UTC 

Yes 
if strong 
echoes 

Mostly (78%) within 
3 hours while 22%  

3-6 hours 

4.6% of annual. In case TS warning is 
issued, 25% chance in the month TS 

accompanied with squalls 

NW(67%) 
Speed.-50-90 kmph (100%) 

50-70 (78%) 

Apr 6.2% (still less 
chance) 

1200-1500 
UTC 

Yes 
if strong 
echoes 

Mostly (87%) within 
3 hours while 10%  
3-6 hours and only 
3% are 6-9 Hours 

11.9 % (3rd highest month) of annual. 
In case TS warning, squall chance is 
very high and hence squall warning 

must be  issued as 72% chance of TS 
(2nd highest chance in any month) in 
the month accompanied with squalls 

S/SW/W-52%, N-NE 
(32%)                          

Speed - 40-80 kmph (74 %) 
and 80-120 (22%) 

130-140 (4%) 

May Very high 
chances (15%) 

– 4th highest 
month of TS 

1200-1500 
UTC 

Yes, in case 
any echoes 

Mostly (82%) within 
3 hours while 13%  
3-6 hours with only 

4% are 6-9 hours and 
1% 9-12 hours 

Highest chance of 31.5 % of annual. 
In case TS warning, squall chance is 
very high and hence squall warning 

must be  issued as 80 %  chance of TS 
(Highest chance in any month) in the 

month accompanied with squalls 

SW/W/NW-59%, 
NE/E/SE-31%.Speed.-40-

80 kmph (77%) and              
80-120 (22%) 

 

Jun Highest 
chances 
(17.5%) 

0600-1500 
UTC 

Yes, in case 
any echoes 

Mostly (87%) within 
3 hours while 12%  
3-6 hours and only 
1% are 6-9 hours 

28.9 % of annual (2nd highest in 
month). In case TS warning, squall 

chance is very high and hence squall 
warning must be  issued as 62 % 

chance of TS (3rd highest chance in 
any month) in the month 
accompanied with squalls 

S/SW/W/NW-61%, 
N/NE/E/SE-38% 

Speed - 40-80 kmph (69%) 
and 80-130 (31%)            

Note : June squalls are 
stronger than May 

Jul Very high 
chances 17% 
(2nd highest 
month in the 

year) 

0600-1500 
UTC 

Yes, in case 
strong echoes 

Mostly (78%) within 
3 hours while 19%  
3-6 hours with only 

2% 6-9 hours 

9.8 % of annual. In case TS warning, 
squall chance is marginal as 22% 

chance of TS in the month 
accompanied with squalls 

N/NE/E/SE-58%, others in 
all dir. Speed.                      

-40-80 kmph (84 %) 
and 80-100 (16%) 

Aug Very high 
chances 

(16.1%)3rd  
highest month 

in the year) 

0600-1500 
UTC 

Yes, in case 
any echoes 

Mostly (88%) within 
3 hours while 8%        

3-6 hours with only 
4%  6-9 hours 

3.6 % of annual. In case TS warning, 
squall chance is very less since only  

8% chance of TS in the month 
accompanied with squalls 

N/E-57% 
Speed 40-70 kmph (100 %) 

 

Sep High chances 
(8.4%) 

0900-1200 
UTC 

Yes, in case 
strong 

supporting 
echoes 

Mostly (86%) within 
3 hours while 11%  
3-6 hours with only 

3% 6-9 hours 

4.1 % of annual. In case TS warning, 
squall chance is moderate since          
18% chance of TS accompanied             

with squalls 

N/NE/E/SE-75% 
Speed 40-80 kmph             

(100 %) 

 
 
 

both in TAF and aerodrome warnings including trend 
forecast in METAR/SPECI with latter one to be issued at 
least 30-minutes in advance. With unavailability of 
suitable climatological timing of occurrences for each 
month, many times, the duty offices faces a lot of problem 
e.g., issue very longer TEMPO timing which is not 
advisable as per ICAO. However, one can apply the 
present study as statistically compiled in Table 3 from 
climatological data to short out many issues to improve 
aviation forecasting related to occurrences of TS and 
squalls and their warnings once RADAR echoes are 
received. Since Fig. 1(b) and Table 3 shows hardly any TS 
occurs over IGI in November and December (1.5% of 

total TS occurred) and very less chance in October, 
January and February (only 4% of TS occurring in each 
month), one must extremely careful and try to find 
sufficient evidences about certainty of occurrence of TS 
before issuing any warnings for airport areas for these 
months. TS mainly occur during March-September which 
accounts for 87% of annual occurrences observed while 
squalls mainly occur during April to July which accounts 
for 82% of their annual occurrences. Similarly present 
study also shows one need not hurry to include squalls if 
at all TS warning has been issued over Delhi in these 5 
months (October to February) as squalls rarely occurs 
during all these winter and post-monsoon months (only 
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6% of total occurs in both the seasons). But during April 
to July one can include squall warnings as per Table 3 in 
TS warnings as during these months in total 81% of 
annual frequency of squalls over IGI occur. Table 3 also 
shows percentage of TS accompanied with squalls for 
each months when both TS occurrences and squall 
occurrences are higher for high squall month. Also, it is 
very important to note from Table 3 how duration of TS 
varies with progress of the month and their timings of 
occurrences (call TEMPO in TAF). In case of adding 
squall warnings when TS warnings are issued, much of 
the earlier confusion related to squall direction and 
strength of wind speed have been clarified in Table 3. It 
shows if S/SW/W/NW are most possible direction of 
squalls appended in TS warnings for June when 61% of 
squalls from these direction were observed then for 
September, it is N/NE/E/SE when 75% of squall are from 
these directions. In case of associated wind speed, when 
May and June squalls are most stronger (Table 3) with 20-
30% crossing 80 kmph, all (100%) August squalls are 
with in 40-70 kmph according to which in the absence any 
tools, it is necessary to incorporate respective 
climatological wind speed and direction of the squalls in 
the forecast and warning for respective months as per 
Table 3.   
 
4.  Conclusions 
 

The average frequency of TS and squalls over IGI 
airport, Palam New Delhi is 47.2 and 17.6 per annum 
respectively. TS activity is maximum in June followed by 
July, whereas squalls are maximum in May followed by 
June. Both TS and squalls are predominant in monsoon 
and pre-monsoon seasons. Out of the total TS, around 
37% are associated with typical type of squalls. There is 
12% rise in the TS activity at IGI in 1995-2005 compared 
to the IMD normal of 1950-1980. During the period, study 
shows about more than 80% of TS in each season are of 
duration less than 3 hours with remaining are mostly 3 to 
6 hours. Only 2-4% of TS in pre-monsoon and monsoon 
have lasted more than 6 hours with post-monsoon and 
winter having no such TS.  
 

The peak time period of commencement of both TS 
and squalls in the day differs with the progress of the 
months. For pre-monsoon months, the most favourable 
timings of TS and squalls are 1200-1500 UTC while for 
monsoon, it starts earlier because of availability of more 
moisture with establishment of monsoon. For June to 
August together, about 52 % of TS occurred during 0600-

1500 UTC. Afterwards, it is interesting to see shifting of 
thunderstorm peak timings with progress of months from 
0900-1200 UTC during September followed by 1200-
1500 UTC for October and 1500-1800 UTC for 
November with December having very few occurrences. 
Majority of the direction of squalls are from south-
westerly to north-westerly. The present study confirms 
significant rise of maximum temperature and extreme 
temperature days for both the peak summer months of 
May and June from 1970s till recent expected due to high 
pollution, global warming and fast urbanization in the city 
have been inhibited due to significant rise of TS 
occurrences over the region. Squalls occur at IGI airport, 
Palam from all directions, however, the majority of the 
commencement of squalls are from SW to NW. Direction 
of  60% of the squalls at the time of cessation is W and 
NW. The duration of the squalls at IGI airport remained  
1-3 minutes during the study period. On an average, the 
environmental temperature falls by 5.6° C, the relative 
humidity rises by 17.8% and mean sea level pressure rises 
by 1.6 hPa. Climatological Forecasting Guidelines Table 
based upon which different types of squall warning can be 
appended in various thunderstorm warnings depending on 
individual month, show squall wind speed and direction 
varies with progress of the months. 
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