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On forecasting the time of incidence of Nor'westers
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ABSTRACT. The speed of travel of the downdrafts from regenerative Nor'wester sequences in southwest
Bengal has been investigated by analysing data of times of their outbreak at Caleutta, Asansol and Hazaribagh.
This is found to lic roughly between 30 and 40 mph. T here are scarcely any thundersqualls at Caleutta before

1600 IST caused by parental storms at interior stations.

Thunderstorms so generated are most frequent during

1700 to 1900 IST at Caleutta, The highest gust speeds in Nor'wester squalls also appear to be confined to this
period. Thunderstorms ocourring during 1100-1200 IST at Hazaribagh or 1400-1500 IST at Asansol produce
squalls reaching 60-90 mph at Calcutta. From these results, simple rules for forecasting the time of incidence
and speed likely to be attained in Nor'wester squalls at Caleutta have been deduced.

1. Introduction

The Nor'wester is the most serious of all
the hazards to which aviation is exposed at
Caleutta. Tt is, therefore, of considerable
practical importance to provide accurate
forecasts of the time of incidence of this hazard
te aviation interests at the busy international
airport at Dum Dum adequately in advance
for diverting incoming aircraft to alternate
aerodromes and for adoption of necessary
precautionary measures for the protection of
parked or moored aircraft. The available
literature on the speed of propagation of the
impulse generating the chains of Nor'westers
in Bengal is. however, meagre. The only
available information appears to be what has
heen yielded by the project of the India
Meteorological Department to investigate the
problem of the Nor'westers in Bengal during
th= period April and May 1941, with a dense
network of observing stations (India met,
Dep. Tech. Note, 1944). This investigation
has shown a definite sequence in the piost
frequent times of oceurrence of thunderstorns,
similar to that at the cold fronts of middle
latitudes. Such a sequence is clearly percep-
tible in southwest Bengal, with a definite
NW-SE movement hetween 30 and 10 mph.
As a large mass of data of Nor'westers at and
in the neighbourhood of Caleutta is now
available, it has been felt desirable to under-
take a study of the problem of the speed of

propagation of the trigger generating the
Nor'wester sequences. The results of such a
study are presented in this paper.

2. Data utitised

In considering the speed of approach of a
Nor'wester towards Caleutta, it is important
to bear in mind the restricted aerial extent
of the phenomenon, as a result of which it
may pass undetected in between two or more
observing stations, if the density of the net-
work of these stationsis small. With the
commencement of weather observations at
the Barrackpore airfield (about 10 miles to
the northwest of Dum Dum) in 1952 and the
existence of a class I observatory at Alipore
(about 12 miles to southwest of Dum Dum).
the chances of a Nor'wester, directed towards
Dum Dum, passiug away to the north or
south of that place without affecting either
of the other two stations would he small,
The present study has, therefore. been con-
fined to the years 1952, 1953 and 1954, and
the peried 1 March to middle of June,
when Nor'westers are generally experienced

at Calentta. All the available records of

Nor'westers at Barrackpore. Dum Dum and
Alipore (representing Caleutta) on the one
hand and of Asansol. Hazaribagh, Patna and

Gaya (representing the area where the

thunderstorm eells first develop) on the other.

have been collected from the Carrent Weather
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and Pocket Registers, Mon:thly Metorological
Registers and the autographic charts of Dum
Dum and Alipore.  The data have been talu-
lated with reference to the times of occurrence
of Nor'westers, the speed of the squalls re-
corded and the prevailing upper winds. The
corresponding synoptic charts have also heen
scrutinised with a view to classifving the
Nor'westers in accordance with the scheme
proposed in the India wet. Dip. Tech. Note,
1944, which embodies the main results of the
investigation conducted in 1911,

3. The causes of the observed time sequence

The most predominant tvpe of Nor'westers
of Bengal is the one classified as Type A
(1944), which originates in West Beagal and
Chota Nagpur in the afternoon and proceeds
in a southeasterly direction, ultimately
affecting Caleutta.  The number of these ap-
proaching Calcutta from other directions
is small as shown by Desai and Mull (1938).
Thunderstorms of this type, from which the
name Nor'wester is itsell derived, show a
definite shift of the most frequent time of
oceurrence towards later houes of the even-
ing as one proceeds from Hazaribagh towards
the southeast, Desai (1950) has dealt with
the factors which, singly or jointly, are res-
ponsible for the time sequence shown by
Nor'westers. The primary cause is the in-
cursion of moist air from the Bay of Bengal
into the hills of Chota Nagpur and neighbour-
hood under favourable synoptic conditions.
The primary or parent thunderstorm in the
interior is triggered off by insolation in the
early afternoon. In such a thunderstorm.
the descending air is from the higher levels
where westerly to northwesterly winds pre-
vail, causing a squall from some northwester-
ly direetion. The uplift provided by the cold
downdraft outflowing from the parent thun-
derstorm generally spreads in some south-
easterly direction and provides the requisite
vertical displacement for another thunder-
storm, further to the southeast. Thus a
whole series of thunderstorms—secondary.
tertiary, quaternary etc-—is gencrated, pro-
pagating the thunderstorm activity against
the direction of inflow of moist air at lower

TABLE 1

Frequencies of thunderstorms of different types at
Calevtta during March to middle of June (1952-1954)

Year Tyvpe Type Type Tvpe Local All
A B S D heat types
1952 10 1 4 3 t 27
1953 9 3 0 2 2 16
1954 2 2 [i] 1 1 G
All vears 21 9 1 6 i 19

levels, Tt is this mechanism of formation of
Nor'westers that results in the observed time
sequence,

4. Frequencies of different types of Nor'westers

In Table 1 are shown the frequencies of
thunderstorms of the different types, which
affected one or more of the Caleutta stations
during the years 1952-51. These have heen
differentiated into types A, B, C and D in
accordance with the classification adopted in
Tech. Note, No. 10 (1914).

1t is seen from the above Table that of the
49 thunderstorms which affected Caleutta
during the Nor'wester season in the years
1952-1954, 43 per cent are of Type A, This
isin good agreement with the frequency of 45
per cent for this type of Nor'westers at all
Bengal stations put together, during the
period March-April 1941, as given in Tech.
Note, 10, Next in order of importance are
those of Type B, which form 18 per cent of
the total. Thunderstorms of a local charac-
ter, i.e., those which did not appear to have
heen generated by the outflowing downdraft
from any earlier thunderstorm in the interior,
have about the same frequency as those of
Type B.
5. Time sequence in Type A Nor'westers

The topographical features of the area
where the thunderstorm cells initially deve-
[op are shown in Fig. 1. The stations, Patna,
Gaya, Hazaribagh, Asansol and  Caleutta
are shown in this map together with the
around contours of 200 and 500 metres. At
the top of these stations are marked the
distances in miles of each of these from
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Fig. 1. Topographical features of the source region
of Nor'westers of Type A

Caleutta. It will be noticed that Hazaribagh
is located at a higher elevation and is nearer
to Caleutta than Patna and Gaya. In the
hilly plateau, over which Hazaribagh is locat-
ed. a valley runs from near this place towards
the southeast. This topographical feature
appears to be of some importance in favour-
ing the outflow of the downdrafts from thun-
derstorms forming here in the southeasterly
direction.

On comparison of the data of Patna and
Gaya with those of Hazaribagh, it has been
found that the origin of the Nor'westers at
(Calcutta is traceable much more frequently
to Hazaribagh than to the other places. Data
of Patna and Gaya have, therefore, been left
out of the discussion in the following pages.

The relationship subsisting  between
Nor’'westers at Calcutta and the earlier thun-
derstorms at Asansol and Hazaribagh is
brought out in Table 2, in which are shown the
number of occasions of thundersqualls at Cal-
cutta preceded by carlier onesin the interior
together with those not so preceded. Similar
frequencies for Type B Nor'westers are also
reproduced in this table for comparison.

It is seen from Table 2 that two-thirds of
the 21 Nor'westers of Type A, which affected
Caleutta were preceded earlier by thunder-

TABLE 2

Thundersqualls at Calcutta associated with those
experienced earlier at Hazaribagh and Asansol during
Mareh to middle of June (1952-54)

Total
No. of
necasions
~ of thunder-
squalls at
Caleutta

No. of oceasions when thunder-
storm sequences was
experienced by

A

Type

==
Hazaribagh, Asansol  Caleutta
Asansol and only
and Calcutta
Caleutta only

storms both at Hazaribagh and Asansol and
all the rest by earlier outbreak of thunder-
storms at Asansol. There was not a single
case of a Nor’'wester at Calcutta, the origin'of
which was not traceable to earlier thunder-
storms either at Asansol or at Hazaribagh. Tt
may, therefore, be inferred that every Type A
thunderstorm at Calcutta was without ex-
ception caused by the outflowing downcasts
from primary thunderstorms developing at
stations to the northwest of Caleutta. Of
the 21 Nor'westers, which affected Calcutta
during the period of study, 8 were preceded
by thunderstorms at Asansol without any
thunderstorms oceurring on the occasions
at Hazaribagh. All the rest were preceded
earlier by thunderstorms both at Hazaribagh
as well as Asansol.  Asansol, therefore,
appears to provide an advance clue to the
outbreak of a Nor'wester at Calcutta,

Nor'westers of the Type B, on the other
hand, do not provide any positive earlier
indication at Asansol or Hazaribagh, presum-
ably because these places sre far removed
from and are not in the path of the travel of
the trigger of this class of thunderstorms.
Of the 9 thunderstorms of this class at Cal-
cutta during the period of study, the majority
were definitely not preceded by earlier thun-
derstorms at Asansol or Hazaribagh.

In Tahble 3 are shown the mean intervals of
time in minutes that elapsed from the time
of outbreak of the parent thunderstorm at
Hazaribagh or Asansol till the time of
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TABLE 3

Time lapse and mean speed of travel of Nor westers of Type \ between Hazaribagh, Asansol and Caleutta

based on data fin

the vears

105254

Hour (IST) of incidene:
of thanderstorm at

latter station O iles)

— N —
Time Npecd
(min) (mph)
1300-1359 200(1) 30
1400-1454 208(4) A
1500-1554 201(4) 30
1600-1654 226(2) 26
1700-1754 22i3(1) 2T
18300- 1850 26501 23
1900- 195
2000)-2054
2100-2154
Weighted mean
irrespective of hour 214 28

Hazaribagh—A~ansol

Asan=sol - Unleutta Huazarilagh—Caleutta

(L15 miles) 1215 wmiies)

— A - — - — —_
Tine speed Time Speed
{min) (mph) (min) (mph)
195(1) 35

205(1) 34 HIS(1) 2
HiNi5) 41 $35(2) a6
182(7) A 395(6) 13
225(3) 3 +18(2) )
225(3) 31 410(1) 31
20001) BX 475(1) 27
194 36 I 32

ineidenee of cach Nor'wester of a lator venera-
tion at Caleutta daring all the davs of the
srason from 1952-193 ¢ together with the num-
her of observations.  on which ecach value i«
bused. For this purpose. the occurrence ol a
thunderstorm at one or more of the three ol
serving stations at Calentta has been treated as
single event, These data are digpersed against
hourly intervals from 1300 ta 2200 18T. the
period to which all the Nor'westers of Cal-
cutta appear normally to be confined (Sohoni
1931}, The wmean speeds of travel of the
trigger  hetwe o Hazarvibagh  and Asansol.
Asansol and Caleutta and Hazaribagh and
Caleutta ave also shown in the tahle.

The following mferences ean he  drawn

from Table 3—

(1) The speed of travel of the Nor'wester
trigger lies roughly between 30 and 40 mph
from Asansol or Hazaribagh to Caleurta.

(2) A thunderstorni sequence starting from
Hazaribagh is likely to veach Caleutta within
a period of about 7 hours without reference
to the time of origin. Similarly its teavel fron
Asangol to Calentta is completed  within
about 3 hours,

(3) Exeept for an isolated case, there are
searcely  anv  thunderstorms  at - Caleutta
hefore 1GO0 IST, the |]|'\‘l'|:qm:l-:;l of which 1s
attributable to prior outhreak of the primery
thunderstorms at interior stations,

{(£) The time interval (or travel ol the
trigeer from Hazavibagh to Caleutia is not
identical with the algebrale s of the corres-
ponding ndervals of time for reavel from
Hazaribagh to Asansol and from Asansol to
(alentta.

1t is useful to distinguish the speed of travel
of the Nor'wester irigger from the sneell of
travel of individual thunderstorm cells. By
“speed” is implied here the rate of propagation
or growth around the edges of a thunderstorm
due to the formation of new cells. The speed
of movement of an individual coll within the
general current may have a component in the
direction of propagation of thunderstorm
activity, The speed of such transiation. how-
ever, rarely exceeds 10 mph (Byers and
Braham 1949). The speed of movement of a
thunderstorm sequence is more or less within
the limits of speed of the upper winds between
10,000 and 15.000 ft, which i€ normally about
30-40 mph. ‘
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6. Maximum gust speed in Nor' wester squalls in relation

to time of incidence at Caleutta

Tt is of considerable practical importance to
investigate whether there is any variation
with time of the highest gust velocities in
Nor'wester squalls at Caleutta. Tn Fig. 2 are
ghown the highest speeds reached in indivi-
dual Nor'wester squalls during different hours
of the day. Tn this scatter diagram iz also
shown a curve joining the points representing
the maximum observed gust speed at different
hours. The Beaufort Seale is also shown to
provide a ready indication of the magnitude
of the squall speeds,

It is seen from Fig. 2 that the highest
spoed is reached during the period 1700 to
1900 IST. the epoch of maximum tempera-
tures and shortly thereafter, when storm
winds exceeding B.F, No. 11 (64-72 mph)
had been recorded. Squalls occurring before
1700 IST never exceeded the stage of B.F.
No. 9 or strong gale. The maximum speeds
of squalls oceurring after 1700 IST show a
rapid rise with time of occurrence till 1730
[ST. Those ocenrring after 2000 IST never
showed speeds exceeding strong gales (47-54
mph). Classifving squalls with speeds exceed-
ing storm wind as severe, one may expect
that thunderstorms oc-urring during 1100-
1200 18T at Hazaribach or 1400-1500 IST
at Asansol, which cause Nor'westers of Type
A at Caleutta during 1700-1900 IST can
lead to squalls with hurricane winds (above
73 mph) at the latter place, other conditions
remaining favourable. One can also rule ont
the risk of such squal's at Calcutta following
an earlier or later outbreak of thunderstorms
at Hazaribagh and Asansol than during the
periods mentioned above,

7. Forecasting probable time and speed of Nor'wester

squalls at Caleufta

From the above discussion relating to the
speed of travel of the trigger for Nor'westers
and the highest gust speeds in the squalls
caused at Calcutta, it is possible to formulate
simple rules to assist a forecaster to gauge
the probable time of incidence and strength
of the squall for issuing airfield warnings.
With this ohject in view, the maximum,
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Fig. 2. Dispersion with time of onset of speeds
of highest gusts in individual Nor'wester syualls
during the years 19852-54

minimum and mean gust speeds in squalls at
Caleutta during the different hours of the
day have heen worked out from the available
data on Nor'westers of Type A during the
period of study. These data are shown in
Table 4 together with the hours of outbreak
of the parent thunderstorms at Hazaribagh
and Asansol. The number of observations,
on which each of the values is based, is shown
in brackets in the last column.

The results in Table 4 will help in issuing
timely warnings regarding the time of inci-
dence as well as the intensity of Nor'wester
squalls at Calcutta. For example, if an M5
report is received from Hazaribagh at Dum
Dum at 1300 IST that a thunderstorm had
commenced at 1200 IS8T, one can issue a
warning for the Caleutta airfields six hours
in advance to the effect that a thundersquall
is likely during 1900-2000 IST when winds
may attain a maximum speed of 40-50
mph in the squall. Confirmation of this expec-
tation should normally be forthcoming in the
shape of a subsequent M5 report from Asansol
during 1500-1559 IST.

Although the results shown in Table 4 are
self-explanatory, certain features of the table
call for special emphasis. Thunderstorm
impulses from Asansol take about 3 hours to
reach Caleutta, if their travel commences
before 1400 IST; thereafter the time taken is
4 hours. As regards the severity of squalls,
it iz the thunderstorms that originate during
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TABLE 4

Times of incidence of and highest gust velocities in Nor westers of type A at Calcutta

Hours of occurrence of thunderstorm at Hizhest gust velocity in Nor'wester at
Caleutta (in mph)
—— e D W ———

Huzaribagch Asansol Culeutta Maximum Minimum Mean(n)

LI00—115%9 L400—1 159 52 .. a2(1}
1200 —1259 15001550
1000—1059 13001454 1600—1639 . 44(1)
1100 —1139 1400 =1 154 17001759 ; 63(5)
11001159 1400 —11459 1500 18539
12001250 1500—1350 1900-—1150

1300 —1359 1600 —1650 200020580

T1400--1459 1700—1754 2100 <2154

the hour 1100-1159 at Hazaribagh and  wind speed equalling or exceeding B.F. No.
1400-1459  at  Asansol, which cause severe 10, After 1800 IST at Caleutta, both the
squalls at Caleutta during 1700-1859 IST. upper and lower limits of the squall speeds
Of these, the squalls during the hour 1700-  are apt to be lower; the later the time of
1759 are the most severe, with a minimam  oceurrence of the squall the less the speed.
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