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The Nor'wester and the lower level convergence

B. L. BOSE
Regional Meteorological Centre, New Delhi
(Received 13 February 1956)
ABSTRACT. A study of the field of convergenco for a fow days in nor'wester season reveals that though the
afternoon nor'wester activity is invariably assoc:ated with the dovelopmont of a field of convergence at lower

levels, the velocity convergence, as could be assessed even quantitatively from the wind field of the morning pibal
ascents (0200 GMT) does not seem to have significant prognostic value in tho forecasting of subsequent nor’wester

developments,
1. Introduetion

It is well known that the atmosphere on
most of the nor'wester days shows latent
instability (India wet. Dep. Tech. Note, 1944).
It is believed that this latent energy, which is
realised by the action of suitable triggers,
gives rise to the active nor'wester cells.
Amongst the triggers insolation is very
important. But this alone, it is the usual
experience, is not always sufficient and some
other trigger is usually necessary for the reali-
sation of this energy. Roy (1949) is of the
opinion that lower level convergence shown
by the curl in the moist airfield is one of
the most important factors for providing
this suitable trigger. In fact, most of the
nor’'wester developments are ascribed by the
forecasters to this factor of lower level con-
vergence. Apart from the consideration of
the moisture content, it has, therefore, been
the practice in the forecasting of nor’westers
to distinguish the areas of convergence from
considerations of the low pressure areas,
isallobaric field and lower level streamline
charts, These streamline charts, strictly
speaking, show only “lines of flow™ as they
are not usually drawn either in regard to
spacing or by the method advocated by
Bjerknes et al. (1911).

In view of theimportance attached to this
lower level convergence, it was thought worth-
while to consider the magnitude of day-to-day
convergence, its comparative values on the
nor'wester and non-nor'wester days and also

to consider its progressive variation from
morning to evening. In the present note, a
study has, therefore, been made for a few con-
secutive days, when conditions at lower
levels seemed to be favourable for ogeurrence
of nor'westers. Attempts have been made to
find out whether the oceurrence of nor'westers
has any definite relation with the pattern or
magnitude of convergence and the nature
of such correlation, if there be any. It may,
however, be mentioned that the convergence
is only a partial measure of the lower level
impulses.  Other factors, viz., insolation,
height and depth of inversion at lower layers,
moisture and stability cenditions are also
important in the genesis of nor’westers but
these, being out of the scope of this paper have
not been dealt with. Three consecutive dates
from 1 to 3 May 1953 and six consecutive days
from 9 to 14 May 1950 were selected for this
study. The selection of dates were made
primarily in view of the favourable lower level
conditions on almest all these days. The
period from 1 to 3 May 1953 afforded addi-
tional opportunity of presenting contrast-
ing situations which, it was felt, would
make any  correlation between  the
nor'wester activity and the magnitude or
the pattern of the field of convergence more
marked and has, therefore, been discussed in
more detail. The other cases have not been
discussed but have only been shown in figures,
As it may be argued that convergence must
exist at least upto 5000 ft a.s.]. for the occur-
rence of nor'westers, the same was considered
for the second set of days (9-14 May 1950).
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2. Evaluation of the field of convergence

If z and y be the twc cartesian co-ordinates
in the usual east and north directions and if
uand v be the velocity components along these
directions respectively then the divergenee
(velocity) of the horizontal wind field may be
expressed by the following equation—

div V= ¢u/ér - ov/éy — vtand R

where B is the radius of curvature of the
earth and ¢ the latitude. Neglecting this
last term which is of a smaller order of magni-
tude, we have,
div V= dufgx - &v/6y.

The u and » data from pilot balloon obser-
vations were plotted and lines of equal speed
were drawn for each of these components and
the quantities 8ufér and ér ey were found
out. These values as obtained from these
charts were added algebraically to find ont
the quantity fu/ér+2v'ey. These charts
were prepared twice daily for the three days
for 3000 ft and for six days for 5000 ft
levels from the morning and afternoon pilot
balloon ascents.

3. Discussions

1 May 1953 —The magnitude of conver-
gence at 0200 GMT of 1 Mav 1953 at 3000
ft level over Gangetic West Beneal and
neighbourhood is shown in Fie, 1 (a) awl the
wind field for the same level is showi in Fie,
1(b). Fig. 1 (e) shows the thunderstorm acti-
vity on this day. The charts for the conver-
gence pattern for the afternoon and the change
chart showing the magnitude of change in
convergence values from morning to evening
(hereafter called change chart) ave shown in
Figs. 1(c) and 1(d) respectively. Tt will be
seen from Tig. 1(a) that Chota Nagpur, the
usual soft spot or rather the starting point for
the chain of thunderstorms of the pre-monsoon
geason which culminatesinto nor’westers, is in
a divergent zone whereas hotll Gangetic West
Bengal and Orissa (except the soathern parts
of Orissa) are in a zone showing marked con-
vergence. The chart (Fig. 1b) showing the
winds at 3000 ft also shows a discontinuity
passing very near Calcutta. The easterly
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field which is considered to be of importance in
the genesis of nor'westers, can also be seen
to have encroached as far as Calcutta at this
level. Besides, a weak vortex seems also to
exist at this level very near Caleutta. Local
thunderstorms over Gangetic West Bengal
was expected according to the forecast (vide
Indian Daily Weather Report, 1 May 1953).

It will, however, be seen from F ig. 1 (e)
that there was hardly any thunderstorm over
Gangetic West Bengal, the thunderstorm
activity being mainly over Orissa particularly
over the coastal areas.

The morning convergence pattern shown in
Fig. 1(a) shows convergent (positive) values
over most of Gangetic West Bengal and north
Orissa which is in keeping with our forecast
based on inferences made from subjective
considerations. Another interesting feature in
this chart is the negative values (divergence)
over Chota Nagpur, the usual soft spot for
the thunderstorm activity of this season.
By the evening (Fig. 1 ¢), however, the
pattern changed considerably.  Most of
Gangetic West Bengal, Orissa and Kast
Pakistan, excepting the coastal strips, became
a zone of divergence. This tendency which is
very well depicted in the change chart
showed very clearly that Chota Nagpur area
which was in a divergent field was becoming
more unfavourable for the ocecurrence of
thunderstorms.  The Gangetic West Bengal
which was in a convergent field in the morning
alzo showed this tendency whereas in coastal
Orissa the field of convergence was becoming
more pronounced. It may, however, be men-
tioned that the coastal Orissa presents a con-
vex strugture which would consequently
induee, in view of the structure of the coastal
strip, a convergent wind field in the lower-
most layers due to onset of sea breeze alone
and thus make this area more favourable for
thunderstorm activity in the afternoon,

2 May 1953 —The morning convergence
chart on this day (Fig. 2a) also shows as
in Fig. 1(a) a pronouncedly divergent area over
Chota Nagpur and a convergent area over
East Pakistan. By the evening, however,
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the pattern changed remarkably—Fig. 2 (c).
Divergent areas over Chota Nagpur, Gangetio
West Bengal and Orissa had become conver-
gent ; in fact the whole of northeast India
outside Bihar showed positive values (con-
vergence) on this chart. This pronounced
change is clearly shown in the change chart of
this day (Fig. 2 d). The streamline chart
of 0200 GMT of this day (Fig.2b) was, how-
ever, much less favourable than on 1 May
1953 in so far as there was neither any discon-
tinuity nor the weak vortex near Calcutta.
According to the Indian Daily Wealher
Report, the forecast on this day was “a few
thunderstorms” for Gangetic West Bengal
and Chota Nagpur and “local thunderstorms”
for Orissa. The thunderstorm development on
this day shown in Fig. 2(e) over Gangetic West
Bengal was, however, fairly widespread in
character and rather severe in intensity.

The evening chart of convergence pattern
(Fig. 2 ) and the change chart (Fig. 2 d)
show a good correspondence with the areas of
positive values and areas of thunderstorm.

3 May 1953—Figs. 3 (a) and 3 (¢) show that
Gangetic West Bengal and neighbourhood
was under the influence of a convergent field
on this day from the very morning and con-
tinued to be so in the afternoon. The stream-
line chart of the morning (Fig. 3 h) also
shows evidence of a vortex over Chota
Nagpur. Moreover, the important empirical
relation of Gaya wind showing northeasterly
during noon, a favourable indicator for
nor'wester occurrence, is seen even on this
chart. In line with above, the forecast for the
region had been “thundershowers will be wide-
spread in Assam, ocour locally in West Bengal,
Chota Nagpur. ........ A few thanderstorms
also likely to occur in Orissa”. On this day
there was hardly any thunderstorm activity
over Chota Nagpur and Gangetic West Bengal
as will be seen from Fig. 3 (e). Tt is
significant to note the occurrence of the
thunderstorm activity over the area of an
already existent convergent field which was
becoming more pronounced (vide change
chart).
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Fig. 1
(a) Magnitude of convergence (0200 GMT)
(b) Upper winds (3000 ft)
(e) Magnitude of convergence (0900 GMT)
(d) Change in convergence (from 0200 to 0900 GMT)

(e) Weather during 24 hrs ending at 0300 GMT
of 2 May 1953
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{a) Magnitude of convergence (0200 GMT), (b) Upper winds (3000 ft), (¢ M.
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(0900 GMT), (d) Change in convergence (’trom 0200 to 0900 GMT), (e}’Wea)ther during 24 hr:neﬁlgnegn::
0300 GMT of 3 May 1953 (Fiz. 2 e) and of 4 May 1953 (Fig.3 ¢)




NOR'WESTER AND LOWER LEVEL CONVERGENCE 395
L ( : —
: 9 MAY 1950 e T =22 Lge 0 10 MAY 1950
{7, 0200GMT 77 w‘:t' B
s000ft - S0l
Unit: 13 %sed’ umit:16?5ec
ta) [{ed}

2 Hal R

ag
1=

P f
o (ﬁ:&gr‘ggncg
0

12 195

=
/ | 1 1950
2.’3/‘7"’ Jos gmAy 1950 Ooh;!OAOYGM?TS )
27 0900 GMT 9oo ot
~2.8 5°°95” . Wil
{ Unit:107sec! b

(b)

7 , o
// Area of coat ro,[ﬁf,.g‘;ﬁm

oa/
Convergence ' ‘) 185° 156° 195°

03 £
!35° |90 195"
I
T -0 10 MAY 1950
9 MAY 1950 soo00ft
50(2.05" | unit: 16 %sec’
um‘t-tu): SeC ()
\"
7777  Area of P ol
et ad I e shs
18 Lt 85 190" 195
T T T T T . | | : , i
K
o 'EF 25" = LS (d)
2 . L «dh £ 7 1 _
B kR (] R L
E R Ry ¥

/ P t
[es* _jec® 795"\ poc® fao 165 190° jas® (oe” i

Fig. 4 Fig. 5

' (a) Magnitude of convergence (0200 GMT), (b) Magnitude of convergenee (0900 GMT), (c) Change in
! eonvergence (from 0200 to 0900 GMT), (d) Weather during 24 hrs ending at 0300 GMT of
10 May 1950 (Fig. 4 d) and of 11 May 1950 (Fig. 5d)
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(a) Magnitude of convergence (0200 GMT), (b) Magnitude of convergence (0900 GMT), (c) Changein
convergence (from 0200 to 0900 GMT), (d) Weather during 24 hrs ending at 0300 GMT of
12 May 1950 (Fig. 6 d) and of 13 May 1950 (Fig. 7d)
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(a) Magnitude of convergence (0200 GMT), (h) Magnitude of convergence (0900 GMT), (c) Change in
convergence (from 0200 to 0900 GMT), (d) Weather during 24 hrs ending at 0300 G(MT of e
14 May 1950 (Fig. 8d) and of 15 May 1950 (Fig. 9d)
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9 to 14 May 1950—TFigs. 4 (a) to 9(d) show
the relevant convergence patterns for morning
and afternoon, the changes in convergence
values and the thundsrstorm activities for the
pericd 9 to 14 May 1950. These figures
except those on 13 May show similar charac-
teristics as revealed by the three cases (1to3
May 1953) which have been discussed in more
detail. Oun the 13th, most of the convective
activity was over by 1500 IST bt there was,
however, a good correspondence hetween the
thunderstorm activity and the morning con-
vergence pattern.

4, Conelusions

The following conclusions may be drawn
from the above study

(@) There is apparently no significant rela-
tion between the convergence pattern in the
morning and the subsequent nor'wester acti-
vity and as such, even a quantitative evalua-
tion of convergence values from the morning

B. L. BOSE

pibal ascents would not be of much use in the
prognosis of afternoon nor’westers.

(1) The lower level convergence isa neces-
sity for the genesis of nor'westers,  This is
clearly brought out from the good corres-
pondence observed between the thunderstorm
activity and afternoon convergence. This is
in conformity with the findings of Mull,
Gangopadhyaya and George (1955).

(c) The fact that even with good convergence
no thunderstorms have occurred in the
morning shows that factors, other than lower
level convergence are also, if not equally or
more decisive, important in the genesis of
nor’ westers.
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