KINEMATICAL METHODS IN WEATHER FORECASTING.
By S. K. BanerJyi, Meteorological Office, Poona.
(Read at Symposium, July, 25-26, 1938.)

1. Xinematical methods can be adopted to make a forecast whenever
any atmospheric process is in a state of motion. This method has been
developed largely by Dedebant and Petterssen. We concentrate attention on
a certain system, such as a field of pressure associated with the atmospheric
process in operation, say a cyclone, a trough, a front, a wedge, etc., and the
method depends on the calculation of the velocity and acceleration of repre-
sentative points of the system based on the knowledge of its motion during
the past few hours. If V is the velocity of an element of isobar in the direc-
tion of its normal, and A the acceleration in the same direction, then the
displacement of the isobar at that point after time ¢ is given by

8 = Vit+1 A2 ‘
Formule can also be obtained to determine whether a cyclone or a trough
will be deepening or filling up during the next few hours.

The fundamental assumption involved in the calculation is that the
system is moving in a continuous manner and whenever this assumption is
justified, the calculation gives, with a considerable degree of accuracy, the
displaced position of the isobaric system after the lapse of a few hours, provided
the velocity and acceleration have been calculated on the data of the previous
two or three hours.

2. Velocity and Acceleration of @ Characteristic Curve.

If an entity (say, the pressure), which is a function of the co-ordinates
and time, namely, F(z, y, t), is in a state of motion, then at time t +5t,
its value is given by F(a+udt, y+v8¢, t+8t), or,

oF or oF

u and v being the components of velocity. This is also equal to

DF
Ft 581,
Therefore,
DF oF oF oF
Dt a T m Ty

Let us consider the movement of an isobar. It is a characteristic curve,
whose equation can be written in the form

» = p(, y, t) = constant = g, (€= P11 P2 ete.)
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The displacement of an element of the curve tangential to thecurve itself
is of no consequence so far as the future position of the isobar is concerned.

To find the rate of motion (V) of the curve normal to itself we get at time
t45t,

Pla+1V8t, y+mVat, t+5t) = C

where I, m are the direction cosines of the normal at (z, ). Therefore,

ap op\, 9p _
V( 2™ 5—)+5t—-—0’

6]0 ap
or VonTor =
where 37 Is an element of the normal to the curve at (2, y). We thus get
V= a_]{ / ap
ot on’

Thus, the velocity is equal to minus the barometric tendency divided by the
pressure gradient. We can also express the result in the form
V= —Th,

T being the barometric tendency, and kb the distance between two neighbouring
unit isobars. The velocity of an isobar normal to itself is thus equal to minus
the tendency multiplied by the distance between two neighbouring unit
isobars. If the normal is drawn in the direction in which the gradient is
positive, then an isobar moves in the direction of the normal if pressure is
falling with time in that direction; if pressure is rising with time then it moves
in the opposite direction. The velocity is greater the greater the tendency or
the smaller the gradient. Other things being equal, a shallow depression
moves with a greater velocity than a deep one.

3. Acceleration of isobars.
If the z-axis coincides with the direction of the normal, we have

D 0 v é
=5tV &
Therefore, a.ccelera'tion
DI _or v , 0V
<= ot B
and
D2 0 , 0 d 2
e~ <a+" ’a})( +V3m>
02 0
a¢2+2V ot Vet

Now, taking the characteristic curve
p (2, y, t) = constant,
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we see at once that in a system of co-ordinates that move with the curve
element in question

DD‘; 0, %2’%’ =0
+V 6@
and aatg"" 4 aa gt+v2 gx12)+“1 g
We thus get 4 = ~<%{—{)+ gr]a){+ £ g;;) / gﬁ .

4. Motion of a centre of a cyclone or an anticyclone.

At the centre of a cyclone or an anticyclone, the pressure is minimum or
maximum respectively. Therefore, the characteristic property of the centre
is given by

9 0

W= =0
coupled with the condition )

N 0%p 0

oxz 7 By <0

If V,, ¥, denote the components of velocity of the centre in the directions of
axes of x and y, we get by treating the above characteristic equations in the
same way as we treated the other characteristic curves,
V- p /% 82p v, ?2p . Pp
* = 7 w0t/ ox? T Toyat | oyt
The velocity of the pressure centre is, therefore, proportional to the isallobaric
gradient and inversely proportional to the steepness of the pressure profile.
The components of acceleration (4,, 4,) are easily shown to be

4 = Xy 2931_)_ Bp \ [82p\?
. 0x0t2 Jx? oxot * da2ot ox2/

4, = _<ﬂ@_2f£ 3@.) (@)2
¢ oyotE oy dyot " oy2ot Oy2)
5. Movement of trough lines.

The pressure distribution exhibits a trough or a wedge when the isobars
are curved in such a way that there is maximum of curvature along a line in
the pressure field. If the trough line is taken as the y-axis and a line per-
pendicular to it as the z-axis, the trough line is characterized by the following
conditions :—

ap=0

oz 0x2 2
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Therefore the velocity of any point of the trough line normal to itself is
_ 0% [
Vo= |

In a similar manner we can determine the acceleration of the trough line.

6. Movement of Fronts,

A front may be defined as the line of intersection between a surface of
discontinuity and a horizontal plane at the ground or in the free atmosphere.
The surface of discontinuity, which is supposed to be the surface of separation
between two air-masses of different densities, is of finite thickness and is
inclined at a definite angle to the horizon depending on the difference of the
densities. ’

If 6 denotes the inclination of the frontal surface to the horizon, we have
according to the well-known formula,

0 0
%**@%-‘— — g (p1—pz) tan b,

p1, pg being the densities of the air-masses. So long as a front maintains its

o . op1 .

characteristic existence p1 18 never equal to P3o- Therefore —al){‘l‘ 18 never equal
0

to _Pg R

ox

At the surface of discontinuity the following conditions must be satisfied :—

(1) The pressure on either side of the surface must be equal, but not
the pressure gradients.

(2) The velocity components normal to the surface must be equal on
both sides.

I py and p, be the values of pressure at two points on either side of an
element of a front, we have

p1—p2 =0, (pr—p2) = 0.

Treating this equation in the same way as any other characteristic curve,
we find that the velocity of the front in the direction of the a-axis is given by

= (% _%) [ (001 Ops
o8 ot/ \odr ox)’
The velocity is greater the greater is the difference between the tendencies

on the two sides of the front, and the smaller is the difference between the
pressure gradients. A front is stationary only when

op1 _ 9p;
ot~ ot

or the tendencies are equal on both sides of the front.
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The analytical expression given below for the acceleration of fronts may
be deduced on general principles :

*p; _ 0%p, (9%p1 _ 9%ps *p;  0%pp op1 _ Op:
A= [( 312 __W)-*_zv(m ‘a—at)” (6952 - Eﬁ)]/("a? - W) :

There are considerable difficulties in computing the acceleration of fronts.
These arise on account of the fact that the quantities which have to be put
in the formule have to be taken from the immediate vicinity of the fronts.

In order to avoid confusion, let index 1 denote the cold air in front of the
warm front, index 2 the warm air in the rear of the warm front, index 3 the
warm air in front of the cold front, and index 4 the cold air in the rear of the
cold front.

Let V,, and 7, denote the velocities of the warm and cold fronts respectively.
Then

V, = — oy _ 9ps / op1 _ 9p; Vo= ops 3p4 / ops _ dpy
v ot ot B ox /' ¢ ot ox B:r ’
If the x-axis coincide with the direction of isobars in the warm sector, we
have

Assuming the front and the rear of the cyclone to be symmetrical with
regard to pressure distribution, we get

op1 _ _ Ops
Fr e ox

Subtracting V,. from V,, we get

Py = (9@_@:_%4_?&) [ops
" w ar

ot T ot
which is a measure of the rate at which the cold front overtakes the warm
front. From this we see that a negative tendency in the warm sector is favour-

able for occlusion. If the rise of pressure behind the colci front. f.e. 9ps , I8

o
greater than the fall of pressure in front of the warm front, i.c. %p?l-, we also

have favourable conditions for occlusion.

7. Deepening and filling up of a depression.

Deepening or filling refers to the pressure in a moving system of co-ordinates
which is fixed to the moving pressure system. The connection between the
pressure variation in a moving system of co-ordinates and a fixed system is
given by

D
p + V.
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This equation shows that the pressure variation at a fixed station is composed
of two parts: (1) one which is caused by the movement of the pressure system,
and (2) one which is caused by the deepening or filling. By computing Dp/Di
for a number of points and by suitable interpolation, the change in structure
of the moving pressure system may be calculated. In a moving system of
co-ordinates, the pressure variation when expanded in a Maclaurin’s series is

given by
Dy 1 /D2p
= i it o 2
AP = <Dt> 3 (1);2)0 i
where terms of third and higher orders have been neglected.
This expression is equivalent to

op . ., 1 d oV >
Ap= (aﬁ‘ w> 145 [atz +21.V F+ S p+ V. V(T w)] 7
0 e 0

and at a pressure centre, where ¥V p = 0, it reduces to

_(op G B o 0L 0]
Ap‘(’a?) Ity [am*‘ Vegza T v gt Ve gtV g | !

02p 2
o, (32) 5

When the axes are chosen to be the two lines along which there is either
maximum or minimum of curvature of the pressure profiles, the last term
vanishes. The integral of deepening or filling per unit time over a surface is
given by—

‘ Dp do = ( %}% do+ | V.Vpdo.

If 4, §, be unit vectors and 4 coincides with ¥ p, we have

op .
Vp = _é—ib %,

If dp = 1, then dh is the distance between unit isobars. Also—
do = dh .ds,

ds being an element of length of isobar.
Therefore

[ V.Vpdeo = ( Veids =V, ¢ (d8=0.

o o

Dpdo—Japdc O 0

Hence i 3

v

The deepening or filling over the area between two closed isobars is, therefore,
equal to the planimetric value of the barometric tendency in the same area.
In a system of co-ordinates fixed to a moving isobar
Dp
7
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Therefore —g—tg =—-V.vp.
Hence J%da:—[VVpda:—jVid&:—%? .. .. (2

where A4 is the area enclosed by the isobar.’
Combining (1) and (2), we get

Dp d4
J\—.D—tda-— —'—E-{.

Therefore, when the area enclosed by a closed isobar is contracting, the
depression is deepening and when the area is expanding it is filling up.

8. Methods of numerical evaluation.

The axes of « and y are drawn in the directions of maximum and minimum
curvature respectively of pressure profiles. They need not. be at right angles
or straight lines. The expressions give the velocity and acceleration at the
origin in the directions of the axes. With a suitable choice of units, we have

2

%ﬁp = T,—T, = difference between two consecutive values (three-
hourly) of barometric tendency,

02p
oL S T (P2—p1) —(P1—D0)>

Po» P1, Pe, being three consecutive pressure observations.

) _(%
2p \ot), \oc), 1

ox ol Sz H’

where H_ is the distance between the points of intersection of x-axis (which
is normal to isobars) and two consecutive unit isallobars.

02
—a—x% = curvature of the pressure profile in the direction of the z-axis.

It is easy also to see with reference to Fig. 1 that the values of the different
differential coefficients can also be obtained from the following expressions:—

32_]): Té, ()_T—i, O= % (TI, O_T—l, O)

0x0t

_g_z!; _ pl, 0_2100, 0+p-1, 0
5%23%= AT%’O——AT-%’ 0 =% <AT1' O_AT——I 0>
93p _ 1,0_2T0, 0+T—l. 0,
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.. o%p d2p
Slmllarly for m’ ay2 s ete.

X710 (4.0)

e, 1.

The formule to be used in any specific instance will depend on the data
available.

9. Numerical Bvaluation. Order of quantities.

Lot us first consider a hypothetical case. Let Burdwan be on the isobar
29:700 at 8 hrs. and let the normal to the isobar pass through Calcutta and
Asansol. Let us calculate the velocity and the acceleration of this isobar at

Burdwan. Let us suppose that the following pressure observations are
available:—

Calcutta. Burdwan. Asansol.

Pressure at 2 hrs. .. 29-728 29-713 29-704

Pressure at 5 hrs. .. 29-723 29-707 . 29-698

Pressure at 8 hrs. .. 29-715 29-700 29-690
Distance between Calcutta and Burdwan = 60 miles.
» v Burdwan and Asansol = 50 miles.

Mean pressure gradient at 8 hrs. at Burdwan (units: pressure in thousandth
part of an inch and distance in miles)

1715 10\ _ 9
“2(87)+5”6>”E'
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Rate of change of pressure at Burdwan is 7 in three hours. Therefore the
velocity of the isobar at Burdwan is

= 7><é9—0 miles in 3 hours

or about 10 miles per hour.
[If the value of the rate of change of pressure at an individual station is doubtful,
we can take the mean of the rates of change at the station and neighbouring
stations to obtain an approximation. In this case the mean of the rates of
change at Calcutta, Burdwan and Asansol is also about 7 in 3 hours.]

At Burdwan, the value of%——z 113!19 per hour per hour, at Calcutta it is

= per hour per hour and at Asansol ~ per hour per hour. If there is a baro-
gP pe g Pe p

graph at Burdwan, then aai)

at that station is given by the curvature of the
barogram at that station. In the absence of a barograph, an approximate

value of %E' i obtained by taking the mean of the values of this quantity

at the 3 stations. The value of op; is therefore 2 g per hour per hour.

I
The value of % at Burdwan
b\ _ (% w\ _ (o
at Cal at Bur. at Bur. .at Asan.
2 + 50
=< [8607 = 8] = - 500 in 8 hours

= ~ 1800 800 per mile per hour.
22

—8?12) is the curvature of the pressure profile along the z-axis. In the

present case, we can attribute the gradient %56

Caleutts and Burdwan and the gradmnt ) to the midpoint between Burdwan
and Asansol.

to the midpoint between

2p 1 15 10 1
Thereft = | = — =
eretore % = 30425 [60 50] 1700
Therefore the acceleration of the isobar at Burdwan
4072

_ 1 2 1
= —1:3 miles per hour per hour.
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The magnitude of the acceleration is usually of a smaller order than that’
of the velocity. :

10. Application to Indian Charts.

For the calculation of the velocity and acceleration we need charts at
least every 3 hours. In India, this is not available under normal conditions.
When there is a storm at sea, special charts are prepared every 12 hours or
every 6 hours and occasionally every 3 hours, but unfortunately even in these
cases the data available for the sea areas are quite inadequate for the application
of the method.

In the following examples, therefore, no attempt is made to determine

the acceleration term. In one or two cases, only the order of the quantity
involved will be indicated.

(a) Storm of October 31—November 2, 1927. (Figs. 2-9.)

The track had an abrupt curvature between 8 hrs. and 18 hrs. of 2nd
November and it is of interest to know whether the calculation of the velocities
of the centre of the storm would indicate the curvature. Fig. 2 gives the track
of the storm. The isobaric and the isallobaric charts on which the calculation
is based are given in Figs. 5, 6 and 9.

Taking the isobaric chart- for 1st November (8 hrs.), we see that the
gradient at Madras is a 0-050 inch in 50 miles and the tendency is -012 inch
per hour. Therefore the velocity of the isobar-ds 12 miles per hour.

The velocity of the centre—

o%p , %p 10 /1

7 = _Ye P _ 1 - 1

V., axat/ 7 = 100/ 120 12 miles per hour
10 1 .

V, = 10, 130 = 12 miles per hour.

' 2 2
In these cases it is simpler to get the values of % and %ﬁ from the curvature
L

of the pressure profile (Figs. 4, 5). It will be observed that the calculation
of the velocity depends on a correct determination or an accurate estimate
of the pressure profile along the axes.
With the velocity given above, the centre moved from position 4 at 8 hrs.
to position B at 15 hrs. (Fig. 5).
On the 2nd November, at 8 hrs—
50 /1
Vo= 50%5 17
2 V=(V.+7)} =132 miles/hr.
& v

=85 miles/hr., V, = ———— / == = 10 miles/hr.
¥ 30x5, 30

The actual movement in the next six hours was 80 miles. By plotting these
velocities in fig. 9, it is at once seen that there was a change in curvature in
the track of the storm at this time.
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We have in this case, roughly,
?p 1 Fp 1 op 1 cp _ 1
oyf 30 dyor 200 oyor 207 dyfat 30

Therefore 4, = jgmiles per hour per hour.

This gives roughly the order of the acceleration term.

From the 3 hrs. chart of 2nd November, 1927 we see that the planimetric
value of the tendency within the isobar 29-600 in. is about —-015 in. per unit
area per hour. This means that the depression will be deepening at the rate
of —-015 in. per hour. Therefore during the next 5 hours the deepening will
be ‘075 in. Actual deepening was ‘100 in. The lower calculated value is
due to an under-estimate of the tendency values, the estimate being based on
observations taken at 17 hrs. of 1st November, 1927 and 3 hrs. of 2nd November,
1927.

(b) Storm of November 12-20, 1923. (Figs. 10-23.)

Charts were prepared at intervals of 12 hours. From these (Figs. 12,
15, 16, 21), we get the following values of the velocities:—

' 10 /1 .
V,= 0%z 140 = 4 mxles/hour.
November 13, 8 hours 0 /1
V = == = 42 miles/hour,
$30x12 150
V,= zlfg %(_) = 25 miles in 12 hours.
November 14, 8 hours 10 . 1
= = iles in 12 .
V,= 50 80 16 miles in 12 hours
(Vz = ;5-) ///1—,;—5 = 54 miles in 12 hours.
November 15, 8 hours 1 0’ 1
( V,= 56/’ 150~ 25 miles in 12 hours.
.= %(6)/ -1% = 50 miles in 12 hours.
November 16, 8 hours ¢ 10 / 1
l V,= 6—6; 120 = 20 miles in 12 hours.

The track given by these values of velocities is given in Fig. 10, which
agrees very closely with the track actually observed. The calculated position
of the centre is shown by circles and the observed position by crosses.

(¢) Depression of July 24, 1927, (Figs. 24-26.)

For this depression no special observations are available. The isallobars
are drawn on the pressure change during the 24 hours (Fig. 24). These give
the following values for the velocities of the pressure centre.
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V. = 210 miles in 24 hours.
V, = 25 miles in 24 hours.

The calculated velocity therefore indicates that on the next morning at 8 hrs.
the centre of the depression will be at Pendra whereas it was actually halfway
between Jubbulpore and Pendra. The calculation, therefore, gives a smaller
velocity than the actual by 25 per cent. This is due to an under-estimate of
the tendency values.

It is clear from this example that an elongated depression generally moves
very nearly in the direction of the major axis.

Working rules.

From the formule and the examples given above, the following working
rules relating to cyclones and anticyclones are readily deduced :—

(1) A cyclonic or anticyclonic centre moves normal to the isallobar
passing through the centre.

{2) Pressure centres, whose profiles are steep, move slowly.

{3) Flat pressure centres, accompanied by isallobaric gradient of some
magnitude, move quickly.

(4) A pressure centre is stationary when the tendency is uniform in all
directions.

(6) Very oblong cyclones or anticyclones generally move along the
longest symmetry axis.

{(6) The deepening celerity of a pressure centre is equal to the barometric
tendency in the pressure centre.
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Disoussion.

President : This paper is now open for discussion. Has this method been
used largely in the department ? '
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Dr. Banerji: Every forecaster uses the laws in a qualitative way. At
Bergen this method is being successfully applied daily in a quantitative manner
by Prof. Sverre Petterssen who is a member of the Norwegian Meteorological
Service. We have tried it on certain days in a very rough way; calculations
can be made fairly quickly, This method is easy to apply in Europe where
barometric tendencies are regularly reported. In India these tendencies are
not reported for day to day work and so the calculation has to be based on
changes for past 12 hours or more. - This introduces very considerable error.
But I think the method is well worth trying.

President : What has been the amount of success in the calculated
predictions ?

Dr. Banerji: 1 do not think we have given a fair trial to the method to
say definitely about its success in India. The accuracy of the prediction
depends on the accuracy with which the isobaric and isallobaric charts are
drawn. From the crude trials we can only say that it gives fairly correctly
the direction of movement of a storm as well as changes that are likely to take
place in it.

Dr. Roy : Could Dr. Banerji tell us if the kinematical methods of analysis
would be helpful in forecasting when a cyclone recurves ?

Dr. Banerji: If the isobars and isallobars are drawn with a reasonable
degree of accuracy, an indication of the recurving of a cyclone will be obtained
from the components of velocity. The axes are drawn in the directions of
maximum and minimum curvatures of the isobars and it will be observed from
the examples given that when recurvature occurs the axes undergo a rotation.

My. Basu : Dr. Banerji said that although over the sea there is indefinite-
ness in drawing isobaric lines, over land they can be done with greater accuracy.
I would like to know whether uncertainties of measuring distances on maps
of the scale that we use, viz., one in ten million or one in fifteen or twenty million,
influence the calculations to any appreciable extent. The second point I wish
0 raise is this. Dr. Banerji has shown that the use of isobaric tendencies for
three hours is quite satisfactory in working out Petterssen’s equations. But
in India we do not have barometric tendencies for 3 hours reported. On the
other hand I remember an occasion when Dr. Banerji applied these equations
to forecast the track of a cyclone at the head of the Bay of Bengal, by using
the 12 hour pressure changes in place of 3 hourly tendencies, and the pre-
dicted path was very far out from the actual path, the centre which was fore-
casted to be over Purnea on the next day being actually near Barisal so that
while recommending a trial of these methods in India, he said that it would be
better to have barometric tendencies for 3 hours. Could Dr. Banerji indicate
whether an interval of more than 8 hours but less than 12 hours will be suitable,
and if so what interval ¢

Dr. Banerji: In the particular case referred to, changes were caleulated
on barometric observations taken 24 hours before ; Poona had no evening chart
then. With the data available the acceleration terms could not be calculated,
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The example cannot be considered to be a fair trial of the method. It is
necessary to realize that both the velocity and acceleration terms are important,
for although the value of the acceleration is small compared with the velocity,
it is multiplied by the square of the time. As for the scale of the map, I do
not think that the scale we now use introduces any large error in the calcula-
tion. As regards the second point, too small an interval, like an hour, is not
good for the reason that there is a limit of accuracy to which barometers can
be read and so the changes recorded over small intervals of time will be con-
siderably in error. In many cases the change will be of the same order as the
error in determining it. On the other hand, if the interval is too large, 12 hours
or 24 hours, we cannot obviously use the quantities in getting accurate values
of differential coefficients. The mathematical formule are accurate; the
difficulty is in getting correct numerical values.

President : The mathematics is always accurate; the fault is only of the
observations. I now request Dr. Normand to give a short review of the
discussion. It is for the President to have done that, but meteorology is
strange to me and I hope that Dr. Normand will come to our help.

72° 76° 80° 8q’
T T T ]
NOVEMBER
1927
20 b
379 Novernbeor
16 184rs [ ""cz/' il d
14 hra . Masuljpaleam -1
Horrw. Be/;wy Nellore
. 17 brs.
Coddapats
” '”’C’Y"/ .Banja/vre Modras
2 - of
375 0ctober, 1927)'2
/Vs_'ya/oafbm
/f;a'm?raﬂa/
8 — = BC
1 | L 1
72° 76° 80° 84°




S. K. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING.

NOV. 1,1827 (8 Hrs.).

800
700
600
] | I N ' 1 1 1 S |
200 100 0 100 200 ’
x x
A%p 1
dxt 120
Fic. 3.
NOV.1, 1927 (8 Hrs).
800
7001}
600 |
1 | H
200 100

153



154 s. K. BANERJI; KINEMATICAL METHODS IN WEATHER FORECASTING.

©,

72° 76° 80° 84°

T 1 1

NOV. 1, 1927
(8 Hrs)

At 8 hrs.

At 15 hrs. -

1 1 A

76° 80° Yy




80° 84’

[
NOV. 2, 1927
(3 Hrs.)

7?2

NOV.2,1927
. (8Hrs.)
700 +
600}
500}
400 L i
200 100 0 100 ,
>4 Y
¥p
2y2 " 30



NOV.2,1927

. (8 Hrs)
700
600+
500 -
-
400 1 ! ! ] 3
1 0 100
e 0o X
2%p 1
dx2 17
Fic. 8.
72" 7G° 80° 80«
T T T T
NOV. 2, 1927
(8 Hrs))
201~ 20|
8hrs. 377 Nov. 1927,
16k —lé
121 -1z
8- g
| 1}

1
80°

Fie. 9.



S. K. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING. 157

80° 84° 88° a92° 96° 100
T T T

T T

NOVEMBER
1923

Akya&

Port Bloir
124
Nowvember, 1923.
o
N ;
o Trincomeolee
12
0. Observed
Colormbo X. Colewlotod
Lo 1 1 N \
80 84° 8g° 92° Y
Fia. 10.

80° 84" 88° 92° 96°
I

NOV.12,1923.
8 Hrs

161

Frc. 11.



158 3. K. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING.

316' 100°
NOV.13, 1923.
8 Hrs.
24
i€
.4[2"
8
i NOV.13,1923.
8 Hrs.
gool
700}
600 1 1 1 ] ) 1 ’
X 200 100 ~9 " 100 200 300 400 X
2. L
2Xx2 140



S. K. BANERJT: KINEMATIOAL METHODS IN WEATHER FORECASTING. 159

NOV. 13,1923 (8 Hrs.).

800

700

)
&0 03 100 200 300 _,,

3y2 150
Fia. 14,

84°

T
NOV. 14,1923
(8 Hrs)




160 s. XK. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING.

76° 80° 84 88’ 22° 26

NOV! 15,1923
(8 Hrs.)

76° 80° 84° 88° 92°
Fic. 16.
NOV.14 (8Hrs).

L | 1
100 200
X

Fi1c. 17.



S. K. BANERJI : KINEMATICAL METHODS IN WEATHER FORECASTING. 161

NOV.14 (8Hrs.).

Lo L
200 100 0 100
> 2p
dy2 80
Fic. 18.

— NOV.I5 (8 Hrs.).




162 s. K. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING.

NOV.15 (8Hrs).

300, 200 100
4
76 ° 80° 84° 88° 82"

] |
NOV.16, 1423 (8 Hrs.).




S. K. BANERJI: KINEMATICAL METHODS IN WEATHER FORECASTING.

NOV. 16,1923 (8 Hrs.)

800}
700F
ool 1 —_
200 100 0 100 200
9 x
d%p
2x2 100
Fie. 22.
- NDV.|6,1923(8Hr5)
8001
700
600 1 1 i
200 100

163



164 s. K.

BANERJI . KINEMATICAL METHODS IN WEATHER FORECASTING.

76° 80° 84° 88° 92°
JULY 24,1927
8 Hrs. i
’28.—
2} !
o\
23} 20
16} e
810 8,4" s‘s" 9|2
Fre. 24.
JULY 241927 (8Hrs.)
-
400 - [
300+
200 | ! 1 1 ) ] i —
= 200 100 0 100 200
¥p 1
dXx2 170

Fia. 25.




S. K. BANERJI ! KINEMATICAL METHODS IN WEATHER FORECASTING.

JULY 24,1927(8Hrs)

400+

I L
300+
200 ! ] 4 I . | 1

200 100 0 100 zg/o,

7 ¥p 1

dy2 105
Fia. 26.

165

and Printed by P. Knight, Baptist Mission Press, 414, Lower Circular Road.

Carcurra :—Published by the National Institute of Sciences of India, 1, Park Street,






