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Comparison of Geostrophic Winds on constant
pressure surfaces with observed
winds in India
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ABSTRACT.

pressure surfaces with observed winds,
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The paper deseribex aethod of comparing preostrophie winds derived from constant
The differences in heights of the constant pressire surfaees hetween

five pairs of stations in Todia have heen calendated using upper wind data for two levels e~z 850 mb and

700 mb.

heen compared and correlation cocflicients have been worked out.
Some plausible explanations for the comparatively lower  values of

for some cnses in the British Isles,

The differences have also been obtained from the data of radio sonde ascents,

These valuez have
Similar computations have heen made

correlation coefficients for the Indian stntions luve been given.,

1. Twtroduction.

The frst attempl to compare winds deri-
ved from isobars with observed winds in
Tndia was by Ishaquel. He compared the
direction and velocity of the gradient winds
derived from sea level isobars with the obser
ved winds at different levels at Agra and
Bangalore in the winter and hot weather
periods. At Agra the gradient wind direc-
tion agreed very closely with the observed
wind direction at 0.5 km. But the correla-
tion between the computed velocity and the
ohserved velocities at 0.3 and 1.0 km was
very low, the correlation cocflicients being
respectively 0,34 and 0.39. M Bangalore
the observed wind direction at all levels was
very much at variance with that derived
from the surface isobars.  In the abrence of
upper air temperature data, Ishaque could
not, compare the chserved winds at upper
levels with the isobaric winds at the corres-
ponding levels. Also, his study was confined
to the winter and hot weather periods only.

Since 1944 daily upper air temperature
and humidity data are available from a net
work of stations in India and neighbour-
hood and the contours of the constant pres
sure’ surfaces are being studied by forecas-
ters in India. Henee it is of eonsiderable
interest to make a quantitative comparison
of winds derived from the contonrs of the
constant pressure surfaces and the observed
winds.

The network of radiv-sonde stations in
India is not, hawever, rlose enough to con-
struet the contours of the constant pressure

surfaces unaided by observed winds,  All
that is possible is to draw the contours so as
to fit the observed winds at pilot balloon
stations and the height values (of the con-
stant pressure  surface) available for the
radio-sonde  stations.  If  this procedure is
adopted, expevience shows that there is gence-
rally no difficulty to tit the observed wind
directions with the contour lines.  But what
is needed is a quantitative comparison bet-
ween the contour and ohserved wind  direc-
tions andd velocities.  Iu the present study a
method has been evolved for such comparison
on the assumpiion of geostrophic wind rela-
tion.
20 Methad of conmparisun,
The  geostrophic wind
normal to the divection of ~ w°
pressure surface is given by

component C o’
on a constant

d= 2w .
— veind .. .. .. (1)
dn g
dz | . A .
where i B the variation  of  the height
of the constant pressure surface per unit
distance in the direction "n ", "¢’ ix taken
as positive when the. wind is  blowing
towards the right hand side of an  observer

facing to inereasing valne of "2’
If P and @ are any two points on the con-
stant pressure surface,
r ” >
-l N
| d: = [ vsinddn .. .. [2)
Q 7@

The integral on the left hand side of the
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equation gives the difference in heights of
the constant pressure surface between two
points P and ¢ and its value is independent
of the path followed in integrating the right
hand side term in equation (2). If the points
P and @ represent two radio-sonde stations,
the observed difference (Az,) in the heights
of the constant pressure surface will be
available from the radio-sonde ascents.
From pilot balloon winds the height differ-
ence of the constant pressure surface bet-
ween the two stations may be calculated on
the assumption of geostrophic wind using
equation (2). This we designate as calcula-
ted difference (Az,) in the heights. " Az,
and Az, are then compared.

Pilot balloon winds are measured in India
at stations about 150 miles apart. The path
followed for integration is through a chain
of pilot balloon stations as close as possible
to the straight line between P and Q. This is
illustrated in Fig. 1 where A, B and C are pilot
balloon stations and P and @ both radio-
sonde and pilot balloon stations. The

P

Fig. 1.

Q

wind at each pilot balloon station is taken to
represent the wind conditions half-way up to
the next pilot balloon station and integration
of equation (2) is done by the method of
summation. Thus in the example in Fig. 1,

(s, P A .
= %‘L% (”PA . vPA)PA.smtpl

+(v AAB + v ABB)AB.aiu o +(v ;(‘:, + v_go)

BC.sin 95 -+ ("CC(') + vc%)C‘Q.ain ¢4} e (3

AZ.
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The symbols = A:}? and r‘fB represent

the wind velocities as measured at stations A
and B normal to the line AB. PA, AB, BC
and CQ are linear distances. %, ¢,, ¢,
and ¢, are the mean values of the latitude
between P and A, A and B, Band € and C
and Q.

The constant pressure surfaces studied arc
of 850 and 700 millibars. Strictly the upper
winds used in computing / z_should be the
wind at the level of the constant pressure
surface, But since pilot balloon winds are
computed for some fixed heights only, 5000
and 10,000 feet winds have been respectively
used in computing Az, for the 850 and 700
mb surfaces. In the cases studied here, the
lowest and the greatest heights attained by
the 850 mb surface are 4428 and 5347 feet
and by the 700 mb surface are 9914 and
11,400 feet. These are extreme values and
generally the heights were nearer to 5000
and 10,000 feet.

3. Is the assumption of Geostrophic wind
valid for low lotitudes ?

The method of comparison adopted here
involves the assumption of geostrophic wind
over Indian latitudes. It may be argued that
the gradient wind equation should be used
for these latitudes instead of the geostro-
phic wind equation. It is shown below that
the assumption is as valid in the cases under
study as in middle latitudes,

The equation for gradient wind is

. v? LoEp
b e C
Zwwvsin @ - ; P s .. (1)
where 7 is the radius of curvature of the path
of the parcel of air. In deriving geostrophic

v, . . .

wind S 18 neglected in comparison to 2wn sin ¢

and hence the geostrophic wind equation
H

is valid whenever ;|2 wv sing or vf2 wr sin ¢

is small. It has been verified by various
workers that the geostrophic wind is very
highly valid in middle latitudes. Hence if the
factor v/2wr sin ¢ is of the same magnitude
in Indian and middle latitudes, geostrophic
wind should be theoretically as much valid
in India as in middle latitudes. Let the
suffixes 1 and 2 respectively represent
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condittions in middle latitudes and India.
Then for our assumption to be valid

712 vy
‘)_ T —— —_— or < -) — -
2wr, sin Py 2wrsin P,
v
or — -2 — or < B
ry 8ing, T, $ing,

Leaving aside tropical cyclones, there is no
reagon to think that on the average r, is
less than r,. Hence we regard ry=r,. So
the condition reduces to

Uz or el
sin P, sing,

It will be seen in the results presented here
that comparison between calculated and ob-
served values of A% has also bheen carried
out for some cases in Great Britain and the
correlation coefficient s about 0.9 for these

cases, The mean value of v/sin ¢ for the
cases in Great Britain and India under study
here are given in the table of results. It will

_be seen that v/sing is of the same order in
Indian cases as in those from Great Britain.
Hence it appears that the cyclostrophic com-
ponent may be neglected in India with as
much justification as in Great Britain. The
Indian cases under study are limited to the
north of 18°N latitude.

4. Results.

Az, has been computed and compared
with cbservations for the following pairs of
radio-sonde stations—(1) Delhi-Nagpur (2)
Delhi-Allahabad (3; Allahabad-Calcutta (4)
Karachi -Veraval (5) Veraval-Poona. Com-
parison is made separately for the four per-
jods, December to March, April and May,
June to September and October and
November to bring out any seasonal pecu-
liarities.

The pilot balloon stations used in comput-
ing az, are shown in Fig. 2. Only such
cases as when pilot balloon winds are avail-
able at all the pilot balloon stations between
the two radio-sonde stations have heen used
for comparison,

Tn order to see the validity of the method
adopted here, similar comparison has been
made between (1) Stornoway and Alder-
grove and (2) Aldergrove-Valentia, sta-
tions in Great Britain for one month
January 1948. The location of these stations
and pilot balloon stations made use of, are
represented in Fig. 3. The pilot balloen winds
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used ave nearest in time to the time of radio
sonde ascents, if they are not synchronous
with the radio-sonde ascents.

Corvelation coeflicients have heen calenda-
ted between Az, and Az, in all cases and
the results are given in Tables 1 to 7. The
times of radio-sonde ascents and the tines
of pilot balloon ascents used are given in the
tables. In the cases of Stornoway-Aldergrove,
Aldergrove-Valentia and Delhi-Nagpwr (May
and June 1948) hoth the radio-sonde and pilot
balloon ascents are of the same time and
strictly comparable.  In all other cases the
radio-sonde ascents are made 3} howrs later
than the pilot bulloon ascents, It is assumed
in all these eases that the pilot balloon daia
collected 3} hours earlier are also valid af
the times of radio-sonde ascents,

In the four cases from Great Britain stu-
died, the correlation coefficients are hetween
086 and 0,93 which represent a very high
corvelation.  The nmmber of  ohservations
in cach case are few only (24 to 26} bot 1he
uniformly Ligh correlation leaves no doubt
as to the relationship and the correctness of
the method of comparison adopted here.
The difference between the mean valnes of
AZ and Az, is also very small, the maxi-
mum difference being only 190

"

From the tables the following features
will be noticed about the Indian data:

(i} The corrclation coefficients vary bet-
ween the wide limits of 0,02 and 0,66, some
cases in Table 2 giving even small negative
coefficients,

(i} Between the same two stations, {he
correlation coefficients vary widely during the
different monthx of the vear. The only exeep-
tion is between Veraval wid Poona where the
correlation coefeients are consistent and of
moderate value.

(i) The pibal data are of ascents made
31 hours earlier than the radio-sonde ascents,
Opportunity wag taken to compare 4z anil
&7, between Delhi and Nagpur for May
June 48 when radio-sonde anid pibal data
were available for the same time, vz, 0700
hours LT, It will be seen e Table | {hat
thiz case gives a mneh lower correlation
coefficient than the evening data.

(iv) Mean values of 2 2, {(without reference

Lo sign} are smaller for Indian data than for
British data. This is to bé expected on
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accountt of  the  weaker winds over the
subtropics compared to the middle Jatitudes.

{(vi In most of the cases for the Indian
stations (except Delhi-Nagpury the mean va-
lues and standard deviations (without taking
sign) of Az, are very much greater than the
nican values of ~ z.. KEven with Poona-Veraval
where the  correlation  cocfficients  are
consistent and  of moderate value, Az, is
generally much greater than / 2z, which makes
the significance of the correlation  coefficient
in this case doubtful. For example with an
average of 117 observat ons in case of 700 ml
surface mean © 7, between Poona and Vera-
val is 88 feet while the / 7, is only 23 feet.
It is also seen that the standard deviations
of 7z, {taking into account sign) are mostly
much more than that of = z,.

S Iffect of srvors of observation on the
correlation coefficients,

Both 7. and 2z, must be subject 1o
errors of measurement.  Henee o diseussion
is given below how errors of measurement
will affect the correlation coofficients,

Let v and y denote the departures from
the mean of the true values
{without errors of observa-
g tion} of two quantities,
X and y the departures from the
mean of the actual observed
values (including errors}
the errors of observation
respectively, referred to
above,

andl @ and &

It nray e assumed that the errors are not
correlated either with values of observations
or among themselves.  For the sake of sim-
plicity, the departures from the mean have
been considered instead of the actual values,

c (B
Using the standard symbols » for the cor-

relation coeftivient and o for the stan-
dard deviation

Obvious 1> x = »4a

and v o oyih

Nxy Ny
. _ v ¥ v ) (y—}-b). o)
Ry oy Ry 7Y
N
and  rey = =1 o - (%)
oA na .. Ty
. Txy 0_’..-- (J’_!_.l . Z(;!'-_- (I-) ty-i;b:l._ (9
Ly Yay. T Ox )
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Yy Yab
v, ’ - (10
sinee the orrors are not correlated with the
observations and among themselves and the
three terms Yuwb, Yyo and Yab vanish,

Now N(r+a) (y-+b) - Yry-Xab4
=¥r

Also n gl =Yxta)j

=¥al Yl

= m,ra.z' _}_c:’)
or Te =0 — 04 - (1)
Rimilarly qyk=mt—nj b (12}

Substituting the above values in equation (9)
we have

Txry T Ty
Yy Ty Ty
H i | i 3 1]
vo(ai=ma ) {ei—eil
Ty Ty
r T 1 7] I> I- 7 1Y 1:
" o = : h = i
=41 — P S B 13y
' P a4 H at o b
L : ) L v
6. Erplanation  for the  low  correlution
observed. .
The standard deviations of Sz, and

oz (taking into account sign of the values)
are given in the tables. These correspond
respectively to oy and ay. To estimate
aa (corresponding to AZJeomputations of
fvz;. round the closed circuit Delhi, Gwalior,
-Allahabad, Bareilly and Delhi have been

made. Az should be zero if the wind is
weostrophic.  Corresponding to 60 cases in

November and December 19449, at the 5000
feet level for 0700 hours LS. T. pibal ascents,
the mean value of ~2, is zero with a stan-
dard deviation of 16 feet. The deviation
of Mz, from zero round a closed  circuit
woukd be the effect of the deviation of the
wind from geostrophic assumption and errors
in measurement of pilot hulloon winds.  This
standard deviation ga will increase with the
length of the circuit. The closed cireuit
Delhi-Gwalior-Allahabad-Bareilly-Delhi s
longer than any of the routes for which 2,
and vz, are correlated,  So 16 feet may b
taken as the oo for Az.

I oy = 2aa, cquation (13) heconies

; 1l Sarl

e (05 SR LG U‘;

‘ly lL Y -.I
f 23 943
: gyl

=0.87{1.~ b RS (L)

Ry arsidlec
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Whenever the standard deviation of Sz,
is more than 32, we should expect ryy to be
(.87 o) or more if there were no errors in

“Z . But it will be seen that there are
many cases of very poor correlation even
when the standard deviation of .z, is more
than 32 feet.

Two alternatives are open to explain the
poor correlation between [/ z  and Az
(i) The crror in ‘measurement of Sz
is large. The fact that the mean value of
oz and its standard deviation (neglecting
the signs) are greater than the correspond-
ing values of /. z, lends support to this view.
The degrec of acewracy that is required in
the heights of constant  pressure surfaces
can be derived from, the mean values of

A%, (neglecting sign). The lowest values
of mean oz for any palr  of stations
in any seasom oul of the cases studied

here is 15 feet for 830 mb surface.  In order
that the heights of constant pressure sur-
faces may be capable of gquantitative inter-
pretation, the probable ervor in height mea-
surements must be less than the mean valug
of 7z indicated before. In the case of
850 mb surface, it i equivalent to anaceu-
racy of 1 (' in temperature measurements
and still greater accuracy, in the case of 700
mb surface, assuming that errors are only in
temperature neasurements. Owing to the
very much weaker winds in sub-tropics, the
accuracy required in height measurements
for constant pressure surface ts much grea-
{er than in the middle latitudes.

(i) Deviations from geostrophic wind in
owr latitudes are large.  Geostrophic wind
neglects the exelostrophic and tangential ac-
celeration.  From a comparison of the values
of v sing, it was shown before that the
evelostrophic acceleration may be neglected
here with as much justification as in higher
latitudes.  So the deviations must be chiefly
due to the tangential acceleration.
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Standavd
Mean value Deviation
Standurd  Correla-  {omitting  {omitting
Mean value  Deviation  tion signs) Signs) v
voefli-

{5

39
-73
-69

-

B

-117
7
32

46
Time of
ascent
R.S. P.B. No.of
Period IST IST Obsns.
i 2) (@ (4
TABLE 1. —(R.8* DELHI-NAGPUR.)
Dec-Mar 1947 1930 1600 105
Apr-May 1947 A ” 41
June-Sept. 1947 ki 4 34
Oct-Nov. 1947 - i 30
May-June 1943 700 0700 3
Dec-Mar. 1947 1930 G0 67
Apr. & May 1947 " o5 14
Oct. & Nov. 1947 ” " 35

DFe NZo Nzo /2, vient NZe NZo ANZe NZo

sing

TABLE 2. {R8: DELHI-ALLAHABAD)

1930 1600
Mar. 1046
Apr.-May
1946 %
<une-Sept.
1946

Oct. 1946

Dec. 1045~ l

L3 g8

"

Dec. 1945~ :l 1930 1604

Mar. [946

TABLE 3.

Jun-Mar. 1930 1600
1946

Apr. & i i

May M6

Jan-Mar. 1930 1600
1946 |

iR

44

e
=4

18

+1

[L1]

(R85 ALLAHABAD CALCU T A)

) (7)

(n) 830 mb.

=11 35

—4i 47

-24 3

b 20 24

32 39

(b} 700 pebr.

94 46

61 N

14 14
ja} B30  mb.

+12 29

-26 36

1 27

2 17

(b)Y T00 b,

10 41

{a}l 830 wb.

a2 35

120 17

th) 700 mb.

] 47

{8)

& 0w an a2 a3

(P.B§  Delhi-Guwalior-Bhopal-Nagpur)

LA R T

=
[ W R |

114

118

il

154

0.29 44 413 29 39
0.61 74 70 45 30
0.62 83 il 38 43
0.30 20 47 16 34
0.22 71 62 40 41
0.24  Lis lisd 44 133
0.42 L E T ol 13
0.31 44 &Y 32 49
(P.B: Delhi-Guwalior-Alluhabad)
0.11 24 £ kd | 38
-0.07 1) 4 105
0.37 i 31 17 33
0.19 17 Tl 5 1.1
I, (M B4 54 A T8

LP.B: dllahubad- L sansol-Guyu -Calgutiy)

0. 646 k] Ting 3] 111
.06 15 121 13 il
. 3 36 134 Lind 134

(14)

21,
33.¢
28.
20.
37.

—— G

4.
39.
27,

— g e

33.9

a7.8

¥ R.S.x=Radio Sonde Stations.

§ P.B.=Pilot Balloon Ststions.
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Standard
Mean value Deviation

Times of ~ Standard Correla- {omitting  {omitting
ascont Mean value  Deviation tion signa) signs) v
R.S. P.B. No,of ~— coeffi- ——
Peorid IST IST Obsns. pAzZe AZe NAZe HZe Ctient 2z 12, AZe NZ, sing
il {2) B Gy ® T (B (9 (10 (1) (1) (13 (14}
TABLE 4. (RS WARACHI-VERATAL) (P.B:RKarachi- Bhuj: Verevel)
{ah N30 s,
Feb-Mar. 1946 1930 1600 BE] 16 83 33 80 0,32 2] NT 25 73 023.2
Apr.-May 1946 n 5 31 A5 A2 6T 002 42 T0 30 A 35.7

{h) 700 mb,

Yeb.-Mar. 1946 1930 1600 47 =51 -R25 A 947 0.39 AN 54 49 54 41.9
Apr. -May 1946 - & 23 -5 133 25 83 0.15 2 136 15 78 26.5
TABLE 3. (R.3: VTERAVAL-POON A (I’.B: Veraval-Bombay-Poona)
(#) 830 mb.
Dec. 1945~ 7 1430 1400 1 3% 2 42 19 49 .45 14; 49 10 42 21,9
Mar, 1946
Apr.-May 1846 L " 44 i 27 27 36 0.61 22 35 17 28 35.6
June-Sept. 1946 i o 3] 25 T4 22 132 0.52 27 T4 20 132 45.7
Oect. 1946 &
Nov. 1945 = o 51 =24 -19 17 34 0.49 a5 30 13 24 27,0
(b) 700 mb.
Dec. 1943~ 7 1930 1600 117 9 76 33 L A 25 88 2% 4 34,1
Mar. 1946.
Apr. & May 1946 W L 31 —4 -8 2% a6 (0,56 233 67 16 44 31.7
Oct. 1946 &
Nov.1 945 LY 2 42 24 59 23 62 0.32 28 70 17 M) 30,5
TABLE 6, (R.S5: STORNOWAY - ALDERGROVE) (P.B: Storneway- Aldergrove)
[} SO0 b *
Jan, 1948 1500 1500 26 136 128 135 159 0.91 155 170G 11l 113 32,9
GMT GMT )
{b) 700 mb.
Jan. 1948 1500 1500 26 -1535 -138 153 161 0.93 178 173 126 122 34.3
GMT GMT
TABLE 7. (R.8: ALDERGROYE-VALENTIA) (P.B: Aldergrove- Valentia)
(n) SO0 mb.*
Jan. 1948 1500 1500 26 ~124 -100 151 165 0,90 165 163 105 104
GMT GMT . s
{(b) T0) mb.
Jan. 1948 15300 1500 24 156 114 163 168 0.88 193 176 116 10 :
GMT GMT A

*Observed winds at 6000" were made usc of for caleulating values of azg,



