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Abstract‘ : .

In an earlier paper, Awade and Asnani (1973)
fitted analytlcal functlon to normal July zonal wind
alono 1ong1tude 77 EOE between the 1at1tudes 5 N’and S o)
25°N from 850 mb to 150 mb levels. ?@t@,,thlﬁ,@nalyhca%,
function, they derived dynamicel paremeters like vorticity,
thermal wind shear, static stability;letc: Similar analy:
sis of normal July zonal wind component is now presented

for longltude 87 5°E between 5 °N and 25 H.

It is found that there is gocd agreement bet-
ween the observed and the fitted zonal winds and tempera;
tures, confirming;the soundness of‘thgngna;yt;pglnfgpg;
tion chosen for fitting purposes aﬁd &igq of #he assump:
tion of geostrophic balance in this ;ase; Erqm”thg_ana:
lysis of absolute vorticity of the zonal flow, it is
concluded that the zmonal flow is inertially ata?le_anﬁ
further would also be barotropically stable if it is

subjected to infinitesimal perturbations of the type
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g:c:-_sride:-‘red_by' K:UL':D ‘(1943), Eg_e m_ax;mu.gl_w;;_ld ajﬁ-a. 150 m.b. level
is found to be easterly 60_ kts at latitude 9.2°N. E;;fc«;g._:
pcla.tio;} teo 136 mb give maximum easterly wind cf T2 k=zis
at 10°KN.

Compared to conditicns along TT'..BOE,_ the _hcriz_opta.l
meridicnal temperature gradient and consequently the verﬁ"
cal _s};le_a'_:'_ ofthe_ zongl wind 'l_s sllg_htly W.“eaker along 8‘7,5 Ew,

gtatic stability _i 9 is sllghtly more alo*lg 8105 °E,

_ap

3, Ut:.lls:.ng f:_'b'bed zonal wind cUmpu,nents alcng 'T’T 5 °g
gnd BT.5 E, it is found that -a—u'- _ contributes to velceity

convergence in the lcwer le‘vels and to velocity drv*ergent_,,

aloft. Hagm.tude-::‘of -a—u- ig of the order of 10~° Bec_l,

Jx

3 Introductica

There is considerable merit in fitting smooth
analytical flll‘lc'thIlS to cllmatologlﬂaT data and ‘theﬂ .
studying some of their large scale charac u@I‘lS"{Il"‘S, ‘I:L"*’*- :
this motivation, the authors (A.Wade and A.a—man' 1975) flu-t"d

by least Square me'thod ‘the gerab la U=a+hb 1cg ZLOP +
G(lc_:\g,lop ) EERET (l) to the zcz:al wind U alcng long:.tude
7"_{'_._503_ between latitude 5 °x and 25 N. The co-efficients
a,b,c are again functiocns of the latitude P Ffound by

fitting the curve of the type

=

a = a -IQal¢ —Eaﬁch TR (.2)
ove I
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P denotes the pressure level and @ derotes the

latitude., The fitted values agyge@ very well W;J;hthe

observed values; The authors cogld_thgu_gag;ly ccns—

truct vertical meridicnal profiles of important para-
meters like temperature, vertical wind shear, rela-
tive vorticity, absclute vorticity, static stability

ete,

Longitude_?f,SoE is representgﬁiye of the
meridian passing through the southern tip of the Indian
peninsula end thus gives the largest length of indiag -
lendnass in north-south divection, It was considered
equally important %q have sgch;p;of;les_a;sg_fcr the
Bay of ﬁenggl and fer the_ﬁrabign seg_regioaé}_ it'isl
tru§_ﬁha¢ we qQ_npt"hgye_qpserv;;g[stationg along ﬁhese
meridiaﬁs in the_sea.region; ”Stililﬁith th;rhglp‘gf
normal winds_available fer east_coast_pfliﬂ@iaz_ﬁgy
islapds, west cqast_of_?urma and Ba;galadgshf_it_;g )
possible to make analysis of U -field for the Bay of
Bengal, We did this analysis and it looked reasonable,
The zonal wind values obtained from this analysis wers
further smcothened by drawing smooth graphical procfiles
along the vertical. These wers tasken as the observed
WindS'gt different levels and latitudes along the meri;
dian 87,5°E, To these winds, we fitted the amalytical
function 3
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U= (ao +a @ + a:.z 9’ <1 + (b + 'blqa —hz ‘P 2y ( glfw)
For furthﬁr detalls cf‘fittlng, one may refer to Awade and

Asnani (1973)

2. Fitted values and the goodness of fit

An analysis of variance for the parabolic curve

agalﬂsﬁ l“glo (Eq 1) shuwed that the llneav ani Ee“ﬁhi degWﬂJ

terms are gignificant fcr all latitudes at 5 percent 1evel.
Similar analysis of’varianﬂe for parabolic curwv
fitted %o the coefflclemts a,b and ¢ agalnst latitude (Eqa2)
also showed that the first degree and sezond degres terms are
gignificant for all the coefficients at 5 percent level,

The values of the coefficients are given below z

a, = -106.44 , s e ‘%_"f‘?;‘?% i g e il
By o T o e et ar il R B e s ]
co = 20.42 ’ Ol = - 19999 9 02 = 0u76

- Table 1 gives observed amd fitted zonal winds, The
fitted values agree fairly well with the cbserved ya;ues;
Except at four points in the upper tropesphere, the difference
between observed and fitted winds does ncot exceed 5 knots.

A11 subsequent calculations referred to in this paper for
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latitude belt'S?N_to 250N_Were dene on the basis of the
EQSK} The vertical meridional c:;sgrsection cf the
ritted W is shown in Fig,l, Positive U'S indicate

westerlies and negative U'S indicate easterlies:

5. Calculation of derived parameters

3,1 Calowlation cf the verfical wind shear

oo

‘From Eg.3, it follows that
du

3 ot Pomel e hetie B Sl o 8 )

£

log)gp 1 x long;ge ssass (5}

The vertical wind shear calculates from Eqy(5) end -
expressed in knots per lCO mb is shown in_?aple_?; Tt
it =] seen that the vertical wind shear increases with

height and has congi@erable_magnitu@er(ofrthe crder cf

50 knots per 100 mb)in the upper troposphere;

3.2 Caliculation of the temperature :
As in the previous paper (Awade end Asnani,
197%), we introduced g?ostrpphic approximation through

the thermal wind relationship

> IP 3y e (®)



= e
—= = [ (bt blcp + bé‘: @ %)+ 2 (co + c P + c, @ %)
logygp 1 logjye ven (72

Integrating Eq.(7) with respect to ¢ , we get

T’ﬂ? .- TW’O,P 1ogip8 y» 292 [-—b Gos,‘, +h (Siny Vcosv )4

+b2 (?.\V Sin _-_-(fwa’ —2) coay ) +2 log, oP {-—c Cosn,y -{-1',

+cl (Slnp-..w Gosv ) +02 (21" S:_ny,.- & (\v " W) Gom ly }} ¢
. [

sae £8)
where ig the latitude in radiens, @ is the latifude in
degreegkjiln is the angﬁlar velocity of the earth and ¥ is
the radius of theﬂearth; E? took Y, corresponding to the
latitude 5°N. The R.H.S. of the Eq.(8) then gives the latitu—
dinal vgriatipn of' the tempefature from 50N to any latitude For
which Eqkta) islvglid; These profiles for varlous isobaric
levels are shown in Fing: In this diagram, 5 °F has been taken
as the reference latitude,

The values of the temperature at SOH'Were obtained
from climatological‘char?s._ Frqm_thesg we obﬁa;;ed the_tgm:
perature values at various latitudes at different pressure
levels. These were compared with the climatological tempera:
rature values and were found to agree well, This gives an
indirect comfirmation that the thermgl wind relationship which
is based on geostrophic relationship, holds very well over the

region 5°% to 25°% along 87.5°E for the climatological zoral
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windg in the monsoon season.

3,3 Calculation of static stability :

The static stability was calculat=1 using the

formula
S = -S _a__Q' = -E (K'r_ aT ewv e (9)
e 3p i 3 log )
_ og ep -.
gince against log at all latitudes showed a

linear relationship between $5p_mb and le mb lewvels,

we can use finite different form

oo -I-’% (KT— 10315_50: Tis0 ) w4, (0

e 850""‘59!50

The values of § are given in Taeble 3,
3.4 Celculation of vorticity on the isobaric surfaces :
From Bg.(3), we obfc_ain ( "%:i ) 5_-_-?.- v_r_l__E?::latiV'e

vorticity of the zonel motion, Fig;3(a)_givas_the

vertical meridional chSS'septiqﬁ of this quantityl @he

following points are noteworthy; -
1] Below 300 mb level, there is a zero line of

transitiom north_of_whiph.thgre is cyclonic vp;ﬁigity

and south of which there is anticyclonic ybrticity;

This line of transiﬁion has steep alopes petween 8°N

and 130N but weak alope from ISON to ZSOH.
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ii] Om any isobaric surface below 500 mb level, rela-
tive .vér‘tiq'ifn:y_iz_;;;re_easgg__froz_n south to north, the largest
cyelonic Vorticity ocouring a% 25°N at 600 mb level. &%
200 mnd lB’C r_a'b le'ﬂ_n_a]ts_r_elat_ivg vo_rt;i_ci‘by continuously
depreag‘gs from south #o nor'th‘, the largest gnticycl_onic:
vorticity oclcurring at ZBOﬁT at 156 mb level,

111} &% ell letitudos, we ges The roversal of the &lsn
of r‘glétivg vorticity along the vgx_'ti_c-g_},._.witl; cyclonic
vor_‘tici‘ty helow and anticyclonic vorticity aloft or vice
TRrsa.

Fig.3 (b) gives the variation of £ f - g& ) with
the ;a:_t_itude and_heighfc; It is seen that this quantity
increases from south to north at all latitudes and at all
levels including 200 and 15,? mb, 1evels' _'ﬂus is bec_a}ls,e
B is larger then _33% : The values of — g_'z_ a8 a
function of pressure calculated from Eq (3) and given below
Sin_ce‘ u is a second QFe_gree polynomigl in g ’ aag_g_& is

independent of latitude.

](.’..e\'\'re)el 850 800 700 600 500 400 50‘6 200 150
mb

s X
_du o. 68 0.74 0.85 O. 92 0.95 0.83 0 52 1,26 1,06

(Um_t = 10! sec')
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_  The value of B varies from 2,07 x 107+ ies
= bl bl SO0 SRS, LR S : e
sec l. It is, therefore, clear that p-éh%“ is

always positivg in the region_of:qur_investiggﬁ;ogé

In other words, absolute vorticity corresponding to
the EEEE& motlcn does not reach any. max1mum value 1n ;
this region, In other words, by‘Kho’s (1949) oriferion
based ‘on linearised theory, the zonal purrept ig_pgro—
tropically stable with respect to the infinitesimal
perturbations,

- In these calculations, we have not considered
meridional compgngnt_qf_win@mi}_ at g%%Q_.ij:igmknqwn
that over the head‘ﬁay of‘ﬁenggl_ip_thg lower tr0pos:
phere, the persistent climatological wind pattern has
considerable meridional component during July, Kuo's.
(1949) linearised theory of barotropic instability may
not be applicable in thess circunstances. Tt will be
seen that static stability increases with latitude an&.

also with height throughout the reglcn of our analy81s.

345 (Ia:lculat:{.on of == %— on Isentropic gurfaces ¢

We heve calcuq.e.ted f..(él )9’ w,heres_ subsprip‘l: &
denotes diffErentiation_a}ong_an isentrppic-aug@gcgﬂ;
These values are plotted in fig;4; i fluid layer is
inertially stable §+ (32 _ du (Kuo, 1956).

SR £
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Assuming that the contrlbutlon due to_uhe term e A
small ‘north of 5 N} one can infer from Fig.4 that the
absolute vorticity on an isentropic surface north of 5 5

lS p081t1ve za.:nfq herce the nermal zcnal floW'ln the mongoon
season 1s inertiglly stable between 5 N'and 25 N along

87,5 E.

¥

5.6 Calculation of Jet meximum

_ . We use Eq.(3) for the analysis of the wind maxi-
mum, From the condition 'é_u_ =0 for maxima or F‘%nim%
one_gefs the latitude of the maximum wind at constant pre:
ssure surface as

Gy “5’0" +C1(Logiop)?

2{“2*"2“03-MP+C2(103|0P)Q} mais

Af 150 mb level the max1mum ﬂlnd then comes out

(11 )

to be 59 9 knots at latitude 8 lT‘N ] InsPect;on_of vortical

profile of zonal wind 3how-that the easterly wind maximum
in the vertical oceurs abovg lﬁodmb lgvel_butlhglqwi;QO_gb,
perhaps around l?b_mb_;evel; Eg;fl)_i; strigtly_Yg;id‘at
and belOW'lsb mb level'_ if’we-extend the application of
this equatlon in the vertlcal upto 130 mb then max1mum

easterly wind would be 71 7 kts at the latitude 9 98 K.

4, Comparlson of parameters at 77 5°E and 87 5°E

Barlier, Awazde and Asnani (1973) computed similar

S =
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along TT.SOE. We can compare those values with the

present values along 87.5°E.

(a) Compared to conditions along 77.5°B, the tempe-
ratures along 87,5OE are generally higher (by about

O.EOK) at southern latitudes and generally lower Kﬁy

aboutVO.SOK)rat northern lat;tu@es;“_mhgs,”the_meri:“_

. dional horizontal tegpergture gradienf is weaker along
87.5°E than along ff.soE}_ Hénge_the_vertical'ﬁipd shga?
values are generally on lower side for all latitudes and

levels at 87.5°E as compared to the values at 77.5°R.

(b) The static stability parameters are on slightly &
highe; si@e at 8%.50E as compared to the wvalues obtained
at 77.5%E.

(c) Along both meridians 77.5°E and_87f50E,_the_n9?pal
zonal wind Flow betwess BOF sod 25°% is inertially and
barotropically stable : with respect to infinitesimal

perturbations,

(@) Comparison of zonal winds at 77.5 B and 87.5°E
showed that there is systematic gradient between the
values of u ~along the two meridians. Fig;3(c)”shows

the distribution of Ugps =UWTP5 - - at
Distance between meridian

various lgtitudes and levels. These values ean be
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interpreted as approximately the value_cf__:—%. _aleng
longitude 82.5°E. It is interesting to £ind that the zonal
ccmponents of the wind is contributizg systematically to

velecity convergence in lower levels and divergence aloft,.

5 Conclusions g

1] There is good agresment between the obssrved end
| e fitted zonsl winda. It shows thsk the method
of Sm?Othingf&dOptEQ in this paper is reascnably
gound.
i1] From the sonal winds, tempersture profiles have
: been computed cn the assumption of geostrophic
balance. The computed temperatures are in good
agreement with the_qbservgdwtgmpe?atg?eslu_ﬁ?noe;
gﬁostraphicrasaumptiqn_fcrrthe climato;ogic%l
zonal wind in this region appearS'justified;
ii1]  Absolute vorticity relating %o zmonal wind cop;__
ponent is positive throughout the r ?’6?9—'}’_{{_._.?&1"-@9
climato}ogipgl zonal wind flow is inértially
stable in this region;
iv] bsolute vorticity relating to zomal wind com-
L ponent does not reach a maximum in the region
investigated, Such zonsl flow subjected to

infinitesimal perturbations would be barotropiecally



vi;

vii]

viii]

NS, 5.

gtable (EKuo, 1949).

The fitting of analytical function has been done
from 850 to 150 mb level. At 150 mb level, the
meximum wind is 60 kts at latitude 9.2°N. If
the application of fitted function could be
extended upto 130 mb level, then the maximum

wind at 130 mb level would be 72 kts at lO H.

Computed to conditions along'longltude 77 5 E
the horizontal meridional temperature gradient
and consequently the vertical shear'of the zonal

wind is slightly weaker along longltude 87 5 °g.

Static S‘tablllty parameter -‘.’.ec.. % :.s sllg,h‘bly

P
higher along 87. 5 °E than along 175 E.

If we use the fTitted values_of u glong TT 5 °
and 87.503, level for level, to calculate_éP#__
at various points along 82;50E? then it is ;:en
that this contributes to velocity convergence in

the lower levels and to velocity divergence aloft.
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Vertical Wind Shear in kts per 100 mb

p @b
Lat, °N

850

800

700

600

500

400

300

200

150

>
T2

10
1éL5

15,
B

2&9
Dol
1&5
1.5
0.8
0.7

20 0.9

22:5
25

1:2

L

3.3
2,5
?:é
1.4
13&
1.1
1.2

1.4

1.9

1.2
355
2.9
254
2
1.9
1,9
1.9

2 I

5.5
4.9
4.4
5.9
Ban
Fel
2.9
éﬁ7

2.5

7.4
4
6.7
6.2
5.7
i
4.5
58

M

10.6
}brf
10.5
10.1
9.4
8.4
7.2
5.1
3.9

16.3
o
17,7
17.4
16.4
14.7
151?
-
B

29:0

43.1

32'0‘17 49.8

3425
3455
<
25}3
24,0
15?5

i 51 N

53 .4
54.0
5116
45:0
7.4
it
T )

Table 3
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5°%

3

0°xw

15°%

850
700
500
300
200
150

140
193
3?8
674
1065
1455

143
197
338
703

31Z5

1

590

148
205
554
Sk
1265
1833

154
215
516
s21
1422
2130

1
2

158
-
24
859
51?
306
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