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Abstract

T is believed that the large scale anomalies in
the performance of the indian summer monsoon are & part
of the general circulation anomalieg having yeriods
larger than the four monsoon months. it_mgy?‘ﬁpgrefore,
be possible to link anomalies of the fndian summer
monsoon With“anomaligs of the global fIQW‘pgﬁtern,.a few
months_ahead. To get anomalies of global flow pattern,
we need quantitative measures of normal global f£low
pattern., -

With this idea in view, the monthly morthern _
hemispherdc constant pressure charts prepared by freg
University of Berlin have been subjected to spheriesl
harmonic analysis for m = 6, 1, 2, ——:, 18 and n = m = b,
2, 4, ===, 18,

The features of normal contour patterns for the



months of March to July are presented in this report for
m'; 1 é and n - m_; b, Z for stap@ard isobaric levels
850, 700, 500, 500, 200 end 100 mb. The vertical and the
horizontal ti}ﬁs of wave numbers 1 and 2 are discussed

in gome detail,

o Introduction ¢

India's sconony vory much depends on the monsoon,
Neturally, ever since tho inception of India meteorological
department nearly a century ago, there hes been a demgnd
for long range forecasting of the summer monsoon, a couple
of months in advance if‘posaible;

~ It stands to reason that anomalies in thslmpnspon_
activity which have horizental extent of the ihd;gn_regign
and are persistant for a few mqn?ha_shpﬁld_be_part of the
phe;om@gon_ﬁhigh iz g;gba; in éxtent and has a period of
=t least half %o one yesr, In the beginning of this
eentury when_pnly surface meteorological_observ&tions
were available, it yg;_ngﬁgrg;_to ﬁhink_in terme of lag
correlation coefficient between pressure and rainfall
recorded a few months earlier at a few selected surface
observatories scabtered over the globe and the subsequent
nonsoon activity over Imdia, This work of eorvelation was

started by Walker (24) and has been in practice in India
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for several years., For a history of ﬁhis_tgqhh;que‘ang
its present status, the reader is referred to gaom(Zb),
Jagannathan tlZ) and Raghsvendra and Roberts (19);

Now, We have upper eir observetions. Also there
has been better understanding and appreciation of the
dynamicg of the_mppﬂoon_agd_its ye;atignghip to the
global eirculation, Hence one would like to examine
the upper air data to see the evolution of the global
circulation before thenonﬁet of the monsoon and during
its stay over the cowntry. With this eim in view, we
now have in the Tndian Institute of Tropical Meteorology,
a project of diagnostic study te find out if there are
significent anomalies in large scale glebal ﬁ;gy'pgttern
before and during the summer monsoon which cogld be
dynamica}lqupnngptgd to the anomalies fdgpa;ﬁu:es”frvm
mormel) in the subsequent behaviour of the monsoon.

For this, we need convenient quentitative measures of

normal large scale flow patterns.

We confined our analysis to the northern hemis-
phere rather than to the entire ea;thzsphgge,_bggause
the density of data is far better in the northern
nemisphere then in the southern hemisphere. This
diaparity in the Qengityrof_data is qell_;ecpgpiqed

(BEliasen, et al (6)). A4t present, we have fairly
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y
dependable normal geopotential charts prepared by the Free
Unlver51uy of Berlin (8) based on the data for the years

1951-60 We used these charts for the analyszaa

On the spherical earth surface, the spherical
harmonics constitute the most natural set of orthogonal
functiogs for the study of planetary scale meteorological
systems, Haurwitz (lb) was perhaps the first who utilised
the spherical hafmonicg in the theory of large scale
meteo;blpgiqal systems. Blinova (3) developed the theory
further in ferms of spherical harmonics., Craig (4) gave
the solution of nonlinear vafticity equation in terms of
these fuzstions and Neamtan (17) improved upon that

solution.

Haurwitz and CGraig (11) fitted the spherical
harmonics to the actual meteorological data and showed
that_ﬁuch_an analysis offers_a powetffull method of
repre&gnﬁing a large amopnt_df metgorologiqal dgta -5 -
terns of reletively few mumbersm and thus could bgcome &
useful tool in climatologicel and dynamical meteorology.
Subaequently; the technique of spherical harmonics has
been applied in the fleld of meteorology by several

authors (8¢1berman,.(22); Kubota, (15); Platzman, fle);
B"%z_a__x_-_,____g;}.; _(__2)._;__Ellsaesser, (7)3 3 Seltzmen, (21).:_,

Merilees, (16)).
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It was de01ded to represent in ferms of the

epherioal hargoRice.f SO B oy gt icid o he,
normal and the‘actugl charts for the standard iaoba:
ric levels 850, 700, 500, 300, 200 and 100 mb.

4 comparison between the normel and the actual
charts for the extremely abnormal monsoon season of
1972 hes already been reported by Keshavamurty and
swade (13). Similar comparison is in progress fér
oﬁhsr years also and will be reported in course of
time,

The purpose of this paper is to present the
principal features of the normal“charﬁsnﬁpr;the months
March to &uly to cover the period of_thygg_mqp?hg'_m"
(Maxch $o May) before the onset of monsoon, one month
(5393}_95 advence and establichament of the monsoon ower
India and one month-féuly) when the monsoon is in peak

aCu1Vﬂty over the country.
2 Method :

The Salient features of the method adopted are
given below, The justification for these steps is given
in Eliasen and Machenhauer EG);

1] Symmetry was assumed across the equator.

ii] MAlong the latitude circle ﬁ, the height was
-  taken as

.... 6
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BE(A) =33 (a, () CommA + by (f) Sin nA ) ,.. (1}
By conventional Fourier analysis, we obtained the
truncated series

18
E(A) = 2. A (F) Com m\ +B () Sin m;\i

- m=0 e _
m _ e (laj
Ay

iii) On the sphere, the field is given by

Rm % .sz'. + Bmz s Ttang =

. : b -9 e o
H(ﬁ; A} = Z Z E afi Cos mA —E—b?; Sin m)\; Py (/“) .o (2)

n=0 mn=m
where pf t,ﬂ } is the associated Legendre function of the
first kird, m is the number of waves along a latitude eirele
and f nfm) iz the number of nollal points ﬁgﬁwegn‘the north
pole and south pole, excluding the poles themselves. A is
equal to Sin g, Due %o the restrietioz of the analysis to
the_norﬁhern hemlsphers and dwe %o the assumption of symmetry
across the egquat:r, the orthogorallity condition for the
Legendre polynomial becomes

even ®0@ (5)

‘ m n n+ n'
o0 (M) DL (M) dp =0 and n £
° :
(n;m} ig an even integer cioe  oe b see (#)
Thf noymalisatioﬁ co#&iéiéﬁ ;a
af( pﬁ (MF ap v oy ver (5)
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(iv) The coefficients ag and bi are given by

1 -
aﬁ =f&m (8) p‘i (M) apm o KB
wo=fm @ of (#) ap s KT

o

(v) The amplitude R =and the phased
are given by '

G [T T e (8)

m. .

and tancr = -‘bn

2 g €83

The date from the Eree Wniversily of Berlin
mornal charts (8) were picked at interval of 5 degree
longitude and 5 degree latitule fram the equator fo the
rorth pole for the levels mep?iqned_apqve;r7ihe_§pp¢?if
cal surface harmonics were fiﬁted to the daﬁé for range
e C_to 18 and (nem) = 0 to 18 by the least square
method,

Fa Result of éphéficéi harmonic anaiyéié H

The normal geopotential height was analysed for

each of the six constant pressure surfaces and for each

vive o B



e

of the five months, for m =0 , 1, 2, —, 18 and (n-m) =
0, 2! 4y —=» 18-

A typical picture of amplitude of the_ﬁayes on
(m, n-m) charts is shown ipbfig;_lnfmgy“509”meE__iﬁ is
well mown (Creham, (9); Ven Isacker and Van Mieghem (25)
thet the bulk of atmosphers's eddy energy is lodged in.

wave numbers one te eight. This is clearly brought out

in Fig. 1, Whers the largest amplitude of 23.2 gpn vas
found for mf;;'ﬁ;mfg:' Ihgigmpiitudea decreases to less
than oné-tenth of his valus for m ) § for all values of
(n-a). Wo holleve that when such novmel charte become
the reference charts for comparison with actual charts,
prgm;gentvapo@al;es_of'actg&l charts would become parce:
ptible and the persistance, growth or decay of such
anomalies can be followed in course of time, May be,
such anomalies will at some stage become a tool of long
range forecasting.

~ We here present the analysis of normal charte for
m=1, 2 and ﬁﬁ—m) =0 , 2 for the five months period
March %o July, Deteiled analysis for other combinations

of m and (nym) will be presented elsewhere., Since
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substantial part of eddy emergy is concentrated in wave
mumbers 1 end 2 for (n-m) = 0 and 2, their discussion in
= separate paper here is not in-appropriste. The diseu-
ssion will elso indicate the type and amount of informa-
tion which is available in the analysis of normal charts.
Table 1 gives the emplitule of the wave and posi-
tion of the ridge line st various isobaric levels, during
different ’?1011?1?_5}:. __é?“-_’*e“?“i‘?h- meridian is reckoned as
longitude of the phase zero. We shall briefly discuss
important features of the four waves under s;‘tudy":
£2 e T, B [ ®ie, 2 6a), 2 ) 1
(Fig. 2 and Teble 1), During March, the ridge line lies
close to the longitudes of'wegﬁern_Egropg_;@_ﬁhe“}9ﬂ§;
troposphere and over the longitules of Western Asis in
the upper troposphere, Tn otherwords, the wave tilts eest-
wgrd with increase of height. i? transports heat sogtp%
wards end tends fo increase the intensity of qorﬁﬁ—équth
tempera‘&ur_c_'a gradient in the 'L'I'op-qs:phere in the middle
latitudes, During fpril to July, the wave moves further
westward in the lower troposphere and remains nearly
stationary in the upper troposphere, thus increasing the
t11% in the verticel. During July, the ridge lies over

western Atlantic in the lower frOpOSPhere and over the

LEL S 10
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longitudes of east Iran, Afghanistan and western parts

of Pakistan in the upper troposphere.

Amplitude of the wave is maximum around 200 mb
1@731 during Marph ﬁo May_but incrgages upwards even
at lbd mb level during éuna and Julya
.2 m=1, n=3 [ Pig. 3 (a) and 3 (b) ]
(Fig. 5 and Table 1), During March, the ridge lies close
to the longitudes of west #sia in the lower tr@posPherel
and over eastern Aﬁlanﬁic in the upper tr0p03phe;¢; Thus
the wave tilts westwards with height and transports heat
nbrjhﬁ??dg;” E?OE_M%??h¢ﬁﬁ April, the wave moves we&t-__
wards ir The lower trqpogphere and slightly eastwards in
the upper troposphere, with consequent decrease in the
vertical tilt of the wave, ewven though the wave continues
to tilt westward with hgight_in_the troposphere during
the month of April als}'p_& fl?hi_s trend of movemen® continues
from_ﬁp:il_%o_may; _ﬁgring the middle of May the wave axis
is nearly vgrﬁioal and liea_algng the long;tudes of extreme
west Eurcpe. From May to June, the wave moves eastvards
practically a% all levels in”ﬁhemtrap93phere}‘mqyemggt_being
faster in the upper troposphere than in the lower tropos-
phe?g; ¢pn$eguent;y,vﬁhc wave tilts eastward with height

during dJunc, transporting heat southwards, From ﬁune to

200 ll



July, this eastwarq_?}lt with height gets further
aqgenﬁuata@_._ Ey middle of July, the wave ridge is
over western gﬁlantic in the lower troposphere and
over the loqgitude of central China in the wupper
ﬁroposPhere;

The amplitude of the wave is maximum around

200 mb level.

%3 m= 2, n=2¢g [ Flg. 4 (a), 4 (b) ]
(F;g.l4_an@ngp;¢m;)_ Durlng Mzrch, the rldge liee
over the longitudes of_Afghanlstan and Pakistan in the
lower trogogpheye and over eastern #s;a in the upper
troposphere, with;ayerage.gastward_tilt‘with hgight;_
From March to April The lower part of the wave moves
eastwards while the upper part moves westwards, thp@_
decreasing the eastward tilt of the Wave. From Aprll
to May, the wave continues to move eastwards in the
1ower~tropoaphere but remaing practically statlonary

E;Q??'M_Inm?hl?_P?9???$ the_tllt of the trough;}p the
vertical gets reygyae@; By middle of Mﬁy,_#he ridge lies
Overmge@??ai_?agific in the lower froposphere and over
the longitudes of central Qh;na in the“uyper_?qqppﬁghereg
tilting westward with_hg;ght._ From May to 3uly, the wave

remains practically stationary;

L 12
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The wave has maximum amplitude generally at 200 mb

level.
5.4 m=2,n=4 | [Fm.ﬁmh () 1

(Fig. 5 and Table 1), In middle of March, the wave ridge
lies over the longitudes of western Asia in_thg lower t?o—
posphere and over the longitudes of east Mediterranean ip
the upper troposphere with westward tilt in the vertical.
From March to May the wave moves slowly egstwgrds, the
movement being a bit fasﬁer in the upper trppqephgre than
in the lower troposphere. By middle of April, the wave
axis is nearly vertical. iﬁrtilta slightly eastwards with
height by middle of May, from May to &tly, the wave moves
westward in the lower troposphere and eastward in the upper
troposphere, considerably accentuating the egstward tilt of
the wa?e. By middle of JUly, the ridge lies over the longl-

tudes of central Sahara,ln the lower trop@aphere &nd over

the 1ong1tudes of Burma in the uyper tropoaphere.

From March to May,_the maximum amplltude is at
300 mb level : Burlng June and July, the amplitude is found
to be increasing with helght even upto 100 mb level.

4. Result of Pourier analysis at different latitudes

Tables 2 (a to e) give the values of R, ande

*e e 15
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(eq. 1=) for m =1 and = =2, for each of the five
months Merch to_;uly, at different isobaric levels and
at different ;atitude circlgs; ihe_phase _lrefera
to ridge line; From'the orientation_of‘t@e_r}dge line
at an isobaric level, we can get qualitative idea of
north-south transfer of westerly momentum Starr, (23}.
The transfer of westerly momentum is northward if the
orientation of the ridge line is in a NE_—“Sﬂnﬁirgctipn
and the transfer is southward if the orientation is in
a NW ; SE direction. From the vertical tilt, we can as

before infer the eddy transport of sensible heat,

It is uninteresting to describe in deta;l the
varistion seen in different tables given above., The
detailgd variations in space and time are not vefy
smooth, Nevertheless, there ig a definite pattern seen
in each table and we can trust the large scale feature
seen in these tables. Some of these features are

described below.
4,1 3 Vertical tilt.

m =1, ijigf'é (Y7

At 20°N and 30°N, the ridge line tilts eastward
with height upto and belOW'EOO mb level in &ll the months,

e 14
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4% 40°N, during March and April, the tilts are
veriable; but during May, June and July the ridge tilts
castward with height, A% 50°N, the tilt is westward and
feehle du;ing_ﬁarch and ﬁ@ril, is slightly eastward
during*ﬂay and becomeS'grogre55ive;y more easterly during
June and July, A% 60°N, the tilt is westerly during
March, decréases in intensity but remains westerly during

April and becomes a weak easterly tilt during May and

June, The tilt becomes westerly durlng JUly.
m o= 2, : L Fig. 6 (b))

4% 20°N, from March to July, the ridge tilts
generally westward with height, Therefore, it tremsports

b

heat northwards from the tropics.

At 3QQN the tilts are very weak in the lower
troposphere during all the months. In the middle and
upper troposphere, the ridge tilts westward with height.

At 400H, the tilt is wegk westerly duringfﬁﬁrch
and weak easterly during &pril; From May to Ju;e, the
eaﬁtward tilt iS'more pronounced particularly in the b

lower tr0posphere, Durang July, the tilt is westward,

At 50 N, the plcture is more regular. The tilt

is westerly during March, weak westerly during Aprll;

O
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practically vertical during-ﬁay;uglight;y easterly
during'ﬁune and more easterly during July.

A% GOON, the picture is equally regular. The tilt
is westerly during March, decreases but remeins westerly
during April, is nearly vertical during May and easterly

during ﬁune and iuly;

4,2 Horizontal tilt :

It is observed that the horizontal tilts of the
wave are generally weak between the 1atitudes_l§°ﬂ-$nd
50°N and also between the latitudes 45°N and 60°N for
both wave numbers 1 and 2., There are also abrupt dist
lacements in the ridge positions between 3Q°N and 45°H.
This appears to be due to the position of the eastwest
running subtropical ridge in the lower troposphere which
separates westerlies and easterlies on its two sides and
in the viecinity of which pgrth;sguth.running trough and
ridges are not well marked;_ Similar abrupt displacements
also occur im the pglar latitudes near the regiomn of the

east-west running polar front.

Other important features of horizontal tilt for

m =1, 2 are discussed below,.

m=1.

a8 0 16
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[ Fig. T (2} 7
850 ub : _ The ridge $1lts westward in the lower lati-
tudes in ell the months. In the middle latitudes, the
tilt is @agﬁwgrﬁ;"lfrbm 66°ﬁ to 860H, the ridge tilts
generally westward, ,
700 mb : In the lowér latitudes, the wave tilts
eastward during March and April buﬁ has ncarly:north—
south orientation from May to iuly. ‘The til% 1s gene-
rallyleastward from 36°N to éOpEfand West%ard from 60°F
to SbeL
fOO_mb :-.  The $11% is_weﬂtwa:d_in.the lower_latifudgs.
in.ﬁhelmiddle latitudes, the tilt is weak during March
{:0'_ Mzy, but e.a_stward during Juneand July. The ampli‘tude
and phase obtained here generally compare well with the
valugé obtained by Eliasen (é) for July normal height
data, though there are diff¢rencgs in amplitude atlﬁQog.
The mqnths of’Margh_and ﬁpril_form ﬁhe_paﬁtarn digﬁtﬁct
from oiher mozﬁhsg VYan.Mieghem f26) found eastward_
meridional til® of-the_lpng stationary wave for Jan. -
April_lééj at 50°F but, in our results the tilts are

weak and indifferent;

300 mb ¢ The ridge line tilts eastward in the lower
latitudes, in the middle latitudes, tilts are weak from

March to May but eastward during June and July.

a0 17
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200 mblz March and April form & pattern in which the
ridge oyientation“ig practically porth:souﬁh from lbéﬁ
to 50°N. The $11t is westward from 30°N to 45°N, and
again eastward north of 7693; _?uring_ﬁune_and July, the
t11%) 1s found to be eastward between léoﬂ'and 36?H and
again beﬁﬁeen &Ooﬂ'and 5503. This glso agrees Fith;the
findings of Krishnemurty fl4) who analysed 200 mb flow

pattern during the summer months of 1967.

100 mb 2 The orientations are gualitatively similar
to those at 200 mb level,

gy

[Pt Y F
850 and 700 mb : Excep! in the regions of subtropical
fiﬂge line and the polar front, the tilis are generally
W@S%ward,
500 mbk 2 Thg'%ilﬁs‘afe similar to fho§e at 85Q meaﬁ&
TOO mb levels excep’ that during the month of'éu;y“a@
506 mb level, the ridge tilts eastward from equator %o
20°N.
300 mb ¢ North of 10°N, the tilts are generally

westward o

200 nb @ The tilts are generally westward except that

eee 18
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during July,ﬁthe ridge line ftilte tdwards east from

15°F to 50°N. |

100 mb 3 ‘During_Marah“and April, the tilts are
Wegtwg;d'from_fé To ﬁpcﬂo__fhe tilts are very weak
between 50°N and 80°N. May acts as a tramsitional momih
Withngn_easﬁerly ?il?”f?pm_eguatQ:_tq_EOOH: ﬁpringléune,
the tllEs a:e-eas?erly_from equator fg_jboﬂ aﬁd very:weak
from 30°N to 70°N. During July, the +ilt is easterly at
all latitudes, the tilts being strong south of ZOON'and
north of 65 N,

5«  Copelusions :

(i) We believe that large scale snomalies in the
behzviour of the indian summer monsoon are dynamically
related to the anomzlies in the global flow pattern with
periods larger than the summer season, Hence it may be
possibles 1n course of Wimay 0 el ist sonmslise OF
Indian summer mensoon with the help of anomalies of the
global ﬁlow paitgrn“observed_a couple of ponﬁhs;ﬂn
advance, A Pirst step_in this_d;rection is to have
global norma;;pharts fo? varizour levels sp.that one can
work the departures of observed pattern from the normal
patterns. Due to difficulties of data in the southern
hemisphere, we have for the time_being confined ourselves

‘$o the northern hemisphere, It is however, not suggested

LR 19
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that southern hemisphere has no sl gnificant part to
play.

(i1) Normal upper air charts of the northern
hemisphere prepared by the Free.ﬁhivgps;ty of ?g{lig?“
have been subjected to spherical harmonic snalysis for
B =04 1y 2 ceeeg 16 8ud 1o = 0 4 2, & 6y cueey 15,
In this paper; we;have presented somewhat_detailgd
analysis for m = 1, 2_&@@ n-m = Q, & fqr_fhe months:
March to Jﬁly: ﬁyg verﬁicgl and the horizontal tilts
of the waves are discussed, Climatological iInformation
¢f this type will serve as a good reference material for
study of the anomalies of geopotential pattern in any :

particular year;
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