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The Fi rst Session of th e Regional Asso

ciation for Asia of tile World ~Ieteorological

Ordani sation was held at New Delhi from 2
~

to 14 Februa ry 1955. The Association is one

of th e six Regional Associat ions set up by

th e W~IO at its first COl,'" held at Paris

in 1951 to continue the work performed

by the six Regional Commissions of the

fanner Intem at ional Meteorological Organi

sation. The functions of the Regional Asso

cinti ons, gellernlly speaking, are to promote

the execut ion of th e resolut ions of the Con

gress and the Executive Committee of the

WMO, to discuss matters of general meteo

rological int erest and to co-ordinate meteo

rological and associated activities in th eir

respect ive regions nnd to make recommenda

tions to the Congress and the Executive

Commit tee of th e W)[O. The Regional

Associat ions arc composed of Member States

and territories of th e Organisation, the

net work of which lic in or extend into one of

the six regions of the world , whose googm

ph ical boundaries are defined by the Congress

of the W)IO. The following nine countries

are at present )Iembers of the Regional

Association for Asia: Burma, Ceylon, Hong

kong , Ind ia , Iraq, J apan, Pakistan, Thailand

1I1ll! U.S.S.n.

The F irst Session of this Association Was

attended by delegates from all the member

countries except Ceylon. Dr. D. T. Dassana

yoke, Director of the Meteorologiea! Service

of Ceylon, however, SCIlt a message ussuring

full co-operation with th e work of the Asso

ciation. France, Israel , Lebanon, U.S.A.,

Viet -Nam and Nationa list China as well

3 8 several international organisations,

viz.. United Nations , JCAO, UNESCO ,

I t;GO and FAO sent observers to this

Session. Mr. •J. It. Rivet , Deputy Secretary

General, World Meteorological Organisation,

attended th e Session on beha lf of the Sec

retariat of the Organisat ion. Mr. J. I, .

Galloway , Chief of the Technical Assistance

Unit of the WMO was also present for 1I

part of the Session.
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On the utility of plotting vectorial changes of upper winds
in forecasting developments and progress of important

pressure systems
A. K. ROY and :SO. C. RAI SIHC_~ It

Jltteorol,,!/im l Office. 1'0011<'

(Received 8 June /954 )

ABSTRACr. A st udy has been made to find t he ueefulne•• for foreeastin~ purposes, of a cri tica l cxamina,
ti on of tho :!-l·hour variations in the 60w pertern of winds b)' plotting a)"st l' IDa t ioally vectoria l ehangea of u pper
wind s. It i" 8000 that such cherts, by pro viding a more definite picture of cbe nges in the clrc ule
tion pattern or winds, give an insight into the futu re trend of even ts in relation to deve topmente of Importan t
synop t ic l'Ii t.u"t iun!',l'Iuchas , the origin and movements ofdcpreNlionlS or atorml'l in the sea &1'M8. formation of IK"<"OD

dati... of western disturbances etc more readily and cloar ly than what ia possible Irome st udy of two consceuttve
wind charta,

i. Introduetlcn

\\'ent her forecasting is largely a well..
reaacued extrapolation of t he current fl)' IlOp4

tic situation uud , as such, it is obviouslv of
value to mak e n c areful note of the past,
cha nges in thp. different met eorological eJe
meuts, and to consider how far these obser
vod tendencies arc likely to persist and sha pe
th o fut ure trend of events. Of th e variou s
meteorological elements required to he plot
ted normally all da y-to-day charts according
to Inter na tional recommendat ions , t wo,
namely, wind and pressure tendency, are
cliaugc clements. In rndin, because of the
predomina nce of t he factor of diurnal "aria
tio n of pressure and of the uncertainties of
the correction to be applied in t his regard,
short-period p",ssure tendencies do not a l
ways provide reliable enough guide (Roy
194I i). an d recourse is, therefore, ta ken us
ually to studying the changes during a period
of :!4 hOUD\, T he other clillnge element, i.e.
wind at various levels is plott-ed, and a st rea m"
line anu lvsia or th e charts is mane with a
view firefly to finding ont t he chan g-es, if an)",
in t he ai r I H~ character over different areas
an d, secondly, to depict ing as accurate a
picture as possible of the circula tion pat tern
(If winds at a partiellhn synoptic hour. In
tropical coun tries like India, where weather

is often of intra-air rnass type and is largely an
effect of organised convection of t he lower
moist air mass, an estimate of th e growth or
decay of cyclonic vortic ity, t hat is, of increas
ed conve rgence or divergence in t he wind
stream, bv u critical study of th e circulat ion
patt ern of winds at th e ap propriate levels,
is of th e greatest. significance for fi nding out
if conditions nre becoming more favo ura ble
for providing an originating impulse for up·
draft of the lower a ir, Much care has, there
fore, to be taken for making an acc urate and
svstematic stream line analvsis of winds at
various heights, part.ir-ularl)· t hose in which
t he moist a ir circulates. E xperience has
shown that usuallv the most crucial level for
purposes of such ~ study ill India is t he one
at about r;aoo ft, although during certain
seasons, such as, in t he pre-monsoon mont hs,
consideration of :\OOO-ft wind. may often
be more important for 10000t ing the rt'b'ions of
growth and progress of thunderstorm vort i
C~• Also, ill certain C<\..-';;C5 in which cvclonic
circulation tends to develop first at a-hi~IH~r
level and t hen extends do wnwards, f\ cr itical
stud v of stream lines of winds at 1O,IXY-1 ft or
Fa mny he helpful.

.\ 8 mentioned already, an ana lysis of the
wind Iiel.l ut different heights eonst.itutes all

item of routine technique fur day -to -day
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Radar observations of a thunderstorm
H . MITRA

.11eteorological qf!ice, New Delhi

(necei,,,,,l 13 Novembl'f 19;j.J)

ABSTRACT. The pepee deecrlbce the result s oCR et udy ofa winter thundeeetorm which occurrcd et Xcw Delhi
between :!l:-....b '1' of the 14th and f)l130 I&"T of Hi .January 1l1.)3 du e to t he passage ofn western disturbance. The
udar l"clUJ(I.i tlli "S(<(' U on th e sco pe of 1\ a.em AN/APQ .13 Ii ('t. have beene xplained with th e help of the n ailable
IlIlrf.looe a n' l upp<' r ai r l1&ta. The mechmism oCfonn vrion an,l decay of th e main thunderstorm celland it.'! .~)oiat
".lseooo,1\r if'i h-ive been describe...l with t he help ofradllr photograph. taken at she er intervals,

1. Introduction

At th: ~ [ekorological Office, New Delh i,
urranjrement ... are in. progress to make syste
ma ti c oil" -rv.rt.ion- uf difT~rent type'! or
weather with tho help of cent imet re radars,
The type of f~q uipment ami lL preliminary
accoun t of such observations has a lready
heeu puhli-he-I (Mathur and others 19;Hj.
In the pr..·s'lJlt pap~r a special study of a
moderate thunlerstorm which passed over
th e sta t iou Oil H Junuary 1953 at 2245 IST
is descrihod . On thi -, day a solit :l ry thunder
storm cell was first. noticcrl 011 t he radar
scope a t a dist ance of 30 mi les from th e obser
vatory situ aw l was found to approach th e
station from \V's"r. .Acontinuous watch was
kept of t',i. thundersto rm frum 21;\0 1ST of
IHh to 0(1:\0 1ST uf 15th 1l,,,1 photographs
were t:lk ,m a t intervals of five to te n minutes.

2. SynoPtic situatio n

F ig. I (a) shows t he synopt ic sit uat ion a'
shown in tho waather chart. Ilt li30 IST on
l-lJunuiry prepa red at, Safdarjuug Airport.
Th e rn-hos -n Ic observ ation from th e obser
Yatllr,\" sit« at :!U05 IST is shown in Fig.
1 (b).

On th ix .I !1 Y lin act ive weste rn dis turbance
W.H moving ·thr.mgh the ext reme north of
tin oount .rv. It s s~c.:Hd 'lrV' lav over sout h
P unjah I:wl ld joining · Ra·jast han. Th e
associated upp~r wind circulat ion extended
up to 1r.,nOIl ft above sell level, A IIIvrked
wino discontinuity at 3000 It shove sea
level ran from Lyallpur to Sikar and th ence
funni ng sout hwa rds. Moiitt air from t he Bay
of Benga l wal! flowing round the a nticyclone
o\"er Ori&",L- alill JlIJighbourhood into tho

seconda ry western disturbance lip to 50r}:)
ft above sea level and making it more activo.

Det a ils of weather changes over Delhi
recorded a t Srfdarjung Airport from 17;10 tu
0830 1ST of 1·1-15 J anus rv 195:) iudicat od that
medium clouds b~glln inc reasing in amo unt,
towards late afternoon nnd t he hnse of t lu'"
c1owl' gradually lowered to 9000 ft by 1900
IST. By evening the sky became overca st
mainly with Avallll A". Sligbt intermittent
rain started a t 2050 hours, Light ning W:1.S

seen 1 towurds west at 2130 hou rs und II

thunderstorm wus semi appronchiug t lro
lit.nt ic;ll. Tho radar set \\""1\.'; switc hed on at
t his time and 1\ thunderstorm was noticed
011 the scope 30 miles away from litatiun in
"'"8""direction.

3. Description cl radar echoes

The first picture tnken at 2150 1ST is
shown in Fi g. 2. The approaching storm WaR

observed at a range of 23 miles towards
WSW. It consisted uf two distinct cell. and
also 3. th ird one very clo se to the other two: t he
maxi-num horizont ul extent uf the thunder
sturm \V ,I.'! a litt!e over th ree miles.
It approximatoly covered an area of a bout
12 square m iles. .Asma ll c..:'1I. 6 miles away
(rom th e stat ion, in a s\\nly dir ect.iou. may
be seen just developing lL" ~a'l of the rnnin
thunderstorm.

Th e next picture (l<'i~. 3) was taken at
2200 IST. The three cell. noticed ea rlier
had merged together, but could sti ll be
ident ified as separate cells. The ave rage
horizontal extent of thc sto rm was aho ut 5
miles ano now co\"ered an area of 15 squnrp
miles, Tho IDllin thunderstorm also ga\'e
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Climatic changes in India- (HI) Pressure
s.K. PHAMA,"IK and P. J AGAl\"XATHAK

MeleoTological Office, Pool/a

(Received 4 11'ovml!,,, /95J)

r, Introduction

Th e authors (195:1. 1954) have st udied the
changes in mi nfntl an d temperature in Ind ia
nnd th e present 110te consists of a xirnilnr
st udy r'!g'ard ill ~ preo:.,su fC . For this pl..rpcee,
pr<>.s,<iurc d:lh of the morning synoptic hour
of 2;' obscrv.ito rv st-uious distributed over
Ind ia llwl neighbourhuo.l, for which suffi
ciently long und continuous records are
uvn iluhle ha ve been selected afte r scrut iny
uf the poriodi ca l Inspection report s and other
records. The sta t ions selected for t he purpo~~

of t he study have boon shown iu Fi g. I. In
8(~I(>c:tiJl~ the atntions care ha.'i been taken to
,",01) tha t. th e exposure of the barometers have
remained l:In t:lifo..lcto ry throughou t, and t.hat
wh erever th ere hus hoen any change in the
locat ion of tile baromet er, suita ble correct ions
fur th e change ill the locat ion have been
worked out; these correct ions have been
appl ied to t he values to make the observe
t ions of pressure throughout the years com
parabl e,

Tuhlo 1 give. t he lat itud e, longitude.
heigh t , period of du tn utili sed. th e mean
annual pressure and its sta nda rd deviation
fJr the selected stat ions. It ma y be mention:..."t1
here th at th e morning' observat ions were
taken at lOon I.~IT "uptc 1889. but in the
succeeding years up to 19-1-3, t he observations
have been recorded a t 0800 L~IT. From 1943
to Februarv 1949, th e observa t ions were
taken at 0800 1ST, and from ) Iareh 191!l to
date. the ohs-rvntions have been taken at
0830 1ST. In th e first instance, the data prior
to 1889 have boon corrected for making th em
comparable with th e data for 0800 I.~11' bv
applying suitable corrections (1904). The; .
data up to 1912 wore theu correctel for t he
change in time from 0800 I.~IT to 0830 1ST

and finally all the data prior to ~I"reh 1919
were corrected for th e chang_ from OROO to
08.10 1ST. Th e values have been redu ced to a
standard te mparat uee of 32°F aw l for
standa rd gravity at 45° Iat. . and to t he
level of th e barometer cistern equ iva lent to
th e present height of th e barometer at each
station. Tho final series of annual pressure
val ues as utili sed hero can, th erefore, l>t~

reasonably taken 88 a uniform series for
th e pu rposc of this st udy.

In t ld it ion to th e series of mean unnua l
pres.'mrelol, certa in aspects of the mean pres
Bures for t he months, -Ianuary aw l .ruly J

WhiChll'cpre~en t the winte r and t he mon
soon conditions respectively JU\\'e been
stud ied in tile following paragra phs.

TII ~ vuriuf.ions of th t' 08:W TST press ure
at the different stations ca n he seen from
t he ~fllphB in Fie. 2. Even th ouah the
standard devi...t iona of an nua l ". means
of pressure ~i\'t'n in column R of
Table I a re a verv minor fract ion of the
mean valu es of pr';'<;~ l1 re (col. 7), it iii well
known t hat. th e va riations play a verv
eiznificnnt part in the control of weathe;.
.\ statistical examination of th e series of
annual pressure (lata has been made with
a view to find out whether unv oscilletorv
changes or secular r hangcs ar~ present in
t he ser ies. The methods used lmva been
similar to t hose in our previous papers
(l95~, 1951) wherein We have st udied t he
rain fall and temperature series.

2. Test for oKlJlatory ehanges ",

The mean .daily values of pressure at
t he different stations vary from yea r to
year. To test whether the ve riat iona from
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Lisbon Earthquake of 1 November 1755
s. ~1. )!UKHERJEE

fJellt",1 Seislllolo:Jical Ob<crmtory, SI.iJlo"!l

(Recei.Y>1 28 &l'lem""r l!I.j /)

ABSTRACT. Avail abl e d 1.t.1\ on th e Lisbon ea rt hqua ke have' been re viewed. Sumo Qt" W eepecta of the ea r th.
quake ban'!been brought out end 8. few others reinterpreted in th o ligh t ofdata of th e recent A",;,amea rthquake.
The fresh l"alcula tionlt made ..how th at t bi 8 Lisbon eerrhq ue ke rna)' be co nside red as t he strongest of a ll ~llfK' klJ for
whi ch ecic nt ific d ILl&am availeble , T he magnitude of th e ea rt hq uake has bee n approximate ly de te rmined as 8 ·7
and ene rgy bt·t woen 1011 Cf"gR a nd 7 X IOn CrgM or do ub le th e enl'rg)" oCthe Assam ea rthquake of 19.>0 with depth
of (OCU!! 18 km.

Sc it:heRappear to beassociated wi th shallo w ea rth quakes o f magni t ude Cseceding 8 · oi . T rue seiches l'fe ge ne 
rl,lly observed ewer t he reg ion just oetslde th e felt a rea. The IIhUtJk may he f(" lt an d ha.n~ing objects may esc i1Iat e
a t i,mllL(ctl places over tb e se me region. The maximum epiccntre l dl etance s of rhese ph enom ena are proporri cn e! to
the ('ne o;;:if'Mof t he shoc ks. I solated se iches mey occu r at vc ry Ierge di sta nce s, ~y, even 4000 or r,(oo mil es, from
tb c epfccnt.re,

t . Introduction

Th e Lisbon earthquake of 1 Novemher
17en, it s sever ity, the damage an d loss of life
du e to it , the dista nce to which it was felt ,
t he great H(>fI, waves it ~llve r ise to, the agit.a 
tion of waters of la kes und ponds at very gn'Jlt
rlistnnces (from t he epiccntre), all combined
make it probably the most notable ea rth 
quake in histo ry. It is also to he remembered
that t he power of an earthquake to agitate
la kes an d pond s a t verv great distances was
fi~t noticed ill t he C3SC of the Lisbon earth
quake nnd t hat it incit ed th e first scienti fic
at tem pt to explain th e cause of the ~('a waves
th at. follow some submarine earthquakes
(R eid 1(11 A), a nd a lso th e cause of oscillations
of dista nt masses of inland water that follow.
cd this ea rt hqua ke.

Th e un iqu e featu re of t he ea rt hqua ke
appears to li«, in til e great st rength which it
exhibited in initiati ng' oscillation s of larJ..re
masses of water ill rivers , lakes, ponds etc near
about and fnr 1\\\ ay from the oute rmost limit
of tb e felt area in such distant regions as nor th
of Scotland , Korth Europo, ( 'entrul Sweden,
F inland nnd the East Da nube basin.Rhvthmie
oscillnt.ious of water of r ivers, bays, lak es etc
Ly meteorological or seismic causes, nrc de
1l0tt'(l uy 'se iches' . In no earthquake have
seiches been BO genera lly an d wi dely observed

as in th e Lisbon earthquake of 17:)5, If t hi'!
phenomenon is considered as an index to tho
strength of a n earthquake, it mo.." he snid
that the Lisbon earthquake was t he strongest
of all shocks on which scient ific inforrna t.inn
is avai lable. An attempt is mndo in this note
to ~tima.tc t he approximate value of the
maghitmle of thi s shock which IHIS lJeCOITle
rcrnar knble iu histo ry on acco unt of mani
festation of va ried phen omena wit h nvailnhle
data and comparing it with eertn in features
of the A"""m ea rthq uake of I!l50.

Hernarkahls seiches were also observed
after t he Assam ea rt hqua ke of W~o. Thes«
started within t he felt area ucnr t he ou ter
most limit hu t ex tended far outsid e t his area.
The phenomenon was prominent mainly in
t he Gan get ic alluvium, Some observa t ions
were also re por ted from cent ral Burma . It has
been repor ted t hat sta nding wave.'! were oh 
served in f ior(l-;a nd lakes ill Europe approxi
matelv Itt t he t ime of arriva l of th e mnxiuuuu
wa\"~ from t he Assam ea rt hquake. It was
widelv report ed that ' t he water of t he L:lke
Ontn.;io ro~ with great violence five and a
half feet., t hree times within half an hour' a nd
th e phenomenon was connec ted with the
Lisbon eart hq uake, Reid could not accept the
report for wan t of local evid ence hut occur
rene" of seiches in the Lake Ontario due to
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Azimuthal variation of cosmic ray intensity for zenith
angle 600 at Hyderabad, India
s. BHAGAYAKTA~I and D. S. R. MURTY

PltyshoaJ Laoom/'iries, OMt/(lllia Ut1if 'ent;/!I' llydNabad. Ind ja

(ReC{"iml 10 January 1955)

1. Introduction

Azimu thal va riati on of cosmic m v intcnsit v
(at constant zenit h an gle) i'\ a g~maW1eti~
effect :lIHI its st udy provides ~l powerful
met hod of determin ing the churgo and clwrgy
s(>f'ct ra of th e primary cosmic rays. An
experim ent of this type was first suggested
by Valla rta (19:19). I n such experiments, the
in ter pre tnt iou of th e result s depends on n
knowledge of th e allowed con e (Lema it re a nd
Va llarta 19:16) a nd part icularly uf t he penum
hral hand. (H utner 1\1:19). According to H ut 
ncr, who studied th e penum bra at ).=:!f,o
for a zen it h angle uf flO", the penumbra l
effect is confined to west ern a zimu th a nd
part icularly to the north west quadrnnt for
positi vely cha rged part icles in t he nor thern
hemisphere while for t he negati ve pr ima ries,
th e pat tern is mirro r imaged along t he mag
net ic meridi an . Th e penumbra in th e neigh
hourhood of th e equator was studied bv
Yong-L i (1\':111). Yo!,elaere (1!150) has , light ly
mod ified it and concluded t hat a oompnrison
of Yong-L i's work with that of H iltner 's
shows that a part of t.he phenomenon ealcu
la ted for lati tu des vcry close to the equator
rec urs at :!llo. However , the shape of the
penu mbral regions varies qui ckly.

Gill ( 194.'>a, Il' 4.5IJ , 19 li, 1%1) studied t he
azimuthal effect. of the pen etrating compo
Bent of cosmic raY:i at Lahore O.. = :!:!°X )
and it ha g been shown that the experimenta l
resul ts of narrow cone stud" show a st riking'
similarity to th e thcorct il'a f curve of Hilt ner.
lie concludes from his Lahore exp-riments
that primary cosmic rays a re positively
cha rged and t he ener~y spectrum of the pri
mary radiation within t he ene rgy ranee :\85
to 500 millistormers obevs t he law K b'-'
wit-h c - t ·8wh cre K is ~ constant ami E is
the energy . H i. ex periments "t Bombay

(A= 9 ';,°K) (n ill an<l Y",. 19·18) ill,l ient."
that. the primary spect rum for (·ner.~y range
:S5:) to 6in millistdnncrs can be repro ...-nted
bv Kt'- C' with f' = 2 ' -If:. Valla rtn And ot hers
(i l1l7) «t ud ied the az imuthal effect at ~ I , ' ,ico
city p. = :!no~ , II = 22·U rn) for zenit h
an,l!lml :Wo, 4r.o and c,oo without using a lead
absorber, The a nalys is of t heir obse rvations
yie lds an t'lwrgy spectrum of the primary
cosmic rnvs of th e form KE- 1.4S in th e
energy ran ge be tween :~&O a nd 600 milli
strtuners. Th ere is no evidence of pr imary
Ilt"gativf's. Bhowmik an d Baj wa (H '5 1) inves
tigate!1 th o azimuthnl effect for th e hard corn
pon en t at Delhi ( ;>" = I l ,O~ ) for a zvnith
angh! of ·Hf and found the ene rgy spect ru m
to ho of th e form l\.E- 1.4t' . T heir observa
tio ns do not give any evidence of negative
prima ries. But la ter, h om a crit ica l nn nlysis
o f t ll(' experime ntal data on t he nxiu.u thul
inte nsity va riat ion , Bhowmi k (1953) points
out. t ha t t he data are consistent if t he nega
t i \·e.~ form ~o per cent of t he to ta l radia tion.

T he az imut ha l distribut ion of cosmic rays
at vcry high alti tude s was studied h~' :I. nun,
ber of workers (Bieh l et al. I!H!I, Dwi.!!h t el al.
I!l;"', Wi nckler et aI. 1950 . " a n Allen and
Gangnes 1!l5!\ Neher IH51 , Ka plon (1 111.
Iflu:!). :Most or tilt! above experiments as well
a~ others lead to th e conclusion t hat it is
(Illite likely that only one kind of incident
ptl~itivt'ly charged particle exists.

Th e a zimu thal effect is \-ery pronounced
in the t~llatorjal re~I)D8 as well as in inter
mediate latitudes (Gill 1%1). Work of this
type at low lat itudes an d altitudes is mea gre.
Hence t he presen t investigation of the azi mu
thal effect for a constant zenit h ang le or600

i:'\ undertaken at Hvderahad, hvJia (A ::::;.;'
7· 7°~, It. = \ROO ft) .
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Kinematic analysis of upper wind fields
G. H. )[1JLKY

Reqionnl Jlt~t('orulog ;c',l Centre, RnnJIIl!J

~\ B..";TR .·\{..'T. T he p.lo Jk'r ex plain,. n method of comput ing t ill' vf'lu('it ,~.. a mi di rec ti on of movement of t rou uh,
lin e», o)'('\oni(" ('l'ntrt"'" et c a~,.. wiat("d with " p(M'r wind til'l(I" II)" l' \'a luu t inl! \"('l'I oria l ('hH.n~l'll of wind wit h r ime.
Tfu- 1Ilf'1hod i" ,.imi!tlr to t he nne first proposed fer surface prt"!'sur'(' tif'I,I.; ,,~- Per te-rssen, hu t hIlSth e edvau ta cc - t hu t.
it r-an 1)(" UIoN) fllrallY level for which sufficient wind datu un- availab le Tlw d i"pliu-enll'll t n f a t rtlll j(hiinc ill 1\ (In''''"
su re tip lcl is llhtl\im-d b)' Pctt e rsse n in te-rms of p rc f-l'l un.' deri ' -Bti,('!'1 llf t ill' "''(llild clrdC' r; in tilt" pn- ccnt J'"J)(·t it ill
sho wn th a t t lu-d h l ,laN'mt'nt l,( a trllll~h lim' in a wilid 6('111is obt ai ned in tt'ml ~ of wind ve-locity d l'r ivRt. i\-l';ol u( the
tir"t order. 'I' li l' illal'curae,Y of'uppc r wind data ea compered to Murfac't" p rv-s ure data is somewha t otf"f't b)' t he lower
order (If t he terms in th e c qun ti on s for rhc d i-plecet m-nt o f troughli ne ».

L

"~e · l l!....I ine .., nnti cyclonic centres ;:pul o. le
lIlay also I", sim ilarly defined .

In fOfl..'cast ing t he displacement» of a
wind field , it would in general b(' sutllcic-u
to compute th e probabl e di spla cements of
the troughl ines, cyclonic cent res etc a: "0·

oiarod with th e field. To find out th e-se.
it is Jl{'("e~'IDr.r to calculate th e time rate
of change of any quantity with respect to
a moving point. If th e p oint is m,n;ng

ti c lines anl points n~~{)ciJ.~d with n wind
field . I... -t us con..i.ler th o! strecmlin e cf wind
in a horjzc ntn] plano shown in F ig, 1.
Ox and 0 )" are rectangular c("- :~rdj ll :lt ,:

uxes. 0 )" is a line of symmet ry for t hq
wind ' 8trC ~1I 1l~ . aud a long OJ" t h ~ COJU!IO!W I:t

of th e wind vanishes. This is a t r'-' Ilgh
line III th e wind fi-Id . Takinc t he velocit v, ,-'.
oompo nvuts ns 11 and 0 along Ox ami Oy
rc,.;pcLti,'(')y , we may d efine n troughlinu
in t h~ wind Ii"ltl It)' th e condition.

v=O (or u =O) (I)
I

and 11>, the add itional cor-rlition ,

~> ( or '!.': < II ) (~)or O!l

A eyeIon ic centre is tb· point of inter ee
t icu of two trough lines, and \\ C hnve the
condit ions.

(I )
i) "
- - < 0
8!1

,,= u=O

o .,Ov
- >8.r

1. Introduction

.A prognosis of th e prcs."urc field or the
wind field , if it could be correctly done,
would solve many of th e probl ems in fore
casting. In view of th e complexity of
dynamical methods, kinematic method s ha ve
been developed , chiefly hy Pet terssen (1910).
Petter-sen's ~1I 111 I y,..; is COnCCrIL'i pres,sure fields,
nnd in his equations th e displneement s
of charuct er-istie lines and po ints associated
with prt!s!oIure fields are obtained in terms
of pressure derivatives of th e second ord er.
As pressure at surface level is an accurately
measur ,..hle element, Petterssen 's analytical
method ~i\'c8 good results when applied
to surface IJleSSUfn fields. In the upper air.
ti lt': sIJart;cncs'i and compara t ive unreliab ility
of radiosonde pressure data preclud e th e
general use of Pet tersseu' s equa tic ns. His
method ca n he used indirectlv to forecast
the displacements of wind 8)~"item.'i in th e
npper a ir by making usc of the geost rophic
relationship bet ween wind a nd p ressun·. Such
an irdi rect app licati on will, however, be open
to object ion ns th e geost roph ic approxima
tions is uot alwa ys valid , particularly in
tropical latitudes. An attempt is mad e in
tl .is papl'r to de velop a kinemat ic met hod
of rorcClI:iting th e displacements of wind
systems in th e upper a ir ind ependent of
pres-sure considerat ions,

2. Theoretical considerations

In the first instance it is nceer ~ary to
define in mathematical terms the characteris-
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The procedure adopted in preparing the
maps wasas follows :- -

For th e lalld ar eas, numbers of days at all
indiv iduu' observato ries falling withi n cnch
~lJ ll a rc ~ of 5° Lat. and 5° Long. wero first
avcrag~d awl this Humber was plotted in
th e Bq~·l rc. Fcr aen areas, from existing maps
numherl'! for each 50 squar-a wsre interpulated
aml plotted, With values plotted fur both
land rind sea areas, isobront s or lines of
equul numhers of days of thunder were drawn
for 10, 25, 50, 100 aIH! 150. (I n th e map" for
the quarters, Figs. 2-5, lines were drawn
for 10. 20, 30, '/0 and 50 days per quarter) .
Over land arras the numbers of reporting
sta tion in different 5° squares varied from
1 to over 150. Just a small number of squares
hav e gone un-represented. A sharp difference
was usually noticed in most places at the
transit ions from sea to coast and from ocean
to ' ma ll islands. At those places, where land
was the main featu re, the coasta l values
were given greater weight; and over st ray
islands, the ocean values were given greater
weight.

3. Main loalures Dilhe maps

Annual IIUJP (Fig. I)-The largo prepon
derance of thunderstorms over land as
compared to 8t~L arf'8S is of course, the most
striking feature in th e picture. The land

Distribution of thunderstorms over the world
K. P. RA~IAKRISH~A~ and D. S. V. R.\O

Metoorologirol Offi<!", Poona

(Received 8 Oetol>er 1951)

sidercd as equal to that of lightning is found
to be much less than over lann , owing per·
haps to the genera l scant iness of observa
tious OVe r the sea . The charts fur the whole
yl'Jlr and for its four quarters, December to
Februar y, )[a",h to )[ay, J une to Augu,t and
Sep tember to November are shown in Figs,
) t05.

t , Genenl

Maps showing distribution of thunder
storms arc of particular interest W workers
on sferics and electri cal engineers who deal
with breakdown of electric power besides
being of general usc for meteorologists and
climatologists .

Brooks (1925) presented map' showing
the percentage frequencies of thunder
storms over both land and sea areas, using
all dntn then avail able , for the whole year and
for two halves of it.. "Further stn tis t ics of
thunderstorm, hav e accumulated in t he 30
yea':A that have since elapsed. Normal fre
quencies for each mouth for the four quarters
and for the year as no whole in respect of the
land areas of the gl obe hav e recently been
given in a pamphlet issued by th e WMO
(1953). Utilising these data and supplement 
ing them by other available infonnation .for
land and sea areas, revi sed maps, showing
the distribu tion of the number of days with
thunderstorms over the whole world (both
land and sea ) hav e been prepared b), t he
present writers.

2. Source or data and method or preparation ormaps

The informa ti on for the land areas COli

tained in th e WMO publication was Sli p

plemented by da ta for the U.S.S.R. and
Mongolia from pub lications mentioned in the
second and eighth references at the -nd of this
not e. For sea areas , the data of days of
"lightning observed " given in London ~l.O .

ami Naval ~Ieteorological Service charts
(vide references) have. been utilised, The
frequencies ov er the BrA may be ov er-estima
tions. a....lightning may be more frequ ent than
the thunderstorms associated with th sm.
E ven so, t he thunders.orm fr equency con-
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Lodging of sugarcane in strong winds

· O IH t . X. L. u.nci Hau. T . J,-(.'VilulJ'\ (IIre CU I1t'lJ iu eult jYl.It illll , p, 4:!

1, Introduction

Lod ziru; of dll!;\rl'all.· cun cvu r dUt> t,· I' ·

hl'in~ 1110wn dowu l-v wind. Ilal·tit·\ll.trJ~;. 1;1 I

the cane has l"ornph'!(,d l' IIlJl!!oIt II IIl . I ) ,' TPilOfa·

t ion uf juie ' t.ikes plat ·" i ll t he " Ul!;l rl';l1lt ' w ill Jl

it. i;-; }mlg l'll ll JllI resul rs in Ct·,lund ' 1'lil llt it y
of SlI !!.\f l't'l 'o\".·nd . It mav. th '·rd"or, '. 11,
helpful to tlu- Ia r tu er. i f lu- 'i:-: warn-d or til l '

pUSl'i i h i l i t ~· til' OITurr,'IWI' o f high win.l ... .

2. vertenes 01 sugarcane and practices 10 prevent
lodging

F i;!. I shows tIll' a roas in Ilui ia whi-n
sugal:t'fl1lt· j:-; I! T'OWH :1.., n nop. .-\ 1:1I'g l' iuuulu-r
of variet ics ,lil1'l' l'illg ill tln- ir eharat 'l t·rist it·s
ure grown. l':1'W:o;tl'ains ;\1' 1' 1 1 { · i ll~ cuntinuou s
1)' (h~\"t·lop( ·tl M tht> Cent ra l Sllcan-.;L1le Bn'l'll 
iug St a ti on at l'oimhatof(' a w l at ot her ( '1 '11

tres an. I ft:"It'a st'd from t i lilt ' t (I t inu-. l ) f t hP :" ' .

the vurjet v Co ,1HI is HOW .!-.'T(l WII O\"I' C la r ;.!I' r

arra s in ail t he (',ml' Tract s of l nd ia. T llOlldl
it ha~ ruunv 11."'1 ·[ul qu a li . it·.... r l '.!!:lnl i ll ~ !l l l l\\ Ih.
yiel d , :lliaptahility l o cli lr"l'l' llt t .\"PI '."" or wvu
t her aru l su it. it i,,,, ra t lu-r l.r u t l- .u ul h.r- a
tendency to !o(lgl'. pnr rir-ul.rrlv in :-.1rll ll ~

winds."

III t lu-e'-L"it' of top llt~;l\'~' ' '' lr i, Ti t .. \\ hu-h .irc
more l 'n ~ i l \" liallil ' to sl.uu 1111 1' II win.l \\ itIt
t he ri -k ~f bn-ak irur. ;\ ccrtu in a lll u UJl l "I'
propp inu is cl(lIl" , fI,'1 .. tIH' Tyin:... til!! . tli- r,"
canes in a clump arlll of Iwo u l' lIIorl' I JUlul ".
In S01Il(' trnct s. IOII!!ill.!.! is l,w"I 'Il Tt'l1 hy t !II'
ust.' of ~t rOJl.!! Lamhoo prop:,. lIuwl·\',,1'. 1',1111 
boo up righ t s awl eros... I'0ll's lJ."l·tl for P1'op
pin.g are f' xpC' ll..",i"l· awl ha\"l~ III II., T, 'pl ;lt'l'd
from t ime 10 li IlH·. It Ilt'eo1llt's :t tlitficult pro
blem when t lu' arr<l sown is lar!!l',

3, The seasons In whlcb the crop Is sown and harv ested

'l'L« t uu- IIf 1,1,11l til lg II[ the t' r0 l' varies
I OIL..itlt'ra l,ly frutu "I a('(' t tl Illacl" At
,";h a k,lnla ~ar ( I l y l l ,'m I1i.l l l) , th e' Ida lltiJll! is
fr.uu .l ulv r.. :"'l't ,·l11l l('r. a t Pa.lceuon
aw l PtlllWI ( J ~ ' l l1l l lay ) from ( h,t(1114'r t ll F t' II
ru.r r v. a t 3I.lwl,'·;l a nd Habhur (:\ r ~' ."ur" ) ill

:\"o" , 'IIIIIl' c ,llI d I>4,t 't.·1Il1H'r. a nd at Samalkot
(,\ w lhfallp..a) in 1)"("'lIilH'r to Apr il. .t o) WP

11111\"" nort hwards. t1H' datI' uf plalltinj.! is
l.m-r. :- 0 th aI at Ar lhnrtnl (nort h )I,ulhn l.
Pl'lI dt" ,!I ) t hc' plllllta t ion rim e i:-, frc;1ll
Jail' .T;llH1flI'Y to middle o f Fr-hruurv,
while at .rllll;II Ul11l' , planting' is 110t dune he
fun' middle of 1111 n 'h .

Tlt t' ti uu- of ha n 'c'l"t ill Borth India i"
generally curlier than in the sout h, TII1I ~ , at
.Iullundur til \' (','OP is cut by the midd l» of
,J;lll11;UT;It t hc l.n es t , at Adh nrt ul hv tilt'
middle '01' Fehruurv. while a t Shakl1.rJ;agar,
it ttlay I,,· :l l" Iat.t· us t he middl e of April.

Clillwl it, cond iriuns impose a rest riet iou
ti ll t hv II·lI;.!t h of t ill' grtlw in,!! sonscn for tilt'
:-lI;.!a r l';\ IH· t' n 11 1. Thus. ill the northern n-gious
o r Indi a . til t' ITtlp is plantt 'll about. :\fa rdl
.\ pril. bur ha :-o t o fomplt.·t " its lirt' -(~yele wit hill
a pl'r ilHl o f a bout 11' 11 months to ,·sl·a.IH-' the
wiuter t'ru .,,1l". while t ho n op in t he so ut h cnn
r"'nain in tl u- il, ·lll all t it.' y pa r rOHIlI !. t' ll that
,\ '11 :l nnl' of :!1) mont hs" duration can be
_ I .\\ r..

T Ill' dat t' of pla n t ing i... !!o\·,·c'H'd Vt·ry
~ft'atly liy t Ilt' :-:oil tt'1ltl'l'ratu r~ ' wh..it'h has t o
a.lt ai Jl a l'ui tahl l' valtH' fOT till' l' lHT,',,,~ftll ~wr

llIiJlat io!l III' t ill' ('fOp. It t a k t·s :- IIIHl' t imf'
aft,,)' 1iI., la l l' aw l comJ1arath,. ' I~' ('oltll'r win
f p c ...·a....o ll at J ullulHl llc. "t.·fOTt' ~uitahh· :-;o il
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