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AIlSTK\CT--- -----

Trac1, predictions of cycloneflforlll(',J in th,. Fla~' of lJ"ngal hav~

heen gjmu)"t",(} ",ith the help of numeric,,] model. The governing

equation of the model iR the F!n,'otr"pic Vorlicity Equation in x-

11 iR n third order ,li ffe,'prll.i,,1 equation. The equ,,-

tion is solv"d for t.h" tin,,, T',,1€, of ell"n)!;e of ~t[""am function by

"sinll mel-hod. ,,, forecnst the future

circll.1Rt.iotl,

i II'c '-e,al""" t t< •

R'-"eamfunction is cxtr"polated "head for sm"ll time

For "implicity it .if! """umed that the stream func-

tion is zpro at ,,11 boundar)- points.

The model arpa cov~rs 0 I." 301\ J"litude and 70 to 100E longitude.

The horizontnl X,V "pac" into 25x25 grid

puints. Values of the grid poln!." "1''' ",,",,luated b,' T"ylor series

t~l,inp: upto fir"t L,,,, t:"rm". (;rid pninl. ,""lues are used a" t. h '"

iniUa] dat.a. Computed ext ,-a)", I" \,",,1 v" 1"r." of stream-functions

arc con"erted into geo-potent,i,,] "na ",ontours ar" drawn and

coml""'''Q "ith the corresponding Dr.t",,] onp.

then

Track of nY"l"ne is predicted by fo,l,l''' ..';n" the pnth of the centre

..,hi"h determines the loc"tion of t.he cyclone at uiff",,.,,,nt times.

•
Th" ,,!<rccment bet..,epn '-he predi',l"d "nd t.he ""t.IJ".1

cyclonea aI'e qui te encour"g inl(.

,

pat.h of
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CHM''l'ER 1

INTRODUCTION

1.1 Review

B""gl"desh is frequentJ y exposed to "evere cyclones which

~ener~lty ori~inale in fornl of depre""ion at the Bay. of

Beng,,!. The dam"ge ',rought b,' a "ing]e cycJone i.. colossal.

S"i.,,,,,,, t",J"y h"" ""I .""t h""n "bl" to invent techniques for

prev",ntiog or contro) l.i nil the fu •.y of such "torm". All th"t c"n

be done to predict th"ir nrrjv"l "-nd take precautionary

measUT'eS.

done.

Sever"l "',n'l,s on ,-,""picai. cyclones have already been

"SPARIlSO" " """'P"!.<'I" t.""t model term"o a8 "TYAN" [11 is

b"inl1" used for predicli"" of p"U", of Bay of Bcnl1"al cyclone by ••

combination of persist"nce and clim"loro~y of cyclones from 1877-
1910, 'I'll", climntolog)' or ""'.'1011" tra"k", ••how that. in " p"rt.ioular

month, In "t", •.tieular region of the Bay of

B,."gal h"", a p•."f"rr"d ,1;""cl.ion nf movement, speed of movement,

recurvnture etc. All these information have been u••ed in ths

'TYAN' model. The equation of trajectory of II tropical cyclone

has be"n uerived b)' Choudhury (2) when the boundariea are two

QrU,,,gonal pl""ea and the l"ndhdl 1" at the origin. This haa
been found t.o be' a "0"'''' p,'ta1 wi t.h four loops when the boundariea

The tan~cnt of t.he curve at the origin ser"es

'''' l.h., x-axis. This "hm,g rc""gonahl,,. ,,"~reement with the observed



tracks of cyclones in th", Ra,. "I ken,l(al.

..••barotropic mod"l 1<nO\'I1'''3 SANBAR""as originally designed

by Sanders [3J and ktH"pee (41 ,ntc! later modified by Pike [5J.

Thj", mm;e) predicts tropical cyclone motion by the tracking of

minimum stream funotion ",,,] """,imum vorLicit)" centres.

Computations nre made on "grid of mesh l"'ngth 1.5 degrees of

longitude ,,,,,I ,""tE,nr\inl( fro," t.hc e'lllator to latitude 5SoN and

fr"," lonl(itude :J6.5oW to 123.5"W. A lime step of 30 minutes haa

been used and the fur"'cna!,s hnve generally been made out of 72

huurs. In the origin"l version of BANRARth", initial storlD motion

computed by the model did T101 "grpe "ith the actual atorlD motion.

Mudification made by Pike rf''''tl.lted in much improved forecasts of

direction, especially in II." first 24 houra.

larg"'ly rem"incd.

but the slow bias

Th", RJ,,,,tronic computation """t,.,,, of the Japan Heteorologi-

Agency [ 6 1 pel"form" num"rieal Inedintioll" of typhoon

movemenL. A north"rn hemisph0ric balanced b"r"tropi" model (7J

adapted to ~OOmb and i" e,"ployed for the foreeaRt. Steep pres-

"Ul"" gr"di"nt" ""'80ci"I:,,<1 "iLh \yphoons are artifjc,ia]]y modified

in the C'omput"tional Ill""",,'\urc of the model. The results of the

n","F.rical tn)h"on track fo,-""""1-,, ",ho1-l,",ornesystematic errora.

The European e"'nLr., r')r ~I"dium rallg", weather Forecasts

(RCMWF~ 181 1" devot",d t" \ he t""k of predicting the weather in

the medium rang •• 14-]0 ,!n)--"'i. The forecasting ay"tF.m consists of

. .

!.l.o eompoll","t,,; " .r(enernJ '" '-cu] at i Oil typF. model and a eomprehen-

I



"i,-c d"l" nssjmila.1 jo" syst"m and the "nme model hils been used to

i nten"e sma I l sca-la h'[>elther phenomena Isuch as cyclones)

as well as to simulate ~limnte for pcrioda of upto ten years.

D Vorall [9] model des,:ri.ue>< tr-opic,,1 cyclone development in

terms Df day by day "hanl'l"" in the cloud pattern of the storm and

its environment as observed in satellite pictures. The re.te is

defined aa one "T-num!",,'" pcr" day,

rel"Led Lo t.he ercJ"ne'" intensity.

T at""ds for tropic"l and

In Bangladesh only a h"ginning has been made towards the un-

dcrstnnding of cyelolles, A lot remains to be known. The research

worll "[) far donc in this [i"l<1 is inad"quate, fewer in number and

mea!!"t. in m>l.l!njt.u<le. Thi" di"",,'-tatiotl baH been undertaken keep-

itl~ the :.bove points ill vieh-.

1.2 \IIh"t is a eycl,:!!,,?

,\ "Y" 1one , •• " ""t.",,,1 "h""o",,,""" and is all int"nse vortex

At. ".1.1 1,,1 jl."<1",, Ihe word cyelon" mean"! any le.r.<ee

rotating b"d w""t.h"r ph',nomen" wi th low pressure in the centre

around h'hich the air r:irr:ul"t,." in an anti clockwise direction in

the northern hemi spherr: "nr:!

southern hen,isphere.

i II [\ clockwise direction io the

n" th ••m"U c"lly " t.ropical cyclone coo be "ssumed bo be •
cylindric"l vortex ""';h that tl' f' vn,.t i ci t,' ~ "VXV [10) where ,
i " th •• ,"",lac'; ty " n<l h"" " finite ""luI',



Cyclones are usually defined bL-lhe following element~

la) ll;amet"r of a rota tin!! mas", of ',,,rm humid all", normally

between 300 and 1500 1\; IOlll"t"rf<

(hl ~lovement velocity ann course.

(c ( RolaUon veJo"it~ of wind". The strongest winds msy

approach 200l,mjh,r.

Id) Dur" t. ion

Ie) Anlo""l. of raln

I f) »torm surlle

Tropical cyelones, the moqt destructive of Nature'"

phenomena, are klH)Wtlto fonn over all tropical oceana, wi th the

excepUon of the South Atlantic,

The term cye Ion" i." deri"ed from the greek word "Kyklos"

meani.ng a c;""l" or a coil cJ .q""k"".

'l'l'Op;",,1 "y,'loll"'" ill mat .." .•.<1"",,,ji Li""H al''' !onmln "" hur-

rlcanca in th" At.lantic and Eflste'tt I'a,'if.lc OeeBna, typhoons in

will y-I-'; 11y in Australia and

ln the Philippine islands; e.1""where they are called

lropiea.1 "y".l ones. In the w,." I , c.",,] "ncs used to be !Ii "en girls'

names such a" Ann", C"ro1, llor',thy, Eve Jane etc. A list of four

sets of tp,,,,,,« ln nlphabet.ical "rder ems introduc"d, one set being

u"ed each yea,', After every four year" the set" were repeated.

the naming Df c"cl"""s after rna.Je name" h"" been

InU'",luced, such "" GiJb""L. I,hil" l),,,s,, ,,,,mes ",..•• ,'.dated to the



localit~ of occurrence, A] 1 t, opi cal c)'clones are e!!sentb.lly

similar in ori~in, structur" and behaviour,

la) The eyclene is" ma",-'"""d" pvent with a meso-scale

impact (hundreds of kil{)m••t~nJ versus lens of

kilom"Le •.,,).

(h) It. i" h"sieally a" OOf""';C "lorm conceived in a

barotropic en"i '-o11menl,

(c) H"v;n~ achieved malurity, t.he cyclone may outrun its

barutropic environment all,j draw upon baroclinic sources

to ci •."".1"1.e o'o.i"tl"-,, plenty "i •. t.hrou~h its heat

eng in •• "8pitll~' ""oul1h to supply tI,., lat,enl heat

r"qrrirc-d to BUelL,..;"1L" "Lrnot.ure ""d fury even while

moving over cold h''II."r ",id ""met.im"" ~reat di"t.ances

i ,oJ [",,1.

(rll In the area" "L,-,,,,k b~- tropical cyoJonea the re"ultant

damage" are often exten"ive, The principal damaging

forccs 8.SBoc;at.,.d wjth tropical eye]"nes are the storm

surge, floods caused Ly the hi.r(h winds and torrential

nil n8 ,



1.4 ~las"ification:

Cyclone" '" t.h" South Asi"n S"bc[)"t.;nent "re classified

accord I"S: to the; r inten~ i t.y (I I] .

;n use:

The followin.'! nomencl"ture is

11) Depre""i,,": lI'i"ds "pta 30 mph (48.3 km/h)

(2) Deep depre""lon: WI,,,J,, of 31)-38 mph(49-61 km/h)

(3) Cyclonic storm: \hnrls of 39-54 mph (62-86 kin/h)

(4) nevcre cYGl""i<: ~IJJ"": Wlnd9 of 55-73 mph(87-117 km/h)

{5) Severe Severe C"",I(H,i<: "U,rm: winds above 74 mph Or

118 km/I,,'

The
understood.

oril'!in of t,rop;""l cy,..Jone" is still

It is not eJ"a" ",,,Je,- what conditions a we"k

not well
trop1-

cal disturbance ea" be t,r"""l'ormed into 11severe cyolone. To ex-

p1"in. til" pro"""" il1Vo]v(,d j nth" format.i.'H' and development of

tropic"l eye,I""e", m"n~' theories helve been advanced by

"'et.•."ro In~;" I". Hiph] I 12 J considered Atlant i.o o)'olone

development as "progrcssiyc pruce"" of intensification of ,a

mi~r"Li,,~ r1i",lLlri'''''''f>. SHell"r 113j has analysed cyclone

deve]opm€tlt re""lt;tlg from dOlm"ard intensification of a pre~

existing upper-tropospheric tr"ugh.

1"""red by st"OIl,« evnpor"t ion j n

0" the

Letnl'",."Lure

"e"sonal [ 1 4 ] ~"ggeRta that Ocean

I.he mon"oon season

"



in' the seas around India prev~nts cyclones from forming in the

"'u"th" wit.h "Lrn,,~est mon,~"'JIl.

The earth !-eoei ve" a,l.1 of i I" "n"nO,es from the Bun but

different [lreas are heflted ulIequfllly and this val-iability gives

rise to n,'e,,,, of 1,,1-1a"d hi~h aLm""hp"ri" p,...,"sure. As soon as a

low pressure are" 1S formed, air from ".11 directions conver.l!ea on

it. This i" callen "Low L"""l Conv".rp.,,"c,,". The Coriolj", ef-

f""t. tur"" th" incominll' al)' so thnt. ,it "I,it-n)'" i""'",rds "nd up-

•..",rd" (Cr. Dn incu'aai"1( rat", ""'J>li,,~ h.,,,vy rain "nd thunder

storms. The air ;'0 also ma,ie very moist by rapid evaporation from

the w"rm ocenn. In th., .1n", pr"""ur,, rc,o:ion itself, air rapidly

mo'-es upwurds and dive"gps. 'Ihis is called "high level

divergcnce". The latent he,,1. rcle[lscd by the condensation of

w"ter ;;"-pour ",,,rmg th., aj" and keeps it unstable. This latent

he"l. is al so thought to flul'P.1y the necessary energy of the

cyclon<>.

Th" .",,-op<:ro t i ve j "I" ,-,,,,t i n" lJ"tH""" j h" cum"],,,, convection

and a larg,> """.Ie pert.urbation J"ad" to u"stabl", ~ro"'th of th"

large "calc s"stem, the pro",'sf< jf< ",~f"rred to as conditional

instability of the second. kind ICISK) [15]. This meahanism has

been quite aucee", ••ful in cxplaining the development of intense

tropical storms and "yclones. l'nder favourable conditions of

moisture supply, the CIS[, m"C'h[lll]amcan ]",,,d to rapid development

of [I C_yc.1""i,, seal" dist.u,ban" ••. In LhiB amplification process

friction must b,. thou~ht "f "" playinlt an en"rgy producing role.

Chan",y un,] El i a"Sf'''''' I \1)\ ,gtn.l} <:"n" [u,]",~ t.h"t th" o,,-opera ti vc

I



interaction or uumulu8 eOllv"eti'Jn and tllf' .1arge-acale fielde can

produce an amplifying disturb"-Tl"''' on the cyclonic Bcale provided

that U", mean almosphe!"" i" ",,,,aturated but conditionally

unstable,

Though so Iar ••nergy uJ t i",,,-le.1y "ont.ro I" terreatrial weather ,-

"crtain oth",' <Jot"Jitioll" hay" 1:",,,,, fou",1 t.o be pre-requisites for

1.1",development of eyel"",,'''. '1ft".\-'nrc:

(i) [;,vcJones are found "nl~' Jl\ ,-,,,rt.ain seaBons in certain

rc~ioTls and 1.1,,'.\-'fOl'm over oceans hnvin!t a surface

t.""'"perature of at least, 26-27'[;, It if! now recognized

that such high surface lcmp"ratur" i.••necesssry to

p,'nd\lce a stcc)' Inps" rn"', I.hrough a major part of the

troposphere ""d " st,',,1' 1,,1''''' rate is necessary to

mai"tain th" """i.i,.""l ";r<;ul,,t.jon ;n a cyclone.

(ii) They exist on.1y over th" ocO'''"" and die out

rapidl,' afLcI' rn"l,i,,~ " la,,,1 r"ll. Over land, the rain

cnol" the surf"e', a",] produc,,'" "- at.able lapse rate in

\.he 10l'e"t la,'-ror. At s"a, aueh <CQuJing is insignificant

because the rain i9 churned into the sea "ateI', which

h"c"uHe of j 1:>,\"'t'y h,igh co"duet.ive capacity, supplies

h••at. in gener-ou" "mount.s to t.he air.

(iii)They derl'-e (h"ir ",,,,r!ty from the lat.ent heat of



liv) Cyclones ar~ s~]dom obscrved ~ithin five degrees of the

E'qu[ltor; thus indicating 3ume dependence on the

Coriolis efff'ct for their development and maintenance.

Al though the"" "",,<1iti OilS arc necessary,

me,"", ><uffjcient to I'r"d""" " "ycJone,

they are by no

TIH' lifc "p"n or 1.,-"p1c[l1 cyclones with full cyclonic

inten"i ty average" out at about six d6)-'8 from the time they form

until the time they ent"r 1",,<1 or recurve into the middle

latitude", The evolution "f the 6V"'T'"g" storm from birth to death

ha" been divided into four stag"",:

11) Parmative stog~

In thia "tag". Ill" I'"LI." •." <;ent"r i" poorly defined

"-rod "loud l."",ds [\I-e poorly organi7-"d, No eye ia

"i";b],, and Lh" "i,,,J "I'""d "''''~'' is 30-50 mph. Uml"ual

r"l) of I"'''''''u,,, over 24 hours by 2-3 mb or more takee

1'1,,,,e in th,. """I.e,' of the vorticit.y cunc"ntration.

Wi",;" uf eyel",,;r: force l'o•.m " tight bend around the

centcr. the '_'J 0",1 "",] "d" pattern chllnl'les f"om

djl<""llani?ed "'1""11,, to n" •.row o•.~"nized banda

ql';,."IJing i ,,,,,,,,-01 , O"J,\' "- 8m,,11 ,,,'ell is fl." yet



invnjvl"d, t.ho\J!,!h t.here rna,' be " large outer envelope.

The "ye is ))s'"'Jlb- v;"ibl" but ragged and irregular in

shape.

On the avera~e the mature stage occupies the longest

p",-\. "f tI", ".",,1,' ,,,,d mOf!t oft"" l""ts B"vend daYA,

Central spee,1 ""rl p,.,..",,,,,,-,>need not exceed those of

t.he immature sl.al(e, B"t the eireulation widens out,

and in movin~ <;\.orm", ""...,lune wjnds may extend sever"l

hundreds of hi] ome!."T'" f"om the center to the right of

th" ,j.irer:-I.i"u of mot.ion, The eye is prominent "nd

...,ir...,,,1,,•., the "I"",) patt.",-n if! almost. circular and

smoot.h, !It this Hl.nl(e, h,,,,tinl( from convective clouda

furnishes the 1", 1("_91."mount of enenty for cyclone

",,<int""'it".". 1'0-"""",-" ~'-Ii,Jje"ts Fl.re l"rgest at the

"'urfFl.ee. Win<l "'I"_"",Jr",,~" is l,et.ween 80-Z00 mph.

Ne"rly, ,,11 c,'etolles ,"",,,ken substantially upon entering

land, because they lose the cnergy so,:,rce furnished by

t.h" under.!,'i"g o(;""n "urf""e. The dec"y is especially

rnpid where th" l"n<1 i9 mount"in"ou",. Some cyclones do

die out over '''''' nnrl this evcnt clln be related to their

moving over" ,,,,1,1 """"Tl ';l"T"'''t. or h••jn!l invaded by"

"lid',,,,,,, "oJd "i,- "",.,,, l".hind "'- "0.1<1 front or by a cold

'"



cenLer at hii<h I"v"ls movill!! over their top.

A clear demonstration of th" Gyclone as a workin~ engine can

be obh,i"ed by forminl'! "- c"mpo~;I." picture in all its faceta from

th" ocean surfa,;e to the "ppCe" tropo""ph,,re.

I'lthin 200 1m of the c~Tl(1ne center, the pressure field and

its isobars are very ne"rI," circular and symmetric around the

eye. The most ""liable tl.!1d"idely used surface instrument yield-

in/( quantitative data is the h"rometer. Ordinarily, Burface pres-

sure var1es litUe mal'" I.h"n .3% l3n,bl in the tropiea. The

uetltrf\l pressure of cyclanes, ho,,!Cver, may be 5% or even 10%

belo" "v,',-age 5",[1-1"",-1 l"',,,,",ur',. A cycion" "ith 950 !lib central,

pressure j" "J "lays ra t"d " ""v,.r'e s L,)\-m.

Cloud I,hotographs uhl.ained from """ther satellite have

rev""l"d that n 0;1',,1011" scedlini': jtljtiall~. appears aa 0. cluster

of rain clou'\H. A mature eY'loue has a well organized cloud

patt,.rn. It is possibLe to deduce the wind speeds from the size

and de~t-,." of orgnn.i""t;u" 'jf thi .• cloud. The olouds, especially

"t the outer "dl<f'~, form \O1\~ "treets th"t spiral inward. The

""",t. intense >,,,,..t is siLt",i,,,] "ff centre to the right of the

II
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direction of motion, "hich is to"nr<l north-northwest. Usually a

central dot demoting the e,," ,>! ,'j"ibie.

cJ Wind fields

Wh",n a cyclone l;e" "mb",~lded in what we may term a steering

current of ) •••..•~e scale, the "po"'l" of the steering current and of

the vort"" nre J"rgely ,,,.lditive. To th" right of the direction of

motion of the cl<nter, the dirocction of vortex motion and "teering

cUrlent coincide. On Ih" .l."rt side they arc ui,poRed to each

other. Thus speeds aro "lmust in"fll'lllbly higher to the right than

to th", left of the djr""l.iu" of motion in moving cyclones.

Streamlines Spil"lll ;'lUard to th", rin/( of strongest wind. The

"piJ"1l1 ,is "b"el""ed in all cyclo"es.

]n,\i"i,llJa] me"suremcnts give only a poor ap-

proximatioIl of procip,il;"ti"rt jll <:ylcones. The wind drives rain

horizunUd.l y and picllsup "ater already f"llen to the ground. Even

slight topogr"phic f"aturcR """h '''' buildings, lakes and small

hjU" ,;"fl"ellce pr ••cipit.ation. Rainf"ll "t any station dependes

on its locution "ith r""pect to cycl"nic path, intenai-ty und

eeleri tt

••I The eye of the cyclone

The "'''ll."r of the "polo"," if! revealed as a. 'alnll:ular point'
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Fig 1.3. Line"," superposit.ion of vortex circulation

""d st""iJo(ilt ..•I.'''_',-i"" ,-,url-""t.



pres sur", ",t.ops fallinJ(, wind stops bl"winl": hard, rainf"ll ceases,

cloud" ] ighten or di"'''PJ''''''' <]0 th,,!. the satellite photograph

ShOl'S n G",1I.,'al sm"ll ho) (~. and the OG"a" ••aves are confused. Eye

diameter "ar,'" from 5 to 0"'''' 50 km, def'"",l ing on rate of atorm

prop"!!,,t.;on. The "ye .i" usua] J y pi "I.",'ed "s eireul ar, it Bome-

times heup,",'s elonga ted. Sometimc'! it j" diffused with a double

"tructured appc"r"nce. Nodern o!>"c""lltions especially radar, have

proved lhat "n eye doc" flut (.,tIl"in in "t""d.\' state but

"i.'H,tly undcrgoinj( t.",msformatiofl.

1.8 Favourcd [\re,!.-s anrl ",,,asons of u,yclo.ne developmel)t

is con-

G,'clone dovelopmen t .i" ,'are bct ••cen •'" "od

the ve,-ticnl component of the earth rotation wain16 is very weak

or ?ero, whcre

w ~ ,'otation of the "urth "bout. its aXlS in angular

me,,~ure .

!/J ~ lat.itude.

Sin91 l"f.ng"", flom zero at U". "'lu"tor to i at the pole (90" ).

At latitudes 5° to 6" "~ j "1' ,:;:0.1 [\nd this'ill the lower limit for

development of ,"o"t thoul'1h noL cd 1 cyclones. Cyclones are known

in all -Lropioa.l oceans cxcepl the South Atlantic. In general they

t.o be most fr"''l''''ll' jll tho Jut", summer and early fall. 'n
13angl"deHh Lhe ",o"t f"vo'lr"d SC""'U[)ll for cyclones a.re pre-monaoon

11\])('j 1-May~ and post mOnS("Hl (S"p!,ember-Dccember).

•



Nll~lERICAL NETllOPS '-'I' C'\'r;I,(lNE THACK PllEDlCTlON

2,1 Introduelion

lkenu"e of the forces rr'"p""sihle for the motion of tropioal

oyeJonE''' o.re.n"t. llnde,"sto"d ,,1"""1,,", the pr'obl ••m of forecaBting

the mo\"cment of tropic"l Cl'" l"n"" is one of the most difficult

t.a",ill i" lhc meteorology. A pioneering attC'mpt to predict the

",eat.he,- by ""Ill~rj",..1 i"If'~r"f i,,,, """ ",,,de h)-' "n Rnltli"h mtln,L.F.

Ric!lf.rdsotl [191 in 1922, ,\llllUugh_his procedure Was basically

",,,,,,d, there wns some (J""" th"t. reg"lted in larp:e errora with

resp",,:t to t.he ohserved r i ,-] rl_y.

Aft"," Richa,.d"lOll'H f"il",-". ''''''''''';",,1 ",...,d]"I.;"n was not at~

tempt.",d for "'U"Y ~.ear'3. Aft.fOr World \oiar II th •• el"ctronic com-

puL"J' ",." jll"Lall"d ""d (:h"),ll[')', Fjol"l.ofL a"d von Neum"nn {201

first !I\l"",,.i cal forecast at 500mb with a

",imp.1f' b",'oLropi.e vorticity moelel.

W.ith -th" development. Df "astl., ,,,n,-., J>"h'e,'fut oomputers and

more sophist i"al.,~<l "'u<1elli"g t"chniques, more emphaaiB ia now in

""m"ri,,,\.l for"c[l.sting. ;,';I.h jt.~ "hilil.". to h••ndle lar~c volumes

of data ,,,,,1 m"ke formidabl" '_",]cuJ,-,tion~ quickly, the computera

""" give tit" m,,~.••o)'()I(JI~i,,1 "1(";,)""'"" Oll !H""pJ1rin~ forf'c'l",t" for

publi" informations.

,"



2.2 F',!nda.menta.l Eguat.j """-

Th" atmosphere Is an open ~y"tem that responds to "alar

r(uliation and inLerll.cts ill a v",.;"ty of way" with the earth's

surface. The r'''.ce'' ••.•I1''''''; •.ad, prlreel arc i'(ravity, friction, in-

Lerna1 p,'e"sur", forue ,wd t.be "ffccL of ell."th'" rotation. AtmoB-

pher;c motion" are govcrned b)' fundamental physical

pr.inci p"l,,; conser'vat.i on of mus", ,wtlll.ervation of momentum and

cons"rvatioll of encq!y.

'I'h", momentumcqllation wbich i" basic to most ,",ark in dynamic

meteorology is given bel,,,,

dU::_2J)..XVdt
u~velocit.y vector

I ~ - -- Y'P + 'J + F,-p
. .• • . . (2. 1 )

.n. ~ Iing"l"r velocity vector "r eart.h

I7P = g"",d:[ ••"t of prc"su,'~'

9 ~ grr).vl t"tion,,] force

F.,.~ frictional force

For the pur'pOSH'of theoretical analysis "od numeric"l

1".",licti Oil, it is eonve"ient In "xp""d equation (2.1) in sherical

co-ordinat,c,", "0 th"t. th,' "ur"ce of the earth correspond" to a c-

ordi""t." surface. The ,,')-or<.1InaL" "xe" a,'e then I"', r/J, Z),

wher"

I '-'n.o:1 t,ude

lati t-,udc

7- ~ ",.,,'tical di"t"","" "I>"v" til" ."",.r""e of the earth

"
••



,
The equations arc Simf,l; fi"d for "y,"optic scale motions by

dcfin,ing characteristic senIc of U,,' field vRriables based on ob-

"",,,ved v"lue" for mid-J"I i L",1"5.

Frorr. Table (J.. 1) i L i" '-'lea,.. U,"\. for mid-latitude synoptic

Rcale dis\.url"l.ttces the Cori"J iR force ""d the pressure gradient

force nrc ; tl approximn I." II" 1,wr". To "bl"in prediction equations

ii, is lice","""'}' to ,'cLai" !.I", acceleration Lerm, Approximate

hori:<()!ll."l. prognostic "'1""1.;0"5 [\ro

. . . .'..... (2 .2 ~

.. (2.3)

Hf'h'OIOlogic"l m""~"n)trt"lLt,, nrc generally referred to constant

pre"""'-G ""rf", .,.,. Tn qimplify qpd"," of "quations, it i.. oon-

velli""l to rcplucr th,> It", ;7.,,,,L,,J equatio"" of ",otion by the vur~

wri Ltcn as follow>;

io i""b""i" co-ordinate "y"tem and can be

Til" term on the left h"nd Rid" of eqn.l2.4) i, tho local
r"te of d"".ge of r-elat.lve vorticity. The term" on the right hand

side of Lhe equation rwginni"j( from the le_j-l" are

i) horizonL,,] "<lv""tio,, of "I'"olut" vorticity

ii) the vertiu,tl "dvpction of relntive vorticity" I
J " the diver"g"""" term

lV) the tWl"t,tlg or- tilLing term.

"



TABLE 2. 1.

-Scai.e Aflllinf.s olthe ffOrt~"l1talM"mentl!m Efl)ltliJ°o7Ji

A IJ C D E F

X-~l)Iq pow.:nllli omeJ11 UIll d" ,
IIii' IIvlall tP 18p

~LJLLalioll -2q~sin </' + '21]", cos '" + - - pih.'d, 0 " -
J -COInPl1llClllmomentum do rH' ul l.1ll IjJ J 'p- +2!l11 sin rP +- +--- ---~qlldllOll d, , . , , p OJ'

Scab llfimJividuu!le,ms U' r.:w u' .op--- IoU 10 11' ..-L , 0 pL
•MagllillH.ks of [he terms 10-4 1O-~ lO-b 10- g lO-s "10-3.

(m S~2) ,



,

boundar;.' and d",,,ClY,";ny r,-om the bound"ry wiU, the pressure !lnd

U,e denRJty fields rcm"ining in ll.1"<l,-o"l"tic balance ever)' where.

These h'DV'''' ha"" m,,~ ;murn )n ""~lH" (}qroilint-pm,,' at th •• ground they

may be filt"rcc1 simpI)" by l""'1"i,-jttg Lhat

w ~p,0, d'
" 'h, lower h""Jl,h,","

where W , ,'crlical roo t i OJ)

P , pressure

.••.• ,,(2.5)

To filter out. the time dependent gnwlty waves,

rale of change of the hor;zont"J ,Jiver"ncc i8 neglected

the local

in com-
puling th" relat.ionship hch",,,n the mas" and th •• velocity fields.

The hori.zont"t equatio"" "I' "",I ion r"pla,'"'' l,y the vorticity

f",d c!j,-ergf'tlce "qualiolls and th;" i" the minimum simplification

'-e'l"""'.'<1 \" filt"r ~r!lvil._\ '"!IV"'''.

To exhibit the rcl"lionshi.p beLween the scalinf( and filter-

;" ,,,,,,"en; e" t. t.o divid", the horizontal

veloei ty field into nondi,'ergsnt and irrotation"l components.

HelmholL7. [21] "t"b." Lhal "")' \Pl''',',;L,. fj,.),] C"-ll be written as

the "ecl,or sUm of " nonrii"crgent part and an irrotntional part,

"ueh I-.h"L

v~+ v,
(2,6)

where Vyis the non dive-I'-gent part ,,'it.h

. . • .12. 7 )

"



"nd '4 is the irrotational W •.•.t with

'lxV~=O .. ".(2.8)

For mid illtitude synoptic "enl" "lOtion, the vorticity. equa-
tion when ,,"caJedgives a relationship het"een V", and <p "hieh is
kno"n a8 the balanced equ"tion. Here Iv",l » IV(. \

B"l"nced equation may be written "s

- - ..

where P is the geo-potential.

Eqn.(2.9} may be used as a basis for a forecast model "hich fil-
tel'S out the gravit). w",ve aolutiona. It gives a complicated non-
linear relationship between p and --rand that is why it is not
widely used in numerical forecasting.

It is observed for synoptic scale motions the nonlinear
terms a.re "mall compar'ed to linear terms in the equation.
Therefore, small terms c"n be ne~lected and stream function is
given approximately by the relation

approximate
Yo

vorticity equation
. • • . . • • • 12. 101

for a level of non-divergenCe

•••.• (2.11)



2.5 Nu~rical Technique

The objective of num"ri",nl prediction is to predict the fu-

ture state of the atmospheric circulation from knowledge of its

present. state by use of tbe dynamic"l equations., To fulfill thi ••

objective w•• need

(I) The tntial state of the field variables.

(2) A closed Bet of prediction equations relating the

field variablea.

(3) A method of integrating the equation •• in time to

obtain the future distribution of the field variable •••

The mOAtcommon nume,-i""l integr ••tion procedure for we••ther

prediction has been the fini tc di fference method in which the

derivatives in the differential equations of motion are replaced

by finite di fference "PI"",,ximations at. a discrete set of points

in "vace and time.

There are a numb"r of problems associated with deriving

finite difference analog" 1.<,partial differential equations.

(i l e,,,!W.uta t i '2.!C")_s t"b iJ...i.!5~

A solutio" of the diffel'cnce equ"tions, approximate a solu-

tio.n of the uriginal "ystcm. It turns out that the ratio of the

time "'''] space i"crcmcnts must. satiafy certain conditions.

Courant-Friedrichs_Levy (CFL) (22). Condition for computation



stability is

< 1.

c 0

At =

Ax =

"ave speed
time step
grid length,

(ii) Truncation error:

Difference equation is only an approximation to the dif-
ferential equation, the accuracy of the former may be measured by
taking the difference between the two, whioh is called the Trun-
cation error T.'-

TT = differenc" equation - differential equation.

2.6 I;!umericalsolution of tll",Barotr'ovic Vorticity equation

The barotropic model i"

cyclone track prediction mod ••l.
the numerical ,"olu!.i"n(Of"orne
governing equation is givnn by

the simplest dynamic' tropical
To produce a forecast, we require
type of vortioity equation, The

"

o .... " (2, 12)



J..l h. e:1" e

FC~>'i,+',):\I,,/".'Y(Vf+f)'=~:r 7~ -~~d~ 7"1- -+ p ~

..•.. (2,14)

The advection of absolute vort.icity F(x,y,t) may be calculated at

sny point in space provided that we know the field of i'(x,y,t).

Equation (2,12) ia a poisson equation in the variable).. with

F(x,y,t) a known soUrce function, It may be solved for X by

severs) slandard methods, The most common method is to write

equation (2.12) in finit •• difference form and solve for X ap_

proximately usinl( the it",rat;ve method called relaxation, Let the

horizontal x,y, apaDe j" divided into a grid of (M+l) X (N+l)

points separated by distl'-llce increnLent. h, Then >/e can write the

co-ordinate distances a8 x~mh snd y=nh, where m=O,l,2."", M and

n = 0,1,2, ." ... N. Thu,. "n,y point On the grid is uniquely iden-

tified by the indices (m.n).

Using oentered difference form"la8, derivatives of -rat the point

(m,nj lOa)' be expressed in terms of the values of 'f at surround~

ing points,

. . • . .



In a similar fashion second deriv"tivee can be written "s

Thus, "e may ••rite as the finite difference approximation to the

horizontal laplacian:

(:1..11)

.n -+ i-'..,.."..".,.I + --r..,., _ I, .,.,

+ '*' ,"" ~I - --l-r"""' • ."J /h"
It is possible to cbtain l'in,te dd'l'erenc:e a"alog in which both

the energy and average vorticitv are conserved on the grid meah.

So, "''' a finile difference form for F(x,yl, we lake centered dif-

ferences to get

- (i' i' ) ~""-r-?T>.~-,"""'+1,'11-1 _ "'~j,..,_1 r



It is verified that

o

Provided Lh"t i' is constant on the boundar;e".

avent!!'., vortici ty will not be conserved in the

otherwiae,

finite difference

form of the vortic;.ty equntion. In addition to con"ervation of

kinetic energy and mean square vorticity are

al ••" conserved.

Finite difference form of e'-l"ation (2.2,.9) may be written as

o ..•........ (2.21.)



Relaxation:

To f1o1ve the equation (2.21) for (m,n) a sImple scheme on a

large grid mesh an it"t"ative technique known as relaxation is

used. Relaxation is an iterative proGedure. Relaxation Bohemes

ma~' be dividied into two ",1""",,'1: (1) Simultaneous relaxation and

(2) Successive relxstion. First sn initial guess of the solution

1S made and then progressively in,proved until an acceptable level

of accuracy is reached. We thus l"bel":£ with

indic"te the
,

vth guess X .If the method

the superscript ~ to
, ,

oonvergent, -I- should
"pproach the true solution ::tat all points as ,)-+0<>0 We write

the initial guess for the ;j..

written aB

field
. ,

as:x. .• Equat10n"," (2.21) can be

•+X"WI_'
•:::-d F...•.Tl

where R' ••• is the residual which is a measure of the difference

between the initial guess and the true solution. The residual at

any

-f:,n
point (m,n) may be r ••duc •...d to,
at that point to :;L,.."uefined

zero al tering guess



I •_R
-"i -. ,"",

while lellv,;n!,! the gues"es at. ,,] I aurroundinll: points unohanged.

It is clear th"t once a new guess has been made at a given

point, the new valu"s can he ""ad to modify the residuals at the

surrounding points, Thus, - the residuals elln be computed lIequen-

tially slarting from grid point (I,ll and working to the right
along the !lri d to point (N-I, 1) , then skipping to the second in-
terier row of points and working from point (1,2) to (N-I,Z) eto.

Time integration

To forecast the future circulation, the calculated
field is extrapolated ahead in time using a finite difference
approximation.
written as

ChOOBin~ II centered differencin!! Bcheme 1P can be

•

This scheme requires the values of ~at two time levels,
at) and i'( to) in order to compute "f (to + Ii t I. Since at the first

time atep of thf> forecast (to: 0) only i'lto) is known,

itiate the forecast a. forward time "tep is uaed. 7hut.

to in-

A larger value of ~t will tend to give a poor approximation due

to trullcution "'rr'll' ••. Ruch errors can be controlled by making ~t

sufficiently small.



•
9.l-lAPTER 3

TRACK PREDICTION OF BAY OF BENGAL CYCLONES

3.1 ~~Yof Bengal Cyclones

Bangladesh is a part of the humid tropics with the Himalayas
in the North Bnd a funnel shaped COBst line touching the Bay of
Bengal In the South. This peculiar geography ceuses Bangladeah

very often the l"nding ground of c)'clone" causing a lot of

damage, Beallus,," of the low fJIiL terrllin, high density of popula-

lion and poo'-]y built hOll"",,,, mo"t of the damage occurs in the

COilStal di"tr;Gls Bnd in the off-shore islands,

Of all the terril,]" "l":l,mes that have hit Bangladesh per-

h"ps the most deadly was that of 12 November 1970. The damage to

property and crops <lS8 ,",,,IM!s"]. The eatimated maximumwind speed

WIlSabout 224 Km. p.h. (140 m/hours) and the ma.ximumst.orm surge

height about 9m (30 ftl. The cyclone occured during a high tide

i'"r;od and hence the grc"l surge height. There is a. record in

Ain-E-Akbnri of a great sto,'m in 1584 .,hich affecled lhe coastal

districts of Barisa], Nnakhali and Chilt ••gong. The storm SUrge

due to thi" cydon" .,••" th"ught to be "bout 12m 140 ft). About

200,000 people died.

In our country trop;cal C,"c.1ones occur most.ly during pre

(April-Nay) and post (Sept-Dec) monsoon period.



--'-"-

,"Hell!,!"]0;

;"flJ

the

,"•

I~~
M

--- -.

- --11.'>u~'1
I"'il',< -

I i IF:

-- - --

II.
- -- -

-- -- - - - - -
( "00 • '"- - -- --

-- --------

WW""'}~~ _

'"---

3.] F\ln""l
~r,,,IIo.

Fi g
th"



3.2 Ares of sn"lysia snd grid representation

Ares of anslysis In this work covers to 300N

lati tude snd 700 to 100. E longi tude, which includes moat part of

the Bay of Bengal, Bangladesh, Souterhn part of India and Burma.

It ia norm"l practice that the contours are drawn for dif-

ferent layers of the atmosphere. Here one 500 mb height contour

"nd one 850mb height contour waa chosen for analyais.

The whole contour area is divided in 25 x

that j,. 625 grid point.a.

25 equidistant

An exampie of til" con!."ur ",-it.hin the area under atuqy ia

shown in fig. (3.2). As the contour linea do not paaa through the

grid points, the values of the geo-potential height are needed to

be cll.lcu.lated from the given contour valuea. Taylor series expan-

sian oan be applied ver~c effectively in this re~ard. Let 1> (x.y)
represent the value of geopote"Ual height at any point, then

pixth. ,y) = <plx,yl • . . . . . • . . • • . ( 3 • 1)

where h, is the finite increment along tx direction.

l-lx.y\ -

"

• • ....
,

••••• (3.2)
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,
b. is the finite increment nJonK -x direction.

adding 3.1 and 3.,1.

.p(x+ h. ,y} + l' (x-){. ,yl =

i'(x,yl = + ,
(h, -h.lJ .•....••.•••••(3.3)

ofj'" i>(lt4-hq 'I)

<fa = 41(7._h,.., .,)
::J:" • ~4>~"--,.

Similarly, we can write for y direction

~ (x,y)
,

th, - h,}] ••••••... (3.4)

j.Jh~..,.t
p, = 4i (x,y+h.l
i> .-<p("'", :r- ••...,)•
~/ • ~{>
't"''J -"""it

,
h, finite increment along - y direction

hy finite increm ••"l along + y direction.



_+ [(4',
,

.., .~, .~.
............ , .., (3.5)

Equ'ation (3.5) lS used for evaluation. All these works are done

manual I}'. For this reaSon it is very tedious and time consuming
one and the computer which is used h~," not any centaur evaluating
facil j ty. However, there llre 'contour evaluating programmes in
other computers.

On the boundaries only on" known point is available and rest
three points are not known. .t" "uch cases the boundary grid
value" are assumed to be
contours.

same as that of the nearest

Jt is pr"ferable to replace geo-potentilll j;(Z) by a quantity
called geopotentisl height which is defined as
where g. = 9.80665 mlsec' is the global aver!lge of gravity at sea
level. In troposphere and lower "Lratosphere Z is numerically
very "l"se to the g"omet"jc height.

Aft"r evaluating eauh p;rid point" computer programme is
developed by using the finite difference form of the barotropic
vorticity equation,

J( time rate of chlln~e of "tream function ia evaluated by
re.taxation method. Time sLep for integration for forecasting is
taken 30 minutes.

'0



The results obtained for 30 minutes time-step int.egration

is used as input for next 30 minutes forecast.. In this manner the

programm" •.uns far 56 haul''' "head for 7-11-83 oyolone and 48

hours for 12-11-84 oyolane.

Next task was ta draw the goapatontial hei~ht contours using

the data obtained after integration. Contours are drawn by. the

oomputer. Th"n t.he .1o"atjon of the cyclone centre is compared

with" the aotual cyclone cent."e that is supplied by the

meteorolog ical departmen t.

3.3 Result

In the present work two cyclones have been studied. They are -

i) The cyclone of 7-11-83. For thi" cyclone 500mb

height data were usod.

iiI The cyclone of 12-11-84. For this cyolone 850mbheight

dat" were used.

~c19~-2f 7-11-83

The centre of the o,"clone th"t occured on 7-11-83 was at the

position 16.25~ N latitude and 88.7S.E longitude at. OO~OOGMT.

After 24 hours the centre shifted to 17.1' N latitude and 89.S. E

lonlliitude. After a l"pse of further 24 hours i.e .• 48 hours

from oo~oo lJMTnn 7-11-83) the contre was found to occupy a posi-

tion 90.0'E longitude and ISoN latitude and 91.S.E lonsitude and

lS.SoN latitude after 55 hours.

"
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fl.1t'.fl3 "'0 00.00 17.10')1: 89. SO"l: 17.50°1' 89.500E

9.11.B3 500 00.00 lfl.llO'-':' 90.00"1:' IB.OOnN 90.50uF.

9.11.83 "0 08.00 18.80°1' 91.800E 18.20"N 90.800E
---- --- ---- -- - --
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Prediction on th",basis of relevant data analysis app17ing
BVE .indicates a location 89.5'E longitude and 17.5' N latitude
aftpr 24 huurs. a position of 90.S'£ longit.ude and IB'N latitude

'. .after 48 hours and 90.B E long1tude and 18.2 latitude after 56
hours,

Cyclone of 12-11-84

The centre of the cyclone thal occured on 12-11-B4 waa at
the position Bl.87'E and 13.Z'N at 12:00 GMT. After 24 hours the

, h'f' d '0 80' E --d ,,' N,cen~re s 1 ~e ~ ~" After ••lapse of further 24
hours l 48 hours from 00:00 miT on 12-11-84) the centre waS found
to occupy a posi tion 79'E and 14.5' N. Prediction on the baai" of

•relevant data analysis by applying BVE indicates a location 81.5
• ••E and 13.5 N after 24 hours and 81.0 E and 15 N after 48 houra.

The study of cyclone of 12-11-84 •.•as undertaken with a dif-
ferent purpose; •.•e wanted to apply the equation that haa been
developed for a pressure hei~ht of 500mb to a pressure height of
850 mb of another oyclon •.and 1.0have Borne idea about the extent
of divergence between the obaervcrl and the prescribed track. The
reaul ts show that the divergnce both in respect of movement and
10c••Lioll ••.r" quite differen! .. Thls indicates th••.t the equation
has to be modified to suit ••different preaaure height,

i", obviou", from th" "Ludy that the reault ia quite en-
couraging for the 7-11-B3 cyclone inapite of the simplicity of
the model. The deviation is more in the caae of 12-11-84 cyclone,

" ,
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TAIlL!' 3.2

---------------------------------------------

Date lIei~ht

mb
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GMT
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- ------ -- -- -------------- -----------
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- --------------------------
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Thia could be due to the fact that in the former case the data
waa used for 500mb where .,,'in the CIlBeof latter data for 850 ",b
waa uaed. Better results could be achieved by developing mOre
complicated model.

"



CHAPTER 4

MINIMIZING CYCLONE LOSSES

4.1 Introduction

Tropical cyclones are a major source of natural diaaeter and
it i" a meteorological eVl'nt. It is,important to know just where
II.cyclone will strike, how Intellseit will be and how long it
will last. Because enormous loss of life and an untold variety
and smount of damage can r"sult from a cyclone paaaage. Although
cyclonea are amall in number, the frequency of opportunity for
their development per Beason, 1a always high.

For effective reduction uf th" impact of a cyclone and the
risks of living in a cyclone-prone area. co-ordinated action at
sever"l level" of government is neetled; beginning with some form
of land use planning and regulation. Equally important in defend~
ing against a cyclone dis'''.terare public awareness programmes to
promote an understanding of the cyclone and ita potential impact
and of the measures that """"tal residents must take to faee the
threat of a cyclone with minimal riak to their lives and
property. Perhaps the most important singl" element in the
defence again"t cyclene disaster ;s the cyclone prediction and
warning service and its associsted aystem!l for communicating Rnd
interpreting warnin~ advices to those who muat take emergency ac-
tiens on ahort notice "to protect life and property.



4.2 Forecast Problem~

The cyclones approaching the coast muat contain at least

(2) The predicted time and position at landfall, (3) The strength
five elements: (1) The current position, strength and movement,

(4) Peak cyclonic tides and areas of inundation and t
•

Of these,warnings for the coastal areas at risk.
at landfall,
(5) Spf"cific
the most critical are the predictions of position and strength at
landfall. If these two arc known, the remainder can usually be
observed or derived from data supplied by the cuatomary cyclone
monitoring facilities ~ aircraft, weather satellites and radar. A
rapid increase in cyclone str•.ngth during ita last 12 houra at
sea can sometimes double the peak-surge heights and escalate the
urgency for evacuation.

4.3 Predicling Cyclone Movement

Cyclone prediction is not an exact acience. Success in pre-
dieting cyclone movement depends upon the intisl direction of
movement the stage of develol,ment and the strength of the steer-
ing current.

Three classes of mml"),, for predicting cyclone movement "ere
in use in 1980:

(i) kinemstic aual,,!(models
(; i) dynamic analog models
(j i i)pure dynami,-,"-J"lOde 1"

(i) The first dr,,-wsupon the climatology of cyclone



tracks and of per~i8tcncc of movement to produoe a moat
probable disp)ac"nlent of the center. The output is a
fun"t.ion of init.i"l po"itirm, past movement. and time of
occurance.

Iii) The second extracts from historiea) caaes the dynamical
propert.ies of the near or the large-scale environment
lhat correlate h'ith some aspect of cyclone movement.
These are combined in a multiple regression statement BS
analo~s to the mi~rBtion of the vortex,

(iii) The third model combines basic principles of fluid
motion, the thermodynamics of an ideal gaa, and the.ap-
plication of con"ervtllion relationahip" to predict the
behaviour and displacement of the cyclone vortex.

4,4 Backgrouml of Predicqon Nethods

Movement: Before the advent of d)'namic prediction models,
cyclone movement was regarded no.",eplus) ly as the response of a
vortex to a steering current. Most forecast decision making waB
centered around the identification of the ateering level and the
reasoning about changes that could modify the steering and future
track of the system.

In 1956 H, Riehl [23] proposed a model to provide objective
predictions of movement, He con ••idered that the best avail ••.ble
index to steering the cyclone is the geostrophic flow of the en-
vironment Ilt the level of non-divergence (4-6km). He computed
zonal and meridional components of geostrophic wind from 500-mb
analyses using a rectangular grid superimposed on the vortex.
These dat~ were used as inputs to a regression baaed upon his-

"



toric storm cases to obtain the westward and northward components
of displscement for the ensuing 24-hour period. The method worked
quite well in a researoh environmont, but operationally it suf-
fered from subjectivity of hurried hand analyses for the 500-mb

surface.

4.5 Development

The simulation of development is complex.because of the need
to in"oq>orate explicit,\'01' by p••rflmeterization, the smaller-
scale motio"s that distribute heat generated by the cumuli
throughout the warm Col'e. The explu8ive development of distur-
banc ••s snd rapid growth of cyclones into extreme events are cUr-
rently beyond the reach uf op••rational modela and remain Un-
resolved problems. Th ••se unresolved problema are the mOre impor-
tant beea""e significant chatlll"s 1n strength or size of the
cyclone strongly influence the height of peak atorm SUrges, the
extent of coastal inundation and the requirement for evacuation.



prooeases of

situated between 0" to 25' North latitude.

is set up for middle latitude (45"

Chapter 5

GENERAL DISCUSSION

With the present scientific knowledge and technology avail-

able to man it ~s not possible to stop the formation of a

cyclone. The accurate prediction of cyclone intensity and move-

ment is pre-requisite for taking preparedness measures towards

minimizing the los" of life und property due to this calamity.

In thi" dissertation attempts have been made to ascertain how

far the applicatiun of the Barotopic vorticity equation to

cyclones of this region will help uS predict the cyclone tracka.

The results shOl" sume di>lcrepencies between the actual value .and

the predicted value. The discrepency may be partially due to the

following reas'ms.

(il The Barotropic mode] '" idealistic. In auch aimplified modela

some I."rma are neglect"d or approximated in the governing equa-

tion and this gives rise to errors.

(ii) Incompltete ucier'ltu"dinl( of various physical

tropical meteorology.

(iii) Bay of Bengal is

But the model equation

latitude I synoptic scale for convenience and honce i" in need of

cor.rections.

(iv) Coriolis parameter varieR with lstitude.

sertation an average value of this parameter haa

But in this dis-

been taken.

••



(v) V"lu"" or the grid points Taylor series
exp"nS10n. This method Cllnnot give the correct input data; bo-
cau8~ at least four known points are required to evaluate a
point. Any mistake in any •.•r",of the points ••.ill lead to large
errors to other points and vitiate the result.
(vi) Tit" laws governing the vari ••tionB of various parametera are
only approximate,
(vii) Because of the instabi!iti"s in the a.tmoaphere \barotropic,
baroclini" etc), there is a maximum time limit upto which pre-
dictions will be valid.
(viii) The governing B••rotropic Vorticity equ ••tion iB an exact
model only for ••homogeneous incompreBBible fluid confined be-
tween rigid, frictionless horizontal boundaries. It is obviou ••
th••t the atmosphere does not meet these basic requirements.
(ix) One of the poe-sible ",,,urces of error could be
observations.

in tho

For more accurate predictions, the governing equation ahould be
modified. Some parameters with proper weightage may be introduced
in the ,equatiull.
It i" propo"ed to study the above aspect further with a view to
(i ) ex"mine closely such dcvi"tions 1n respect of selected
cyclon",,,.
(ii) Modi f,i th•• equation I.""uj t the "hallged pressure height ••.
\iiil A",ee,Lain which ellu",Lion ,vields the moat s"tisf"ctory

,-,
-',,'results of cyclones occuring in this region,

Cyclone is a synoptic scale phenomena and it frequently
hi ts BIl"glad"sh every year, Inspite of this, comprehensive and
intensive resesrch work h"s flat so far been seriously undertaken
0" t.hj" ">tt.r",<!,rol'hicphenomenon. In this regard Borne research



work have been done but they are inadequate and fewer in number.
Hence the study of cyclone of B"y of Bengal should,
receive the highest priority.

therefore,
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Definition of Ted",ic"l Terms

J • CorioIi!! force: Cori'"]i,,, for',,, i" a deflecting force.
arises due to the rotalion of the earth. It acts perpendicular to

tho velocity vector, call ",hang" only the rlirecli,on of travel and

t,he defle0Lion j •• t_o the right direction of motion.

2. Vorticity: It is an iml'o..r.ant parameter widely used in the
study of m"t"or<,l"gy. It i" " •."ctor mcu'n,re of the local I'!lte of

rot"tion of " fluid. It is a ",jcroflcopic quantity.

:1. Track The path tal,,,n be' the centre of a tl"upic"] C~'clone.

4. Bar'ot-rapic Env; ronment : An "tmosl'here in which temperature
vari"ti<JI'S in the hor;7,ontal directions are sm"ll or absent, with

.!e""ity a [""otio., of 1'h" !lUrr>!.ce of equal
C

dCllsity do not intersecl in the i""b"ric surfaces.

~. lJaroeJin;c envirnnmpnl. ,,, atmosphere characterized by

significant variations in tempcr"t'Jre, horizontally with demdtJ.

• function of both pres"ure and temperature. Conatant pressure

surface" (isobaric) int.ersect 'Oon"t.ant densit.y Burfaces'.

6. {leo-potent.;,,] At any h"i~ht Z it is defined aa th" work
required to raise" unit m,,"" I" h"i.:ht Z from sea level.

7. Conditin"l in"l-nh;lil" 'Ih•• "t"U, 01' a column of "ir ".hen Its

41



vertical distribution of temperature ia such that the layer is
stable for dry air but una table for saturated air.

8. Hydrostatic equilibrium: The state of a fluid in which
complete balance exists bet~een the force of ~ravity and the
pressure force.

9. Synoptic chart-: In meteorology, any chart or map on which
data and analyses are pre>lenten that describe the atmosphere over
a lar~e area at a given moment.

10. Beta-plane approximation The Coriolia parameter can be
expanded in a Taylor series about the latitude as follows

f " f. t f3y t higher terms

Where ~" df/d)- If let L design"te the
the motions, then the r"tio of the"
expansion of f has order of ma~nitude

lolitudinal scale of
first two terms in the

"pprox irnation
When L/a « 1
This

then j~" js "s~umed that ~"df/dY is constant.
~s usunlly termed as the beta- plane

approxima tion.

\
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eVE2. BAS

320 F5~810 [lIM PSI(26.26),GF.(26l
20 TNPUT "fi.l~ name! for the dat,3 of p:=,l";1$:OP£N1N 1:t
30 H=JJ2.12*1.2
408=9.8/10-'3
60 DEF FNGF(LAT)=2*W*S1N(PI/4)
70 Wo7.?9/JO-'5
80 D=ATN( J )/45
90 DEFFNDPSI(I.J )=( PSI (J+1 ,J )+PSI! [-) ,J H PSI I J ,J+\ )+PSI( I ,J~l )-4*PSI( 1 ,J )/H~2
100 KK=O
liD FOR 1=1 TO 25
130 FOR J=1 10 25
150 INPUT 1:9, PSI(I,J)
160 NEXT:NEXI
190 CI_08£1I,
20U PRINT "next e,)m"", t.he valu ••" (",f F"'
?lO KK=O
215 1t-<PUT "nam" of t.he file";I1>:O\-'I,I,UUl I'"
220 F(IR 1=2 IU ;'4
2301"AT=12S"-T+l)t1.7'*D
240 FOR J~7 10 24
245 Jr: 1+1'<,,4 IHf-:I~F1=0:(;OTD ::')l'
750 IF ,JT-t/24 THEN Fl~();GOTO 77"
7(;,0 Fl=(PSI( 1-11 "J, l )-PSIll-1 "J-I ))+i-III)P~';]II.Jtll
265 IF J-1(2 lHEN F2=O:GUIU 28C'
270 f'2=( PSI ( 1+ t , J-.1 )-PSI ( I-l ,J- t ) ) T'FI1IW5Il I . J- J )
275 IF It1 >~4 TlIEN F300:GOTO 2QO
2E,O r3~( PSI I 1+ \,1-11 )-PSI I !+1 ,J'.\) )"HH,psr I It),-1 l
285 TF 1~1<2 HIEN F4=O,G010 3UU
29n F4~1 PST( 1-) , ,1+1)-f'81 ( 1-.1 .J- I ) ) q'N[)P', T( 1-] . J)
3f][) F5o( PSI (It \,J )-P31( 1-1.J))/( 2*H)
310 8~2"'W"C[)S(lIll )16375.6
320 F5=R"'F5
330 F:IF.I-F;>--F3~f'~l/(4*H.'2)
340 F=FT-FS,XXof'
350 PRlJ--Il F,PRJNT 1:':', F



•

to Dlrl f'HAI(26,26)
20 lHPI.IT "name9 of the cj.'lt.~ fl1C' for values of pSl";I$,OPENIN 1$
:';0 H~1\2.12i<1.2
40 (i~9_8/10-."3
45 D~F FNGF(LAT1=2*Ww8]tj(r'I/~)
70 l"~7.29/1()"5
1\0 FriR 1=1 Tn 2';
130 I'np J=I Tn 25
150 .llWur 119. PSI
160 PHA1=G*P110'-3
170 f'HI\J(1"J)=PSltFNCF(Ulll'IO'3/C.
175 PRII-H PlIAI(1.JI
180 NF:l<T:NF:Xl
185 CLOSUN

•

•



oen2. ba"

10 [lIM 1'1(21',,26), P(2f,,2f,1
70 TNPI,IT "j,J,p(i,.1)";T"J.PI(J,J)
3') IF Ii J=() I'HE:N GOfO 100
40 GOTn 20
100 FOR K=l TO 15
110 PRINT K
120 FOR 1:1 'TO 24
13n FflR ~r~1 10 24
140 IF PIT,'})C-O THn~ ,;r)1l1 ),-,n
10.0 PII ,;r )=1 P( .1+1 "J )+P( )-) "J H P( J ,J< \ H f'( 1 ,J-I) )/4
16n HEX1
17n ~jEXl
18n ~IF,>(T
2nn 1~lrl.IT "1';,1'" n",rnl" tJ-. ~,V)j'(' cl.~I_,~":I"t:UPFNOUTF$
210 FOR 1=.\ TO 25
220 FOR .1=) TO 25
?3n PRINT It'~, P(I,J)
240 NEX r : t.•IEXl
250 CU,JSFllI,JT
21'0 E.I,W



CON'-rJ. BAS

'u 1'.111 1'13".c,(1)
;'(1 I~WlJl ""I,>lJ ,Y'"~.Y,")(.Y",n,v,,,n.)(d.,,C!' ;i,I_.YI_.XM>":,YMX,XMN,YMN,XD,YI)
22 IN~lFl "(l"t." til", n"rn"",F1,,Uf'EUIN F1
23 J OlplJ 1 n,.,. Qq
24 FllR 1=1 IV 25
25 f'01i Jol Tel :'~
:?b HIPIIT tt9.PII,J)
27 '~CXT'oIE>":1
71'\ GIJISElN
30 I\X 7 XI.! ('<IW- XMI,): AY= -.-l /, YI1X-YI111)
31 X"~~5,Y003U
3:' l~lPIJT "'.-"Jnl.""r "'.')('"'U". mini,n"'n. lht,f',-va1",VM.IIN,IID
33 GI,8
3t X){'3(t,Y'«ICJ
38 II'"
40 FCJR po~M'~ TCJ XMX SIC:P XI'
50 X=XOt( f'-XrlN)'i\X
60 11CJ\'F X-10,YCJ-\0,PI!II,IT RO""l"",:');'
70 ti0'iF X.YC',I'RAW X.YO'YI
8n nf,X r

"'0 FOR Q""'\'1 TCJ YM)( 5Tf,r Y[)
)00 Y=YC)«(1-YMI,,q'/1Y
1") 1'1r.l\;~O.Y<5,PPlrn RnUI,I,'P.;";
120 ~10VT: XO,Y;[)RAW XO+XI_.Y
1 cJJ IIC>; T
140 TI1COH'
14';, ~.'<=XI1;~4,llY=YI!14
no FOil v~'m11) VM c;H,i' \Ill
7.1511'"1:,11'=1
7.:'0 F'II1 1c 1 TU :'4
731) I-r-,,, ,1=1 1(124
2MI l'~[,
'25') If'I~IT.J+I)-'v)"P(J.I'_\/"o 11IfNGlJ[Cl I'-'OU
2,",' I, !i'(JtI",ll-VI~IP(LJ)-V)<'-, lHIoN GOTO IIJ20
271) '-JE"-I :I,I~'<T
0,80 GOTO W,,",
'''''' I'~1
1'.1'''1 Jr' (P(l.JtJj»)--'Jl,t'I" 11.'1)") llleu "IiSUB 40DO ELSE ID=-ILJ
10HI ,1=,II,W

10;:'011' (r'I'll',J)-Vlt(P') ..J)-I!I<fJ lllE:N GUSIJR3000 El.SE: JD=-JD
J030 (Offl['
10:>5 X=INlIXl:Y=lNIIY)
]0::16 IF X<XU IHI"N X=XO
,10::17 IF Y<iC) lHE:N Y=Y\1
10:;8 IF X>XU+Xl THEN x~xr,>X1
10:\9 11' Y"YO+YI lHEN Y=Y<HYI
1040 DRAW X.Y
IU4C' IF c"n TlIE:I, GOTO 'NO
1050 IF "=1 AND l"lJS(X-XX)'''lJS''i-YY)l>l lH~I, GO'IO 990
10Ml Nl'XT V
)070 nm
30U') IF "=" TH"I, XxoX0'IJ-l1'lh
3nOJ YY=YI, YO~I (-I 1~",Y-lJ" {I'll ,J I-V 1/11'( I.J )-P( J+ll" J) )*1'"
3002 XX=[tJ"x'<I'YY=lNI'YY','"!VF XX.Y!
30)(1 X=XO+(,I-l )*I1X
30) l r=Yl+YCJ-( I-J PAY-HI" PI 1 ,,1 )-V) I I PI 1.J )-P( T+!D ,J) )~AY
~04n RETIIRr~

M)no fr "'u IHH~ XX"V'HI,J-'II''','<.IP''I'(f,J)-Vlj(f''.1,J+J[)))*AX
4ClCll "YOYI,YO_( )-] )~A-.- 'xx' "IT r ,"' 1"Yoll'l( Y'y) ,MOV" XX, YY
401'-' x='<O-+(,l_ I l'i\X+,JlH ( rf 1 "I 1-'1'!( iJf 1 "J I .. P( J ,J ',Jf) l) *f\X
40?O YeYltY"~( 1- J I*",Y
4040 REI UPI,
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