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Wm canton amroach t o  ths o r o b l n  of f l d  

o rad i c t l on  LR m l n l y  motivated by  w e x s t l o n a l  o b j M i v e r  

md t b r e f o r e  thR selection o f  a f laod f r e ~ n l r r c y  dtstribu- 

t i o n  funct ion  1r b a d  on a c x l t s r b n  of curve f itq 

t o  ths observed l a r g e s t  flood di rcharcy v a l u e  a8 r lgse 

of f i x a d  time. D t s t r i b u t l o n  funct ions  t h a t  a m  -st 

camonly  ueed tnelude log-normal, log Pear*n type 3 , W 

o7r1jneter m a  and Qmbolqs o x t r a m  value  d l . t r%but ion.  

b e d  i cbb t ion  o f  the f i r r t  t h r ee  d l s t x l b u t i o n ~  to  tly flood 

f r w ~ m c y  anal yair  doer  no t  man t o  be anproori.Am brcaurm 

of  the es8uuntions i n u o l v d .  Alw, tin a o d l o s t b ~  o f  

a n ~ b d ' r  e x t r e r e  valu9 d i r t r i b v t i o n  i s  b a n d  an fillowing 

t r ~  sssuabtiona. 

( i  :I th nrqumce of  d e i l y  r-ivter disdrax* va1u.r of whole 

p a r  tom a r.quence o f  indmrrdan t  and i d e n t i c a l l y  d l g t d h r t d  

rardem v a r i a b l e s  ad 

(il.) t h e r e  randm v a r l a b l e r  are assumtd t o  hsw d i s t r i b u t l o m  

dt h an expcn.ntio1 tdl. 

Far t he  l l a d t a t i o m  o f  physical  b a s i s  o f  t b w  a r u m t i o n a  

rn quote wbd 

" It nus t  be admitted t h a t  the good f i t  c-t b. f o n a m n  

frm the  thmoxy, rrhich i s  b a e d  cn t tum a s e u a t i o n r  

( 1  ;I the d i s t r i b u t i o n  o f  d a i l y  dlmcharqer 1s of  eroonent ia l  

t p 3  



( i i )  n .r 3153 is +rff i e l o n t l y  lirrgl, 

( i i i )  t h o  d s l  y observations are findowndont .. 
~ s s m o t i o n ( i )  e m  ~ o t  be chocked since th h r l y t i e d  f o r e  

of  t h o  d i ~ t r i h r t l o n  of  d o i l y  w t e r  d i s c h a r g  vrluo. i A  u n k m n .  

n = Yib is net suf f i d e n t l y  lax* fwmbQ for tk a rmrqmnco  

of  a d i ~ t r i b u t i o n  f u r r t l o n  to the  c3tmbml e x t t a ~  vr luo d i s t r b  

bution. The t h i r d  r s sumt lon  d e f l l i t d y  doe* mot held a s  tb 

d a l l y  ob.ervotions ax0 in r ) r w r a l  mt i n d - 6 . M .  

Thoso m a r k o  by -be1 indicate  thr* th mathamt ica l  

rsmm ) t iens  underlying th c l a s s i c a l  .xtmm vUur  t h e y  may 

no t  always b. mpl icab lo  t o  s water discharge wries b n c u r  lt 

on111 orovldes r s m t o t i c  e~cpresslms. If th t l r  i n t e n d  of 

i n t r r e s t  is leu  than a year &ich  is of ton tb @mom t h  the  

u r  of m asy lp fo t l c  oxorsoelon can hardly ba judtlfWd. f ~ n c  

tholoss ,  th f a c t  tha t  -01 p m v i d . ~  6, c d ( d  ar itldrr of 

o o r y i n p  tb oxtrenw, v d u o  thsoxy t o  flood ohemmuu 1s of 

canmtdcrablo s ignif1mneo becausa if mint, out ah. rud t~ 

d e v d o o  r theo ry  t h a t  is o ' ~ s i ~ d 1 ~  nmm ~ l r l ( l P d u 1  fox flood 

fro~qumcy en r ly s i s  t b tho r e p t o t t o  t h o q .  

The f i r s t  attm t o  dovolc~p such a thmxy from th. 

p m o a r t  i e s  o f  starm flow (rr thmr thm t o  -1lLn tb p x w o r t i . ~  

o f '  stroam frm ~ c h  a t tmoty) IS t h ~ t  of Todo-ic  mu^ 

h i s  corrorkors( 1970,1~lr1972 ). 'Ihotr f o r m i r d e  t r  b a r d  on 

th o l r r t i r l  duxafion s e r i e s  of strean flow . T b  m c 8  of 

flows In such r s e r i e s  withtn f i x d  tlw inP . .w l  is r e p r e a n t e d  

b y  random vsdablos .  



Tdorovla( lY7l)  ured th above f o s o u l a d r  along with 

a a t h ~ o e t l c a l  asarQatians of  Tcdorovle and a l m h a m l r ( l W 0 )  to 

a n r l y u  another h o r t a n t  foe tu re  of thrr e x t r e r  f l a ~ d )  n m d y ,  

their tirv of  occurrancs within a sdmctd t- IntemJ. Th .  

exwess ion  f a r  t h e  tima of oecurrrnce o f  e x t t r e  f.od obtainad 

by l 'odaovlc( lml) 1s atact and tes tod on d - t a  far two r l v e r r  

i n  t h e  i l n i t d  S t a t e r  by Todorovlc md ~ l h l ~ a ( 1 9 7 1 ) .  I t  18 

w r t h  r~snt lonlnq t h a t  ~ lanhadc ( l97O)  has  s t m u m  t h r t  th func- 

t i o n a l  form of  t h e  d l - t r l b u t i o n  f u n d I a n  o f  tlll & a s p &  e r a +  

dsnm derlwd by a b W  ammach,  ir u b l l 8 t  te (3Ub.l'~ ewtrmm 

value  d l s t r l bu t ion .  

I n  r o t t i o n r  7.2 acd 7.3  of  tMLr chaok?  th vraL of 

Todarovlc sld him comrke r r  i s  revis@. In  r c 8 l . n  7.4 t h e  

d l s t r t b u t l a n  function o f  nmkr oP memd*mter i n  tw w.iab& 

is derived, while sect fan 7 .5  1s conlcemsd r iO l  tbr jaint 

M v a r i a t e  distribution function o f  auprww end l d l m m  of s 

b1varl:ttm 8-1. of m a ~ i t \ d e  of  eroeedaneea, ? b d l y ,  s a c t i o h  

7.dr and 7.7 are dwotad f o r  the  m a l c a t l o n  of tho r e s u l t 8  

abl,aLnd i n  sect fan 7.3  md 7.5 rrwmctlvulv. rhlr i r  &lewd 

by emrese lng  t h n  expected numbs of  ercwdbncem r 4 x d  

t l e ~  i n t e r v a l ,  f o r  both t h e  valriablem, b y  a kurlu expamion. 

distribution function of  mqnbhnde of e u r s d n s r  i m  a r r u ,  

ed t o  be exootuntlal.  Tha b o y d a n c e  p a r a r r t e r  o f  b l r e d a  

d l s t r i b u t l o n  function o t  mormus 1 1  rst betd by r e l a t W p  

it ,t t h e  medial cor r e l a t b n  coeff leiant. fb. &we m t i o n a d  

r e r u l t r  haw been derived fo r  M y  bf lwi~r la te  o o o a l r t b n  but t o  

aehhve  t h e  ad concmmlnq t b  d u d y  of f l d .  The r e u l t a  

are  tested f o r  secondary data. The d a t a  t a m  b r  36 y-r 



f r o m  1948 t o  1977 11 d a t a  on water dlrehwrg. e n  th r i v e r  

Nmnada a t  two rts t ionr(Mortekka aruf Ouclortwrr)  far a 

p a r t i a l  durrrtlon wries. To d m o n n t r r t o  t h o  @mess o f  f i t  

a c h i a v d  t h o  theore t  Xed md obsrrrvwl msu l*r  a r e  also p r o a n -  

Th, o c t i o n  d e a l s  with t hs o m b l a  ef f h o d  a n d y r i r  

b a s d  on the recont  dewloomant i f 1  t h e  thoory  o f  o d r a r  va1u.r 

q i v w  by Todorovlc( lm0). h h i s  .Opmach Tmdozov%c Utilizer 

a s t ochas t i c  moda l  t o  desc r ibe  a i d  DKIJIc~  th bohaviour of 

flaods.  H. e t e r t s  ~ i t h  a d o c h a s t i c  qrccoa,  X ( t )  d.fin.d a s  

t h e  high.& magnitude of  rand=.? va r tc~h los  i n  m ltiterval o f  

t iw ( 0  , t] . Sinco t h o  number a t  i?looci o o J  d i rd tax9 . r  in  

( 0  , t] exceeding e c e r t a i n  lev01 no and tb m-ltdes of  

t hoe8 peaks are  random ~ r i a b l e s ,  tho foreqalclg oadol  roe- 

t o  confirm -11 t o  the f lood ohwsormron. b a t a n d o n  o f  

t h i s  s p b r o a d ~  )rar brm mado t a  more than ow va r l rb lo  r+lich 

choloson beso l e v e l  n,, nd = C+ - no . W c a l l  C, rr t h o  

m r g n i t d o  o f  tho 1 0 t h  oxceednco. 

I f  thr  wquenco of  these peak d : l s c h a r q  valuos i r  

rmlti910 pmakod I... i f  the d r i l y  d i~wha rqea  a c d  th. 

f i n d  be@ disch,uga lewl xa fo r  mcm t h m  en8  d r y  contint- 

ou r ly  d t h o u t  h i n g  lo rn  than no, tlbn th ~ n a c t l o a l  om&r  

ugge& t h a t  t h e  e n t i r e  pek  d i s d r a r ~ g r  rtMlld n o t  b conddo- 



excomdm a. 
/+ccatding t o  ~odarov ic ( l970)  t h e  d l & #  ihtlao f u n c t b n  

of e x a e d ~ n c e o  and t h e i r  t i m  o f  occurmneo i v  d o r l v d  am 

f@llora 

Ilb s t a r t  n c k o n l r g  t h e  s v m t  of e x w d r n a  a t  a ti- 

d e ~ i ~ ~ a t e d  a8 t& and d e f i n e  T (k )  am t h o  t l r  dromd 
F b i o r o  the  k-th oncrsd~mte  occurm md f k  am its mmqltudm. 

k 
WE s h a l l  t a k a T ( o ) - O  ad qo-0 . M s- 2: 6, k tk ma 

04 
of t ho  magnitude of k orcoadancoa. 

tmd 

t h a t  thm m m k r  of  pa in t8  'I:(k) i n  tlr fw tll* 

(0.t1 e n  t h e  chmce  varlr t t lea,  thm T(k)  .re 

rardam rvsri.hlom am wall. I n  d i t l o n  i t  i. .I lo ampomd 

t h a t  tb T(k)  a m  oantlnuous rmdom vaxiables. 



t i a n  functionu of T( k ) ard \ are solm to be 

L e t  uo denote by ~ ( t )  , the ~mlb.r of nxmdances over re 





In ponere1 a d e s d  oxarec,slon fm PI:<) in ttm ef A k ( t )  

18 mt cmsdble,  bwewr. uro bel leve  t h a t  ln th m t v m t  

cares o f  flood analyrir, t h e  intmri l ty  f t ~ n b l m n  i r  indepen- 

dent  of k , 1 . .  , w e n  take 



Th dis tr ibut ion  function o f  t h e  till* o f  occurrence o f  the 

k-th exceadancm cm b. written fran (7.2.6) ;nd ( 7 . 2 . ~ )  a8 

FO 11 lour 

d t h  i ts  denrity function 

Similarly us* (7.2.20) and (7.3.7 1, the  mxore~s lon for 

Using the e m r e ~ r i o n  of !J($ 1, t h  dis tr ibut ion  fwctbnof 



Once th abam terainology rind l n i t l r l  Zructure o f  

P( qt ) h , ? ~  been deve lood .  then +* can e a d l y  f lnd tta d i s t r i -  

nmnrr. 

Lot ua condder the sequence a f  magnitude o f  e x d a  cer 

as o b ~ e n e d  by Todorovlc(1370), the f o l b d n q  t h e o s r  g i v e s  

the  dlatributlon function of 9up ek md M 
T( k )<a T(k )a 

the following a s ~ u m t i o n s  

i )  thm @*ma f& .'C; , .... 1. s u9uonc*of Llde*nd.nt 

( 1 1  ]I the number of exceedencea r(! t )  ere indamdon of t h o i r  



-&I- The d i s t r i b u t i o n  functions (7.3.1) and (7.3.2 1 
arc derlvad as the m t b 1 t i c a l  .xoctqstL l r  o f  the foilodng 

condit lone1 p r o b a b U l t l e ~ .  

fhs dlstr ibutlan functions can k wrlttm r s  

functbn (7.3.7) md ( 7 . 3 . ~ )  clln ba m x o z e ~ ~ d  by 



dirrtribution Cnc t  b n  

tbm tha distr ibut ion functbn of 1; l a  g i m  by 
- q k M  



e x o r e ~ s l o n  f o r  the  d l a t r l b u t l o n  o f  t h t b  maximn i n  r r d a  

secumce ( g o v e r n d  by Poisson p r o c e w  1 of 1rd.oend.m ldutti- 

c a l l y  d i s t r i b u t e d  exooMnt ie l  r a d o n  v ~ x l n b l a s .  The d l s t r i -  

but ion  function (7.2.12) will ba usad for i l l u o t r o t b n  

ourooaes i n  the  s ec t i on  7.6 . In  t ha  next saction *r dl1 

der iva  t h e  d i s t r i b u t i o n  fbnct ion  o f  number of exceedmcos Ln 

tuo  d iams lon .  

Whoraes, lot  of c a r k  has been idme I n  th thmoxy 

o f  e x t r m s  values  f o r  rcalax random varlabla$,  not auch work 

reoorted In  l l t e r z t u r e  fo r  two i f b m d o n d  verl .Lles .  I n  

p r m t P a ~  of a p l L a d  nature,  it Is <always m s e i b l a  t a  get 

i n f a l a a t i o n  o n  wmo 0 th -  va r l ab ln r  which ire b o r n d e n t  o n  Uu 

v a n e l a  o f  I n t e r e s t  w i t h a r t  mch a t f o r t s  c n ~  co&. ~ u c h  

s i twr t i ons  oxavidas o o w r t u n i t y  for  t h e  atudy o f  nul t ld imm- 

slortel rmdam var iable*  T h a r v f ~ e ,  In ttm (~.t?~sl t h e  d u d y  

of o r t r m e  o rde r  s t ~ t l r t i c s  I n  bivurlwte d i s t n b u t i a n  Is trL8n 

up. T h i s  h a w a n r  m extension of unt .vs t la te  d l eQr tb r t l on  

fun : t im o f  e x t r e r s  q l w n  by Todorou4c ad h k  a r s o d a t e o .  

La ( x ( t  ), y ( t  ) 1 be an ob~servr t ion  I n  8- v r r i s b l o s  

a t  i n  t ima t . Tho nat roe  of tla t for p r a c t l o r l  reran8 

rill fonael l  g b. dlsc re te .  dmnoto by T(k  ) md 71  p )  th 

tin1 t h a t  elepssd before the  k-th ancl 2-th encadence  occurad 



We s h a l l  donate by and ep t ho  maqni tudr  mf t h e  k-th 

and f-th exeodances  rosmct iwly i n  x and y rrl alno 

esaum To - 0  , e0 0 .  T h e  t i l l eT l (k )  and ' r (8)  i n  ( 0 ,  t] 

at. random vJriables.  In auu LtQn t h a n  u e  contLm*H1s ismi 

dependent on  each otherr. Here t@ uls i n t s r o d e d  in f ind tnp  

out the j o in t  d i s t f l b u t l o n  funct ion (of 

Before de r iv ing  m exr~renqion for' the j o i n t  t i i n t r l bu t ion  

f u n c t b n a f  ( 3 ~ ~ 5 ,  Sup and ( hfg . xnf ~ p )  re dl1 

d e r i v e  an ~ n r e s s i o n  f o r  the d i d x i h u t i o n  f u n t t b n  o f  t i r  

o f  occurrmce of k-th e x ~ e d ~ m c e  fog! x  md P-t!h axmedances 

f o r  y i n  t tds #ctiun. 

Wn def lne .m avant 



A d d i q  (7.4.3) over dl value. of k md C . the dlrtrihtt  b n  

funct b n  o f  t lmo of occur1 enco becunem 

&itch i a l i r s  t h a t  the nmber of mxcwdanco~ for bath th 

varlab1.a are nordeaoedng function of tima. 

. 'lh p o s s i b i l i t i e s  accounting fair axatd~mcos  in two 

variables 6110 enuat.tetd bolo* 

( 1 )  [x(t)yt , ,  , Y(0 c v,J 



axeoodenn w i l l  occur ei ther  i n  x ( t )  or  i n  fit) at in  both. 

1.6. one exceedmce occurs Ln x ( t )  with no swaadencr tn y ( t ) .  

.tiimillerly for tb socand evrnt v~ haw ombablUty  

and f ina l l y  th p r o b B i l i t y  for the tliirc! e H n t  10 

x , t  '! 
lim i "c, Q, 

'k p(t  )" At+ 0 
- 

At 



T h l ~  oquatlon i n  q r w t a l  can not be a d v d  in c l o d  fom in  

are indumndent of k and 0 . We take 

hk4(t )  



Tho almvo e w d i o n  can b. solved d t h  the helo of orob&i l i ty  

ganer~stinq function. The equation i n  the fo- of q w r a t i n g  

f lrn ction 1s 



Hkre C i a  a constant of integration.  t = 0 ad P(r1.s2,0)= 1 

plve C = 0 fran i n i t i a l  condltlonr. Thsn f r n m  (7.4.10 w have 

F ~ x t h a x  put t ing  

Bxorssslon(7.4.17 is  i d e n t i f i e d  by Martid 1932) aa th 

orobi lb i l i ty  gsnewtlnr) function of biu'atlatm P e l s w n  distrtht- 



k = - 1 )  . (k-r + l )  

I% now oracerd to der ive  tta joint  a i r t r L b r t i o n  

function o f  two extrear  of t w o  deoendifnt eeamncer of ercaeda- 

near  ck srd 8 ~ .  Tha nunbr of  tbsa r x a r d e n e e s  for th 

soqu.n~mr qk md eQ will b takrn n and m r e a m c t i w l y .  

T b s e  14rcendanar cdn occur in the fd lodnq  three ways. 

( i )  Tkre may be an excecdance f o r  ?.he ra-nao fi but not 

for  the ~ ~ w m c o  q i n  the ti- (0,tl . 
(11)  There may be s, u c e d m c e  f o r  tho  setwend. ht't not 

f o r  a t y e n c e  ek i n  tt* time (~ . t ' l  

( L i i )  There is .n exeeedanco for both t h e  ascp.ncs rk and 
6+ ' in  tima (0.t1 . 

F i r s t ,  w e  pmve two thmrania, for tho )oht d i 8 t . i -  

but ion f u n e t i o m  matisfylng the e s w n o t b n  ' A *  q i m  i n  7.3 ,i.r., 

(i) tho *waneas F1.~....,~,, and 5 ,  %...., em o f  

random vodab1.s haw tb ir carmn bivsuia t e  dir t r (but ion 



-al,ZI I-  If tb ugilencrot ramioa vasiablea @ t i d y  

t h  aaswptbn  *A* ,  than t tw  jo int  d is t f ih r t lon  fmctbn of 

m u i n u r n  o f  t ro  dependant amcwencus 1s qlvm by 

P t a ( x d  - e r p [ - ~ ( t ) - V ( t ) +  w(t) + N t )  ~ ( x , y )  

+ ( U ( t )  - \P ( t ) )  P(x)  + ( V ( t )  - N t ) )  F (Y ) ]  . 
(7.3.1) 

t h e  joint d l s t r i h r t b n  function Pta(x,y) o f  tlw 

canxhwa of two c!epclndmM mwpmnces i a  dmrlued es th rethe- 

maticill upoctat lon of  the follodnq conditionsfi o b b a b i l l t y  



TJtng info th conaiderntion the thrm wltuationa i n  *oh 

three emeedurtes in tm vsriob1.o occur, tha erpses.lan fo r  

wbro t i a  the number of exceedancoo Jwn th o m w o d ~ t e s  i n  

both th sglmcar occur. 

9rbatituting(7.!~.5) i n  (7.5.4), rr, 



The clistrlbutlon functlon(7.5.11) e t l d i e a  thr omorr t l e s  o f  

cliqtrtibution fmctbn and vs can qat mlrrqinal~ froo L t  by 

w b a i t i t u t ~ q  x = a0 * y = OD 18 folla~wa 

T h  aie Farma a m  oau, aa givon(7.3. L )  for one variable c s ~ .  



h f  k>f i t  )# P(t 1-1 



Undor the nssuantlono uhtch are given fox mar* case th. 

M v ~ r l a t e  dls tr lbut  lon functbn(7.3.15 1 can ba e i t t m  as 



!;lubrtituting t h e  exoresnlon for the thtee o m h a b i l l t ~ e s  l n  

Re8:rrnnqing and intorchanqing the1 ~nnrnations far l ? ~ t  e x ~ m r a i o n  

i n  (7.9.10) ra get 



I n  t hi wxt sect ions  t h e  rerrlts o b l a i n d  i n  sec t ion  

7.2 l:o sc?ctlon 7.5 are used f o r  o r d i c t i r q  r h % U ? r W I ~ ~ l  over a 

f i x a l  d;lnq6+r leuel. 

I 

I n  t Y s  sect ion results o b t a l n d  ln sect lon 7.3  a r e  

mild to t ko  flood f r eg rmcy  mnlys ia  of r i ve r  Nameda. Tho 

r e u l t r  of sect ion 7.2 to sect ion 7.!> of t h i s  chmtr.r 1s of 

1mence m l c t i c a l  m d 1 o : t l o n r .  ' #a  noto 1 h t  the W r i a b l e s  

under study ere b e d  on w r y  m n e r a l  co~Witlms q l v m  a s  

assulmtion * A *  l n  sect ion 7.3. +e s h a l l  i l lustrrlte k l o u  

t h e  the s t u d y  of flood ohoranenon c. n be c a m i d  us ing  t h o  

a h a  r n s l l t s .  It i s  natura l  t o  haw t h e  d a t a  on flood l e v e l  

a t  two d i f f e r e n t  l3laces fo r  such atudy. t+l@o vbr i fy  that 

the  assi~rq)tion ' A '  are s e t i d i d  by 'flood la-19'. There- 

fort, a11 the r o g l l t v  deriwd in t h e  f s e t i o n  7.2 t o  n c c t b n  

sect ion 7.3 ctm be WJ ll id to t M s  verlirble a it w i l l  bo 

o o g d b l e  t o  f lnd t h e  p Z a b ~ b i l l t y  d i s t r i b u t i o n  of tho ace-  

d a c o g  when th flood level a t  n ca r i t ah  oola o f  a rlnr 



i 

i 
f o r  

ercoedr o ~ e a r s i p n d  ma*. T U n  may be halpful/olanning 

aumasmr. 

For i l l u s t r -  t i o n  w blve takan the d e t a  on t h r  

r i v e r  Namada a t  tr, ooin to  1 .m.  A:ortakka and atde-r. 

Ibwatmr, it h s r  not been oossiblm fo r  u s  t o  ob te in  tRe d&ta  

on flood l e v m l  but t )e  o a t 6  of flood d i s h s t g r  &a warily 

made availablm from ' c m t r a l  w t e r  corrmirsion'. W~cm tro 

variablms flood l e v e l  m d  flood dieche~rgm u e  vorv highly  

corr'elated n h a w  u s d  t h e  flood d l s h a r c p  ar a omxy 

var i sb le  f o r  the flood level. It may be 1eC8ll.d t ha t  ir 

are luring o r l y  a o a r t i a l  dura t ion da t a  which i n  t J m  f o r  

30 yaars viz. from 1948 t o  lmf* r e  i n d i c ~ t s d  marlier. The 

ti- in te rva l  of i n t e r e s t  he r  bmen talcan f r m  A l y  1st 

(which i s  r t a r t l n g  po in t  f o r  n l i ny  mearm of  awry year) t o  

O c t c h ?  ZB Car bath thm s t ~ l t i o n r .  Thm oxoreulan(7.3.12) 

i nd i ca t e s  that t h e  e s t l m a t b n  a d  ormdiction of f l oad r  is 

aos;iblo throu* it. if m e  h s  t h r  emtimater d th. orobrbi- 

1 i t i . e ~  P(+  I . 
It i a  d e a r  f r an  .quatlon(7.2.19), Ln ordet t o  

est41mate P(B; ) , un havl t o  ~ a l ~ a t m  th f u r c t b n h ( t )  

( th*  msrogm num~~ex of e x c a d a n a r  Lu ( 0 ,  t ) . fun& b n  

r\(.t) t o r  the r t o t i o n r  tiortakka and & X d e n h w ~  i n  d m o t d  by 

U ( t )  md V ( t  ) r e a ~ c t  bvely =md d e t e m i n a l  i n  Ch. fol lowing 

mmerr 



T h  p a r t i a l  dusat ion eerier of wter rliscbrqr values 

i r  d i v i d d  i n t o  e igh t  i n t e r v a l s  of f i t t oen  day8 9uLdr f o r  

m c h  yeas. A. merit land ear l  ier , the  b a u  L v e l  i o  taken 

i). l!N,ax) c.f .a. (cub ic  f eo t  o e r  weand 1 f o r  both th 

~ t . ~ t ! l a n r .  The numbor and mapnitude o f  exceednrner hhybgen 

q ivul  i n  r n o d i x .  

ze lenhar ic( l97:~)  ha s  emressed  t h e  func t len  A ( t  ) a s  e 

f i n i t e  Fourier  retier b a r d  on th  mc11yrl.r of  data.  Using 

t h e  wie  method, the  aoresmlon fo r  U ( t )  aml ~ ( t  f o r  th. 

e x c e t d e n ~ r  g i v m  in a a ~ r d i x  (Table I. and 2 a m  g l v m  a r  

toll 1)W. 

lo dlrmanrtrate tb m m m r i a t e r u q s  o f  the meal obsrr.vd snd 

caoauted valuer  o f  U ( t )  md ~ ( t )  are l a h o r n  i n  Rq(7.6.1) end 

Pig(7.6.2) . T U r  has cam to be  ;n rxcellertt  fit. 
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T h  next s t ep  IS determine tho cltrtr1MI.n fmct b n  
i 
j of the f xood om& e~cmdmace~. In consYstmcv 4 t h  tho 

a w u m t t o n s  of (7.3.12) , we ream that  thn o n t r d e n e e s  
'i 
t 
i dur ing  tb given o e r b d  axe i n b o d a n t  and i d o n t t c r l l v  
I 
I distributed. The n a q t i t d e  of these ormedances haw a 

cbmmorl d t a t r i h r t l n  function(7.2. U ) with an *at&- 

meter (a ). For both t h e  s t a t i o n s  the value o f  t h l e  

raster o f  the  d t r t t i b u t i o n  f inct ion(7.2 .U)  is edimatd bv 

th+ wU knocm tachniquo L a .  mortWm 1 . ike l ihod  rn4tmd. 

Y h .  values (al, a2) o f  a f o r  t h n e  tls. s t a t i o n s  

are oreranted i n  t h e  fol loutng trble(7, ,6.1)  

Table 7.6.1 

The d i  st r i b u t b n  fu rd ion (7 .3 . l l l~  can be t r l au l a t ad  nor 

f o r  t l l f ferent  values o f  x . The obsc!rw and eorreapordlng 

t h e a r e t i c a l  d l s t r f b u t i o n  functiorrs of t h e  fld p a l  e n c a -  

dmea. are remessnted Ln figure(7.6.:1) and ('7.6.4). 

The d i s t r l h r t i o n  functions o f  the l a rges t  flood encoedanas  

f o r  both th s t a t i o n s  con now be wriCLm w~ind7.z.10) . 
7 . 6 1  and (7.6.2) am 



at Mortakka , and 

1 Gardehwar, where the tima of 1nte:rert rur from J u l y  

1st t o  October 28 . 
W t e  x md y are m e a w e d  in c.f. r. . Fiq.(7.6.5) 

.and 0.6.6) anpare grmhically t h e  dlstributl6n funrtlonm 

(7.6. :! 1 md (7.6.4 anrl csreooonding observd dtmtrlbut ions. 

A faixly qood agleemrrt betwoen theoxettcrl  mu o b a m d  

r r u l l ; r  i d i c s t e s  t h a t  th rrwlptionr unrterlylnq th. deri- 

vation of ths &el  (rta baricaUy corract. 

I[n the following the return oerlodl is calcvlntd with 

t h e  tu11p of dirtrlbution f u n c t l n .  (7.61.3) and (7.1.4). 

m-8- Am def find in  (1.3.21, th return o r a m  of 

a ~ e r t  1cul;rt value x cm be w x l t t m  om 

s~bst!Ltuttnq in (7.6.3) Fta(x)  cnd F1:.(yb for  F(u) from 

(7.6.3) arrd (7.6.4) , t h e  uobctctd return o e r b l r  tar diff e- 

rent ,@hem of x md y axe c d c u l a t d  rn! 91- i n  t h e  

folloldng table (7.6.2). Thr calculated valuer sm alro 







&re in, the ~ e l u l f m  o b t a i m  in nectionr 7.4 ad 

7.3 ,UQ a n l i d  to t h e  m e  d a t a  which i s  u s d  L ~ I  ~ e v i w r  

soc t lm.  I t  war se+n i n  section 7.6 t h ( d  f p l * m  rwl 0;s U. 

emontmtiall y distributed d t h  the1 r m m e c t l v o  distribution 

fun ctLo nr 

( i i )  c l u d t d ' s  t p r  I distribution 



It w i l l  b e  n o t i d  th . - t  a l l  the rbow d i s t r i b t i o n  

func t ions  excoat t h a t  o f  Mard i a '  a d i a t r i b u t  ion aom a ln  a 

unkmw deoendence o u a m t e r .  The m c a l l d  damndrrce  

nararreter cnn k estimated by ttm ~ t h O d 8  q l w n  i n  goct b n  

5.2 . The ae l ec t io r~  of  b tve r i a t e  d i s t r i b u t i o n  functlon is  

c b o a d a  .mch upon t he  e a t i a a t i o n  of drorndrncr paxamtrr .  

I J U ~  to coa l~ l icacy  of  calculations it is not army b f ind 

out tho est imate f o r  a l l  the bivarletp,  d i s t r i b u t i o n  f u n d b n  

with t h e  help o f  a11 t h e  e x i s t i n g  metrmda. It em only  k 

r e t i ~ r a t r d  e l t h e r  by r e l a t i n g  it t o  thn d i f f e r s a t  e o r r r l a t i o n  

c o e f f i c i e n t s  O r  by t h e  g t b d  o f  q u r d r m t s  wlWn t w y  are 

used in  (7.3.1) . 
. It l a  aqain not& that f o r  the, above given b i v a r i a t e  

d i 8 t r 1 b u t l n  functionr the value of tk a s t  Wate f o r  depm- 

d m c e  o u s a t e r  rmQe8 from 0.0 t o  0.7 by m.ix(ua aad 

(hmbl.l' 8 tyoe 11, howaver, in p r a c t i c a l  r i tud t lona  th. 

corxelot i6n may l i e r  betwal - 1 ?a + 1 . 2- we 6m m y  



t h a t  tlhr main 

cilmtrihrtion is tho emtLatLon nt domnlmce  o n r r u b r .  

On the bamie 02 th c r l c u l s t i o n r  f o r  t h e  r r t h W o n  of 

demndence ~s t sas te r ,  it i s  m@m t h a t  G a b 1  t p e  X I  d i s t r i -  

butLon l m  a g p r o o r i a t e  fonn f o r  $(xr'y) i n  (7.6.1 1 .Substi- 

t u t i q  t h e  oxorommion o f  P ( R )  , F(y1 mtl F ( r , y )  fraa (7.7.1) 

: S t  i m  rartwile t o  tamtion, t h a t  t he  f u n c t l a a d  farm 

of thu d i a t r l k t t l o n  i t nc t ion  (7.7.7) i r  d m l l a r  to tb am* 

o b t  ic b l v e r i a t e  extre.r  value d l a t r i b r t t o n  g i m n  by -01 

d i s t r i b u t i o n  l a  a a r y w t o t l c  e x o r e ~ L a n ,  w h ~ f s  am (7.7.7) 

ruanwnts 61 rxec t  (mn-amyrl~tot ic  e l t o r n d m  fox t h e  

blvaxiate d l d  r l b u t  b n .  

fho e s t l a a t f o n  a d  o r d i c t l o n  of tho f l d d m  by t h e  

climtaibutfon tln&lon(7.7.7) 1s oo.dlule, if one h s m  th 

e8t ha tem of  the congtentm irnrolved @I (7.7.7). Rw constentm 

~ ( t )  , ~ ( t )  ,al md m2 em ba estliaated with th M p  of 



and orcamtad ln F l q . ( 7 . 7 . l ) .  





T b  next stop 4 to calculate the volua of  t h o  

maldisl oorr e l a t b n  coeff i d e n t .  O a h i c a l  ptoedure 

descrlbmi in section 5.2 c s  b. followrd t o  e8tLute th 

v i l l ~ .  of d which is liven by 

dm- n a t o t a l  number of ~ o t n t s  whkh ate o l o t t d  in a 

scattor digraa se given in Piq.(7.7.2) 

d a the t o t a l  number of mints i n  o o d t i v r  wadrant 

and it. opoasite c)salmnt. 

From Pig. (7.7.2) w nnte that 

Return oeriod i n  bivariato case - tho return 7esiod in 





Table 7.7.2 

Return pbriod 

.- 
1.0117 
1.1.373 

1.3653 
1.7'340 
2.4143 
3.5705 
9.3614 
0.9438 

14.7M9 
:# .6'1% 
441.SCE? 

'70.3:229 

119-2733 
20b998SB 


