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Abstrrct

Rcgtonrl frcqucncy .nalysrs bascd on Panral Lrnc.r Momcnls aDd Lrnc.r Momcnrs has

bccn utrllzcd Bolh tcchnrqucs .rc epphcd n lhrs sludy rnd comp.rlson madc bcleecn

thcsc approachcs Thc I 0 b.rr.gcs of Indus B.srn Palrstan Berrrgcs lrng on rh€ iour

R,vcrs rhc Rav! Chcneb, Jhclum and thc Itrdus alc scl€crcd for thc study The daln of

,nnualmaxrmum flows war rclarncd lor enzlysrs Thc dara rrngrns rhrough rhc l0 ycaB

flotr rccord ro 93 ycars By appllrg sclcral Lcsts, lhc mnal condrlrors olnndomncss,

.utocorr.larron, homogcnc,ty rnd cqu.hty ofvan:ncc .rc s.tls6cd for all bar.gcs drr:

Drscordatrcy mcasurc rs c.lcul.tcd by usrng both LrncrrMomcnts (LM) and panral Lrncar

Momcnts (PLM), under thcs. approaclcs.ll srtcs futfi cd thc dbcordancy tlrcshotd

Esrabhshcd on thc ph)srognphrcal posrnons ofrhc barnges, a srnglc homog.nolrs rc9on

wrs fomcd rnd conoborztcd rhrough thc hclcrogcncrry srr&rds ,{ft.r nnficanon, ot
drscordancy and Ilct.rogcncrty condrt,ons, Lhc Z-srat,strcs and LMRD rmpLcd to sclccr fic
best fittcd drsrnbutron for descDbcd r€gron GPA ourperformcd b) pl,momcnrs whrtc

CNO rnd GPA through L,momcnrs GPA of PL.nd CNO. CPA of LM scrc sclccr.d for

tunhcr.relysrs md ro chcck robNlncss Qu.nolc estrrnlcs and rc8ronal g'ouLh curycs

wcr. construcrcd by usrng srmulrtron studrcs Montc Carlo Srmuhlron uscd for.n.crmcnl

asscssmcnr and rcpcn hons mad. up ro I 0,000 Thc smulanons rcsLr hs sho! cd rhc absolurc

btas rclalrvc br.s, roor mc.n squ,c cnor rnd cror bouds whrch endoGcd rhar cpA b)

PL mclhod rs robust drstnbulon and ovcrtakc rhc CNO and GpA of L{nomenrs lor

cslrmalron of l.rgcr rctunc pcnod .vcnrs of 100, 500 end 1000 ycars Ttat rernforcc rhe

pcrform.ncc oIPLM ovcr rhc LM for largcr rcrum pcnods



CHAPTER I Introduction

CHAPTER 1

1.1 Introduction

CLnule ovcr the globc ls lhangng dr.rsncr|l) *hrch lsLh! fldunlrng Nsrl(- oftodr) s \\orld

AssL\\nre 01 amrosphmc clcumsL?nces. csrablNhcd on long pcrod ot rmc- F_rl.llncd J-s

! hnrte C lobal u ann rnB pro! okrng (\ charge rn cl nutc e'ondr t r,.rn. ( I rnure liraugc\ e\ oknlg

lo c\feme prEcrpltauons. hfi|ng thurdeNblnrs allu\ nn. dcluge lnund.ltron rnd flftxl\ Thc\c

ch.uUurg co[\ftxnrts conhonted b] €\cry courtn *rdr Iors of ln:ncIse Jlrounl (,t lnonc]

resources md scathc o[s,'rli aDd hard ulfi:a-structure as *ell .rs t}e fe.u1-ul llumho oflrrss ofrrur

fo\\er,$d hunlrn rc\ource' Ad\anulrg cnuntnL\ stnckcn h\ delctcnoLLs tl(xrds nr.u\ irnc\

cl)!rralh Pakrstan

Pn-trselv rerbahzrn8 eauses ol floGls crn be nnnloden_itc runs. nrer ouQrnlnns or lbrtrlictl

\\rndr m nmn[ne.rruna. d.tin breahng ind \ro$ nlcltmq -\' well rrutor t]pcs ot lltxrl r'an br

llash flcxd, ruprd flrxrd and \lo\i fl(xxl Mosllv. PiLr\Lu trced raprd or slolt llxx.] I Lrsh lltxxl

crul (xjlrlr for : lo 6 houa rroused h\ e\tft1le mj smr* nrltu.g or r.Lul] hrtal Ruptd llrri
l.Ikc\ rftnr trnre !)lr\c lhdr I.Nh lloftl Ilci e\lst.rda\ orn\()d.ar.and rmrrcde.tuctrrc Slrrr

llotxiear stal r l_c\ r.i.r\s. l)r.r\llc \Lcks lt r-rsualJr aplr{al\ ur Io\ lrrlu plarn ,uc.s 
'prcail or cr

long .rrell.r urd carxc to dallr]ge JII :un r ! Jl\ ln lt\ \\ .N rpre-ul rhsttrst: nll ln um nt,n Jnd tn:c! I \

brtc\

P.rk r.tan h.a dl\ erse L rnLl ol hnd and lhe lbrn,luon olcluDrtc l. rnsrrbl. \suuilll\ P.J.l\Lln h.L.

hol.uld d\ cllmte lrLrt ur prctedrng lc\ d!'crde\ tl h.Ls rerc.rlcd [l{xranlt p. pablc dc\ntron\

lltc ftrquent rc.:*rlls o f tlo()drnc ln P. \rst,tn dt c thc uroltulg qlrc tcr al]d uttcmr)\t r .lut ldll\ Flfixl\

.uc mos{y orggLycd b\ thc tntcnsr\ c pt cctprlauon ln dlc c.rtchnrcnt ,n c.Ls of nunt and od)ar n\ cr1

through rnons(nn s1^*ll thrch u- often e'nl.rged hv rrehrng of rnou Fkxxls &1' rn\Lrg.rlrd

rmrnh duc to o\ ertlo\l ln_u rrr nrapr nrm rnd fl.r-\h tlood\ tn rnbutrnc. lncludlng hrll rolr.-nt\

eausc to costal and urbar fl('^}dr ng L \nnual I lo(xl Rqrort l(l I -i )

Aild dle brth ( l9-{7)- Paklslao preoccupled hv muluple mrurfur of pnl ru fltxr]s Paltstn h.rd

lonlrontedlkxd\ol\c\emldegrL'c\\mcel950tol(ll5r-,uhill1tnlk,complautlof\,.rrtale.\ot-

thehnuprLrmce\rPonlab.Srndh.uxlBaluchrst"ur&N\TP)ulLl! nrg Gllsrt-BJll'Lul FA'1,\

.rnd Azld J.r' mu A Krshnrr T}e- cur,mrn hrs agtrnr, cd .r runlL,l.ur\ c !-corxnnrc Io\\ ,)f rnorc

thrn USS'jl (X)brllon dunog the p.at 69 \,ern (19-l? Io l0l5) ArDun(l I 1 9]gdcdrh\ rlrlrutron

otlql.59o!,rllag6andabour613,;:liqu.uckmrca\\asd ti.rgeddrlctollmaJorll(udsTI.



Il(xxl ur lol0 u.a utnosl desEudr\ e x) \\h,ch l9S5 Ocd. at'ltlcd atv)ut l0 nnl[on pl]puld0orr

and tlorur.rl.uca ol lo{) lIXl !u.uu Lrtr Tlre 201-l llx nrlfrrrdl:6 nnllon l^..oll! h'insl'll

.rrca ofl I l5 mrlhor acres,-1.065 ull.tgcs lddEucmg I0l I0l holr{. ) .ird Lllrg. 16?dc'rdr\

Va.;or fir'c nrerl tlc Indus. Jlrclunr. and Chenab Rarr dnd Sutlq ,u thcrr brarrtlt'r t:r'ue-.

throuCl the lcalni\ pla N 11rc lndus. Ihclunt dr Chcnnh.rc rL\ogrucd J-s IhL \\ e\Lclll

rnhru,rncs a;rd Rarr Bcils and Sull.t namcd i$ thc F-rstcm mhutanur A.li'rcmcntronL'd n\cN

\prql1]\rrlcrl()lhrlYlunctndu'B.t\lnlmlptlonS)\lcn(IRS{I {llrll-:c mbtrt.rnrr lr.rre th'rr

fuuu.lanon rn lhc htghcr illnnldc\ Jnd Prcxfucc lhlrr llot\\ pnnr.rfl' honr 'rn*\ mclxnr 'rn(l

lnonvxrn rurn\ Tlre Lxlt\ IlJ.srn L.[!hrrtnl JIcJ I\ lr]JtLhlst lh.lt 1l conrprchcn& \L\ crl IlIgh...l-

r-Jnkurg nrountarn@p\ ol thc sorld hL\ldc \lou[ t\clc'l ThL\('(onunr h.-] llsf5l lL\.t)

\rn!:,r Pdbdt (16 660 rueo R rkap$hr (15.551 l-ect r rle Thc \c\ m glrcrc.i lo'ated rn thc ]n'irr

catchm(rn ndjncl) Sr.rchrn. Ihsp.u Br.rfo Banra- Baltut, BarPu .tnd IIoPFrr.r,! alnong thc

lc.rdrnq rn the uorld (\l)M A.-UNDI' rL?on 2010)

lndus r\o thc r nt c'orrtnbutor to t_ocxi bir\kct of Pakritan hal lfiuncl)sc lmpo(Jlcc n1 llrdN

b.Nrr .md ()ne ol th! lo|r Ll,:anllc n\cr\ rrr thc \\orld ll \lhc$orl(l \ll"l.u8e\llr\rir rn the rugJr(l

ol dr.rnJqc.rrcr latrs 9 7 x 10s rqlnrc krr- on rrh ln delLn! rr!.r 3 x l0r {ltl.lr\r knl or\ llf

rn \\ arcr runoli h.t\ rng 2x 1011 nrlfveu andon6r'rnrnnualscdnn.nlq!\:trondl.llr\:''(

1,011 kg/ye lndLA sprEads ttum casl lo \\ c\t m no(h ol P rsl.ur Thc lflrglrol Indu\n\!r

t\IIl{|kmfidldMounccdrroncofthclougc-tn\crn)lhc\orld.urdcnurttcdrr)!or\l'.rbl.ul\dr

car Kar&hr lt\ onlrnalc fiom thc lnulu.tl .L1x\ ol_ llnl1rla)lt\ I hndu KLL\lr and K.tr.rlornnl

Thcsc nrounr.rrns shulderl bv rnou alrtort all thc rL.x nnd lorl[Tbutc l() Iltc I]rLl[ ln \unrncl

Ihert arurs not onl) eonrpnsc on fi! t(,p nlo\t hcllirt' rs lr cll .r: thc lL'n:Lrt Shercrr rI thc \\ ol ld

(P.illsl.m \\ rl!r (rrlc\.t! l{f).'( )

Ilrc (hcruh adds consrderrblc \r.rtd rnto thL' h)du\ I],$rn It\ toul l.ngh r\ 7r0 nrrlc'll lll

Kn I Onlrnatx)g Hulrchdl Parde'h lRtlt h 6e lngher\preids ( hnn(lra xlBhdg.r.ue )cl$o

nra]o hrmks o, Ch!'n$. up\tll8c cl Jll clclallol) ol Jtr)Lrt 16{110 lc!'l '\\ISL '1'll.''. bmttch'r

\cJtn ollr dt TaIkI \rlcd tn Jtunflu.md KJ\hm[ Thc nrcraflu t'nts:tnB nl{)ulllln rLgon\ Jh)ul

{{n nlll!\ r clc.L\u\ rnto lhc plJll.ljl'.r ncar Alhnur. Ih'n Chcrr]b rn! rdc ln Sr.rlkot dr\hcl ( h'n'rh

nnr\ tlnough \dnne LuJ \tl-pp!\ ofthr PurlJb !h.r\rn!:.r r\l).ut\L (, rb{'ul i'l(rsknt Il unrl.\

\!rllrIh.lumn\crarTnnnnu.urdlLrtl)th.JlrclrrrnandChcn.rt.rlicrSalhcnn!.RJ\IJn(lSullcl

n\es emplld rnl() ln(lu\ at Nlrth.u ol Il\ c,rtchnrlll l\ Jllmt 16 0'(l \qu.h- nn16



CHAPTER I lntroduction

The Jhelum rs also rnalr co[tnbulor halmg length 5l0 nxle (816 ].rn) r\luLh atlgrled hdll

Prr Panyal aDd no\s nutLlnnq lo th. Irtdu\.rt dll clc\anorr ol 5501) tc.t Tlru nrcr r'Lrns orer Dal

rrd\\'uldrlalesNearrcMuzrfarb,.rDornelrllunltll.t\wrddt\cllunthatr\.'nlompJ\ytl

ofah)utl8fi)yl mr ofnl()rxrllrno[s mr]gc\ Ainothlr tnhunn kluh,r lrnL\ \\ r$ Jh( [urr xlxrut

s mrlL\ bcnDath Domel T$o oficr\mnlln\'rr\ K.n\hr & hmch conn{l !\rfi Jhchun tx't\\!tn

Donrcl .lnd Nr.vl8l.! .md hmch mtcr\ rnkl rt rborl 07 nrll\.ttrr\c \{engh .rr T.msrot I]clo$

Malga. nunrcrous t]dxl \r ater strcarnJ lmk B1$ the Jhclun

Ra!rlsi son)alor\ pplrly to lndu( Ba{m IL\ lcnllh ls 550 mrl6 (ltso Kln} Thc..llcllnrcnl ol

Rrtrrsll00rq nr Tlrc Rd\r rnrtdtslitm Lhe ll,rrrgJ-h, \h.Nnrl rirarrr tJr. rruthcnt slo6r

oflhc Dharladhar Through tnlrcr Banglal thc$ \trunrr\ run fir()uuh drL gor!( ,)l ( h.rntr.r

R.tu omrlJ thc Hrnr.rlrvir5 ar Brs"1I ll5 riJlul.ir \lop r\ .15 tlct plr rnrl! Tlra Rr\ r cnt!^ lo

Il[hankol .rl ('haundh .rnd -haro a tordrdrne bcnrtrrr lnrlr.r,rnd Jtruru and K,rshrmr lor ]l
nrle\

ThL cnpJclt\ ol ll(N\rn! \r.rll'r u) lhL'\c ll]hulrnc\ r\ dcFrnd ufx,D \c.\oDJl \.u.lno[s Il rs

de(rs.aer nr $rnter drd nsrs re{ul.dy \lth .ppror(l rg l() \r,rrrxncr \hen rno*'IacL rn lrrilr

ldtclurent \ besrn to dNsolr e lr the \t nmg ol sum tr rDr()unl L'l \\.rlcr rn $c r\ c^ Ilu(tu.[6

deTrnd ufxrn thc hcrght rnd londrnon irrti rurlr-tl l{, dtc nxnt\(i'n\ and lhc l.\cl ol thc.nr'\\

nrltul: TIc lcrclol \l.ncrup\rugc\ \rsn6canll) ln lntlLr: lhciunr.rnd( lrcnrh rhLr \l.u!h bLIl

ul lh( ('-L.r(m n\(I\ fir\ .rppurancc r. Iatc The lndrr. rrhrch nsr-' i:)rh lollLrr\ rt' \\.rlcr horrr

n\o heft," glaclcN lhe Hudu Kr$h.u l. K.ralomrn lx'rng largcr lh.tn .m\ othd rorull.rrn\

oulcr thc PolJr rcoon Thc sLxl ol .: n\ snell al lhc conrplctrol ol J unc or c, lll\ J uh ls lrouccd b\
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1.2 Regional Frequency Analysis

Regronal Flood Frcquency AnalysrS(RFFA) took rcmarkablc rnrportance rn last

t'ew dccades Regronal frequency analysrs definable as thc use ofsame naturc of

data at vanous srrcs and fonnrng rhc homogenous regron by focusrng on the srte s

hydrologrcal and gcographrcal charactcnstrcs rn order to esumate the surtable

frequcncy drstnbutlon Flood Frequcncy Analysrs (FFA) are practlccd for forccast

dcslgn floods for statrons along Ihc nvcr- tha( help oul rn bener plammg to dcal

wlth flood ln advance and to decrcasc the loss ofprecrous llves. propertres. hme,

moncy and rnfrastructure The solc objectlve of thc RFFA by practrcmg rndex

flood process rs lo detecl n osl approp ate dlstflbullon. further whrch wrll be

hclpful rn quantlle csllmahoD ln RFFA by dcsrgnmg homogcnous rcgrolls we

caD perforn forccastrng that wlll resultant to rhe leasl \anabLlrty rn predrcrrons

and actual happcnmgs

Lrncar Moments (LM) methodology extenstvely uttltzcd tn RFFA L-momcnts

are thc llnear comblnahon ofOrder srahstrcs that ts robust whrle outhers subsrst

m data. provrdes unbrased estlmatas subject to fittmg on large or small salnple

data Outlers can ellicacrously countered by uslng LM method LM establshed

on Probabrltfy Wcrghted Moments (P'v\ans) pro\rdc more authcnhc resulrs of

fifted dtstnbuhon and parameter csttmates companng to max,mum hlehhood

tcchnrque provrdcd by Hoskrng (1985b) Denvatron, summanzdoon and

lnterpretatron ot results by LM rs much easlcr, espectally today due to the cushy

acccss to latcsl tools and software LM must c\tsl tl'mean 01 the drstnbuuon

subsNl whcre rn Convenllonal Moments (CN,l) tt's coDtrary to aforementtoned

methodology CM are hrghly effected by outhcrs. ,nnately Donlntear decll\ lty of

accuracy ln hrgher order and mconslstent rn raptdly \ anahng data. bur LM can

dcal rn all thcsc srtuatron (Hoskrng & Walhs 2005) AIthougl rhc LM mcrhod rs

wdely apphed rn reglonal flood tiequency anallsts cnd rt rs much effecttve ln

eshnratlon of paramcters but tt rs not much sullclcnt rn predrctrng largc retum

pcnods Thal's,*hy. rhc usc oflower bound censorcd samples ls much surtable

In estrmahng hlgh retum pcnod tloods rhc snlall onc ha\,e least relevance !o the

larger one thus addrng small floods mtglrr be cause to nursance ralues Wang
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(1990a), and ccmonng wlll makc lmprovement ln lhe estlmatlon of large relum

perrod

Panlal probablllty welghted momenrs (PPWM) are also stated as Partral Lrncar

Momcnt (PLM).{c parallel to Lrnear Momcnts method (LMM) PPWM are the

extcnsron of the Probabrlrry Werghted Momcnts (PWM) PLM Jccustomed to

cshmarc a drsErbutron from ccnsorcd sample Censorcd samples c\tracl hrgh

quanhle cstrmates much efficlenlly as contrastng to uncensored samples acqualnt

bywang(1990a) PLM cxpedrent rn csh manng the upper quantrlcs of flood flows

whcn somcone concenffanng on the nght tarl ofthc dlstnburon and censortng of

the tew observatrons m the left tarl rs prcferentral

Floods appears on sundry phases lke low, medrum, hrgh, very hrgh and

cxceptlonal hlgl Flood occurs umplcen umes. but not always harmful that ls

arkcd as lowlevel flood Occunencc oflhls l)?e offlood ls connnon bul thcy

don't cxceed the tlueshold pornt Thrcshold pomt c\pllcate that lfflood surmounts

thc fired lercl rt can bc calastrophrc Data lncorporahng \alues abo\e or below

thc apphed anal),tlcal thrcshold pornr alluded as Censored data Censored data

analysls rmplemented rn thc lnspectlon ofhydrology, envlronmcntal cnglneertnS,

drsaster managemenl. blomedlcal and sunlval analysrs Such data tiequenlly dealt

ln quallty and quantlty supcnntended appllcatlons olalr soll and water samples

Censorcd data classrfied as clthcr typc I censorcd. whcre the threshold rs apphcd

whrle the number ofccnsored data vancs, or t)?c II censonng whcrc thc ccnsored

data sencs fixed and thc polntcd threshold vcflcs Censored data also categorrzcd

as left, nght and doublc(lnterval) censored Left censored ln whrch data below a

flx polnt rs censored and remarnrng rs uscd for analysrs ID RFFA we nrostlv

perform Iefl censonng. because rn flood srudres the le\el of \ralcr de\rale

sonetrmc too low that undergorng lhc threshold pont thdt lt can be dlscardcd

Compnslng on hrgher quantlles, lo$est \ alues secms to be nulsance lhat rernforcc

thc usc oflcft censorcd data Data censorcd above rhe fixed pomt, pertarned as

nght ccnsonng, mostly uscd ln lrfc lcstrng evcnts Data censored on an lnterval,

thc combrnahon of left and nghr ccnsorrng rs rnterval ccnsonng tts focus on somc

speclfic tlmc llne
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Censonng also catcgorEed as srngle stage and muhlple stagc cel1sormg

Censonng on data sencs Ieft or nght but on one ler,el sard as srngle stage

ccnsonng Ifdata contarn on onc ot morc ccnsonng lc\ els. referrcd as multr stage

censorrng Multrstagc ccnsonng uscd rn envlronmental data. but as the ccnsonng

levcl mcreases. calculatrons becomc more dltTicult

ObjectiYe of the Study

To scrcen out data

To ldcnbfy homogencous legtons

To choose best fitted dlstnbuhon

To estlmate parametcr o[fittcd dlstnbutton

To analyzc thc advantagc ofpartral L moments over L momcnts

To compare GEV, GLO .nd GPA drstnbutrons whrlc applyng partlal L moments

To utrhzc thc rcsulLs tn deslgnlng ofdams, cuh,crts, bndges and dlffcrent hnds of

flood controlLrrg dcvlccs for pohcy lmpllcahon
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CHAPTER 2

2.1 Literature Review

wang (1990a) apphcd Panral Probabrlrty wcrghted Momcnts (PP\ivNI) on ccnsored

samplcs ard eshmatcd thc GEV dlstnbutton lntroduced thc PPWM denotatlon of

PwM PPWM applrcd on censorcd samples, e(Phcatcd thc unbrascd cstlmator of

PPwM, and dcnvcd cshmator of paramclcrs and quantrlcs of CEV by usrng PPwM

Montc Carlo expcnmcnts wcre pcrformcd to canvas thc proPc(tcs ofGEv dlstnbullon

by PPwM method on ccnsorcd samples and provcd that lower bound ccnsonng provrdc

morc accuracy ln quantllc cslrmatron

Wang (1990b) phcd unbrascd facts aboul hrstortcal flood rnformatlon and appltcattons

of PWM and PPWM to cslmatc thc pammetcr of GEv drstnbutron Montc Carlo

Srmulaoons cxccuted to csrrmatc pammetcr and quanhlcs findlnBs showcd that for (k =

-0 2) thc drstnbuhon plot has long thrck tarl and htgh quanhlc and largc varrance for

small systcmatrc rccord But the tarl at k = 00 bccomcs thtn and hlsloncal rccord

rmprove thc hrgh quantrlc cstrmatlon Wrth thc tncrement tn I value the cstlmallon of

hlgh quanhles rs casrer Slmulaoon oulput for t = 0 2 addressed that lncorporattng thc

hrstoncal rnformatlon can causc to hght advcrsc efTacl on hlEah quantlle esumrtlon In

thls work Wang denvcd constrarnts for unbrased csttmator of PWM and PPWM by

uslng thc rccordcd and hlstonc flood rnformatlon

Hoskrng and Walls (1997) rccommcndcd four stcps to carry out Rattonal Frcqucncy

Analysrs ofenvlronmcntal extremc happcntngs, especrally rn hydrology Those steps

dcsrgncd as (l) Data Scrcenrng (2) formatron ofhomoBcnous rcgrons (3) selectton of

plununy drstnbutron (4) parametcr cstlmatton oftallored dlstnbullon Each next stagc

can bc covcrcd aftcr fulfilllng the prevlous stcps assumptlons. phcd by author

wang (1997) by usrng hrgher probabrhty wcrghtcd momcnts for flood frcqucncy

analysrs, whrle explonng thc trcnd that larger flows can show tnlcrpolatlon and

cxtrapolauon m largc retum pcrrods In descrlbed srtuatlon lower bound ccnsorcd

samplcs can asslst bertcr and the apphcalron of hrgher PWM ls proposcd HlSher

momcnls glves morc werghlage lo large flows, srmulatron studtes also Stvc support to

HM to use for antrcrpatlng for largc rcrum pcnods
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Koulouns et a1(1998) worked on LM dlagrams for censorcd dara, dara sets covercd

abovc or bclow a threshold pornt appornted as censored data A number of slatlsttcal

technrqucs of ccnsorcd data bclongs to problem of moment. parametcr, and quanttle

guesshmate melhods Introduced LM figurc for thc assessmcnt of suttablc fit of left-

ccnsored data substltute to drstnbutlonal h)?othesls Slmulatcd censorcd data scts also

lllustrated efficacy of LMRD

Bhattarar (2004) mqurrcd censorcd flood samples by PLM mdhod, made companson

ofPL and LH momcnts technlques. by proccsslng on real data ofc\tremc flows of25

flvers of Ncpal as wcll as stmulatton studles exccuted Slmulalon studlcs analysls

enklndle that ccrconng up to 309/o level provrded least bras valuc wtthout tncrcastng

the RMSE On somc occaslon both demonstrated srmtlar value of RMSE but for bras

PLM revealcd smallcr value Equahng LM, LHM and PLM for annual maxrmum flood

flows LHM and PLM exhlbltcd akrn outcomes and surmounted on the LM Bul ovcrall

PLM rcsulled supcnorly, although censoflng level appltcd l0%,205. 30% up to 60%

wrth 10,000 rcpLcahons

Hassan (20M) cshmared PPWM for GPA drstflbutlon, anallzcd lhctr propertres by

Montc Carlo Expcnments on ccnsored samplcs Stmulatlon for several samplc stzcs

n:I5.20,30 and 50 donc Censonng engcndered on vanous levels, for each $oup of

values ofn, I( samplcs gcncratcd randomly about 1000 fiom CPA drstnbuhon a and k

value denved under thc double, left and nghr censonng PPWM

AnL (2006) uuhzed rcgronal flood frcqucncy eshmchon by usrng LM oD lhc Goksu

Basrn, Turkcy Data of tcn statrons uscd on several lcngrh ofrccords of stream flows,

drscordancy, heterogcncrty mcasurcd camed our and slmulabon studrcs, foundcd GEV

as best fit for pracbclng area GNO & PE3 tlso sultable tbr the regton as altemahve

Srmulatrons studtcs 500 years apphcd. and quatrttle csumales based on fittcd

dlstnbutron arc denvcd

Norblato et a/ (2007) worked on cxtremc prcctpilauons whrch causc ro flash floods rn

east ltlly, by RFA tcchnrque Extremc ratns and large spahal vanatron boosted the

flood RFA based on rndex flood and LM method apphed to tdenrfy the storm Iocaoon

and shon duratron annual maxlmum ralns Growth curvcs ground on kappa dlstnbullon

applled sub-rcgons Scvcnfy graphs ltsuallzcd the relum pcnod and vanablhty fbr

several ralnfall dumtrons wlthtD stom Outcomes lllustrated that analyzrng a srngle
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rctum pcnod to a slorm evcdt rs not realtstlc, sevcnty offlash flood can't havc captured

by cotrvenhonal ram gauge nctworks

Morscllo (2007) analyzed hydrologcal ex[cmcs by PPWM, opcrate on 297 annual

peak flow samplcs, cornparcd PPWM and PWM. firstly on a!-slte data and ordrnanly

Montc Carlo analysrs apphed, drwlgcd that partral PWM pcrform bcttcr than PWM by

habrtuatlng Gumbel, Frechct, CEV and GPA dlstnbutrons Three stahsttcal tools

adopled for analysls regresslon of quantlle cstlmates, parametnc orc and mcthod of

rndcx flood AII methods eng"fted PPWM as a cffectual tool cven though outllct cxrsts

but censonng make tt trenchant

Wall$ e/ a/ (2007) uscd rcgronal flood frequency analysrs and spalral mapprng lor 2.4

and 2-hour durahon ln Washhgton Statc Aforementloncd statc has htgh topography

and clmatc wrth greatd varlablllty of prccrprtatlon rangmg througi 260 lnches to 7

rnchcs per year, rcasoncd througl usunous altrludmous mounlarns ranges and plled too

wet rDchncs as wcll as rarn shadows falllng rn shortest rangc Statc dlvrded lnto 12

stmrlar rcgrons on thc classrfFng as 2 hours and 24 hour reg,ons, on the basls of
maxrmum rarnfalls Fltted GEV dlstnbution on all statlons and found to bc bcst fit

Saf(2008) apphed LM rn regronal flood ftcqucncy analysrs on the West Mcdrrcrranean

Tracl of Turkcy By ustng thc K-mcans clustenng melhod for formatton of stmllar

tracts, thcn homogcnclty tested though thc use ofKappd dlstnbutlon for srmulattons,

PE3 pcrformed bcst for Lowcr Wcst area and GLO for Upper West rcgton Accumcy

of quanblcs also eshmatcd through the usc stmulahon studlcs, on rhe basls oI rclatlvc

blas and rclatrvc root rncan squarc error

Hussarn and Pasha (2009) canvascd RFFA of 7 statlons ofPunjcb by LM Detcrmrnc

drscordancy value to screen out each statlon, by usmg Kapa dlstnbutlon's 500

srmulatrofls mcasurcd hctcrogcnerty bascd on LM's Wholc reglon acknowlcdged as

homogcnous Followrng thrce or above paramctcr drstnbutrons GLO, CNO, GEV. PE3,

GPA and WAK used 1o choose smeshhg dlstnbuhon for quantlle estrmalcs CNO,

GPA and CEV selected as pcachy dlstnbutlons establtshed on LMRD and Z stahshc

Quantrlc eshm.tcs and rcglonal groMh cuflc applled by uslng slmulatron studtes on

the bchalf of sclccted dlstnbutton GNO performcd as robust dtstnbutton. ordlnanly

GPA can bc as alter

10
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Shabn el a/ (201l) estlmatcd GPA dlstnbutlon from ccnsored data by applymg PLM

scrlpt Compared PLM to LM for asscsshg hydrologrcal tmmodcrahons. denved

paramcters of GPA accordmg ro PLM ard testcd by stmulahon studtcs Outcomcs

showed that ccnsored samplcs up to 2% are samc to LM Data of AMF on 32 stattons

ofGolok Rrvcr rn Kelanhn uscd furthcr celculatlons and prectsed that performance of
PLM rs belrer than LM for large flows

Ahmad (20I1) uttlzcd rhe LM and TLM methodologles, on annual maxtmum stream

flows and flood analysls on Ncgefl Sembllan. Malaysla data Esttmated lhe most

excellent fit for regron, GLO founded as bcst on the basls of LM raho dtagram and

mean square dcvrahon lndcx Uscd rnmmlng on srnallest valucs(TlMoMI)

Hussarn (201 I) practrced RFFA on uppcr basrn and lower of Rrvcr Indus, Pakrstan

UtllEcd AMP flow data of 7 sltes, poslttoned at maln Indus To test randonDcss and

senal correlatlon, rull test and lag-l corrclatron cmploycd, Grubbs test lllustratcd no

rnaJor vanahon ln data cxcept low ourler To dcal wlrh nutsance oflo\! oLrtlrers lcfl

ccnsorcd PPWM appllcd Dtscordancy asscssment supponed to conttnue all thc sltcs

for furthcr, mcasurcd hcterogcnelty pursutt to more than one rcgon's dcvelopmcnt

Devolopmcnt of sub-regtons under Wards clusterrng by uslng srte charcctensttc

uhlzed Reglon (Rl) contatn on tbur and reglon(R2) consrst on 3 showed drffcrent

outcomcs LMRD, Z staltsttc. and AWD engagcd to select best fil Rl styled GNO,

GLO, GEV and PE3 as suttablc. and CLO for R2 Outconres of growlh curvcs and

RAARB. RB, RRMS aflcr srmulatrons pronounccd PE3 as robust for Rl and GLO for

R2

Castcllann ct al (2012) rcvrewed thc applled starstlcal approachcs for Regronal Flood

Frcqucocy Analysrs on Europe data Uscd thc flood data from Norway. Poland,

Lrthuarua, Italy, Greecc, France. Frnland, Germany, Cyprus, Bulga a, Belgrum.

Ausrru, UK Spaln. Slovakra, Ireland, Denrnark and GEV found as best filbur LN3,

GLO stand as altcmatrve LMRD for all mcnrroned states wcrc applted

Zakarra and Shabrr (2012) work on RFA of extrcme prccrprtarron by applyrng pLM

methodology on 37 stahons of Selangor catchment, Pcnlnsular Malaysla LM, LH

momcDts techruque appltcd on the data and companson made wrth pLM. as well ncw

rclahonshrp for CLO and GPA rnduced goundcd on thc PLM, and prachced rn RFA

To asccrtarn peachy dlstnbutlon PLM ratlo dtagram and Z slahstrc werc uhhzed

11
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Constltutrng on statrshcal technrque for Sclangor cxtremc prccrpltatlon and matchrng

thc tkee rhnerary, GEV and GLO nonnnatcd as sultable drstnbutlons mutually comrng

from LM, LH and PLM Performancc ratrng dcLneated that method of PLM

sumounted on LM and LH for long percturlal penod cvents, at Jo% ccnsonng

lcvcl(Fo = 0 03) PLM technrquc rs morc cffcctrvc (han LM and LH method for largcr

rctum penods, bccause m flood cstrmahon the major concentratron rs on the flght-hand

rarl estrmanon ofthe drstnbutron and small floods havc small relahon to large floods

whllc PLM ccntcred on cxheme cvcnts m data PLM can dcpress thc unwanted

rnfluence of small valucs, on thc estlmatlon of long retum perlods Four parametcr

Kappa drstnbutlon wcre also cmploycd to form srnrllar regron

Kcshtkal (2012) dcalt '.\'1th flood flow data ln and and semr.and arena ofllan by uslng

LM merhod Data of l7 statlons clest dtscharge taken, rnd ourcomc showed L-moments

ellectlveness over MLE and ordmary momcnts. concluded thar PE3 as best fit for

lrrnran Central Platue

Zahana (2013) work on the maxrmum drscharges data rn Carpathlans Tract. Romanla,

by usrng LM method Calculated drscordancy sransttc, dcvelopcd homogcneou\

rcgrons snd dcnved most surtable dtstnbutlon for rcgrcn Bv fi(lrng dlstrlbuhons on

maxrnrum drscharge data stnps found GPA. PE3 and Erponennal dlstnbutlon as good

fit

Shahzadr ct al (2013) dcllvcred RFA of AMR by LM tn monsoon arca of Pakrslan

Index flood proccss lnduccd on 23 stahons of monsoon rcgton to computc ralnfall

quanlles Dlscordancy measule and hctcrogcnelty slattstrc value calcuhled, on thc

brsls ofre$on's geographrc locatrons clustcnng ofsub-regrons donc, as htgh clcvatcd

areas rn Pahstan recclves large rarns contrary to low clevahon areas CEV GLO and

GNO flou shed as best fitted and avcrage wcrghted drllerencc value, LMRD and Z test

uscd for sclcctron RB, R AB an RRMSE gave natalrty to GNO as robust among all

CNO also cffectrve for largc retum pcnods 50, 100, 500 and 1000 but CEV for I ,2,5,10

and 20 for all 3 regrons

Drkbas et a/ (2013) prosccute K mcans clustenng approach to dcllmrt stmrlar regrons

for slrcam llow tn Turkcy K means cluste ng sougfit to calegonze the AMF and 10

gcneratc hydrologlcally srmrlar groups Data of 117 srtes uscd rn functtontng to fomr

homogcnous plots, for mcnttoncd purposc AMRF, vanatron and skewncss coemcrent

72
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ofAMRI, lahtude and longrtudc uhhzcd After practlcc, obtatncd 7 groups wlth srmrlar

chamcterstrcs, and H statrshc based on LM mcthod pro\cd 10 reglon's homogcnrlty,

ovcrall dctcfinrne roots 10 usc K means clustcnng for foundahon of homogcnous

rcgrons

Al-Khodary et all20l4) performed double censonng to estrmalc generalzed

exponcntra I drstnbuhoo by PPWM Rlght and lofl censored samples werc cmployed as

spccral dually censored cascs Comprchenstve numencal analysls used to chcck the

propenrcs oflicshly derlved estrmators and proved thal censonng level havc slgntficant

rmpact on thc cnaclmcnt ofPPWM. bur thc blas and RMSE boosr up as censonng lc\cl

rncreases In addrtron, majonty ofthe PPWM Jshmators tracks to Pearson t,lV and VI,

but lt follows to Pcarson lll espcclally when double censonng or leli censonng ls done

at a: 5 or I Morcovcr nght censonng effcct on MSE ts lesser than thc effect ofthe lefl

ccnsonng, spccrfically ln thc largc values of a

Malekrnezhad (2014) uscd LM to esttmate darly ourcrmost rarnlalls by Rcgronal

Frcqucncy Analysls Data of47 slrs uscd from Golestan. lran Dl]rded Jrea xrro fi\e

homogenous reglons esubllshed on clu\tcr analysls o[ san]e chamcteflsocs as \\'ell

spccral geographrcal atrd sfallal fcaturcs supponcd lo dl\tslon Dlscordanlv and

heterogenerty outcomes pltcd wav for l nher analysrs. hesr fit rs chosen and quanoles

arc csEmaled for each subdrrrded regron

Memon (2014) report on exffeme rarns and flood t[ PakrstaD by lbcusrig ol1 2010.

201I.20 Ll flood and summanzc results about prcr rous floods Memon stared dlsa\rous

floods harmful effcct on human ltves and lnfiastructu.c. bn!'fly dcscrrbcd the loses rn

Pakrstan especlallv concentratln-q on Stndh

Latt et al (2015\ produced clusters of hydrologtcal slmllrtude rcgtons and neural

networl depend upon lndex flood process for ungauged catchmcnts on RlverChlndwrn,

MyanDar PCA and clustcnng techruqucs uscd for dcvclopment of slmllar rcglons, K
mcans clustcnng and Ward clustcnng cmploycd bascd on physrographlc and cllmatrc

i'eatures Prepamtton ofrndex flood modcl done by ANN and rcgrcsslon establlshed on

thc largest flow track, basln elevatton. bastn rnclme. sorl crosron and AAp

Carvalho el a/ (2015) workcd on varrabllrty rn chmatrc factors lcmperaturc and

preclpltatron by rcgtonahzalron ofEuropc cstabhshcd on K-mcans cluslcnng Studred

ihc changrng cLmarc by carth systcm models and dlvtdc thc spatral temtory rnto same

13
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reglons byk-mcans clustcnng Data ofdarly ral nfall and tempcmturc extcndmg through

1986-2005 ofEurope uscd for mancuvd and prognostlcatcd model by Coupled Modcl

lntcr-companson ProJecf(CMIPs) tested raDglng from 208 I to 2100 Cluslcflng mcdod

applrcd otr unrvanatc and mulllvanatc levcls Scnsltt\rfy tcst used to chcck thc

pcrformancc by scruttnrzrng consrstcnCy of outcomes

Ahmad et a1 (2015) dcal wlth annual extreme strcam tlo\is by uttllztng robust

cstrmatlon method on at srtc analysrs. on I8 srtes. Paklstan Made conrparrson ofLM,

TLM and MLE to sclect the most robust approach based on sevcral dtstlbuhons

Surtable fit for each srtc gathered by applyng goodness offir and tests MADI. Anderson

darlrng tcst, probabthr-v plot corrclatron cocfficrcnr, and LMRD GPA found ro be bcst

for maxrmum statrons as wcll as CEV and GLO as altemahves LM approach prored

to be robust. then TLM cnd MLE on lasl

Ahmad et al (2016) put effons to find rhc probabrlrry drstnburrons for anDual darly

maxlmu ralnfallrn Pakrstan by plylrg lrnearmomenrs arld varrants The snrdyuirs at-

slfc analysrs by uslng LM. HLM and TLM on 28 srarrons they apphed ranous

nonparametnc tcsts and LMRD to choose the besr tir,rs i\ell as rhc RMSE toludge

thc bcst fit ln AFA Dlffercnt dtsrnbuhons meet thc cnrcna fbr dtffcred st.ttrons olcr

all the [ra.;or fivc drstrrbuoons meer the crrtcna lhat \\erc CPA, GNO, PE3, CLO and

LN3 TLM werc uscd to cover the effecr ofoutllcr where the LHM ro drsclose the upper

tarl ofdlst butlon. for largc samplc and large rctum penod Results e\posed dlterse

method's cfficrenc) [ior dtssrmrlar stahons as well as bv theoretlcal reconsldeing

resolved that thc LHM as a specral case of TLM
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CHAPTER 3

3.1 Materiel and Methods

A barrage rs a gatcd hydraultc crosswrsc constructron oD a nvet or any othcr watcr

cou$e to control, adjust. and averl llows 10 canals or to lactlrtate navlgauon A

hcadworks rs a hydraullc cdtficc on a watercoursc, shghtcr than a banagc. whlch

sldctracks the water tlow ]nto canals Where another facthtator ts rcsrrvorr whtch helps

to storage of watcr. Irngahon. water dcslgnlng, hydrologlc power generaoon and sorl

conservahon rn flood slrpulahon Although rcservotr has many t)?es but most

rmportant rs flood confol rescrvolr Flood controllcr rcscrvors are asscmbled for thc

tenacrry of flood resrstor, rt shrclds the rcglon lyng on rts do\r,rsEcam safc ftom the

harms duc to flood

Pakrstan's rmgatton and hydrolo$c structure ls one of thc stupendous and tntegrated

rrrgatron system rn lhc world that compnscs on 3 matn rescnorrs Chashma, Mangla,

and Tarbela and 18 barragcs. 12 hnltng canali, 45 canals for rrngatton, and more than

107.000 watcr courses wlth mllhons of field dykes The maln candl system strctchcd

up to 585000 krn whetc the watcrcouses & ficld chamcls surpasses I 62 mtllron km

Ten barrages oflndus basrn are utrlzcd ln cullcnt study, whom about a b efdcscnphon

rs grven below,

Mengh Stor.gc Mangla ls the l2th largcst canh-fill dam rn world, consrrucrcd m

196l and start workmg m 1967 The herght ofthe dd rs l8o fcet Jhelum at Mangla

has a catchment area oI about 12.870 square nulcs Abrhty of runnmg slulce ts

I,100,000 cusccs whcrc thc dlsaslcr sprllway can pour out 2,300,000 cusecs The

purpose of cdrfice was watcr stowage for enhanclng trflgahon provlslons and

hydropowcr gcnerahon The matn arm of thls construchon was agnculrure and

hydropower gcneratton, thereforc, no spacc ts predomlnantly earmarkcd for flood

control Howcvcr, storagc among the rcservatron levels 1202 fcct and l22g fecl (l 5

MAF) ls kcpt to achlcvc related protectton lD flood

Rrsul Barr.ga Rasul Baragc constructcd ln 1968 on Jhelum, tn betwcen thc Jhclum

and Mand, Bahauddtn Dtslncts, located 72 km downnvcr to Mangla The lenglh of
barragc rs 3209 fcct wlth 2800 feet ofstrong water way to pcrmtt a extrcme dtschargc

of 850,000 cfs Thrs consftuctron hablhjatc for manegcmcnt of trrgatlon system and

15



CHAPTER 3 Material and Methods

flood flows ln thc Jlelum Rtver, operatronal wlrh trs full capacrly ofvenxng of204070

cublc metcr pcr sccond At Rasut Banagc water ls dlsponcd to fuver Chcnab vla Lnk

canal named as Rasul-Qadrrabad Juk (RQ LrnI, conccntrarcd capacrty = 19000 c[s),

wrth hrghcsl capacrfy oI water cmrsston to thc llnk canal of Chashma-Jehulm and rhc

crest lcvcl rs 708 ft

Maral. Brrrage Mamla Barragc also namcd as Marala Headlvorks dcveloped tn 1968

on thc Rrver Chcnab, (o sourcc water rc Upper Chcnab Canal (UCC) and eadrrabad

Ballokr Llnk canal (Q-B canal) Marala grvhg blrth to two marn hn_k canals. cntrtled

as Upper Chcnab and Mamla-Ravr Llnk (MR Lrnl, capacrty 22,000 cff) Banage rs

4472 fecl long to pass a maxrmum drscharge of 1 I lakh ftri s 66 bays wrth I 0 rnlcts as

underdrarns and the crcsr levcl rs 800 fl

Khanki Brrr.ge Khankr Barrage 1889. located on Chenab fuver. ltsted as thc oldesr

Barage of Pallstan. used for tmgauon and to nuDage lbe {lood Khankl provtdxlg

lvater to agncultuml Iands exccedmg to 3 mlllton accrs through lts ma]or bmnch Lower

Chenab Canal, and 59 othcr dtstnbulaflcs and the crest le\el ts 7fl fl

Q.dir.brd Berragc Qadrrabad Barragc rs srtuatcd 32km undcmeath Khankr Head

Works on Chcnab nvcr Barrage rs stretched on 3373 fcel wrth 3000 feet of flawlcss

water \!ay to pcrmll a cxtreme drschargc of 900,000 cft, havlng 45 covcs wlth five

harens as under slulccs Thc num purpose ls to collcct water &om Rasul eadrrabad

Lnk canal and to sldctrack Qadtrabad Ballokr canal Ir has the crest levclls 684 ft

B.lloki B.rrag., Ballokr Barage ls srtuated on Ravr. burld rn 1965 Thc marn arm r,,as

lo source watd fiom Q-B to B-S Llnk and to provlde water to Lower Ban Doab canal

The lcngth ofberragc rs 1647 fect, pemrftlng a cxlreme release of225000 cft. and rhe

crcsl lcvcl ls 622 ft

Sidhn.i Barragc Sldhnal BaEagc ts poslooned on Ravl. bur Id ln I 386 To fund w atcr

ro Srdhnar feeder canal and to fced S-M ltnk (10.100 cft) The length ofbanage rs 712

feet wlth 600 fect watcr way lo allow a cxtreme dtscharge of 150,000 cfl Ishas14

havcns wtth fi\'e haveDs under slulces and the crest lcvel rs 454 fl

Sukkur Bsrrrg. Sukkur Barrage constructed ln 193?, malnh functronrng to eurb

water flow for lmgatlon and reducc flood level Enablng a 9.923 km Jong canals

16



network, venlied as largcst tmgahon network ln the world. feedrng beaucoup 5 mrlhon

accrs, allowrng 1,500,000 cft marrmum acqulttal and the crest le\el ls l7? ft

Kotrl Barrage Kotn Barragc developcd rn 1955. purposcd lor flood managemeol and

rrlgatrng thc ntgh lands Kotn Barrage functrons wlth 875000 cusccs dlschargc

capacrlv, wlth l8 meter fanllke 4,1 bays Barrage allmennng Kolan. Fu llell Jnd plnvarr

Canals rt can tackle up lo 43 I f.er htgh flood and the crest le\el rs .18 ft

Cuddu Berr.g. Guddu Barrage ranped up 1962. nrgh to Kashmorc Smdh. used

for both rmgahon and flood dcahrg, wrth capabrlrty of drschargrng 1 2 nllhon cubrc

feel per second Ithas64bayscach l8 metcr broad. supplyng walcr to three drstncrs

of Slndh Jacobabad, l,arkana and Sukkur and one of the Ba]uchlstan's. Naseerabad

Malor canals llnkcd to lr arc Pat Fceder, Descn Fecdcr, Bcgan and Gohtlr Feeder lt

can haDdle 26 fcct hrSh llood loel and thc crest level rs 236 ft

17
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Geographical Locations of
lo Barrages,Pakistan
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CHAPTER 3 Material and Methods

. Flood defcnsc scheme,

. To cnvlsagc thc probable flood magnltudc over a specrfic trmc penod,

. To guesstrmatc the ftcqucncy wlth whrch overflows of a certatn scale

may occur!

. Famlllaflty of flood occuncnce $ necessary also ro flood

lndcrnnrfi catlon and fl ood

3.2 Regional Flood Frequency Analysis

Cunnane (1988) cxamrncd twclve drvcrgeDr mcthods of RFA, and pWM algonthm

tankcd as bcst L moocnts proposcd by Hoskrng (1986a. 1990) are thc educcd form of
PWM. robusl to outllcrs, easy to apply and more accurate Cuanaac (1987), Wang

(1990 a.b) acqualnted the tdca ofPartlal L momenls for ccnsorcd daia, cxtenslon of
Partlal PWM to rrmtmtzc thc abdrcablc mfluence of small sample c\,cnts on the

dcnvatlon oflargcr refum pcnods floods

3.2.1 Linear Moments Techniquc

PWM p manly defined by Green'xood (1979). lalcr LM thc Lnear comblnatron of
PWM by Hoskmg and Wallts (1990) Thc probabrhry welghtcd moment ofrs ordcr

was dcmarcatcd as

P,: I: xG)F'dF

Mere;(F) Is qutntlle functton and F = F(x) cumular,ve dlstflbutron functlon Tle

first four L momcnts and PWM's arc descnbed below.

\= 90

)z= h- 9o

L= 6P2 - 6PiPo

7a = 20p3 - 30p2+ 12& - Bo

11 Ls meo.sure of locatrcn

^z 
ts me@sure of scale

Lcv (Cocfficlent ofvanatlon) zz =

tr: do

tz: do - ?a1

t3: do - 6at+6dz

ta = do - 72ct1+ 30d2 -20q3

1z
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LCs (Coefficrent ofskewness) -r.. = |

LCk (Coefficrent ofkurtosrs) r. = !'41

In praxrs LM cawased by sample values, to use unblased cshmatots ts more

appropnatc Dr of PWM

b. as

, 1 + (t-1)(t-2) (t -r)o' = ; ,L,I;=111n - n- 1n - ,1', "

Rclahonshrp ofboth LM and PWM rs es

lr = LL=o &x r = 0,r,2, (n - 1)

For r = 0,1,2,3 Where bj,br,b2,b3 are the values ounumcd by thc br by pultmg

the drfferent valucs ofr

lr:bo

12= b, - bs

h= 6b2 - 6bt+ bo

La= 20 3 - 30b2+ 12bt - bo

3.2.2 Prrtial L moments

Wang (1990) yrelded the rdea ofPanral Probabtltty Werghred N/tomenrs (ppWM) on

the basrs ofprobabrltty werghted momcnts (PWM)

fri=iF I;"xs)F'dF

where Fo rs varyrng potnt, tt cao bc at 10o,,o.20o/o or jlyo

But rf Fo = 0. thc pa(ral ltncarmoments becomes stmple Inear momcnts The

unbrased estlmarcs of!hts stattstlcs can bc defined as

-tr (r-r 
'(r 

.2, (r-r-t,(r-r, .rr -{r-r;-,h-z,=1;: :r, (rl;[-;'r ',

For -r(,) = 0, r(,) :! :o , and rf xa,) = r(,). r(rl > .ro
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The lcvel of ccnsonflg thrcshold cxpresscs the number of salnples data polnts to be

ccnsored

Fs = t, whcre n rs the length ofutrrcsrlcred samples end no ls thc quanttty of

those Yalues whrch does not exceed from the censorcd data polnr5

The first four partral L-momcnts are corrcspondent to first four L-moments

The PLCV PLCS. PLCk are defined as

92 =f Partral lrncar cocmcrent ofvanatron pLCv

= f Parnul Lrn". 
"ocmcrent 

of skc$ress pLCs

= f Panral lnear coefficrcnt ofkunosrs

9r

(a

On thc basrs of LM rheory, Hoskrng and Walls (1997) oflcrcd R!.A proccdure

elongated on four stages Zakana and Shabn (2013) funhcr urrlzed thrs rdea to panral

LM for ccnsored data by followrng same stcps Followrng arc the four phases ofRFA

(l)
(2\

(l)
(4)

3.3 Data Screening

Each sutlstlcal procedurc possesscs bastc assumptlons. mandatory to fulfill
bcfore advancrng to further stcps Data uodcmeath the stat$hcal opcratron must

meet the csscntlal condlhons Pnmanly the data should show flawlcssness or

therc should not bc any gross enor Aftcr fulfillmcnt ofbastc assumptlons, wc

can movc for ncxt steps In t hal scrcenlng of sltes, thc sllcs stand out those

drsqurcted rn data collcctron. possessrng trend and havlng gross error and expcllcd
from bunch ofsttes llosklng and Walhs (1997) portraycd a drscordance amount

D, on ttre basrs of LM. to dlshDgulsh rhosc srtcs that arc uflerly dLscordanr wtth

the group as a wholc

D,:l(u, - r)rs 1(u, - r)

Data screentng

Fomahon of Homogeneous Rcgtons

Selcchon of most surtable frequcncydlstflbu(lon

Estrmatlon of sclectcd ftcqucncy dtstnbuhon

)7
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*tre.e S = fiIl=,(ui - u-Xur - r)r rs matnr of sum oI squarcs and cross

products

wtrcreu,=1t{,). r{'). t[') I

vcctor conststlng sample LMR

z = N-1 X-{r u, ,

N = Total cnumeratc ofsrtes

Hoskrng (1997) phed a touchstonc for dlscordancy stahshc, srte,s collechon and

rclevanl D, bnnl potnt

Iobl.11c hcol rhr.shatd lot As.odaoc! M.ot!t.

Srtcs ln Reglon

5

6

7

8

9

IO

ll
t2

l3

14

> l5

1333

I 648

l9r?
2140

2 329

2 491

2 757

2 869

297t

3 000

llthe value of D, wrll rncrease by grven cntela ofsttes, that slte wlll be recloned as

drscordant Ifthc valuc ofDr ofa sltc under thc crtlcal valuc that stte wlllbc consldercd

for furthcr analysrs The dlscordancy value ls hclpful lo asstst ln dcrcctrng thosc stallons
whosc L-rhomcnt moos arc altcrcd as comparcd to L_momcnt rahos of the collectron
of srtcs Hoskmg Expllcltly, sncs wtth a dtscordancy amount grearer than sald cntcna
are treatcd dtscordanr rclaltvc to thc collectrve bchavtor for the proposcd gouptng of
srtcs l'laggcd data sets as dlscordant ln thc data screenlng practtce should be revlsed
by groprng thc probabrhty-plot and tme-senes graphlcs to declde how hanv data

Cnhcal Value
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valucs whosr dcgrce fluctuatcs marledly from thc or'erall behavror of thc dalaset ln

the presencc of dlscordarcy, thc rccord for that slahon should be checked oul that tf
drscordancy rcsult ofsomc crror m tb! measurement, recordrng or data entry procedurc

or thc data ls vahd Pcrformancc caa have tested by companng ncaresl sltcs or byusrng

other sources By the screenrng ofdata. we wlll chcck out any tnconslstelcy In dara or

any abrupt changcs Zakane and Shabn (201 3) uscd thrs approach for partral LM

3.4 Recognition of Homogeneous Regions

l. GeogrephicalConyenience

2. SubjectivcPertitioning

3. ObjectivePartitioning

4. Cluster Analysis for Dissecting

Geographicel Convenicnce

Rcgrons are sclected on the basts oftherr gcograph rca I post hons and admlrnstmtlve bclt,

because thcse arc formcd on thc basrs ofalrcady exrstrng srmrlar gcographrcal fearures

Thrs mcthod produccs qulck output, and support to homogenous regons. but not used

extensrvely ln RFA bccause lt seems subjecttve approach and blased due to phystcal

cohcsrotr Matalas ( l9?5)

Subjective Partitioning

SubJcctlve partlhontng cnacted on small lcvels, formed on sltc charactcnstlcs lrkc

ramfallquanthes and lcvelofstream flow Attatned by collalrng the srtes bycompanng

thcrr chamclcdstlcs llkc mean value prcclprtatlons, happenlng of flood, cxtreme flows

by consrdcnng trme ofoccurrencc as kcy factor Whllc uslng at stte statlstlcs subjecllvc

technrquc rs not useful Opcralmg on rarnfall data Schacffer (1990) and on cxtrcmc

flows Adamowskr (1994) uscd subJcctlvc partrtlornng method

Objectivc Partitioning

Thls method rs also used fot parttttonlng of thc regron wrth altkc artibute ObJectlve

partrtronrng process ts ln whtch sncs dlvtdcd mto allocatcd l\ryo probable clustcrs ro

form rcgrons condttronal to whcthcr the pbyslognomlcs ofthc sclected sttes cross some

threshold value or not, obJectlve to mtnlmlze heterogenetty cxcluslvcly rnner the group

for rllustmtron of llkclrhood rarro rndrcators whlch rs apphed by Wrlshrrc (19g5) Also



prachccd by Pcarson ( l99l ), by checklng drspanry ofsample L-cv L-skcwncss wtrhrn

Sroup Furthermorc, groups undlsclosed hll lo attarn a sct of homogeDcous rcglons

Thcrc rs no cxpltcrt reason to sclect thls tlT,e oftechnrquc bur rt can bc morc supportrvc

rn accumulahon wrth a larcr asscssmcnt ofwhclhea thc linalc rcgloD ls homogcnous

Clustcr Analysis

Cluster analysts ts a multlvanarc tcchruque, uscd Ior fomutlon ofgroups havtDg Icasl

vanabrllfy, matchmg chaEctcnstrcs and coDgruent fcatures By allocatmg a data vector

to cach statron atrd thcse sratlons crther dlstobured or added rnto group of untform

vectors, fomatlon of reglons can havc prachced At sltc charactc sucs are cornmonly

used ln clustcr analysls to stnrcturc hohogenous rcpons but addltronally at slte

statlstlcs can slrcngthen the proccss Chrmctcnsttcs of statlon can be latltude and

longltude. annual avcragc rarnfall, lcvel ofelevatron and dralnagc area can bc addcd to

construcl clustct

K-Means Clustcring

K mcans clustcnng procedure go lkough a slmple way to categoncs data mto llxed

nun,ber of clustcrs assumod as k-clusters Ideas ts that k ccntrotds explamed flrst,

rcprcscnlrng to each clusters Dlffcrcnt locatlons provldc drffercnt results that's why

centrords should asslgncd by gurlcful way [1's bettcr !o sclcct ccntrolds apan from each

other, to attatn better homogene,ty Carvalho (2015) produccd homogenous clusters by

K mcans cluslcnng worklng on the data tcmperaturc and prectpttatron ofEuropc Lln

(2006) rnade comparrson of SOM, ward clustc(ng and K-mcans clustcnng D*bas
(2013) defincd homogcnous rcgrons by K-mcans clusrenng technrquc on thc dara of
stream flow, Turkey

3.4.1 Heterogeneity test

Homogenelty test exphcatcd by Hoshng and Walhs (1997) By uslng i/ rest we

approach to homogcnctty of the slatlons tn regron, weather the regron rs homogenous

or hctcrogcncous

(v ' pv)
Oy

ls standard devtahon ofsample Lcv lz =whcre 7

24

r+gjiell:



CHAPTER 3 Matcriat end Methods

wherc tR Lc! of Regtonal Avcrage

'' - II=r n' t(')' - -tE,&-

ly, ry Rcprcsents the mean and vanance ofpopulahon y

Accordmg to the cfllcna rf 11< I thc rcgron rs homogeneous, H rs rn betwecn I

and 2 lt can bc consldcrcd as homogeneous, but not perlcctly homogcneous H >

2 then thc rcglon wrll bc consldcrcd as perfcctly hetcrogcneous

Thc usc of Kappa dlstnbutlon for stmulatrons ts corrrrnon because of tts

tremendous quallttcs. gcneratcd by emerglng two gamma dtstnbutrons. havrng

four paramctcrs (a, f, k, ft) rndtcahng scalc, locahon, shapo and rcdundanr shape

paramcter. wherc valucs lowcr rnd uppcr as I f +;(1 _,,_a), {+;l Kappa

drstnbutron ls gencrallzmg form ofGEV dlstnbutron when h=0, gencrallzed fom
of GPA rfh=1, gencrahzcd form ofEXp rfh:|, IGo and gencrahzcd form of
CLO whcn h:- 1

Its dcnstty, dlstnbuhon and quanttlc functrons are glvcn bclow.

11-r{1-k(,-"!)+')]t;

rr-!1, llrr[- "f(x) = - ---:----4L IF lx)]l-h

F (x) =

,(F)= {+;t1 _(+)}

3.5 Selection of appropriate Frequency Distribution
Chorce of apropos dlstnbuhon ts the next stcp aftcr the test ofhomogcnerty A
numbcr ofparanretnc and assumptlon free tcsls are accesslble to sclect lhc bcsr

drstnbutlon llkc as Chl-squarc fit, Anderson-Darlng tcsr, cntenon of Ala*c
rnformatton Shaprro-Wtlk tcst, Hosmcr-Lcmeshow test, Kolmogorov Smlmov
mcthod, Cramcr Von Mrsscs tcst and Z_statsttc Craphlcal tactlcs arc also

acccsstblc to arblter goodncss offit, hke as lrnc fit passlng through the data polnts,

Quantlle Plot, muo dragrams ofproduct moments, LM ratto dlagam (LMRD)
portraycd on L-CS and L-Ck but plonrng methods plted sublcctl\,c ncturc
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outcomes to support the final remarks Rcgroml frcquenc) studles cxhlbltcd thal

morc than one dlstnbuhon can bc marked as sultable drstnbuuon, by polnhng on

the bcst ourput ofquanhle cshmatcs based on fixed retum penods

Hoskrng (1990) markcd LMRD as powcrful rool to rdcnhE/ the drstnbutron for

chorce by deprchng regronal data Pcel et al (2001) proposcd the use ofLMRD

rn thc scleclton ofbost fiflcd dBtnbuhon whlle estabhshrng homogcnous reglons

Sanlarasubmmanran and Snnrvasan (1999) provc thc supcnonty ofLMRD ovcr

PMRD whlle worktng on thc propertles ofLM and CM Madscn ct al 0997)
uscd LMRD for thc rccognrtron of suttablc fit lor both partlal durahon senes

(PDS) and annual maxrmum seflcs (AMS) of llood data Fennessey (19931

revealcd the bencfits ofLMRD ovcrproduct momenr ratto dragmm on pernanent

basrs, whrle deallng wlth Hydaologlcal extremc evcnrs data

On the other srde. thc appLcatron of LMRD aDd Z-stabstrc advrsed by lloskrng

(1997) Outcomcs b.scd on the companson of momenrs ofthc drstnbutron and

average momcnls ofthc reglonal data Atmlng to select rhc best fit for wtmcsscd

data among the srmulatcd dlstnbuuons DcpeDdlng on the support ofpl-skewncss

and Pl-kurtosrs. rcgtonal avcragc of skct}lless and kurtosls wlll descnbe about

bcst fit

Fxrln. -(n) -..
whcrc B.: *-#-!]

tl*:,i.( rl-, - rf ) - ru,,_a.,) ,

(&,-- 1)

tl"t = LCk of ftted dlstrLbutrcn

Ba rs reBonalblas

d,r rs rcgronal standard devlahon

Nr,- rs quantrty ofstmulated reglonal dara on the bcsls ofkappa dlstnbuhon
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CHAPTER 3 Materiel and Methods

More than one dlstnbutron can stand out whlle practrclng tho precondlhoncd

cntena by Hoskmg and Walls (1997) Bcst fit can bc clarmed on the basls of

lowest output of ZD'st znd somc tLme closesl to zetu lzDtstl < 164 rs the

touchslone at 90olo confidence lcvel, Hoskrng's standard conccntratc on thls [n

thc casc, morc lhan one candrdatures, bcst fit wlllbcJudgcd on the basc ofncaresl

to zcro or equal to zero Z-outtum

3.6 Estimation of Selected Frequency Distribution

By many ways a dlstnbu on can be fittcd to data dcnvcd fiom homogeneous

regrons lndex Flood Proccdurc (lFP) ls a potent way to csttmate quan0lcs For a

grvcn statron l thc quanhle cshmatcs can obtan by replactng thc lndex flood

estrmates A and quanttle functron of q( ) The probabrllty F for thc quant e

estrmatcs stated as

Q,@) = hqG)

4,,

r:7.2,3. .,N

whcrc g, rs srte dcpcndenl scalc faclor

Q,(F) rcfcrs to the at srte quanllc frrncrron

q(F) rcfcrs to the rcgronal quanhlc funcrton

Lct say A rcfcrs to the esrrmate of scale lactor at stte r Thcn thc drmcnsronlcss

rescalcd dala and supposc that the regron has N srtes, wttl stlc r havrng samplc

suc n, and obsewed data Q,, thcn

whcrc t = 1,2,3,. N' t =t'z'l, nL

(11 = 1) By companng LMR'SSettrng reglonal avcrage mcan rs equal

,1, r, t3, r. to averagc LMR ofregon ti,

r = 3,4,

For eshmated reglonal Aequency dlstnbutlon Q( ) denote ro quantrlc funchon for

any slte r Outtums of pr and A( ) are conglomerated to dcducl the quantlle

eshmatcs fot the tt[ statlon For the quaDtlle estlmatcs olthe non- cxceedancc

probablllry F. quanttlc are cxphcatcd as

tol
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CHAPTER 3 Material snd Methods

Q,1r; = r{')41ry

Sclechon of thc dlstnbutron for quanulc eshmates whrle worklng on tcglonal

ficquency dependrng on the robustrrcss ofoutcomcs ln the sttuahon of morc than

one flaggcd drstnbuoons, rellabtltty ls the concludmg pomt nol the prcctsencss

for prckrng ofthe best Monte Carlo slmulahons ls the e\cellent way to resull out

quantrlc eshmates LM algonlhm phed by Hoskrng and Walls (1997) rs useful

for lhls purpose Algorthm process by condttron wl$ the pcrformance that

srmulatlons bascd on thc lrkcnrng chamctcrrstlcs ofactual reCIon Mechanlsm of

srmulahon evolvc thc output of quantllc cstlmates for dlflcrcnl non-exccedance

probabrl,tres rthsrte atmrh rcpllcahon rs ol-l(f) una F be the probabtltty of

, {o]-l(F)-a,rF)lnonexcccdancc -t-i;- uscd lo esrrmate relattvc cEor Mcntroned quanr,ry

averagcd on thc total numbcr ofrcpehhons M to dcnve BIAS and RMSE grvcn

R,(F) =
1Pl'rro - o,rn)

Q,@)

r$
NL

1r
R,(F\ = Ii L{[ol'',n - 0,,r,

Absoluto bras, rclatlvc btas and

quanhlcs arc

Q,(r)

rclatrve root mean squarc crlor of esttmated

AR(F ) = f !ta.rFrt

1s",",

R'(F) = rvZ R,(F)
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CHAPTER 3 Material and Methods

In thc srtuahon of dNtnbullon of eshmatcs ls skgw thc cmptncal quanttlcs can

eshmatcd by computrng ratlo ofestrmated true ualuc ry.| for quantrles and @
at qL

to eshmatc growth curve On 90% levcl of rcgronal gror,nh curve fall wrllxn the

rntcrval 5% of rhe srmulatcd rctums fall below loor(F) and 5oZ hes above

Uo os(F)

roos(F) < u<uoos(F)

-91ltaBlpya o,!r,

90% Confidence rntcrval provrde obscrved and estlmatcd quanttttes Thls lnterval

denotcd as crror bound

,IJ

oi
()o

:9

=F
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CHAPTER 4

Results and Discussion

4.1 Elcmentary Assumptions of Regionel Frcquency Analysis
The data under dchberallon musr fulfil the basrc assumptrons oI dtstflbuttonal

homogeneousncss. rndependencl statronant\ and consrsl€nc\ the mandatorl

assumplons should sattsf) h) lhe data oIannual ma\lmum stream flo\\ rccorded

rncusecs fhcrelore ttmescnesgraphandtanousnonparametflctcsts,rreapplled

to grattl) thes. assumpoons

4.1.1 Timc Series Diagram

Statlonant\ o\ea trme ls one of thc basrc assumplron \htle \\orktng on the

hldrologtcal data (;raph ol lhe chronologlcal ordered data on rarrable gNes us

bcfter rdea ah)ut statlona t\ (rmpholl0stlesoterttme rambllng from lgl0to
201.1 are dra\rn llmc stlled on t-aNs \herc ertremc flou data on \-a\ls The

dragrams ofall the sttes are gt!cn belou.

M.ntl.

tSEtEg!55iiiH€Sattssaaar!i EI
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CIIAPTER 4 Results .nd Discussion

Maal. Khankr
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CHAPTER 4 Results and Discussion

Guddu sukkur

! .-,"

l3t38888a8aPRHH ;EtBa3$a88E89EF

Y..r

Aboreplotsmantfestrhatthedataserresofall l0sttes lncreaslnq and decreasrne

lrand whrch bespeal about the e\rstence ol randomness ln data Some sltcs

dragram erplarns a repcallng beharror orcr s long ttme penod but o!crall thc

rraph pattems er ldcnt to staltonaflt\
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C}IAPTER 4 Results and Discussion

4.1.2 Differcnce Sign Test for Randomness

The abscnce of pattems rn data stated as mndomness One of the Staltsttcal

assumpttons ls that dala should not follow an tntclhglblc pattem or comblnahon

The cxrstcncc of randomtzatlon ls kcy to rcductlon rn bras Randomrcss rs a

dcgree of unccnarnty of a data senes as wcll as shous haphazardncss whrch

relates to concepts ofchancc. Lkclhood, probabrhty

H)?othesls ofthc dlffercncc slgn test ls that

Ho The sct ofobservatlons exhrbttmg randomncss

Ha The data scnes has a sequcnhal relattonshlp

rabt. 4 1 D[f.t.nc. Sjgn r.st

Site p-value Result Conclusion

Mangla .55 8 p>0.05 Accept Ho

Rasul 705 p>0.05 Accept Ho

Marala .702 p>0.05 Accept Ho

Khankr .z5t p>0.05 Accept Ho

Qadirabad .154 p>0 05 Accept Ho

Ballokr .708 p>0.05 Accept Ho

Srdhnar 702 p>0 05 Accept Ho

Kotn 796 p>0.05 Accept Ho

Guddu 278 p>0.05 Accept Ho

Sukkur .7r8 p>0.05 Accept Ho



CHAPTER 4 Results and Discussion

Drfference slgn test ls applted to test the mndomness on all statlons data.

output ofp-value rs greater than 05 (p>.05), that reinforced to accept rull
h)?otheses Whrch's srgnposts the randomness ofall data senes
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CHAPTER 4 Results and Discussion

4.1.3 Ljung-Box Test

Autocorrclahon rs commonly tcstcd ln tlmc scnes analysts Autocorrclatlon

dcfined as the cxrstencc ofconelatron among the conhnual tefins tn ttmc senes

data For detectron ofautocorrclahon hme senes plot, lagged scatter plot and thc

auto coficlahon tests arc used Box and Ptercc ln 1970 dcnved thts tcst to check

the prescncc of autocorrclanon u chronrc data, whtch ts thc cxtenslon of Q tcst

devclopcd by Bob and prercc

Test cstates on $e hlT,othcsls lhat thc aulocorclatron up to certaln lags should

bc zcro Number of lags depcnd upon thc length of the stte. bul lag's numbcr

should lesscr than thc a where n, rcprcscnt srtc's lcnglh

n ls the sample srzc

h rs the numbcr oflags to employ

pf rs the ft'n lag autoconclatron

(n

h

O= n(n+2)!'1,
k=1

pi
-k)
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CIIAPTER 4 Resulh rnd Discussion

fobl. n 2 Autocan.lonon I.n

Site p-value Result Conclusion

Mangla .005 p<0.05 Reject Ho

Rasul .004 p<0.05 Re.;ect Ho

Marala .120 p>0 05 Accept Ho

Khanki .251 p>0.05 Accept Ho

Qadrrabad .s89 p>0.05 Accept Ho

Ballokr .146 p>0 05 Accept Ho

Sidhnai 025 p<0.05 Relect Ho

Kotn . 148 p>0.05 Accept Ho

Guddu .185 p>0.05 Accept Ho

Sukkur .199 p>0.05 Accept Ho

Out of l0 srtcs, 07 srtes arc constdercd to bc lndcpcndently dlstnbutcd, thcy arc

nol showrng any senal autocorrelatron Only thc Mangla and Rasul's p-value rs

lcss than 05, lt shows exrstencc ofsenal autocorrclatron but thesc sltcs wtll be

further chccked by applyrng vanous tcsts
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4.1.4 Mrnn-Whitney U tcst

In 1947 Mann and Whlhcy esrablshed rhrs test Its uscd to check the

homogencrty assumptlon Thls test rs non paramelnc test, altcmatc ro T,test ln

parametnc tesB Its assumphons are soft cvery blt companng to Tlesr Mann-

Whrtney tcst used to look rnto lwo populatlons, ls thcre shapc shows tdcntlcal

bchavror or not, undcr thc cnttc that both samples should bc tndcpendcnt

If the srrcs under analysrs antcdatc thc same dtsmbutton, hke to bc

undlstmguNhablc, thls wtll facthtate for advancemenl ln Reglonal Frcquency

Alalysrs Null hypothcsN for thls tcs! ls that borh popularrons arc followed by the

samc drstnbutton, though altemanve hypothests contrary to null

Ho Both samplcs cmanatcd fiom samc populahons

lI. Both samples ema.nated ftom altered populatlons

U = nrn, 1- ln1(n2 + 1) /21 - T

41, n2 Are the sample stze
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CITAPTT"R d Resrrlfs cnd I)iscrrssion

fob!.4 3 f.stlot td.nttotty DErnbut.d ba5.d ah M.onvatr.

Site p-value Result Conclusion

Mangla .0001 p<0.05 Re.;ect Ho

Rasul .000 r p<0.05 Relect Ho

Marala .912 p>0.05 Accept Ho

Khankr .396 p>0.05 Accept Ho

Qadrrabad .617 p>0 05 Accept Ho

Balloki .702 p>0.05 Accept Ho

Srdhnar .648 p>0.05 Accept Ho

Kotn .481 p>0.05 Accept Ho

Guddu .273 p>0.05 Accept Ho

Sukkur 212 p>0 05 Accept Ho

To pracllce thc mcntroncd tcst, the data of each sllc was drvldcd tn lo two sub

pans The p-value and results arc above All stattons showcd that the data

ongrnatrng from $c rdentrcal d,shbutrons. cxccpt the \talron s Mangla and

Rasul But addrtronal Kruskal Wdlls tcst ts also pracrrccd for furthcr scrccnrng
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CHAPTER 4 Results and Discussion

4.1.5 Kruskal-Wallis test

Kruskal Walhs test rs assocrated wlth rts burlder Wrlltam Kruskal and

Allen Walhs developed rn 1952 Thrs test rs extensron of Mann

Whrtney test, whrch serve to ascertarn that both populattons stretched

from the same drstnbutron It's also called one way ANOVA, because

of rts utrlrzatron to test several populatrons Durrng the testlng the

hypothesrs estabhshed as sample under constderatton possess to same

dlstnbutron, avcrse to that they are not from stmtlar drstnbutton Thts

test rs sturdy to outlrers To comportment the test we first order the

data rn the pooled total sample from smaller to larger We also need

to keep trajectory of the group assrgnments rn the total sample

The cntrcal reglon

Ho

for the test s rf H > X2nrr,ror"oru, then we wtll relect
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rob|.4 4 Panhl Dstnbuton h)nog.ne., l.st

Site p-value Result Conclusion

Mangla .469 p>0 05 Accept Ho

Rasul 428 p>0.05 Accept Ho

Marala .470 p>0.05 Accept Ho

Khankr .469 p>0.05 Accept Ho

Qadirabad .451 p>0.05 Accept Ho

Ballokr .4't0 p>0.05 Accept Ho

Srdhnai .469 p>0 05 Accept Ho

Kotri .473 p>0.05 Accept Ho

Guddu .142 p>0.05 Accept Ho

Sukkur .199 p>0.05 Accept Ho

To pcrfom thc test each data senes was dlvldcd to apply thc rcqurrcd procedure

Thc outcomes (p>0 05) are ln the favor ofnull h)?othesrs whrch was that the data

samples follow thc same dlstnbutlon
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CHAPTER 4 Resnlfs en.l Discrrrcion

4.1.6 Ansari Bradl.y test

Ansan and Bradlay rn 1960 dcnved thts tcst, to tesl out thc cquahty ofvanance

Thrs test ls altematc to Stcgel-Tukcy tesr (1957) and Moscs tcst (1963 ) Thrs tcst

rs laborrous as compatc to aforemcntloned othcr fwo tcsts Ansan Bradlay test rs

dcslFred to test the null hypothesls that two populahon dlstnbuhoD functtons

co[espondmg to thc two samplcs are tdcnttcal counter to thc allemattve they

drffer by drspcrsron Thts tcst resultabout thc homogcnetty of two populalrons by

testlng thc vanance

Combmcd thc both samplcs from smaller ro larget value and rank thcm Sum up

all the rank values, htled as T Rank wrll bc allolted accordlng to thls mle that

smallest and largest onc wrll posscss Rank:l Then second smaller valuc and

sccond last largest value wrll achrevc Rank=2 Thcn thtrd smaller and thlrd lasr

largcst value wlll galn Rank:3 Thrc proccss wrllbc contlnutng unbl all the valucs

ranks tagged

Thc frnal remarks ln Ansan Bradlay tcshng based on the cnttcal value, whlch are

del]oed rn the table IfT < Xr_s orT Z Xg,nfiz Thrs w l facrlrtale 10 dectdc

thal both samples are followlng homogenous populahon or lnvcrse to ll
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CHAPTER 4 Rpsfllfs rnd Dis.r..ion

Idbtc r 5 Vohohcc Equohtlf.st

Site p-value Result Conclusion

Mangla .147 p>0.05 Accept Ho

Rasul .162 p>0.05 Accept Ho

Marala .280 p>0.05 Accept Ho

Khankr .494 p>0.05 Accept Ho

Qadirabad .231 p>0 05 Accept Ho

Balloki .109 p>0 05 Accept Ho

Sidhnai .091 p>0 05 Accept Ho

Kotri .206 p>0.05 Accept Ho

Guddu .268 p>0.05 Accept Ho

Sukkur 399 p>0.05 Accept Ho

To test the equallty ofvarrance rn the data cach data sencs was drvrdcd lnto two sub_

senes and Ansan Bradlay Tcst was cxecutcd All the statlons data showcd thc

homogenerty ln teshng undet thc cquahty of va ance assumphon Thc results

contnbutrng to thc nullhypolhcsrs whlch was marked as both samples follow the samc

drsErbutron and homogcnelty of thc populatlon undcr vananco After thc frrlfillmenl of
the baslc assumptlons, now we wrll move thc funher stcps ln thc rcgonal flood
frequcncy analyss
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4.2 Dzta Screening and Discordancy Measure by using L-moments

Ab rruoo passrng lkough allthe baslc mandatory assumphons ofundcr opcratron sltes

by graphs and scvcral mulhdfecttonal nonparamemc 1ests, the adJaccnt way rs ro move

for data's scrcenlng by usrng rts enunctated methodology of dlscordancy mcasure

Drscordancy measure fulfills fwo mayor purposcs The rudtmentary obJech! c ls the data

scrcerung, wherc lt's also used to tdenofy skeptlcal sttes whcrc thc problcn of daIa

qualrty may bc Lable for thc dlscordant comportmcnt Anothcr applrcatton ts ln
performrng a rcglonal analysls ts lf the suggcsted rcglon ts outpourcd to bc

hcterogcneous as spectfied by a Iarge valuc ofthe hcterogenctty measure (H I ), then the

physlcal fcatures ofdlscordant stahons may be cooperatlve ln understandmg thc reason

ofhetcrogenelty and contlbuhon rn definlng the course ofachon desrred to devclop a

honrogeneous regron.

Flrst stcp ls !o Inarklng all thc s(es ln a stngle homogeneous reglon Dlscordancy value

D. for I0 stahons ls calculatcd and gaugcd on thc prcscnptron fumrshed by thc Hoskrng

and Walhs ( 1997)

fobl. . 6 Suhmory stottttlc: oJ onnuot no nuh p.dk ftow doto

Sitc No Sitc N.mc N r1 t t3 t1 Dt
Mangla E7 t94352 0 4226 0 45.1.1 01467 077

2 Rasul 9l 202312 0 4551 0 4412 0 2920 t75
3 Marala 90 317614 0 3576 0 3659 0 t 581 079
1 Khankr 90 360726 0l5:0 0 3651 01775 041
5 Qadrrabad 45 173400 0 3761 0 2s26 0 0890 l5E
6 Ballokr 93 90667 0 3421 0 38r0 0 2242 112
7 Srdhnal 90 66534 0 4039 0 3871 0 2133 042
8 Kotn 48 382169 0 4048 0 4094 0 3255 156
9 Guddu 30 s42060 0 3272 0 2522 0 0:84 087
l0 SukIur 30 491594 0 338S 0 2596 0 0743 061
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Thc dlscordancy tcstng littcd out thc rrsults comtng forward. wlth thc maxlmum value

ofDr ls I 75 ofRasul. whllc all other 09 sltcs D, value ls lcss than that Accordjng to

lloskrng's Cntrcal valucs utblc for l0 srtes. rf the D. value rs dandter than 2 .t91, thcn

thc srtc wlth grcatcl valuc wlII be dcclared as drscordant In present lot, any ofthc slte

rs not exceedtng 2 491, so no sttc wtll bc consrdcrcd as dlscordant Just one slat)on

flashcs out rts value, but that value ts also under lhe rccommended cntena, whtlc all

remarnrng bunched around I (approxlmatcly) Thus all sttes are consldcred efficaclous

for farthcr procedurc

4.2.1 Formatting Eomogeneous Regions and heterogeneity Measure

by L-Momcnts Method

Pakrstan's phystcal structirrc has becn omameDted by tuo maln geomorphrc

progrcssrons that havc sh.ped hvo dlffercnt physrographrc enhtlcs The Indus plarns

cmanated from thc dlsplacemcnr ofscdlmcnts fiom thc Rtver Indus ard lts bmDchcs

Thc Westem Hrghlands formed by thc hrghland bulldrng movcmenr stretched from rhe

Makran coast tn the south to the pamlr plateau tn thc extcnt cnd to north Thc Wcstcm

Hrghlands shrcld most of Baluchrstan, KpK. Grlgt Baltrstan and uppcr pans of the

PanJab Although, thesc rc$ons can be further dtvlded tnto many rcgtons wtth mlnor

alterahons Our all statlons ltes ln the Indus plalns rcgton

Thc next stnde ln RFA aftcr ascertarnmg thc dlscordancy value rs to test out

hctcrogenelty value ofthe undcr operahon regron Beforc ascehdmg to ncxt, the core

arm ls to shapmg homogenous rcglon, bascd on tdenttcal dlstnbutloD Iloslug,s
touchstonc ofhetcrogcnerly phes a stralght way to dcshDdtton An Zcro outcome of II1
drrccts that thc slte-to-sltc vanabrlrty rn at-srte LCv valucs for lhe defincd reg:on
analogues to cxpectcd fiom a unrform rcgton wrth the obscrved L_momenl ratros as

dccanted out by a four-parametcr Kappa dlstnbuhon Hl poslh\c outtum spcctfy lhc
srte-to-sltc vanahon of at-srte LCv valucs ts grcater than thc cxpected for a

homogcneous regron, and IIl largcr values mdtcate posslble or l*ely hetcrogeneous
reglon Contmuwtse, trIt negatlvc results rcfcr thc slle_to-sllc vanablhty ofat_slte L_
Cv valucs ts fcwcr than predrcted and the planned regron would be rccognlzcd as

homogencous Consrdenng all l0 sltcs as followrng to ldenhcal dlstnbutlon. thc H
statNtrc ls measured

44



Numbcr of slmulatons 500

Obscrvcd s d of group L-CV 0 0404

Srmulatron Mcan of s d ofgroup L-CV 0 0126

Srmulalron st.ndard dcvptron ofs d oI group L{V 0 0079

Hct.rog.n.ity mcasurc Iilll 0.98

Iobt.a 6to) tl.t.rcq.h.tv Stotts.cs H1 by LM M.thad

Iobl./ 6(b) Hctrtoq.h.ty stonits tll, by LM M.thod

-obt. 1 61.. n.t.,oCeh.tv Stott<r,.\ Hl by LM M.iad

Hosktng and WalLs (1997) grves [rec drllercnt aspecls about hercrogcncrry valucs If
I/< I thcn thc rcgton ls uttcrly homogcnous If lsfl<2 the reglon may bc homogenous

But lf H > 2 then rc$on ls prfcctly hclrogencus Hrthal ls rncorporared on L_CV ts a

strong Domtnator to gmpple wlth homogcncrty cfficlently L,CV and L_skewness are

Numbcr ofsrmulatrons 500

Obscrvcd s d ofgroup L-CV/L-skcw drsrancc 0 0622

Srmulahon Mcan of s d ofgroup L-Cv,4--skcw drstancc 0 0604

Slmulahon standard dcvratron of s d ofgroup L--VZiikew drstarrce 0 0137

H.t.rog.n.ity rn..surG HI2l 0.14

Number ofstmulatloos 500

Obscrvcd s d of group L-CV/ PL-K drsrance 0 0845

Stmulatron Mcan ofs d ofgrorp L-CV pL-K drsta.,"e 0 0769

Srmulahon standard dcvutloo ofs d ofgrorp L--7 et-f drstao.e 0 0117

0.43

45



CHAPTER 4 Results and Discussion

uscd to calculate H2, whrlc L-skewress and L-Kurtosls for H3 As Hr ground on L-Cv,

rt rs strongcr than both others because L-Cv e\pllcate morc vanatlon as comparc to L_

Skcwncss and L'Kurtosrs Hr =098. Hz =0 14, H:=043 valucs lndlcate that no

valuc ls grcrter than I,whlch mcct the cntena ofhomogencous rcglon It valldatcs thc

possrblhly offormatron ofslnglc homogenous rcgton comprtsc on all avallablc sltes

4.3 Det. Screening and Discord.ncy Measure by Using P2rtill L-

Moments Method

Thc marn objcctrvc ofthe drscordancy valuc ts to rccognrze thc bamges for thal sample

PLM arc dlstrnctly drssrmrlar comparmg to othcr barrages Statron rvrlh htghcst crror

wrll posrhon out from othcr statrons and be rdcnhficd as drscordant conccmed by

Hoskrng and wallrs ( 1997) cntena

Iabl.4 7 Suhnory Sron sttcs fot onnLotha,mLn p.ok ltaw doownhL.n\a.nq

Sit. No Sitc N.mc n c lt t tl t1 Dt

Mangla 84 3 199414 0 41.38 o 4662 0 2070 o71

2 Rasul 90 3 208367 0 4421 0 4577 01453 t99

3 Marala 90 0 317614 0 3s75 0 3659 0 0299 038

4 Khankr 89 0 362860 0 3515 0 3518 o 0297 019

Qadrrabad 45 0 373398 o 3764 o 2s26 0 0028 144

6 Ballokr 91 2 92253 o 3331 0 3958 0 0910 133

7 Srdhnar 79 11 13269 0 3700 0 4001 01128 055

8 Kotn 48 o 382159 0 4048 0 4094 0 2231 185

9 Guddu 30 o 542050 o 1212 o 2s22 -0 0245 085

l0 Sulkur 30 0 491S94 0 3389 0 2s95 0 0109 055

All dlscordancy outtums rllusvatcd that Dr fall rn acccptancc cxpansc, that's why no

slte dlscorded A pecuhar drvcrgence rn drscordancy valuc of LM and PLM momenls

rs drsccmlblc. apprarser of dlscordancy rs dcscnbrng decrcaslng movemenl ln partral

Inear momcnts as companng to LM The mlronalrty for rhls changc nnght be due to

thc censonng of data Ccnsonng thrcshold was erreyed on thc dtta lower ihan thc



CHAPTER 4 Resrrlfs and f)iscrrssion

25,000 cusecs Those values arc ccnsorcd whtch can have dehberatcd as nulsance rn the

data, whlch can mtslead thc rcsults to brasncss Alother oblecttve ls to focus on lhc

upper tatl of lhc fittcd d$tnbutton CcDsored data pomts on dlffercnt sttes vaflcs aIId

the bcttcr rcsults of partlal lmear momenls arc evldcnt ln tablc ln rhe form of
dlscordancy and hcterogenclty outcome ln the favor of supcnonty ot pLM Ma\tmum

nr.tmber ofvalues censored on thc Stdhnal that's why rts mcan valuc rarscd up to 73?69

fiom 66534 ll ls also duc ro our focus on the Iarge retum pcrlod by ccnsonng nulsancc

values

4.3.1 Formetion of llomogeneous Regions and Heterogeneity Measure

by PL-Moments Method

Partral L moments are akrn to L moments. and ongorng results also hke pL-Cv. pL-Sk

& PL-KS provtdcd by Hoskrng and Walhs ( 1997) samc standards are shadowed hcrc

If H<l then thc regron rs absolutcly homogcnous If ISHS2 the regron may bc

heterogcncous But tf H > 2 then rcglon ts pe cctly hcterogencous

Number ofsrmulattons 500

Observed s d of group PL-CV 0 0368

Srmulatton Mcan ofs d ofgroup PL-CV 0 0319

Srmulatlon standard devratron ofs d ofgoup pL-C- 0 0080

Hctcrog.ncity mc.sur. HIll 0.62

fobl.4 7(o) H.rc@g.n.ny stottttcs Ht bvpLMM.thod
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fob|.4 llb) H.r..og.h.ttv stontact H2 byPLMM.thod

fobt. a l0 raaaQ.raN Ioutttcs t11. b, etM M.thod

Hr=062, Hz =0 28, Hfl'7 5 valucs spccrfo that no valuc rs grandcr than 1, whlch

ls fulfilllng the cntena ofhomogcnous regron Hetcrogenelty,s H. deplctlng rearward

trcnd srmrlar to dlscotda[cy measure. as abovc values of hetcrogenclty of pLM are

lowcr as corrcspondtng to LM, lt corroboratcs to movc forward foa sclcchon ofbcst fit
dlstrrbutron ln sald regon and the efficlency ofpLM ovcr LM

Numbcr ofsrmulatrons 500

Observed s d ofgroup PL-CV. L-skc$ drslance 0063!

Srmulatron Mean ofs d ofgroup PL-CV/ L-skew drstancc 0 059-1

Slmulat,on standard devlahon ofs d ofgroup PL-CV/ L,skew dtstancc 00r34

Hctcrogcncity mcasur. El2l 0.28

Number ofstmulahons 500

Observcd Standard Devrahon ofgoup PL-CV/ PL-K drsrancc 0 0890

Stmulatron Mcan of s d ofgroup PL-CV, PL-K dlstance 0 0756

Srmulahon standard dcvratron ofs d ofgroup IL-CV7ff-X Arstance 00t78

Hct.rog.ncity m..sure HI3l 0.15
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4.4 Selection of Best Fitted Regional Distribution by using LM rnd
PLM

Thrrd phase tn RFFA ts the fiftrng ofdlstnbutrons and ihc chorce ofbest fit drst buhon

Hoskrng and Walhs ( 1997) ply the cnrcnon to asccrtaln the foremost threc paramcters

drstnbuhons llkc genemltzc Prreto (GPA), generahzc lo&sttc (GLO), generahze

cxtrcmc value (GEv), gencralzc nomal (GNO) and gcncrallze pcarson 3 r,?c (pE3)

whrlc commcncmg thrs, wc kecp rn mrnd thc boih atms, premlcr ls tho nomlnatlon of
thc bcst dEtnbuhon, ordmal ts the eshmatron of quan lcs of each reglon lot seveml

trme pcnods Bul threc drstnbutlons can be used for pLM, because GEV, GLO and

GPA are the dlstnbutrons only thelr partral L moments arc delved hll now (Zakanc

20r r)

Hoskrng provrdcd thc two ways ro approach the bcst drstnbutron Mam rs thc Z-fit whrle

other one rs thc ratro plot Z- fir apply thror.rgh the cntrcal valuc f lzD,'tl < | 64 ar

levcl of Slgnrficance l07o h mlght be porenhal that more rhan one dlsrnbuuon srnke

to lhe said lrnxts, than the dlsfibuhon approachlng to zero wlll be best consrdercd as

bcsr fit

fobl. r 3 :.'to.sn.s lotB.e Ftt.d Dtst b,ton

Z-Statistic Value

Mcthod GNO Pcarson3 GEV GLO GPA

L momcnts

PL moments

0.71 |76 2t4

229

304

I t5

-0.13

-0.5-l

Above table evrnced the rcsult of thc threc paramerer drstnbuhons for thc formattcd
regron undcrgorng lhc both procedures Accordlng to condrrron of best fit the

drstflbuhon wlth mrnhum value or appro\rmately zcro valuc should bc sclccrcd

Evaluahons under narrated cntcna rcveals that CNO confirm lhe shndards a.' mosr

appropnate dlstnbut,on out ol llvc and GpA as altcmahve one. \r,hrle practtctng L_
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momcnls method Ihc estlmatc ol (rNO marked a\ lol{cs1 comprflne r() othcrs \\'here
the (rP{ emulatcd for thc sard regton undcr the pL-momcnt procedure Both

dr5trrbutlons GNO and GII  are nomtnatcd as besl fit In thc reqlon under LNI and pLN{

mcthods

4.4.1 L-momc[as end Pl--momcnas Rrtio Dirgram
L-Moments Ratro Dtagmm (LMRD). delt\ ers drrecuon Io choose c surtable dlstflbu!on
to artrculatc a collectron of vaflables tnto a dtscrete relahonshlp of LN,l-Rattos $hlch
alread) e\rst fb. cach probabrlrr) drstrrburron clarrfied b1 Iloskngand \\alhs(1997)
Alread) stated that partral ltnear moments are corcspondents to ltncar momcnls. so (hc

pa(ral Ilnear moment ratro dragram (PI_MRD) rs also comparablc to LN{RD I_MRD
and P[ l\'lRD are dehncaled [or the descflbed reglon L_ slc\\nc\s and L_kurtosrs used

forLMRD PL-skcwness and pL- kurtosrs used for pLI\IRD Regronal a\eragesofL_
sleuness and L- kurtosts fall conrguous to the CNO Bhere regronal arerage of pL_

slewness and Pl -kunosts fall nearest to GpA
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CHAPTER 4 Resrrlfs cnd Dircrrrsion

4.5 Fitted Distribution and Rcgionel Growth Curve Estimation

AflcI thc selcctron ofbcst posstblc fit the next step m reglonal flood frequcncy analysrs

ls to find out thc quantlle cstlmatcs on vanous relum penods and ploftlng ofrhc gro*th

cuwes by plyng thc chosen dtstnbutton A retum pcnod can be defined as the average

recureDcc rntcrval of an evcnt such as a floods, dtoughts, streamflow, rarnfalls or

eanhquake Rctum penod of trmc T cen bc tcmtcd as l wllh lts excecdancc probablltfy

P Probabrlrty of occunencc or cxceedance ls thc chance of occumng of an evcnt ln a

spccllic t[nc span I c p = 1 probabrlrty ofoccurrencc !_or tnslaDce ln slruatlon of20

years 1201 = 0.05) rs definablc as the chance of excccdance, wherc (1 - 2oa 
= 0 95 ) rs

thc probablllry of non'cxcecdance

Thc pcak flow quanhlc eshmatcs of prescnbcd rcgron for 2, 5. 10,20, 50. 100. 500

andl000 ycar arc rllustrarcd rn Tablc (4 9) We may drrve quantrlc eshmatc for cach

lrlsrle rn the sald rcgron for a panrcular rctum penod Lct constder the stalton Guddu

whlch has on the avcmge annual maxrmum peak flow 542,060 cusccs Wc can attaln

for Cuddu, by multlplrlng the rcgtonal quanhlc cstthate to mean flow ofthe rclevant

slte As thc table values, 86,vo(0 980)=3 473, rntcryretable as

542060+3 43'l=1863060 2 cusecs rs thc amount of extrcme flow oncc rn commg 50

yei[s (for gven rctum pcrrod) wrth non-cxcecdalcc probablhty 0 9g and cxceedancc

probabrhty 0 02 at Guddu All othd srahons can be rntcrptclcd rn the srnular way

If a homogeneous rcgton fulfill the cfltcfla that all sltes wrthtn the rc$on descnbablc

by a slnglc probablllty drstnbuhon posscsslns common dtstnbubon parameters after

thc rescalmg of slle data by therr at-slte mcan, thts rcscaled dtmcnslonless probabllrty

dlstnbutton ls named as regtonal grouh curvc Thc presentatlon of quantllc esumate

by growth curvc rs rllustrarcd rn fig-5 3 (LM) and fig-5 -l (pLM), by dcprchng quanhles

on y-axrs whcrc non-exccedance probabtltty on x-axrs Growth curvc drsplays

relahonshlp among the quanhles and the sevcral rchrm penods and prol,lde thc roots

for fiequency analysts at sttes Whtle anallzlng cxfemc cvents such as floods, quantlle

estlmatcs tn one tall of the dlstrtbutlon wlll be of spcclal mtcrest The lig_5 3 m whlch

thc GNO and GPA are portraycd ls showmg thc sarne behavtor up to 50 years As thc

mcrcmcnl rn ycars occur the GPA showcd more upward up to 200 retum perrod as

companng to CNO, but for largcr rcrum pcnods GNO showrng hrgher quantrle



csUmates In fig-51 CPA sho\ ed lo\\er quanttle lor lo*cr retum peflod and htgher

quantlle esltmatcs lbr larger ret.rrn pcflod Furthc. the accuaac\ ofthese cunes ulll be

checked b) the error bounds and RNISE

0d

50 100 200 500

Reduced,ranate, - toSC h(F))

o

dv
l
o

o

Qu.trrl. r!nn.r.\
an o,r o,o a,"" Q,* 0!,, a.o0 om a,h Qr 0*. q*.

L\I rrTqn 0 slLr? r 3r t1

o1617 !rflq 1r LreT|

ll10\ rllr r):7i r)ttl Itr5
r):7\ rls: Lrlrr lt19 r)Jt3

r:q, rtL)l L)]]t 0 ti1 |rll

r rTl l-ni- rilill
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CHAPTER 4 Results rnd Discussion

4.6. Decision about Rcgional Growth Curvc end Estimated Quentiles
Thc Monte Carlo s,mulatton procedure bascd on slmulattons to chcck the accuracy of
estrmated quenhles and grou4h curvcs rs used whtch was dcsrgncd by Hoskrng ( l99i)
These calculatrons are rmpossrble to cr(ccutc anallttcally because the rcgtonal L-

moment quantrlc estrmatton process ls too lntncate Thcrcfore, Montc Carlo slmulalton

proccdure ls sullablc The repctthons ln thls proccss musl be largcr cnough so that thc

RMSE end bras values arc contlguous ro lhc actual RMSE and blas Thereforc. rcn

thousand repelrllons arc pcrformcd

The brases, RMSE and crror bounds ofthc cstlmatcd grcwth curves are measurcd The

outcomcs arc deprctcd m thc Table 4 I0 BR(F) regtonal avcrage relatlve btas calculares

thc trend ofquanttlc cstlmarcs to bc unlformly too larger or smallcr through the cnrlrc

regron AR(F) rcgtonal averagc absolute btas tcll us about the trcnd of the quanlrle

estlmatcs thal conslstcntly htgh at some pornts and low at others Thrs happen rn rhc

srtuatton of heterogcncous regton. whcn sometrmc rcglonal growlh cun,c rends to

overestrmalc a few arsttc growrh curvc and undcrcstrmatcs to othcrs RMSE

demonslmtc about thc ovcrallvanatron rn estrmatcd quanttlcs fiom acrualquanulcs By

thrs cntcna we arc much focuscd rn dctermtntng that whlch esttmatton procedure ts

supcnor to other, Hoskrng (1997)

Bolh lechnrqucs ltnear momcnts and parlral lrnear moments are uscd on thc formed

rcglon Rclatrvc mean squarc crror valucs dcllvcrcd by GNO of LM arc low for smallcr

retum pcnods 2,5,10 and 20 whcre lhcse arc htgher for largcr rcrum penod Rclallvc

blas conhnually decreastng as lhe retum pcnods lncreastng, meanwhtle the absolute

bras rncreaslng ovcr the tncrcase tn the rcrum pcnod that ts definablc as smallcr for

lower rctum perrods 2. 5. 10, 20 and 50 and hrgh for largcr rctum penods 100. 500 and

I000

RMSE by GPA of L momcnts rs low for lowcr rctum pcnods l, 5, 10, 50 and I0O and

rl rs largc for largcr rcrum pcnod 500.nd 1000 Relatrvc btas dcchnrng up to thc IOO

rcrum pe od and thcn nstng at rhe 500 and 1000 rerum penod Absolute btas showed

Iowcr trcnd for smaller rctum pcnod 2,5. 10,50 and l00.nd hrghcr ralucs al largcr

rctum penods 500 and 1000 GNO perform bfiter than fie CpA under LM mclhod

RMSE provrdcd by CPA of PL momcnts rs lowcr at smaller rctum pcnods wherc tts

hrghcr for lhe latgcr rerum pcnod 500 and l0OO but rr rs lowcr rhan rhc RMSE oIGNO
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and GPA of LM rnethod Relahve blas by GpA ofpLM showed constantly decrcasmg

bchavror over thc rncrcment ltr rctum pcnods whtle tt ls also lcsscr than thc blases of
GNO and GPA ofLM

Absolutc bras by GPA, (PL) rs low at thc rctum penod of 2, 5. 10, 20, 50 and t 00 wherc

lts hrgher at thc return penod of500 and 1000 By companng pLM and LM, pL

momcnts showcd lower absolure btas as parallehng to LM

Error bounds provtdcd by GPA ofpL mcthod arc morc narow as conpared to the enor
bound provrdcd by GNO and CPA of LM mcrhod, whcrc cNO and CpA by LM borh

are sahsfactory up to smaller retum pcnods Thc performance of GNO and GpA
drsrnbuhons by LM ts sattsflctory up to the 50 (F:0 98), bur for larger rctum pcnods

100,500 and 1000 GPA by PL rs much robust As the marn ob]cctrvc ofrhc RFFA rs lo
cstlmatc the quanhles ln uppertall ofthc dtstnbutlon and to know about the larger tctum
perrods, thercforc wc can say that GPA dlst butlon by pLM has morc robust results

Thcse results also rernforcc lhe supcnonty ofpLM over LM and the cffictency ofpLM
to estlmatc large retum pcnods

Iabl.l1A Showog LM pLM RMSE, Absotute Btos, Retonv.6tds ond Lowc.ood upp.t Bounos

F
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CHAPTER 5

5.1 Summery and Conclusions

Thls study dchvcrs an asscssmcnt ofthe PLM and LM by revrsrng rcgonal Iicquency

analysrs establlshcd on &c LM by Hoskmg and Walhs (1997) Both techmqucs were

applled on l0 barragcs. stattoncd ln Indus Basm, Paklstdn All thc barrages posltroned

on drfferent branchcs of lndus fuvcr Thc annual maxrmum flow data ls collected from

Pal<rstan Flood Cornrntsslon and Indus Rrvcr System Authonty Annual maxrmum flow

(AMF) dcscnbed rn cusccs and thc data under analysrs rs rangrng fiom 30 years to 93

years

The basrc assumptloDs ofregtonal frcqucncy analysts arc vcflfied through the vrlous

tcsts that arc thc tlme sencs ploltmg, stgn tcst to chcck mndomncss, LJuDg-Box lest to

chcck autocorrclahon, Mann Whtncy-U tcsr ro chcck the homogetrelty by utlltzmg

mcan value, Kruskal Wallts test to chcck the Homogenelty ofthe parental dlslnbunon

bascd on lanance and Ansan Bradlay test to chcck the equaltty ofvanancrs The data

ofall srtes sahsficd the mentloned tcsts whrch were lmplemented to check that data at

any srtc should bc lndepcndently dtstnbutcd, stahonary and follow thc rdcntrcal

dlstnbutlon

Rcgronal frcquency analysrs proccdurc brsed on the four stagcs The first onc ls the

scruhny ofthe data by mcans ofdtscordancy measure. ln whlch all stahons sahsficd the

dcfined cntena undcr the both technlqucs PLM and LM Whrch rndrcates that thcre ls

no major gross cror rn thc data Sccond stcp n the regronal frcqucncy analysls ls thc

constructlon ofthe homogcneous reglon, whlch rs dehbcrated as the most dllllcult srcp

rn rcgronal ftequcncy analysls At start thc I0 barmgcs wcrc consldered that they are

followrng thc srngle rcgron Thc hctcrogcnctty measure ls calculatcd undcr the both

mcthods PLM and LM and both mect thc cntena ofhomogcnous regon defined by lhc

Hoskrng and Walls (1997). becausc all barrages locatcd tn samc rcgron duc to lhe

physrographrcal drvrsron of Pakrsran Undcr both perfo(nance's Partlal LM showcd

Iowcr values ofhelcrogenerfy as comparcd !o LM So, thts reglon ls constdcred asrhe

surtablc for furthcr analysls

Thc thlrd step ln thc regronal ftequcncy analysls rs thc sclccllon of thc best fittcd

surtablc dtstnbutron for thc formed rcgton whlch ts selcclcd on the basts of ltnear

moment ratro dragram and Z statlstlcs On the basls of L-moments raho dtcgram and
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Z-stahstlcs rt was cstabllshcd thal GNO ls ultrmalcly suttablc and GPA as an altemattvc

for thc regron undcr LM ntcthod GPA outperformed by plyng thc PLM md selcctcd

for quantrlc est,malron Thc sclectlon of appropnatc drstnbultons provtdcs a way to

furtlcr analysrs ofquanttlc eshmatcs Thc last stage ls rhc asscssmcnt ofthe quan!les

and rcgronal growlh curvos Quanttle esttmatcs are prcscnted tn lablc (4 9) and growth

curvcs for thc assured dlstnbutlons arc revealed rn tablc (4 I0)

Montc Carlo Slmulahons arc pcrformcd up to 10,000 rcpctttlons to computc thc degree

ofpreclsron such as RMSE, rclatvc bras. relatlvc absolute blas Iowcr cfior bound and

uppcr cror bound for rhe rcgtonal groMh curvcs showed ln Table.l l0 Bascd on

srrhulatlons rcsults, the GPA grvcs most robusr and accurate csttmales undcr thc pLM

mcthod as compa hg !o GNOandGPAofLM Thc pnmary oblecrrve ofthc fiequency

analysrs of the c,(remc events rs thc approxlmahon of quantlles for upper tatl of the

drstnbutlon, and PLM provldcd most robust results for uppcr tall whrch rs helpful rn

estlmatlon ofcxrrcmc flood Bccausc PL momcnts rcduced rhc undcslrable tnflucncc

ofsmall samplc evcnts on (hc eslrmalron oflargc rctum pcnod cvenls That's support

thc suprcmacy ofthc PLM ovcr LM for thc csttmatton ofthc Iargcr rctum pcnods

5.2 Recommendrtions
. The study can be cxtend ro ell barragcs ofPaklsren

. Compaflson can bc performcd by usrng PLM. TLM, HLM and LM by

estlmatlon ofquantlles on flood data

. Thls study can pcrform on thc ralnfall dala and olher data rcqulred ro tcst

qualrty pcrformancc on drfferent Icvcls hkc alr, temperalurc ctc

. These results can bc uscd rn thc devclopmcnt ofdrfferent levcl archtlects

to rcduce thc harmful effccts ofcxtrcme quanttty ofwaler
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