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Abstrect

Four Parameter Koppa Dtstnbutton usng Lneor Moments at method ofesttmatrcn $

betng used n th$ study /or 10 dcys avcrage Annual MutmtlD1 Flow Senet (AMFy of

each o/ 09 gaugthg sfies ol lndus basm of pohstan Fo r selected dstnbunons

Generaleed Extreme yalue (GEV) Dtstrbuhon, Generahzed Log$nc (GLO)

Dtfinbultorl, Generaleed Pareto dtsbtbutton and Erynnentol dstrtb hont be,ng

slnctol cases of Kappo dtsEtbuhon are ffied lor each of 0g s es, \,htch are

commonly used m low flow Analysts (LF,l) The lftmg oI these d$triuhons 6 also

evaluated by 1,,Jtng d{Jerenl Boodnersaf-Jil methods, such as Anderson darhng test,

Kolmogorov lest Furlher L-Monents Rat@ Dagrah (LMRD) ts also betng used kt

conlrm lhe goodness- of-fil lor lhe above three dtstnbuhont Fualll, lhe 7sru11, ,tro*

lhat Eaponent@l dstrbuhon B the most su able d$tnbuhon tor the AMS llo$,s fot

lhe maJortty of the s es n Pakntan followcd by GEq,GLO and GpA dts|tbuhora

resryctNely, when the Wameters are cshmated by ushg L-moments lechnque The

Return Pertods fron 2 to 1000 years ohd correspondng quanhles are also provded

jor best Jitted dtstnbuton! These quanoles ore useful lor v,uter resourcet

monagemenl



CHAPTER 1 INTRODUCTION

CIIAPTER T

l.l Introduction

A vcry few countflcs rn thc world havc sufficrcnt water rcsourccs. Paktstan ls onc of

thcm Hrmalayas and Karakorum hcrghts contatn the largcst glacrcrs ofthc world and

,t makcs thcm thc grcat sourcc of frcsh w cI for plalns of Pakrstan Thrs blcsstng of

naturc dampcns ovcr 16 milhon hcctors of cultrvablc land of Paktslan Bclng an

rgrlcultural country Pakrstan rs hrghly dc;rcndent on thts wrtcr for lr gatron paklstan

cams 24oZ of rts GDP out of ag culturc Thrs agriculturc rs mrrnly the subJcct ro the

lndus Basrn watcr Hlllralaya and Arabian Sca make tts boundary outhnc lt touches

lndra and Prktstan on lts eastem cdgc Indus basln mamly rclics on Indus Rtver for tts

imgatron but rt could bc tnsulficrcnt without rccclvrng a conttbutton from Rrvcr

Jhclum, Chcnab, Ravr, and SutlcJ Thc Rtvcr Indus rs amongst rhc largcst nvcrs ofthc

world Thc quenhty ofwatcr cerned by Rivcr Indus ls thrcc tlmcs thc Nllc s, tcn tlmes

the Colorado fuver rn Unltcd Strtcs of Arhcnca and Mcxlco, and cqual to thc

Columbn Rrvcr's m Canada and Un(cd Statcs of Amcnca" (Glllanr and Azrm,

1996) Thc t.rigatron systcm dcvclopcd rn P.klst n through c als and other tools ltcs

among thc bcst and largcst trrigaho. sctups rn tic world Thc marn canals and

branchcs measurc about 62,500 km whrch tr gatc an arca of 16 mllllon through 144

mrllon km lcngth of warcr courscs dtvcnlng 75oZ of tts \+a!cr Conscqucnt to the

Indus Watcr Trcaty 1960, Pakisten constructad and butlt scvcn ncw l,nk canals

slmultancously improvrng thrce of tls c&lrcr hnks, sx ncw barregcs wcrc provrdcd

whrlc four of thc barragcs which wcrc burlt beforc prc-panltton pc od wcre

rcmodclcd for thc facilttahon and rcgulatlon ofthc watcrs lt must bc notcd that under

Indus Basrn Dcvclopmcnt Fund two laagc darns namcly Tarbcla at Rrvcr Indus.

Mangla rt fuvcr Jhclum and onc mcdlum szc drm Warsak wcrc butlt to sustatn and
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rrngatc thc agricultural land rn Paktstan (Fahlbusch end Thaftc 2004) Howcvcr thc

Ag culturc and Hydro-Elcctflc Gencmlton of Paktstan suffcred heavrly due to low

flows ofwatcr of Indus Rtvcr Basm cspecully rn thc Rabi Scason (October to March)

Thc last dccade has bccn consrdercd a pcnod of droughts condlllons due to thc low

flows of wrter of Indus Rlvcl Basin Thc low-flows bclow thc normal arc extrcmcly

hezardous and pcnlous for an agncultural country ltkc paklstan Some surplus walcr

rs stuck rn lakcs and othcr w.lcr contelntng bodtcs Watcr qualrty hrghly dcpends

uPon stream flow

1.2 Str.erh Flow

The quantity ofwttcr that runs lhrough any cxplrcit pornt at .ny spccrlic span of trhc

is called "strcam flow" or "dlschargc" Vcloctty and Volumc arc consrdcrcd two

rmportant consltucnts of strcam flow Vcloctly rcfcrs to the sFcd of watcr and

volumc rclcrs to that quanttty of wrtcr whlch runs across thc rcfercncc po[t Thls

"Flow" rs usually cnumcratcd as .drschrrgc,, Hencc the strcah flow or drschargc can

bc defincd as "thc volumc ofwatcr flowtng tn a strcam chrnncl cxprcsscd as unlt pcr

trmc (cuscc)" or 'thc ratc offlow or thc volume ofwatcl that passcs through a channcl

cross scction in a spccrfic pcrrod of trmc,' Thc conshtucnts dcfine the encrgy of

nrDnhg watcr Curvcs and hncs of strcam arc formcd duc to watcr encrgy Thc

chcmrcal and biologrcal charactcnsttcs ofwatcr also dcpcnd upon watcr cncrgy

1.3 Low St...rn Flow

From abovc dcflnltlons of strcam flow lt can be satd lhat low strcam flow ts .,smallcr

volumc of watcr flowrng tn a strcain pcr unrt hmc wtth lesser spccd', It means low

flow rcfers to thc amount of watcr that rs lesscr than thc shndard volumc. wrth thc

mrnimum spccd m per untt timc Hcncc Mtnrmum strcam flow wiucsscd pcr unll

trme rs "low flow" Thc mcasurcmcnt of Low stream flow rs nccded to managc the
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qualrty and quentrty of wetcr at cstimatcd and uncstimatcd sitcs Scalcs arc uscd by

Hydrologrsts to mcasurc thc strcam flow Continuous low flow can rcsuh ln droughts

Droughts occur rn abscncc of prcclprtatton and hdlcatc thc lowcrmost lcvcl of wetcr

ln rescrvolrs and undcrgound water Dunng droughts, strcam flow can reech lts

lowcst posrtron and cvcn flow cen gct convcrtcd tn stat,c stock ofwater Dams and

othcr watcr rascrvotrs arc uscd !o stock lergcr emounts of watar for tndustnal,

agncultural and ctvtc usc The amount of watcr storad ln a rcscrvolr ts subjcct to thc

volume rnd flow of wrtcr comtng from thc sourcc Low flows reprcscnt a cructal

component of thc natural nvcr flow rcgtmcs Thc spatial and tcmporal verrablltty of

flvcr low-flow charactcrrstrcs can bc considcrablc Thc slrttstlcal data ls gathercd and

obscrved to prcdrct and manage thc strcam flow. Bcceusc of tts htgh economlc

conccms Low-flow frequcncy analysrs is rccommcndcd to obscrvc beforc any

dcctsron makmg about watcr stocktng Bccausc grcat financlal worth ls

rntcaconnrctcd to thc dccds of forccrsttng and invcstigrtion of low-flows and as a

rcsult it affects long-tcrm droughts. h ts rmponant to mcntlon fiat droughts tnfltct

morc crucral conscqucnccs on cconomyt socicty and agriculturc Smakhttn (2001)

prcscntcd a comprchcnsivc rcvrcw of low-flow hydrology covclng such lssucs as

gcneretrng mcchantsms, cstrmatton methods and applications Bum ct al (2008) have

srxnmalzcd thc proccsscs and pettcms of low flows tn Canada. spcc,hcally The

avallablhty of rcltlble low- flow occurrcncc and magnfude cstlmatcs ts cruclal for a

wrdc arrey ofcngrnccring tppltcahons such rs aquattc ccosystcm modclmg Br.dfo.d

and Hcrnonen, (200t), cnvlronmcnul impact enalysrs, watcr supply asscssmcnt for

potablc and rrigallon purposcs



CHAPTER 1 INTRODUCTION

1.4 Introduction Lirterr -Mometrts (LMoments)

Thc unccrtarnty cvents such as mmimum flows rrc uncomrnon and happcn in a short

amount of timc Thcrcforc, rt ts cructal for probabtltty drstrrbutron to sfudy its

characterishcs Outltfi vllucs arc gcncrally to be found m thc mtnimum flow det!

whrch arc logrcally dangcr In thc prcscnce ofoutller thc standard cstrmatlon mcthods

arc trcmcndously affectcd These mcthods mey contaln Lcast Squarc (LS), Maxtmum

Lrkchhood Estrmrnon (MLE) and Mcrhod of Momcnrs (MOM). MLE rs nor good

chorcc whcn samplc rs small and rn prescncc of cxtrcme obscrvatlons As thc outlrcr

obscrvatron has cxtrcmc cffcct on thesc mcthods, wc nccd a strong mcthod of

cshmetion, to reducc thc rffcct ofoutllcrs on thc cstimatcs

L-momcnts wcrc rntroduccd by Hoskrng (1990) as thc summary slatlstlcs for

"probabilfty dt$ buhons and data slmplcs" Thcy sharc slmllanty to convenhonel

moments by dcltvcatng "mcasurcs of location',, ..skcwncss, . ..kurtosls,.. ..dtspcrston'.

and addtttonally thcy dcliver featurcs of .shapc of probabrlity drsrnbuhons or dara

samplcs" Thc drffcrcncc lcs tn thclr cllculatlon I c thc ltncar arrangcmcnt of the

sample ordcred staltstlcs for L-Momcnts Thc Samplc L-momcnts arc takcn as

unbnscd cstimatcs ofthc populahon L-momcnts

Convcnttonal momcnts crnnot offcr as many adventagcs as offcrcd and pcrformcd by

L-momcnts c g probablhty distnbution for L-moments ls mcanlngful when thc

dmtnbutton has finttc mcan, rcqurres finttc variencc for finltc stadard crrors Hoskrng

(1990) Asymptotlc cstrmatrons applrcd to sampltng dtstnbuttons arc more hclpful for

L-moments ..s comparcd to when uscd for ordrnary momcns (Hoskrng, 1990) L_

momcnts provtdc a bcttcr tool to idcntlfy thc parcnt dlstnbuhon gcncrattng data
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samplc (Hosking, 1990) tnw flow analysis rs bascd on two stcps whrch are "chorce

ofl probabrllty dlst butlon and cstlmltron ofthc probabllt(y dlstflbutton"

1.5 Keppa Distribution

Extrcmc vrlucs rn a random samplc hrvc many tmponlnt appltcatlons Natunl

drsastcrs such as floods, wlnd storms or hcavy rarns end Low flow, are thc rcsult, of

cxtrcmc obscrvrtions Whilc cxrct dtshlbutions of maxrme or mrnima rnay sometimcs

bc dcnvcd, cxtrcmc valucs arc morc oftcn modclcd by thc gcnciallzcd extrcme valuc

(GEV) distnbutron srnce thcory has shown thts distnbutron to bc thc llmrtrng form of

the dlstributlons ofcxtrcmcs In rcahty, howcvcr, rcsults arc somctlmcs unsattsfactory

whcn thc GEV distflbutron rs fittcd to finrtc samplcs (Paradra 2006) The four-

paramctcr k.ppa (KAP) di$nbutron rs ! gcncr.lEatton ofthc G.ncraLzed Extrcmc

Velue Dftnbutron (GEV), Gcneralizcd Logishc Distdburron (GLO), ccneralzcd

Prcto Drstributron (GPA), Exponcntirl Distflbution. Cumbcl DrsFrbuhon, 2-p

Logrstlc Distributron, Unrform Dstributlon,2-P Rcvcrse Exponcntlal Dtstnbutlon

and lrc uscful whcn thc ebove mcnrioncd 2-P and 3-P dtstnbuttons not pcrformtng

well Hoskrng (1994) cstimatcd the par.mctcrs ofKappa drstnbutron by usrng mcthod

of hncrr momcnts (L-Momcnts)

The lcadmg benefits bchrnd the practtcc of thls technrquc rtc thc ',rchablc csfimatron

of par.mctcrs" (that ultimatcly tums tn reliable quanhlcs) m.mly out of smallcr

samplc srzc L-momcnts rcly on ltncar ordcr stattstlc as an altcmatlvc of convcnhonal

momcnls Lncar ordcr statrsltcs arc rcstllent to oullrcrs whlch may occur ln prcsence

ofany cxtrcmc evcnt That's why thls mcthod ls rcllablc
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One of fhc rcccnt dcvclopmcnts m the modeling of mmtmum flow rs 4-P Kappa

drstnbutron (Hoskrng 1994). Four-paramcter (4-P) dist bunon rs bctng us.d as hrghly

rchablc and advrntagcous tool becausc lt mcludcs thr charactcflstlcs and bcnelits of2

and 3-P drstributrons es well 4-P dtstnbution fits wcll to thc data where 2 or 3-p

drstnbutrons provrdc poor fit Thrs study is golng to consumc 4-P Keppa dlstflbuhon

wrth thc L-Momcnts proccdurc, as r tool of study to obtlm rclablc euantrle

eshmatcs. partrcularly at hrghcr retum lrcnods such as 5, 10, 15, 20, 25 and 500 ycars

The study wrll .cly on thc Prkisran flood Commrssron data obscrvcd bctwecn l9g2

and 2013 at 9 grugtng strtlons across Paktstan as source ofdata euantrlcs arc almcd

to makc for plannrng and dcsrgnrng ofpolicy rn thrs rcgerd

Whcrc slgntficant mcasurcs of clllclcnlly watchcd flow tnformatton cxlsl low-flow

frcqucncy mvestrgahon should bc ublizcd rn choice maktng m Lght of potentral

financiel cffccs A hrgh financlal worth ls conncctcd wth thc cxcrctscs of forccast

and hvestigatton of low-flows and lhe subsequcnt long tcrm dry seasons lt must be

captioncd that dry spclls havc morc cxtrcmc rasults and arc rcgularly morc cxpcnscs

I 6 OBJECTIVES OF STUDY

Low flow analysrs at Indus basm adversely affccts ag culture, envlronment and

cconomy of Pakrstan So therc rs a drrc nccd of Frequcncy Analysrs (FA) of low flow

at Indus basrn ln Paklstan.

. To mlmmzc thc problcms tn tdentlfication of parent dlsmbutlon $at

dcscubcs vrnability of l0-days Annual low flow scncs by usrng rhe 4-p

K.ppa dlstnbutron

, To predrct lo-days Annurl low flow (low flow quantrlcs) rn p.krstan for

dlffcrcnt rctum pc ods
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> To addrcss thc conscqucnces of low flows ln thc counlry and glva somc

soluhons lo mrtlgatc the affcr cffccts / causcs of low flow m Paltstan

> To cstrmate Quanttlcs for thc Hydrologtcal proJccts and wrtcr resourccs

managcmcnt such as amount of low flow for hydropowcr gcncrahon,

watq qualrty mamgcmcnt. dcstgntng of mgetlon systcm and rmpact of

prolonged droughs on aquatic ccosystcms tn thc counFy
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CHAPTER 2

Literrturc Rcview

Many rcsearchcrs of drffcrcnt arcrls tncludtng USA, UK, Malaysla- Paktstan, Iran.

Indra. Chrna end many other countncs workcd on low streamflow In ordcr lo suppon

thls study, wc revtewed the work ofthcsc rcscarchcrs In thts chaptcr. wc lncludc thc

referenccs whrch cxplarn thc mcthodology of modcltng of mlnlmum strcam flow

usrng four paErmcter kappa distnbuhon bescd on lncar ordcr statlstics

2.1 Review of Methodology

Gulhatr (1972) drscussed thc cnlfe lndus Basrn rn thc Lght of Indus Watcrs Treaty

1960. srgncd beh,/ccn India and Paklstan due to cffons of World Bank to rcsolve the

rssucs of Wrtcn of Indus Basin betwccn two countrics Thc vtew potnt of both the

counulcs and thcrr chrms on Watcrs ofnvers on Indus Bastn wcrc rcflectcd m dctatls

Thc lmpacts of thc trcaty and dlstnbutlon of watcrs of the Indus Bastn wcrc also

drscusscd

Hoskrng (1990) dcnvcd L-momcnts as Lrncar Combinatron of Ordcr Statrstrcs

Author also provrdcd basrc dcfinttton, propcrtlcs, mcthods of cstlmatron of L-

momcnts and estrmalron ofL-momcnts rattos. The papcr elso drscusses thc mcthod of

rdcnrification of sultablc distnbution and tts prramclcr cstimatlon and hypothcsls

tcstmg using L-momcnts tcchniquc

Ahmcd (1993) descnbcd St.tus of Inrgatcd Agriculturc. Surfacc Wrter Rcsourccs.

Constnrctron of Baraagcs and Can.ls. Utlltzation and Managcmcnt of thc Surfacc

Watcr Rcsourccs, Secpagc from Irlgatton Unhncd and Lmcd Canals and Ground

W er Rcsourccs of Paklstan Sallcnt fcaturcs of ma1or Dams, Barragcs, Cmals and
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Lrnk Canals together wlth thcrr command arca. Rrvcrs 6long wrth thclr catchmcnt arca

and watcr quality wcre also mcntloncd.

Vogcl and Fcnncsscy (1993) concludcd that product momcnt rallo cstlmators arc

brascd cstrmators for small samplcs rn cesc of hydrologrcal applcetlons On thc other

hand L-momcnt cstlmators arc uscful cstrmators for small and largc samplc srzcs and

for hrghly skcwcd probabllrty drslnbutrons A uscful companson of both krnds of

momcnts ls mcntioncd rn thc papcr

Cuttman et tl (1993) calculatcd quantrle cstrmatcs of low precrpltatron data for the

Unrtcd Starcs Thc oblcctivc of such cslmatcs rs to prcparc nahonal drought atlas

kccprng rn vtew Low strcarhflow and prcclprtahon data The quanttlc valucs wcrc

calculttcd for I I I rcgrons across thc U S us,ng L-momcnts algo thm Pcarson Typc

lll and Wrkcby wcrc consrdcrcd thc most surtablc drsrributrons for thc study Thc

results of thc study Ddicrtc that for low rctum pe ods thc quentrlc cstrmatcs arc low

and for high rctum pcnods the quantrlc cshmatcs arc high for both thc probablltty

dlstributrons

Vogcl md Wrlson (1996) studred Probabillty Drstibuhons of Mrnrmum. Maxrmum

and Mcan strcam flows rn Unltcd States wrth thc hclp of L-moment Ratro Dlagrams

It was found that L-momcnt Ratlo Dragrams arc most suttlblc as comparcd to

Ordrnary Momchts Dlagnms as thcsc can rcflcct scvcral drstflbutlons on thc same

graph papcr It rs concludcd that Pearson Typc 3 ls bcst fittcd drslflbutron for

mlmmum and mcan strcrm flow tn thc trca

Hoskhg and Walhs (1997) cxplarncd steps to work out thc Regronal Frcqucncy

Analysrs of cxtrcmc cvcnls tn hydrology whlch rncludc (r) Scrccnrng thc data 0t)

Sclcctron of appropn.tc probabrlrty drstribuhon and (llr) Estrmahon of probabrlrty

distnbutlon bascd on L-momcnts proccdurc
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Parrda (1999) workcd on Indran monsoon data whrch was collccted over 50 stauons

across thc Indn of 4l ycars from 1940 to 1980 by usrng four paramctq kappa

drstnbutron To obtam rcliablc quantlcs cstimates hc uscd Lncar moments proccdurc

By usrng quantrlcs cstimatcs, hc dcvclopcd isopluvral maps for somc gcnerally used

rctum pcriods such 4s20, 50. 100, 200, 500 a.nd 1000 years that may bc uscd by

mcteorologlsls

Sankaresubnmanran and Srinrvasan (1999) providcd uscfirl cvaluatron of samphng

charactcnstlcs of Lmcar momcnts and Convcntronal momcnts Il rs rllustmtcd C-

momcnts arc surtablc for lowcr skcwncss for small samplcs, whrlc L-momcnts are

advantagcous for hrgh sk.wncss for both small and lrrgc samplcs

Caruso (2000) carncd out lrw Flow Frcqucncy Analys6 of 21 nrers rn Nc*

Zcaland Thc candrdate dlstributrons for thc homogencous rcgtons wcrc found CEV,

EV I and LN3 Howcvcr, thc GEV was robust drstnbuhon In thc p.pcr the author

also suggcstcd mcthods to treet thc Zcro flow rn thc data sencs

Connrc Wmchcstcr (2000) extrcmc vtlucs ln a random semplc arc, ln many lmpo ant

applicatrons The most crucral observahons. Natural dlsrstcrs such as floods. wlnd

storns or hcavy ram for cxarnplc. arc frcqucntly the result, of extramc obscrvatrons

Whrlc cxact drsmbutions of maxrmr or mlmme may somctrmcs bc dcnvcd. extromc

valucs arc more oftcn modclcd by thc gcncralizcd cxtrcmc valuc (GEV) drstflbutron

srncc thcory shows thrs drstribution llmrtmg form of thc distnbutrons of exfemcs In

rcalrty, howcvcr. results arc somctrmcs unsarisfecrory whcn thc GEV drstnbuhon ls

fitted lo finrtc samples Among othcr common threc-paramctcr dtst.lbuttons, four-

paramcter kappa (KAP) distibunon ts unrquc duc to lts gcncraltzatton of lhc

gcneraLzcd cxtrcmc valuc distnbutton and works wcll whcn thc CEV drstnbutton ls

10
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not pcrforming Lrnear functlons of cxpccted order st tlstlcs vlz L momcnt estlmatcs

(LMEs) are uscd by undcr study mcthod of cshmahon Howcvcr, provldcd lhat thcy

arc computablc, arc often nonfcasrblc Addltronally, for thc KAP drstflbutron. thc

asymptotrc drstnbutlons of thc LMES arc not casrly tractablc Thc wcll-known

ma,{lmum lficlihood estimahoD rs proposcd es an altcmahvc mcthod of paramctcr

cstlmrtroD Sincc thls mcthod consists of optrmlzmg nonJincar utlllty of four

vaflables, problcm rs computatlonally dlflicult A modcl rcscarch ls conductcd to lrnk

the pcrformance of maxrmum hkclhood csumarcs (MLES) and thc LMES Rcsults

show thc MLES to be comparablc and somctrmcs more dcslreblc cstlmatcs- Thc

va ancc of thc MLES rs fu(hcr [vcstrgatcd Frn.lly thc fit of thc KAP drsrflbutron

vcrsus thc CEV d$tnbutron rs consrdcred for rcal-llfa cxtrcmc vrluc wrnd data

Pccl et al (2001) attcmptcd to analyzc thc utrlity ofgrrphrcal mcthods and L-moment

raho dngram for sclcction of surtablc probabilrty distrrbutron The author concludcd

thlt usc of graphrcal tcchnlc togcther wrth L-momcnt rarro dragram for thc sclcctron

of drstnbutlon rs no1 eppmpflatc and rathcr suggcstcd hctcrogcncrty lests togclhcr

wrth L-momcnt rutio dragrams for thc sclcction ofdlstnbutton

Barr and Sadck (2002) conductcd Irw strcam flow Frequcncy Analysls of nvcrs rn

Nonh Wcst of Bangladcsh Tcn darly low flow dal,l of thrnccn g.grng statrons was

uscd rn the study Thc quantrlc cshmatcs of low flow usrng Rcgronal Frcqucncy

Analysrs arc comparcd wrth thosc of at-srte analysrs Wcrbull and Pcarson Typc J

wcrc found most surtzblc chorccs to cshmetc low flow ofthe rrvcrs rn North Wcst pan

of$c country

Kroll and Vogcl (2002) uscd L-momcnt dragrams bascd on L-moment ratlos to study

probabrlity drstnbutron of Low Strcrm Flow Scrrcs rn the Unrtcd Slatcs Thc papcr

11
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lndlcatcs that l-day,7-days and 30{1ys annual mlnlmum strcam flo\, data was uscd

ln thc study Thc paper suggcsled for low strcam flow LN3 (Lognormal 3 paranctcrs)

rs bcst fifted at non-pcrcnn[l sltes and P3 (Pcarson Typeltl) for perennral srtcs ln thc

Unltcd Statcs [t ls concludcd that L-homcnt ratlos bchavcd diffcrcntly for pcrcnnrel

and non-pcrennlal sltcs and rccommcndcd to analysc both krnd ofsrtcs scparatcly

Rcrlly and Kroll (2003) thcy uscd bascflow corrclahon to cshmate thc low

slrcamflow at ungaggcd sitcs ofUS A provincral asscssmcnl ofbascflow conclatton

cstimators rs madc by using darly sficamflow data at morc than 1300 srtcs Thcy

invcstlgated that bescflow correlation glvcs bcttcr rcsults whcn bascflow data arc

almost indcpcndent .nd arc located rnsrde 200 km Thcy comparc bascflow conclatron

and provmclal regrcssron and concludc that for low strcamflow cs!matron, bascflow

corrclallon grvcs good rcsults

Kum ct.l (2003) dcvclopcd Flood Frcquency rclahonshrp accordmg to rcgrons by

usc of L-momcnts mcthod Thc study arca comprrscs Mrddlc Ganga Plarns of lndra

They fouDd that GEV rs thc bcst fittcd drstflbuhon for thc study rrca Growth curvcs

for 2, 5, 10, 25, 50, 100, 200, 500 and 1000 ycars rcturn pc ods wcre constructcd

YUE and WANG (2004) uscd L-momcnt tcchnrquc to find dlslnbutron of Annual

Avcragc Strcem Flow ofCanada All thc srtcs mcludcd rn thc study havrng morc than

20 years of drta of strcrm flow Thcy concludc in th.r paprr th.t GEV dlstnbutron,

LN3 and P3 drstnbuhons are best fittcd for lhe cstrmatron of annual avcr.gc

strcamflow data ofCaneda

Bekoc ct al (2005) dlscusscd and uscd vaflous probabllrty drstrlbuhons to find out the

best fittcd dEtribuuon on low strcamflow dalr rlso find oul thc shold of nvcr Aycnsu

whcrc low strcamflow cxrst Thcir rcsults indrcrtc that Okycrcko stalron at basm had
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somc trend to ylcld uncxpccrad mrnlmum low strcamflow wrth thrcshold amount of

w.tcr020 fi3/s thal is equal to 95o% of trmc Thc chancc of exrstencc of low

strcamflows rn basm ls shall and that amount ofwater abstmchon m tcrms of watcr

supply for rndustnal, agricultural and domestrc rcqurrement rs sustarnable and

sufficrcnt

Rakcsh Kumar and Chandranath ChlttcrJcc (2005) analJzed data of low strcamflow

13 gauging sitcs of India Thcy usc basic assumpt,ons for the scrccnrng of data for

rcgionrl low streamflow analysls Also uscd srmulahons proccdure to chcck

hctcrogencrty ofdeta by .pplyDg k.pp. drstnburron They obscrvcd thar l0 srtcs out

of 13 havrng constitutc as homogcncous rcglon Thcy also conclude that the rdcntlfied

drstrrbuhon GEV rs qult robust for study arca

Yurckl ct al (2005) conducrcd Rcgronal Frcqucncy Analysrs of lnw FIow data from

Cckcrck fuvcr Basrn [n thc papcr Drought rs d.fincd rs a phcnomcna caused by

shortagc of watcr duc to low stream flow Thrcc gaugcd statlons wcre sclected from

thc serd besrn and 7-days low flow rcadrngs wcrc notcd L-momcnts tcchnrquc was

uscd for rcgonal frcqucncy analysis to find out the bcst fittcd probabrlity drstnbutron

Amongst thc sclcctcd clndrdalc drstributions thc GPA was found most suilable

drstflbutron for thc study arca

Chcn er a/ (2006) uscd thc L-momcnl proccdur€ to study thc rcgronal frcqucncy o[

low strcamflows Thcy uscd fivc drstrrbutions gcncrahzcd cxtrcmc valuc. gencmlzcd

logistrc. gcncralEcd lognormal, Pcaison typc lll, and gcncrzhzcd Parcto to study low

streamflows for Donglrang basrn L-momcnt proccdurc was uscd to cstlm e the

paramctcrs of ahvc mcntroncd drstnbutrons For cach rcturn pcflod thcy calculate

low strcamflow cstrmates by applylng mcthod ofrndcx flood

13
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Gustard and Dcrnuth (2008) prcpared a Manual on Low -flo\* Prcdrcllon and

Estlmanon Thc manual drscusscs ln dctall thc Estrmatron, Forccastrng and Predrctron

ofLow-flow, Hydrologrc.l data, Proccsscs and Rcgrmcs, Low-flow Indrccs. the Flow-

Duratron Curvcs, Exncmc Vrlue Anrlysrs, Strcamflow deficrt, and Estmatrng Low-

flow at ung.ggcd srtes and artificrally rnfluenccd rrvcrs Thc manual providc uscfirl

gurdehncs for low strcamflow studlcs

Hussam and Pasha (2009) conductcd rcgronal flood frcquency by usrng L-moments

mcthod on 7 stations ofPunJab Prkrstan Thcy used drscordancy mcasurc to scrcen the

data of scvcn sitcs Homogcnclty was chcck by slmulatrons proccdurc Gcncralzcd

extrcmc-valuc, Cencrallzcd loglsllc, gcncrallzcd normal, gcncrallzcd Prrclo, Pcaason

typc III and fivc par.mctcr Wakcby drstflbutions wcrc uscd for thc sclcctron of most

appropnatc distfl butron for quanttlc cstrmatcs

Scckrn el al (2010) conductcd companson of maxrmum likchhood mcthod and

probabrhty wcrghlcd momcnts to cerry out flood frcqucncy analysrs of Ccyhan fuvcr

Basrn rn Turkcy by usrng strcamflow data Thcy concludcd that for cstrmatron of

pammcters of lognormal thrcc paiamctcrs (LN3) and generalzcd cxtrcme value

(GEU drstributron PWM mdhod rs a bcftcr chorcc rathcr MLE mcthod

Saf (2009) cvaluatcd rrgronal probabrllty dlstflbutlon for thc annual ma\rmum flood

scncs obscrvcd at 45 strcarn flow gaugmg rrvcr basrns ln Turkey usrnS rndex flood

mcthod Scvcn sltcs out of 45wcrc rcmovcd from thc analysrs bccausc thcrc was a

trcnd ln thc scflcs A rcgronal anrlysis was pcrformcd on thc rcmarnrng 38 srtcs

Drscordmcy mcasurc was uscd foa scrccnlng ofrhc data Thc homogcncrty ofrcgrons

was rdcnlficd by using 500 simulehons by applyrng 4-P kapp dlstflbuhon To

14
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estlmate the rcsults on thc basrs of thc rclatlvc bras and rclatrve root mean squarc

crror, thcy uscd Montc Carlo slmulatlon

Chnslophcr et tl (2009) conduct.d low flow frcqu.ncy .nalysrs rn can.d. .nd

northwestcrn Washrnllon They usad 12 ratronal rlgrassron equatrcns for esttmatrn! low

Ilow sl.hshcs Thly computcd adluscd R2 rnd root-metn-squarcd cnor (RMSE) lnd

concludc that gaging stations could bc rcmoved from tha network wlthout slgnlficant

loss ofrnformatron

Gubarcva and Gartsman (2010) cstmrtcd thc paramctcB of cxFemc hydromclcr

Iogrcal Chamctcn$lcs by uslng strcamflow data by L-momcnt mcthod and found for

dlst butlon wrth hcavy trls L-hohcnt can bc calculated whcrcas convcntronal

momcnts do not cxrst Thc plpcr rcflccts lhal L-momcnt method grvc morc stable

computatlon proccdurc as comparcd to maxrmum likelrhood mcthod (MLE)

Sanlos et al (201 l) conductcd Regronal Frcqucncy An.lysrs of Droughts rn Ponugal

Assumptlons of lndcpcndcflcc and homogcncrty wcra tcstad Papcr suggcstcd that thc

Kappe Drstnbuhon model should bc uscd for drought asscssmcnt anrlysrs ,n Ponugal

Dcvr and Choudhurr (2013) rnvestrgatcd rarnfrll frequcncy malysrs for

Mcrcorologlcal Drvrsron of Indre To dctcct drscordant srtes thcy uscd drscordancy

mcasurc They uscd 4 prramctcr Kappa drstnbuhon to chcck rcgronal homogcnerty by

comparing gcncratcd homogcneous lcglons L-momcnts ratro drlSram and ZDIST

statrstrcs wcrc uscd to sclcct bcst fittcd drstnbutlon tog- Normal type lll, Pcarson

typc-3, gcncrahzed Prrcto, gencralizcd cxtrcmc-v.luc and gcncraltzcd log,strc was

bcst fit drstributrons

15
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Rostamr (2013) uscd flood data to pcrform frcqucncy an.lysrs bascd on L-momcnt

approach in wcst AzcrbaUen provlncc baslns. Ward hrcrarchical clustcr mcthod was

uscd for thc rdcntificallon of homogcncous rcglons Thc wcst AzerbaUan provlncc

was drvidcd ,nto four rcgrons By thc hclp of L-momcnt ratios thc paramctcrs of

regronal frcqucncy dlstflbuhon wcrc cstimatcd ln thcsc rcgrons For the sclcctlon of

appropnatc dr$nbutlons L-momcnt d,agnm, Z stahshc goodncss-of-fit tcst and

plofting posltron mcthods wcrc uscd

Ahmad et al (2013) anallzcd thc dltr ofannual 27 mctco.ologrcel stahons of Pakrstan

dunng thc pcriod of 1960-2006 The rardom bchavror of monsoon rarnfall was

rnvcstrgated Ihrough Kappa probabrlrty drstnbution. L-momcnt tcchnlque was used to

cstlmate thc paramcters of thls dlstnbutron. Thcsc cstmatcs wcrc uscd to calculated

quantrles for d rffcrcnt T-ycrrs rctum pc.rods such !s for 2, 5, I 0. 20, 5 0, I 00. 200 and

500 ycars

Osman ct rl (2013) pcrformcd Rcglonal Flood Frcqucncy Analysrs tt Wcst Coast of

Malaysra usrng L-momcnts mcthodology It was found that rt was smallcr dlffcrcncc

for low retum pcrrods bctwccn fittcd and obscrved valucs as comparcd to hrgh rctum

pcnods

Aycsh. ct al (2013) thcy conduct et-sltc flood frequcncy analysrs on Australlan annual

m.xrmum flood data Thcy used fiflccn drffercnt candrdatc probabrlrty dlsrrbutrons

for thc sclcchon ofbcst fiscd drshbuhon Four goodncss-of-fit mcthods wcre uscd to

chcck thc pcrformtncc of drstrrbutrons r-c, the B.ycsran rnformatron cntcnon, thc

Akarkc lnform.tron c tcdon, Kolmogorov Smrmov tcst md Andcrson-Dlrlng test

Thcy conclude that a srnglc drstnbuoon cannot specificd all thc rnformallon rclatcd to

all thc Austrrlian stltcs

15
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Agwata ct al (2014) suggcstcd modcl to study hydrologrcal droughl rn Uppcr T.na

Basrn ofKcnya using L-moments and othcr tcchnrqucs Thc Gencraltzcd Normalwas

best fittcd dstributon to maasurc durahon and scvcnty ofdrought for thc study arca

17
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CHAPTER 3

Material and Methods

3.1 Study Aree and Data

For thc cunent study ihc data of 09 drfTcrcnt srtcs would bc uscd Thc darll

Mrnrmum flow datz raken from Pakisttn Flood Commlsslon rs mcasurcd by flou

g&uges rn cuslcs from whlch l0 dtys avcragc AMFS wlll bc constructcd for the

proposed study Thcsc 09 srtcs erc locatcd rn provmcc Slndh, PunJab, and KPK Thc

rccord lcngth ofAMFS varics fiom 30 to 74 yca$

Tablc I Basrc Informahon about srtcs uscd ln thc study

Namc
ofsrtcs

Rlvcr

Indus

13 99 126t l0 13650 0 2813 21t4 0 0974 0 2050

Kalabag 32 95 71 50 52 21136 5 3774 6229 o 1129 0 17Es

Chashm 32.43 7l 38 41 12609 3 447 4 640l -o 0410 o 3548

Taunsa 30 50 70 80 30 14390 0 2918 0450 -01196 o 1027

Guddu 28 30 69 50 30 ls5s5 6 4116 6667 o 1672 0 3031

sukkar 27 72 68 79 74 823 513 614 516t o s727 o 1462

Nowshe Kabul 34.01 72 00 6960 37 1107 3294 o 0559 0 1590

Marala Chen.b 32 68 74 43 47 515170 2m3 3302 o 1417 o 3tt1

Mengl. lhelum 33 15 73 65 26 1465 3r s97 0769 0 0131 o 4074
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Hrmalaya and Kerakorum rs thc oogrnatron ofPakrstanl ivcrs systcm Thcrc are frvc

nvers, Chcnab, Indus, Sutlej, Revr. end Jhclum Thcy arc mostly pass $rough PunJ.b

provrncc Thc word 'panr' marns fivc and 'aab' mcans walcr (rn Pcrsran languagc)

that's why PunJab rs callcd thc land offivc riycrs Thc lnrgrtron systcm ofPaklstan rs

lhc wrdesl systcm of lmgatron rn thc world Thrs systcm has a grcat lmponancc rn the

agnculture ficld of thc countD/ Thcsc rrvcr's watcr rs thc brggcst sourcc ofwater ln

Paklstan

lndus Rrvcr ls ongrnatlng from Hrmalayan rcgron (Tlbctan platcau ncar Lakc

Mansarovar) m Chrna In Asra the lndus fuvcr ls a major flvcr whrch flows through

Pakrstan and also thc longcst rrver m Paklstan Lcngth of Indus Rrvcr ls 3lE0

Krlom.ters. Balram Rlvcr, Cllglt Rlvcr, Tanubal Rlvcr, Astor Rrvcr, Kabul Rrvcr, and

Zanskar Rivcr arc thc tnbutancs oflndus Rrvcr Indus Rlver conslst of 16 Barragcs. 3

rcscrvolN.2 Srphons across malor uvcr 12 rntcr lnk canals,2 head works.44 canal

systcm 23 rn Punjab, 14 rn Sndh. 5 rn KPK, rnd 2 m Baluchrsten

Rlvcr Jhclum origrnates from thc south-castcm part of vallcy Kashmrr Rrvcr Jhclum

rs thc tnbutery of Rrvcr Chcnab and 774 kilomctcr long Mangla rs onc of thc world

largcst dam whrch rs cons[uctcd on Jhelum m 1967 Thc storagc capacrty of Mangla

dam rs 5 9 mrllron acrc-fcct Many othcr dams and Barragcs arc elso constructcd on

Jhclum hkc Rasul Barragc and Tflmmu Banagc.

Chcnab Rrvcr rsjorncd by Chandra and Bhaga flveN rn thc uppcr Hrmalayas It flows

tluough Jammu and Kashmlr and at Tnmmu Barragc Chcnab vcrs Jolned by thc

Jhelum Rrvcr Chcnab fuvc s 960 Krlomcters long Undcr thc lndus wate.s trcary the
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wetcr of Chcnab ls allocatcd to Pakrstln and aftcr lndus thrs rs thc strongcst rivcr of

Peklstan

The Rav fuvcr also known as Parushan, or lravatr. Hydraotcs ln Indtan Vedlc. and an

ancrcnl Grccks fuver Ravl ongmatcs from Hlmalayas ncar Charnba ln Hlmachal

Pradesh Statc, nonhcm lndia lt flows ln lndran PunJab south-west rcglon and flows

bcsrdc wllh rndo-Pak bordcr and enlcrs lnto Pakrstan and mcrgcs wrth Chcnab The

Icngth of Rlvcr Rrvr rs ncarly 720 krlomctcrs long and rn Pal<rstan lts length rs 675

lilomctcr On Rrvr Rrvcr Important Engrnccrrng's hcadworks arc constructed cg

Srdha end Ballokr

Sutlel fuvcr rs also known as Rcd Rtvcr and rt rs 550 kllomcters long It flows through

northcm PunJab erc. ofPakrsn and Indi. Thc loc.hon ofsutlcJ is east ofthc ccntral

Sulclman rangc in Pakistan, south ofthc Hindtr Kush and north ofthc Vrndhya Rangc

scgmcnt of the Hlmalayas On Sutlcj knponant Enginccrlng Barragcs arc consfillctcd

c g Sulemanki Berragc lnd Islam Btrragc

3.2 Basic assumptions of Low streamflow Analysis

Therc arc dlffcrcnt fundrmcntal assumptlons which arc csscntlal ln Low Strcamflow

Analysrs Thc rcason for lhcsc ,ssumptlons ls to tcst obsrrvatlons fo'

statlonarity/rndcpcndcncc and Homogcnclty Thcsc assumptions arc chcckcd for

varlous t)?cs of mfomatlon for all lntcnts and purposcs for Lo$ streamflow

Analysrs, rarntalls. d.y spclls end so fonh Trmc scrrcs plots arc uscd to chcck trend

bchavror rn thc collcctcd hydrologtcal data for dlffcrcnt ttme Pcnods. Mann-whltnc)

lcsr to chcck homogcnctty, Llung-Box Q tcst to check thc stahonanty and also

rndcpendcnce, whrle Kcndall's tau tcst also for lrcnd analysrs For cxamplc scc Laux
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at el (2001), Zardmrn at cl (2002), Ahmad ct al (2014, 2015 & 2016) and Sadrr ct al

(2016) wcrc uscd thcse icsts for statronaflty/indcpcndcncy and homogcnetty

3.3 Sclection of Perrmeter's Estimetion Mcthods

For thc cstimatron of par.mctcrs, thcrc arc somc techntqucs rncludtng thc MOM,

MLE, L-momcnts, Tl-momcnts, LS, Gcnciallzcd Mcthod of Momcnls (GMM),

Maxrmum Entropy (MENT), Mlxcd Momcnts (MIXM), and Incompletc Mcans

(lCM) Rao ct al (2000) Thc MLE ts gencrally consrdcrcd as the most cmclcnt

tcchnlquc, bccausc lt providcs thc mmtmum samPllng varlance of thc estlmatcd

paramctcrs as comparcd to othcr tcchnlqucs But tn thc prcscnce of outlter. small

srmplc size and lrrgc numbcr of pararnctcr MLE glvcs lnapproprlatc rcsults and also

brasrd estlmatcs For thc parrmcter cstlmatron another mdhod ls MOM whlch ls

rclatrvcly simple for calculatron Thc MOM $ not cllictcnt as comparcd to MLE

method in thc casc of largc number of pammcicrs of the dlstrlbutlons In the prcscncc

of small samplc stzc thc highcr ordcr momcnts may bc exficmcly btascd Hcncc, as

thc outllcr obscrvatron and small samplc slzc has cxtEmc cllcct on thcsc mcthods. wc

necd a robust mcthod of cshmauon to rcducc thc cffcct of outllcrs on thc cstlmatcs

Thc L-moment mcthod Hoskrng (1986).rc more robust rn thc prcscnccs of outlrcr

observatron and small sample slze as comparcd to othcr mcthods Howcvcr our data

contain extrcmc obscrvatlon and small samplc slza thcrcfore wc usc thc L'momcnt

mcthods for cshmatlon

3.3.1 Mcthod of Lincer-Momcnts (L-Moments)

As lmcar momcnts havc bccn defincd by Hoskhg (1990). L-momcnls arc

cxpectatlons of ccrtaln tmcar combtnallons/a@ngcments of ordcr stattsllc Thcy can

bc cxplarncd for any random varlablc that has finltc mcan 'Lct
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X,'X,' ..X,bc thc mndom samplc of magnltudc r, wrth

cumulatrvc dr$nbutron Functron F(X) and quantrlc funchon x(F) LcL h , 
= 

X2 , <

, . < X, r bc lhe ondcr stetlshc of random samplc For thc random

vafl.blc X,lhc rtt populetron Lincer momcnts" as cxplarncd b) Hoskrng ()990) rs

X., 3

," = :x=l(-1)* (;')t (x,-r,)

A1= E(X1)

^"=!Eu""-x,")

h=:E(;.3-2x23+\3)

L =!E(x11- 3h 1+ 3x21+ h;)

Thc L-momcnts rrtlo hes dcfincd as'

r = 72141

13 = 13/12

Ta= 7aD,2

r = 1,2, .,. (3 3 l.l )

(3312)

(3 1r3)

(1 3r4)

(llr5)

(3316)

(1 3r7)

(3318)

In thc abovc mcntloncd cquatrons .i, rs hcasurc of loc.tron, ,12 rc variance, 13 and .i.

arc hrghcr ordcr moments Whcrc !s r, 13 and t4 rcprcscnts Lloear_coefficlcnt of

variatlon (L-CV) , Linear- Skcwncss (L-Skewncss) and Lrnc.r-Kunosls (L-Kurtosrs)

respcchvcly.

3.3.2 Estimetion of Lincar-Momcnts (L-Moments)

ln practicc, L-momcnts nccd commonly bc cstrmatcd aftcr a random samplc druwn

from en anonymous drstribuhon As ,, ls a mcanlng of the cxpcctcd ordcr statrstrcs

of a sample of srzc r. "Lct t7,x2, , . ..x^ bc thc samplc and

23



CHAPTER 3 MATERIAL AND METHODS

xt^<rzn<x3^< ....< rrn ls thc ordcr siatlstlcs ofthc samplcs thcn

wc can dellnc lhc rrhs.mplc L-momcnts".s by Asqurth (2007)

,, = ix=. [:;=le!(ff!XJ],,. r=7,2, (3321)

By usrng Wang (1996) dtrcct cstrmatron mcthod ofL'momcnts. thc first four samplc

L-momcnls

arr dcfincd as

,, =x=,[r-1J (3322)

(3r23)

(3324)

(332s)

,.=ir:,[Qo,r ],,"

,, =;x=,[}Iffil:(J]".

r. = ir" . 
(';'F3(';'X';'):3(';')(';')-(";') r, 

"t1 - .z-t-l (:)

Thc samplc L-r.tros arc dcfincd as

t, = 
l'/1.

I1 rs the mcan ofdlslnbution, t ts llncer cocfficicnt of venatlon' t3

and t. rs lnear kunosls

(1 12 6)

(3327)

(3328)

rs Lncar skcwncss
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3.3.3 Relationship betwecn Probebility Weighted Moments .nd L-

Moments

L-Moments as ltncar functron of Ptobablllty Wclghtcd Momcnts earllcr dctcrmlncd

by Grccnwood ct.l (1979) as defincd by Hoskrng (1997)

.t
M0.,,= Elxe lF (x)\'{ r - r(r)}sl = l"ro rti' (t - F(x))' dF , r=0'1,

lfdistflbution funchon F(r) = u, thcn thc quantllc funclron Is r(u) and

Me.,r= Elz(u)pu'(\- u)sl = lo1 x(u)'u'('l - u)' du , r=0,"1,

For a distnbulron r(u) ts a quantllc functlon. thcn Probabrllty wclShtcd N4omcnts are

a, = Mt,o,, 
^nd 

Pr = Mr,,o

a, = fixQt)(l -tl'du r=0,1, (3331)

P, = [: {ooi' du t = 0,7' (] I l

Thc rclaltonshrp bctwccn Probabllity Welghtcd Momcnts and L-N4omcnls

2)

ts as

follows

l,i = (-l)r Li=op;nan

^.u 
= Ll^=oP].^ 0^

whcrc P;.m = (-1)r-'(;)(,.;-)

Thc first four L-Momcnls and Probabrlrty wcrghted Momcnts arc rclttcd

(.1 I 3 3.)

(rll4)

(333s)

as follows

(3336)

7z=ao-2a-29r-0o (3 317)
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13 = do - 6at + 6a2= 6P2 - 6h + Po

7+ = do - 12at + 30d2 - 2Oa3 = 20h - 30P2 + 12h + Po

Thcn lincar momant ratros.

r = 72/71

13 = 13112

(3338)

(3339)

(333r0)

(333 rr)

(3 13 12)

(1 343)

(1 14 4)

3.3.4 Estim.tion of LMoments by Probebility Weightcd Moments:

Lctxlr<12h<13n

to tnrtratc wrth an cstrmator of the

cstrmator of4 rs

bo = n-1 l','=1x, n

tr=n-tli=rfrx,,

b,=nuLi*t@-x^ ,trt^

and rn gcncral

-l tn (./ -1)(J-2,(J -3)
,=.+1{n_1xn_2xn-3)

S r, n bc thc ordcrcd saflplc It ts approprlatc

probabrlrty wcrghtcd momcnt B' An unbrascd

(3 14 1)

(33421

wherc r = 0,1,2, n-1
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For an asccndrng scrrcs of r. t e xr < a2 < t1 rn, wrth xt as thc

lowest and rh ts lhe largcsr valuc, thc rth L'Momcnt of t (ir) (Hosklng l990' Parrda

ct at , t998) car bc dcfincd in tcrms of the hncar combrnatron ofthc Probabrlrty

wcrghted momcnts as

By uslng cquattos (3 3 4 6)-(3 3 4 t) w. can calcul.tc thc L-Cocfficrcnl of Varrancc

(L-C,) = (t), L-Skcwncss (L-Sk) = (13) and L-Kurtosrs (L-C,.) = (t.) dcfined by

l2=2bibo

h=6bz-6bfbo

l,=20b2-30b2+ l2b; bo

t=12/lr

h=ht12

t.=l1llz

3.3.5 Four Perrmeters KAPA DISTRIBUTION

(3345)

(3346)

(1 347)

(1 348)

(3349)

(33410)

(3 l4ll)

By usrng lhc 4-P K.ppa drstribullon wrth thc L'Momcnts proccdurc' on thc l0 days

Annual Mrnrmum flow scncs (AMFS) collectcd from Paklstan flood Commlsslon

bclwccn 1940 and 2013 et 9 g.uging sutrons tcross P'krstan wrll be uscd rn thts

study to achrcvc rcltable quutllc cstlmalcs, csPcclally at hlghcr rclum Pcrlods As

othcr estrmation mcthods llle MOM rnd MLE provtdcs cxtrcmcly blased hlghcr

quantile rn lhc prcscncc of small samPtc and outllc6 The R packagc ls used to

eslrmatc thc paramctcrs of four paramctcr kappa dlslrrbutlon for cach sltc of stud)' as
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rt producc dtffcrcnt shapcs of dlstnbutlons by changlng lts shapc parameters Four

paramclcr KapPt dtstrrburron wlth a probabllity dlstrlbutlon functton, cumulallve

drslflbutron funclron and quantilc funcrlon dcfincd by Hoskrng, 1994 as

(x) = c(-1 {1 - k(r - {)/4)i-r{F(X)1-h

F(x) = t1 - h(r 'k(x - il tq.)i-\;

(335 r)

(3352)

t- r-rt'r^tr
.r 1F,l = g+< Ili---l-'L (1 153)

lvhcrc { and a arc thc loctlion and scalc par.mclcrs. h and k dcnotc the shapc

puuamclers of thc 4-P kappa dlslrtbutlon Mcthod of L_momcnts ls used to estlmale

lhe paramcters of four paramctcr kappa dlstnbutlon The Kappa dlstrlbutlon ls a

gcncrilrzcd dlsftbutlon and ll produccs many dlslrlbutlons, lf lts shapc paramctcr

values arc changcd For cxamPlc, when h=0 and k + 0 lt bccomcs gcncrallzed

Exlrcmc valuc drstrlbuhon(CEv) lf h='l and k * 0 il bccomcs Bcncr'hzcd Logrstrc

distflbunon(CLo), rf h= I and k = 0 Ktppa drstrrbutron becomcs 
'n 

2-p cxponcntral

drstflbutron(2P Exp). slmtlarly whcn h=l ard k l0 Gcncral'zed Parcto

drstnbulron(GPA) aflscs Parrda (1999) and Ahmed ct al (2013) uscd 4'P kappa

drstributron for thc modchng ofmonsoon ralnf.ll
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CHAPTER 3 MATERIAL AND METHODS

In the cuncnt study, kappa dtstnbuuon produccs thc followlng four dtstnbutlons

T.btc 2 tmD otd6lhbuhon5 gcncrcd b' rhc.l-P gcncnl-d K.ppad6rDbu on

3.3.6 Gcnerelized Extremc Vrlue DistributioD

Thc probabilrty distributron function, cumulatrvc drstnbutron functron and quantrlc

functlon of Gencrelzcd Extrcmc Value drst butlon arc wrth parametcrs€. 4 and k

Hcrc'f'rs locahon parametcr, rs'a'scalc para paramcter and'k' rs shape paramcter

f(x) = 6-r"=1t-x1y-"-v _,acx<{+dfy Lf k>O

Whcrc

-€0<r<6 Lf k=0

l+qfu<x<a Lf k<0 (1 361)

(-k-llos(l - k(x-t)/dl k + 0
y=l('(-O/d k=o

(

Shape Drctrtbuton I(4
k

0 +0 3-P gcncnerahzed cxtreme valuc f(x) =q-' e=O-k)t-'-Y
.I +0 3-P gcnerahzed logistrc dlstnbutron d-rc-<7-k)y

f(x) = (1+ e-v)2
I =0 2-P cxponentral drstnbutron f(x) = q-tem{-G - u)/a}

I +0 3-P gcncrahzcd parcto dlslrlbutlon

| (x') = q-1s lr-*)t

F(x) = a-c-t (1 16 2)
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Thc probabrlrty drstnbutron funchon, cumulativc drstflbutlon functron and quantrle

functron of Gencra|zcd Log,slrc Drstnbutron arc wrth paramcters f, a and k Herc 'f'

rs locahon paramctcr, rs 'c' scalc para peramcter and 'k' rs shapc paremcter Rangc of r

ts as undcr

I - al't-r-toorllIt+* k+0x(/r, = ( k

It -dlos(-losF) k=0

3.3.7 Gcnerrlized Logistic Distribution

-cl<x<{+qfp f k>0

-@<r<60

{+dfp<zca tf k<0

f@="i:#!

F(x)=1/(t+e-y)

(3363)

(-k-ltoslt -k(x-O/al k + 0
where y=|Q-t)/a k=o

(

, k+o
k=0

,rD=fi*
(i-

alr-{(t-F)t

alog[])

F)r

(3 3 7 I)

(1372)

(3373)
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3.3.8 Exponcntial Distribution

Thc probabrlity drstnbutron functton, cumulativc dlstnbuhon

funcuon of Exponcnhal Drstnbutron erc grven as under

{(lower endpomt of drst)anda Ls scdle parameter

functron and quanulc

Its two paramcters

(338r)

(3382)

(338r)

(3391)

(3392)

(3393)

f (x) = a-t cxp{-(x - a) / q)

F(x)=1-expl-(x-t)ld)

x(F)=t-qlos(l-F)

f(x) = q-rc-(:-k),

F(t)=l-e-Y

I(F)

f<.t<co

3.3.9 Generrlized Prrcto Distribution.

Thc probabllrty drstflbullon function, cumulalrvc drstnbutron funchon and quantlc

functon of Gcncrahzcd Parcto Dlstnbuhon wlth paramctcr {(locatlon), q(scale)

and k(shape). Rangc of r rs f < : 
= 

e, + a 
f k f k > 0 and { < r < co rf I s 0

d<x<B

_ [{+a[l -{(\ -F)lk /k,
U-aloc(1-F)

k+0
k=0

3.4 Comprrison of ihc Probebility distributions using Goodn€ss-of-fit
Criteria

The Sclectcd dlsl bution modcls arc also fittcd to thc obscrvcd l0 days AMual

Mrmmum flow sertcs (AMS) by goodncss-of-fit tcsts, Andcrson-D llng test. and

Kolmogorov-Smrmov tcst On the basrs ofthc rcsults of thcsc tcsls we wrll bc able to

dctcrmrnc whlch drstnbutron rs bcst fittcd to thc currcnt dala among the four selectcd
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drstnbutrons. For cxamplc sce Palynchuk and Guo (2008), Calcnda cl at (2009). Laro

ct al (2009), Haddad and Rahman (201 l) rLnd Bcskow ct al (2015) wcrc used thcsc

tcsts for goodncss-of-fits Wc arc also usrng L- mtio draglam to confirm the

drstnbutron thal ls bcst fittcd to thc currcnt data

3.5 Quantiles of Best Fitted Distribution

Aftcr cstlmatlng thc paramctcrs of bcst fised drstrlbutlon wc havc to find out the

Quantrlc cshmatcs corrcspondmg to dlffcrcnt rctum pcflods (T) Annual low flows do

not occur wrth any fixcd pattcm wlth rcspcct to tlmc or magnltudc Thc relatlonshtp

bctwecn retum pc ods and occuncnce of an cxtrcmc cvent (c g amount of low flow

lcss than or equal to somc thrcshold value.t a srtc) may be cstablrshed through

probabrlrty of occurrcncc of T year rctum pcnod cvcn! t.X<ar F(Q)=

notatron of gcomctnc random venablc as P(Qr< = 1-| whcrc P rs

(3 5 r)

(3s2)

(353)

Whcre. q rs some thrcshold value. undcr whrch low flow wrll occur Thc abovc

cquatron rs thc basis for cstrmanng thc magnrtudc of a low flow Equatron (3.6 2 to

3 6 5) ls thc qu.ntrlcs functrons of GEV. GLO, CPA and Exp drstflbutlons By usrnS

thcse cquations wc will find quentrlc cstrmates for dlffcrcnt retum pcnods

P(Qr < s) = t - P(Qr> s) = 1 -;

l, , dlt-GtosF)kl
r(F) = l5 

f-
It - alos(-losF)

(. . all-lrr-FlFt*
.t(F) = ]( 

-r i
({ - alosi-r}

x(F)=l-alos(7-F)

k+0
k=0

k+O

i<=0

(3s4)
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x(F) =d. +(p - d)F (3s5)

The quanhlc functron of thc probabrlrty distnbutlon shows thc magnrtude of an cvent

rn terms of non-cxcccdancc probsbrllty as wcll as cxccedance probabrlfy (whatevcr

wc prcfcr bccausc total probabillty rs unrty. and randorh vanablc has two categoncs

''occur or not occur") For cxamplc, a 5 ycars retum pcrod evcnt yrelds a probabrlrty

of exccedancc (occurcncc of low flow) cqual 10 0 2 and thc probabrlrty of non-

cxcccdancc ls 0 8 and thc corrcspondrng quantilc value rs bascd on "P" probabrllty

and thc sclccted distnburrons (GEV. cLO, GPA and Exp )
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CHAPTER 4

Rcsults end Discussion

4.1 Basic Assumption:

Bcforc wc cxamrnc thc informahon, at first wc check thc basrc assumptron of l-ow

Strcamflow Analysrs whrch ,rc st trona ty. homogcncrty and rndcpcndcnce of thc

valucs To bcgin wrth wc apply trmc scncs plot to idcntrfy the pattcms rn thc l0 days

Annu.l Mlnrmum flow scrres (AMSF) Thc AM strcam flow of all 09 srtes

dcmonstratcd that thcre rs no cflicrcnt bounccd or pattcm. So we concludc that thcre

ls no consistcnt lncEaslng/dccreasrng trcnd rn thc dlta of 09 srahons of Pakrstan

Trmc seri.s plots ofall statrons arc shown rn thc fig 4 I to 4 9 Ncxt for Statronaity,

homogcnclty and rndcpcndcncy wc rpply LJung-Box Q- Slahstrcs, Mann-Whrtney U

and Mann-Kcndall tcsts respectrvcly

4.l.lTime Scries Trcnd Anrlysis

Thc llmc scrrcs plots arc lmportant tool of stahstlcs whlch arc used to observe thc

pattcm of rnconsrstcncy in a tlmc scfles date The graphrcal asscssmcnt rs always

useful to provlde ! basrc hrnt about thc l*cly nalure of the scqucncc when thc data

ofthc samc varlablc ovcr a long run ls rccordcd, and thcn rt rs hard to dctermlne any

trend or pattcm Howcvcr, thc graphical display ofthe same dau pornts makc casrer

to spot trcnds Thc trends arc vcry signrficant as thcy can bc uscd to plan rnto the

futuc Thc pnncipal assumptron of Low stream flow Analysrs ls statronanty.

homogenelty and rndcpcndcncy whlch suggcsts tha! thcrc would not trc any pattcm

conduct rn thc collcctcd hydrologrcrl data for drffcrcnt lrmc pcnods Tlmc seflcs plols

ofall ninc sltcs rrc drawn by usmg l0-days low stream flow lnnuel data
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Frt 4 I 'I rmc scncs plor ot Tarbcla

Frg a 3 Tmc $ncs plol ofKaldash

Frg 4 2 Trmc s.ncs plotof No\{h.E

Frg a 4 Trm. scn€s plor of Chashm.

!

:!I
I

it
I
I

I

I

I!
:!
I
I

Frg 4 5 T'mc s.ncs plol ofsukkur

Frg 4 7 Trmc s.n.s plotof T.unsr

Fr8 4 6 Tmc s.n.s plot of Mangla

',/'\l1A/
Frt 4 t Trm. scfl.s plol of Guddu

U^^,rA,./Al,
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I
!
I:i!
!
I

Frr 4 9 T'mc scncs plol of Mtr Ir

Thc Trmc Sencs plots prcscnted ln Flgurcs 4 I ro 4 9 show thrt the scncs of all nmc

(09) srtcs h.vc unrform rncrcasrng/dccrcasrng trcnd whrch rndrcate that thcre rs

raodomncss rn thc obscrvatron ofsltcs and thc trmc scrics data rs sEhonary

4.1.2 Mann-Whitncy U Tcst (Test for homogeneity)

Thc Mann-Whrtncy U tcst (1947) a non-parametflc tcst and rs uscd to chcck the

homogcncrty whethrr thc two samplcs n1 afld nz draETl from populattons havrng

rdcntrcal drst butrons To carry out tcst first wc arengc thc obscrvetron rn asccndng

ordcr of ma8nltudc thcn aslgn thc ranks 1,2,1, n1 +n2 to thc arrrn8ed

obscrvahons Wc add thc ianks grvcn !o s3mplc I and samplc 2 scparatcly and dcnotc

the aggEgatcs by P end Q rcspcctrvcly For both samplcs wc find thc values of U as

fallow

n, fn, + 1)
ur= ntnz + a-- p

n,(n. + 1)uz=atnz+a:-Q

(4 t 21)

(4 1.2 2)
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We sclcct the mrnlmum velue calculatcd for U1 and U2 as thc valuc for U statrstrc for

Mann-Whrtncy tcst Wc rcJcct our null h,,pothcsrs if thc calculrted value of U that rs

mln[U1,Uzl < thc smallcr vrluc or f lrrgcr valuc grven rn tablc

Hypothcsis

Ho PopulatroDs havc thc rdcntlcal dlstflbution

Hl Populatrons do not havc thc ldcntical distnbutron

Levclofsrgnrficance

cr = 0.05

Thc tcst results togcther wrth conclusron drewn of.ll ninc (09) sltcs are shown rn thc

followrng tablc.

ble4lRcsultsofM

From thc abovc table, rcsults show thet thc hformatlon ofAnnual Avcragc Low Flo\t

ofall (09) nrnc statrons arc consrstcnt rnd rdcntically drstflbutcd

4.1.3 Kcndall's tau Tcst (fest for iDdepcndence/Stttionrity)

Thrs tcst is bascd on rank corrclatron method It was devclopcd by Mauflcc Kcndall

(1938) h rs a nonparamctnc test whrch is cmploycd to estlmetc thc mflucncc of one

csrrmatcd quantlcs on a.othcr end vrcc vcrsa Thrs tcst rs also uscd to check thc trend

ovcr tlmc rn thc date scflcs (obscrvat,ons are erthcr rncrcaslng or dccrcasrng

consrstcntly) Thrs tcst pornls out thc dlrcctron of thc trcnd whcther rt ls posltlve or

aDle

Sit.s P-vrluc Rcsult Conclu!ion Hotnoscncitv
Trrbcla 006 P'valuc >0 05 Acccpt Ho
Nowshcra 0 7t9 P-vduc >0 05 AcccDt Ho Homogcncous

Kalabaqh 0 949 P-valuc >0 05 AcceDt Ho Homoscncous
Chashma 0101 P-veluc { 05
Taunsa 0 201 P-valuc >0 05 AcccDt Ho Homogencous
cuddu o 352 P-valuc >0 05 AcccDt Ho Homop,cncous

Sukkur 0 953 P-v.luc >0 05 Homoacncous

Mansla 0 890 P-valuc >0 05 AcccDt Ho
Marala o 29',1 P-valuc >0 05 Homogcneous

37



CHAPTER 4 RESULTS AND DISCUSSION

ncgatrvc Such trend analysrs arc rcqurrcd to chcck whcthcr obscrvatlons arc

tcmporanly strtronery, whlch rs basrc assumptron ofLow flow Analysls appllcatron m

cnvrronmental scrcnces. The proccdure ofthc tcst is as follows

Hypothe!i!

lL therc rs no uend in tle scrrcs

Hr therc rs trend rn the sencs

Lcvcl ofsigltificrncc

o = 0.05

Tesl Strlistic

4D

Hcrc

(41 3.1)
n(n - 7)

D= numbcr ofdrscordant parrs

n= Semplc szc

Thc tcst results togelhcr wlth conclusron drawn of all nlnc (09) sltcs arc shown m thc

tablc 4 I

T.bl. a 2 Tcsr R.sulb ofK.nd.ll s lru l.n

Sltc (au p-vrlua Rcsult Conclusron

Tarbcla -0 14 0 2438 p-valuc >0 05 Acccpt Ho

Nowshcra -0.0283 0 55057 p-valuc >0 05 Acccpt Ho

Kalabash -0 072 0 33002 p-valuc >0 05 Acccpt Ho

Chasrnia -0 152 017374 p-valuc >0 05 Accept Ho
Taunsa -0.I35 0.t4612 p-value >0 05 AcccDt Ho

Guddu -0 2 0.060932 p-valuc >0 05 Acccpt Ho
Sukktrr -0 032 0.87639 o-valuc >0 05 Acccpt Ho
Mangla 0 0601 0 6046t p-valuc >0 05 AcccDt Ho
Marala -0 t09 0.50471 p-valuc >0 05 Acccpt Ho
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From the ebove table thc rcsults dcmonstratc thal thcre rs no pattcm prescnt m thc

data sc cs ofAnnual Avcragc Low Flow ofall nlnc srtcs

4,1.4 Ljung-Box Q-Strtistics

Thc LJung-Box tcst is dcvclopcd by Ljung and Box (197E) which rs modrficatron and

cxtcnsron of Q tcst carllcr dcveloped by Box and Prcrcc Thc LJung-Box tcst

pcrformcd wcll as comparEd to Box lnd Plcrcc tcst It ls dcslgned to chcck the

statronarlty h trmc sencs data Thc proccdurc of LJung -Box tcst rs es follows

HypothcsN

H" Thcre ls no autocorrclatlon m thc data scrrcs

pr=o, pr=o, pr:o pk=o

Hr Thcrc ls problem ofautocoficlarlon ln thc data scrlcs

L.vcl of!ignrficrnc.

o=005

Tc!t St.tistic

a=

n(n+z)L!=,fr

n= samplc srzc

h= numbcr of lags

Pf = samplc autocorrclatron at lag ,t

(4 7.4.1)

Hcrc
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rbl. a.J lasl R.sults

Sites LB P -v.lue Rcsult
Tarbcla 0 621 0 570 P-value AcccDl Ho
Nowshcra 4 737 0 r39 P-vrluc AcccDt Ho
Kalabash 5 040 o 321 P-valuc AcccDt Ho
Chasrhha 12.673 o134 P-vrluc AcccD! Ho
Taunsa 1t 959 0 615 P-valuc AcccDt Ho
Gnddu l6 833 0 695 P-veluc AcccDt Ho
Sukkur 14 324 0.708 P-valuc Acccpt Ho
M.nPI. 6 308 0 457 P-valuc AcccDt Ho
Merala t 055 0 532 P-vrluc Acccpt Ho

Thc tcst rcsults ofall nrnc (09) statrons rndrcated no autoco[clatlon rn the data serlcs

Hcncc fic data senes of Annual Avcmgc Mrnilltum Low Flow of all nrnc stahons

rndcpcndently distrr butcd

4.2 Linear moments rnd Lincar moments ratios

Llnear momcnts and Lrnear Inornents mhos of 09 sltcs are calculatcd by usrng thc R

softwcrc The rcsults arc prcscntcd rn rablc 44 Thc values of ltncar momcnts and

lincar momcnts ratios wrll bc used for thc calculahon ofquanblcs functton for thc four

sclccted distnbutlons by usmg Method ofL-momcnts

It rs obscFr'cd from thc

flows, while Kalabagh

Iable 4.4 that Sukkur srtc has thc

has thc largcst avcrege mrnimum

smrllcst avcrage mrnlmum

flows The 12 rangrng from

T.b|.4.4 Lrncd mom.nts lnd Lln.& mom.nts ntros
5t.tlon I I i. t1 t

13650 00 zEll 2184 -274 236 169 6862 o 20fi 4 0914 0 0603

6960 377 1107 3294 51 9013 ala 27AA o 15q) 0 0559 0 1609

21136 53 3774 6229 652 8643 389 9608 0 17t5 o 1729 0 1033

12609 30 44't4 6401 -183 550 273 2417 0 3548 -o 0410 o o510

14390 00 2918 0460 -349 26t 51157E2 0 2071 -0 1196 o 1753

15555 56 4716 6667 789 0805 2812899 0 3031 o 1677 0 0s96
823 5135 614 516t 15t 9127 150 8738 o 7467 0 5721 o 2617

s761102 2m3 3302 295 9482 185 5839 0 38E1 o 7411 0 0926

1465 3t4 s910769 7 4461 0 6220 o 4074 0 0131 0 0010
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597 0769 to 4116 666?. 13 ranging from -349 261 to 789 0805, l. rangrng from

0 622to 5ll57E2 Now comparing thc rcsults oflcv from tablc 4 4 wc found that the

srtc Nowshera hes thc smallcst L-cv 0 t59 and tha slte sukkur has thc largcst L-cv

07462 Th. r.ng. of t3 rs-0 1196to0.5727lndofta rsfrom000l to 0 2617

4.3 Selection of Best-fitted Probability Distribution

Mcthod of L-momcnls rs uscd to csrmatc thc paramctcrs of four perametcr kaPpa

dlstnbutlon Thc Kappa dlstnbutlon rs e gcncrallzed drstrrbutron and rt prodtrccs many

dlstributions, iflts shapc paramctcr velucs arc changcd For cxample. when h:0 and k

I 0 rt bccomcs gcnerehzcd Extrcmc valuc drstflbuhon(GEv) lf h=-l and k I 0 It

bccomcs gcncolrzcd Logrstrc drstributron(Gl-O). tf h= I and I = 0 Kappa

drstributron becomcs an 2-p exponcntral drstnbution(2P Exp), srmrlarly when h=1 end

k I 0 GcneralEcd Parcto distnbutron(GPA) a scs Par.mcters of Kappa dr$nbutron

and rts producrng disnbutrons rs prcscntcd rn tablc 4 5

Table 4 5 Porametets eslmales o{4-P Dtstnbuhon
Stotrcn E a k Dtstnbutbn

Torbclo 108@ 08 8235 56 1 dxn o dn3 GEV

6695 50 1241 59 4 00s6 -1d)oo GLO

Koloboah 15581 59 8206 075 0 0003 1Um 2P axo

choshmo 7707 32 12215 65 0 i7u o o(n1 GEV

Tounso 14836 51 298E 22 o 7423 -1MO GLO

Guddu 4137 35 16293 17 0 0m6 100,, 2P axD

Sukkur -9977 50 883019 0 0@8 1dm 2P.xp
Monglo 2229 71 457811 0M2 10000 2P.xp

-346 0!) 3529 10 0 0190 10000 GPA

From thc tablc 4 5 and accordlng to thc abovc mcntloncd condltlons of kaPPa

drst burron, CEv rs best fittcd drstributron lor Tcrbale and Chrshma, CLO ls bcst

fiftcd for Nowshcra and Taunsa. 2P cxponcntlal d,strrbuhon rs best fittcd for

Kalabagh, Guddu, Suklur and Mangle whrlc GPA drstnbutron rs bcst fitted for marala
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srtc Thc purposc rs not only to spccrry rhc best fincd drstnbutron, but also to detccl

thc distnbutlon that wrll provrdcs corrcct quanhlc cstlmatcs for each srte

4.4 Testing the Goodness of Fit Mersure

Thrcc mcthods havc bccn uscd to chcck thc goodncss of fil mcasurc l c Andcrson

darlmg tcst. Kolmogrove-Smirknov lcst, and L-momcnts mtro dl'graln Actually, herc

we vcnfy the rcsults ofTablc 4 5

4.4.1 Anderson-Drrling Test

Thc AndcBon-Dartrng lcst rs uscd to comparc thc fit obscrvcd

cxpcclcd drstnbuhon funchon Andcrson-Dullng lcst pays c{tra

Kolmogorov-Smrmov Tcst Tcsl statlstrc uscd rn thls tcst ls

A2 = -n -:Li4Qt - 1)UnF(x,) + ln(1 - F(x,-,+l)l

Herc, n = samplc srzc, F : distnbulion funchon

drstnbutron functron to

werght 10 rhc tarls than

(4r r r)

If the calculatcd valuc of ,42 grc.lcr than thc tabulated value wc rcjcct thc null

hypothcsrs at glven lcvcl of srgnrficance By usrng Easy Frt packagc wc calculatc AD

valucs for all candldatc modcls thcn sclect thc drsErbutron hrvrng mrnrmum AD

valuc

4.4.2 Kolmogorov-Smirnov Tcst

Kolmogorov-Smrmov tcst rs uscd to makc ! dccrslon whcthc! two samplcs comc fiom

rdcntrcal populatrons. This rs bascd on thc distribuhon functlon. When wc apply thrs

tcst, wc focus on obscrvcd cumuleovc distflbutron functron and hypothesrzcd

cumulatrve dlstnbutron funchon Lct supposc that wc havc a samplc rr,.xr, xn

lrom a drstnbulron with dlst butlon functron F(x) Thrs tcst follows thc steps as

undcr
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Hypothcsrs

Ho F(x) = Fo(a)for all valtes of r

Hr F(r) + Fo(x)for at LeLst one vofues of x

Lcvcl of srgnlficancc a = 005,

Test Staustlc

o =']P1s{r) - rotr)l (4 4.2 1)

Wherc "D rs suprcmum, ovcr ell . of thc absolutc value of drffcrcncc S(r) - Fo(l)"

D rs thc largcst drlTcrcncc bctwccn F6(.x) and S(r) whcn we graphtcally rcprcscnt thc

two firnctrons Wc wlll rcJcct LIo rt spccrfic lcvel of srgnrficancc lf thc valuc of D

cxcccds thc l-a t.buldcd valuc By usDg Easy Ftl P.ckagc we calculatc

Kolmogorov-Smlmov Tcst values for rll candrdatc modcls thcn sclcct thc dlstnbutlon

havrng minrmum Kolmogorov-Smrmov Tcst valuc

Tablc 4 6 Goodncss offir rcsults
Statrcn
Name

Kolmosorov Smimov Andcrlon D.rlins
2P ttp GEV GLO GEV Gto

0 2035 0 0t3 010t1 01114 6 1956 0 a25/r 0 507't 0 rll4E

0 31rr2 o 0572 o 0556 0 0436 10 517 0 1092 01195 0 23s2

00710 01547 0 0459 0125a 0 2909 3 4151 0 L12 01t11
o 2197 01101 011t9 01206 6 7t57 0 5517 0 6359 0 7133

0 302t 01a56 o lftt 0147t 5 0249 o 5221 0435t o 62a2

01232 01566 01391 01a17 0 aolz 2 a191 0 fi92 0 619a

01tt3 0 3@0 01932 0 3047 a 2693 5 6E3 a 4642 lD 192

00!29 01t51 0 o9l7 01040 0 2901 o 5271 o 1704 0 6.19

0 2035 01114 010t1 O ID93 6 1966 0 alrtt 0 507a o 12Sa
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4.4.3 Linerr-MomeDts Rrtio Diegrrm

Lmcar-momcnt .aho dragram rs based on thc rclationshlps bctwcen L-momcnt mhos

of thcoretical probabllity dlstnbutlons md data samples L-momcnt ratro dragram ls

used to dctcrminc the best fitted drstnbutlon using data Thrs rs srmplest mcthod to

find out thc bcst fittcd dlstnbutron Hcncc, from thc L-momcnl ratlo dlagram thc

rdentrfrcatlon of parant drstributlon can .lso bc achlcvcd The assocratrons among

r36nd r4are uscd for the four sclcctcd drsrlbution contarnrng CEV, GLO, GPA and

Exponcntral uscd in thrs study. For cach dlstrrbuhon thc samplc L-moment rahos takc

thc rangc -l S x3 : I For tils ntcrvel, 74 ls comprrtcd for the four sclccted

drstnbutlon usrng thcrr rclalronshrps wlth 13 Then the samplc L-momenl rattos arc

plofted m thc dlgrdm as (r3, r. ) the drst bution for whrch lherr L-momcnt ratros are

closc to thc valucs ofsamplc ratros arc consrdcrcd to be thc bcst dlstnbutlon for finlng

thc observcd data Thrcc pammcters dlstrtbutrons are prcscntcd wrth lmc and two

pammcters dlstnbutions prcscnted wrth dots In L-ratro dragram L-momen(s ratlo

dragram / plot for all nrne srtcs arc shown rn Fig 4 I
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l- rt-o
_ i,tr

.l-o

t{E

Frg. a.l L-momcDt rrtio dilgram for nrnc !itas

4.4.4 Best fitted distributions besed on AD Tcst, Kolmogorov-

Smirnov Tcst and LMRI)

Accordmg to thc rcsults of AD Tcst, Kolmogorov-Smimov Tcst (Teble 4 6) and L-

Momcnt Ratro Dl.grm (LMRD). wc concludc that CEV dlstnbutton ls bcst fittcd for

two sltes, GLO dlsl butlon ls bcst fittad for two srtcs, and CPA dtstrtbutton ts bcst fit

for onc sltc whcrc as Exponantial distnbuhon is bcst fittcd for four sltcs

4.4. Quentiles Estimrtion and Rcturn Periods

Thc quantilc cstrmates q^(F) wrth rctum pcrrods and non-exccedance probabrhhcs

for cach srtc arc prcscnted ln Tablc 4 7 calculatcd by uslng h.ear moment proccdure
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Quanhlc cstlmatcs has bccn calculatcd for thc best fittcd dlstrrbutlon wh,ch ls

rclatlvcly bcst for thc sltc mcntroncd agarnst thc drstnbutlon For Tarbcla srte GEV rs

thc bcst fittcd drstrlbutron and wc can rntcrpaet lt as, for cxamplc etev = 23788 62

rs the tireshold valuc of flow whlch mly occurs oncc in 500 ycers on thc avcragc ln

othcr words, ficrc arc only 0 2oZ chanccs that tn a rcfum pc ods of 500 ycars, one

hmc drschargc (low flow) wlll bc grcatcr than thc threshold valur 2118862 and

conscquently lo\r flow wlll not occur and 99 8o/o lrc Lhc chances that rn a retum

pcnods of 500 ycars, onc trmc drschargc (low flow) wrll bc lower than the thrcshold

valuc 23188 62 rndrcatrng l silualron of occurrancc of thc drought Herc polnl to bc

notcd is that a 500 ycar low flow cvcnt occurcncc in onc ycar has no effect on the

probabrhty of ft happcning ln ncxt ycar Anothcr way to ntcrprct th thc probabrlrty

ofoccuracncc !t lcast oncc of a T ycar cvcnt ln N ncxt ycars p,v =1 - (1 - p)d The

probabrllty thar 50 ycar low flow wll occur wrthm ncrt 100 year rs pa =1 -
(1 - 1/50)100=0 867 Thcrcforc thc probabrlrty of e 50 ycar cvcnt occumng atlcast

oncc rn ncxt 100 ycar pcriod ls about E77o.

Trbh a 6 Quettlc Brm.tEs forN,n. l.s

'non cxc..d.ncc prob.brl(y F " Rcturn perDds

Owt,lccslmtcs qlh non<i@dec. Dreb.b'l'lr I
105
..2

0t
5

09
l0

095
20

09t
50

099
100

0 99t
500

0 999
t000

ctv 1411217 ltr20l! 19t05 r5 2095179 2t 122 221E0 t9 23rEE 62 23163 31

GLO 6t5t 05 t{,15 { lE 9131095 t03t{ t9 I t51t l9 t2610 3 1504r 3t t61146
ItU9 97 25115 E5 10 926 16202 66 4l llE 5{ r[35 t 95 6050121 65734 6l
t29tE 23 t960191 22719 7 25W1 29 27100 4 24511 16 J0112 9 ll0E E1

GLO I49591,1 [500 5l 20165 46 2201109 21425 52 25012 t,r 21450 35 24352 62
Guddu 12661 51 2t101E5 27E13 32 343E179 11026 63 49565 I 64146 E5 7t2E5 3 t

Sultur 146 3113 t512 499 2a21121 3216 266 4402 a2t 5251316 7232 425 EOE{ 261

3912 tE5 1603 t81 t03E07 t315169 t6E2E 1 t9606 2 t 7605172 2aE3t 7l
CPA D909 45 21t23 06 2105316 3112t 91 3tt11 lr0t6 E6 3964122 10)12 2
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Summrry end Conclusion

l0 days Annual Mrmmum flow analysrs has becn pcrformcd on 09 srtcs of Pakrstan

Thr l0 days Annual Mutrmum flow data was raken from Pakrstan flood Commrssron

Thc averagc mmrmum stczunflows was bcing rncasurcd ln cuscc Thc rccord lcngth

ofavcragc mrnrmum strcamflows vrrlcs from 30 to 74 ycar

Thc avcraga minrmum strcamflows of09 sllcs of PakBtan bcrng studrcd arc located ln

thrcc provlnccs of Pakistan namely Puqab, Srndh and Khybc. Pakhtunlhwa (KPK)

Inrtlally thc basrc assumptions of Low strcamflow enalysrs are restcd by drfferent

tcsts that arc tlme sencs plots. Mann-Whltncy tcst, Mann-Kendall's 1au test. LJUng-

Box-Stetlstrcs All sitcs satisficd thcsc tcsts. whlch mcans that obscrvatrons at 6ny sltc

arc mdcpcndant. stahonary lnd homogcncous Thcrcfore data of all the 09 srtcs werc

uscd for furthcr analysrs

The samplc Lrncar momcnts ard Lrncar momcnts ratros are very uscful for

summaflzrng statlstlcll propcrtrcs ofhydrologrcal datr and cen be uscd for paramcters

estrmatron of drstnbution and choice of bcst fit drstnbution Thc four selcctcd

drstnbutroos GEV, GLO, Exp. lnd GPA rrc bcmg appllcd to thc averagc l0 dlys

Annull Mmlmum flow of 09 sltcs Then the dlstrlbutions are comparcd by usrng

Boodncss-of-fi1 tcsts as Andcrson darlmg tcst and Kolmogrovc-Smrrknov tcst Whrlc

for graphrcal rcprcscntefion of bcst fit drstarbutions, $c L-Moment ratlo dlagram rs

bclng uscd In thrs study ofL-momcnts thc rcsult showed thrt for thc most ofthe srtcs

Exponcntral rs b€st fincd dlstnbutron, followcd by GEV, GLO, and GPA For pohcy

rmphcatron and practical purposcs a! least thesc four dlstrrbutrons can bc uscd for

mmtmum stlcamflows rt thcsc srtcs In thc study quantllc cstlmatcs arc found for that

distnbutron which rs bcst fittcd for that srtc It can bc suggcstcd that gaugrng
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nctworking systcm should bc appllcd end rncrcascd ln thc country to tmprove natlonal

watcr rcsourccs plannlng and dcvclopment Thcse rctum perlods and subscqucnlly

cstrmatcs of quanlrlcs arc vcry slgnrficant m the dcslgn of Hydrologlcal projects

Frcqucncy Analysrs of low flows is of rmmcnsc rmpo(lncc ln water rcsourccs

managcmcnt such as amount of low flow for hydropowcr gencratron. watcr qualtty

managemcnt, dcsrgnlng of mgalion systcm and rmpact of prolongcd droughts on

aquatrc ccosystems rn thc country

Rccommcndetions for th€ Futurc Study

For futurc study thc method of L-momcnt may be compared wrth other

cstlmauon mcthods such as Maximum hkelthood mcthod oa thc Mcthod of

Momcnts

Thc study may bc conductcd usmg othcr estrmatlon mcthods llkc TL-

momcnls, LQ-momcnts. partial L-momcnts and LH-momcnts then eshmated

quantlles can bc comparcd wrth L-momants

The cstrmrtcs of sfudy can bc uscd to asscss thc fcaslblllty of construchon of

ncw wttcr structuics tn futurc
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