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ORQWKO\ 6WUHDPIORZ JRUHFDVWLQJ 8VLQJ &RQYF
LQJVKHQHBKXQJ <RQJ 3HQJ-LBIQUXX:D0QD /L

)DFXOW\ Rl ,QIUDVWUXFWXUH (QJLQHHU'DQIL DRO LIDER ®Q QY H U V L W& KRIQMH FK G
&RUUHVSRQGLQJ DXWKRU <RQJ 3HQJ (PDLO SHQJ\RQJ#GOXW HGX FQ

&RUUHVSRQGLQJ DXWKRU 'HL 'LQJ (PDLO ZHLGLQJ#GOXW HGX FQ

+LIJIKOLIJIKWYV
z 7TKH FRQYROXWLRQDO QHXUDO QHWZRUN LV LQYHVWLIJDWHG IRU PRQW

z 7TKH LQSXW VHOHFWLRQ SURFHVVY FDQ EH DXWRPDWLFDOO\ FRPSOHWHC(

z 7KH SHUIRUPDQFH RI WKH &11 LV VXSHULRU WR WKH $11 DQG (/0 ZLWK

$EVWUDE@WKNVUHDPIORZ IRUHFDVWLQJ LV YLWDO IRU WKH PDQDJHPHQW R
H[SORUHG DQG HYLGHQFHG WKH SRWHQWLDO RI DUWLILFQ DK HQRXHIQ ® IQMA
WKH IHDVLELOLW\ Rl D UHODWLYHO\ QHZ $, PRGHO DBPHOR WHCH I RRQRRIE
PRQWKO\ VWUHDPIORZ 7KH &11 LV D PHWKRG RI GHHS OHDUQLQJ WKH X
LWV VXSHULRU DWWULEXWH Rl DXWRPDWLFDOO\ H[WUDFWLQJ FULWLFI
DWPRVSKHULF FLUFXODWLRQ YDULDEOHV LQFOXGLQJ UDLQIDOO VWUHD
HVWDEOLVK PRGHOV DQG IRUHFDVW VWUHDPIORZ IRU +XDQUHQ 5HVHUYRI
(/0 ZLWK LQSXWV LGHQWLILHG EDVHG RQ FURVV FRUUHODWLRQ DQDO\VL
IRU FRPSDUDWLYH DQDO\VLWH?RB HHW RUH DY FHY \VFHGWKIHW K VHYHUDO V\
HYDOXDWLRQ PHWKRGY 7KH UHVXOWYV VKRZ WKDW &11 SHUIRUPV EHWW
ORUHRYHU &11 VKRZV EHWWHU VWDELOLW\ LQ IRUHFDVWLQJ DEFXUDF\

.H\ZRUBRQWKO\ VWUHDPIORZ IRUHFDVWLQJ DWPRVSKHULF FLUFXODWLI
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FROQYROXWLRQDO QHXUDO QHWZRUN

1 , QVURGXFWLRQ

/IRQJ WHUP K\GURORJLFDO VWUHDPIORZ IRUHFDVWLQJ KDV EHHQ FRQV
DQG PDQDJHPHQW RI ZDWHU FRQVHUYDQF\ DQG K\GURSRZHU SURMHFWYV
JLYHVY ZDWHU PDQDJHUV VXIILFLHQW WLPH WR DOORFDWH ZDWHU WR GLI
PHFKDQLVP RI UXQRIl JHQHUDWLRQ FOLPDWLF YDULDWLRQ WKH HIIHFW
WKHP ZLWK GHVLUDEOH DFFXUDF\ 7KHUHIRUH IDYRUDEOH(YaRéepEtA.HUP V
2016)

'XULQJ WKH SDVW IHZ GHFDGHV QXPHURXV PHWKRGYV KD {ZkangedtllQ GHY
2015) 7RKMPRGHOV FDQ EH FODVVLILHG LQWR S K(Sdhay Bn0 SHRSaM2U14Y QL BDOD\
SK\VLFDO PRGHOV KDYH WKH DGYDQWDJH RI DVVLVWLQJ WKH SK\VLFDO
SK\VLFDO HTXDWLRQV SDUDPHWULF DVVXPSWLRQVY DQG WKH YDULDEOH
GHVLJQHG D QGWURBAOHRR@EYYaseenetal. 200€ WD GULYHQ PRGHOV ILQG UHODWL
VWDWH YDULDEOHYV ZLWKRXW H[SOLFLW NQRZOHGJH RI WKH S&hMbahiDO EH
etal. 2016) 'XHWWRHLU DGYDQWDJHV LQFOXGLQJ VLPSOLFLW\ LQ GHVLJQ DQG L
DQG UIDKRWHK OHFFXUDF\ WKH GDWD GULYHQ PRGHOV DUH EHFRPrasggenLQFUF
et al. 2016; Adamowski and Sun 2010)

&ODVVLFDO UHJUHVVLRQ WHFKQLTXHV VXFK DV DXWRUHJUHVVLYH PRC
PRYLQJ DYHUDJH $50%$ PRGHO PD\ EH WKH HDU O L térdcastiRgrorahavy &b 8¢eK D Y H
2000; Montanari et al. 2000; YU and TSENG 1996%o XW WKH DVVXPSWLRQV RI VWDWLRQDU\

FDSDFLW\ LQ FDSWXULQJ WKH Q¥ageed ¢t@2019) B W WHHWKR RH WKW N DGFPUOR E D F N
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WKH DELOLW\ LQ QRQOLQHDU PDSSLQJ KDYH EHHQ YDVWO\ GHYHORSHG C

7KH11LWQH Rl WKH PRVVOUSREBXODHW H{QPBXHV VLWBN BWHHMHQ DY¥S®IHBG L
DUHDV RI ZDWHU UHODW®W\HG VYW VH D b F&KRSS DR M Afdn et al. 2020rRZHY HU
$11DOVR KDV VRPH GUDZEDFNV $V DQ HIDPSOH WKH GHWHUPLQDWLRQ F
UHTXLUHV D WULD@Oz@uiKsi P004) R/ 15 68 6 HBVMR(SHDMHHIGITLY D PRUH DGYDQFHG
ZKLFK LV EDVHG RQ WKH SULQFLSOH RI VWUXFWXUDO ULVN PLQLPL]JDWL
PDFKLQH DQG WKHUHIRUH B HRHAHNYWANKHOSK HERF HQ PRGHO KDV JDLQHG
PDQ\ UHVHDUFKHUVY DQG EHHQ DSSOLHG WR VIN ét Bl2DOsRZAmSutitHeE . 20Vl Q J Z
Shabri and Suhartono 2012)+RZHYHU WKLV PHWKRG KDV WKH GLVDGY DXWDKHV
FRPSXWDWLRQDO EXUGHQ $V DQ HPHUJ(HQahgreoah Y0061k M $00 @ R W& W R UG
WKLV PRGHO WKH LQSXW ZHLJKWYV DQG KLGGHQ ELDVHV DUH UDQGRPO\
WKH OHDVW VTXDUHV PHWKRG 7KHUHIRUH LW KDV D IDVW OHDUQLQJ V!
PRGHO RYHUFRPHV VRPH GLVDGYDQWDJHY LQFOXGLQJ RYHU ILWWLQJ DC(
V X1 HU(vddderRet al. 2016 KH (/0 KDV EHHQ VXFFHVVIXOO\ XVHG LQ VWUHDPIORZ
JHQHUDOL]DW (LR&d EDR® FOLD Y48 Q HW DO 'HR DQXWDWKBUH LV VWLC
LPSURYHPHQW /I$NH FRWVHGRMRKGHIOV WKH UDQGRP DVVLIJQPHQW RI ZHLJK!
(Li et al. 2016)

$OWKRXIJK D ORW RI UHVHDUFK HIIRUWY KDYH EHHQ GHYRWHG WR LPSL
XS WR GDWH WKHUH KDV EHHQ QR DSSURDFK WKD {Hu Bt2IQ2@2 % KALRHPYHHWW K H VE
RQH PRGHO RXWSHUIRUPVY RWKHU PRGHOV LQ RQH FDWFKPHQW PD\ QRW
EH FDXVHG E\ VRPH FRPSOH|[ SK\VLFDO SURFHVVHV WKDW FKDUDFWHUL]I

G D W (r&sdan &t al. 2019; Fuetal. 2020 LYHQ WKLV VLWXDWLRQ LW LV QHFHVVDU\ IRU
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UHOLDELOLW\ LQ VWUHDPIORZ IRUHFDVWLQJ RI QHZO\ GHYHORSHG PRGH
Rl DQRWKHU $, DSSURDFK &11 IRU PRQWKO\ VWUHDPIORZ IRUHFDVWLQ.
SRROLQJ DQG IXO0\ FRQQHFWHG OD\HUV DQG WKXV KDV PXFK GHHSHU
DOORZV &11 WBNHPWODFHWDMWXUHY ITURP WKH LQSXW OD\HU DXWRPDWLFDC
$FFRUGLQJ WR WKH IRUP RI WKH LQSXW OD\HU &11 FXUUHQWO\ XVHG LQ
RU WZR GLPHQVLRQDO &11 QDPHO\ ' &11 DRYROY&HM YHKWRUV DV LQSX
HPSOR\V WZR GLPHQVLRQIOWKWULWVGDVZHQOQSWKHWWKH ' &11 IRU RQH VW
IRUHFDVWLQJ GHMHHBDR/ XUWH N\WWREWLQJ FDSDELOLW\ 7KLV FDSDELOLW\
VHOHFWLQJ DSSURSULD®B UWLIHS RWRKDW. REEKHVWRRRFDO GDWDEWILPH VHU]

'XULQJ WKH SDVW WZR \HDUV &11 KDV EHHQ JHDABXdD &.Q020 H&idar &nQ K\ G
Verma 2018; Chong et al. 2020; Hussain et al. 2020 XW WKHV R NGO HIRFAMKHNG RQ WKH DISSOLFI
(Haidar and Verma 2018 DSSOLHG D ' &11 WR IRUHFDVW PRQWKO\ UDLQIDOO IRU
HYLGHQFHG LWV JRRG FDSDFLW\(ChOnddR & A0ROAE HYHMR BB G DRKHEFROGW L @1 1 |
DZDYHOHW WUDQVIRUP WHFKQLTXH WR IRUHFDVW GDLO\ DQG PRQWKO\ U
VKRZHG WKDW WKH ' &11 FRXOG FDSWXUH SDWWHUQV RI WKH UDLQIDOO \
(Hussainetal. 2020SHUIRUPHG D VWAG\WR IWKHFDVW WKH VWUHDPIORZ IRU IRXL
" &11 WKH ' &11 LV UD U HBuarigtyaH 2080)DIPSMH'GBE 1 WR IRUHFDVW GDLO\ vwuU
IRUHFDVWLQJ DFFXUDF\ RI WKH SURSRVHG ' &11 ZzDV UHSRUWHG WR EH F

ORWLYDWHG E\ LWV DXWRPDWLFDOO\ IHDWXUH HIWUDFWLQJ DELOLW\
DSSOLFDWLRQV LQ VWUHDPIORZ IRUHFDVWLQJ WKLV SDSHU DWWHPSWYV \
PRQWKO\ VWUHDPIORZ $QWHFHGHQW UDLQIDOO VWUHDPIORZ DQG $&)V

DUH XWLOL]J]HG WR GULYH &11V WR IRUHFDVW RQH PRQWK DKHDG VWUHD



99 FRQGXFWHG E\ RWKHHBUY WRGGODWBUH FKRVHQ DV FRPSDUDWLYH PHWKRGV

92 ;LDQJMLDED +\GURSRZHU 6WDWLRQ RI &KLQD DUH XVHG WR YHULI\ WKH I

93 2 TKHRUHWLFDO 2YHUYLHZ

94 21 &RQYROXWLRQDO QHXUDO QHWZRUN

95 &11 LV DQ HIILFLHQW LPDJH SURFHVVLQJ DOJRULWKP *HQHUDOO\ &1
9% QHWZRUN WKH LQSXWYV RI ZKLFKHDIdh &Va.ROZ) PRODNYRQ D@ KHFDUMUDUH DOV
97 &11 VXFK DV RQH GLPHQVLRQDO &11 DQG WKUHH GLPHQVLRQDO &11 $0O
98 LQ WKH GLPHQVLRQ RI WKH LQSXW PDWUL[ DQG WKH ZD\ WKH ILOWHUYV VC
9 GLPHQVLRQRR ¥DOLHQW FKDUDFWHULVWLFV FRDRDWUA E RWIH YRR @ KLH XRQLOT
100 WKHLU ORFDO QHDUE\ QHXURQV LQ WKH SUHYLRXV OD\HU 6HFRQG WKH
100 QXPEHU RI FRHIILFLHQWYV LQ WKH QHWZRUN ZKLOH SUHVHUYLQJMMKH PRV
102 etal. 2018) $ VWDQIGADVGIHQHUDOO\ FRPSRVHG RI ILYH W\SHV RI OD\HUV LQS

103 I XOO\ FRQQHFWHG OD\HU DQG RXWSXW OD\HU DV VKRZQ LQ )LJ
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105 Feature extraction

106 )LJ 7\SLFDO FRQYROXWLRQDO QHWZRUN DUFKLWHFWXUH IR
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7KH LQSXW OD\HU SURYLGHVY LQSXW LQIRUPDWLRQ IRU WK, ZKKLOHVRRX
DQWHFHGHQW GDWD ZLWK WLPH DQG VSDFH GLPH[QD QBQLVVD®HIQHRRASHD RAKIHG
VSDFH RI D PDWUL[ UHVSH®WKHYRIDW ULKHD HB REWVGIWYDWLRQV RI GLIIHUHQ
,Q WKH WLPH GLPHQVLRQ WLPH UDQJHV IURP WKH SDVW WR WKH SUHVH:!
PRQWK GHSHWM)GHW RQIWKHFDVWLQJ )RU WKH RQH PRQWK DKHDG VWUHDP
,Q WKH VSDFH GLPHQVLRQ GLIIHUHQW YDULDEOHV DUH YLHZHG DV D VH

PDWUILF DAEHUHVSHFWLYHO\ ; WIDK) LEHS X WL WIWHQL P V

X1 X2ttt Xig
Xo1 Xpo 0 Xgp
X = ;
Xij
xml -xm2 ot -xmn

ZKHULGHQRWHYV GLIIHWMGH\WW RWHWH WKHHSBHYRGWY WKH QXPEHU Rl WLPH VH
WKH OHQJWK RWW 5P HMKHQW BN X HVR P B W MK ISV U L R G

7KH FRQYROXWLRQ OD\HU LV W KHthidaRaddVeE{d 2018) 7KL ¥ @ANRL D RRR SRV H
FRQYROXWLRQ NHUQHOV DQG DLPV WR OHDUQ IHDWXUH UHSUHVHQWDWL
SDVVHG WKURXJK D OLQHDU RSHUDWLRQ DQG D QRQOLQHDU DFWLYDWLRC

WKH SDUDPHWHUYV LQSMXKVNBQQG&RK WR DWROIXWKRAYD 0 DDBG BEAHVSHFWLYHO

RXWSXWWVKINHKHOHO FDQ EH ZULWWHQ DV
M,—1
oljf(zwljxlk+bl>a je [15Ml]
k=1
ZKHMEY WKH LQGH[ RI WKH FRQYROXW L R/Q \N NAK®IH & DLW HR/F RIGHR @ X R\ELHRL
NHUQBMRHK O PAHILY WKH DFWLY DWLRI@ $XGNN QR DQELDYV LWHP

7KH SRROLQXNVBIB\MR GHFUHDVH WKH VL]H RI WKH RXWSXWV IURP FRQ

PD[ SRROLQJ DQG DYHUDJH SRROLQJ 7KH PD[ SRROLQJ OD\HU VHOHFWYV
6



128 ZKHUHDV WKH DYHUDJH SRROLQJ OD\HU FDOFXODWHY WKH DYHUDJH YDO
129 6LQFH RQO\ RQH YDOXH WKH PD[LPXP RU WKH DYHUDJH YDOXH LQ HD
130 SDUDPHWHUV DIWHU WKH SRROLQJ RSHUDWLRQ LV JUHDWO\ UHGXFHG 7K
131 UHGXFH WKH QHWZREMNWVBDWR REMQWLI\ WKH PRVW SURPLQHQW IHDWXUF
132 ,Q WKH IXO0\ FRQQHFWHG OBMGHUW BH | FRRIDHYQR\Y X WD W @ LDHVG OSHRIRIID QGJH@MDA
133 YHFWRU 7KH RXWSXW OD\HU LVyXWeHeh N RRIQV VWDKK LO/KEW B WY ENSWBWW R B

134 |RUHFDVWHGQ¥FBOWKHYVH SDUD P HW B LW HVE H WHIFRLROW 16 QU Y X@B\O FIRQ HEFD R

135 ZKHQ JDGH@NVH RHFWRU
136 22 $UWLILFLDO QHXUDO QHWZRUN

137 $11LV D QRQOLQHDU G\QDPLF V\VWHP ZKRVH RULJLQDO GHYHORSPHQ\
138 RI WKH KXPRirg eEd).RQ0Q) 7KLV PHWKRG ZDV UHSRUWHG WKDW FDQ DSSURJ[LP
139 R XW S X W (Oi¢h6cki ¥ Br@ahauen 1993; Pashova and Popova 200 HUH DUH PDQ\ Y®®Q P R WIYQRS
140 Yuksek 2008) ,Q WKLV VWXG\ ZH HPSOR\ WKH IHHG IRUZDUG EDFNSURSDJDW
141 WUDLQLQJ RI D %2 \DBAXRDWLO HMEFRRMANSXURFEABVAKLFK FRQVLVWY RI WZR SD
142 SDVV DQG WKH EDFNzZDUG SDVV ,Q WKH IRUZDUG SDVV WKH HQSMXWX QW S
143 DUH REWDLQHG ,I| WKH GHYLDWLRQ EHWZHHQ WKH IRUHFDVW DQG WKH |
144 PRGLI\ WKH SDUDPHWHUYV RI HDFK OD\HU $IWHU HQRXJK LWHUDWLRQV RI

145 WR PDNH IRUHFDVWLQJ FRUUHFWO\
146 23 ((WUHPH OHDUQLQJ PDFKLQH

147 7KK/O ZDV ILUVW SHURSRNAHZROEDY D OHDUQL Q D\OLAUFOH. WKE®GIRQ OD\HU |

148 QHXUDO @Hd\ezd&k @2 7KLV PRGHO H[KLELWYV VHYHUDO LPSRUWDQW DGYDQ
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IRU VWUHDP IO Retld® 2016 DVIWIH JZH SUHVHQW D EULHI GHVFULSWLRQ RI WK
&RQVLGHULQJ D VHW ({RY, WUDLYLQAX, VDPREOHY)} ZKHMHR LV WKH LQS.

YHFWRUWKI WOFH S YHWKH FRUUHVSRQGLIQW \WEMIMLY B WL RAQU IDL@QG& QI WIDFPGHIM V

QHXURQV FDQ EH PRGHOHG DV
P
Zﬂjf(wjxi+bj):yia i:lazp'”aN
Jj=1
ZKHGHYV WKH ZHLIJKW YHFWRU FRQQHNMMW LKQLGW K Q5 IQ@HSOWRM DAH LDIKOWH YV HVIF R/ R

WKWK KLGGHQ QHXURQ WR bV KN RXMSKMDK) KX GRBIIQ IHXURQ 7KH (T FC

POVUL[ IRERED\ZKHUH Yy, y2, . p0) " B= (Bi.f2,-. )" DQKE GHILQHG E\

f(w1X1+b1) f(wPX1+bP)
H= : :
f(leN+bl) f(a)PXN+bP)
7KH VROXWLRQﬁRHWKHKWHWTH)H LV FDOOHG ORRUH 3HQURMWKKHUBRHIQH UD O

etal.2004) )LQDOO\ WKH IRUHFDVWHG YDOXH LV JLYHQ E\
L A
);:Zﬂf(wjxtestTLbj)
Jj=1
ZKHYH LV WKH LQSXW YHFWRU LQ WKH WHVWLQJ SHULRG )RU D PRUH GH
WR WKH YH¥aXidet &.\2006)

24  @GXW VHOHFWLRQ PHWKRGYV IRU $11 DQG (/0

,Q WKLV VWXG\ WZR ZLGHO\ XVHG LQSXW VHOHFWLRQ WHFKQLTXHV F
DUH XVHG WR GHWHUPLQH WKH PRVW LQIRUPDWLYH YDULDEOHYV 7KH FUI

;, DXGRYDU\ OLQHDUO\ E\ FDOFXODWLQJrWKH OLQHDU FRUUHODWLRQ FRH
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Z(xi*i) (J/i*f)
\/Z(fo)ZZ(yiy)z

ZKHWUH, DUH VDPSOH PRGIXHY WKH VDPS®OH VR WE&E PHDQ YDG@XHI RI WK
PHDQV D SHUIHFW OLQHDU FRUUHODWLRQ ZKLOH DQ L Q WyHt0PA-HDL@WWH Y D
XQFRUUHODWHG ZLWK

0, LV D PHDVXUH WKDW TXDQWLILHV WKH VWREFEKDVWLF GHSHQGHQF)\
DVVXPSWLRQV DERXW WK HBaD& & XIU2015} |, W KEHDLQU ADHSO\DWWIHR @ RUH JHQHUDO
Y D U L pQEifyreval. 2016) ,Q WKH EFDVH Rl WZR BQ®FWKMW 8 QEBY. EEHOMNMS UHVVHG D

(Siqueira et al. 2018)

MI(X,Y) => > p(X, Y)log(%)
ZKHURB(MWRHY WKH MRLQW SURED RUO L V@& H QDU M WIKK PWURQRQDO GLVWULE
DQG UHVSHFWLYHQ@\, UBREJIJHVOKHWRZIHH® MN® B =L0Q PLFOD. QM WIKIWU H LQGHSHQC
RI HDFK RWKBQGDUW IGHH SH Q GHIMMK HWALHO O EH JUHDWHU WKDQ DQG WKH

GHSHQGHQFH
25 O0RGHO SHUIRUPDQFH HYDOXDWLRQ

7KH IROORZLQJ WKUHH VWDWLVWLFDO LQGLFHYVY DUH XY GVK RN&i\D ®X D
et al. 2019)

, OHDQ DEVROHWH [ BWHRWHG DV
il - i N
MAE* n ;lem Qobxl

,, S5RRW PHDQ VIFOKHUH[BUHRVHG DV
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RMSE = \/ ¥ 2 Qi = 0in)’
., 1IDVK 6 XWFOLIIH HITURKHG@ES FRWVIHGEG LIH\Q W

N
Z (Q(l;bs - Qsllm) 2
NSE =1— &

> (0h—0u)’

ZKHOH DQ&, DUH WKH IRUHFDV\MVHKGYIDQ(ZHRRVH/\U@J;I;IG[WUV\HO—PIIID\QI—ZUDJH R

VWUHDPIO/RWKH QXPEHU RI WKH REVHUYDWLRQV

3 &DVH VWXG\

31 '"HVFULSWLRQ RI FDWFKPHQWY DQG GDWD

+XDQUHQ 5HVHUYRLU DQG ;LDQJMLDE®BDNMB URSREHUVBRE WA RQUMDHS WD
%»DVLQ ORFDWHG LQ WKH XSSHU UHDFKHV RI WKH +XQMLDWQFKkDYBBWQU&L
DPRXQWDLQRXV HQYLURQPHQW ZLWK JRRG YHIJHWDWLRQ 7KH DQQXDO |
VWUHDPIORZ WRI Pl ZKLFK ODNM2FWRPHU 7KH ;LDQJMLDED +\GURSRZHU
-LQVKDMHDQY RIKLQD V WKLUG ELJJHVW K\GURSRZHU VWDWLRQ IROORZ
,LOXRGX +\GURSRZHU 6WDWLRQ 7KH DQQXDO DY HV DJHGVWHKIHH D BI@RXOL D YW
RI WKH ZKROH EDVLQ LV DERXW PP RI ZKLFK FRQFHQWUDWHY LQ W
7KH $&)V GDWD LQFOXGLQJ YDULDEOHV RRIURWRIGHG E\ W K@D NOLWR IO
&HQWHU &KLQD 7RIJHWKHU ZLWK UDLQIDOO DQG VWUHDPIORZ D WRWDC
GDWDVHW IRU +XDQUHQ FRYHUVY\SD PWRDWIKRQHG LOQWBR QXU I BWODWNWZKL
WKH FURVYVY YDOLGDWLRQ GDWDVHW 7 KHDQBWDK/H W HF W PO QG M

SHULRG RI PRQWKYVY IURP WR DPRQJ ZKLFK WR DV WR

10
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WKH WUDLQLQJ FURVV YDOLGDWLRQ DQG WHVWLQJ SHULRG UHVSHFWL"®

N
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Legend

®  Station location
River

l:l Jinshajiang Basin

l:l Huanren Reservoir Basin

China o A\’ ! At gt

0 375 750 1,500 o
1km

)LJ /RFDWLRQV RI ;LDQJMLDED DQG +XDQUHQ

32 0RGHO GHYHORSPHQW

,Q WKLV VXEVHFWLRQ WKH &11 $11 DQG (/0 PRGHOV DUH HVWDEOLVKI
IURP 0D\ WR 2FWREHU IRU +XDQUHQ DQG WKH PRQWKO\ VWUHDPIORZ LQ
(1) &11 PRGHO
&RQVLGHULQJ WKH UHODWLYHO\ VWURQJ FDSDELOLW\ RI &11 LQ GDWI
HPSOMWBOF®WULY DQG WKXV WKH VL]H RI WKH LQSXW OD\HU LV i SL[HOV
WZR FRQYROXWLRQ OD\HUV WZR SRROLQJ OD\HUV DQG D IXOO\ FRQQHEF!
K\SHU SDUDPHWHUV LQFOXGLQJ OHDUQLQJ UDWBIV EDWPKQ &L]H UBY S H¥KMH.
NHUQHO VL]H LQ FRQYROXWLRQ DQG SRROLQJ OD\HUV DUH GHWHUPLQHG

D *HQHUDWH SDUDPHWHU FRPELQDWLRQV RI PRGHO VWUXFWXUH ZKL
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SRROLQJ OD\HUV 7KH SDUDPHWHU FRPELQDWLRQV DUH VDPSOHG ZLWK N
IURP DQG UHVSHFWLYHO\ DQG WKHUH DUH VHWV LQ WRWDO

E ([FOXGH WKH LQIHDVLEOH SDUDPHWHU FRPELQDWLRQV RI ZKLFK WK
RU SRROLQJ OD\HU YLRODWHY WKH LQWHJHU FRQVWUDLQW

F ORGHO WUDLQLQJ ZLWK IHDVLEOH SDUDPHWHU FRPELQDWLRQV

G (OLPLQDWH UHODWLYHO\ SRRU SDUDPHWHU FRPELQDWLRQV :KHQ C
YHFWRU GLPHQVLRQ ZH RQO\ UHVHUYH WKH SDW3PHYMKARFEDQQ WQRGSQF

,Q RUGHU WR DYRLK RYGIURI GRWLRH VQORH IRU WKH $11 DQG (/0 WKH \
WKH VWRSSLQJ FULWHULD ZKHUH WKH FURVV YDOLGDWLRQ HUURU LQFU}
WKH VFKHGXOHG PD[LPXP LWHUDWLRQV $IWHU WKH RSHUDWLRQ IURP V
WKHVH GLIIHUHQW IHDVLEOH VWUXFWXUHY SDUDPHWHU FRPELQDWLRQ'

FKRVHQ IRU IRUHFDVWLQJ
DEOBIWUXFWXUH SDUDPHWHUV RI &&11 PRGHOV VHOHFWHG IRU P|

6L]H RI ILOWHUV
6WUXF 7KH GLPHQVLRQ RI GHQVH
&RQYRO 3RROL &RQYRO 3RROL
1R FRQQHFWHG OD\HU
OD\HU OD\HU OD\HU OD\HU

A A$11DQG (/0 PRGHOV
JRU WKH $11 DQGLQSXWXHUH GHWHUPLQHG ZLWK && DQG 0, PHWKRG
DUH HVWDE®&VKIH& &L (H) $11 DQG(/M, $FFRUGLQJ WR WKH SUHYLRXV LQW

WKH FRQYROXWLRQ DQG SRROLQJ RSHUDWLRQ LQ WKH &11 LV D IHDWXUH
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SURFHVV IRU WKH $11 DQG (/0 )URP WKLV YL HY\DWKHESFSHWWH FRAEN R \F D R
IRUHFDVWLQJ SDUW LQ D &11 +HQFH WKH QXFEHNLRYH® SRV ¥ H RFR QWKLH
GLPHQVLRQ RI GHQVH YHFWRUV LQ IXO0O\ FRQQHFWHG OD\HUV OLVWHG L
OLVWHG LQ 7DEOH
7R LGHQWLI\ WKH EHVW DUFKLWHFW X U HZha& eVdIK2015) 151 WKH HRIO®IR\H W Bok3 |
PRGHO VWWXF\®XDMG WKH RSWLPDO QXPEHUW WHYHIXUPRQW G E WKWH. & 1 ®OG K4
6SHFELILFDOO\ GLIIHUHQW QXPEHUV RI QHXURQV IURP WR DUH WULHC
YDOXH @$ (WRHNKH WUDLMPDAHGHWLREH RSWLPDO PRGHO )RU WKH (/0 GL
IURP WRQG GLIIHUHQW W\SHV RI DFWLYDWLRQ IXQFWLRQV VLJ VLQH

PRGHO WKDW DFKLHYHV WKH. ¥ PDIOH MR MEHIPGHSRIU@MKG DV WKH RSWLPDO

7DEOMSXW FRPELQDWLRQV IRU $11 DQG (/0
OHWKR LQSXW 1XPEHU F OHWKR LQSXW 1XPEHU F
VHOHF FRPELQLC LQSXW Yl VHOHF FRPELQLC LQSXW YI

& & 0,

R oo oo R
O O O O O o O o

o

4 5S5HVXOWY DQG GLVFXVVLRQV

7KH RQH PRQWK DKHDG VWUHDPIORZ IRUHFDVW SHUIRUPDQFH LQ WKtF
'LDQJMLDED DUH OLVWHG LQ 7DEOHV DQG UHVSHFWLYHO\ $V FDQ EH
16( ORBBU DBG6(ZKHQ WKH QXPEHU RI LQSXWV DEHMWMKDW S B Q R (/P DSUFHV H

ZLWK $11 LQ PRV D NLWXWWHRQWQJMLDED DV DQ H[DPSOH WKHOSWURU L
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DQG LQ506(IURP &11 WR (/0 DQG $11 IRU LQEXPMNERPRBLBWLRQ &
MAEg \ =1030.85 m?/s  MAE jow =1118.96m/s  RMSEcnn =1386.78 m®/s ~ RMSEg \ =1659.43 m’/s
RMSE sxv =1913.02m° /s KHQ XVLQJ WKH O L Q IXWL PRROPDRL QHRPIFOXVLRQ FD
MAEcw =904.52 m*/s  MAEg , =962.03 m’/s  MAE »\ =1152.26m>/s ~ RMSE = 1375.02 m’/s
RMSEg v =1555.57 m*/s  RMSE ,w=1940.13m%*/s 7KH UHVXOWYVY DOVR VKRZ WKDW WKHU
GHFUHDVLQJ WUHQG IRU HDFK SHUIRUPDQFH LQGH[ IRU DQ\ PRGHO ZKL
QHFHVVDULO\ OHDG WR EHRMDMEHUQIRWHBGDW WIVW OWR K H R RCAAHRFIDAW\W EQ X U B W HLW
IRU +XDQUMBQYDIMIKY LQ WKH UDQJHV RI DQG UHVSHFWLYH

7TDEOBWDWLVWLED ORIVHEIDARMWY RI +XDQUHQ E\ WKH &11 $11 DQG (/0

IXPEHU RI LQSXWYV

(YDOXDWLR ORGH¢
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0, (/0

7TDEOBIWDWLVWLFDO LQGLFHV IRU IRUHFDVWYV RI ;LDQJMLDED E\ WKH

IXPEHU RI LQSXWYV

(YDOXDWLF ORGH

0% ( &11
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)L VKRZV WKH GHWDLO RI WKH EHVW IRUHFDVW UHVXOWYV IURP HDFK
REVHUYHG DQG IRUHFDVWHG GDWD DEVROXWH HUURUV IRUHFDVWHG YL
VHHQ WKH IRUHFDVWYV IURP WKH WKUHH PRGHOV DOO ILW ZHOO ZLWK WK
%XW WKH &11 XQGHUHVWLPDWHY WKH SHDNV RI VWUHDPIORZ ZKLOH WKHF
JRU PHGLXP IORZ WKH IRUHFDVW UHVXOWY RI HDFK PRGHO DUH FORVH L

DOO WKH PRGHOV XQGHUHVWLPDWH WKH VWUHDPIORZ
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)L 7KH EHVW IRUHFDVW UHVXOWY DFKLHYHG IURP &11 $11 DQG (/0 IR
D IRUHFDVWHG DQG REVHUYHG YDOXH E DEVROXWH HI

)L LOOXVWUDWHYV WKH EHVW IRUHFDVW UHVXOWY IURP HDFK PRGHO
WKH SHDNV RI VWUHDPIORZ LQ WKLY UHJLRQ DUH PRVWO\ RYHUHVWLPDW

WKH PHGLXP DQG ORZ IORZ WKH DYHUDDHRXMDQ R QGVWIRKW PMHD[ERXPRGHO
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&RPSDUHG ZLWK WKH ;LDQJMLDED WKH IRUHFDVW SHUIRUPDQFHV E\ HDF
DWWULEXWHG WR WKH FKDUDFWHULVWLFV RI WKH +XDQUHQ 5HVHUYRLU
IRUPDWLRQ RI UDLQIDOO LQ WKH IORRG VHDVRQ LV VWURQJO\ LQIOXHQF
PRQVRRQ 7KH LQWHUDFWLRQ EHWZHHQ WKH 6LEHULDQ FROG DLU DQG W
WKXV OHDGYV WR WKH GLIILFXOW IRUHFDVWLQJ Rl WKH ORQJ WHUP VWUH

+XDQUHQ KDV D JUHDWHU YDULDWLRQ ZKLFK PD\ DOVR LQFUHDVH WKH G

17



—— ANN
(a) —— CNN
——ELM
— Observed

1500 ~

[\

[

<
1

900 -

600

Streamflow(m?>/s)

-1500 T

0 ]IO 20 3I() 4I0 SIO 6l0
Time(months, May to October of each year, from 2006 to 2016 )
600
400 -
S
Lp:al200-
0-
‘200 T T T T T T T T T T T
0 10 20 30 40 50 60
Time(months, May to October of each year, from 2006 to 2016 )
281
282 )L 7KH EHVW IRUHFDVW UHVXOWY DFKLHYHG IURP &11 $11 DQG (/0 IRU
283 IRUHFDVWHG DQG REBNHRIOHVGHYBDOXRUVE DQG F 5(¢(
284 7KH VFDWWHU S ORW VcobelatisiH ©OFOH DY AW KRIWOW R HDBHVW IRUHFDVW UHVXO

285 VKRZQLOQ $V VKR)ZQ LQ WKH GDWD SRLQWV RI HDFK PRGHO DUH VFDWWHU

18



286

287

288

289

290

201

292

293
294

295
296
297

IRUHFDVW UHVXOWYV IRU +XDQUHQ DUH UHODWLYHO\ SRRU 1HYHUWKHOH)

D UHODWUYBOXKLRJIQLJ WKH GDWD SRLQWYV RI HDFK PRGHO DUH FRQFF

y=xDQG WKH FRUUHODWLRQ FRHIILFLHQWS$ORMKIROXGWIVE K HVFKIUW K HP R GH OV 11
Fon =0.910 raq =0.929 75y =0.938 LW LIV RQDQG UHGXFWLRQ FRPSDUHG ZLWK W
UHVSHFAMDEYOHO\ SUHVHQWY WKH PHWULFV LPSURYHPHQW Rl WKH &11 FRP:
EHVW IRUHFDVW UHVXOWYV &Q 1D0UED B O O VEKINV RVHHW UW D QR MAKARKM R X HI0IUBIQ G

,LDQJMLDED DOO RI WWKRX WISW U LRYPHWKIEW RR®B11 DQG (/0

)L) 6FDWWHU SORWV Rl REVHUYHG DQG IRUHFDVWHG YDOXHV ZLWKLQ W
+XDQUHQ DQG :LDQJMLDED
7DEOMKH SHUIRUPDQFH PHWULFV LPSURYHPHQW DFKLHYHG E\ &11 FRPSI

PRGHO
6WDW &RPSDUHGC 0$( 506 ( 16( U
+XDQL (/0
$11
'LDQJN (/10

$11
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,Q WKH SURFHVV Rl HYWDEOLVKLQJ IRUHEDVW PRGHOV LW LV QRW HD\
7KHUHIRUH WKH VHQVLWLYLW\ RI WKH PRGHO SHUIRUPDQFH WR LQSXW |
$ ORZHU VHQVLWLYLW\ FDQ PDNH IRUHEDVWY FORVHU WR WKH RSWLPDO -
)L GLVSOD\V WKH RYHUDOO GLVWULEXWLRQ RI WKH SHUIRYPD®@G6(PHWU
VPDOOHU PHGLDQ DQG VKRUWHU ER[ KHLJKW UHSUHVHQW(KL IKHLI BB FPHA
DQG VKRUWHU ER[ KHLJKW VW DD GR 0 RPZRHIH WHIQWVILW LLYQ W | R YRHUF WKW + X D
$11 KDV D KLJK VHQVLWLYLW\ W FDGADKH H ERA VK HFIRIFKEN. QRD VW IDAEGVS HIUWKU P D Q
(/0 KDYH QHDUO\ WKH VDPH EXW EHWWHU VWDELOLW\ WKDQ WKH $11 ,Q F
EHEDXVH RI LWV VP DO HDUEER( PAGLODURHUGERHBUDQKRI;LDQJMLDED D VL

EH VHHQ

)LJ %R[ SORWV RI WKH SHUIRUPDQFH PHWULFV IURP IRUHBD\DWIEGOU HV X
(/0 IRU +XDQUHQ DQG :LDQJMLDED

JURP WKH UHVXOWYV RI DSSOLFDWLRQV LQ +XDQUHQ DQG ;LDQJMLDED
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PRGHOV ZLWK EHWWHU IRUHFDVW UHVXOWY DQG VWDEOH IRUHFDVWLQJ

DQG FDQ EH XVHG IRU PRQWKO\ VWUHDPIORZ IRUHFDVWLQJ

5 &RQFOXVLRQV

$Q DWWWPSW LQ WKLV SDSHU WR H[SORUH WKH SRWHQWLDO RI WKH &1
VWUHDPIORZ DQG UDLQIDOO GDWD IURP +XDQUHQ 5HVHUYRLU DQG ;LDQJI
&OLPDWH &HQWHU &KLQD DUH HPSOR\HG IRU PRGHO WUDLQLQJ YDOLGD
DUH GHVLJQHG ZLWK $&)V UDLQIDOO DQG DVAQEIWAN GRZ BE G DYA® URUH P\®
DV EHQFKPDUNLQJ \DUGVWLENYV

7KH UHVXOWV GHPRQVWUDWH WKDW WKH &11 FDQ EH VXFFHVVIXOO\ D
UHVXOWYV RI &11 $11 DQG (/0 LW LV VHHQ WKDW WKH &11 RXOFHHDWQRUPV
506( DQG KLJKHU6YDIOXKIWRH FKDQJH RI PRGHO VWUXFWXUH RU LQSXW ER
LQRUHFDVWLQJ DFFXUDF\ WKDQ WKH $11 DQG (/0 7KH UHVXOWYVY DOVR GH
IRUHEDVWYV IRU ;LDQJMLDED EXW DUH XQDEOH WR PDLQWDLQ WKHLU DFF
LQ WKLV VWXG\ GHPRQVWUDWH WKDW WKH &11 LV D VXSHULRU DQG DQ
IRUHEDVWLQJ

$OWKRXJK WKH UHVXOWV SUHVHQWHG KHUH DUH HQFRXUDJLQJ DQG W
KDV EHHQ GHPRQVWUDWHG WKH &11 WHQGY WR XQGHUHVWLPDWH RU RY
IRUHFDVWLQJ IRU WKH VWUHDPIORZ ZLWK JUHDWHU LUUHJXODULW\ LQ VI
YDOLGLW\ RI WKH &11 IRU PRQWKO\ VWUHDPIORZ IRUHFDVWLQJ %HVLGH
WZR GLPHQVLRQDO VFDQQLQJ SURFHVV LQ ZKLFK PXOWLSOH YDULDEOHV
DQRWKHU GUDZEDFN WKDW ODFNV WKH FDSDELOLW\ RI LGHQWLI\LBRJ VSt
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VSHFLILF ORFDWLRQ DQG UHTXLUHV IXUWKHU UHVHDUFK

(WKLFDO $SSURYDO
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&RQVHQW WR 3DUWLFLSDWH

1RW DSSOLFDEOH

&RQVHQW WR 3XEOLVK

1RW DSSOLFDEOH
$XWKRUV FRQWULEXWLRQV

<RQJ 3HQJ GHVLJQHG WKH VWXG\ ;LQJVKHQJ 6KX SHUIRUPHG WKH UH\
'LQJ DQDO\]HG WKH GDWD DQG PDGH UHYLVLRQV WR WKH GUDIW =LUX :D
UHYLVLRQV OLQ /L FRQWULEXWHG WR WKH UHYLVLRQV
)XQGLQJ

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO .H\ 5HVHDUFK DQG 'H)

<)& @QG WKH 1DWLRQDO 1DWXUDO 6FLH@FH )RXQGDWLRQ RI &KLQ

&RPSHWLQJ QWHUHVW

$XWKRUV GHFODUH QR FRQIOLFW RI LQWHUHVW
$YDLODELOLW\ RI GDWD DQG PDWHULDOV
1RW DSSOLFDEOH

22



352
353

354

355

356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

References:

Abrahart RJ, See L. (2000). Comparing neural network and autoregressive moving average techniques for the prontsioows doer flow
forecasts in two contrasting catchments. HYDROL PROCESS, 14@#1 12), 2157-2172. doi: 10.1002/1099-
1085(20000815/30)14:11/12<2157::AID-HYP57>3.0.CO;2-S

Adamowski J, Sun K. (2010). Development of a coupled wavelet transform and neural network method for flow forecastipgrehnial rivers

in semi-arid watersheds. J HYDROL, 390(1-2), 85-91. doi: 10.1016/j.jhydrol.2010.06.033

Afan HA, Allawi MF, EI-Shafie A, Yaseen ZM, Ahmed AN, Malek MA, Koting SB, Salih SQ, Mohtar W, Lai SkJr&efr A, Sherif M, El-Shafie

A. (2020). Input attributes optimization using the feasibility of genetic nature inspired algorithm: Application of river flow forecaskegp, Sci
10(1), 4684. doi: 10.1038/s41598-020-61355-x

Babel MS, Badgujar GB, Shinde VR. (2015). Using the mutual information technique to select explanatory variables in antificretnerks

for rainfall forecasting. METEOROL APPL, 22(3), 610-616. doi: 10.1002/met.1495

Chong KL, Lai SH, Yao Y, Ahmed AN, Jaafar WZW, El-Shafie A. (2020). Performance Enhancement Model for Rainfall Forecasting Utilizing
Integrated Wavelet-Convolutional Neural Network. WATER RESOUR MANAG, 34(8), 2371-2387. doi;: 10.1007/s11269-020-02554-z

Cichocki A, Unbehauen R. (1993 eural Networks for Optimization and Signal Processlsil§: Wiley-Teubner, Chichester.

'HR 5& 0DKLQ O $Q H[W U H Bddl forkthb simulaGod d? Mdntly @éanstreamflow water level in eastern Queensland.
ENVIRON MONIT ASSESS, 188(2). doi: 10.1007/s10661-016-5094-9

Fu M, Fan T, Ding Z, Salih SQ, Al-Ansari N, Yaseen ZM. (2020). Deep Learning Data-Intelligence Model BasedstedAdjtecasting Window

Scale: Application in Daily Streamflow Simulation. IEEE ACCESS, 8; 8, 32632-32651. doi: 10.1109/ACCESS.2020.2974406

Ghorbani MA, Zadeh HA, Isazadeh M, Terzi O. (2016). A comparative study of artificial neural network (MLP, RBF) and support vector machine
models for river flow prediction. ENVIRON EARTH SCI, 75(6). doi: 10.1007/s12665-015-5096-x

Hadi SJ, Tombul M, Salih SQ, Al-Ansari N, Yaseen ZM. (2020). The Capacity of the Hybridizing Wavelet TransformationtApfitbdzata-

Driven Models for Modeling Monthly-Scale Streamflow. IEEE ACCESS, 8, 101993-102006. doi: 10.1109/ACCESS.2020.2998437

Haidar A, Verma B. (2018). Monthly Rainfall Forecasting Using One-Dimensional Deep Convolutional Neural Network. IEEE ACCESS, 6, 69053-
69063. doi: 10.1109/ACCESS.2018.2880044

Huang C, Zhang J, Cao L, Wang L, Luo X, Wang J, Bensoussan A. (2020). Robust Forecasting of River-flow Based on CoiN@lusibnal
Network. IEEE Transactions on Sustainable Computing, 1. doi: 10.1109/TSUSC.2020.2983097

Huang G, Zhu Q, Siew C. (20@1-01). Extreme learning machine: a new learning scheme of feedforward neural net@@dks IEEE, p 985-

990. doi: 10.1109/IJCNN.2004.1380068

Huang G, Zhu Q, Siew C. (2006). Extreme learning machine: Theory and applications. NEUROCOMPUTING, 70(1-3), 489-501. doi:
10.1016/j.neucom.2005.12.126

Hussain D, Hussain T, Khan AA, Nagvi SAA, Jamil A. (2020). A deep learning approach for hydrological time-series pradietsenstudy of

Gilgit river basin. EARTH SCI INFORM. doi: 10.1007/s121a26-00477-2

Imrie CE, Durucan S, Korre A. (2000). River flow prediction using artificial neural networks: generalisation beyeatibitagion range. J
HYDROL, 233(1-4), 138-153. doi: 10.1016/S0022-1694(00)00228-6

Kuang D, Xu B. (2018). Predicting kinetic triplets using a 1d convolutional neural network. THERMOCHIM ACTA, 669, 8-15. doi:
10.1016/j.tca.2018.08.024

Li B, Cheng C. (2014). Monthly discharge forecasting using wavelet neural networks with extreme learning machine. Science Chiggcakchnolo
Sciences, 57(12), 2441-2452. doi: 10.1007/s11431-014-5712-0

Li S, Goel L, Wang P. (2016). An ensemble approach for short-term load forecasting by extreme learning machine. APPLENEREZ9. doi:
10.1016/j.apenergy.2016.02.114

23



395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

434

LIN J, CHENG C, CHAU K. (2006). Using support vector machines for long-term discharge prediction. Hydrological Sciences Journal,-51(4), 599
612. doi: 10.1623/hysj.51.4.599

Montanari A, Rosso R, Taqqu MS. (2000). A seasonal fractional ARIMA Model applied to the Nile River monthly flowsaat MAATER
RESOUR RES, 36(5), 1249-1259. doi: 10.1029/2000wr900012

Mozo A, Ordozgoiti B, Gémez-Canaval S. (2018). Forecasting short-term data center network traffic load with convoaurahaletworks.

PLOS ONE, 13(2), €191939. doi: 10.1371/journal.pone.0191939

Ozgur Kisi MA. (2004). River flow modeling using artificial neural networks. J HYDROL ENG, 9(60§;360-

Pashova L, Popova S. (2011). Daily sea level forecast at tide gauge Burgas, Bulgaria using artificial neural networks. J SEA RE5166(2),

doi: 10.1016/j.seares.2011.05.012

Quilty J, Adamowski J, Khalil B, Rathinasamy M. (2016). Bootstrap rank-ordered conditional mutual information (broGldhjingar input

variable selection method for water resources modeling. WATER RESOUR RES, 52(3), 2299-2326. doi: 10.1002/2015WR016959

Sahay RR, Srivastava A. (2014). Predicting Monsoon Floods in Rivers Embedding Wavelet Transform, Genetic Algorithm and Neural Network.
WATER RESOUR MANAG, 28(2), 301-317. doi: 10.1007/s11243-0446-5

Samsudin R, Saad P, Shabri A. (2011). River flow time series using least squares support vector machines. HYDROL EARBTH B{(&T
1835-1852. doi: 10.5194/he$5-1835-2011

Shabri A, Suhartono. (2012). Streamflow forecasting using least-squares support vector machines. Hydrological sciences journal 12B3), 1275-
doi: 10.1080/02626667.2012.714468

Siqueira H, Boccato L, Luna I, Attux R, Lyra C. (2018). Performance analysis of unorganized machines in streamflow fore&aatiiigrof

plants. APPL SOFT COMPUT, 68, 494-506. doi: 10.1016/j.as0c.2018.04.007

Vapnik V. (1995).The nature of Statistical Learning TheoBerlin: Spring Verlag.

Wu CL, Chau KW. (2006)valuation of several algorithms in forecasting fldd@13ed.): Adv Appl Artif Intell.

Yaseen ZM, Jaafar O, Deo RC, Kisi O, Adamowski J, Quilty J, EI-Shafie A. (2016). Stream-flow forecastingtosing karning machines: A

case study in a semi-arid region in Iragq. J HYDROL, 542, 603-614. doi: 10.1016/j.jhydrol.2016.09.035

Yaseen ZM, Mohtar WHMW, Ameen AMS, Ebtehaj |, Razali SFM, Bonakdari H, Salih SQ, Al-Ansari N, Shahid S. @@l&hentation of
Univariate Paradigm for Streamflow Simulation Using Hybrid Data-Driven Model: Case Study in Tropical Region. IEEE ACCESS, 7, 74471-
74481. doi: 10.1109/ACCESS.2019.2920916

Yaseen ZM, Sulaiman SO, Deo RC, Chau K. (2019). An enhanced extreme learning machine model for river flow foBtatestifithe-art,

practical applications in water resource engineering area and future research direction. J HYDROL, 569, 387-408. doi:
10.1016/j.jhydrol.2018.11.069

<OOPD] , <XNVHN $* $Q ([DPSOH RI $UWLILFLDO 1HXUDO 1HWZRUN t&84d ROGKISSOLFD
MECH ROCK ENG, 41(5), 781-795. doi: 10.1007/s00603-007-0138-7

YU P, TSENG T. (1996). A model to forecast flow with uncertainty analysis. Hydrological Sciences Journal, 41(3), 327-344. doi:
10.1080/02626669609491506

Yu P, Yang T, Chen S, Kuo C, Tseng H. (2017). Comparison of random forests and support vector machine for rdai-tieréveal rainfall
forecasting. Journal of hydrology (Amsterdam), 552, 92-104. doi: 10.1016/j.jhydrol.2017.06.020

Zhang X, Peng Y, Zhang C, Wang B. (2015). Are hybrid models integrated with data preprocessing techniques soitatitdyfa@treamflow
forecasting? Some experiment evidences. J HYDROL, 530, 137-152. doi: 10.1016/j.jhydrol.2015.09.047

24



