Z’::’;V;_,’»ﬁ:::ﬂ'ﬁ:
SB 5 of cblis glaiags alxe
IFAR (o, 5,lond (pdiin als
www.gau.ac.ir/journals

Yl (90 30 (saos1d 0,97 p 30 (531 I (ygm ¥ 5 gy 8 9,5
Jolwio S gy plw b T amslio g (5 gy (slao s

TWI0LL dans 5 a8 ada ol 5 ol o) gaaan”
5 s o830 (T dign 5,8 Al i IS a sl 15T 038 g oS3 syl pl 5 855 05 8 Lol
38 o83 (ol ign 09,8 Slused’
AV : s 30 s AVONT 3l 5 5

oSy

5 el O e slasisn Ollb 5 Olaasian (5t OS5I (S (oo all slaesls
ble 5l o JKae Sl [ asss gl 5 el Lacj.la Sladlas @l:j ool 5y Cels
ol 23Y pl by il e 53l dles l diBl e 3 domn sS55I 6 ek (slaelSan] <
Sy odiaS laesly ez gl gadae sla Sy 0 S G by b w Gl asly ol
o O S sl i) L aslie 5o (63U o O S5 By oS Rasn cnl 53 sl
WVlw 3 g3lsb s 55 Jle s s 5 Slaaties s (i) 50 phtedir O S5 o3l
L i ol 53 ol 45 13 ol 3500 S5 0l 50l 4 6 et slaolSans
05,5 V) B L3 S 05,LS 4 (5ol oSl TV s (oliel G o5 5 eslinl
536t Gk 5l Ol slie daelagl s ledalin slaesls (gas G 51 e S5l
el S5 la iy 6l o i e Dl e sl (o Ske Sl o5lal 5 43 S 550 5 e
Olpeas oslw s Oge S5 iyl plo el Cowss W/ 5 VYA Y)Y/ V0 AV/EY L
6L st Oge S5 gy eamen A ooly yaseid AVl oo slaesls (s3lasl s 5 S
AS bl 4l e ol s s slaesls (5Ll g £ Co gl Ol gea

358 50 4 Yl 2o dmesls (g3lusl ediaS laesls (530 st O gen S5 isnbelS sloo 3

jsadatinejad@kashanu.ac.ir 315 J e ©

1y



Ao

S SO a5 L A3l e 3 3550 Ll slaosls (555 550a Dlallas 4l 5 Ll
Gl 03,5 e asile kY waS baals gy s dibe (58N g slaesls Lol s atasy
ol 38T s e (Al e BT (S o3Il glaelKaws oy o 51U ol 5 ble Ll Gds
Dde B 56l S e Sy 31 G35 5 IS slaesls s el (555,55 5 03V Laesls
5l glaa s JalS 5 s s il 568 55l corpe s s 3l 5 Dlalllas
(Tert al3S ) 53,8 o g b sl 5 36 ey Sl

Sla s 3l (SSdssias 5 bl adax 5l il glsesls ST 5 3lesl ¢l 2
s gla tgy 5l (S5 bl sy SCudS sla s, cpl 51 odn oS 355 oo eslinal il
G oy me o) gy 4 0155 0 SIS (la sy oz 3l ol onlizl PP
s $Sd g, dm Ol e Ao sl s Sl s Slasie e 5 o O5en S5 Jle S
3 ge5 0 L3l (30 O S5 5 (30 Glae (8 s

Lo bl posmart 02 (ol Ol & sla a8 s S edalin Calises wlie oy L
Dlal aed 53 5 i 48 S s slaiass 5 Sl 48 S s S5 Sl sk
s oLl L a3l alaise 4 byl s 4 Al e ulidlsa

Bl @Bl ol b oKl Wl Yo o5 S LT Sl eslinad L (VAAQ) SLissho 5 o3lsle
ladie 5l aallae sl 53 ds S aladledd sl aibis s, ool Sl W5 a4 s VG
S 5 s S5 ) S 5 e S5 Gadae 5l el 0 o3l (g le) SanlS s
O (S35 S3hs0n 5o s 208 JIsa e S5 51 s s ASOle 0 oS e
diwve s dlw 0n el g mwss Jie 035 s gms o bl 55 .08 8 15 eslizal 3 4o
i edalie (6l ime SOl e Gl oy b aSs S 55 ek sl alts s (ol

Ol s 9Vl ik sbaesls (g3lasl ciliie oty bl anglis 55 (148Y) sl lsls
ol ol (o33l (o, Vool sly Ol (51 a 55 B cp e e shaiea Olghol
e S5 5 e piiedir ot O S5 sl it 05 S5 latie e il Cnd S pne
3 sllmde 5 Sis lan Bl 6l 1) b ol g angle (pl 53 a5 sl 18 ) 0550 1)

2yl e S Sl Olpea Sistaas ol Gl b opmitedir o O S5 )

A



Oy Ko g 3155 F1slw dlgaww

S Sk ol ladls (bl s laeas i S O el b o () U
Slas s glabd dye a |y oSl 84S L 5 cpl a sl slgin |y 5 S Slmis 5 (Slamin S
Oy o8l GBI 53 1 ol £ 5l (S0l 5 o0 b slls 45 5 8 s suman
Sl n o 50S ol ol b amion S ool £ a  lamincSS 25 3 3 S bl Sl
Olomio gy 53355 0 55505 soMs ol 05y o) (5,0 5 b a ar 5 L5 AS o 5 see
oKl (gl sl (g palie Calises VL= 3 5 0l 0305 sa amin G oK) a8 5, Ko
Wl s iy Jold (3wl sla iy b Ly e Gy ol )55 m 3550 Ll 36
Lonlg 338 anlie o pinedr sla Stewes 55 S o Stad vy o W L (Soan
e oy |y piie a5 b (Stes 55 Lol 5l alools 4 4 5

Lty 5l o bl eSS ke 558 O el b 53 0888) Clilr slie Olukige 8,2
534S a0l L Hsloes glaolKial eVl 5 alale blas slis o o2 & 5 ot Sieces
Ol 4 55 ol 00 Lol 3 bl a3 S eslized 1l 13 wlive SO i (glaes s
da O b il U515 sy se glaodsp Jowe 53 (A3l ks sl 5 3 S IS 5
oS LT a8 leolKaisl bl 55 el 4 odesli S (gl 55 as ] o anslis 5l L4,
o 5L axdllas 3 i eslizal anils 35 3 sdoee oDl &S bl 5 asl U5l gl ol
Wl 625 gl Ll s s go Lol SlaDst w3y g W g5 233 Oleeny

blis s S5k bl s (3Ll cilksre sla sy G Slamslie (Yrr8) 031554
(Jatems e ¥ 5 Y ) o g S5 sla s b 655 0 50 ailaie s il Slej e
S ol VA [y late ol ey sl el bl s sla iy 5 abols adoms oS oy o
s olal oy Yo Gl b s 8§ bl 5 St g 5 el (bl b YV 655 SO slls
WVl ey ablia )3 (o san I sbml) 5 5 dlo s oS Sladle o S3los sba oS
48 5l3 QL RMSE [lae b bl sl s 8 (530l ol sl (oLl (gDt wilale 5 Load
Olgmeas 35090 Ao y3 OV/Y 3 M%F}Lﬁﬂb)})‘}ﬁ L5 VAT s dle 5 cas B,
S sl Olis Ao ) mhaw s testudent O3l L T o Grmes Al Sh) el
b 5l SeS 5 lads gladlw (sl 5 A pslie 5 515 S Laib gladle 55 3550

S glodalin

S



ol sl s g i oaanl oL e ¥ Ll Sleslizad L (VAVY) s s LY
nl S ks S1E s 3550 Ogemn S5 Soas 3 esliinl b s 20l e 13U 55 o315
Gl o3 W5 e VWl gllast o ys € (glls ol 55 (glaesls 48 sls 0L j2ass,
el 2Bly slaesls b slale

lbs doys U s 5 ool bl bl 3550 53 1 Sles s m 5IUT 5 (1440)
il ilin J g3 LG 5

Ly (630 Glate 3l eslinal gy 03 5dde sla Syl s3basl sl (Yoo o) OLSa 5 o
e 355 Wl dlad 3 wly (awins 0L ol a3 o5 Sl 5 (8 5n e slaeSC
G5pS sl L1y odd (o5 (glaesls (K3 (i) 53 4 S (536 Glate oS 513 0L mls sl I 3
LS o 5550

Los cmasd Sl O S5 5 ((S318) dhols jsdme (oS o5y 53 51 (Vo0 8) O 5 5
Ly ool wolie 5035 bl i 53 cal 5 055 eslinal sbes (laslKal ula
ot e 5l s dlols (2 o LOT i3 500 aglin 0315 e (5, e3101 alis
Ot S5 o 48 Ldow) o opl @0 5055 dslns |y Slatnns 5 Silatans glallex
lacKanl sl S (635l 5 3 e el u.(.gljf o 3 Sewle Sl S 18 s
AL 0 OISL gy e Sl alls WS ST sl g

355 55 Ol g 53 (Sl Slallas S8, ey sl 0Ll Jiass il g 51 S £ S 0len
o 5 s s g Slalllas 5 5 4 S Oy (SOSsode gleesls eSS s glasl
ols polazt iy Les ( SUU5L dhaxr Sl wlidlin (a8l gbaosls oSG 5 5lasl fsdse o
534S i Glew 5 La s, 51aas S 00 Jhash ey 03 oo p s adllas sl cpl e
gl 534S ol glsesls (3lasl 5o LIS sl Sl el eslinal Bl gla el (5Ll
23,5 ealinal O o (5 e 53 el 4B S (6 S mns

ol b e s 50550 T 5 eslizad 5550 bl pl op Sage 31 (S O S5 o
3L (S cdean 5l 5l A 3l Slaalis glaesls ulud p dde oyztle o] plas

(5\)[-9(5“&9}49:&6)}5 coﬁw‘bjyéuw &L\Juk:”:&]a:e_}w)f 240 LSL‘!(":“"‘.‘."")L}L"

Ve



Oy Ko g 3155 F1slw dlgaww

oo Al e (3L Sy pae mlp Sl eslinad b gledie S ebie 10l 050 S5 ko s
S35 Glaas sazms (555 olal o (36 g S5 5 VLl 8 il ol 0o 5
Grrin O gmne S 5 o 5 Sldalie glaosls fr Slawloes glas (golel O S5 Lo 3 .o
Jie Sl 035 (536 Olie D pmts ot (56 O S5 55 Js Sl Jle b w555 b (Bolas
1 53U laas gazms oalin 18470 Jl s e3l3 il JU ndsl gl (Yoo el 5 Kx) il e
Jeelsl 53 (V470 cosl3) 313 slgnins 5o S5 sladde s |y (3 slaesls 31 slas 318 558 Ol
B a5 50 (Rl Calad Ol5a) 3l Gt ld Ol il 288 0 50 b (656 0 S
5 plasl (30 O S5 il gladie (o slaaslie o (VAAY (1K 5 SUL) =3 8
e laanslie 0888 Iy 5 03L) ol sl o) Ldl 5 Jsams 5 (30 050 55 sliS &
1 lalllan ol s S ool (¥ 1) gl 5 Sy Jays S poms g S5 5 30 0 5
0438 (S5 ases pske 55l (3l b Lt gladle ss Lsls 28 (YerY) 5o S 5 sl
SALL 5 glame Oladlles 4 Ol 5 0wy cpl 53 Sl 0 a S S0 calies glaas o
(YN ) OLLSen 5 50 5 (ot Osam S5 Sl oalial b Sl Jlasl wl 5 25 e 5o (Yo 07)
G a5 5 el 353l 355 53 (Y00 A) 0L 5 315041 5 6lis g,y 0L i S50 03
2505 0Ll (50 O g S5 Sl ealinal b ity
e 3 aS ol gl gla g 5l aS (636 O S5 s Sl edd e addllas ol s
laesls (s3lasl 55 0T 33 5 555 eslizal (3Ll ns 55 43,5 13 eslizal 3550 (55 45,48
DB s 3050 SR ol 53 4Ol (gl 5 ek Jslaie Sbabss ple b 0L (0
slasKal =3 ¥l laesls (g5lasl s (530 OJ?-""J;) oo wUls bl casl el esls
=3 bl sl 5Ll = sl banlis o Sox 058 pl ad s (5 g dn

.L;bwgw)}m)dufw‘cw.backdﬂjg)ulj).lguulif
W g, g dlge
G il sla has anslie iasn cul 5l s oS bl Sl aadllas 3,90 3l ad g B jae

cﬁr‘)\ Ja.:b_& C}_J auWwL)a.A S) 40 03 9>es g_)l;r.?.:‘)b Sl ng;'.a_}).l?h 6\.&43‘30}?&.{5

\A



IFAR (£) o)loud ((IY) W> SB 5 Of Cbilis iRy dle

S S5 008 pal ad e padge ol w5 LS8 e bl Sl 5 S 5
el slas s s 8 Ol addllae ol plonil S oSl 33 5 050 Slaas s Jexte
A pLdlar Sla e a5 L)l 515 Sle o 815 Slelil 515 55 0508 5 5 slaailay,
i3> 0 5ax dYE L aRds Y yaz oV 5 B0 dsb adds Ve 5 a3 0Y B adds Ve 5 ax o
5SS Ol el b Sl 53 45 53l (1 JS0) Jdl o s sutme ek (25
Al o Slallas p s adlais 5l pslex g p s sbaad s Olssa
Laslisg,) 2 5 ool slaasli 55 (6 o den ol AV S5 0,18 albsy, 4 3
S sla byl 5 Sl o ble (Laailssy, u_.a;g.j Lol ol 53 el ol WU
Saal e 53 03 ailragy an bgse ad s ool 53 bl 3 GV sk s e (5 Sesll O
Cd 5 6 Sesldal ol ascTYYA a5l 5 o e Sl s SLT YWY Jl 51 &S sl
IV ladlo st oiaryl ¥ 5 o Judand ool Yo slisd olaegl AT il 51 ol 0k
laaa siin Blad a 55 5 05,8 laasbisg, 5o ol slaas = Lledis S WL YV
sdal Vs 53 Ll lia s a5 Wleds LS85 b 3 A 31 (5 dssden 5 i 5 2

G

s 3,50 50 51 4 g Lo ge —Y S

\Al



Oy Ko g 3155 F1slw dlgaww

(8,5 00,8 33 5 055 31 Gaad s 55 Slaseia -\ Jyd

CL&S)\ Cuj)l ol o } .
. ) ol slaailssg, b g 55 IS
() Bla= (o) sl (Errasks)

Vous ge00 a\ o pole—o 3 Yor-)
0 L0 AY £VY4 S =505 =6 e Yooy
Vous £AAY TELEA S -k Yoy-y
\o YoAo ova4q Dol s el Y-Y-¢
V4 844 AV Ol 2 —o e — Ly T-i-)
Yoo £YY) Y04 YYV a3l — LS — ol — Sy o T
Yoo TV AOYY 03,8 AT
1Y) VYAV sss—dsle Yoi-t

e sl sl rJL;M G Glaalas! 55 el o (glaesls bl 0l (glaesls IS8 Ry,
Al 5P PledS b 5 S 558 (S5 ok Cald Wl e bt cpl el 135 50 GlaelSas]
ool St sy 5 S e (Sl )53 sk (513 oS oa sbome oKl £ Bl 3 (slaesls (3Ll 8l
&ua@\jsﬁm@" 4l 3 dior o ad o oS ol Yl ol 048 W) 5L 550 2L
Sl 53,5 sl Aien 2l sy 5 b (S3bel 0553 Jgb s 5 S o S ad s 5 8 5 S
S ) Cmd o eslizad S5 g,)tsuf);)j;sthz TP Gledm 3 Sl 3 S
B 3 ol YV S e (bl 0555 Jsb Ol et J WY o5 S L 55 L (1444 ol slie Olietige
ol sl ¥ J s 3 laisl Sliasieiie 45 s aslel (3Ll (g1 05 8 V)

Sl s slaesls (3wl 53 FLR) (63 s 0gen S5 255 28 )2 g 2
3 Slmesls 1 S iyl oo s S eslizal | (olasl G s 1 (6 s (sbaolSanyl
Sodd B shes Sy yo S5 05 3l 4 (5050 GlaolSanl lodalie SUL,
SIS L Slase e i JINR) Jlo 5 s (836 85 S sla s, Sheslaal b s
$3asl CMLR) o izadiy ot 05 S5 g5 LR sslr st &g 55 55 S (GR)
3,8 o 3 il ose 5 ek gl lodalive Slal b s 5 03 S

1- Fuzzy Linear Regression (FLR)

2- Cross Validation

3- Normal Ratio (NR)

4- Graphic (GR)

5- Simple Linear Regression (SLR)
6- Multi Linear Regression (MLR)
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Abstract

Discharge missing data, is an important challenge facing water resource project
designers and hydrologists, as it leads to error in design studies and
implementations with enormous financial and safety considerations. When the
number of hydrometric stations is limited in an area of concern, this challenge
becomes more serious. Therefore, this data needs to be completed statistically for
practical purposes. Several methods have been proposed for predicting such
missing data. In this article, fuzzy linear regression is compared with simple linear
regression, multi-linear regression, graphical method and normal ratio method, for
reconstruction of annual discharge data in Great Karoon river basin in south-west
Iran. For this purpose, observational discharge data from 27 stations in a set of 11
groups were analyzed. By deliberate exclusion of real annual data for each station,
the excluded data was reconstructed using the above methods and the error in
calculation was measured using RMSE index which was found to be 17.41, 16.05,
21.00, 119.60 and 17.60, respectively. Hence, simple linear regression was found
to be the superior method for reconstruction of annual discharge data for this basin.
Fuzzy linear regression was also shown to be the second most appropriate method
in this regard.

Keywords: Fuzzy linear regression, Missing data, Reconstruction data, Annual
discharge, Karoon river basin

“ Corresponding Author; Email: jsadatinejad@kashanu.ac.ir

A



