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Missing values in hydrology studies are a common challenge for hydrologists,
especially in statistical analyses that require complete datasets. This research
evaluates the performance of the Multiple Imputation by Chained Equations
(MICE) method in predicting and reconstructing daily river flow values. The study
area is the Kajo River basin in southeastern Iran, and the statistical period covers
the hydrological years from 1972-1973 to 2021-2022. To investigate and validate
the effectiveness of the MICE approach in managing missing flow data, complete
historical daily flow records from the hydrological years 2011-2012 to 2021-2022
were used. Subsequently, the MICE method along with Multiple Linear
Regression (MLR) was applied to reconstruct all missing daily flow values. The
best-performing estimation methods were evaluated using criteria such as the
adjusted coefficient of determination (Adj R?), residual standard error (RSE), and
mean absolute percentage error (MAPE). The findings indicated that the
Classification and Regression Trees (CART) method combined with MLR
outperformed other tested methods, achieving the highest AdjR? value and the
lowest RSE and MAPE values. The RSE and MAPE values for the CART-MLR
method at the Pirsehrab station are 0.472 and 0.583, respectively, and at the
Chandokan station are 0.475 and 0.588, respectively.
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Figure 1. Map of the Kajo River basin and location of streamflow gauges
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Table 1. Descriptive statistics of daily streamflow (m3.s™1) in Kajo River basin

Station Missingness Mean Median S Maximum Kurtosis Skewness CV (%)
Pirsohrab 43.6 % 7.74 1.2 35.15 1580.76 625.68 20.41 454.1
Chandokan 37.8% 3.73 0.5 21.23 1188 1081.58 26.95 569.8
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Figure 2. Distribution (Boxplot) and Normality (QQ Plot) Analysis of Daily Flow Data in the Kajo River Basin

T T T T T T T T T T T T 25F b ¥ ! ! ! t i b } !
I Pirsohrab =@~ Pirsohrab
60 [ Chandokan == Chandokan

20

& n
< <

w
=

missingness (%)
Frequency (%)

N
=

-
<

7 8 9 10 11 12 1 2 3 4 5 6 0 L . I | . . . s L . ) s
Months 1 2 3 4 5 6 7 14 21 30 60 90 120 180 365 =365

missingness length (Day)
Figure 3. Monthly distribution of missing data (left) and relative frequency of gap lengths (right) in streamflow
gauges over the Kajo River basin
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Figure 4. The procedure for introducing the missing data into the complete time series

Wgd ey ordonlis ylis 5 il b g MICE (o i, 5l oslimel b oddeS yolie plos dazl 5

oy 3 X1 Moo o SaiaS yolie b afsl e .ol 013 03l e (V<)1) White & Wood Lawss 45 455 Lo
ol oas oanlie )] 133y Jlade oS (3)lge (lp Lo Lol 3,5 oo g5y X2, X3, Xp 503 (Sl paie plos
23lis b (Shn piiie K9 p3Nole X1 ey i @5 5 obcsilodnd palis b xy )3 0adeS jolie
oS 3 lse gl s 45 Cudgime ol b 03,5 o CysensSy Xp, Xay o Ko 5500 (6l yuiie 4o (g5, Xy Mt c0lieS
b 55Xy ) 0dbpS polde .33,5 oo odlatwl xp odd gilwjl pdlie 5l Jle e 55 g o sdmlie bay] j3 2, Hlade oS
e gl pste ya (ly Cugiay nld cpl Wedioo (IR X e Snobn @i ] oadsilednd polie

o) & 32 piz sl Ygons 419y (0l s Cants (sl 33,5 oo GBI 8 2 o o & oS 393800 51,55 00505
03> dcgaze M G 23)5 o S ,Lm ,\,.sl)sjfa_uy 05 JuaSS 001> de g S U dgus o HST (LY LY



VEX  IKad 5 o095 xS dabli/ clo iy ¥ilro il s i b g 5 il g, dilig, Gl s 0uieS (s l00ID ¢l

doyd (1Ske g (RSE) aosile b 3kl (slas (Ad) R?) o as5 (yos o pd ¢ uamw 33,5 3] oA JeaSS
b S5 > MICE (gla by ccoles 3 03,5 o duwlne (o iy jlMde iy 51 6 jo 4l (MAPE) (3llas (gl
099 2 2l 4bdg, b ases 5 wlsyg, wlis, b ileil ly (MLR) aBue (s oS,

3y oo 1,8 o3lizuls g0 VWAR/NYRL [ AYON/IYOY Sy505 )00

(o 3592) il slo gy 1 Y ¥
lyz optiz b1y 0a30S lade ja ML (jdg) .ol 00805 (slaodls Plus b dazlye 3 cngh 2,509) o MI ()
Jol8 00l degeze G 4 bl 03Dy degerme dodly oSS sla iy SeS L A8 o piSols S g pize
L awslio ,> (van Buuren, 2007) d905 (awyy Iy o (63 05kl Judos oo,y 52 b o)lg5 co Luaw 45 3945 0
Hamzah ef al., ) 35 0 Jl5 )0 3 1) 0ddpS pdlie (1S )0 dgg0 Cusbad pic g, cpl caly Clussl o,
355 dpsl 1) Jaisyge syl Gl ol e Sl &S LS e sl edbasgazee cpay (bey cnl (2021

Am3 o a1 1y Guib)ly 5l o 5las oS g 5583 3591 p cly Olusl oo, b dwslde 53 (Chhabra e al., 2017)

ly bys cbse lgicas BOOT § CART BLR SRI PMM ol MICE jbs, gy ol o 9
Iy MICE _jbg, ,5 4, Say Lol Jolpe (0) JSKb losds auglio nlb s oadeS polie 35l 50 aodly o550l
DI MICE g Cujo ol 00 iy (Y+VY) van Buuren & Groothuis-Oudshoorn bauwss 45" e o oyl
b s a4 obwd (glp 1SS o Yoano g oo dnwloee byl S5 5l oS s dlaws b > o mols oS ol
(Miiller ez al., 1997) cusl 3K

Incomplete Imputed Analysis
Data Data Results

Pooled
Results

mice () with () pool ()

Multiply imputed
pooled (MIPO)

Data frames with Multiply imputed Multiply imputed
missing values datasets (MIDS) repeated analysis (MIRA)

Figure 5. Flowchart of the MICE Algorithm

O oy dan Bl 0aBeS polie (b Ban juite i Gnptn Jie S kel b ileil b,
basye cslagsiie o 5 39 on plsl (o g5y g2 03 uoS5 llos & Gl (g puite only puito sl 0 plocd
Y=ﬁ0+ﬂ1X1 +ﬁ2X2+“'+Bka+£ (\ c\]aab

).A:.m )‘ ith C.bw xij ‘U)WL}J‘ ).) .ML’ GE»J n d‘)‘) X1, X2, v Xg ‘Jw ).«a.»..o k )l k_gx) » as uo).‘i



VP20 ol o,lont 0035l 0,90 a5 )bl 9 ol g pido Yoo

Caowl U’] 2 uo)s ‘u)])JLJ Ml.; C.‘aw n Lgl)l.) )a..) V1, Y2, 0 Vi cd&u.u"a dLm)M g B 0 uhw |) jth Jw
Wloas ylo 05 (0) U (V) Yolee & jguods &S S 0 (950 Jdo SOl (Sod oads odbline olb-n oS

Y1 = bo + biXy1 + byXyp 4+ o+ beXyy + €4 (¥ alal,
Y2 = by + biXoq + byxoy + o+ brxyy + e, (¥ abasl,
Yi = bo + byxjy + byXxjp + -+ brxy, + € (F abail,
Yn = bo + b1xpg + byXyy + -+ brxpy + ey (0 abayl,

20,5 o o siil (F) doleo LB )5 (V) dolso
y=Xp+e (5
noX) by SOy g, Xg e X Jluwe puiio b (59) 0dalio n I (0 X k) Sl b (e ile SO X clalgy cpl 0 &S
lallas 5l (0 X 1) by Sy € 9 gesS) alpd (R X 1) 5l o B cadlllae disly jusite &) bgiye osaliie m 51 (1

Al g0
by (V) dolee Oygody (lgi oo 1y ddlro 1 oyl ¢ o ylo (g]yd50kes 51 oolazwl b
V1 1 X111 X122 e Xin [P &
[J’2] |[1 X1 Xz e Xop | B [52]
||=| N | il (¥
. T A |
lynJ ll Xn1 Xnz e Xnn JlﬁnJ LE‘nJ
235 o lo (A) Adlre &jgods (ygmyS ) cupd 5 By 4 bgipe X sl )3 G (g
B=&xXTX, (A 4k,

OGS (i i) cpiloo i oY ) LY LY

ol (S (sl it 03305 ol o Sl sl 205 5 i gy S (PMIM) 6 i i (e (3
e Ag gl (ad e Sy il ol eSS sld ) Sgy 5l (ool BMS 5 0 S5g,y oyl (Chhabra et al., 2017)
laodly > wlie 3jlge b oadnS (slaodls (glyly 350 Bubad (sly Jlme K ((Sge > A 0 odlitnl sdd il
Gy Gl S 5| e ol 4 33,5 o Al By osi e 4o Sy 00 Alulid ogge
233,50 S5l (A) dolre wliolyy )5 1) [ 8| S oy S &S (losmlive B pdlie pole (gly 33,5 00

6;”' = a’miSZj - OIODSZh (ﬂ 410.3‘)
U Laj L;ola.? ‘_5|).3 9 A%z Ls_\a;> oo B L;ol.a:; d‘)—? Lol o,\;:,rﬁ l.:ooi DX )L\.S.o 4 B o UL....’
bl Slial degesre ylgisds ¢ Jad 0l S yiw Hlie Glbl sadosalie ylie 33,5 o duslxe a™z; lad
Sl olas & ypody 45 03k Ll Shaalk Lol 4 39 0 e (50555 4 ,S1unl de gases Yaons 33,5 0

obs



10V lKad 5 o095 xS dabli/ oo i ¥ilro il Min ki b g 5 il g, dilig,) Gl s 0TS sl00I il

g oo

Dl il dgg Wb K D)jge M Bulal dcgesre o 1D &S Gl pl D5 > WL &S PMM g, 53 ol oy
S ol (k) b Slaal 51 ool slass 5l odlatul ¢ by yeiwss )13 3935 03 1S gy dw ¢ STl degasro Cpuni (gly
a5 JolS 5y00 s b X pusiio (59 (a8l 030 b (633 3y90 & ( JS jobody g o 48)S i > k=0 jlade W )lile
9 33,5 oo Bl 3okl ygods (JolS 3y90 g o) 3 (SO dau oo i ) 1)y ok (i pdlie oy 5Sodj
oS (6 yobos ] Sy dhold ySlus (S Ly yai cpgd gy dgud o0 03 yolaid] oaibaS ool (clyls 3)90 4 ) x lado
ooyl j a0 Jhade a5 Slialie sl dlaw w «wunl k= 5l ool cpgur gy g co a3lud IS (gilo o
D Sl o 1y dyj alold oy eSS glodalio Hlade &S Culld pl bl o0 sdalie

ol g iy medd Y N LY LY

2l g5yl oslitul b ondieS ol () cul 3 Cal (Sgm)S) (23R) Clusil (hg) alie SRI o)

ol 4 (Jamil, 2012) K595 0 359l ¢ Bolat sbileadly 4555 <5 ol yomay o3l dcgamo lod ;5 bagye (cla i

S5y IRl b &Sl Sa Sy Gnptn 4 (Bl lad (353l piliee SRI g, 503

W) o L 1y dgdke 031> (gly 0abd gl ylade (V+) dlales .ol odel Cawdey

Y = Bo + Xmish1 +€ (Ve alal,
33Lal Oygody a8 g pdlie .l ori OBl € ~N(0,62) Jloy mjei j Sobas ygos € o &

doye S 29580 b1y bl Wlgs o SRI gy 595 oo 03l L5 dlad 6V p> ey G b Wgd o ool

b Jloy @jg 5l 45 23,5 o 4lol aniledl alon G 4illi> odd iy 0yed 4 ] 0 45wy ialS LSS
Se Olgisds jio (1o 295 00 (53 paiges el (g )S) Slrobledl uibly b ply (sl 5 0o (1Le
B(e) = o (58,5 15y b 558 i s ulily U iy b by 5 355 camal oobl pis by
X mple 1T o saimd lis x; a5 A5 o Glo X polie oled sl oy byd 4 & w0,V (e) = 6%
ol o 03l LS (V) 5 (VY) kaslgy po a8 yebo ot el
sl JBs &b sxmdlis p(e) 9 x; by 4 & by Jol JBs xb sxas lis plelx;) 5
05 o] sl g oyl
Bl = [ ap(alxde
= jsm(si)dsi (VY dlal,

= E(g)
=0

E(&®|x) = f’gizp(silxi’)dgi
= jfizp(fi)dfi (W ‘\L”.‘)

= E(g%)
=0
los b a5 1y ol ey Gl o Lo perli) = ple) ol isl s xi 5 & 45 o o



VP20 ol o,lont 0035l 0,90 a5 )bl 9 ol g pido VoY

o2l63,S a8l Jae a1y ccanl o 23 wlidio ailng) b y> 09y 3, uskiul

6}9&0*&})." o‘ OY or
ol 2 028 Bedee ol Jlein] me Sy dliwg 4 4l csldais byl b 4 s Sgew S dlaly BLR 5
Kim & ) 33,5 dule 3 b0 jlade S jguody oS pl & g oo (633 A0 Jloin] m1595 S 3l oy ol &S el
iCuol pj 7 b4 BLR Juo .(Lee, 2009
Y = Bo + Xmish1 +€, (\Y‘ AL:.’])
zlysl bodls I Jols cyu mji j Solad cladiges (Son (62 9 o, By 9 € ~N(0,62) )l ,» o
Pedise e pj Cpgods () daly 3 (e yile (6)1350ked . L95 o0
y~N(XB, 0] (VF alal,
Slayxio k g osalio N I (N X k) juyple S X 9B = (B1,BosBi) & =1, Y2r s V) gyl po
Sl yiolb g o i Jloinl mje Gl Fuoly gusio 395 &Sl g egMe X = (Xig, Xig, e, Xige)  Jianco
5 Bisdg)g & dtuly Juo syl ey Jloio) ] casday Jlant gy S 5l &S 950 sl 55 Jue
Coml L;“’)?”I o> sl >gy5
18l 5 Cogods yiehl lp GleyeMbl e 3l crd @i & 0558
P(B,0%) xx 1/0* (V0 alay,
tle Candty 5 g0ty Jho (slbsiolly ey Jloin] @i e

P(B,0%|y) = P(B,0°ly)P(a]y)
Blo2 y~N (B, a*Vp)

?|ly~Inv — Gamma (

Bly = tn_i(B,s*Vp)

e B4 cuns (v —XB)' (¥ — XP) ©)jle (jlwaisS’ b B sy (OLSE) Jgoxe Slaspo JShis 5359l 5
2l o Canday (VV) abayl,

[n—k] [n—k]s? (V&
2 2 )

p=&'x"X, (WY aba,
2] oo Cauwddy 15 Coygods 02 gl (535900 S g

0t =~ XBY(y ~ XB) (VA 4
il cusl il B gl OLS uily)lg

Vg = a2(X'X)"t (V8 o,

ookl K oy yel)ly Gl iy ol il rank(X) =k gn > k o Conl calio oK g Jlois] &3595
S g shiopd Mo S 59y Ll dde pl S xS ole (05T Sl le 4 bgiye SIS JIB AS
Wole ki 3 Sy5 lde Al p3Y (5 k Hlade Canl Sao o> By (gl k=e/e e Mo Do Cull yao &

295 oy Ol 3wl 93,5 jhuo Camws & bl sl Wl oo ke Jloil L k=)



VoY llKad 5 o095 xS dabli/ clo i ¥ilro il s i b 9o 5 il g, dilig, Gl s 0 (sl00I gl

Qe o 3 g swdb LS00 F LYY

Sl ol WS > diws sl by I (S DS 8yxe (1984) Breiman ef al. lwg a5 CART o,
ol > oy B 5l g dis (s sl puiite diejls CART (sla Jie caigad oo (gl ol (3pble (65500
s 5 S g 555 sladegesroy i d ool ¢ oy bl Cpl il edlatwl b 0gd o oolaiol po i (sla o
CE Sy Cald ) 85 3980 Sbul Gl Gy Ko igain] 93 2 Sy e Sldes 1SS LSl e
&S Cul (20l 0aelE S gyl cd > o 05 » (Erdal & Karakurt, 2013) 5,5 0 JSKb 09390
Slaye ggoome 0amIGLES (ygp)S) dlins 3 (g lad ol 35800 S RE) (i slod (3,548 L
e il ] (o s

L R

RE@) = Y = 30% + ) O = 7’ e o
oSlin b linlie R 3 [ Sosm 48 itboe cly 5 o cslogiohs cafiis 3y 5 71 S SiisS

oasuie |y culy g co b ity oS Canl X S3yglp piie j3 bk S ppaenss 0delB )13 329 T g V) dbogyye
33,5 oo o3kl €8 y3 oy S il gy S oo 4 |y 35Ty sllas oS iy 45 042l ¢y IS o

oyl ) e b A Lo gm0 ) LY LY

.(Chhabra et al., 2017) cusl Lodly 3l saze ()l pdiges b (61 pusd Liomiw lp l) SuSS S$ Ol jiwlesg

b oadnS (asd e S oo Jlasl ) (a3Sule b (Bolai (55050 tiae Suyte b el p U3y 0

Dd0sn i (7)) ey odlicd

Y = Bo + Xmishy +€ (VY alal,
Wges o bl I g &S Miwn Sluye s clasygly 62 9 o, i g E~N(0,62) ol p» o

A roST iy 1 o yiwlg diges S i b iyl cpl ilonds dwlee sadosnlie glaosly I Cjrwlcsg

&S caby S plasd Cpwlcg dges cpl 8510 b e g A8 o dwole ) il polie daosl

;> (Heitjan & Rubin, 1990) 155 0 cpess |y Slaupe J8lis S o 39l b yzolyb 13 1y (6550905 (6 ks yuuis

DN x% @i il S Nges 4 sl g S o Sl (Swdsr 4325 | Cliwlog 3509) i o) b awlie

Y] CXVE g T ST Vgt a8 0 I 0 o
bt Sy ) 0zl U LB sy loslsaegaina e (slo s b 0385 lia e e 5 o
aljsy Hby> codldasgaze ;3 oddinS (soodly b dgalse (gl 0,Sgy oy yine U Lo oo Julos (MLR) 5
oAB s SBiie 5 (oS e 93 Sl o dlaly & sl g)lo] ST S 0y e Nigd (e
208 oyll gy S @wlBais Jad ygaw)S, Jae (van Loon & Laaha, 2015) &S o (awyp |y byl
MLR (sla o)l .(Campozano et al., 2014; Carey & Paige, 2016) Cusl (559)g,0un dlos 5l Wojes | (o)l

Mgdiee Ol 325 ©)god
Y; = Bo + BiXis + BoXip + -+ BXie + &(B),i=1,..,N (VY abayl,



VP20 ol o,lont 0035l 0,90 a5 )bl 9 ol g pido Vot

vy o sdos wyp.Y.Y.Y

Sy 33,5 0 oy 69, 5has Jho du 5l oolizul b b e (slooshacgame i oddaS slaodld il sby jbg, b
Sbe 9 (RSE) 3l (slad (Ad) R?) 008 a5 (38 oy pdlis 00505 (slaosly (3ol (2laishy) (b
Solie oxdosnlin polie g oduidygly polie yo CBlioul e dlad dotiaw Nlords auwlxe (MAPE) slhao (ol 1oy
oAb s o > Jiuws (gl pite S5 4,5 55,0 | & sl R? e Adj R? e S o s,Sojil | Lo
4>y 45 ygbods it 39l 1 g lialiie p alaly )18 oaimd 3L g 1) )3V B o w Adj R? plie .l
Jie 3Slae 095 S35 jho o0 AdJ RE S ol 3y Sln gy s >Slae aximaolis il e o 5
i B 5 3 Jle Jio St il K25 Sy & polia 51 Mia 13 93 e 5 cignds | copdlach
s 3Slas oi2d i MAPE 4 RSE (gly 508 polie ¢ Jls pon > (Mispan et al,, 2015; Rahman et al.,, 2015)
lods Al (YO) B (YY) Lalg, 5l esliunl b baojlol ol ol 3551 (sl g,

AR =R =1- (- R [ (Y7 oo
n—(k+1) )
RSE = 2iza (i — X)? (VF day,
n—k-1
1IN A

MAPE = EZ . (¥ aba,

ablee 1 Jatue (sl ko dax k g diges po> M 09l p Jlade £; ¢yl y> oddodmlie (slmodld x; ¢ 4> oS
sl (g5 )
S g gy B sadl

slrodly b3k o eadnS slaoshy oKl ST cpyine olwlid (gl MICE (gl ooy (obj)l cadllas oyl )
Voo —VFe) B AYRN-IYAY 090  bjgel odbddegarme (69 p s Ianl .l odd ploul &il5g, ailjg,y b y>
VAYEY) 0,93 IS 5l duoyd Vo (( Sloj abais YEOY) (So59)g)aud 0590 ol tlodd g0l cdidgs odsnS polde 135 4
5 ool b b59e] 03> dcgese ot oad pbul 5 K9y b (gjlwdnmd 1uld 33,5 o ol |y (loj alais
L oS ompi ol b eghnn oS polie 5 ool (10> Yo 5 YO X+ 1D )+ ) (Fake cilie (slag 5
3 oad oasd hgel Jde o s yiw Hlde ol I s 05,5 530l el canday MICE (gla b, 5l S5 pn
ol 0100,5 dulxe 0dswS pdlie uiSols e, 5l sdelcandds claodls g x> ye Jhe ol i lMde
atlid g pe Jdo oloicds conl 0md jge] oS polie A3l S‘)?o)'—l clodly 5 Lol 55ge] (slaodls b a8
$S>¢S 35 MAPE § RSE polie il oS oadodnlin polie g oaddygly polie o GMS| dopn 29 o
Dy dalgd S35 S5 sue 4 Adj R? Hlade sl atilh cillae oddosnlin Hlade b oadsygly jlade [ST.0g sinlgs
(V) Jgi> a3 anlss Ll MAPE 9 RSE yslie op S 5 AdJ R® Jlde 05k (bl die G33le b9

WSS o Sl Glyoal gl (0) B () lagds oS Jb o cand o i 1y s ie Jde slallas

Table 2. Error of streamflow reference model in Kajo River basin

Station Year Adj R? RSE MAPE

Pirsohrab 2011-2012 to 2021-2022 0.721 0.328 0.574
Chandokan 2011-2012 to 2021-2022 0.615 0.426 0.621
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Table 3. The performance of six different percentages of missing data compared based on Adj R?

Missing data rate

Station Methods

5% 10% 15% 20% 25% 30%

PMM 0.701 0.692 0.683 0.672 0.661 0.701

SRI 0.685 0.674 0.663 0.654 0.655 0.685

Pirsohrab BLR 0.711 0.703 0.695 0.687 0.679 0.711
CART 0.723 0.719 0.715 0.711 0.707 0.723

BOOT 0.625 0.621 0.621 0.622 0.623 0.625

PMM 0.679 0.668 0.657 0.646 0.635 0.679

SRI 0.695 0.686 0.677 0.668 0.659 0.695

Chandokan BLR 0.705 0.697 0.689 0.681 0.673 0.705
CART 0.718 0.714 0.710 0.706 0.702 0.718

BOOT 0.623 0.622 0.622 0.623 0.624 0.623

Table 4. The performance of six different percentages of missing data compared based on RSE

Missing data rate

Station Methods 5% 10% 15% 20% 25% 30%
PMM 0378 0.382 0.386 0390 0394 0378

SRI 0.362 0.366 0.370 0.374 0.378 0.362

Pirsohrab BLR 0.348 0.352 0.356 0.360 0.364 0.348
CART 0311 0315 0.319 0.323 0.327 0311

BOOT 0.392 0.396 0.400 0.404 0.408 0.392

PMM 0374 0378 0.382 0.386 0.390 0374

SRI 0.358 0.362 0.366 0.370 0.374 0.358

Chandokan BLR 0.344 0.348 0.352 0.356 0.360 0.344
CART 0.307 0311 0315 0319 0323 0.307

BOOT 0.388 0.392 0.396 0.400 0.404 0.388

Table 5. The performance of six different percentages of missing data compared based on MAPE

Missing data rate

Station Methods 5% 10% 15% 20% 25% 30%
PMM 0.921 0.987 1.053 119 1185 0.921

SRI 0.815 0.874 0.933 0.992 1.051 0.815

Pirsohrab BLR 0.729 0.782 0.835 0.888 0.941 0.729
CART 0.437 0.488 0.539 0.590 0.641 0.437

BOOT 1185 1231 1.277 1323 1.369 1,185

PMM 0915 0.981 1.047 113 1179 0915

SRI 0.809 0.868 0.927 0.986 1.045 0.809

Chandokan BLR 0.723 0.776 0.829 0.882 0.935 0.723
CART 0.431 0.482 0.533 0.584 0.635 0.431

BOOT 1.179 1225 1271 1317 1363 1179
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Table 6. Performance criteria values for five imputation methods in Kajo River basin

Performance criteria

Station Methods

Adj R* RSE MAPE

PMM 0.702 0.435 0.521

SRI 0.623 0.487 1.301

Pirsohrab BLR 0.655 0.472 1.248
CART 0.741 0.379 0.462

BOOT 0.569 0.524 1.335

PMM 0.688 0.451 0.538

SRI 0.612 0.493 1.275

Chandokan BLR 0.645 0.476 1.210
CART 0.728 0.392 0.495

BOOT 0.558 0.518 1.312

Table 7. The results for MLR when combined with imputation methods

Performance criteria

Station Methods Adj R? RSE MAPE
PMM-MLR 0.635 0.493 0.742
SRI-MLR 0.590 0.529 1.785
Pirsohrab BLR-MLR 0.568 0.547 1.155
CART-MLR 0.785 0.472 0.583
BOOT-MLR 0.305 0.558 1.892
PMM-MLR 0.632 0.496 0.751
SRI-MLR 0.588 0.531 1.793
Chandokan BLR-MLR 0.565 0.549 1.162

CART-MLR 0.780 0.475 0.588
BOOT-MLR 0.310 0.560 1.880
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Figure 6. Observed (OBS) and simulated (SIM) hydrographs in Kajo River basin
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