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Abstract

Flood control and management is a fundamental issue for
hydrology researchers and managers. Regarding the design
and construction of different hydraulic structures such as
reservoirs and dams, as effective techniques for flood control,
accurate estimation of the magnitude and return periods of
flood is required for appropriate estimation of the dimension
and resilience of structures. Design flood estimation is done
through frequency analysis with the key stationary assumption.
Nowadays, factors such as land use change, inappropriate
management and climate change has influenced stationary
conditions of flood peaks. Therefore, in the presence of non-
stationary conditions, the estimation based on stationary
assumption is not confident and may lead to large errors. In
this study for non-stationary flood frequency analysis, the
GAMLESS model for location, scale and shape parameter
estimation are introduced while visual inspection of non-
stationary are as well presented and developed for quantile
estimation. Six hydrometery stations in different provinces in
the north of Iran were selected. Frequency analysis in
stationary and non-stationary conditions was performed for
each station. Results indicated that location and scale
parameters have linear and quadratic trend. In addition, in
Nodekhormalo station the design flood estimated by non-
stationary assumption was around 3 times higher than of that
obtained for the stationary conditions. Results also
demonstrated that in stations with increasing non-stationary
trend, return period of large floods was decreasing and for the
same return periods, flood quantiles has increased.

Keywords: Non-Stationary Frequency Analysis, Flood,
Trend, GAMLSS, Flood Risk.

Received: September 23, 2020
Accepted: December 17, 2020

YRR 5L F o losd o 5L Jluo
Volume 16, No. 3, Fall 2020 (IR-WRR)

YY&-YAY

Slol2 Julod (g B prons crox S Je
Jaw (gl IU

Towye Ly s Sl busmo by

LEVLCS

SHS bybte b o oo 1115 alwg & Sl (03 2,5l
Copde s‘_g)g)lf pyvey) obo ‘_;L::I}C D)'g)nl .)/Hf@ fabol oaly G’LMAJI
D Sl sliw] cunle 4 Cul ol e mulBl s g cawliol
pas oo baodls asslis cplply 5,8 5,8 5l cox oMuw (sldlasd
Byt o] (55 Jlyd o ) ol gl g (olie]
Gl Ol g Olhlus 504 dalgd (oL slas (glyls o Ll
Slohd s sl pole g 53 gyl jl g Gols cunl (S |,
Ll o)) sl o 9 )bl (sl by, (Byme e S (bl
Syl gly mex aBlgies sl le j odlatwl daosly bl
sboosly Jlslp Jlow jolaie 4 (BAMLSS) S5 5 (ol «usbye
O 900 gyt liall Lol )3 (S (slacS iz 5,905 5 Ll
bl oS Jloud cilisen (gl I (s pteg han olSun] (i jglate
Rk 585 i gt 5 b Glsld Jibs il ol ey s
hs Gl Jse 3 a8 sl L ol b pbsl oS! o (gl (bl
P8 4 (ol jlod ulie 5 CumBse yial)l 93 o dayiall gl )
hb (20 a0 L gls )50 (gamw l lodd g3 daxyy > g Jad
L] )l gy ﬁl)a. aw b L;u.u‘)ﬁ‘ Ly L @L.m.’u.o Ia.s‘).w 5D 0l D)siﬁ
Al e o prodgs ol 13 liwal (580 L odd dpgly b
S (o33l bl bigy S o laolKius! )3 a8 3ld L zuls piora
0,9 d‘).x 9 ] uM.tblf o9 j)).’ LSLQUM.MM CAMS)L 0)9d .!)l.)
Gl iol38l 4 gy Jaw srSKis polie luSs glacuiS L

Szy GAMLSS g, o bl g3 uloxs 2 outel8” olals”
oo

QUV/Y :allie il gl
A/A/VY :llde ipdy oyl

1- M.Sc. Graduate of Watershed Management, Department of Natural
Resources, Isfahan University of Technology, Isfahan, Iran.

2- Assistant Professor, Department of Natural Resources, Center of Excellence
on Risk Management and Natural Hazard, Isfahan University of Technology,
Isfahan, Iran. Email: reza.modarres@iut.ac.ir

*- Corresponding Author

W3l 5 By i 095 (S5l ki 1)) (li)lS S gel 1l -
! inio I (grbs aybio 01Siils

b GLM g Sy Cupe ale Clad gie 5 (b @lie saSiily Lol Y
uLQ(O,AD‘ (o oKy

Jgfue ok >

ool Al WA lie Ll b dlde ol 3550 5> (Discussion) o )bl 5 ¢y

Yvs



23,5 AN 1503 ()l (izmad s g Ml 3500 S
2 Lodldy mjg b oyt bl glp |y awle glajog, b
Hosking, 1990; Mitosek et al., ) wus” &l slwl laylys
oy bl s Ll .(2006; Strupczewski et al., 2006
o liwl cunls baodly a5 30d 0 Jobs Sloj mje ab
sl igy el 5l (B daslyd i 50 bl 0ol Cuwd
s slayglisS by, wile ylel (slogjy slaelil 3590
osls gy PWM?) Jlazsl (35 slog)luiS b 5 (LMMY)
sl G s rglaisy b 5 Aied cusliel Ml
sl =g b, (El Adlouni et al. 2006) (MLM)
slogoll sl (re28 aBlpes slaJie by, (TSMM)
T Sa ogee)Sy ey (GAMLSS) JSs g (psliie cubse
Wio oSlye dls 30y o (Koenker and Hallock, 2018)
Cheng et al., 2014; Yan and Moradkhani, 2015 and )

A olatwl i18 (2016

g )98 (Jlusis 5 Lo oy 93 (ol balpd ool 5l i
o gl wls e85 )13 obj,l 5y Modarres et al. (2016)
S5y s VD Jlo 5 aay 408 sblie 81 (ol JluSits
sl gy jem &S cwl Jb o cpl sl edg iulj8l b pxe
I8 eolitul 5y50 Slles Cygo 4 yauiS o Lwwll Slglyd Juloo
e yloe 9 J 58 Sl (S5l sloojlo 28Ty cunl i85S
S 4y 315 @ yol ol o a b bia] Sl b old
2 &S ol diwlS bl byl (0 Wojlw cpl o Sas yiuw,
b Shld Gl g0al Bl sl (Ses i 255 (63)lge
S D Gl )9S 50 3l o le 3 0kg 4 |y oM Sl
Slazsh ST aelo V¥ i3S las  S0,b ial38l 8y 30 Oldllas

[(Farsadnia et al., 2012)

Jelge cnpmte 3 45 )3l (] & 5y o ghailen JS o 4
ol 6l Copie b byl o wilg o oy bl sl
Leclerc 4505 sy (Saghafian et al., 2006) sl w8l s 4
Gy ly el luwll 5 @l 31 and Ouarda (2007)
aS wiasly Gl g woly JIE oy 350 (glddlaie Jllyd oo
i Oygo & ladlaie Slgld oS gl L9y S (535 03k
Do e Hlal 181 clamolKiun] )3 Sas zuomol 3,90y 4 yoxie
Mo (sl 35 53 00 033 Ul s il Jiang et al. (2015)
390 B39y cnl o8 laply 9y 2 o Shesl 4l
ab by polie b & a8 s Lis bl gols sls JE )y

doddo —)

i sbdlig) oy )3y o)lgen jpel 4 b e S |l
5 Oolud (il gl ) oY )l g jlo ke 3 g 039 b
3 S el @b gol 1y odyy ol 51 00 29 o2)l90 o >
clodlygy 3l ib SMdme p ade (clp pio (slaylpl oy el IS
2L Slghd Jlo bl Sy oS b Slglp Jelod g0
09 9 i Slye cwlie (lol wges S il s
e S dnsl> JS 51, (589 Jloinl b) g pdlie sacaissly
€8 g 2L ey Sloj Sold Jelo Ll a8 30l Bolas
Nl Caols oy Job 0 a0 5)50 e a5 il salss |,
bl et ((Slgl3 Jeow bypd ) A8l 035" Lads ) 595
51 Bl § Sl sSle diges (slayglicS g ol puite S
598 &linlio A8l o o Jgb 5 1S3t 5" Sz e
Canlo oldl yusis 5 o pisleS sl St e oy
)5 )15 b ot b g ooaldl (slapite | ()l (2l
oo Wit oyl )l 51 ity Sliaslno g iyt o JWd 4 5
il S8 (00 )l Ol aler il @) b gow g
pow Ol SlysdS )3 ooy 4 353 (ole Sl I b (sl e
Wile oAb g Wt S e e JlglS 15
(505 g ) aile gl pslt yu g b JuSis s il
F a8 S by cuonl Sloj Slolp Jibod oo @l
all JymS s sials lael 3 sile el lacSuss
rmhe KN Cnle & 00d olaiw] e MSle (gis sladlyyg,
350wz Wile (b Slogad 550 0 g8 Jloo 3,8
ol 3l ojle yos Jobo g Loy il g sl (b Sl
Oms S bl (Bhb Clogad g sl Co>
O3 Aste 9 el Bl Sl o Slas o iy ilgn o 598 oo
bojle (phb clp Saz (niete S lae (b ladi o
Jlo Ver cuiSiboye L alb Swin" Mol | 247w
silo (> il gla it (gl ool Sl b o a8 L5l o
Ol wlawlie A5 M2l dsbre aVlo Ko > Sl
a3 o pte cow g meldliess () Qg 5 o)l
Jlg b Sz )00 (sl (lan] (55 4l 00 ey
A sl a8 Sy, 5l LS e ol sl 1Sl
B3 ySag) 5l ooliiul el 03)5 > 35 & |y L jolg )
Wilo (g glaosy (bl blpd (3,5 laiyo b Jlglys oo
bl bulyd g opl pogdle Al Jow 5 Jlusiis
Jlinl g b & 9) Jlol @5 @b iy SB sl b,
S Gl ddpon odh (2l Saiz 35l sl (lwosls (Bl

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

YvYv



b g g dlge =Y

OleYbl g 23l -Y-¥

ol glp ldbasd oo wSls 4 bayye slrodly adllae oyl )
g8 4 ol Jlo Yo 1t b (635 dilaio )3 (5 ytag e 0l
o] Lyl 1ol G pme Woliay) oS 133,5 JueS5 5 (£p5l e
Osle 53 K9y 9 (uil)lg 53 W9y (ks 53 Hig) Ale (liasll
ooyl 3 odlazul b ol 51 s ksl lojen ygo 4 uibylg
5 (MK-test™) g, cyg05] (WW-test™) luw! o JMacl
loygliiS o ol gl olis) Lals (S35 sla b,
9 2 lp ko (2 CES E bl 25 bl 4 by
5 IMawl p dwe iy & MK-test g WW-test sla g0l
o905l Prvalue Jlade assls 9 wbb e Bg,y pis g odls ol
3 o 3.5 081 (0= o[V b +/-) Jp 1B (slls §) iy
slacygeil (o3ss Sliwlore 0956 3l Ml o Cpioran D9 oo
Wald and Wolfowitz « <, 4 MK-test 5 WW-test
Jod> 29 axxlye Libiseller and Grimvall (2002) 4 (1943)
p-value oylel ¢ b ygliiS cundye S pb 4 bgspe Slascito )

Ao ot oSl o (sl ) (358 sloygesl 4 bogyyo

bl g 1l Jolo VY
axols Ky 1 gl 5 JolS 00l degezms Sy (gl lolyp el
Pl (ylol slagsss elgl il g Woyielly 2)5l ol g)lel
s3kike 4y sapm i sl sbg, 5 (GOFSY) il (3555 sloses!
0)9 9 Sz wwlasl 35l @jgr o pcalie Gl
@ g cloyzolly adlas oyl 55 il e alises clbeuiS)l
Lo yo “fitdistrplus” 5 “Imomco” (g,l58lp 5 (sbading Ko
by Gl MLM g LMM (g, 95 4 R I3l 5 (o9 giw
3 ozen LS 35l idanm 2 ) 5 il
s oo 4 A7 g3l g (KS-test™®) sl (2655 slagygesl
QQ-plot Jlages g laodls ()55 5 (225 I 5 (o2 @9
@ hiln e @9 @l e sy (225 5 695 SlaS
U8 S 8 eolatwl 5yg0 Jlolyd Lulow s g bl aesl
@39 3 wodls (59, 1 sie X 5 KS-teSt (glaygol (sl sho
slbs 51 ey oygesl p-value jlade el 5 abbpo 5 350
o 2980 b jho (2 ABL (0= /2N b +/+0) g LB
sbygeil 9 MLM 5 LMM (¢l g, (o3de Sluslxe 5l gl
¢b>,) Karamouz and Araghinejad (2014) 4 %2 4 KS-test

D90

Pl Slsls oo 4Ly sl (otyl33l Jlolino (o L9, S (sl
Jele e @ pjze S5 Ol poe (8,5 5,0 b it g o
ol GCSiin o5 oud cely it 53 1l Labinn] 00350m
015 39y slaShiy )t Cilisee iS5 0y9 lil 4 b
Zhang et .zl yite 3 ol ply g ) Slgl3 il 53 pilai
Wi O 0p3d sl I S, al. (2018)
bl 5 il A 93 )3 1) Mo Sy (23 02 2SS
S (2 Sy 5\J9| aS ol lis Ll gl oy H1,8 w390
aiS il oyg3 b baod (55 b 5 0398 bl e Jgb 3 YL
3 ol 4l ials adlbe 3590 (g)lol 093 Job > Jlo Y-
lizme Cygo & (25 Klg wlbog,y ades ;3 Koo (sladllas
L5155 1y oMo poes § Sy (o2 abinll Li et al. (2018)
S o 3590 > (g paSld 93 g (eelll (a3LE 3 L
Jlo aw o a0 aS ol i el ol ooy J13 )y 3)90 Adg>
01 35l sl lbadllas 3)50 (5 0ol 0y95 Jobo (salos
3 o g 5 o seitn 53 32 sl bl Sl o 5
5o 1555 flnseitn sliuel gl o ) nal ety ol
Pl s (il Slgld Ll b byl )5 o 6,50 adlllas 59y
pie olis! sl o Dong et al. (2019) asdlles unl 48,8
pling 2LS59s 4l (slacduw Lol Coogas dw (i
Sbysio | (B p b bl 1) Jow e g oo (S (23 Jol
)] 3590 5 S g (3l e o S, aile (S50 IS 5L
L] (2,8 b a8 Sy (05 ,lde 3,8 aseiio Ll gl ol )8
Ao b 09 0 dpwle Jlo O+ cuiS5h 09 (sl odly 35
CuiS o) b Sy (20 4 S35 ol 0diljemy Jalss (38,5

ol odly gliwsll Slglyé o jo Sl V-

& S Slghs s awglie g (b)) Sl gl jl Sua
o3litol b g Wnosls ool L5 58,8 5 15 |y glalid
g Ll glaodly (el Jgene Slgld Jidod (slagstg, Sl
A8le 1555 1 b sl el Ll claosls (oly GAMLSS
B9 5 o5 (e >yl mghy gy S Sl
9 oo il (> slrody lp SlglS Jooo cou 3 el
soon oo 38yl dlie el )l Jlsis
oles Job 5o (sldlasd oo Sl slaoald o liwwll/ o liw! Loyl o
Selis byl 4 6y adlate )3 (g yiegyhen ol JiS (Sl
ol Jos b gl (sladgy 4 o 39l oS sy

LBy wales

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

YYA



Table 1- Characteristics of selected stations
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Fig. 1- Annual peak flood time series and its variability patterns in the selected stations
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Table 2- The p-values for independence and stationary, trend and goodness of fit tests
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Fig. 2- The visual goodness of fit test for fitted GEV to annual peak flow of Ghatlish station
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Fig. 3- Changes in annual peak flood and their moments in 10-years rolling windows. Gray bands denoted to
95% confidence level of trend regression.
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Table 3- The estimated parameters under both stationary and non-stationary assumptions
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Table 4- The estimated design quantile (100-year return period) for both stationary and non-stationary
assumptions
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Dashli_baroun 69.6 77.6 86.2 80.4 89.3 98.2
Ghatlish 534.5 893.9 1418.7 983.0 1372.3 1846.6
Haratbar 137.0 188.7 261.7 216.3 280.2 360.8
Hootan 645.5 886.53 1138.5 645.5 886.53 1138.5
Koshtargah 563.5 634.0 706.9 297.7 329.4 361.1
Nodehkhormalo 358.0 804.8 1491.6 977.1 2321.9 3617.2
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3- Standard Deviation (SD)
4- Skewness
5- Kurtosis

6- Design Quantile

7- Linear Moments Method (L-Moments)
8- Probability Weighted Moments (PWM)
9- Nonstationary

10- Maximum Likelihood Method (MLM)
11- Two-Stage Method (TSM)

12- Generalized Additive Model for Locations, Scale
and Shape Parameters (GAMLSS)

13- Quantile Regression

14- Bayesian Hierarchial Estimation

15- Wald-Wolfowitz Test (WW-Test)
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