wole 4 pls

Ol S 13l (omwsian 9 @ole
Iran-Watershed Management
Science & Engineering

Vol. 15, No. 54, Fall 2021

‘aj_,:- Jj’.l’- dlg)-? c.UjJ J.’J’r.f c% :lﬁbj‘sdt.‘r
JI.L:S—C)» s@j)’ 4’:?[.1“).3

EOIE-TY

du;}d 3l dh@T OeeR s Sty JBlas 0L 4l

ol S Cy e b Ll S5 Sladlas s O
S b B M5 Gle s 23 Pl s
oodbe Vb JlaSes laegss b bl 5 ol
Olpea o JluSos [V] cul Cponl 3 ol Glagiepn S|
ol G5 aoden s 3 HUESl 550 e 2es 53 Ol 35S
S S ol b S e by S S s
ol ol JLs o sl 5 slasl (golabl oo 28
Spds Dl 01 OLL 5 5L dht Gds plubd 5 algan s
Slaal gl golme Olgeas eSS OL 2 535 5,41 5 [V]
sl Jlas tile wdige 5 Of e S e 53 me s
S 3 [V el 5L o Sl 5 T (6,08, Jae o3
wls g, ST 0k Olgea | wS 0L 3000 Jdlo
B A8 e i ol GV b it gl ol Jgb s
Gl S Ao 03 bt b 0508 O Seses ke
DIV e Jlo &G dsb pn o3, YA 500 e (can e Jed)
Ao e LS 1 aailia gy 53 O 5l ege o 40aSOL
300 Al a3 25 et 0L Sl i 1 O Ol e s
S8 b s ailie o Vane S5 aks JluSis [V]
ol adlas ol b ozl (glailng, Blas O > 5 ool
Sis aike o Q(ﬂ‘)},iSe\SQ_il Qa5 LLYY] el Q\J}_}
Sla sbwl GLOLL: 31 5 3003 Bl ee) 0,5 Sistans
el e o Wy 3T 5 Ol e S 5 S ol o
e et (PP Sk oS 5 SIS S (S s
w33 Olgen Ol o gdled 53 sl axlys [Y0] 555
Sl el s e s 5 ol 60 s s O el
oo Sl 3y JlSes Ll Pl Jame s
Sl 5 Sk Ol ol Comge a > onl 2 Slexr
al s O o 515 2l W walsl el s 4 (535,55 e
s« [A] el oo S adkie 53 e Sy Ol sl
S 03s Ll 5 S5t sladul b s sl 0Ly Coanl
e g g 3 Sl Ol 2l ool e Syt s Sl

VEo o mb —0% 5)loud —p335L Jlo

VY

VEo o sl —OF o)losd ~pas3ily Jlu

Sl b Blas (20 Ol yodi X9y (gw) ¥
) ﬁl < )édl.&.:a 39 Al

"ol 5T 5 6ol pe L
WAINY/ Vi 5 dy b YRRV iS5 56

o>

b 5 Bldl gl ol en 4 0Bl O s
03,5 syns) sdr A b1y of bl X ol ool
2 e D g 5l (S Tl Ob i patls syl
ol 03 weeS SOl o fow ) glaeay el 030 (55 89,48
Al Yo 5bel a)9 b b (s agyden ool VY oy
Ld Ol 4wyl axbys sy s 4 Ol o pdLS s
caw slapglhs b AVl waS 0L 2 sl amloes o
255 05031 bl 2238 Dy 055, ¥ 510 (n
@os e slag g Ole 5 EO g el OIS 5alS” 251
5 A sl adke gy Sln mis picmle S
390 $Welamsl dasys VVAY NJIAS- e ge5] elul
Vo 00)] mbol 5 (Jilus g5 Lol Ly, glyls andlh
ool g Jlas oo eal5 Ky, (6l)ls Wel&isl Ao 3 VO
13 fre i 53 Welaasl dao ;s £V "o g Oga3l
il glap gl b i 5 (I Lgy slls L ys 40
Srowby g r.:la.J Slp Ll e Saghn ol @l:e' RECCIWS
Sl e S g Plis kil s onsa o OL
ASL oS SaS Sl aed 5 K ble 5s Of gl

Sl Ll 58 ol dign 5 p ke Ll bl IS (g gmtils )
Ol Ol g o Rls ( anb e o aSisls Glrn S 5 i
gv.SLZMAJSJ S dJaLw L;?-\ a); g)kﬁ.f..}‘;j d}:\»\«v‘ O-)\:\Am.i‘}; -y
&:ij\ﬁ\ C,.M\i U‘)—,’" gd]jé_? om‘) ;N cLA om\}

malekian@ut.ac.ir

3. Base flow

4. Kolmogorov-Smirnov
5. Wakeby

6. Mann-Kendall

7. Pettitt

8. Phenomenon

Ol 813l (owsian 9 @ole



Ol pslie ST sladiy bl sshiea 1y sy pooes [V]
Lols anw 5 a3l glaesls leslinal b 4 ulids 55 aeS
A § ks 3 AN =M e ladle b el sl £Y
b olie 5 paseie Ly, JILS— Oye3 5l ol o
S Ans e DL et plonil Sl [1] 58 Lold | S
SoSdasde Jlclis o 53 S O ot glaans o
53 ae il il 4 13 (ol (ol 4 5 3550
€S 0L 5 st JSlis Cuenl o gt 53 0l
ol 4 a5 g JLeSis ooy o 5o baazl o 5 aailoy,
ol pde 5 O 0ol g SVE 5 an sl 4zl (Sl L,
);glQ\ﬁoﬁfﬁjgwﬁu;);gid)w;cb
;ﬂ&uéu¢)1xb&\»&ac;lﬂtjd,\jbw)ﬁpé@w|
Caile 235 53 g 6 S e 5 lates Ol 2 dled 5

ool ol ity 5 5228 51 Ao ol 5 O @l;ﬁ

B g 3 3l

adllas 3 g0 addaie

ol ol WBls 0Ll e dled 3 ae sl 4l sl o5
5 ed (B 5y 2,203l glaslil 5l el I ey &S
S5 5 1y Ol Ol 31 S 58 Sy e 5 Ol S Oli
@ Ok gy s osbea (0 KS) cl ey gl
ol VY 1 01l bt s il slapsls b fslas
Slaesls pacas 5 A oozl Al Yoo golel oy Jsb slyls
j\oLm‘@‘usﬁwﬁpyl,\}ﬁuj”ﬁyb
andlan 350 GlaolSasl (S5 ) Jsder 3 s ol 655, T

sl 0 o3 S 451

e ke D] sl o3 Lbows5dosda 4Me 540
s Coedl 5les 300 e Gble )5 o gastay 5508 Gl.:.c
v ey
‘J&uéupl,\JL{JéU}&:Q\ﬂfﬁ.,\j})u..a)ﬁ&:.aj);
.:ﬁdao)u\s)yxg-@u\;lﬁéw\aﬁrbu’lgwb
sl osm SelKansl 5l S oS Ol o b slanllas 5o
Sl g o Sl ol A8l aS Wiy a8
o5 Bl Ol > gladlae Lo 53 [A] 355 e 0338 L,j(.s
AN G Dl |y a5 (S5 5 coloe Julo g a S
b g ol w;q@w&b.mwgﬁrsogﬁﬂyty
1o slaatl 53 BBl 0l o IS — e 5 cyn el O 5051
oslinal b ide 55 VY] sy s oygs b i Ly, gl
wb s 3 4gaS Ol palie Ky, JILS= e (62,00 0505l
23 o g (S N5y 38 N3 s g 3550 50k e
uy%)s&\,&)ﬁsm&uuwouﬂﬁuﬂ
5 iS5 e Gl slaesle Slasl s @l g5y
ol BYs 5l as s VL s i s ol (s 8 s
&-\,\;}gum&;@);M);.[o]xu;sx,,w\@s,
b axla Ol sl Sl Je SO el 5 oS 0L
Slmss addllas pl o3l (Kb slaubl 4l oS
oS Ol bl Pl ek et 53 b 5 LSS
@\)\Jécjjﬂb@u\éuq&é;\d\wbﬁ.[\\]wb
Sl & Ly axmd ol @ 5 L3S s (SOL
b oS b Sllp pomie ead s <l ey alex 51 Ll
@35 SIS 5o pmd et s e O slade s
Sl 0355 a3 Ol id bl 4 s oS 0L~ SlslA

adlas 3590 gLrolKans| Slasedn — \ Jyd
Table 1. Details of the studied stations
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Altitude (degrees-minutes) (degrees-minutes)

(meters)
1640 44-44 38-20 36-005 Did Ali Chai ¢l Jewss Ourban oL
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Fig 1. Location of stations in the study area
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Table 2. Results of Mann-Kendall test on minimum flows with different continuity periods
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Wakeby
Johnson sb
Wakeby - Phased Bi-Weibull
Gen. Extreme value
Cauchy
Johnson sb
Wakeby
Phased Bi-Weibull
Johnson sb - Wakeby
Johnson sb
Wakeby

Cauchy

Ourban oLl
Babaroud

Urmia Band 4., o

ssoLL

Tamr Urmia aws,l o3
Chekan o~
Chahrigh Olia U G5 ¢~
Daryan oL s
Dizig urmia 4w, TR
Ghermezigol | ;0 3
Lighvan 0l ;2]

Naghadeh
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Table 3. Results of Mann-Kendall test on minimum flows with different continuity periods

s Sl Bl o Sle Bl o Sle Bl o Sle Blas (o Ske Bl 6553 53 L)y Ao s

AJ\)'j) a)'j)\wg_gjx.la QJJJOQSJP'.:A ajj)Vwa a)'j)\OJf;u c)'}j“' Sfr.:.a ;LL‘&;ALQLQVJUJ
Minimum At least At least At least Atleast 15- At least 30- Percentage of
daily flow 3-day moving 5-day moving 7-day moving day moving day moving trends in different
average average average average average  continuity periods
oLyl
-0.2 -0. -0.2 -0.2 -0. -0.2 1
(Ourban) 0.28 0.30 0.29 0.29 0.30 0.27 00
5oL
(Babaroud) -0.52 -0.53 -0.54 -0.54 -0.56 -0.58 100
an gl Ay
(Urmia Band) -0.15 -0.06 -0.04 -0.03 -0.08 -0.19 0
3 1 1 1 1 21 1
(Tamr Urmia) -0.16 -0.17 -0.19 -0.19 -0. -0.13 0
O
(Chekan) =0.63 =0.62 -0.62 -0.59 0.57 0.57 100
e 0.40 0.40 0.39 0.38 0.32 0.36 100
(Chahrigh Olia) = = = 0. -0. -0.
obos
-0.17 -0.23 -0.19 -0.17 -0.15 -0.13 16.33
(Daryan)
ol s
.. . -0.39 -0.41 -0.39 -0.40 -0.40 -0.40 100
(Dizig uemia)
Jéﬂﬂ 0.58 0.56 0.53 0.49 0.50 0.48 100
(Ghermezigol) - — —= - = -
Ol s
(Lighvan) -0.30 -0.34 -0.31 -0.37 -0.32 -0.33 100
ol
(Naghadeh) -0.67 -0.66 -0.68 -0.70 -0.73 -0.72 0
O, 3Ll pila
(Hashemabad -0.16 -0.14 -0.14 -0.14 -0.05 -0.09 0
Bikaran)
095 43 Ngy oy
Percentage of 58.33 66.67 58.33 58.33 58.33 58.33

trends in different

continuity periods
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Table 4. Results of Petite test with minimum flow rates with different continuity periods

oSl ol o Bl o Sle Bl (80 Bl (Sl Blas (S0l Blas 0 Sle Blas o5 53 L, Aoy
Station name &l a)'j)\ﬂdf&.a oj}JOAwa o)'j)\/;jfgu e)'})\Oqur:«: 0391 k_gfr.:ﬂ ;il.?;'uébhcjl.u
Minimum At least At least At least At least 15- At least 30- Percentage of
daily flow 3-day moving 5-day moving 7-day moving day moving day moving trends in different
average average average average average  continuity periods
OL sl
Q0 114 119 119 120 120 120 100
(Ourban)
LL
22055 210 210 210 210 210 210 100
(Babaroud)
‘ .
el 69 59 54 56 71 94 0
(Urmia Band)
| oo
e 120 120 120 120 123 124 100
(Tamr Urmia)
5
N 120 120 120 120 123 124 0
(Chekan)
u; -
A 188 186 186 186 186 182 100
(Chahrigh Olia)
oL
Q2 166 216 198 192 181 185 0
(Daryan)
‘ N
N 153 149 152 151 155 171 100
(Dizig uemia)
‘}{J"‘ﬁ 224 224 202 198 200 186 100
(Ghermezigol)
o
f““-j 119 120 108 131 118 132 100
(Lighvan)
o
209 209 13 217 15 13 100
(Naghadeh)
O 5Ll pila
(Hashemabad 113 120 110 86 86 102 33.33
Bikaran)
092 »2 Ju.j) M)}
Percentage of 75 75 66.67 66.67 66.67 66.67

trends in different
continuity periods
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Table 5. Results of Fan Neumann test with minimum flow rates with different continuity periods
e Bl Sl Bl (Sl Bl (80 Bl o Sle Blus G Sle Blus 0y55 55 sy Ao

M.b.ﬁ) U'”V;ij:ﬁ aj))OgSJxﬁ o)'j)\/gs_/palﬁ GJJJ\OLSJ%"A e)'j)“' 6J>=:A ;ﬁl:mksur)\.b

Minimum At least At least Atleast  Atleast 15-day Atleast 30- Percentage of
daily flow 3-day moving 5-day moving 7-day moving moving average day moving trends in different
average average average average  continuity periods
ks 1.57 1.51 1.50 1.53 1.45 1.38 16.66
(Ourban)
230kt 1.70 1.72 1.76 1.75 1.65 1.79 0
(Babaroud)
sl 1.48 1.61 1.56 1.56 1.61 1.65 0
(Urmia Band)
ol o .89 .86 .81 .88 .75 .59 100
(Tamr Urmia)
oS 1.85 1.69 1.65 1.64 1.56 110 16.66
(Chekan)
e Geer 75 0.84 79 76 68 0.72 100
(Chahrigh Olia)
ok 1.65 1.69 1.71 1.75 1.81 1.94 0
(Daryan)
ool @ 1.00 1.04 1.02 1.02 1.24 1.60 83.33
(Dizig uemia)
S 1.61 1.56 1.59 1.62 1.58 1.53 0
(Ghermezigol)
o4 1.53 1.27 1.20 L11 1.32 1.42 83.33
(Lighvan)
ok 1.34 1.44 1.44 1.45 1.43 136 0
(Naghadeh)
Ol sbl oils
(Hashemabad 0.96 0.86 0.98 0.98 1.09 117 100
Bikaran)
093 3 Ly, Loy
Percentage of 41.67 41.67 41.67 41.67 41.67 41.67
trends in different
continuity periods
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Abstract

Climate change along with human interventions has changed natural hydrological cycle and consequently
the need for more water resources, timely supply of water needs has faced serious challenges. Estimation of
basal flow index has been one of the important issues in hydrology. In order to analyze the minimum flows
in this study, 12 hydrometric stations with a statistical period of 30 years in northwestern Iran were selected
due to the presence of Lake Urmia and then the annual minimum flow series were calculated with durations
of 3, 5, 7, 15 and 30 days. Based on the goodness-of-fit test of Kolmogorov-Smirnov, among the various
distributions of the Wakeby distribution and based on Mann-Kendall test 66.67 Percent have a decreasing
trend of minimum flow, based on Pettit 75 Percent of the studied stations have an increasing trend of
minimum flow and according to Phenomenon test, 41.67 Percent of the stations have a minimum increasing
trend of 95 Percent with different continuities. The results can be useful for having an accurate plan for the

amount of water consumed and sustainable management of water resources in arid and semi-arid regions.
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