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Abstract

One of the important consequences of the climate change on
extreme floods is the change in their frequency, timing and
magnitude. In this research, the seasonality of flood in the
Urmia Lake basin was analyzed based on the extreme flood
data from 14 stations. This work was done in the statistical
period of 2003-2019 using the new method of circular
statistics. The uniformity of occurrence time of extreme floods
(OTEF) was examined by Rayleigh-test and Kuiper-test, in
three significance levels of 0.1, 0.05 and 0.01. The slope of the
trend lines for the OTEF were estimated using the modified
Sen’s estimator. The results of the Kuiper test indicated that
there is no uniformity in the OTEF. It was found that there are
two distinct flood seasons in the region including a) late March
to mid-May (S1) and b) mid-September to early December
(S2). The mean of seasonal strength index of events was equal
to r = 0.695. By dividing the year into above mentioned
seasons, this index was obtained as 0.9 for the first season and
0.78 for the second season. The two eastern and western parts
of the Urmia Lake had same seasonality strength in S1.
However, in S2 the seasonality of the western part of the lake
was stronger than the eastern part. In S1, on average, the OTEF
in 40% of the stations had a negative trend while for the rest it
showed a positive trend. For S2 the stations with negative and
positive trends were respectively 11% and 78% of the total.
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Table 1- Geographical characteristics of the stations in the studied area
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Station Latitude Longitude Station Latitude  Longitude
Bibakran 37.28 44.9 Ligvan 37.83 46.43
Bitas 36.68 45.7 GrmziGul 37.72 46.08
Tapik 37.67 44.9 Shirinkand 37.03 46.13
Chahrig 38.08 44.6 Daryan 38.23 45.62
Dizaj 37.38 45.07 Chekan 37.33 46.32
MirKoh Haji 38.02 47.52 Tazekand 38.43 47.22
Mganijig 37.32 46.42 Bostanabad 37.85 46.82
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The point on the unit circle is equal to the
timing of the hydrological extreme event,
the dashed lines are the x and y
components for each event and 7 is the

mean vector of the sample with n events.

Fig. 2- Schematic representation of events on the circumference of a circle with a unit radius
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Fig. 3- Pattern of the number of events in the selected stations in the statistical period (horizontal axis:
month of the year, vertical axis: number of events per month)
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Fig. 4- Circular graph of the data for the selected stations (without seasonality)
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Table 2- Summary of seasonal calculations of ¥, 8 and csd in the area
ailio csd 90 o T  ad Oluwlne doYd Y Joua

0(degree) r csd
Stations Total S1 S2 Total
5 D, 5 D, 3 D, Total S1 S2 S1 S2
Bibakran 110.2 111.8 1126 114.2 326 330.7 0.68 0.9 0.7 0.86 0.45 0.82
Bitas L1 78 201 307 3505 067 084 082 9 053 062
Tapik 104 105.5 108 109.6 272 276 061 09 076 (099 041 073
Chahrig 137 139 125.9 127.7 2448 o484 0.67 091 078 (g9 043 071
Dizaj 991 1005 1017 1032 3043 3037 075 092 095 076 a1 044
MirKoh 113.3 1145 301.2 0.8 0.95 0.97

Haji 1149 116.2 305.6 1.55 0.29 0.2
Mganjig 98.8 100.2 101 1025 311 3155 0.79 089 099 077 046 001
Ligvan 129 1309 124 1258 253 2567 079 094 075 (68 034 075
GrmziGul 77.7 78.8 107 108.6 303 3074 0.3 0.84 084 155 0.59 0.58
shirinkand 102 1035 102 1035 - 096 096 -~ (28 028 -
Daryan 106.8 108.4 115 1167 272 276 0.16 0.78 059 142 0.71 1.02
Chekan 98 0.99 100 1005 297 30123 071 088 069 159 049 085
Tazekand 105 106.5 106.7 108.2 3089 3134 0.81 0.93 095 165 0.38 0.31

At g gl pgd Juad g Jol Juad ((s0Mee Jlo (slul 51 59, 005 ko saimd i i iy S2 9 S1 Dy (sledles tas g

Note: D;j is the day counter from the 1 day of the Gregorian Calendar and S1 and S2 are the extreme flood seasons
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Fig. 5- Circular graph of the data of S1 in the selected stations
S (ol ! 45 ST saosly glb > 41390 -0 JSG

4905), 43@_): :‘:\a.uaﬁd' MUD'}.&S SF.Y L’,U.MU Al D)lon:l ‘r,-n},} Jw ad,ﬂ' ui égb.n Ol
Volume 19, No. 2, Summer 2023 (IR-WRR), Special Issue: Urmia Lake
VO



D550 )3 S e pedS 4y YYS B YEY/A jl ailaie JS 0 pdlie  (T=+/A8) A oy oSian] 4y bguye Juad ol 3T Jlade o yiiin
Ol By G5 D 9 dx > YYE B YFF/A jlaely cpl dsbyy oy opyieS o] cpl p3 0yl )8 asbyy Byd Lisu jo &S el
BBy Sloj uSle 05l xS o puts A YA YFUY 51 0 0 s 0 ol &S oyl 1) (Csd=+/YA) csd s li lade
B (D =YFMY) yoliow 0 3l ousds blod 51 oy Gisu o o Jad 0 O (g glaolid ;) ad b oy 5ioed WolKiws!
YU juolivw O 5l anlyy oye (50 ,0) (DjYY/Y) polys YV adlato (50 )3 &ly (b yd o] 8k jl.aib o o 4 (3laie ST
2 (5 JKB) conl oanlie BB wa (dlopl slajlsges | assls a8 g oS 51 Sk a8 039 s (€5A=+/AA) 3L lins 5 sms 1,
Ao )'l S2 J‘:B M (3> L;LML\&) &9§5 OL‘} US.»L.A C§I9 ul)...w aoly 4 d>g b ol L'j 5 > Oew L;LML\,{” LA"AB
Oloj ol S o s (paelys YY) )31 s U (pnolipms ) yonsped 85 ol lgn (b g (pE S 93y 3 (F) 35505 sline

b (LA 5ol byl B g 50 VA 5l dlyd (Bpd 53 0k usy (slalagad 5 ¥ S 48 pslailons .unl it ailaie

s €ials S2 b il o3l (sl 85 0 e S

Bibakran Bitas
90° 90°
0 =307°
0 =326° 1=0.82
T=0.7 o .
180° 01 180 0
360 3¢9
Ke) o
(4
Q ©
ﬁ 2 o
270° 270°
Tapik Chabhrig
90° 90°
a — o
0=272 0 =244.8°
r=0.76 . - |,
180° 0 180° r=0.78 0
360° @ 360°
[
o
Q
. o
270° 0% 3700

dr0g,] daly yd 1 ouad aolingrg NPT Ll oY 85lowd (o23595 Jlw eyl ! T ol oo
Volume 19, No. 2, Summer 2023 (IR-WRR), Special Issue: Urmia Lake
\Ved



180°

180°

180°

@

(9]

Dizaj
90°

0=1304.3°

r=0.95

(]

o

&
270°

Tazekand

(o]

90°

0 =308.9°

r=0.95

270°

Daryan
90°

0=272°
r=0.59

o
270°

0

360°

o)

360°

360°

180°

(‘\

180°

180°

Bostanabad

90°
0 =249.2°
r=0.68
0’
360°
o
(3 > o
2%0%
Chekan
90¢
0 =297° .
¥=0.69 0
2 360°
o
o o
(6]
270°
Shirinkand
9(0°
e
360°
270°

dr0g,] daly yd 1 ouad aolingrg NPT Ll oY 85lowd (o23595 Jlw eyl ! T ol oo

Volume 19, No. 2, Summer 2023 (IR-WRR), Special Issue: Urmia Lake

\ta



GrmziGul Ligvan
90° 90°
0 =303° 0 =124°
084 . r=0.94 0
0 180
1g0 360° C 360°
c
&
% & ®
o e
Py O
270 270°
Mganjig
90°
0=311°
r=0.99 .
180° 0
360
©
270°

Fig. 6- Circular graph of the data of S2 in the selected stations
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Table 3- The results of uniformity tests (¢=0.01, 0.05, 0.1) and POT for the selected stations
Loliwy | POT 4 (0=0.01,0.05,0.1) 8198y (sWCumi gl -Y Joio

Rayleigh Test Ststistic Kuiper Test Ststistic

Stations z a=0.01 0=0.05 a=0.1 \% 0=0.01 0=0.05 0=0.1 POT
Bibakran 91.7 S S S 13.2 S S S 0.4
Bitas 67.5 S S S 15 S S S 0.45
Tapik 64.3 S S S 12.6 S S S 0.38
Chabhrig 50.8 S S S 9.7 S S S 0.6
Dizaj 1144 S S S 14.9 S S S 0.4
MirKoh Haji 22.3 S S S 115 S S S 0.55
Mganjig 374 S S S 5 S S S HoleData
Ligvan 125 S S S 625 S S S 0.2
GrmziGul 15.2 S S S 9.2 S S S 0.45
Shirinkand 59 S S S 55 S S S 0.6
Daryan 131 S S S 4.8 S S S 0.4
Chekan 7 S S S 4.3 S S S HoleData
Tazekand 9.8 NS S S 5.7 S S S HoleData
Bostanabad 5.7 NS NS S 2.9 S S S 0.28

V (e=0.01) = 2.001, V(=0.05)= 1.747, V(a=0.1) = 1.62
K2 (@=0.01) = 9.21, K2(4=0.05) = 5.99, K?=0.1)= 4.61
S: Significant , NS: Nonsignificant
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Table 4- Results of S and Z of the timing of events in seasons S1 and S2 and the whole year
JUo JS 952 9S1 ;5 Ldlud ) £989 o3 Z 9 S sWo,ll gl -F Jous

Stations S (SenSlope) Z (Mann-Kendall)
Total Season 1 Season 2 Total Season 1 Season 2
Bibakran 0.359 0.444 1 -1.39 0.05 -1.07
Bitas 0.567 0.304 11 -1.91 -1.87 -1.43
Tapik 0.259 0.288 -35 0.29 0.73 -0.09
Chahrig -0.179 -0.47 3 -0.62 0.14 0.78
Dizaj 0.179 -0.179 1 1.77 2.55* 0.72
MirKoh Haji 0.00 -0.011 -0.011 1.71 3.38** 0.00
Mganjig 0.2 0.12 0.0 0.18
Ligvan 0.176 0.164 15 1.68 2.13* 0.47
GrmziGul 0.609 0.667 1.4 3.10** 3.51*** 1.09
Shirinkand 0.447 0.447 2.6* 2.6*
Daryan 0.00 1.02 115 0.75 1.19 1.35
Chekan -4 0.138 32.83 0.94 0.34
Tazekand 0.667 0.779 10.33 -4, 74%** 5.47%**
Bostanabad 0.049 0.00 -3.28 2.56* 2.74%* -0.47

Al o ARYAS w53 (610 gime odimd LS oy i g B ook g 7y s 3 ()b ime oaimd (LS o)lin (98 STy pBl 1an g
Note: Bold figures without asterisks indicate significance at the 10% level, and ** and *** indicate significance at the 5% and 1%

levels, respectively.
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Table 5- Statistical results of box plot of @ and ¥ indexes for the whole year, S1 and S2
S2 ¢ S1 Total (gl Wdlad, T 90 g yadld Oy wSb 5 bl bl -0 Joua
0 r
Total S1 S2 Total S1 S2
Median 104.5 106.85 299.1 0.695 0.9 0.78
Q3-Q1 (110.2-988)  (114.5-101.7) (307 - 253) (0.79-061)  (0.93-0.84)  (0.95-0.7)
Max-Min  (113.3-98) (125.9-100) (326 - 244.8) (0.96-061) (0.96-0.78)  (0.99—0.59)
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1- Peaks-Over-Threshold
2- Directional Statistics
3- Circular Statistics

4- Carpathian- Alpine
5- Mann Kendall

6- Maximum Annual

7- Rayleigh-Test

8- Kuiper-Test

9- Uni-Modal

10- Multi-Modal

11- Sen Estimator Slope
12- Bimodal
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