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Abstract

In the past years the climate change has altered the behavior of
river flow and led to more frequent extreme hydrological
events such as flash floods with high sediments. This has made
it very important to know the different characteristics of river
sediments when planning for and designing water structures.
In this study, a new Standardized Sediment Index (SSI) was
developed and different characteristics of sediment, including
probability density function (PDF), magnitude, intensity, etc.,
were determined for the western of Lake Urmia basin using a
Monte Carlo simulation process. For this purpose, first, the
sediment data was determined according to different models of
rating curve, and then the synthetic data series of sediment
(1000 series) were generated using a suitable stochastic model
and were used to determine different characteristics of
sediment. The results showed that in most stations, the method
of estimating the rating relationship according to the
innovative method of this study, i.e. using the flow discharge
index method to classify the relationship between flow and
sediment, has the higher performance compared to other
methods proposed in different studies. Also, the PDF of
sediment data completely follows the normal distribution, as
expected from a normalized natural process, and has a
systematic behavior with skewness data. Finally, the results of
this study are a comprehensive guide for accurate and real
inference of river sediment phenomenon according to the SSI
index and can significantly reduce the damages caused by
sediments.
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Carlo Simulation, Synthetic Data Generation.
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Table 1- Statistical characteristics of flow and sediment data at the study stations
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Statistical characteristics of measured sediment discharge

Area  Perimeter Elevation Slope

Station (km2) (km) m) (m/m) datatype  No. Min  Mean Max SD CV  Skewness
01 618 3396 1823 295 1537
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(tOSday) 001 6308 64363 37616 596  13.39
le 007 1176 2515 2098 178 613

Tapik 1738 3036 19659 032 (™ SS) 315
(tosday) 006 55336 323843 279793 506 854
?/ 007 822 1239 1161 141 44
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04 761 723 956 126 298

Hashemabad 4252 1106 20457  0.26 ('T(‘;’SS) 283
(o) 004 25171 159386 142259 565  9.62
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Table 2- Classification SSI index for different levels
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YU oo Zolaw (519 SSI ad i gawaddb -Y Jouo
Sy ol g by

Sediment classification and Sign. SSI

Extremely HugEﬁg' of Sediment i her than 2

Severely High Level of Sediment (SHLS) 1.5t01.99
Moderately High Level of Sediment

(MHLS) 1t01.49
Normal Sediment (NS) 0.99 t0 -0.99
Moderately Low Level of Sediment
(MLLS) -1t0-1.49

Severely Low Level of Sediment (SLLS) -1.5t0-1.99
Extremely Low Level of Sediment

(ELLS) Less than -2

1]

- -RUN

T T T T T \ T T T T T T T 1T T T T T 1

Fig. 2- Graphical representation of main characteristics of different sediment levels based on the Run theory
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Table 3- Relationships between flow-sediment curves from different methods
S gy, 1l 4 D9 m (23 Gl ode by, T Jgaa

R R’ RMSE

Station Calculation method Equation N (080s) (Qs,8Qsy) (ton/day) NSE
Simple rating curve _ y=0.6891x*%¥ 405 0.805 0.336  383.4 -0.041
Months with greater or less discharge  Q>Qrmean  y=0.5129x*%® 151 0.707 |
than annual average discharge Q<Qrmean y=0.7069x%7 254 0.617 0326 4434 -0.393
5 Months with more or less rainfall than ~ P>P mean ~ y=0.5385x7% 244 0.848
o -
8 average annual rainfall P<Pmean  y=0.8748x"%" 161 0.730 0318 6657 -2139
g The flow rate greater or less than average Q>Qs mean  y=0.7007x**%® 295 0.633 0309 7852 -3.368
m flow rate of samples Q<Qsmean y=0.2418x"" 110 0.592 ) ' '
SSi<-1 y = 0.2070x%80%5 21 0.316
Standardized Streamflow Index -1<SSI<1 y =0.7446x*4?"2 321 0.655 0.313  661.2 -2.097
SSI>1 y = 0.3136x1818 63 0.511
Simple rating curve _ y=13631x}%" 315 0791 0776 2476.6 0.244
Months with greater or less discharge  Q>Qrmean  y=2.6381x°®6 88 0.659
than annual average discharge Q<Qrmean y=17254x'¥¥ 227 0.608 0.776 22659 0.342
Months with more or less rainfall than ~ P>P mean  y=1.9595x**" 190 0.808
%_ average annual rainfall P<Pmean  y=0.7896x'%Y7 125 0.748 0.768  2064.6 0.454
©  The flow rate greater or less than average Q>Qs mean  y=1.8824x11% 232 0.570
'_ i
flow rate of samples Q<Qsmean y=05732%7 g3 0614 /o0 19030 0550
SSI<-1 y = 1.2027x%7215 35 0.342
Standardized Streamflow Index -1<SSI<1 y=1.3272x44° 235 0578 0.743 18905 0.542
SSI>1 y = 0.4158x%04%4 45 0.542
Simple rating curve _ y=1.8355x"% 313 0.784 0.636 1166.1 0.066
Months with greater or less discharge  Q>Qrmean  y=2.0061x>¥ 115 0.789
than annual average discharge Q<Qrmean y=1.8457x*%% 198 0.651 0.636  1101.4 0.166
Months with more or less rainfall than ~ P>P mean  y=2.1556x"1®° 188 0.772
T average annual rainfall P<Pmean  y=0.5104x*%%* 125 0.810 0.604 = 10129 0.295
O  The flow rate greater or less than average Q>Qs mean  y=1.9364x°%2 228 0.608
flow rate of samples Q<Qsmean  y=09307x}#% g5 (s59 0619 10126 0295
SSI<-1 y = 1.9145x%7°67 46 0.341
Standardized Streamflow Index -1<SSI<1 y=0.8140x"%% 217 0.630 0.632 1043.0 0.252
SSI>1 y = 2.0090x161% 50 0.419
Simple rating curve _ y=1.9972x}%%8 207 0.694 0.568 412.7 0.022
Months with greater or less discharge  Q>Qrmean  y=3.8874x%%2 77  0.691
than annual average discharge Q<Qrmean y=1.0000x°¢%! 130 0.507 0.571 4016 0.074
o Months with more or less rainfall than ~ P>P mean y =2.2753x*%%1 157 0.698
£ average annual rainfall P<Pmean  y=0.8668x"%"" 50 0.672 0.582 4025 0.070
@ The flow rate greater or less than average Q>Qs mean  y = 1.4555x°%"8 155 0.495 0584 3969 0.096
O flow rate of samples Q<Qsmean y=15146x"8 52 (555 ) ) )
SSi<-1 y = 0.4537x%°0%8 18 0.350
Standardized Streamflow Index -1<SSI<1 y=17378x*4% 164 0.466 0584  393.3 0.112
SSI>1 y = 1.1356x%9% 25 0.597
Simple rating curve _ y=3.9842x1%1 275 0732 0405 228.1 0.102
Months with greater or less discharge  Q>Qrmean  y=4.9280x**% 123 0.755 0384 2244 0131
than annual average discharge Q<Qrmean y=25110x*%¥ 152 0.551 ) ) )
- Months with more or less rainfall than ~ P>P mean  y=3.7928x%%%" 193 0.744
§ average annual rainfall P<Pmean  y=3.0153x*%# 82 0.702 0.356 2389 0015
S The flow rate greater or less than average Q>Qs mean  y=2.5699x*%% 200 0.530
X flow rate of samples Q<Qs mean y=5.1880x"%%* 75 (.541 0.378 2272 0.109
SSI<-1 y = 2.6360x%97% 32 0.629
Standardized Streamflow Index -1<SSI<1 y=3.3474x*™3 206 0.558 0.398 222.8 0.144
SSI>1 y = 6.7008x1495 37 0.508
Simple rating curve _ y=0.7408x*"% 283 0.746 0.506 1370.0 0.069
Months with greater or less discharge  Q>Qrmean  y=0.3858x*%%° 102 0.742
- than annual average discharge Q<Qrmean y=0.9097x%% 181 0.526 0.464 13553 0.089
@« - n
o Months with more or less rainfall than ~ P>P mean ~ y=0.4129x*%% 175 0.787
e average annual rainfall P<Pmean  y=13187x#1 108 0595 4%  1317.3 10.140
& The flow rate greater or less than average Q>Qs mean  y=1.0623x"%2* 204 0.448
< el
8 flow rate of samples Q<Qsmean  y=02225x¢%0 79 (s 047> 13290 0124
SSi<-1 y = 0.9970x1-4416 29 0.217
Standardized Streamflow Index -1<SSI<1 y=0.8294x54° 204 0552 0.407 13111 0.148
SSI>1 y = 0.0197x%%77 50 0.552
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Fig. 3- Discharge-sediment curves for different methods at Bardesor station
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Table 4- Statistical characteristics of sediment data series and results of Mann-Kendall, randomness and
stationarity tests

bl 9 392 (B3 JINS -0 90l gl g gy 0313 (5w 5)lel Olatuidio py3lis -F Jgox

Paremeters Bardesor Tapik Dizaj Gasemlo Kalhor Hashemabad
Average annual sediment (tons/year) 4503.43  32750.35  7621.09 456.16  446.88 6999.61
Coefficient of variation 0.53 0.84 0.59 1.13 0.95 0.52
Skewness 1.23 2.03 1.35 2.47 2.19 1.21
Correlation coefficient with a one-year lag 0.2 041 0.38 0.42 0.31 0.43
Man-Kendall test statistic -1.44 -1.99 -2.18 -2.6 -1.55 -1.28
Randomness test statistic 0.31 -0.62 -0.94 -1.94 -0.94 -0.31
ADF test (Critical value=-2.87) -4.81 -3.31 -3.95 -3.98 -3.57 -3.48
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Fig. 4- Comparison of statistical characteristics (mean, standard deviation, skewness and correlation
coefficients between month and year) of monthly generated data with historical data at Bardesor station
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at Bardesor station
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versus skewness

Loy Noa o po b urd g bawgio s Cgawy YU mlaws Sl aw Jlods ! oo oy alaly -5 IS

100 1 — - — Bardesor
s — . — Dizaj
807 N Gasemlo
S N —— Hashemabad
..é\ 60 7
g 40 -
Q
o
o 20 A
0 T 1

1 3 5 7 9 11 13 15 17 19 21 23 25
Time scales (year)

Fig. 7- Cumulative probability for periods of higher or normal sediment for different time steps
Bliseo (o gl (5131 4 VL Jlo b gy 51 g00)90 (reod Jlois! -V JS

da0g,yl dals ) i uasd aolingrg NPT (Ll oF 85lowd (o23595 Jlw ¢yl ! & ol Sl
Volume 19, No. 2, Summer 2023 (IR-WRR), Special Issue: Urmia Lake
V¥o



89 1

y = 7.708x + 79.077 ©
88 1 R2=0.9247
/
S 874 /
= 86 ,0
o] /
g /
© 85 - ,
o /7 0
/
84 ’
Q0
83 - !
82 T T 1
0.0 0.5 1.0 1.5
Skewness

Fig. 8- Relationship between cumulative probabilities of 1-year high sediment periods with skewness
o3ty (Koo o b AlwSy SVG Jlo i b g 32 (510,93 (reod Jloial p23lie oy by —A JSG

5 Sy S 4 yel cpl bl o Lials olKiw] ples )
2 bosly Mox copd b Cowy p s cad oV (S
Ledllo Vg 7 (Sloj pB U aSjshar 039 ciliee (Sloj slapls
e § SidlS Gowy p b ud daodly Koy o ps 38l
Gl pele (Situed culps 500 iyl 4y S o Iy il 8l
Heslej slapl (Al L odly (Sgz o pd b g >
colps o odaly WS e I lBEl H /AL VY e
@ o Mo cups b Cowy p cdb Grd ol  Siuwed

ol o o3l s Ve IS calisee  Sloj slaplS (4l

45 -
40 -
35 -
3.0 -
25 -
2.0 -
15 -
1.0 -
054
0.0 : : : :

Intensity

— - — Bardesor —-— Dizaj

Gasemlo
————— Kalhor Tapik

Gy g Sl Ous -F-Y

2 b ()i sl gy g S GaS ) )95 ol
8 bl o (Y ) gesy eyl & oy ey g
2 gy b il bwgio A S 0] o Cund 4 05 o
Gl 4 Sl claoliy] plos (gl 1, Gilizo loj (slapls
okt SSI aslis yolis Lol 3 Jlo Ve B o O ) (lnoygd
p ol Gud gl wad o dasMe 4 g ysbylen iad o
P Ll g 036 +¥Y (S35 WnolSin) 48 )3 Sy g
$5eS b bedlo Vg F Gloj o5 jl s g 03 S Tay (taljbl e Sle

Hashemabad

5 6 7 8 9 10

Time scales (year)

Fig. 9- Mean intensity of high sediment state in different time scales
Gliseo Sy sBEE 13 Cgw, w s Gud bawgie -4 JSUS

da0g,yl dals ) i uasd aolingrg NPT (Ll oF 85lowd (o23595 Jlw ¢yl ! & ol Sl

Volume 19, No. 2, Summer 2023

(IR-WRR), Special Issue: Urmia Lake
\\rd



1.0 4

0.6 -

0.4 -

0-0 T T T

Correlation between intensity and skewness
o
N
1

Time scales(year)

Fig. 10- The relationship between the correlation coefficients between the intensity of the high sediment
state and the skewness for different time steps

BlSwe oy el o3l Lol Nea oo b Cgw, p Sl Guld wle (Siwwod ol o oo abaly =Y ¢ JSUS

Jleyi 5 (EHLSEO NS) Loy 43 135 gy 6Vl g sy

&) S daly 6> (NS 10 EHLS) yad cogesy (VU oo &
(VY JS3) cosl 035 (R=0.94 5 R=0.94 o 5

Laleiulent 9 (5 S ot ¥

Cae dlygl jobas oS cige (iluand anlys S adlas oyl
0a3Ls Axwgi b gy slaodly (6w gol> g (oges Hl8) oL
43[5.)9) ul;)> Cgw) dllbo.)‘.) S I.\.ul ‘)915410 ‘}{J.) ;AB).:..\) fbu‘
S o 9 S soguym (2 (e e gla e (o)) 4
Eguan sbodly gy asldl p3 a5 35905 g,y (slodls e
5 St giwl Jao 1 oolatwl b (g Verr Sl ) Gow,
ly o 9 Mg (SU-budly (595 Jo 9 Jol 45 ye (905
oy 03 Uil 4 gy Cilitie Clogad e g ik
15 o3lizal (SSI) 5,

JES Jlois! s 5o -V-Y
5 Shreby gl ) S glyea sl Jlisl e sl
Aol (Sidgrien slrondy Gaedil g aaolisS lacy pie
WJle plgisar 29y 00 ) ol (YLl sl S 9 039 gm
gy ilitte OVl Lulyd (dopie (o yle iz 4 uyted b
B a8 S 0 iy Sl ()l o midg (Sl & T Jlo
Slguy olie GBI S culio GlospSoraa Gl 25
olab 4 Jby adb Ja@s! Jasl VY G 50 0 dales ailsog,
290 03 ol (355 (slmodls (4lil 4 gy SV o iliee
Al 4 iy Jloint a8 a0 o LS jeS e ol cawl 0us &5l
ol sl YA 4 o5 5 s (NTON) oy s jlan Jloy
5 bwgle wipmd gy YL gaw il YLl Sl
SolSi] gl byl Lous ol 0ad a8 (ol 5 4 3
4 die oyl &S 009y Jalate gl (gl)h Sldllas odgure alise
Jleinl ciged loicdy 4S5 olay 03y dtunly Wodly Moz oy
EHLS) 1308 gy (Y oo ) 4300 ogusy 6Vl el JUis!
(R=0.86) pyiuns abasl gl > osls Kg> s b (t0 EHLS

4.305), A%lq‘)b :M A&Ubks SF.Y OMU Al b)u R 590 JLM: 40,,.!., Ui @‘JA Ol
Volume 19, No. 2, Summer 2023 (IR-WRR), Special Issue: Urmia Lake



Probability

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.78

NS

0.07

MHLS

0.03

SHLS
SSI category

0.01

EHLS

Fig. 11- Transition probability of normal state to different sediment classes based on generated data at
Bardesor station

39 03 53 8| (gudgi (gWodld (I3l Ay gy e Clb & Jbo b s JWST Jlokal - VY UK

0.500 + o 0.400 ~
0.450 - 0.350 - o0
v 0400 - P n | AN
T 0.350 - e z 0:300 a
W 0.300 - Lo ©° £ 0250 - o
) , 0 AN
o 0.230 -0 EI 0.200 A ©
= 0.200 -
T | y=07851x+0.0721 W 0.150 - °
w  0.150 R2 = 0.741 0.100
0.100 + e : | y =-0.8604x + 0.541
0.050 + 0.050 - Rz=0.899
0.000 w T \ 0.000 , , ‘
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Skewness Skewness
0.016 ~
0.014 |
U-) \
-1 0.012 - :
I A\
w 0.010 - ‘A
2 “A
% 0.008 - \
0.006 - A
0.004 7y = 0.0352x + 0.0222
0.002 - R2=0.8738
0.000 w x \
0.0 0.2 0.4 0.6
Skewness
Fig. 12- Relationship between transition probability of EHLS to EHLS and with the state of EHLS to NS and
NS to EHLS

haw s U g (EHLS t0 EHLS) wawi Cgw y YU g a4 ssd Cogary (s¥U g JUEST Jlosin | oy abasly -V Y JSW0
(NS 10 EHLS) sg.05 ogmoy YU gelams @ Jloys 9 (EHLS 10 NS) Jlo 5 &2 sposed ogaoy YU
dﬂag), Aglq‘)b :M A&Ubks Sy OMU Y b)u A@&S}sﬁ JLM: ‘L‘J,I‘l’ Ui @UA Qw

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



1- Autoregressive

2- Autoregressive Integrated Moving Average
3- Standard Sediment Index

4- Standard Precipitation Index

5- Valencia and Schaake

6- Disaggregation Models

7- Root Mean Square Error

8- Nash-Sutcliffe

9- Standardized Streamflow Index

10- Augmented Dickey-Fuller

11- Probability Plot Correlation Coefficient
12- Probability Density Function
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