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Abstract

The river flow-suspended sediment load relationship in basins due to the rivers flow and natural and unnatural changes
does not lead to providing an accurate relationship, so it is necessary to use new methods for the development of this
sector. Multivariate methods and simulation and modeling based on copula functions can be considered in this regard due
to the consideration of data distribution. In this study, two-dimensional copula functions were used in the period of 2010-
2019 in order to simulate and joint frequency analysis of river flow-suspended sediment load and estimate the conditional
probabilities in the sub-basin of Qale-Shahrokh, Zayanderood Dam basin. While examining the dependence of the studied
pair-variable and choosing appropriate marginal distributions, Frank's copula was selected as the best copula in joint
frequency analysis of the pair-variable of discharge-suspended sediment load according to the RMSE and NSE values.
By using the selected parameters, the simulation of the studied pair-variable of river flow-suspended sediment load with
the probability of more than 80% was carried out in the selected station. So that with a probability of more than 80%, it
is possible to estimate the amount of suspended sediment load given by the river flow in studied station. Finally, with the
probabilities of 90-95% and 95-99%, it was suggested that the equation of forecasting suspended sediment load given by
the corresponding river flow in the study area, which presented the efficiency of 84% and 82%, respectively, according
to the Nash-Sutcliffe statistic.
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Fig. 1. Location of the study area
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Fig. 2. Observed values of river flow (cubic meters per second) and suspended sediment load corresponding to river flow (tons
per day) in the period of 2010-2019 at Qale Shahrokh station
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Table 1. The results of fitting the marginal distributions on the pair-variable of river flow and suspended sediment load at Qale
Shahrokh station
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0.98 4.25 0.80 12.95 Gamma
0.98 3.78 1.00 1.65 GEV
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Table 2. The results of the analysis of error statistics in the determination of the best copula functions in the joint frequency
analysis of river flow-suspended sediment load in Qale Shahrokh station
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0.81 0.81 0.69 0.81 0.80 0.79 0.80 NSE
0.1271 0.1253 0.1600 0.1250 0.1290 0.1319 0.1290 RMSE
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Fig. 4. Joint probability of occurrence of the number of suspended sediment load values given by river flow at Qale Shahrokh
station with a probability of more than 80%
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Fig. 5. The results of simulation of suspended sediment load values using the proposed equations (a: 90-95 percent probability
and b: 95-99 percent probability)

TRl axls ol o gy Blao Sl polie (giluand )5 (golgiiny laakal, o ,Sloas a5 5 S canlive (g5 oo O JSS 4y 4z g5 b
Lo as,0 -0 Jial b solgriny adal) oo oo lid |y ae )0 Y g AT o See o 4 90-9 53090 oVl o
FoS 00y (8 sgu (2Bly polie 4y Cod a5 0B 35T 555 1 8 VYTAT S0 & 5als aald oSl )5 gy Blae S olie
3905 |y Ggary dlae Jb polie duo 0 4+-0 Jlois! b solpion abal) 15 Ggmy dlae Jb aieS polie 890 40 ol oo 0,91 »
o |y Ogay Blae b aicin polie (Jlea! suoyo 1+-20) adal,y ol .ol 03,5 5,50 5 yiin Slaslie polie 4 Cas 2oy VF
Ll 63,5 3,5l 5 1S do s Y/

Lavgin Cudly gy 00,5 &l 1) Gom,y lae [b (gilwand 1o 0,0 AT SIS a5 wo )y A0-29 CVlaixl b golpriny alal,
Sax Slaslic polie 4 Cons a5 sl 08,5 (gilwands 59, 5 3 YOITY sgas 1) &0l aald o] 1o Cguny 3lao [b polas
Olamadsl 350> a5 wily o 10595 1 (owlio & Slos 31 ISSLu- i o )lel 4y 4z g3 b solprion slaalal, ail co peS o0 ¥
Slow p (atein Glaebl 0ogasms 1o a5l 4y azgi b solpiiny laalal,) ams o lid | g9050 (pl 35 (s3lwad as ) A0
adln 10555 6 VL 80 5l Jgene Sl ay S cilond 051 Jaie @ls3

@S 5 2wl onny 95l ply LS Sy (ol Sl Wi oo adlate o 50 Blae Cgm) Jb g (23 0 piiegd Sl Julou
Lol (62,28 Slalllae )3 a9y cnl 9,5 piline ads (55 yael s 5 o oo 00 dlil 0,52 ST Sl S & S (5

55 (sl i 31 02lizal L YA =Y )8 (g ,Le] 0,93 )3 ¢ ynld ol olSin) by o0 b olite ogus 3las b plys Slglyd sl aalllas ol
il A o YIAY il i s i S b i sl (sl 555 A 53 b5 ol i
sy 52l 3 oy 5 29 e 93 plege o by 45 33 (s s 5 30 8L 4 oKl 13 oy Bl i i
Glro )b polds ol o o> Ar Sl i Jleisl b yS &l sopd Ar Gl i Y laisl b 1y s 90 cpl ples (Y leis] Hloged (g5 oo adlllas
A= YL L sdul) » pa.iA)w Yy B yae b.)9—\>b° JEl ul))> 0 9>9 C))yo 2 JLV:: )9L>4; .))f 45])] 4]o9g)o & L )Jolu.o ‘) Sgw)
uoy.a} PN 4.‘44‘) 45‘)‘ L rnl.\B‘ X .))9])._: RANIINN l.o Jﬁ.wu.o 3)91).3 )'5) » L)" Ay 9VA' RN ALEE .)5.\> w).: L Aoy an-a9 9 b
ailalo )3 e Blro sl Sl 3 1) (ooletiy sladlaly LNSE (L Cops il plip (20 2 (e gy Glae )l oy 2]



VF-Y ULM.\A) 9 )AJL &y 5)[@.\:3 ‘Lbl 3)9.3 &,:i ‘:&UW db)-!)ls ‘_glbu.«.b”.: %M’ﬁ \Y

aS" Sl i dloiidin (60,505 walisre WY leinl b (gilwdnd blgy uiean o SVl e &) L dalllas ol 50 3,8 40l ddllas 590

LS)L‘J &9 @lo 1 as ol azgi b by, cpl 08 ")51)-.‘ 2,0 el i SVl L ) ailsog, lae g, )b jlade (lg5 o0
Cyod L 9 w‘ AW (5)@‘545) 9 00y aalaie ua.ou) L_SQLQ.H.M...' A.ia;‘) sdjsn oolazw! G)La] e)g.a Lv wl...m J..a.&bc G‘y 9 aools
5o Wilgi oo ddlate ;o gln aite sl loges AL 0, Sy, cpl o)l cedBl g S8l e Cudgate dieS e (solpiin (b, Judo

il oube g 48,5 I8 eolaiwl 050 3 Slaodw 5 o> sla )b GiolEla ax g b g, Blae )b Cu o

)5‘“*' 5 9 )""\'°"

Sl " F 011" ol b 5l o 438, (INSF) 1S opslid 5 o], Smgs 5l Coler Godio sole culam o il ol
el 00

&L

Aas, K., Czado, C., Frigessi, A., & Bakken, H. (2009). Pair-copula constructions of multiple dependence. Insurance:
Mathematics and economics, 44(2), 182-198.

Bedford, T., & Cooke, R. (2001). Probabilistic risk analysis: foundations and methods. Cambridge University Press.

Bevacqua, E., Maraun, D., HobakHaff, I., Widmann, M., Vrac, M. (2017). Multivariate statistical modelling of compound
events via pair-copula constructions: analysis of floods in Ravenna (Italy). Sciences, 21(6), 2701-2723.

Bezak, N., Rusjan, S., KramarFijavz, M., Miko§, M., &Sraj, M. J. W. (2017). Estimation of suspended sediment loads
using copula functions. Water, 9(8), 628.

Brunner, M. 1., Furrer, R., & Favre, A. C. (2019). Modeling the spatial dependence of floods using the Fisher copula.
Hydrology and Earth System Sciences, 23(1), 107-124.

Cooke, R. M., Kurowicka, D., & Wilson, K. (2015). Sampling, conditionalizing, counting, merging, searching regular
vines. Journal of Multivariate Analysis, 138, 4-18.

Czado, C. (2019). Analyzing dependent data with vine copulas. Lecture Notes in Statistics, Springer, 222.

Dastourani, M., & Nazeri Tahroudi, M. (2022). Toward coupling of groundwater drawdown and pumping time in a
constant discharge. Applied Water Science, 12(4), 1-13.

Favre, A. C., El Adlouni, S., Perreault, L., Thiémonge, N., & Bobée, B. (2004). Multivariate hydrological frequency
analysis using copulas. Water Resources Research, 40(1).

Favre, A. C., Musy, A., &Morgenthaler, S. (2002). Two-site modeling of rainfall based on the Neyman-Scott
process. Water Resources Research, 38(12), 43-1.

Gréler, B., van den Berg, M., Vandenberghe, S., Petroselli, A., Grimaldi, S., De Baets, B., & Verhoest, N. (2013).
Multivariate return periods in hydrology: a critical and practical review focusing on synthetic design hydrograph
estimation. Hydrology and Earth System Sciences, 17(4), 1281-1296.

Joe, H. (1997). Multivariate models and multivariate dependence concepts: Chapman and Hall/CRC.

Kao, S. C., &Govindaraju, R. S. (2007). A bivariate frequency analysis of extreme rainfall with implications for
design. Journal of Geophysical Research: Atmospheres, 112(D13).

Khalili, K., Tahoudi, M. N., Mirabbasi, R., & Ahmadi, F. (2016). Investigation of spatial and temporal variability of
precipitation in Iran over the last half century. Stochastic Environmental Research and Risk Assessment, 30(4),
1205-1221.

Khan, F., Spdck, G., & Pilz, J. (2020). A novel approach for modelling pattern and spatial dependence structures between
climate variables by combining mixture models with copula models. International Journal of Climatology, 40(2),
1049-1066.

Khashei, A., Shahidi, A., Nazeri-Tahroudi, M., & Ramezani, Y. (2022). Bivariate simulation and joint analysis of
reference evapotranspiration using copula functions. Iranian Journal of Irrigation & Drainage, 16(3), 639-656.

Kurowicka, D., & Cooke, R. M. (2007). Sampling algorithms for generating joint uniform distributions using the vine-
copula method. Computational statistics & data analysis, 51(6), 2889-2906.

Li, F., & Zheng, Q. (2016). Probabilistic modelling of flood events using the entropy copula. Advances in Water
Resources, 97, 233-240.

Nash, J. E., & Sutcliffe, J. V. (1970). River flow forecasting through conceptual models part I—A discussion of
principles. Journal of Hydrology, 10(3), 282-290.

Nazeri Tahroudi, M., Ramezani, Y., De Michele, C., & Mirabbasi, R. (2022). Application of Copula Functions for
Bivariate Analysis of Rainfall and River Flow Deficiencies in the Siminehrood River Basin, Iran. Journal of
Hydrologic Engineering, 27(11), 05022015.

Pham, M. T., Vernieuwe, H., De Baets, B., & Verhoest, N. (2018). A coupled stochastic rainfall-evapotranspiration model
for hydrological impact analysis. Hydrology and Earth System Sciences, 22(2), 1263-1283.



W dgpeunl; gmls adld adgpj )3 Jabe p (e gy (3723 Pl (g8 Jubod i )Sed 5 (639305 (5Bb Seme

PronoosSedighi, M., Ramezani, Y., Nazeri Tahroudi, M., & Taghian, M. (2022). Joint frequency analysis of river flow
rate and suspended sediment load using conditional density of copula functions. Acta Geophysica, 1-13.

Ramezani, Y., Nazeri Tahroudi, M., & Ahmadi, F. (2019). Analyzing the droughts in Iran and its eastern neighboring
countries using copula functions. IDOJARAS/QUARTERLY JOURNAL OF THE HUNGARIAN
METEOROLOGICAL SERVICE, 123(4), 435-453.

Salvadori, G., & De Michele, C. (2007). On the use of copulas in hydrology: theory and practice. Journal of Hydrologic
Engineering, 12(4), 369-380.

Sklar, M. (1959). Fonctions de repartition an dimensions et leurs marges. Publ. inst. statist. univ. Paris, 8, 229-231.

Wang, R., Zhao, C., Zhang, J., Guo, E., Li, D., Alu, S., & Dong, Z. (2019). Bivariate copula function-based spatial—
temporal characteristics analysis of drought in Anhui Province, China. Meteorology and Atmospheric
Physics, 131(5), 1341-1355.

Xiao, Y., Guo, S., Liu, P., & Fang, B. (2008). A new design flood hydrograph method based on bivariate joint
distribution. IAHS Publications-Series of Proceedings and Reports, 319, 75-82.

Yue, S., Ouarda, T. B. M. J.,, & Bobée, B. (2001). A review of bivariate gamma distributions for hydrological
application. Journal of Hydrology, 246(1-4), 1-18.

Zhang, D., Yan, M., & Tsopanakis, A. (2018). Financial stress relationships among Euro area countries: an R-vine copula
approach. The European Journal of Finance, 24(17), 1587-1608.

Zhang, L., & Singh, V. (2006). Bivariate flood frequency analysis using the copula method. Journal of Hydrologic
Engineering, 11(2), 150-164.



