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Table 2. Results of applying MMK test on 7- day low flow at Dez Basin
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Table 3. Thevaluesof KS, NS and NRM SE dtatisticsfor fitted probability distributions at Dez basin
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Table 4- The estimated parameters of selected probability distributions
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Fig 2- Comparison of empirical and theoretical probability distributions of 7-day low flow at studied stations.
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Table 5- Results of goodness of fit test and dependency parameter of different considered copula
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Fig 3-Thefitted GH copula versusthe Empirical copulafor the studied stations.
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Fig 4- (a) Joint cumulative probability distribution of the 7-day low flow at the SDZ and SDS stations; (b) contours of the
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Table 6- Joint return periods of 7-day low flow at the SDS and SDZ stations given low flow of design return periods (years)
o) olai CuiS 5L 0y90
8 gokin S CuiiS 3L 0490 Station Joint return period

Univariatereturn period (years) —  w.>. w 3D w

2 3 X<xorY<y X<xandY<y
SDS(m°/s) SDZ (m°/s)

2 7.93 3.31 1.85 2.17
5 6.05 2.70 4.26 6.04
10 4.96 2.34 8.08 13.11
20 3.94 2.00 15.42 28.44
50 2.66 1.58 36.53 79.20

100 1.71 1.27 70.52 171.84



www.SID.ir

AP LT - o0 F oylods ¥ uls (S gl ay s Vo FY

T T T | E——
T = "
0.9+ W 4
0.8 //,.- .
= 0.7+ 4 .
2
g - &
= 3 0.6 _,)-f,’f -
'g - »,r'rP
E 0.5 & 5
7T
0.4 -
y —o—SDS(2)
0.3 ——SDS(5) |
> ——SDS(10)
—— SDS(20)
0.2 y i
[2 o —v— SDS(50)
- SDS(100)
i . & -1
g
o 2 — I 1 1 1 I 1 1
1 1.5 2 25 3 35 4 45 5 5.5

33 o 8l B9, i S L
7- day low flow at SDZ station (m:;a’s)

o Ve 0 LCwiF;boyed 40 (w > o 8] &ueS b 151 4 .5 . (w0l 09y Gl WipoS 3l ya (b pd Jlodisl -V S
‘JLM?"’ 900

Fig. 7- Conditional probability of 7-day low flow at the SDZ station given certain flow scenarios with return periods of 2, 5,
10, 20, 50, and 100 years at the SDS station

o) Pl (e g8 4 oliwd jobile 4 il Late 5 gy
S Ly slaodly zo;5 (gl aS o Lo mls ab a8 )§
GH Jaio pU5 5 cedn dpw 5 yliw Cobd dpw slaolKiw)
L ples Slolyd Judow caadllan oyl jo ol anily 1y 3 Slas o o
Pl L 3)90 0spay 38y (sl g 5 "L o 9o (385 i
Cadd o g 530 Cudd A (oK) j3 oS ol L oS 0
P 4SSl ol «ulSileyen (taldl b ML s (ol S5
ULP w..mlfﬁ L;‘LM J9x JLQQ‘ 9 4,\5[3‘ u»mlf D&AM\JI 90
s 45 ol L1555 4 o 4y e slaling, 51 (S,
0399 345 J1j b g gl D A sloelSin) (sl "
NG| PV [ IR W VRN E YR SPVR KESIF IE PRGN A 51 P

ol &S dg oo ot liie adlas pl il Jols gl &y asgi b
slacdl Ulgi o (Jaie @l ohag @) oo 2> sy by,
dmd Sl S e g lpde gl 1y oy, 5 alise oS 5
) .\_m|9> ‘_,’_J sdlol Cu pdo 0670 gk g0 ).al L)Jl LY
aS olaJaie jl (ST oladss a8 3,5 e dlidn oplplo
Sl sl 503,85 (silee 1) pite 93 5l e Ml e
g oolaiwl aimd &)1,

SO e e cod dpw o] ol duslre oS s
Ol 1 casd Ao o] 13 by wilinl s lgie 4 o puito
ols lesie 1 WS mole il oalaiwl b le o Jbs 030,5
CuiS b 090 315 Cadd o g )l Cubd Mo o] 50 53 dieS
sl S5 (5 3 3905 Y S S0 5 e |y oy
Loolpy ol paSY SY alinl do @ bosye b 5l 5500
i it o) 0 Jlo ¥ Sl oyg0 b S jlade

LSl e

5 (8 5 Ao
K Al lasuin gl clel 5ds 0 slaosyy
pls5 L Jits oo sy ol (00 o gl oo glate & 45
2 RS b Sl 0395 Jatwe adge cpl X555 )3 (o) 3590
Jedos 1 el IS 15T 6,00 1 (S et g A b))
o) Ot Sl 38,555 )3 pis e 4y el o it Sy gl
ol adllas el a3l olyan Uad b Wl o ¢ 3okt el puiio
L 500 dn Laad L p Jlasl oo j0 5 ol adgs aiseS
;i_,u_,bl)sk}.buw)f)l)s ) 3)9“’;}‘4‘“6"9’)‘ odlasiwl
2 S gujer a8 o L addllas 390 (sboolSiuy] 3 o o
9035y &g Jl) Cd dw gyl CuBd S slaoliy]


www.SID.ir

VaPY bl o it Wiz Jaloxd 30 (g0 g (wduast sl ao @ilgi 3 1,8

10.

11.
12.

13.

14.
15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

&bo

De Michele C., Salvadori G., Canossi M., Petaccia A., Rosso R., 2005. Bivariate statistical approach to check
adequacy of dam spillway. Journal of Hydrologic Engineering, 10(1): 50-57.
Desa M., and Rakhecha P.R. 2007. Probable maximum precipitation for 24-h duration over an equatorial region.

Atmospheric research, 84(2): 84 —90.
Dinpashoh Y., Mirabbasi R., Jhajharia D., Zare Abianeh H., and Mostafaeipour A. 2014. Effect of short term and

long-term persistence on identification of temporal trends. Journal of Hydrologic Engineering, 19.3: 617-625.
Favre A.C., El Adlouni S., Perreault L., Thiémonge N., and Bobée B. 2004. Multivariate hydrological frequency
analysis using copulas. Water resources research, 40(1): 90-106.

Hosking J.R.M., and Wallis J.R. 1998. The effect of intersite dependence on regional flood frequency analysis.
Journal of Water Resource Research, 24(4):59-71.

Joe H. 1997. Multivariate Models and Dependence Concepts. London: Chapman & Hall. 399 pp.

Kadri V.Y. 2005. Low flow hydrology: A review. Journal of Hydrology, 240(1): 147-186.

Khalili K., Tahroudi M.N., Mirabbasi R., Ahmadi F. 2015. Investigation of spatial and temporal variability of
precipitation in Iran over the last half century. Stochastic Environmental Research and Risk Assessment, 1-17.
Madadgar S., and Moradkhani H. 2014. Improved Bayesian multimodeling: Integration of copulas and Bayesian
model averaging. Water Resources Research, 50(12): 9586-9603.

Ming X., Xu W., Li Y., Du J, Liu B., and Shi P. 2015. Quantitative multi-hazard risk assessment with

vulnerability surface and hazard joint return period. Stochastic environmental research and risk assessment, 29(1),
35-44.

Mishra A.K., Singh V.P. 2010. A review of drought concepts. Journal of Hydrology, 391: 202-216.

Modarres R. 2008. Regional frequency distribution type of low flow in North of Iran by Lmoment. Journal. Water
Resour Manage, 22: 823-841.

Nalbantis 1., and Tsakiris, G. 2009. Assessment of hydrological drought revisited. Water Resources Management,
23(5): 881-897.

Nelsen R.B. 2006. An introduction to copulas. Springer, New York. 269p.

Saad C., El Adlouni S., St-Hilaire A. and Gachon P., 2015. A nested multivariate copula approach to
hydrometeorological simulations of spring floods: the case of the Richelieu River (Quebec, Canada) record flood.
Stochastic Environmental Research and Risk Assessment, 29(1): 275-294.

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

Sandoval C.A. 2009. Mixed distribution in low flow Frequency Analysis. Journal of Hydrology, 58(1): 247-253.
Shi P., Chen X., Qu S.M., Zhang Z.C., and Ma J.L. 2010. Regional frequency analysis of low flow based on L
moments: Case study in Karst area, Southwest China. Journal of Hydrologic Engineering, 15(5): 370-377.

Sklar A. 1959. Fonctions de Repartition and Dimensions et LeursMarges. Publications de L’Institute de
Statistique, Universite’ de Paris, Paris. 8: 229-231.

Smith R.E., and Bosch J.M. 1989. A description of the Westfalia catchment experiment to determine the effect on
water yield of clearing the riparian zone and converting an indigenous forest to a eucalyptus plantation. South

African Forestry Journal, 151(1): 26-31.
Yue S., Ouarda T.B.M.J., Bobee B. 2001. A review of bivariate gamma distributions for hydrological application.

Journal of Hydrology, 246, 1-18.
Yue S., & Rasmussen P. 2002. Bivariate frequency analysis: discussion of some useful concepts in hydrological

application. Hydrological Processes, 16(14): 2881-2898.
Zhang L., and Singh V.P. 2006. Bivariate flood frequency analysis using the copula method. Journal of

Hydrologic Engineering, 11(2): 150-164.
Zhang Q., Chen Y. D., Chen X., and Li J. 2011. Copula-based analysis of hydrological extremes and implications
of hydrological behaviors in the Pearl River basin, China. Journal of Hydrologic Engineering, 16(7): 598-607.


www.SID.ir

Journal of Water and Soil (3:9UiS @alioo g psle) S g O @ i
Vol. 31, No. 4, Sept.-Oct. 2017, p. 1031-1045 ity VY11 P .o A (LT — je0 oF oylous ) ol

Application of Archimedean and Extreme values Copula Functionsfor
Multivariate Analysisof Low Flowsin Dez Basin

F. Ahmadi’- F. Radmanesh®- G. A. Parham® R. Mirabbasi Najaf Abadi*
Received: 18-09-2016
Accepted: 10-04-2017

Introduction: Hydrological phenomena are often multidimensional and very complex. Hence, the joint
modeling of two or more random variables is required to investigate the probabilistic behavior of them. To this

aim, the copulas can be efficiently utilized to derive multivariate distributions. In addition, the copula functions
can quantify the dependence structure between correlated random variables. Estimation of low flow is necessary
in different fields of hydrological studies such as water quality management, determination of minimum required
flow at downstream for producing electricity and cooling purposes, design of intakes, aquaculture, design of
irrigation systems and assessing the effect of long-term droughts on ecosystems. Low flows can be determined
based on low flow indices. There are many types of low flow indices which among them the 7-days low flow
with different return periods are more popular. Heretofore, numerous studies have been performed in the field of
univariate analysis of river low flows, but the low flows of two river branches can be simultaneously analyzed
using copula functions. Copula is a flexible approach for constructing joint distribution with different types of
marginal distributions. Indeed, the copula is a function which links univariate marginal distributions to construct
a bivariate or multivariate distribution function.

Materials and M ethods: Hydrological phenomena often have different properties, where for their frequency
analysis; they may be examined either individually or concurrently. These variables are not independent, rather
they are interconnected and the change in one of them affects the other. Thus, the univariate frequency analysis
can bring about some error due to neglecting the interdependence between these random variables. the copula is
a function which joint the marginal distribution functions for constructing a bivariate or multivariate function.
Development of copula functions is alleged to Sklar (1959) who described how univariate distribution can be
jointed to form a multivariate distribution. Generally a copula function is a transfer of a multivariate function

[~oo,+0]" [0,1]" o .

from to . This transfer separate marginal distributions from F function and the copula
function, C, is only related to dependency among variables, therefore it present a full description of inner
dependency structure. In other words, the Sklar’s theorem states that for multivariate distributions, the inner
dependency among the variables and univariate marginal distributions is separated and the dependency structure
explained by copula function. The copula function divided into many families which among them then the
Archimedean copula is widely used in multivariate analysis of hydrological events and also has an explicit
formula for its cumulative form which is an important advantage in comparison with elliptical copula functions
that have not explicit formula. Application of the copulas can be useful for the accurate multivariate frequency
analysis of hydrological phenomena. There are many copula functions and some methods were proposed for
estimating the copula parameters. Since the copula functions are mathematically complicated, estimating of the
copula parameter is an effortful work. In this study, five different copula functions including, Ali - Mikhail —
Hagq, Clayton, Frank, Gal ambos and Gumbel-Hougaard were used for multivariate analysis of 7-days low flow
in Dez basin.

Results and Discussion: In this study, the low flow of the Dez basin at junction of river branches during
1956-2012 were investigated using copula functions. For this purpose, firstly the 7-days low flow series of
considered stations were extracted and then the homogeneity of the series was examined using Mann-Kendall
test. The results showed that the 7-days low flow series of Dez basin are homogenous. In the next step, 11
different distribution functions were fitted on low flow series and the Logistic distribution was selected as the
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best fitted marginal distribution for considered stations. After specifying the marginal distributions, the
Archimedean and Extreme value families of copula functions were used for multivariate frequency analysis of 7-
days low flow. For this study, the best-fitted copula was specified in two ways. For the first specification, the
nonparametric empirical copula was computed and compared with the values of the parametric copulas. The
parametric copula that was closest to the empirical copula was defined as the most appropriate choice. The
second specification was based on the statistical approach. The results indicated that for pair data of Sepid Dasht
Sezar and Sepid Dasht Zaz stations, the Gumbel-Hougaard copula had the most accordance with empirical
copula. In order to investigate the joint return periods, we used the joint return periods in two cases of AND and
OR forms and also conditional joint return period.

Conclusion: Based on the obtained results from joint analysis of the low flow at upstream of the junction of
two river branches, it was specified that two river branches of Sepid Dasht Sezar and Sepid Dasht Zaz may
experience sever simultaneous drought events every 200 years.

Keywords: Conditional joint return period, Empirical copula, Homogenous, Joint return period, Marginal
distribution
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