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Abstract

In recent decades, the recurrent occurrence of destructive floods in
the Kan basin, located in west of Tehran Province, has highlighted
the need for a more detailed analysis of the rainfall-runoff
relationship. This study aims to investigate the statistical
dependence between annual peak instantaneous discharge and the
maximum daily rainfall on flood days over 24, 48, and 72-hour
durations using copula functions. After assessing the correlation
between variables with Kendall’s tau and Spearman’s rho tests, the
best-fitting marginal and copula distributions among the Frank,
Gumbel, Clayton, and Plackett models were selected based on the
Cramér—von Mises test and AIC and BIC criteria. The results
indicated that the Soleghan and Kiga sub-basins exhibit stronger
rainfall-discharge dependence, and that increasing the rainfall
duration from 24 to 72 hours enhances the likelihood of
simultaneous occurrence of rainfall and flood events (joint return
period). Moreover, conditional return period analysis revealed that
exceeding critical rainfall thresholds significantly increases peak
discharge and prolongs the conditional return period. These
findings suggest that long-duration rainfall plays a decisive role in
generating major floods, and that instantaneous rainfall intensity
alone is not a sufficient indicator for flood hazard assessment. The
proposed framework can serve as a practical tool for risk
estimation, the design of flood control structures, prioritization of
watershed management interventions, and the development of
early warning systems in similar catchments.
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Table 1- CDF and the parameter range of the selected copulas
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Copula Co(u,v) 0
fu __ ov _
Frank % log <1 + ((e eel)Eel 1)) (=00, )\ {0}
Gumbel exp {—[(—1 nu)® + (=In V)e]g} [1,00)
_1
Clayton (u®+v?-1)° [—1,0)\{0}
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Table 2- P-Values of the correlation tests for the paired variables
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Spearman Kendall
Py, Pyg P, Py, Pyg P,
APsgeghan 0.801 0.669 0.284 APsqleghan 0.698 0.788 0.294
APrendan 0.442 0.438 0.693 APrendan 0.427 0.552 0.803
APgeshar 0.028* 0.001** 0.001** APgeshar 0.020* 0.005* 0.003*
APgiga 0.003* 0.958 0.848 APgiga 0.008* 1 0.955

Significant at the 0.05 level: *, Significant at the 0.01 level: **
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Table 3- Goodness-of-fit results of the marginal
distribution functions for the variables
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Sub Basin  Variable Dist. P-value
AQppak GLO 0.99
Soleghan P4 GLO 0.88
Pis GLO 0.82
P, GLO 0.97
AQpgak PE3 0.95
Py, GEV 0.98
Rendan Pis GPA 0.99
P, PE3 0.40
AQprak PE3 0.70
P,y GPA 0.99
Keshar Pis PE3 0.90
P, GPA 0.97
AQpEak PE3 0.98
. Py PE3 0.99
Kiga Pis GLO 0.98
P, GLO 0.92
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Table 4- The characteristics of the selected copula functions fitted to the paired variables
L putie G gy A8l 05 00 G0 Juade Rl saasuin - Jous

Variable Pair Copula Sa 0, P-value AIC BIC
APsgleghan — P2a Plackett ~ 0.05 1.29 0.23 1.95 2.99
APsqleghan — Pss Plackett  0.02 1.55 0.96 1.81 2.85
APsgleghan — P, Plackett  0.02 2.61 0.95 0.37 1.41
APgendan — Paa Clayton  0.04 -0.26 0.59 1.40 2.11
APrendan — Pasg Frank 0.04 1.41 0.73 1.10 1.81
APrendan — P72 Frank 0.05 0.73 0.58 0.88 1.59

APgeshar — Paa Frank 0.06  4.65 0.14 -1.46  -0.82

APgeshar — Pig Clayton  0.04 2.71 0.46 -6.30  -5.66

APgeshar — Py Gumbel  0.03 2.73 0.67 =722 -6.58

APgiga — P, Frank 0.02 4.8 0.92 -6.63  -5.54
APgiga — Pys Gumbel  0.03 1.04 0.55 1.69 2.79
APgiga — P, Gumbel  0.02 1.06 0.74 1.52 2.61
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Fig. 3- Joint return period plots of the paired variables
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Fig. 4- Conditional return period plots of the paired variables
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1- Copula Functions

2- Marginal Distribution Functions

3- Joint Return Periods

4-  Conditional Return Periods

5- Kendall’s Rank Correlation Test

6- Spearman’s Rank Correlation Test

7- Generalized Logistic Distribution

8- Generalized Pareto Distribution

9- Generalized Extreme Value Distribution
10- Pearson Type III Distribution

11- Three-parameter Lognormal Distribution
12- Cramer-von Mises

13- Akaike Information Criterion

14- Bayesian Information Criterion

15- Cumulative Distribution Function
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