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Introduction

A large amount of precipitation is lost annually. Therefore, studying the precipitation-runoff process and
predicting runoff are essential in water resources studies and plans, as well as in water engineering discussions.
Thus, choosing a model that can predict runoff from rainfall with acceptable accuracy using effective factors seems
essential. The aim of this research is to estimate the components of unit hydrographs resulting from several
precipitation-runoff events in the Samian Watershed located in Ardabil Province using a nonlinear optimization
method along with the application of probability distribution functions.

Materials and Methods

In order to determine the optimal values of the distribution function parameters, the objective function is
considered as minimizing the sum of the squares of the deviation between the predicted and actual direct runoff
hydrographs. The values of the probability distribution functions parameters are optimized using Mathematica
software and nonlinear programming method. Finally, the direct runoff hydrographs are calculated using the
effective rainfall hydrographs and the corresponding unit hydrographs, and then compared with the observed direct
runoff hydrographs. The performance criteria of mean square error, mean absolute error ,and correlation coefficient
are used to examine the ability of the functions in the calibration and testing stages. The classical least squares
method is also used to extract the unit hydrographs and its efficiency is compared with the results of the nonlinear
optimization model.

Results and Discussion

In the calibration period, for the first event, the Root Mean Square Error (RMSE) and Mean Absolute Error
(MAE) of the Gumbel (0.0048 and 0.0042) and Nakagami (0.0134 and 0.0095) functions are higher and their
Correlation Coefficients (CC) (0.935 and 0.237, respectively) are also lower than those of the other functions. The
lowest errors (0.0021 and 0.0016) and the highest correlation coefficient (0.978) are related to the lognormal
distribution. The weakest distribution is the Nakagami distribution with RMSE equal to 0.0134, MAE equal to
0.0095, and CC equal to 0.237. In the case of the second event, the RMSE and MAE errors of the Gumbel (0.0110
and 0.0070) and Nakagami (0.0223 and 0.0293) functions are higher and their correlation coefficients (0.682 and
-0.087) are also lower than the other functions. The lowest errors (0.0068 and 0.0056) and the highest correlation
coefficient (0.874) are related to the lognormal distribution. The weakest distribution is the Nakagami distribution
with RMSE of 0.0223, MAE of 0.0293, and CC of -0.087. In the case of the third event, the performance of all
functions is satisfactory due to very low RMSE and MAE values and very high correlation coefficient. However,
the errors of the gamma and lognormal functions are slightly higher than the others. Also, Weibull and normal
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distributions show better performance than other distributions based on the values of performance criteria because
these distributions show high ability in predicting the ascending and descending branches of the unit hydrograph.

In the test period, considering the average values of the performance functions of the distributions in each
event, it can be said that the lognormal distributions (with average RMSE and MAE errors of 0.0134 and 0.01115
and average correlation coefficient of 0.823) and the normal distributions (with average RMSE and MAE errors
of 0.0142 and 0.01275 and average correlation coefficient of 0.739) have higher potential in estimating the unit
hydrographs of the basin, respectively. The errors of Pearson and Nakagami distributions in both events were
higher than the other distributions. The least squares method also had better performance criteria values than all
distributions in both events.

Conclusion

In general, according to the results obtained in the calibration and testing periods, it can be concluded that the
lognormal distribution is the best distribution for estimating and calculating unit hydrographs (especially in
estimating the ascending branch and peak time and discharge) in the Samian Basin. Also, the Pearson and
Nakagami functions are among the weakest distributions in estimating the hydrographs of that basin. The least
squares method, regardless of its shortcomings, is among the appropriate methods in estimating the unit
hydrograph.

Keywords: Least squares, Mathematica software, Nonlinear optimization, Rainfall-runoff event, Unit
hydrograph
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(Nadarajah, 2007) — oo p ;('n X —a)
e
X n
Ls ()= a’r ( j aff = lz Xi
G (ﬁ) n 9=
nariye X0, B0 . a)0 1

(Bhattacharjya, 2004)

Jl8
Gumbel f(x):iem[fem(ﬂ—ayx—a}
(Gumbel, 1960) B

Sl a-1l (x—y
Pearson f(x)_(x_7j e (7] . XYy
(Rao & Hamed, 2000) Pr(ex)
Joes 109=27 exp{_ (Xﬂ
Weibull a’ a ) AT 1o
(Bhunya et al., 2007) x>0, )0, B0 "’{r[“ﬁj’rz(“ﬁﬂ:ﬁ 3 (x - %)
a EZ 2
AL f(x)= # X2t exp|:_aX2:| x>0 ,a>0.5, v = O'[chz]]
Nakagami a)p 55 Oﬁ 1 &
(Rai et al., 2010) B = - Z 2
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Figure 4- Unit hydrographs calculated using the least squares method and distribution functions optimized with the
nonlinear programming model during the calibration period in the Samian Watershed
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distribution functions optimized with a nonlinear programming model in the Samian Watershed during the calibration
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Table 2- Values of performance criteria of the least squares method and probability distributions of the nonlinear
programming model during the test period in the Samian Watershed

R CcC MAE RMSE
. &t’)" _ 5,5 YV da,a 0 da,5 YV 515,50 5,5 VY Sa,5 0
Distribution 17 Juneevent 26 Mayevent 17 Juneevent 26 Mayevent 17 Juneevent 26 May event
L 0.455 0.670 0.0108 0.0086 0.0167 0.0116
Gamma
S 0.716 0.649 0.0135 0.0134 0.0151 0.0150
Gumbel
Jly 59 0.816 0.830 0.0112 0.0111 0.0135 0.0133
Log-Normal
by 0.783 0.694 0.0125 0.0130 0.0136 0.0148
Normal
PR -0.236 -0.206 0.0210 0.0178 0.0260 0.0214
Pearson
Joms 0.710 0.719 0.0145 0.0137 0.0166 0.0158
Weibul
S . 0.844 0.466 0.0237 0.0243 0.0350 0.0397
Nakagami
Sloe Sl 1.000 1.000 0.000 0.000 0.000 0.000

Least Square




1Fed b F oyl Fe als> (S g ol agpis YYY

0.08 26 May

Lf'J
Discharge (mm/hr)

0 5 10

0.08
0.06
0.04
0.02

&)
Discharge (mm/hr)

- e Jlelie
Jley
Juy 53

15 20 25
obej
Time (hourr)
b vy - e el
17 June e
Jby Sy

15 20 25

ol
Time (hour)

Slagyo Jilas g, 5l Jols Slawlro 5 (1aalive paiuns SUly, GBS g b dummliio - JSU

Olelw 32 2l adgs 53 (9050 093 43 (Jad b (532 540U 5 St b o (g jlwdiane 2595 195 9

Figure 7- Comparison of observational and computational direct runoff hydrographs

obtained from the least squares method and optimized distribution functions with the
nonlinear programming model during the test period in the Samian Watershed
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