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Introduction

The Unit Hydrographic Theory, which was first proposed by Sherman in 1932, is used as one of the
most important rainfall-runoff methods in hydrology. One of the most efficient models in simulating
rainfall-runoff phenomenon is the conceptual model known as Nash Instantaneous Unit Hydrograph.
In this model, the number of reservoirs and storage coefficients describes the complete shape of
Instantaneous Unit Hydrograph (Ahmadin et al., 2010).

The model consists of two parameters including n and k. Different methods have been presented
to estimate the mentioned parameters. Inaccurate estimation of the model parameters (n and k) causes
an error in simulated hydrograph. Methods such as the moments, the least square and the maximum
likelihood are some of the proposed ones (Snyder, 1955; Eagleson et al., 1966). The large number of
parameters of these methods has limited their use (Rao and Tirtotjondro, 1995). Thus, the researchers
tried to develop a model with lower number of parameters and more acceptable accuracy.

Some researchers such as Aron and White (1982), Collins (1983), Rosso (1984), Hann et al.
(1994), Singh (1998), Singh (2000), Singh et al. (2007), and Bhunya et al. (2003) proposed
relationships for estimating Nash Model’s parameters. Others, including Bahremand and
Mostafazadeh (2010), Ahmadin et al. (2010) and Aslani et al. (2016) used the proposed relationships
and estimated the parameters of Nash model in three different basins of Iran.

Methodology

In this research, we used the data of hydrometer stations located on rivers of three basins
including Urmia Lake (Bitas and Kouter stations on Mahabad-Chay River), Caspian Sea (Malhazan
and Badalan stations on Gara-Chay and Aland-Chay Rivers, respectively), and Persian Gulf and
Oman Sea (Garjal station on Zab River). It should be mentioned that the studied stations are located
in West Azarbaijan, Iran.

Six different methods were used to estimate the parameters of Nash model. The applied methods
were classified in three categories: the methods based on physiographic characteristics (P-B method;
one case), the methods based on statistical distribution (D-B method; two cases), and the methods
based on flood hydrograph (H-B method; three cases).

Five events of each studied station were selected, and then Nash parameters were computed for all
flood events using employed methods. A flood event recorded in each station was stochastically
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chosen, and then, using average values of Nash parameters for four remained events, the selected
flood hydrograph was simulated. To evaluate the model performance, different statistical indices
were used.

Results and Discussion

The results of used statistical indices in validation stage introduced the most suitable method for
each studied station. The results showed that the methods based on flood hydrograph had more
efficiency in comparison with the methods which are based on basin’s physiographic characteristics
or statistical distribution. Therefore, considering statistical indices results, three methods based on
flood hydrograph were suggested as the best methods for calculating Nash model parameters in all
studied stations (Garjal (11.01<RMSE=12.99 m?%/s), Kouter (1.79<RMSE<1.80 m®/s), Malhazan
(1.13<RMSE<1.14 m®/s), Badalan (1.73<RMSE<1.74 m?/s) and Bitas (RMSE=0.14 m%/s)). Also, it
should be mentioned that similar to the results of Bahremand and Mostafazadeh (2010), Nash method
(located in the category related to methods based on basin’s physiographic characteristics) gives poor
results in all studied stations.

Conclusions

The use of Nash Instantaneous Unit Hydrograph Model, as an efficient technique for estimating
flood hydrograph, could be a useful tool in hydrological studies. By correctly estimation of the
mentioned model’s parameters (n and k), the efficiency of this method in modeling the rainfall-runoff
process can be increased. On the basis of the obtained results, the methods based on flood
hydrograph can be introduced as suitable models for estimating Nash model parameters in studied
stations. For future studies, it is proposed that researchers adopt other developed models for
estimating Nash model parameters and apply other events recorded at other basins.
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Table 2- Applied events in calibration and validation steps

Station

Stage Garjal

Kouter

Malhazan

Badalan

Bitas

2007.12.07
2010.04.22
2011.04.23
2011.05.24

2009.02.11
2009.03.10
2011.04.05
2011.04.21

2009.05.01
2009.08.11
2009.09.10
2010.09.10

2009.04.30
2009.07.10
2011.04.19
2011.04.22

2008.03.03
2008.03.13
2011.04.12
2011.04.21

Validation 2010.04.23

2008.11.21

2009.06.21

2011.04.18

2008.02.19
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Table 3- Values of statistical indices related to the applied events in the calibration phase at GarJal

Station
MAE 2 RMSE MAE 2 RMSE
Method Event (ms) R () Method Event (m¥s) R (m3/s)

2007.12.07 3.56 0.08 4.16
2010.04.22 22.06 0.15 27.23
2011.04.23 30.33 0.02 37.52
2011.05.24 17.26 0.01 20.70

2007.12.07 1.00 0.79 1.28
2010.04.22 7.80 0.70 10.23
2011.04.23 3.43 0.97 4.53
2011.05.24 2.80 0.95 3.85

2007.12.07 1.55 0.46 1.85
2010.04.22 6.29 0.88 8.10
2011.04.23 13.26 0.58 1551
2011.05.24 4.14 0.59 7.68

2007.12.07 1.01 0.79 1.28
2010.04.22 7.79 0.70 10.22
2011.04.23 3.42 0.97 4.52
2011.05.24 3.08 0.96 3.76

2007.12.07 1.55 0.45 1.85
2010.04.22 6.29 0.88 8.11
2011.04.23 13.28 0.58 15.53
2011.05.24 4.13 0.59 7.67

2007.12.07 1.00 0.79 1.28
2010.04.22 7.84 0.70 10.26
2011.04.23 3.56 0.97 4.62
2011.05.24 3.47 0.98 3.97

Average 7.08 0.65 8.99
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Table 4- Average values of Nash model’s parameters in validation phase

n
Method Garjal Kouter Malhazan Badalan Bitas
N 4 3 3 3 3
Gl 2 2 2 2 2
G2 2 2 2 2 2
Q1 4 8 5 5 6
Q2 4 7 5 5 6
Q3 4 8 5 5 6
K (hr)
Garjal Kouter Malhazan Badalan Bitas
N 10.9 7.3 7.9 8.7 6.9
Gl 4.2 3.7 5.1 6.6 5.7
G2 4.2 3.7 5.1 6.6 5.7
Q1 2.3 1.3 1.9 2.0 1.9
Q2 2.4 1.3 1.9 2.0 1.9
Q3 2.4 1.3 1.9 2.0 1.9
15 -
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o 90 - e © (G2 @ 9 - e © (52
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Fig. 2- Observed and simulated discharge Hydrographs in validation stage
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Table 5- Statistical indices results related to the studied stations in validation phase

Garjal Station

Index N Gl G2 Q1 Q2 Q3

R? 0.26 0.83 0.83 0.93 0.93 0.94
RMSE (m3.s) 45.89 12.22 12.23 12.99 11.96 11.01
MAE (m?3.s) 38.05 10.35 10.36 10.85 10.03 9.15
NASH -1.64 0.81 0.81 0.79 0.82 0.85
RE Qp 70.67 2.02 1.98 23.27 20.57 17.13
RE Tp 222.22 33.33 33.33 11.11 11.11 11.11

Kouter Station

Index N Gl G2 Q1 Q2 Q3

R2 0.01 0.65 0.65 0.71 0.71 0.71
RMSE (m3.s) 4.62 2.06 2.06 1.80 1.79 1.79
MAE (m3.s) 3.85 1.64 1.64 1.58 1.57 1.57
NASH -1.18 0.57 0.57 0.67 0.67 0.67
RE Qp 74.18 36.19 36.20 12.32 12.49 11.85
RE T, 112.50 25.00 25.00 25.00 25.00 25.00

Malhazan Station

Index N Gl G2 Q1 Q2 Q3

R? 0.14 0.70 0.70 0.83 0.83 0.83
RMSE (m3.s) 3.76 1.99 2.00 1.14 1.13 1.13
MAE (m?3.s) 3.26 1.54 1.55 0.98 0.98 0.97
NASH -1.41 0.32 0.32 0.78 0.78 0.78
RE Qp 73.92 48.75 48.76 19.43 19.45 19.05
RE T, 112.50 12.50 12.50 0.00 0.00 0.00

Badalan Station

Index N Gl G2 Q1 Q2 Q3

R2 0.01 0.79 0.79 0.77 0.77 0.77
RMSE (m3.s) 4.06 2.14 2.14 1.73 1.73 1.74
MAE (m3.s) 3.08 1.58 1.58 1.31 1.31 1.32
NASH -0.64 0.55 0.54 0.70 0.70 0.70
RE Qp 73.15 51.55 51.56 191 1.97 1.40
RE Tp 162.50 0.00 0.00 12.50 12.50 12.50

Bitas Station

Index N Gl G2 Q1 Q2 Q3

R? 0.10 0.72 0.72 0.65 0.65 0.65
RMSE (md.s) 0.31 0.18 0.18 0.14 0.14 0.14
MAE (m?3.s) 0.28 0.15 0.15 0.10 0.10 0.10
NASH -1.27 0.28 0.28 0.56 0.56 0.55
RE Qp 63.17 43.08 43.10 6.41 6.56 6.17
RE Tp 87.50 12.50 12.50 12.50 12.50 12.50
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Fig. 3- RMSE index values related to three studied methods’ categories
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