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Background and Obijectives: Runoff is the main variable for the
hydrological analysis of the watershed, and due to its importance, for
several decades, hydrological research has focused on the simulation of
rainfall-runoff relationships, which has led to the presentation of many
models. Due to the multiplicity of hydrological models, choosing an
optimal model among various models is not a simple process. For this
purpose, in the present research, after selecting the Galikash watershed
from the most flood-prone basins in Golestan province, the performance of
three hydrological models AWBM, Tank, and IHACRES were evaluated.
The parameters of the models were also analyzed for sensitivity, and
finally, the efficiency of the models in wet and dry periods was examined.

Materials and Methods: The amount of daily runoff from the watershed
for a period of 30 years (1989-2019) was simulated using each of the
mentioned models and using four criteria Nash-Sutcliffe evaluation
coefficient, root mean square error, coefficient of determination, and mean
absolute percentage error, the performance of each model has been checked
in two periods of calibration and validation. After optimizing the values of
all the parameters, the sensitivity of the parameters of each model has been
analyzed. Finally, after specifying the drought condition with the SPI
index, the performance of each model for two wet and dry periods has been
investigated and evaluated.

Results: The results indicate that two rainfall-runoff models, IHACRES
and AWBM, have almost similar performance. IHACRES model with
Nash-Sutcliffe coefficients of 0.73 and 0.75 and RMSE of 2.97 and 2.94,
respectively, in two calibration and validation periods and the AWBM
model with Nash-Sutcliffe coefficients of 0.74 and 0.69 and RMSE of 2.92
and 3.24 for the calibration and validation periods have shown good
performance. Still the Tank model was not successful in simulating the
watershed runoff and its performance is lower than the two other models.
The sensitivity analysis of the model parameters also showed that
Kpase» Hi1, and f parameters are the most sensitive to the change of their
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values in AWBM, Tank, and IHACRES models, respectively. Finally, the
comparison of the performance of the models in wet and dry periods
showed that all the models have succeeded in simulating the watershed
runoff with high accuracy in the wet period, so that the Nash-Sutcliffe
coefficient is 0.79, 0.74 and 0.78 for the three AWBM, Tank and
IHACRES models, respectively, shows the acceptable performance of the
models in simulating the runoff in the wet period. The evaluation of the
results has shown the poor performance of all models in the dry period, and
the Nash-Sutcliffe coefficient obtained for the models is -0.05, -0.45, and
0.12, respectively, which shows the weakness of the models in simulation
of the low flow.

Conclusion: In the evaluation of the three hydrological models AWBM,
Tank, and IHACRES in daily runoff simulation, it was found that in
general, with a small difference, the IHACRES model shows better results
than the AWBM model. Also, in wet periods, according to the evaluations,
the AWBM model led to good accuracy, while the IHACRES model
showed better performance than other models in dry periods. Considering
this issue, it can be said that the models performed weaker in simulating
low flows that occur during dry periods, while the knowledge of
streamflow conditions during dry periods can play an effective role in
managing water resources. Therefore, to increase their accuracy, a solution
should be found.
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Figure 1. Geographical location of the Galikash watershed.
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Table 2. Classification of drought conditions according to the SPI (29).
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12- Absolute Bias

13- Sum of Squares Root

14- Sum of Squares Difference of Square
15- Sum of Difference of Logs
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1- Genetic Algorithm

2- Pattern Search Multi-Start

3- Uniform Random Sampling

4- Rosenbrock Multi-Start Optimizer

5- Rosenbrock Single-Start

6- Shuffled complex evolution method developed
7- Pattern Search

8- Nash-Sutcliffe Coefficient

9- Sum of Squares Error
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Figure 5. The diagram of wet and dry periods of SPI along with the annual precipitation changes of the
Galikash watershed.
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Figure 6. The relationship between observed and simulated runoff in the AWBM model in Calibration and
validation period.
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Table 3. Optimized value and range of parameters in AWBM model.

bl oldang e s el 5y 03 gdos PR e e Sl 5
Parameters Optimized values Parameters range Default values Description
| o o
A 0.29 0-1 0.134 I e
Partial area of surface store 2
A 0.05 0-1 0433 I
Partial area of surface store 1
L oL L
BFI 0.47 0-1 0.350 T o
Base flow index
| e Bl S e b
C 0.006 0-50 7 < A
Capacity of surface store 1
| <
C 140.79 0-200 70 12 e S = B
Capacity of surface store 2
-3l <R
Cs 317.42 0-500 150 o e
Capacity of surface store 3
L1 . \.1 w & L' .
Kosse 0.98 0-1 0.95 RO =R s
Base flow recession constant
. L w & \; .
Keurt 0.42 0-1 0.35 T T S s

Surface flow recession constant
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Figure 7. Sensitivity graph for the parameters of AWBM model.
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Figure 8. The relationship between observed and simulated runoff in the Tank model in Calibration and
validation period.



O)\Ked g gy Olsls acbld / ... Tank s AWBM dHACRES (sl Jae (slawslio b 5,

(f,T) Tank J.\.a BL) LGJ:AUL; 63 90w 9 ol Do )l.\fu —¢ J}.&’

Table 4. Optimized value and range of parameters in Tank model (42).
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Parameters Optimized values Parameters range Default values Description
| b ebaw Ol sl
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Height of first outlet of first tank
| SSU edas J ot OUly, i
all 036 0-1 0.2 Js - it il
Runoff coefficient from outlets of different tanks
| G elas Bl oy
al2 0.12 01 0.2 % £27 2P0 e
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a21 0.08 01 0.2 £27 e SR n?
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KU al 5 bl o s
a3l 0.98 01 0.2 fomr B R 20 ) e
Runoff coefficient from outlets of different tanks
Sb ab by, o
a4l 0.008 01 0.2 pler Sl b 2
Runoff coefficient from outlets of different tanks
K6 o b Blsy o b
alpha 21 0-1 01 AT L e Sl e
Evaporation coefficient
S | SO 3 5y ol
bl 0.16 01 0.2 g2 S ds i
Infiltration coefficient in top three tanks
St b 358 ;
b2 0.34 0-1 02 for SE R A e
Infiltration coefficient in top three tanks
Kb« VI
b3 0.68 0-1 0.2 Pl KL e S8 o 2
Infiltration coefficient in top three tanks
| U ys O35 1
cl 1.94 0-100 20 S 2 Ot o e
Water level in the first tanks
S 3 Gyee ol
2 5.42 0-100 20 g2 S 2 e o
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S s O3ses ol
c3 7.93 0-100 20 e S 2 0 ol
Water level in the third tanks
S s O3ses ol
c4 455 0-100 20 Pl 63 0 ol s
Water level in the fourth tanks
| U s edaw S s
H12 19.98 0-300 0 e =
Height of second outlet of first tank
S, Ll s
H21 96.25 0-100 0 2 S 2 b DU 15
Height of first outlet of second tanks
Kb s edaw S s
H31 47.73 0-100 0 foor % 2 R
Height of first outlet of third tanks
ey Ll (Pl
H41 93.69 0-100 0 Pl S b Sl

Height of first outlet of fourth tanks
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Figure 9. Sensitivity graph for the parameters of Tank model.
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Table 5. Optimized value and range of parameters in IHACRES model (43).
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Delay between precipitation and flow
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2 0.998 1< a0 EE ST S = SR
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w 6 230 i S ey b
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Figure 11. Sensitivity graph for the parameters of IHACRES model.
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Table 6. Results of AWBM, IHACRES & Tank Models for Calibration and Verification period.
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Table 7. Results of AWBM, IHACRES & Tank Models for wet and dry period.
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