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Abstract

Although rainfall-runoff modelling is not considered a big
challenge recently, it is still one of the challenging issues for
researchers in the basin or sub-basins without statistical data.
One of the new methods in this field is the use of remote
sensing techniques and the use of machine learning (artificial
intelligence). In this research, to calculate the runoff in the
basins without data, two basins were used including the basins
for the Samian and the Amoghein hydrometric stations in
Ardabil plain. The first station was chosen as the outlet of the
Ardabil Plain basin for model training and calibration and the
second station was used as the basin without data for
verification and testing. Modelling was done using 9 input
parameters including air pressure, vegetation cover index (low
and high cover), soil temperature, ground surface temperature,
soil water volume, runoff, evaporation potential and
precipitation. Also, a parameter related to the observational
data of the stations was used as an output. Modelling was done
using four models of NARX, ANN-ACO, ANN-GA, ANN-
PSO and the accuracy of the models were evaluated using
MSE, R2, RMSE, NSE and MAE. The results showed that the
NARX model is clearly superior to other models with an
accuracy of 0.001, 0.86, 0.039, 0.855 and 0.015 respective to
the above-mentioned measures. Remote sensing methods
combined with artificial intelligence can respond to
hydrologists’ challenges in data-scarce and ungauged basins
around the world due to their ability to provide high-precision
results.
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Table 3- Accuracy of selected models for two lag times for Amoghein basin data
Odges o] adgs sbedls gly Sloj o 93 byl gl cowiio gl Jae B3 dmulio Y Jouo

Amoghein Time Lag MSE R? RMSE NSE MAE
Basin
NARX 2 Days 0.001 0.86 0.039 0.855 0.015
ANN-ACO 0.012 0.12 0.110 -0.177 0.066
ANN-GA 0.012 0.11 0.108 0.012 0.065
ANN-PSO 0.013 0.11 0.114 -0.257 0.069
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Fig. 20- Simulation of the flow rate at Amoghein gauge using the NARX model
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Fig. 21- Simulation of the flow rate at Amoghein gauge using the ANN-ACO model
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Fig. 22- Simulation of the flow rate at Amoghein gauge using the ANN-GA model
ANN-ACO Jaw 1 03wl U padgos (5 o9 yiud olma ] oo 43 3l o (o0 (g5lwaam YT JSUS

VEoY oyl 0 )lowd o jg Sl eyl ol ol @olio cliyiioss
Volume 19, No. 5, Winter 2024 (IR-WRR)
Yo



1.2 o Obsevation - ANN-PSO
2
S o9 . ’ .
8 ° Q ‘8, ‘
No6 o { . 3 .
© ? ° 3 ° °
Eos s § = :
o % g ¢ 3
Z H. W Y N
1 501 1001 1501 2001 2501 3001 3501 4001
Time (Day)
Fig. 23- Simulation of the flow rate at Amoghein gauge using the ANN-PSO model
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1- Normalized Difference Vegetation Index

2- Nonlinear Autoregressive Network with Exogenous
Inputs

3- Nonlinear Autoregressive Model with Exogenous
Geomorphometrically Processed Inputs

4- Long Short-Term Memory

5- Feedforward Neural Networks

6- Geographic Information Systems

7- Numerical Weather Prediction

8- Application Programming Interface

9- Google Earth Engine

10- Genetic Algorithm

11- Particle Swarm Optimization

12- Ant Colony Optimization Algorithm

13- Levenberg—Marquardt Algorithm

14- Artificial Neural Network-Genetic Algorithm

15- Artificial Neural Network- Particle Swarm
Optimization
16- Artificial Neural Network- Ant Colony

Optimization Algorithm

17- Ant Colony Optimization for Continuous Domain
18- Mean Squared Error

19- Nash—Sutcliffe Model Efficiency Coefficient

20- Root Mean Squared Error

21- Mean Absolute Error
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