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Abstract

Streamflow forecasting models play a crucial role in hydrological issues, such as the
determination of reservoir inflows and flood forecasting. In this research, artificial
intelligence hybrid models including ANFIS and GA-ANN have been used for short-term
(daily) streamflow forecasting. This research aims to predict the outlet of the Latiyan basin,
Tehran province, from 2017 to 2018. For this purpose, a snow-covered area (SCA) is
obtained from the processing of Sentinel-2 optical satellite images. Then, in order to extract
the effective snow, the fusion algorithm is applied for Sentinel-1 and 2 integrations. Finally,
the artificial intelligence model with the help of the effective snow parameter along with
other daily hydrometric and meteorological data including daily precipitation, temperature,
and discharge is applied to forecast the daily outlet of the basin. Also, to improve the model
performance, the seasonal index has been used to identify streamflow trends and better
model training. The results showed that the prediction model using satellite data has
improved its performance by 37%, which shows the direct effect of the snow parameter on
the basin runoff. In addition, the trend of changes in the effective snow parameter has a
favorable agreement with the flow trend of the basin, especially in the peak flows. Also,
using seasonal information as an input parameter can improve the results of the prediction
models by approximately 22%. In addition, the Al method based on fuzzy inference
(ANFIS) showed better performance than the developed neural network method (GA-ANN)
based on statistical indices.
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Introduction

Flow forecasting has a constructive role in water resource management activities. Theoretically, accurate flow
prediction can be done through several hydrological and meteorological variables. Also, the snow parameter is
another important factor in streamflow prediction. Therefore, the knowledge of remote sensing in snow
estimation is a great help in appropriate forecasting models.

The proposed model has focused on the effect of snow melting in the runoff basin. In general, the present study
consists of two steps, the first step includes the processing of satellite images and the second step is the
preparation of the flow forecasting model. In fact, the output of the processed image, the effective snowmelt in
the runoff, is included as the input of the model prediction along with other in-situ parameters and the seasonal
index.

Materials and Methods

Latiyan Basin is one of the mountainous regions of Central Alborz, Iran. The data used in this study
includes two types of ground and satellite data. The ground data used in this research are:

Digital Elevation Model (DEM) of SRTM radar sensor of Latiyan Basin, daily discharge,
precipitation, temperature, and snow measurement of the basin.the satellite data of the Sentinel
sensors. In order to short-term streamflow forecast in the Latiyan basin, Al hybrid methods (GA-ANN
and ANFIS) have been used. These models predict the basin outlet by ground and satellite data using
modern cross-validation methods.

Results

As can be seen, SCA(T) shows superiority compared to SCA(II) in both Al models. In addition, the
ANFIS-SCA(T) model has shown the best performance in identifying the peak points. Therefore, the
approach of fusion satellite images and considering both ground and satellite data in the forecasting
model will be fruitful in the reliability and efficiency of the model.

Discussion and Conclusion

The proposed methods have been applied to the study area of Latiyan basin, Iran, and the following
results have been obtained:

1) In general, the ANFIS method has better performance than GA-ANN in the streamflow forecast.

2) Use of satellite images along with other ground data improved the streamflow forecasting results in
both GA-ANN and ANSIF models.

3) The results showed that using seasonal information, as an input parameter, can increase the
accuracy of both Al models.

4) Previous hydrological studies with an emphasis on the total SCA, obtained from optical sensors,
led to overestimation and error in forecasting models. The wet snow method, derived from the optical
and radar fusion approach, showed favorable results based on statistical indices.
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! Normalized Difference Vegetation Index
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