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Extended abstract

Introduction

This paper examines the application of the Adaptive Neural Fuzzy Networks
(ANFIS) model in predicting the flow of Qanats in Birjand County, one of
the arid and semi-arid regions of Iran. Qanats, as a traditional and vital
source of water supply in these areas, are affected by several factors,
including climate change, excessive groundwater extraction, and reduced
rainfall. This has increased the need for accurate and efficient methods to
predict their flow. Introduction:
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Water Resources The main objective of this research is to evaluate the accuracy of the ANFIS
l'\:/lanagNementl,N awork model in estimating the monthly flow of Qanats in Brijand County and to
B:ﬁg]d ecui:;l etwork, determine its ability to predict flow fluctuations based on climatic and

hydrological data. Based on the results obtained, the aim is to provide
solutions for sustainable management of water resources.

Materials and Methods
Study Area: Birjand County, located in South Khorasan Province, focuses
on the Birjand watershed, which has 1875 ganat streams.
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Data

Monthly data on precipitation, evaporation, temperature (maximum, minimum, and average),
humidity (minimum), and ganat discharge were collected from 2011 to 2021 (120 months of
data). Data Preprocessing: The gamma test was used to select input variables with the greatest
impact on ganat discharge and to remove outliers.

ANFIS Model: This model was selected due to its ability to model nonlinear and complex
systems. The model was optimized using 70% data for training and 30% for evaluation, with the
Fuzzy C-Means algorithm and trial and error method.

Evaluation criteria: Correlation coefficient (R2), root mean square error (RMSE), and Nash-
Sutcliffe coefficient (NS) were used to measure the accuracy of the model.

Results
The results of the study show that the ANFIS model can predict the discharge of Qanats with
high accuracy. The results obtained are:
Table 1- Performance of the adaptive Fuzzy Neural Network in Predicting the
Discharge of Qanats

RMSE R? NS Modeling stage
0.43 0.93 0.92 Training
0.049 0.98 0.97 Test

These results indicate that the model performs very well in predicting the discharge of Qanats
according to the evaluation criteria. Also, the graphs show that the model can accurately predict
the changes in discharge during different months of the year.

Discussion

Comparison of the results with similar studies shows that the ANFIS model performs better in
predicting the discharge of Qanats compared to other models. This high accuracy is due to the
model's ability to learn complex and nonlinear patterns in the data and the use of an appropriate
optimization method. The results show that the decrease in ganat flow is significant in the dry
months of the year, which indicates the need for greater attention to water resources
management during this period.

Suggestions

Based on the results of this study, the following are suggested:

Further studies: Conduct further studies using long-term and diverse data to increase the
accuracy of the model and examine the impact of various factors on ganat flow.

Sustainable water resources management: Implementing management plans to reduce excessive
abstraction and optimize water consumption, especially in the dry months.

Qanat restoration and repair: Investing in the restoration and repair of worn-out ganats and using
modern technologies to improve their performance.

Use of monitoring systems: Use of accurate monitoring and measurement systems of ganat
discharge to collect more accurate and up-to-date data for better modeling.

Conclusion

This study showed that the ANFIS model is a powerful tool for predicting ganat discharge in
arid and semi-arid regions and can help water resource managers in planning and decision-
making related to sustainable water resource management. Considering the importance of ganats
in providing agricultural water and people's livelihoods, the use of these methods can play an
important role in preserving and restoring these water resources.
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