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Objective: Accurate modeling of runoff processes and prediction of daily peak
discharge are major challenges in flood management, water resource allocation, and
the design of protective hydraulic structures due to the nonlinear and complex behavior
of hydrological systems. This study aimed to evaluate the performance of three
advanced data-driven models—Temporal Fusion Transformer (TFT), Gene
Expression Programming (GEP), and Adaptive Neuro-Fuzzy Inference System
(ANFIS)—for predicting daily peak discharge in the Taleghan Watershed.

Methods: Daily peak discharge data from five hydrometric stations over a 30-year
period (1992-2021) were collected, preprocessed, normalized, and provided to the
models under four temporal input scenarios, including the previous 3, 6, 9, and 12
months. All models were implemented in the R environment. Model performance was
evaluated using four statistical indicators: Nash—Sutcliffe Efficiency (NSE), Mean
Absolute Error (MAE), Root Mean Square Error (RMSE), and correlation coefficient
R).

Results: The results showed that the TFT model achieved the highest accuracy among
all evaluated models by a considerable margin. The NSE values at most stations
exceeded 0.97, while RMSE values were below 0.10. This model accurately
reconstructed long-term dependencies, seasonal fluctuations, and complex discharge
patterns. The GEP model ranked second, with moderate performance and NSE values
ranging from 0.66 to 0.68. In contrast, ANFIS produced the weakest results, with NSE
values ranging from 0.60 to 0.63.

The superior performance of TFT demonstrates the strong capability of attention-
based architectures in extracting long-term temporal dependencies and seasonal flow
patterns.

Conclusions: The results indicate that TFT is the most accurate and reliable model for
predicting daily peak discharge in the Taleghan Watershed. However, dependence on
large datasets, high computational cost, and the risk of overfitting due to improper
hyperparameter tuning are among the limitations of this model. From a practical
perspective, TFT can serve as an effective tool in flood early warning systems,
reservoir operation management, and the design of flood control structures.
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Introduction

Precipitation—runoff processes are among the most complex hydrological processes,
influenced by various physical and hydrological parameters. Modeling precipitation—runoff
processes and predicting river discharge are essential for flood management and control, the
design of hydraulic structures in watersheds, and drought management. This study aimed to
address the existing research gap by evaluating the accuracy of three algorithms: Temporal
Fusion Transformer (TFT), as a representative of the new generation of Transformer-based
deep learning models; Gene Expression Programming (GEP), as a symbolic evolutionary
algorithm; and Adaptive Neuro-Fuzzy Inference System (ANFIS), as a soft computing model,
for predicting daily peak discharge in the Taleghan watershed. In recent years, artificial
intelligence-based simulation methods, particularly neural network models, have gained
increasing attention in the prediction of water resource parameters.

Methods

Daily peak discharge data from five hydrometric stations over a 30-year period (1992-2021)
were collected, refined, normalized, and transformed into four temporal input scenarios based
on the previous 3, 6, 9, and 12 months. All models were implemented and trained in the R
environment. Model performance was evaluated using four statistical indicators: Nash—
Sutcliffe Efficiency (NSE), Mean Absolute Error (MAE), Root Mean Square Error (RMSE),
and correlation coefficient (R).

Results

The results indicated that the TFT model significantly outperformed the other models across
all stations and input scenarios. NSE values ranged from 0.97 to 0.99, RMSE values were below
0.10, and R values were close to 1, demonstrating the high capability of TFT in accurately
reconstructing discharge behavior.

The GEP model showed moderate performance, performing more consistently than ANFIS
and demonstrating relative superiority in some long-term prediction horizons. ANFIS showed
the weakest overall performance.

Comparison of TFT with the structurally simpler GEP and ANFIS models indicated that the
superior performance of TFT was not due to overfitting, but rather to its strong capability in
extracting complex temporal patterns and long-term dependencies in discharge data.
Furthermore, the variable selection mechanisms, gating networks, and attention mechanisms
embedded in the TFT architecture played an important role in reducing input noise and
improving generalization.

The superiority of TFT remained stable across all temporal scenarios and seasons. Even
when longer input periods (9- or 12-month historical data) were used, the model maintained
very high predictive accuracy. This indicates that TFT does not suffer from performance
degradation as input sequence length increases. Instead, due to its memory-based architecture
and ability to learn complex nonlinear relationships, it can better capture long-term trends and
temporal continuity than the other models. This strong performance was observed consistently
across all studied stations, with TFT clearly ranked as the best-performing model for daily peak
discharge prediction.

Conclusions
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TFT was identified as the most accurate and reliable model for predicting daily peak
discharge in the Taleghan watershed and is strongly recommended for flood-related analyses
on long-term time scales. Although GEP demonstrated acceptable performance, it could not
compete with attention-based deep learning architectures. ANFIS, despite its capability in
modeling nonlinear relationships, showed high sensitivity to temporal fluctuations in this study.

Given the high predictive accuracy of TFT, the findings suggest that this model can be
effectively applied in practical flood management. Key applications include flood early
warning systems, where accurate prediction of peak discharge can significantly reduce human
and economic losses. In addition, TFT outputs can serve as reliable inputs for the design and
evaluation of flood control structures such as dams, diversion structures, and river protection
systems.

Due to the stable performance of TFT across different temporal horizons, this model can
also be considered an efficient tool for long-term water resource planning and flood risk
management in mountainous watersheds. The results demonstrate that next-generation deep
learning models such as TFT can substantially improve forecasting quality in analyses
involving long-term time series and complex hydrological variability.

Future research is recommended to focus on developing hybrid models, incorporating
multisource data such as radar-based precipitation and remote sensing datasets, and evaluating
the performance of TFT in forecasting extreme hydrological events such as flash floods.
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