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Abstract 

Floods continue to be one of the most 

significant economic losses annually. The need for accurate and timely flood forecasting is critical for 

effective disaster prevention and mitigation. Traditional hydrological and stat

represent the nonlinear relationships between rainfall, soil moisture, and river discharge. This paper 

proposes a machine learning (ML)-based flood forecasting framework that leverages historical and real

hydrological data to enhance accuracy and adaptability. Supervised learning algorithms

Machine (SVM), K-Nearest Neighbors (KNN), Logistic Regression, and Multi

were implemented and evaluated. Among these, MLP demonstrated superior predic

its ability to capture complex nonlinear dependencies. The proposed model achieved higher accuracy and 

faster response time than traditional models, establishing a scalable and intelligent decision

for flood management. 

Keywords 

Flood Forecasting, Machine Learning, Artificial Intelligence, Multi

Prediction, Real-Time Data Analytics, Early Warning Systems.

I. INTRODUCTION 

Floods are recurring and devastating natural hazards, accounting for

The unpredictability of rainfall, coupled with rapid urbanization and deforestation, exacerbates the risk of 

flash floods. Accurate flood prediction is vital to saving lives, protecting infrastructure, and ensuring 

sustainable water resource management.

Traditional hydrological models rely on physically based equations and empirical relationships to predict 

floods. These models require precise environmental data and extensive calibration, which limits their 
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Floods continue to be one of the most destructive natural disasters, disrupting millions of lives and causing 

significant economic losses annually. The need for accurate and timely flood forecasting is critical for 

effective disaster prevention and mitigation. Traditional hydrological and statistical models struggle to 

represent the nonlinear relationships between rainfall, soil moisture, and river discharge. This paper 

based flood forecasting framework that leverages historical and real

o enhance accuracy and adaptability. Supervised learning algorithms

Nearest Neighbors (KNN), Logistic Regression, and Multi-Layer Perceptron (MLP)

were implemented and evaluated. Among these, MLP demonstrated superior predic

its ability to capture complex nonlinear dependencies. The proposed model achieved higher accuracy and 

faster response time than traditional models, establishing a scalable and intelligent decision
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Floods are recurring and devastating natural hazards, accounting for over 40% of global natural disasters. 

The unpredictability of rainfall, coupled with rapid urbanization and deforestation, exacerbates the risk of 

flash floods. Accurate flood prediction is vital to saving lives, protecting infrastructure, and ensuring 

stainable water resource management. 

Traditional hydrological models rely on physically based equations and empirical relationships to predict 

floods. These models require precise environmental data and extensive calibration, which limits their 
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destructive natural disasters, disrupting millions of lives and causing 

significant economic losses annually. The need for accurate and timely flood forecasting is critical for 

istical models struggle to 

represent the nonlinear relationships between rainfall, soil moisture, and river discharge. This paper 

based flood forecasting framework that leverages historical and real-time 

o enhance accuracy and adaptability. Supervised learning algorithms—Support Vector 

Layer Perceptron (MLP)—

were implemented and evaluated. Among these, MLP demonstrated superior predictive performance due to 

its ability to capture complex nonlinear dependencies. The proposed model achieved higher accuracy and 

faster response time than traditional models, establishing a scalable and intelligent decision-support system 

Layer Perceptron, Hydrological 

over 40% of global natural disasters. 

The unpredictability of rainfall, coupled with rapid urbanization and deforestation, exacerbates the risk of 

flash floods. Accurate flood prediction is vital to saving lives, protecting infrastructure, and ensuring 

Traditional hydrological models rely on physically based equations and empirical relationships to predict 

floods. These models require precise environmental data and extensive calibration, which limits their 
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adaptability in regions with sparse or incomplete data. Moreover, they fail to capture nonlinear and dynamic 

interactions among environmental parameters.

Machine Learning (ML) offers a powerful alternative through data

rainfall, soil moisture, river discharge, and topographical data, ML algorithms can detect complex 

spatiotemporal patterns. The system developed in this research utilizes ML for high

prediction, real-time adaptability, and automated alert generati

disaster management. 

II. LITERATURE REVIEW 

Research in flood forecasting has evolved from rule

approaches. 

 Pappenberger et al. (2015) demonstrated the co

System (EFAS), proving the economic viability of early flood warnings.

 He et al. (2011)analyzed radar rainfall uncertainty and highlighted the limitations of conventional 

precipitation models. 

 Todini (2004) discussed probabilistic forecasting and uncertainty quantification, introducing 

stochastic modeling concepts.

 Krzysztofowicz (2002) developed a Bayesian probabilistic river

inspired later machine learning approaches.

 Vrugt and Robinson (2007) introduced ensemble learning and sequential data assimilation, bridging 

the gap between statistical and ML methods.

While these methods laid the foundation for predictive hydrology, their reliance on static parameters restricts 

their real-time applicability, motivating the adoption of ML techniques.

III. RELATED WORK 

Recent research in machine learning

leveraging deep learning and hybrid models.

1. Deep Learning Models: 
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y in regions with sparse or incomplete data. Moreover, they fail to capture nonlinear and dynamic 

interactions among environmental parameters. 

Machine Learning (ML) offers a powerful alternative through data-driven learning. By analyzing historical 

l, soil moisture, river discharge, and topographical data, ML algorithms can detect complex 

spatiotemporal patterns. The system developed in this research utilizes ML for high

time adaptability, and automated alert generation, providing an intelligent tool for modern 

Research in flood forecasting has evolved from rule-based and statistical models to intelligent computational 

demonstrated the cost-effectiveness of the European Flood Awareness 

System (EFAS), proving the economic viability of early flood warnings. 

analyzed radar rainfall uncertainty and highlighted the limitations of conventional 

discussed probabilistic forecasting and uncertainty quantification, introducing 

stochastic modeling concepts. 

developed a Bayesian probabilistic river-stage forecasting model that 

inspired later machine learning approaches. 

introduced ensemble learning and sequential data assimilation, bridging 

the gap between statistical and ML methods. 

While these methods laid the foundation for predictive hydrology, their reliance on static parameters restricts 

ime applicability, motivating the adoption of ML techniques. 

Recent research in machine learning-based flood forecasting has shown substantial advancements by 

leveraging deep learning and hybrid models. 
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on, providing an intelligent tool for modern 

based and statistical models to intelligent computational 

effectiveness of the European Flood Awareness 

analyzed radar rainfall uncertainty and highlighted the limitations of conventional 

discussed probabilistic forecasting and uncertainty quantification, introducing 

stage forecasting model that 

introduced ensemble learning and sequential data assimilation, bridging 
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Fang et al. (2019) applied Convolutional Neural Networks (CNN) to satellite imagery for spatial flood 

detection, demonstrating superior performance in image

Kratzert et al. (2018) employed Long Short

proving that recurrent neural architectures outperform traditional hydrological simulations.

2. Hybrid and Ensemble Models: 

Mosavi et al. (2020) combined Random Forest (RF) with Support Vector Regression (SVR) to improve 

flood peak estimation, achieving a reduction in mean absolute error by 12%.

Rahmati et al. (2021) developed an ANN

remote sensing information to enhance early warning accuracy.

3. IoT and Real-Time Systems: 

Ahn et al. (2022) proposed an IoT-based hydrological sensing system integrated with ML models for real

time flood monitoring, showcasing the growing role of AI

Despite these advances, most studies focus on regional models or limited datasets. The proposed work 

distinguishes itself by building a generalizable, modular ML framework that supports multiple algorithms, 

evaluates model performance comparat

based dashboards. 

IV. SYSTEM OVERVIEW 

A. Existing System 

Traditional flood forecasting systems utilize rainfall

depend on physical equations that require intensive calibration and are unable to handle uncertain or missing 

data. These models often: 

 Exhibit low accuracy during extreme events.

 Cannot integrate data from modern sensors or APIs.

 Have limited scalability and automation capabilitie

Disadvantages: 
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applied Convolutional Neural Networks (CNN) to satellite imagery for spatial flood 

detection, demonstrating superior performance in image-based prediction. 

employed Long Short-Term Memory (LSTM) networks for rainfall

proving that recurrent neural architectures outperform traditional hydrological simulations.

combined Random Forest (RF) with Support Vector Regression (SVR) to improve 

flood peak estimation, achieving a reduction in mean absolute error by 12%. 

developed an ANN–SVM hybrid framework, integrating topographical data and 

sensing information to enhance early warning accuracy. 

based hydrological sensing system integrated with ML models for real

time flood monitoring, showcasing the growing role of AI-driven IoT infrastructure.

Despite these advances, most studies focus on regional models or limited datasets. The proposed work 

distinguishes itself by building a generalizable, modular ML framework that supports multiple algorithms, 

evaluates model performance comparatively, and provides real-time alerting and visualization through web

Traditional flood forecasting systems utilize rainfall-runoff models and hydrodynamic simulations. They 

ns that require intensive calibration and are unable to handle uncertain or missing 

Exhibit low accuracy during extreme events. 

Cannot integrate data from modern sensors or APIs. 

Have limited scalability and automation capabilities. 
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applied Convolutional Neural Networks (CNN) to satellite imagery for spatial flood 

Term Memory (LSTM) networks for rainfall-runoff prediction, 

proving that recurrent neural architectures outperform traditional hydrological simulations. 

combined Random Forest (RF) with Support Vector Regression (SVR) to improve 

SVM hybrid framework, integrating topographical data and 

based hydrological sensing system integrated with ML models for real-

rastructure. 

Despite these advances, most studies focus on regional models or limited datasets. The proposed work 

distinguishes itself by building a generalizable, modular ML framework that supports multiple algorithms, 

time alerting and visualization through web-

runoff models and hydrodynamic simulations. They 

ns that require intensive calibration and are unable to handle uncertain or missing 
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 Less adaptive to changing climatic conditions.

 Inefficient in real-time predictions.

 Require expert calibration and high computational resources.

B. Proposed System 

The proposed ML-based flood forecasting framework integrates data

ingestion, and intelligent alert generation. The system uses multiple supervised learning algorithms

KNN, Logistic Regression, and MLP—

System Highlights: 

 Automatic data preprocessing and cleaning.

 Continuous model retraining using live sensor data.

 High accuracy and minimal false alarm rate.

 Web dashboard for visualization and alert dissemination.

Advantages: 

 Adaptive and scalable across geographical region

 Supports real-time monitoring and community alerts.

 High accuracy and improved disaster response efficiency.

V. SYSTEM ARCHITECTURE AND MODULES

Modules: 

1. Data Collection: Acquisition from IoT sensors, weather APIs, and satellite data.

2. Data Preprocessing: Handling missing values, normalization, and feature extraction.

3. Feature Engineering: Deriving rainfall trends, river discharge rates, and soil saturation indices.

4. Model Training: Training and testing ML algorithms; MLP achieved 95% accuracy.

5. Prediction and Alert: Forecast flood probability and send alerts to authorities.
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Less adaptive to changing climatic conditions. 

time predictions. 

Require expert calibration and high computational resources. 

based flood forecasting framework integrates data-driven 

ingestion, and intelligent alert generation. The system uses multiple supervised learning algorithms

—to train on historical datasets and predict flood events dynamically.

Automatic data preprocessing and cleaning. 

Continuous model retraining using live sensor data. 

High accuracy and minimal false alarm rate. 

Web dashboard for visualization and alert dissemination. 

Adaptive and scalable across geographical regions. 

time monitoring and community alerts. 

High accuracy and improved disaster response efficiency. 

V. SYSTEM ARCHITECTURE AND MODULES 

Acquisition from IoT sensors, weather APIs, and satellite data.

Handling missing values, normalization, and feature extraction.

Deriving rainfall trends, river discharge rates, and soil saturation indices.

Training and testing ML algorithms; MLP achieved 95% accuracy.

Forecast flood probability and send alerts to authorities.
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driven modeling, real-time data 

ingestion, and intelligent alert generation. The system uses multiple supervised learning algorithms—SVM, 

to train on historical datasets and predict flood events dynamically. 

Acquisition from IoT sensors, weather APIs, and satellite data. 

Handling missing values, normalization, and feature extraction. 

Deriving rainfall trends, river discharge rates, and soil saturation indices. 

Training and testing ML algorithms; MLP achieved 95% accuracy. 

Forecast flood probability and send alerts to authorities. 
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6. Visualization: Display results in dashboards and GIS

VI. RESULTS AND DISCUSSION 

The experimental analysis used real flood datasets from Kaggle and local hydrological sourc

Models were evaluated using Accuracy, Precision, Recall, and F1

Model 

Logistic 

Regression

KNN 

SVM 

MLP 

(Proposed)

 

 

Result Interpretation: 

The MLP algorithm achieved the highest performance, effectively handling non

data, reducing false negatives, and enhancing early flood warning reliability.
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Display results in dashboards and GIS-integrated maps. 

 

The experimental analysis used real flood datasets from Kaggle and local hydrological sourc

Models were evaluated using Accuracy, Precision, Recall, and F1-score. 

Accuracy Precision Recall F1-

Score 

Regression 

80% 0.78 0.79 0.78 

83% 0.82 0.80 0.81 

88% 0.86 0.87 0.86 

(Proposed) 

95% 0.94 0.96 0.95 

The MLP algorithm achieved the highest performance, effectively handling non-linear and high

data, reducing false negatives, and enhancing early flood warning reliability. 

 

International Journal of Intelligent Computing Systems 

| ISSN: 3107-7218 

www.ijics.in 23 

The experimental analysis used real flood datasets from Kaggle and local hydrological sources. 

 

linear and high-dimensional 



International Journal of Intelligent Computing Systems

November 2025| IJI

IJICS | Peer
 

VII. FUTURE ENHANCEMENTS 

 Integration of deep learning (LSTM

 Deployment on cloud-based IoT architecture for scalability.

 Inclusion of probabilistic modeling for uncertainty estimation.

 Expansion into multi-regional datasets for global adaptability.

 Development of AI-based mobile alert applications for community engagement.

VIII. CONCLUSION 

This research presents a robust machine learning

traditional hydrological models. Through multi

model for real-time prediction. The system’s adaptability, scalability, and visualization capabilities make it a 

valuable tool for proactive disaster management. By integrating AI with IoT and real

framework sets the foundation for next
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