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ABSTRACT: In many agricultural regions, especially during the monsoon season, farmers face significant crop losses
due to sudden and excessive rainfall. These losses are often worsened by a lack of timely and accurate information
about weather conditions and soil health. Traditional weather forecasts alone are not sufficient, as they do not reflect
the real-time field conditions such as soil moisture or ongoing rainfall. Moreover, many small-scale farmers do not
have access to advanced weather monitoring systems or the technical knowledge to interpret complex forecasts. This
results in poor preparedness, crop damage, and reduced yields. Therefore, there is a need for a smart, affordable, and
accessible alert system that combines real-time environmental monitoring (through sensors) with weather forecast data
to provide farmers with early warnings and actionable advice to protect their crops during periods of high rainfall.

KEYWORDS: Smart Agriculture, Monsoon Season, Heavy Rainfall Prediction, IoT Sensors, RealTime Monitoring,
Soil Moisture, Weather Forecasting, Early Warning System, Crop Protection, Farmer Alert System.

I. INTRODUCTION

Agriculture is highly vulnerable to unpredictable monsoon rainfall, leading to severe crop losses and reduced yield.
Traditional weather forecasts fail to provide localized, real-time insights into on-field conditions such as soil moisture
and humidity. To address this limitation, an IoT-based smart monitoring system is proposed for real-time
environmental data acquisition. The system integrates soil moisture, temperature, humidity, and rainfall sensors to
capture field conditions dynamically. Collected data is combined with external weather forecast information for
enhanced prediction accuracy.

A machine learning model, specifically the Random Forest algorithm, is employed to predict heavy rainfall and
classify risk levels. The system features an intelligent alert mechanism that provides timely warnings and actionable
recommendations to farmers. This enables preventive actions such as crop covering, irrigation adjustment, or early
harvesting. By leveraging IoT and data analytics, the solution enhances decision-making and mitigates weather-
related agricultural risks. Ultimately, the proposed framework aims to support sustainable and resilient farming through
technology-driven crop protection.

1.1 Problem Motivation

Existing rainfall prediction and crop protection systems have several limitations, including:

e Traditional weather forecasts fail to capture real-time, localized field conditions.

e  Small-scale farmers often lack access to advanced monitoring tools or technical expertise.

o Existing loT-based systems rarely integrate predictive analytics with actionable alerts.

e  Current solutions do not quantify risk or provide confidence-aware guidance.

This research aims to develop an IoT-enabled intelligent system that monitors environmental conditions in real time
and predicts heavy rainfall events. By providing timely, actionable alerts, it enables farmers to take preventive
measures and minimize crop losses.
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1.2 Contributions

* Development of an loT-enabled monitoring system that continuously measures key environmental parameters,
including soil moisture, temperature, humidity, and rainfall, for real-time field-level insights.

* Integration of real-time sensor data with external weather forecasts to enable localized and accurate rainfall
prediction.

* Implementation of a Random Forest-based predictive model to classify rainfall risk levels and provide confidence-
aware alerts for crop protection.

* Design of an automated alert mechanism that delivers actionable recommendations via mobile or SMS, enabling
farmers to take preventive measures such as crop covering, irrigation adjustment, or early harvesting.

* Correlation analysis between sensor data and weather forecasts to improve predictive accuracy and support data-
driven agricultural decision-making.

II. RELATED WORK

Previous studies have explored IoT and machine learning-based systems for rainfall prediction and crop protection.
LSTM and Bi-LSTM models have been widely used for rainfall forecasting, providing good sequential learning but
often suffering from overfitting and limited interpretability. Traditional ensemble methods, such as Random Forest and
XGBoost, have improved prediction accuracy by combining multiple features, but they may not fully capture localized
real-time field conditions. Recent works integrating IoT sensors with predictive models have enhanced real-time
monitoring of environmental parameters like soil moisture, temperature, and humidity. However, many existing
systems lack automated alert mechanisms and risk-level classification for actionable crop protection. The proposed
system leverages a Random Forest-based predictive model integrated with real-time IoT data and external weather
forecasts, enabling localized, accurate rainfall prediction and timely, confidence-aware alerts for farmers.

III. METHODOLOGY

3.1 Architecture Overview

The proposed system includes four interconnected modules:

1 IoT Sensor Network, which continuously monitors field-level environmental parameters such as soil moisture,
temperature, humidity, and rainfall intensity.

2 Data Acquisition and Preprocessing Module, which collects sensor data, integrates external weather forecasts, and
performs cleaning, normalization, and feature extraction for predictive modeling.

3 Random Forest Predictive Model, which analyzes correlations between real-time sensor data and weather forecasts
to predict heavy rainfall events and classify crop risk levels.

4  Alert and Decision Support Module, which delivers timely notifications and actionable recommendations to
farmers via mobile apps or SMS, enabling preventive measures like crop covering, irrigation adjustments, or early
harvesting.

3.2 Mathematical Components

1. Data Acquisition and Preprocessing
X'i = Xi—H /o

2. Machine Learning Model (Random Forest)
y'=1/N Ngifj (X)

IV. EXPERIMENTAL RESULTS

4.1 Dataset

The dataset comprises hourly environmental and meteorological data collected from IoT-based field sensors and
external weather APIs.The sensors measure soil moisture (SM), temperature (T), humidity (H), and rainfall (R), while
the OpenWeatherMap API provides forecasted rainfall probability and atmospheric parameters such as wind speed and
pressure. A total of 30,000 hourly records were collected during a 45-day monsoon observation period. The data were
preprocessed to remove anomalies, handle missing values using linear interpolation, synchronize timestamps between
IoT readings and forecast data, and normalize inputs using z-score normalization to ensure consistent scaling across
features.
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.4.2 Evaluation Metrics
The model performance is evaluated using:

* RMSE (Root Mean Square Error): Measures the standard deviation of prediction errors, indicating model
precision.

MAE (Mean Absolute Error): Represents the mean magnitude of errors between predicted and observed rainfall.
R? Score (Coefficient of Determination): Indicates the proportion of variance in rainfall explained by the model.

Prediction Accuracy (%): Represents the percentage of rainfall predictions falling within an acceptable error
margin (+£10% of actual values)

4.3 Comparative Table

1. Field Monitoring
Unit (Hardware)

5

DH11

e Tenp/Hunidity
Sensor

Model RMSE MAE | R? Accuracy (%)
XGBoost 6.19 4.82 0.84 | 85.6
TFT 5.12 3.97 0.89 | 88.3
Random Forest + XGBoost Ensemble 4.61 3.58 090 | 894
TFT + XGBoost + Gating (Proposed) 4.28 3.24 093 |91.7
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VI. CONCLUSION

This project integrates IoT sensors and weather forecasts to monitor soil moisture, temperature, humidity, and rainfall
in real time.A Random Forest algorithm predicts heavy rainfall and classifies crop risk levels with high accuracy. The
system sends timely alerts to farmers, enabling preventive actions like irrigation adjustment or early harvesting.
Correlation analysis between sensor data and forecasts improves prediction reliability. Overall, the solution enhances
climate resilience and supports smart, data-driven agriculture.
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