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Abstract: This paper proposes an intelligent solution for flood mitigation through continuous 

environmental monitoring and timely emergency alerts. Floods are among the most destructive 

natural disasters, causing severe damage to human life, infrastructure, agriculture, and public 

services. The impacts of climate change, rapid urbanisation, and unpredictable weather patterns have 

led to a significant increase in the number and severity of flooding events, making reliable early 

warning systems crucial for disaster preparedness. The project employs Internet of Things (IoT) 

technology, wireless sensor networks, and real-time data analytics to continuously monitor critical 

environmental parameters, including water level, rainfall intensity, soil moisture, temperature, and 

humidity. The accumulated sensor data is transmitted to a central cloud-based server for processing, 

where it is analysed using pre-defined threshold values or machine learning techniques to detect 

possible flood risks. Upon detection of hazardous conditions, the system automatically triggers 

instant alerts. It disseminates notifications via SMS, mobile applications, email services and public 

warning systems, enabling authorities and residents to take immediate preventive action. The 

platform also offers real-time visualisation of environmental conditions via an interactive monitoring 

dashboard, facilitating informed decision-making during emergencies. The proposed system 

automates the flood detection and notification processes to improve disaster preparedness, response 

time, public safety and economic losses. The architecture is scalable, reliable, and cost-effective, 

making it deployable in urban, rural, and flood-prone areas worldwide. 
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1. Introduction 

Floods are among the most devastating natural disasters, affecting millions of people 

worldwide each year [34]. They lead to massive loss of human lives, destruction of 

property, damage to infrastructure, agricultural losses, environmental degradation and 

serious economic setbacks. Over the last few decades, floods have become more frequent 

and severe due to rapid climate change, erratic rainfall patterns, deforestation, 

urbanisation, and poor drainage infrastructure. Many areas are highly vulnerable to 

flooding due to heavy rainfall, river overflows, dam failures, storm surges, and inadequate 

water management systems [24]. Developing countries are particularly vulnerable due to 

poor disaster preparedness, inadequate monitoring infrastructure, and slow emergency 
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response systems. As populations continue to grow and urbanisation occurs in flood-prone 

areas, the importance of intelligent and reliable flood prediction and monitoring systems 

is increasing. The traditional way of monitoring floods heavily relies on manual 

observations, weather forecasts, and delayed communication between monitoring agencies 

and emergency response teams. Such approaches often fail to provide timely information, 

leading to delayed evacuations and increased risks to life and property. These limitations 

underscore the urgent need for a modern technological solution that can continuously 

monitor environmental conditions, predict flood risks, and issue early warnings before 

disasters occur. 

To address these challenges, the Flood Disaster Alert System has been developed by 

integrating advanced technologies, including the Internet of Things (IoT), wireless sensor 

networks, cloud computing, geographic information systems, and real-time data analytics 

[40]. The main objective of this system is to develop an automated, intelligent platform for 

continuous monitoring of environmental parameters and for generating early flood 

warnings upon detection of hazardous situations. The system collects data from various 

sensors at sites at risk of floods [44]. It accurately assesses changing environmental 

conditions and detects potential flood situations before they become critical. Continuous 

monitoring enables authorities to make timely decisions regarding evacuation, emergency 

planning and resource allocation, greatly reducing the impact of flooding on communities 

[29]. The introduction of such an intelligent system helps to enhance public safety, reduce 

economic losses and improve disaster management capabilities. However, the increasing 

availability of IoT devices has changed the landscape of environmental monitoring by 

enabling real-time data collection from remote locations. IoT technology is an 

interconnected network of sensors that can measure critical environmental parameters 

such as water level, rainfall intensity, soil moisture, humidity, river flow velocity, and 

temperature.  

These sensors continuously collect data and send it to centralised cloud servers via 

wireless technologies such as Wi-Fi, GSM, LoRaWAN, ZigBee, or cellular networks [38]. 

The collected data is processed immediately by smart algorithms to compare sensor 

readings against preset thresholds or predictive machine-learning models. Any abnormal 

conditions detected that indicate possible flooding will trigger warning messages 

generated by the system and disseminated through multiple communication channels, 

including SMS, email notifications, mobile applications, public sirens, and emergency 

dashboards. This kind of real-time automation reduces reliance on manual monitoring 

while improving the speed and accuracy of disaster response. The development of the 

Flood Disaster Alert System is driven by the increasing need to protect vulnerable 

populations from flood-related disasters [21]. Governments spend a great deal of money 

each year on disaster recovery, rebuilding infrastructure, emergency health care and 

rehabilitation programs after major flood events. But many of these losses can be prevented 

if communities are warned accurately and in time about dangerous floodwaters. Recent 

advances in artificial intelligence, cloud computing, IoT technologies, and wireless 

communication have opened opportunities to develop intelligent systems that can provide 

continuous environmental monitoring and automated early warning services.  

Using these technologies in disaster management enables authorities to respond 

proactively rather than reactively. Emergency teams can then use predictive information 

generated by the monitoring system to implement evacuation procedures, deploy rescue 

personnel, and prepare relief resources, rather than responding to the destruction caused 

by floodwaters. This proactive approach enhances public safety and significantly reduces 

the social and economic costs of flooding [25]. The lack of continuous monitoring and 

automation is a major problem in traditional flood management systems. Many current 

systems rely on manual observations or periodic measurements, which cannot provide 

real-time updates in rapidly changing weather conditions [43]. There is no constant human 

observation possibility of water levels, especially at night or during extreme weather 
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events. Delays in communication between monitoring stations and disaster management 

authorities further hamper the effectiveness of emergency response activities. In addition, 

many remote rural areas lack adequate monitoring infrastructure, leaving residents at risk 

of no adequate warning before the arrival of floodwaters [33]. The lack of centralised data 

collection, predictive analytics, and automated communication mechanisms hampers the 

authorities' ability to make informed decisions during emergencies. These deficiencies 

highlight the need for an intelligent flood monitoring system that can operate around the 

clock without human intervention. 

The Flood Disaster Alert System addresses these problems by providing a holistic 

monitoring system that integrates diverse technologies into a single platform. 

Environmental sensors installed in rivers, reservoirs, drainage systems, dams, canals and 

flood-prone locations continuously monitor water levels, rainfall intensity, humidity, soil 

moisture and other environmental variables [28]. These sensors send information 

wirelessly to gateway devices. These gateway devices then securely send the information 

to cloud servers. The centralised server receives and stores data in a structured database. 

At the same time, it analyses changing environmental conditions using threshold analysis, 

statistical models, or machine learning algorithms. Including historical environmental data 

can also improve the accuracy of prediction models. Using current sensor readings and 

historical flood patterns, the system can estimate the probability of future flooding and 

issue warnings before dangerous conditions develop. 

The system architecture is designed for reliability, scalability, flexibility, and cost-

effectiveness. The hardware layer comprises IoT sensors, embedded controllers such as 

Arduino or ESP32, communication modules, power management units, and gateway 

devices deployed at the monitoring sites [30]. These components are designed to operate 

continuously with minimal power consumption in harsh environmental conditions. By 

combining solar power with battery backup systems, you can keep things running even 

during power outages or extreme weather. The sensor information is transmitted securely 

through the communication layer using reliable networking protocols that support long-

distance communication in remote locations [37]. The application layer processes incoming 

sensor data using a cloud computing infrastructure that efficiently handles large volumes 

of data. Cloud platforms provide scalable storage, high availability, automatic backup, 

secure data management and real-time access from any authorised location. 

Data analytics are important to enhance the effectiveness of the Flood Disaster Alert 

System [32]. Collected sensor data are preprocessed by filtering, normalisation, missing 

value handling and anomaly detection before being processed by predictive algorithms. 

Statistical analysis is useful for detecting long-term environmental trends, seasonal 

variations in rainfall, and anomalous changes in river water levels [42]. The accuracy of 

flood prediction can be enhanced by using machine learning techniques such as Decision 

Trees, Random Forests, Support Vector Machines, Artificial Neural Networks, or Long 

Short-Term Memory (LSTM) networks, which can capture complex relationships among 

environmental variables. With greater historical data availability, these intelligent models 

continually improve their predictive power, enabling more accurate predictions of flood 

events across different climatic conditions [26]. The interface is designed to provide the 

best possible situational awareness to disaster management authorities, emergency 

responders, and government agencies. The online dashboard displays sensor data in real 

time, graphs of the data, historical data, statistics, and maps showing the locations of the 

monitoring stations.  

Colour-coded indicators identify areas at increased risk of flooding, enabling 

decision-makers to efficiently prioritise emergency response activities. Interactive charts 

show rainfall intensity, river water levels, humidity, soil moisture and predicted flood 

severity over time. The integration of Geographic Information Systems (GIS) enables 

authorities to visualise flood-prone areas on digital maps and identify vulnerable 

infrastructure, residential communities, hospitals, schools, and evacuation routes [22]. 
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Mobile applications provide field personnel with real-time access to monitoring 

information, regardless of their location, thereby improving coordination among disaster 

response teams. One of the most useful features of the Flood Disaster Alert System is the 

automated notification system. If environmental conditions exceed predefined safety limits 

or predictive algorithms indicate an imminent flood risk, the system automatically 

generates warning messages. Concurrent notifications are delivered via SMS, email, mobile 

push notifications, emergency broadcast systems, social media integration, and public 

warning sirens [35]. Multiple communication channels ensure residents receive warnings 

expeditiously if one communication method fails during emergencies.  

Early warning gives communities time to evacuate, secure valuable assets, move 

livestock and put emergency preparedness in place before floodwaters arrive [39]. 

Government agencies also get detailed reports that help them deploy rescue teams, medical 

personnel, relief supplies, and emergency equipment more efficiently. Data security and 

system reliability are important concerns during system development. Access is limited to 

authorised users via rigorous authentication mechanisms [45]. Sensitive environmental 

data is protected in transit and at rest through encryption protocols. Regular database 

backups help ensure that valuable historical data remains available in the event of 

hardware failures or cyberattacks. Cloud infrastructure is designed with redundancy, fault 

tolerance, and automatic recovery features to ensure systems remain up and running 

continuously, even under adverse conditions [27]. User roles and permission management 

ensure that administrators, disaster management officers, technical personnel, and field 

operators receive only the information needed to perform their responsibilities. All system 

activities are logged in detail, increasing accountability and facilitating the assessment of 

future performance. Development methodology is a structured software engineering 

lifecycle that starts with requirement analysis, feasibility studies and stakeholder 

consultation.  

Before detailed architectural designs, system designers identify monitoring 

requirements, communication infrastructure, sensor deployment strategies and user 

expectations. Hardware integration, embedded programming, cloud configuration, 

database development, frontend interface implementation, and backend application 

development are developed in parallel using modular software engineering principles. 

Individual components are unit-tested before being assembled into the whole system [31]. 

Complete functional testing is performed to verify sensor accuracy, reliable 

communications, database performance, notification delivery, and user interface operation 

under simulated flood conditions. Performance testing measures response time, scalability, 

network reliability, and system stability under heavy workloads to ensure reliable 

performance in real emergencies. Security testing is performed to identify vulnerabilities 

and validate authentication, authorisation, encryption and data protection mechanisms 

before deployment [41]. The successful implementation of the Flood Disaster Alert System 

provides significant benefits to governments, emergency management agencies, 

environmental organisations and local communities.  

Continuous environmental monitoring enhances situational awareness and supports 

decision-making grounded in evidence in disaster situations [36]. Early warning 

notifications help reduce casualties, minimise damage to infrastructure, protect 

agricultural resources, and improve coordination among emergency responders. 

Automated monitoring reduces operational costs associated with manual inspections and 

improves overall monitoring coverage in geographically dispersed areas. Historical 

environmental databases are useful for long-term studies of climate change, rainfall 

patterns, watershed management, and flood mitigation planning [23]. The modular 

architecture allows for the integration with weather forecasting services, satellite imagery, 

crewless aerial vehicles, artificial intelligence and advanced hydrological simulation 

models in the future. With climate-related disasters on the rise globally, smart flood 

monitoring systems like this are a crucial technological advancement towards building 
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resilient communities, protecting precious assets, and enabling sustainable disaster risk 

management through proactive monitoring, predictive analytics, and real-time emergency 

communication. 

Review of Literature 

This paper describes the design of a system to continuously monitor parameters such 

as water level, rainfall, and flow rate using sensors and microcontrollers [4]. If the system 

detects data above a pre-set safety threshold, it automatically sends alerts to residents and 

disaster management authorities [14]. The project is meant to accommodate a wide variety 

of needs, from local to large-scale, from small, community-based systems with simple 

buzzer or SMS alerts to large, IoT-based networks that could cover entire regions. In the 

present system, flood monitoring and warning largely rely on manual observation and 

data collection from weather stations or local authorities [6]. These systems often require 

human input, for example, in measuring river levels or rainfall intensity, and then 

reporting the information to higher officials. This process takes time, and the public often 

receives alerts only after the flooding situation has already developed [19]. Current systems 

also lack real-time data analysis and automated alerts, reducing their efficiency in 

emergencies. Communication gaps between weather departments, government agencies 

and local communities further exacerbate delays in the warning process [10]. Therefore, 

many people are not well equipped to respond to sudden flooding, resulting in loss of life 

and property.  

At present, most flood detection and alert systems rely heavily on manual observation 

and traditional meteorological methods. Data such as rainfall measurements, river water 

levels, and weather patterns are typically collected from meteorological departments or 

local monitoring stations [8]. Officials will then manually analyse readings to determine 

potential flood hazards. Following the assessment, warnings are broadcast on television, 

radio and public announcements. The process, however, has several limitations. But in the 

absence of real-time data collection and automated processing, alerts are often delayed. By 

the time the warning reaches the affected communities, the flooding might already be 

underway, leaving little time for evacuation or preventive action [3]. Also, in many rural 

or remote areas, there is no proper monitoring system or communication channels to 

spread awareness and issue alerts effectively [17]. Existing systems are also unable to 

achieve the required accuracy due to outdated equipment and limited data points. 

Prediction and response times are poor without continuous sensor monitoring and 

automatic alert generation [12]. Besides, the current systems are often expensive and 

complex, making them impractical for small or local community implementation. These 

limitations imply that existing flood management strategies are unable to.  

Obviously, a complex, real-time, low-cost flood warning system is required, capable 

of automatically monitoring environmental parameters, accurately forecasting flood risks 

and sending instant alerts to authorities and residents [15]. Currently, d alert systems rely 

on Meteorological sensor data, and water-level monitoring stations are manually analysed 

and communicated to the public through TV, radio, or newspapers [1]. This process, 

however, is slow and inefficient. There is no automated mechanism to collect real-time data 

or to make quick decisions. Many regions experience communication delays so that the 

warnings arrive too late, resulting in major losses [13]. Existing systems are costly, require 

technical maintenance, and are difficult to install in small or rural areas. Traditional flood 

management systems suffer from the lack of integration between weather stations and local 

authorities [5]. Hence, there is a need for a technologically advanced, real-time, and user-

friendly system that can provide faster alerts, greater accuracy, and easier deployment. The 

current flood monitoring and alert systems are mostly manual and rely on conventional 

meteorological data-gathering methods [9]. Usually, information such as rainfall, river 

water levels, and weather conditions is collected by weather departments or local 

authorities using conventional measuring instruments. Experts scrutinise this data, and if 

any potential flooding risk is observed, warnings are issued through public 
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announcements, radio broadcasts, television, or newspapers [20].  But there are some 

limitations to the existing systems that make them less effective in an emergency.  

The biggest disadvantage is the lack of real-time monitoring [11]. Because the process 

is manual observation, the information is often delayed and may not be accurate as to the 

current flood situation. In many cases, warnings may reach affected communities after 

flooding has already begun, leaving little time to evacuate or take preventive measures. 

The current systems also have the problem that they are not automated [16]. Most decisions 

on flood prediction and alert generation are made by humans, leading to delays and errors. 

In addition, communication between weather stations, government departments, and the 

public is usually slow and uncoordinated, which adversely affects the overall efficiency of 

disaster management operations [2]. Also, such monitoring facilities and reliable 

communication networks are not available in many rural and remote areas. This makes 

people in these areas more vulnerable to sudden floods [18]. The equipment used in current 

systems is also expensive and requires high maintenance, making it unsuitable for small-

scale or community-based deployment. However, these limitations mean that current flood 

alert systems cannot provide fast, accurate, and automated alerts to people at risk [7]. 

Hence, there is a strong need for an improved system that can continuously monitor 

environmental parameters, detect early signs of flooding, and automatically send timely 

alerts to authorities and the public to minimise damage and ensure safety. 

2. Materials and Methods 

The proposed Flood Disaster Alert System uses a systematic, continuous monitoring 

methodology to provide reliable flood predictions and timely emergency alerts [53]. The 

first step is a full boot-up of the system. This means powering up and configuring all 

hardware and software components to get them ready for operation. At this stage, the 

microcontroller communicates with the attached sensors, the cloud server, and 

communication modules such as Wi-Fi, GSM, or LoRa. It also checks that all sensors are 

working properly and calibrates them to ensure accurate measurements [48]. The system 

memory has predefined threshold values for important environmental parameters, such as 

water level, rainfall intensity, humidity, and soil moisture. The thresholds are set based on 

historical flood records, geographic factors, and recommendations from disaster 

management agencies to assess flood risk accurately [63]. After initialisation, the system 

enters the continuous monitoring phase, where several IoT sensors deployed in flood-

prone locations begin gathering real-time environmental data. A water level sensor 

constantly measures the height of rivers, lakes, reservoirs or drainage channels and detects 

rising water levels [58]. Meanwhile, the rain sensor measures rainfall intensity and 

duration, while the humidity sensor measures atmospheric moisture, which can indicate 

changing weather conditions. 

To improve flood prediction accuracy, additional sensors, such as temperature or soil 

moisture sensors, can be added [60]. These sensors work continuously, taking 

measurements at regular intervals so that environmental changes are detected as soon as 

they occur, without human observation. Continuous data collection ensures a clear 

understanding of the current state of the environment and enables proactive flood 

monitoring. Once the environmental data is collected, it is sent to the microcontroller. The 

microcontroller serves as the system's central processing unit [50]. The microcontroller 

collects the sensor data, performs an initial validation, filters out abnormal or noisy data, 

and prepares the data for further analysis [65]. Once the information is pre-processed, it is 

securely transferred to a cloud server or a centralised database via wireless communication 

technologies such as Wi-Fi, GSM, LTE, or other IoT communication protocols. Cloud 

storage allows centralised management of environmental information and remote access 

to real-time data for disaster management authorities [55]. Historical sensor readings are 

also stored in the database, creating a valuable repository for long-term trend analysis, 

predictive modelling, and future flood risk assessment. The cloud server continues to 
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analyse incoming sensor data using predefined threshold values and intelligent decision-

making algorithms.  

Each environmental parameter is checked against safe operating limits established 

during system configuration [57]. If the measured values fall within acceptable ranges, the 

system concludes there is no immediate flood risk and continues monitoring without 

interruption. But if the sensor readings exceed any of the set thresholds, the system 

identifies the situation as a possible flood hazard. More advanced implementations can use 

machine learning algorithms to analyse historical weather patterns, rainfall trends, and 

river behaviour to improve this analysis, thereby increasing prediction accuracy and 

decreasing false alarms [46]. The clever analysis means that alerts are raised only when a 

genuine flood risk is identified. The alert-generation module is automatically invoked 

when the analysis indicates critical flood conditions. The system generates emergency 

alerts immediately and disseminates them via multiple communication channels to get the 

word out quickly. We send alert messages via text messages, mobile app notifications, 

email, public warning sirens, and other emergency communication platforms [62]. 

Notifications contain important information such as current water levels, rainfall intensity, 

affected locations, flood risk severity, and suggested safety precautions. At the same time, 

detailed reports are shared with local disaster management authorities, emergency 

response teams and government agencies so they can formulate evacuation plans, deploy 

rescue teams, distribute emergency supplies, and coordinate relief efforts [52]. Using 

multiple communication channels increases the likelihood that warnings reach residents 

on time, even if one channel isn’t available during bad weather (Figure 1). 

 

 
Figure 1. Block Diagram 

 

In addition to the notification system, the system continuously feeds live 

environmental data and system status to a web-based dashboard or mobile app [54]. The 

dashboard provides real-time sensor data, graphical charts, historical trends, geographic 

maps, and alert notifications in an intuitive, user-friendly format. The colour-coded 

indicators help disaster management officials quickly identify areas with high flood risk, 

and interactive visualisations help inform decision-making during emergencies [64]. 

Authorised users can remotely detect dynamic environmental conditions, retrieve 
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historical records, and evaluate system performance through analytical, detailed reports 

[49]. The centralised monitoring interface provides much-improved situational awareness 

and supports effective disaster response planning [66]. The monitoring dashboard is 

continuously updated with information used by disaster management authorities to assess 

the severity of the flood situation and make appropriate operational decisions [59]. 

Depending on the severity of the expected flooding, authorities might issue evacuation 

orders, deploy rescue teams, activate emergency shelters, coordinate medical services, 

and/or implement traffic control measures to protect the public.  

Early access to accurate environmental information enables emergency personnel to 

respond proactively rather than reactively, reducing casualties, minimising property 

damage, and improving overall disaster preparedness [61]. After alert generation and 

emergency response activities, the Flood Disaster Alert System continues its monitoring 

operation without interruption [56]. The sensors continuously update their measurements 

of the environment, enabling the system to monitor changes in water levels, rainfall 

intensity, humidity, and other key parameters in real time. Continuous monitoring allows 

authorities to be informed of conditions improving or worsening during the flood event 

and to stay updated with the latest information [47]. The monitoring cycle continues until 

environmental conditions normalise and the threat of flooding is completely gone. The 

system is designed to operate non-stop and only stops when shut down manually for 

maintenance or when disaster management authorities decide that monitoring is no longer 

needed [51]. This ongoing operational model supports consistent flood forecasting, timely 

emergency messaging, and effective disaster response to help protect lives, property, and 

communities from the devastating effects of flooding. 

3. Results and Discussion 

The proposed Flood Disaster Alert System is a systematic approach to continuous 

environmental monitoring, early flood prediction, and the quick dissemination of 

emergency alerts to minimise the impact of flood disasters [86]. This methodology 

combines Internet of Things (IoT) devices, embedded systems, cloud computing, and 

intelligent data analysis into a common framework that can operate in real time [72]. The 

overall objective of the system is to identify conditions prone to flooding before they 

become hazardous, thereby giving government authorities, disaster management agencies, 

and local communities enough time to prepare for emergencies and evacuation procedures 

[94]. Traditional flood monitoring systems rely on manual observations and delayed 

communication, whereas the proposed methodology emphasises automation, continuous 

monitoring, and intelligent decision-making to improve disaster preparedness and 

response (Figure 2). 

 

 
Figure 2. Console-based flood disaster alert system showing current water level at 

32% and normal status. 
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System operation begins with defining the project's main objectives [83]. The main 

objective is to continuously monitor environmental conditions and identify early warning 

signs of flooding using real-time sensor measurements. The system is designed to reduce 

human casualties, protect infrastructure, reduce economic losses and improve 

coordination between emergency response teams. Another important objective is to 

develop a centralised platform for collecting, storing, analysing, and visualising 

environmental data, and for generating automatic notifications whenever flood conditions 

become critical [69]. The methodology is expected to be highly reliable, scalable, and easy 

to deploy in urban and rural flood-prone areas. It also has potential for future growth with 

the integration of artificial intelligence, weather forecasting services and advanced 

predictive analytics. After defining the project's objectives, the hardware environment is 

prepared by assembling and configuring all the electronic components required for flood 

monitoring. The hardware infrastructure consists of microcontrollers such as Arduino 

Uno, NodeMCU, ESP32, and Raspberry Pi, as well as several environmental sensors, 

including water level, rainfall, humidity, temperature, and water flow sensors.  

Appropriate electronic interfaces and communication protocols interconnect these 

devices [93]. It is powered by electrical power, rechargeable batteries, or solar energy 

systems to ensure uninterrupted operation even in adverse weather conditions and 

provide a stable power supply. Communication modules such as Wi-Fi, GSM, LoRa, 

Zigbee, or cellular networks are configured to securely communicate between monitoring 

stations and cloud servers. Each hardware component is calibrated and tested before 

deployment to ensure measurement accuracy and long-term operational stability. The 

system proceeds to the initialisation phase after the successful hardware configuration [77]. 

When the microcontroller starts, it powers on all the sensors and communication modules 

connected to it and checks whether they work properly. Threshold values of different 

environmental parameters are loaded in system memory. The thresholds are indicative of 

safe operating conditions and critical warning levels, based on historical flood records, 

hydrological studies, local geographical conditions, and recommendations from disaster 

management authorities. For example, water level thresholds could be set at 70% of river 

capacity, rainfall thresholds could be defined based on regional precipitation limits, and 

humidity thresholds could indicate the approach of storm conditions [87]. Before 

continuous monitoring, automatic system diagnostics are performed to identify 

communication failures, sensor failures, or abnormal operational conditions (Figure 3). 

 

 
Figure 3. Console-based flood disaster alert system indicating flooding status at 75% 

water level exceeding the 70% threshold. 
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When the initialisation process is complete, the system begins collecting real-time 

environmental data from the deployed IoT sensors [95]. Water level sensors continuously 

measure the height of rivers, reservoirs, drainage channels, or lakes to detect rising water 

levels that may indicate flooding. Rain sensors measure rainfall intensity and total 

precipitation over a period of time [73]. This information can help understand storm 

development and runoff potential. Humidity sensors measure the amount of moisture in 

the air, which can vary with changing weather conditions and precipitation events. Water 

flow meters, temperature sensors, or soil moisture sensors can also be integrated to 

improve the accuracy of the flood prediction [82]. Every sensor is always on, recording 

data at regular intervals to provide continuous monitoring of environmental conditions 

day and night (Figure 4). 

 

 
Figure 4. ER Diagram for HTML 

 

The sensor data is collected and transferred directly to the microcontroller for initial 

processing [78]. The microcontroller checks the measurements it receives, removes noise, 

filters out incorrect readings, and performs basic preprocessing before passing the 

information on for further analysis. And data validation prevents false flood alarms caused 

by bad sensor readings [89]. The processed data is then transmitted securely over wireless 

communication technologies, such as Wi-Fi, GSM, or IoT protocols, to a centralised cloud 

server or a web application. Cloud connectivity enables centralised monitoring, but it also 

allows authorised personnel to access real-time information from anywhere, using 

computers, tablets, or smartphones. All incoming measurements are also stored in a 

structured database in the cloud, building a comprehensive history for future flood-

prediction research and analysis. The collected environment data is analysed in detail after 

successful transmission [67]. The incoming measurement is compared with predefined 

threshold values stored in the cloud server or embedded processing unit at system 

initialisation. If the water level, rainfall intensity, humidity and other environmental 
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variables are within permissible safety limits, the system concludes that there is no 

imminent threat of flooding and automatically continues monitoring without generating 

alerts. Any change in the environment can be evaluated immediately by continuous 

comparison.  

But if any one or more parameters exceed the established thresholds, the system 

detects a possible flood hazard that requires immediate attention[81]. The analysis process 

may also include additional statistical methods, trend analysis, or machine learning 

algorithms capable of assessing the simultaneous influence of multiple environmental 

variables on flood prediction accuracy and false alarms. The data collection process is one 

of the most important steps in the proposed methodology, as prediction accuracy depends 

on the quality of the collected data. Environmental sensors are strategically deployed in 

flood-prone rivers, reservoirs, bridges, drainage systems, canals, and geographically low-

lying areas where flooding occurs frequently [74]. Water level sensors continuously 

monitor river heights, rainfall sensors record precipitation intensity, and flow sensors 

measure water velocity in rivers or the drainage system. Other environmental sensors 

might monitor soil moisture and atmospheric pressure for additional information on 

weather conditions. These distributed sensor nodes form an IoT sensor network that 

provides complete geographical coverage over vulnerable regions [96]. By continuously 

monitoring the environment, small variations in hydrologic conditions are detected in a 

timely manner, enabling proactive evaluation of flood risk. 

The microcontroller serves as the system's brain, taking sensor measurements and 

interpreting them. The controller’s embedded software processes incoming data streams 

in real time, comparing measured values with pre-defined safety thresholds. When the 

water level reaches critical levels or rainfall intensity exceeds the given limits, the controller 

detects increasing flood danger and immediately initiates emergency response procedures 

[76]. Advanced versions of the system might incorporate adaptive threshold mechanisms 

that automatically adjust warning levels based on seasonal weather conditions, historical 

flood patterns, or machine learning predictions. Such intelligent decision-making leads to 

a significant increase in system reliability and eliminates unnecessary warning messages. 

Alert generation is one of the most important functional components of the Flood Disaster 

Alert System [84]. The system will automatically activate its emergency alert system upon 

detection of abnormal environmental conditions, without any manual input. Multiple 

communication channels are used concurrently to optimise the chance that warning 

messages reach affected communities in a timely and reliable manner [92]. Emergency 

notifications are sent via SMS messages, mobile application alerts, email notifications, 

public announcement systems, sirens, buzzers and digital display boards.  

The alert messages include important information such as current water levels, 

rainfall measurements, affected geographic areas, estimated flood severity, and 

recommended precautionary actions. These alerts are simultaneously transmitted to 

government bodies, emergency teams, disaster control organisations and community 

members to allow rapid coordination of evacuation operations and emergency response 

measures [71]. The efficiency of the notification mechanism is significantly enhanced by 

integrating GSM communication modules and IoT cloud services. GSM technology allows 

warning messages to be transmitted to people even in areas where the Internet may not be 

available. With IoT cloud services, you can centrally manage the distribution of alerts and 

log communications for audit and performance analysis [97]. Automated notification 

systems eliminate delays associated with manual reporting and ensure that life-saving 

information is delivered to vulnerable populations within seconds of the detection of 

dangerous conditions. In addition to generating emergency alerts, the methodology also 

includes continuous data transmission and cloud storage for long-term monitoring and 

analysis [88]. Every measurement a sensor makes is sent from the monitoring station to a 

cloud database. It is stored there forever for later use.  

https://cajmtcs.casjournal.org/index.php/CAJMTCS


 323 
 

  
Central Asian Journal of Mathematical Theory and Computer Sciences 2026, 7(3), 312-329           https://cajmtcs.casjournal.org/index.php/CAJMTCS  

Cloud storage provides virtually unlimited storage space and remote access to 

historical environmental data secured by authentication mechanisms. Disaster 

management officials can use historical sensor data to analyse seasonal flooding patterns, 

evaluate infrastructure performance, identify areas repeatedly affected by floods, and 

improve future disaster preparedness strategies [79]. The cloud computing infrastructure 

offers the benefits of automatic backup, fault tolerance, scalability, and high availability, 

ensuring continuous system operation in the event of critical emergencies. The stored 

environmental data can be accessed by disaster management personnel through an 

interactive web dashboard or mobile application [90]. It shows live sensor readings, 

graphical charts, historical trends, flood risk indicators and geographical maps showing 

the locations of deployed sensors. Colour-coded visuals instantly flag high-risk areas 

requiring immediate attention, and statistical summaries provide a complete 

understanding of changing environmental conditions [68]. Interactive dashboards enable 

authorised users to monitor multiple monitoring stations simultaneously, compare 

environmental parameters across regions, and assess long-term flood behaviour using 

historical records. Being able to access this via mobile keeps emergency personnel informed 

wherever they are. This makes for a much better job of coordinating a disaster response. 

The proposed methodology also provides decision support capabilities based on 

advanced data analytics and artificial intelligence [85]. The cloud database includes 

historical environmental information that can be analysed by machine learning algorithms 

such as Decision Trees, Random Forests, Support Vector Machines, Artificial Neural 

Networks or Long Short-Term Memory (LSTM) networks [98]. These algorithms learn 

complex relationships between rainfall, river levels, humidity, soil moisture, and flood 

occurrence, allowing more accurate prediction of future flood events. Predictive analytics 

helps disaster management authorities identify high-risk periods, estimate flood severity, 

plan evacuation routes, allocate emergency resources, and develop long-term flood 

mitigation strategies [75]. The integration of artificial intelligence transforms the Flood 

Disaster Alert System from a mere monitoring platform into an intelligent decision-support 

system capable of providing proactive recommendations. The method further emphasises 

the reliability, security and maintainability of the system. Secure authentication 

mechanisms protect access to monitoring dashboards and cloud databases, and encrypted 

communication protocols protect sensitive environmental information in transit. Regular 

database backups are important for maintaining historical records and for data recovery in 

case of hardware failures or cyber incidents.  

The system’s modular software architecture enables future extension by adding more 

sensors, communication technologies, weather forecasting services, satellite imagery, 

unmanned aerial vehicles, and advanced predictive models without the need for 

significant redesign of the current infrastructure [80]. Routine maintenance activities 

include sensor calibration, firmware upgrades, network troubleshooting and system 

performance analysis to ensure continued system functionality. The last phase of the 

proposed methodology is to monitor and improve system performance continuously [91]. 

After it is deployed, the Flood Disaster Alert System operates continuously, repeatedly 

collecting sensor measurements, assessing environmental conditions, uploading data to 

cloud databases, updating monitoring dashboards and generating alerts as necessary. 

Feedback received from disaster management agencies and system operators is used to 

improve prediction models, optimise threshold values, and enhance the overall 

effectiveness of the system. Continuous monitoring ensures the system remains fully 

operational under changing weather conditions, while also providing reliable flood 

predictions and timely emergency communication [70]. The proposed Flood Disaster Alert 

System is a comprehensive solution to modern flood monitoring, disaster preparedness, 

emergency response, and public safety through the integration of IoT technology, cloud 

computing, intelligent analytics, automated notification services, and decision support 
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mechanisms into a unified framework, which significantly reduces the devastating impacts 

of floods on communities and infrastructure. 

4. Conclusion 

The Flood Disaster Alert System is a comprehensive, innovative IoT-based solution 

to detect, monitor, and alert communities about potential flooding in real time. This project 

uses hardware components, such as sensors and microcontrollers, and software 

components, such as a web-based front end, to form a complete end-to-end monitoring and 

alerting system. The overarching aim is to reduce the impacts of floods through timely risk 

communication and early detection to the relevant authorities and the public. In this 

system, various sensors, such as Water Level Sensors, Rain Sensors, and Humidity Sensors, 

are connected to a microcontroller (Arduino or NodeMCU). These sensors continuously 

monitor environmental conditions and send live readings to a cloud platform for analysis. 

The data is then processed using pre-defined threshold values to determine the risk level 

– Normal, Warning or Flooding. If readings hit the danger threshold, the system will 

automatically send alerts via SMS, sirens, mobile notifications or email. This ensures that 

people are warned in time so they can take necessary precautions and evacuate if needed. 

One of the most important achievements of this project is the development of a front-end 

dashboard that displays system output in a visual, real-time manner.  

The front-end interface is built with HTML, CSS, and JavaScript and serves as a visual 

control panel for monitoring water level and flood conditions. Animated dynamic water 

tank. Real-time percentage indicator. Colour-coded alerts (green = normal, red = danger). 

Automatic status updates. The interface was developed to be clear, simple, and accessible, 

so that results can be easily understood by users with little technical background. The front-

end uses JavaScript to simulate water level fluctuations and can be easily connected to a 

real IoT data source such as Firebase, ThingSpeak, or AWS IoT Core. The design enables 

users or administrators to log in to a browser and immediately view the live status of flood 

conditions in their area. However, the addition of such a web interface improves the 

system's usability, making it more interactive and ready for real-world deployment. It 

demonstrates how hardware-based monitoring can be integrated with modern web 

technologies to deliver an intelligent, user-friendly flood warning solution. This project can 

be considered a benchmark for future smart systems for disaster management, integrating 

technology, innovation, and social responsibility to build a safer, more connected, and 

resilient society. 
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