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Early Warning System for Glacial Lake Outburst Floods (GLOFs)






ABSTRACT
· Background: Glacial Lake Outburst Floods (GLOFs) occur when the dam containing a glacial lake fails, releasing large volumes of water suddenly and causing catastrophic downstream flooding. Climate change is increasing the number and size of glacial lakes, heightening the risk of GLOFs. Curent monitoring and prediction methods can be improved with advanced technologies like remote sensing, sensors installed near glacial lakes and machine learning.
· Description: The aim is to develop a remote sensing and/or sensor-based Early Warning System (EWS) for GLOFs by utilizing remote sensing data, network of IoT sensors and advanced data analytics. 
· The system will continuously monitor and identify critical changes in lake size, water level, temperature, sudden water flow, dam stability and ground movement etc. around glacial lakes. The machine learning algorithms will analyse the information to detect early signs of potential outbursts.
· This approach will significantly enhance the capability to predict and respond to GLOFs, improving safety, reducing economic losses, and contributing to resilient infrastructure planning in glacial regions. 
· Expected Solution: A Sensor which can be installed in glacial lake area, or a predictive model that significantly improves the Early Warning System ability for GLOFs, providing critical lead time for evacuation and mitigation efforts.











CHAPTER-1
INTRODUCTION
· The change in ‘global Climate’ causes worldwide receding of mountain glaciers and glacier lakes are increasing in number and size. Accelerated glacial melt increases the risk of avalanches and floods, and causes lakes formed from melting glaciers to expand[1]. 
· Many Himalayan basins report fast growing lakes greatly increasing the threat of glacial lake outburst floods (GLOFs). Glacial lakes bursting their banks can have catastrophic consequences for people, agriculture and hydropower infrastructure downstream[2].
·  The challenge is to minimise the risk of outburst and to reduce the vulnerability of nearby communities while securing the potential benefits of the lakes. 
· Scientific information about existing glacial lakes, enhanced by monitoring and early warning systems, and mitigation measures to reduce the impact of glacial melting is essential. 
· Glacial lake outburst floods have long been known to occur in different parts of the world. In 1941, an outburst flood destroyed the city of Huaraz in Peru killing 4,500 people Lliboutry et al. 1977).
·  Outbursts from a glacier-dammed lake in the Swiss Alps in 1968 and 1970 triggered debris flows and caused heavy damage in the village of Saas Balen. The 1968 event eroded about 400,000 cubic metres of debris (Horstman 2004). 
· From 14 to 17 June 2013, the Indian state of Uttarakhand and adjoining area received heavy rainfall, which was about 375 percent more than the benchmark rainfall during a normal monsoon. 
· 








CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· A set of three sensors are required to be interfaced for the Glacier lakes monitoring system. Open air Level sensor (OAS) will measure the distance to the water from the air.
· Sensor Electronics consists of a PIC24FJ64GB106 Board with three sensor circuitry. This base board communicates with the Host unit through a RS485 link. A separate Transformer board is used for powering the sensors. 
· The Near-real time monitoring is being done for 2 potentially vulnerable lakes. Two such sensors have already been deployed and commissioned at vulnerable lakes, Shako Cho (4987m) and Kupup Cho (3982 m) as shown in Fig 4.
·  Under normal condition, the sensor records water level every 10 minutes and transmits the readings every 30 minutes through INSAT Satellite in AWS format. In case of dam break/collapse, the sensor will record water level data every 2.5 minutes, once the threshold is crossed. 
 
2.1.1 DRAWBACKS OF EXISTING SYSTEM ARE 
· High Cost of Implementation: Establishing an EWS can be expensive, requiring advanced technology, infrastructure, and ongoing maintenance.
· Data Reliability: The effectiveness of an EWS depends on the accuracy and reliability of the data collected. In remote areas, data may be sparse or unreliable.
· Technical Challenges: Monitoring systems may be hampered by harsh environmental conditions, making it difficult to maintain and operate equipment.
· Limited Predictive Capability: Predicting the timing and magnitude of GLOFs can be challenging, as they can be triggered by sudden events like heavy rainfall or seismic activity.
· 




2.2. PROPOSED SYSTEM
· At its core, the system integrates advanced remote sensing technologies and in-situ sensors to continuously monitor glacial lakes and surrounding hydrological conditions. Data collected is managed in a centralized database, where sophisticated hydrological models analyze trends and predict potential GLOF events based on real-time inputs. 
· A robust communication module ensures timely alerts are disseminated to at-risk communities via multiple channels, including SMS and mobile applications. 
· Furthermore, the system emphasizes community engagement by incorporating local knowledge and fostering collaboration among stakeholders. Training programs and emergency response drills are conducted to prepare communities for effective action during potential flood events. 
· By combining cutting-edge technology with community involvement, this EWS not only aims to provide timely warnings but also empowers communities to take proactive measures, ultimately minimizing the risks associated with GLOFs.
· 

2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· Risk Mitigation: EWS can significantly reduce the risks associated with GLOFs by providing timely alerts, allowing communities to prepare and evacuate if necessary.
· Enhanced Data Collection: These systems improve the collection of hydrological and meteorological data, which can enhance understanding of glacial dynamics and potential flood risks.
· Community Awareness: EWS raise awareness about the dangers of GLOFs, promoting proactive measures and preparedness within vulnerable communities
·  Improved Response Coordination: EWS facilitate better coordination among local authorities, emergency services, and community organizations, ensuring a more organized response during a crisis.
· 



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.




2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   


2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· System	:  i3 processor
· Hard Disk	: 500 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 8 gb
· Keyboard	: Standard Keyboard
· 

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows 10.
· Platform		: Python
· Front End		: html
· Back End		: SQL SERVER s









2.5 MODULE DESCRIPTION
· Monitoring Module
· Data Collection and Management Module
· Risk Assessment Module
· Analysis and Prediction Module
· 

Monitoring Module
· Remote Sensing: Use of satellite imagery and aerial surveys to monitor glacial lakes, ice mass, and changes in glacial morphology.
· In-Situ Sensors: Installation of sensors to measure water levels, temperature, and precipitation in real-time.
· 


Data Collection and Management	

· Data Integration: Aggregation of data from various sources, including meteorological stations, hydrological data, and glacier monitoring tools.
· Database Management: A robust database to store and manage historical and real-time data for analysis.
· 




Risk Assessment Module
· Hydrological Modeling: Simulation models to predict the behavior of glacial lakes and potential flood scenarios based on various factors, including rainfall and glacial melt.
· Vulnerability Analysis: Assessment of the susceptibility of communities and infrastructure to GLOFs.


Analysis and Prediction Module
· Trend Analysis: Analysis of historical data to identify trends and potential triggers for GLOFs
· .Early Warning Algorithms: Development of algorithms that can provide forecasts based on real-time data inputs and predictive modeling.
· 







CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 


















CHAPTER 5
CONCLUSION 
CONCLUSION

· Providing a secure life for fellowmen is the mandate of any technocrat. The glacier lakes are a potential danger to those living down-streams especially with global climate change. Limited resources and technologies to deal during pre and post disaster phases increase the insecurity in the minds of communities living along the downstream villages in the mountain region. 
· The Glacier Lake Monitoring System developed by the Centre for Development of Advanced Computing is the first-of-its-kind in the country and will be a great boon to the nation in the area of disaster forecast and management. Currently the system is in operation at Shako Cho Lake 4987meters and Kupup Cho 3982meters above the mean sea level. 
· There are around 233 potentially dangerous glacier lakes in the state of Sikkim. Arming all the glacier lakes with our system, earlier and more accurate prediction of potential risks associated with GLOFs and the management and mitigation of disasters’ impact on the environment can be made possible. 
· 
