
Using Satellite Imagery and AI for Efficient 
Water Leak Detection 

Introduction 
Water scarcity represents one of the most pressing global issues, especially in regions with 
limited freshwater resources. Israel exemplifies this challenge, losing approximately 30% of its 
freshwater due to infrastructure leaks. Addressing this critical issue through advanced 
technological solutions such as satellite imagery analysis and artificial intelligence (AI) is 
essential for sustainability and economic efficiency. 

Background and Problem Statement 
Israel's freshwater infrastructure suffers from significant deterioration due to aging systems, 
contributing substantially to freshwater losses. Traditional leak detection methods have proven 
inefficient, costly, and labor-intensive. Moreover, the regional climate, characterized by 
approximately 300 sunny days per year, presents a unique opportunity to utilize remote sensing 
and satellite-based methods for effective water leak detection. 

Technological Solution 
The proposed approach integrates cutting-edge remote sensing technologies and advanced 
AI-driven analytics to detect and manage water leaks efficiently. 

Satellite Image Utilization 

Satellite imagery has become an invaluable resource for large-scale environmental monitoring, 
particularly through water index calculation and analysis: 

● Water Indexes: Techniques derived from satellite images facilitate water detection 
through specialized indices. Studies published in the "Reviews of Geophysics" (Volume 
56, Issue 2, DOI: 10.1029/2018RG000598) detail these methodologies, emphasizing the 
accuracy and effectiveness of water detection indices for identifying water accumulation 
indicative of leaks. 

AI and Machine Learning Integration 

Machine learning methods, notably convolutional neural networks and random forest classifiers, 
significantly enhance the accuracy of satellite image interpretation: 



● U-Net with Pre-trained VGG-16: This convolutional neural network architecture 
effectively segments satellite imagery, identifying anomalies related to leaks. 

● Random Forest and Multi-layer Perceptron: These methods improve predictive 
accuracy and reliability, providing robust analytical capabilities. 

GitHub repositories (e.g., satellite_leak_detection) offer practical implementations and model 
benchmarking results, supporting real-world applicability. 

Advanced Techniques in Water Leak Detection 
Emerging methodologies further refine detection capabilities: 

WaterDetect Python Package 

Maurício Cordeiro developed an innovative approach utilizing high-resolution satellite images 
with the WaterDetect Python package. This tool enhances the detection precision of water 
bodies and potential leak sites through algorithmic refinements, described extensively here. 

Time Domain Analysis 

Time domain analytical techniques, reviewed in "Reviews of Geophysics" (DOI: 
10.1029/2018RG000598), incorporate temporal changes observed through sequential satellite 
images. This approach significantly boosts leak identification accuracy by monitoring water 
presence anomalies over extended periods. 

Real-World Implementation and Results 
Implementing satellite-based detection integrated with advanced AI analytics yielded promising 
results, demonstrating substantial potential to mitigate freshwater losses: 

● Enhanced early detection of leaks before significant water loss occurs. 
● Reduction in field inspection costs and manpower resources. 
● Improved management decisions informed by comprehensive spatial-temporal leak 

analysis. 

Detailed case studies and technical demonstrations are accessible via Michael Clack's GitHub 
project (satellite_leak_detection). 

Ongoing Challenges and Future Prospects 
Despite significant advancements, challenges persist, particularly regarding image resolution. 
The resolution limitations of current satellite imagery, such as those provided by Maxar ARD, 
constrain the ability to detect smaller leaks. 

https://github.com/3springs/satellite_leak_detection
https://github.com/3springs/satellite_leak_detection


Prospective Improvements Include: 

● Pixel Unmixing: Enhancing the precision of leak detection at sub-pixel resolutions. 
● Spatial and Temporal Fusion: Integrating data across different spatial and temporal 

resolutions for improved leak localization. 
● Shadow Removal Techniques: Developing methods to overcome image interpretation 

issues caused by shadows and environmental artifacts. 

Minimum Viable Product (MVP) and Scalability 
A Minimum Viable Product (MVP) has been established, showcasing the feasibility and efficacy 
of the proposed technological solution. Future scalability involves deploying more refined 
versions across broader geographic regions, significantly impacting water conservation globally. 

 

For further exploration of these methodologies and practical implementations, please refer to 
the resources mentioned above or contact our technical team directly. 
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