
	
	 	
	

	
	

 

A Novel Method for Mapping of Impervious Urban 
Surfaces Using a Combination of Optical and Synthetic-

Aperture (SAR) Images with LiDAR Data  
 

Abstract 
The proportion of surfaces that are impervious to water has significantly increased due to urbanization 

and growing commercial and residential development. Unlike areas with natural water percolation, impervious 
surface areas do not allow water to infiltrate into the ground. These impervious surface areas, therefore, 
contribute disproportionately to urban storm water runoff and to the transport and concentration of pollutants.  If, 
as predicted, climate change increases the frequency of extreme rain events, these negative impacts of 
impervious surfaces will increase.  To promote sustainable urban planning and to mitigate the potential threats 
from extreme weather events, it is essential to know the amount, location, and type of impervious surfaces in an 
urban environment. Mapping of impervious surfaces in complex urban environments is challenging as such 
surfaces are a mixture of natural and synthetic objects. Satellite images and aerial photography are typically 
used to map impervious surfaces, such as roads, rooftops, parking lots, etc.  Publicly available 30-meter 
resolution Landsat images are frequently used for this purpose on both the regional and global scales.  However, 
the resolution of Landsat images is too coarse for mapping impervious surface at a local scale.  In the last few 
years, publicly available LiDAR (Light Detection and Ranging) and very high-resolution commercial satellite 
images, such as from QuickBird (2.6 m), WorldView (0.3 to 1.2 m) and Pléiades (0.5 m), have been used for 
mapping impervious surfaces at a local scale.  However, such commercial satellite images are only available at 
considerable cost, and their high cost has limited their use.   Publicly available high-resolution satellite images 
have become available recently.  Synthetic-aperture radar (SAR) and optical images, both at a 10 m resolution, 
are now available from the Sentinel-1 and Sentinel-2 satellite.  In this work, we use 10 m resolution Sentinel-2 
optical and Sentinel-1 SAR in combination with publicly available LiDAR data to develop a learner base model 
to identify impervious surfaces in an urban environment.  
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