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ABSTRACT  

We have studied the utility of high resolution SAR for levee monitoring using UAVSAR data collected along the dikes 
and levees in California’s Sacramento-San Joaquin Delta and along the lower Mississippi River. Our study has focused 
on detecting and tracking changes that are indicative of potential problem spots, namely deformation of the levees, 
subsidence along the levee toe, and seepage through the levees, making use of polarimetric and interferometric SAR 
techniques.  Here was present some results of those studies, which show that high resolution, low noise SAR imaging 
could supplement more traditional ground-based monitoring methods by providing early indicators of seepage and 
deformation.  
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1. INTRODUCTION  
Remote sensing offers the potential to augment current dike or levee monitoring programs by providing rapid and 
consistent data collection over large areas irrespective of the ground accessibility of the sites of interest, at repeat 
intervals that are difficult or costly to maintain with ground-based surveys, and in rapid response to emergency 
situations.  While synthetic aperture radar (SAR) has long been used to measure large-scale subsidence1, applying this 
technique directly to levee monitoring is a new endeavor, mainly because it requires both a wide imaging swath and fine 
spatial resolution to resolve individual levees within the scene, a combination that has not historically been available. 
Application of SAR remote sensing directly to levee monitoring has only been done in a few pilot studies2,3.  Here we 
describe how synthetic aperture radar remote sensing can be used to determine levee conditions, drawing from the 
results of two levee studies we have undertaken, one of the levees in the Sacramento-San Joaquin Delta, California, 
USA, and another that imaged levees along the lower Mississippi River during the Spring 2011 floods.  The studies seek 
to develop new techniques that employ SAR polarimetry (POLSAR) and differential interferometry (DINSAR) to 
successfully assess levee health through the quantitative measurement of deformation on and near levees and through 
detection of areas experiencing seepage.   
 
Both studies use data acquired with NASA’s Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR), which 
has the spatial resolution needed for this application (1.7 m single-look), sufficiently wide imaging swath (22 km), and 
the longer wavelength (L-band, 0.238 m) required to maintain phase coherence between repeat collections over levees, 
an essential requirement for applying DInSAR techniques to a time series of repeated collections for levee deformation 
measurement.  For example, because land in the Sacramento-San Joaquin Delta is primarily used for agriculture, 
temporal decorrelation is a major problem for DInSAR studies of the area, with temporal decorrelation more severe for 
shorter wavelength radars.  Unlike the L-band UAVSAR, today’s operational satellite-based imaging radars that have 
resolutions in the one to ten meter range, namely TerraSAR-X and COSMO-Skymed, operate in the X-band, where 
frequent repeat cycles or sparse point analysis are needed to derive subsidence rates from the rapidly decorrelating 
scenes.  Although asphalt surfaces along levees crowns and toes in urban areas can maintain coherence for long times, 
extended levee systems typically include earthen levees, infrequently paved, located in agricultural and riverine settings, 
and often with vegetation growing along the embankments.   
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