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Remote Sensing for Monitoring Water Infrastructure
The Vision: Widespread, Rapid Identification for Targeted Response
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Remote sensing can augment ground-based and 

visual surveys of these structures by:

• enabling rapid assessment of large areas 

to give a snapshot of conditions at many 

sites at the same time

• providing consistent monitoring across 

all sites 

• imaging areas that are difficult to access 

on the ground

• detecting areas that change by small 

amounts or in subtle ways

• providing information during emergency 

response

The California Dept. of Water Resources and numerous other state, local, and federal 

groups currently monitor thousands of miles of levees and aqueducts throughout 

California.  This infrastructure serves both as flood protection barriers and water 

conveyance infrastructure.

Sacramento/San Joaquin Delta, CA
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UAVSAR
NASA Uninhabited Aerial Vehicle Synthetic Aperture Radar for Airborne Sciences

NASA/JPL UAVSAR Airborne Radar



Why use an Airborne Instrument? 
Image Resolution & Signal Strength

Parameter Value

Frequency

L-Band  1217.5 to 1297.5 

MHz 

(10” [23.8 cm] wavelength)

Resolution 5.6’ x 3.3’

Operational 

Altitude
41,000 feet

Swath Width 14 miles

Polarization
Quad-Polarization (HH, HV, 

VH, VV)

Repeat Track 

Accuracy
± 16’

Transmit Power > 3.1 kW

Higher power => cleaner signal
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Radar Interferometry (InSAR)

A

1 km

BIntensity

0 +5”“

Interferogram

SAN ANDREAS FAULT, CENTRAL CALIFORNA (NORTH OF PARKFIELD)



Crack

Earthen Levee in the Sacramento Delta:
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Central Valley 

Subsidence

Measured from Aircraft



Subsidence Reports

http://www.nasa.gov/jpl/nasa-california-
drought-causing-valley-land-to-sink

Farr, Jones, Liu, 2015, 2017
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Subsidence Impact to California Aqueduct – First View
First reported to the state in October 2014

InSAR shows an area of subsidence centered less than ½ mile 
from the California Aqueduct.

Analysis showed that subsidence in this area accelerated 
greatly starting in Summer 2014.

Near the center of the subsidence bowl is a pumping facility for 
extraction of water.

The bowl extended beyond the aqueduct and caused >8” of 
subsidence along a 1.3 mile stretch of the aqueduct, with a 
maximum of about 13” subsidence.

Land cover in this area is agricultural orchards. The CA/DWR 
team was not aware of this area of subsidence until this product 
was delivered to them.

The subsidence values measured with remote sensing 
techniques shown in the legend were validated by field survey 
techniques. 

The subsidence measurement was georegistered for easy 
reference by monitoring/response agency officials. 

This product was distributed to California Department of 
Water Resources as a product easily incorporated into their GIS 
for operational decision making. 

Avenal Hot Spot

DWR Leveling Survey



Continuing View:
July 2013 – June 2016

Overview, Cumulative Elevation Change

Avenal Hot Spot
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Avenal Subsidence Hot Spot
• Previously had seen 13” max subsidence of 

the aqueduct in July 2013 - March 2015.

• By June 2016 the same location showed 25” 
max subsidence of the aqueduct.

• 4.7 miles of the aqueduct subsided > 10”.

• InSAR averages over an area of ~25’x25’, so 
maximum at a point location is probably 
higher.

• DWR calculated that the aqueduct flow here 
is reduced by 20% from initial construction 
values, 8350 ft3/s ---> 6650 ft3/s.

NOTE CHANGE IN SCALE

• Previously had seen 13” max subsidence of 
the aqueduct in July 2013 - March 2015.



Search for similar incipient or small ’hot spots’ along the 

aqueduct:
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New small hot spot along the California Aqueduct



…and another directly on the aqueduct…



… and subsidence at the site of  a former seep…



Delta-Mendota Canal

Dos Palos

R
u

s
s

e
ll

 A
v
e Russell Ave Bridge



Delta-Mendota Canal, east Russell Ave. Bridge



San Luis Field District
July 2013 – June 2016

Overview, Large Scale Subsidence Along the 

California Aqueduct

Long-term Subsiding 

Area



San Joaquin Field District
April 2014 – June 2016

Overview, Cumulative Elevation Change

Oil

Fields
BAKERSFIELD



Orchards near Old River Road
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Ca. Aqueduct @ Old River Road & Maricopa Hwy



SUMMARY 
Remote Measurement of  Subsidence with Airborne Radar

• Radar remote sensing with 

InSAR can be a game-changer 

for monitoring water storage, 

conveyance  & flood control 

infrastructure.

• Airborne radar can be used to 

pinpoint problem areas on 

aqueducts & levees.

• Airborne radar can be used to 

identify potential or 

developing problems 

associated with changes in 

nearby areas. 



NASA-ISRO Synthetic Aperture Radar (NISAR) Mission
UAVSAR: The NISAR Prototype Airborne Instrument

Today
2022+

NISAR Launch Dec. 2021
Repeat land coverage every 12 days

All NASA data are free




