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From Drought to Flood: �
Radar-based Monitoring of California’s Aqueducts and Levees	
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CALIFORNIA	

Whiskey is for drinking, and water is for fighting.	
SOURCE UNKNOWN	

UC Riverside Libraries Digital Collections	
cuwr_huber_641_2300 http://digilib.ucr.edu/items/show/2089 http://digilib.ucr.edu/files/original/26ec49d04adf3c9ee380bb1ff7ad2fc4.jpg	

Los Angeles Aqueduct, 1913	
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CALIFORNIA FLOODS	

Source: Anaheim Public Library	

1862, Anaheim	

1986, Guerneville	
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CALIFORNIA DROUGHTS	
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California Water – The Great Mismatch	

WHERE RAIN/SNOW FALLS:	

75% of 
precipitation 
occurs in upper 
1/3 of the state	
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California Water – The Great Mismatch	

WHERE PEOPLE LIVE:	

80% of water 
usage occurs in 
lower 2/3 of the 
state	
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California Water Capture & Conveyance	

California Aqueduct	

Eastside Bypass	

Delta-Mendota Canal	

•  Largest single user of 
electricity in the state is the 
State Water Project, used to 
move water over the mountains 
into southern California.	

•  Dams, levees, and canals serve 
dual uses of water supply and 
flood protection. 	

•  Dams supply hydroelectric 
power.	
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The Fall-Back: Groundwater Withdrawal	

30% - 60% of 
water demand is 
met through 
groundwater 
withdrawal	

GROUNDWATER BASINS:	
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Central Valley Agriculture & 	
Historic Ground Subsidence	
Today California produces:	
•  50% of U.S. vegetables, 

nuts, fruit	
•  21% of U.S. milk supply	
•  23% of U.S. cheese	

Giannini Foundation Special Report 04–1	

Expansion of Irrigated Cropland, 1950-2000 	



Galloway et al., 1999"

Hydrology 101: Aquifer compaction"
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How I Got Involved in the State’s Water Problems	
View of the Sacramento Delta from the UAVSAR G3 Aircraft	March 2007	

NASA 	
Airborne Science	

Flight 	
Integration and 

Test	

Scott Hensley, Cathleen E. Jones	
2007	
UAVSAR, Dryden Flight Research Center	

Scott Hensley, Cathleen Jones, Roger Chao	
2007	

UAVSAR, Dryden Flight Research Center	
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The Water Hub of the State: Sacramento Delta	

Ø Over 60 reclaimed islands surrounded by 1100 miles of levees	
Ø Most islands lie below mean sea level.	
Ø Collects run-off from approximately 2/3 of the state via the 
Sacramento and San Joaquin rivers.	
Ø Supplies water to ~2/3 of the residents of California and to almost 
all of the agriculture of the Central Valley.	

THE DELTA IS THE MOST CRITICAL WATER RESOURCE IN CALIFORNIA.	



14 April 2016	Cathleen E. Jones	 14	

Causes of Subsidence in the Delta	

From
 “Subsidence, Sea Level Rise, and Seism

icity in the Sacram
ento – San Joaquin D

elta,” 
Jeffrey M

ount and Robert Tw
iss, San Francisco Estuary &

 W
atershed Science, M

arch 2005.  	

Natural Delta: 	
Anaerobic Oxidation of Soil 	
(balanced by accretion from 
vegetation decay)	

Today’s Delta: 	
Aerobic Oxidation of Soil	
(from dewatering, or 
lowering water table to make 
soil suitable for agriculture) 	
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All but a few islands now lie 
below mean sea level.	
	
All are encircled by levees to 
prevent flooding.	
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Geological Setting	

Vaca Fault	

Greenville Fault	

Concord Fault	

Green 	
Valley	
Fault	

Calaveras 	
Fault	

DELTA 

10 mi	

Close proximity to the major 
California fault networks in 
the San Francisco Bay area	
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NASA/JPL UAVSAR Airborne Radar 
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Radar Remote Sensing 

Radar imaging ≠ photogrammetry or visual surveys	
	
Optical Image	 Radar Image	

UAVSAR / 7 m resolution	

Discovery Bay, California	
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Polarization – Horizontal (H) and Vertical (V) 
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Red = HH, Blue = VV, Green = HV 

Water: VV  

Saturated Soil: HH + VV -> VV  Vegetation: HV 

Soil: HH & VV  



UAVSAR Capability: Repeat Track Flight Accuracy 

Parameter	 Value	

Frequency	
L-Band  1217.5 to 1297.5 MHz 	

(23.8 cm wavelength)	

Resolution	 1.7 m Slant Range, 1.0 m Azimuth	

Operational Altitude	 12.5 km	

Swath Width	 22 km	

Polarization	 Quad-Polarization (HH, HV, VH, VV)	

Repeat Track Accuracy	 ± 5 meters	

Transmit Power	 > 3.1 kW	

Radiometric Calibration	 1.2 dB absolute, 0.5 dB relative	

Noise Floor	 -47 dB average	

The Precision Autopilot System was 
designed and developed at Armstrong 
Flight Research Center to provide < 5 
meter repeat track capability. 
Typically we achieve < 2 m accuracy.	

Cathleen	E.	Jones	(JPL)	



Radar flies over an area to measure 
reflection 

First Pass 
Observation 

produces 1st image 
(amplitude & phase) First 

pass 

Radar flies again over the area to 
measure new reflection and change of 
distance through phase change 

Form interferogram, a 
contour map of change, 

from 1st & 2nd images Second 
pass  

UAVSAR: 12 cm per color wrap 

Second Pass 

Radar Interferometry for Measuring Surface Deformation 
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0" +12"&12" cm"

0” 4” -4” 



UAVSAR Capability: High Resolution 

Sacramento	Delta	Islands	
->	

Resolve	the	levees	
->	

Monitor	their	movement		

Cathleen	E.	Jones	(JPL)	
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Levee Threats / Levee Status 
Radar Remote Sensing Capabilities 
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Seepage	

Sand	Boils	
&		
Sinkholes	

Cracks	

Slope	Instability	

*Subsidence*	

Photo credit: Tom
 W

illiam
s, G

erald 
B

aw
den, C

athleen Jones, Joel D
udas 



     

 
The Drought, 
Groundwater 

Pumping,  
&  

The California 
Aqueduct 

Cathleen E. Jones (JPL)	



The Current Drought	

Cathleen E. Jones (JPL)	

Abnormally Dry	

Moderate Drought	

January 2012	California Water Year:	
Oct. 1 – Sept. 30	



The Current Drought	

Cathleen E. Jones (JPL)	

Abnormally Dry	

Moderate Drought	

Severe Drought	

January 2013	



The Current Drought	

Cathleen E. Jones (JPL)	

Abnormally Dry	

Moderate Drought	

Severe Drought	

Extreme Drought	

January 2014	



The Current Drought	

Cathleen E. Jones (JPL)	

Abnormally Dry	

Moderate Drought	

Severe Drought	

Extreme Drought	

Exceptional Drought	

January 2015	

+25	Snowfall: 5% of Annual Average	



The Current Drought	

Cathleen E. Jones (JPL)	

Abnormally Dry	

Moderate Drought	

Severe Drought	

Extreme Drought	

Exceptional Drought	

January 2016	



The Current Drought – April 5, 2016	

Cathleen E. Jones (JPL)	



Subsidence	Reports	

h;p://www.nasa.gov/jpl/nasa-california-
drought-causing-valley-land-to-sink	

h;p://water.ca.gov/watercondiFons/index.cfm	 Farr, Jones, Liu, 2015	
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Central Valley Subsidence: 
Measured from Space 



Central	Valley	Subsidence	Rates	

2007	-	2011	 May-Dec.	2014	

2007 - 2011 May – Dec 
2014 

Farr, Jones Liu, 2015	
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Central Valley Subsidence: 
Measured from Aircraft 
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Subsidence Along the California Aqueduct	

4/11/16	Cathleen E. Jones, JPL	 35	

Progress Report: Subsidence in the Central Valley, California (Farr, Jones, Liu, 2015)	

Aqueduct west of  Bakersfield: 



Subsidence Along the California Aqueduct�
South Tulare Basin �
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Worst large scale area 



Subsidence Along the California Aqueduct�
Small Area near Former Seep �
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Southeast of  Buttonwillow 



Subsidence Along the California Aqueduct – Central 
Section	
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New Subsidence Hot Spot	

Progress Report: Subsidence in the 
Central Valley, California (Farr, Jones, 

Liu, 2015)	



Subsidence Along the California Aqueduct �
Worst Case Effect of Drought / Groundwater Pumping	
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•  A single well or 
cluster of wells can 
cause rapid 
subsidence of the 
aqueduct.	

•  Aqueduct subsided 
up to ~13” in < 2 
years, and ~8” in 4 
months	

•  1.3 miles of the 
acqueduct subsided 
over 8”	

Progress Report: Subsidence in the 
Central Valley, California (Farr, Jones, 

Liu, 2015)	



Subsidence Along the California Aqueduct – Central 
Section	

4/11/16	Cathleen E. Jones, JPL	 40	

Historical Subsidence Area	

Progress Report: Subsidence in the 
Central Valley, California (Farr, Jones, 
Liu, 2015)	



Subsidence Along the California Aqueduct – Central 
Section	
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Progress Report: Subsidence in the Central Valley, California 
(Farr, Jones, Liu, 2015)	



Subsidence in Central Valley �
Spaceborne / Airborne Comparison	
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Progress Report: 
Subsidence in the 

Central Valley, 
California (Farr, 

Jones, Liu, 2015)	

May 2014 – Jan. 2015	

July 2013 – March 2015	

Difference: 
1.  Different time periods 
2.  Spatial smoothing of  spaceborne 

data 
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Radar-Based 
Seepage 
Detection 



Seep Detection:  Current Methodology	

4/11/16	Cathleen E. Jones, JPL	 44	



Cathleen Jones (Jet Propulsion Laboratory) -   

Multi-Polarization Based Detection of  Seepage 
Example: Mississippi River Flood, Spring 2011 
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June 7, 2011 

*** SINGLE IMAGE*** 
(POLSAR) 

The radar data 
indicates not only 
large area flooding but 
also where there is 
seepage through relief 
wells along the levee 
in this area.   

U
A

V
SA

R
, com

bined polarizations 

NASA DEVELOP student project : 
JPL, Fall 2011 – Spring 2012 

We used the 
polarization-
dependence of the 
radar return to enhance 
detection of leaking 
sections of levees and 
to automatically 
classify high-likelihood 
seepage areas. 

20 km 

4 km 

1 km 

Flooding 

Levee Break 



Next:  Seep Detection along the Aqueduct (Airborne SAR)	

Cathleen E. Jones, Jet Propulsion Laboratory	 46	

POLSAR	



Radar-Based Seepage Detection – False Positives	
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Scientists:	
1)	Be	your	own	most	critical	reviewer	
2)	Always	be	willing	to	be	wrong	
3)	Seek	the	best	in	others,	and	it	will	bring	out	
the	best	in	yourself	
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SUMMARY  
Remote Sensing from Space and High Altitude 
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•  Groundwater is becoming a 
more important part of 
California’s water resources 	

•  Groundwater withdrawal can 
profoundly impact local areas	

•  Knowledge of the groundwater 
level is not uniformly available 	

•  Interferometric Synthetic 
Aperture Radar (InSAR) gives:	

Ø  Ground water state and 
dynamics	

Ø  Impact to infrastructure 	


