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CALIFORNIA

California Poppy

California
Valley Quail
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CALIFORNIA

Whiskey is for drinking, and water is for fighting.

SOURCE UNKNOWN

~ Los Angeles Aqueduct, 1913

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

1862, Anaheim

Source: Anaheim Public Library

1986, Guerneville
W

K. STREET, FROM THE LEVEE.

INUNDATION OF THE STATHE CAPITOL,
Citp of Facranents, 1862,

Published by ARDSENPIELL; San Pranciaco
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CALIFORNIA DROUGHTS

History of Droughts in California
Source: West Wide Drought Tracker

75 Fresno Farm, 2014
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California Water — The Great Mismatch

WHERE RAIN/SNOW FALLS: California
75 % O.f . o Uw’m 40
precipitation Buos @ ane

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

Population per sq. mile
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Source: U. S. Census Bureau
Census 2000 Summary File 1
population by census tract.
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California Water Capture & Conveyance

. Major Rivers
. State Projects
Federal Projects

) Local Projects
& All Water Projects

_ - Delta-Men¢

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

* Dams supply hydroelectric
power.

Jota Canal

Eastside Bypass

L - California Aqueduct

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




The Fall-Back: Groundwater Withdrawal

GROUNDWATER BASINS:

SACRAMENTO
"V!R

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

by

Growndwiner Dasin and subbesns

MORTH vl ogic reghon name

wes Eparel ogie regon bountary
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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

Expansion of Irrigated Cropland, 1950-2000

164
14 Total Crop Land* r

124 /',-_“1"'.“*#' -
]0' ,

84
64 o

44

million ocres

Irrigated Land

24
04

1869 1879 1889 1899 1909 1919 1929 1939 1949 1959 1969 1978 1987 1997

* Not fully comparable for the various census years
Sources: 18601619 foom Olmssead and Bhode 1997, 1920-1059 from U S, Department of Commerce, Bureas of the Corsus 1967, 1069-1997 from U S, Department of
Agniculiure, Nassoral Agriculiursl Seatistical Seevice 19599

Giannini Foundation Special Report 04—1
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Hydrology 101: Aquifer compaction

Permanent land aubsidence caused by
wreverable nelistic deformation

of the aguffer system
i concentrated in the aguitards,

>
Tine

Lorg-term dechne in water kvel
modulatad by the s=asond cycles

of ground-water pumpage

Galloway et al., 1999




How I Got Involved in the State’s Water Problems

/ g 1 ' \‘
View of the Sacramento Delta from the UAVSAR G3 Aircraft
— ; March 2007

NASA
Airborne Science
Flight
Integration and
Test

57

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

»Over 60 reclaimed islands surrounded by 1100 miles of levees
»Most islands lie below mean sea level.

» Collects run-off from approximately 2/3 of the state via the
Sacramento and San Joaquin rivers.

» 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.

Cathleen E. Jones 14 April 2016 13



Causes of Subsidence in the Delta

Pre-1880: Freshwater Tidal Marsh

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

Water Table

Main Channel

1900's: Elevation Loss

2000's: Increased Levee Maintenance T()day’s Delta:
Ducsoned %?‘: Aerobic Oxidation of Soil
Main Chonnel PG Nt (from dewatering, or

fi Pomping Corts :
lowering water table to make

soil suitable for agriculture)

or Levee Failure
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Mean Island Elevation - Year 2000
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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

Close proximity to the major

*N SERLGAIN N a ) T California fault networks in
‘ & s the San Francisco Bay area
- O y
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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
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Discovery Bay, California
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Polarization —Horizontal (H) and Vertical (V)

Red = HH, Blue = VV, Green = HV Soil: HH & VV

Water: VV

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

Cathleen Jones (Jet Propulsion Laboratory) - 19




UAVSAR Capability: Repeat Track Flight Accuracy

e

Transmit Power

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

> 3.1 kW

Radiometric Calibration

1.2 dB absolute, 0.5 dB relative

Noise Floor

-47 dB average

Altitude Error (m)

Total Flight Time, 9.9 Hours

e

90 % |
70 % |
50 % |+

10 m |.

I U - - . el el ——

~ 543210122345

Cross Track Error (m)

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 Interferometry for Measuring Surface Deformation

produces 15t image

(amplitude & phase)

First Pass
Observation

ram,
contour map of change,

\ g . 2 " Second  from 17 & 2" images
\ ‘. ) “ 7y . o & f
: O T

Radar flies over an area to measure
reflection

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

UAVSAR: 12 cm per color wrap
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UAVSAR Capability: High Resolution &

A -y .?_ ’ \ E"".
.+ 8 i 2 J

Sacramento Delta Islands
->
Resolve the levees
->
Monitor their movement




Levee Threats:/ Levee Status

Radar Remote Sensing Capabilities

Seepage

Levee Threat
Monitoring
Guidelines

sepnq [aor ‘sauor usajyjes ‘uspmeg
pjeies) ‘sweljjip woy :31paid 0joyd
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The Drought,
Groundwater
Pumping,

&

The California
Aqueduct



The Current Drought

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

Moderate Drought

Abnormally Dry

Cathleen E. Jones (JPL)



The Current Drought

Cathleen E. Jones (JPL)

January 2013

Severe Drought

Moderate Drought

Abnormally Dry



The Current Drought

January 2014

Severe Drought

Abnormally Dry
Extreme Drought

Moderate Drought
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The Current Drought

January 2015

Extreme Drought

Severe Drought

Exceptional Drought Abnormally Dry

Moderate Drought

Snowfall: 5% of Annual Average

Cathleen E. Jones (JPL)



The Current Drought

January 2016

Extreme Drought
Severe Drought
Exceptional Drought Abnormally Dry
Moderate Drought

|
Cathleen E. Jones (JPL)



The Current Drought — April 5, 2016

" il 5, 2016
U.S. Drought Monitor (M&Pthmday Apeil 7, 2016)

Vabkd 8a.m. EDT
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Subsidence Reports

NOVEMBER 2014 NASA: California Drought Causing Valley Land to Sink

SOrNIaTS CONtrLS DUTRING Groundwaler in responss 1o the histonc drought, The Caltornia
ment of Watser Resowrces 10day released a new NASA report showing land in e San
JOAGUIN Valey 1S sivking faster Tan ever Defors, nearly 2 Inches (3 cenbimeédérs) pér month in some

ocations.

The repon, Pro
researchers at N

. A
‘i-u vm Potontlﬂ Wa\!r Shnrhqn Gap) in Grnund’watwr : Bocause of Increased pumging, 0 dwator lovels are reaching r d OWS « Up foot (30
Mdnﬂm Hb(\d uhsldeme end . Meters) lower Than prévious records.” saKd Department of Water Res Director Mark Cowin
E vl 9\“ ! VR . AS ©XI0NSVG QFOUNCWANT PUMPING CoNSNUes, the land & sinking maore rapicly and this puts nearty
NIrastrUchre at gre o Y amage. ”

Sining NG, KNown 88 SUDSICENCE, Nas occurmed for 0ec s AHOMLE DECEULE Of Xt
grounawaier pumping duwring drought condmons, but the new NASA cata show the sinking Is
NADDANING fASIY, PUTTG INIASIUCATE 0N the SLrTHCe 81 Qrowing rsk of camage

NASA cDtINed T SUDSICENCE CAta by COmMParng saleine images of ESnN's surtsce over Ime

r the last few years, IMerferomeYic synthetc aperture radar (InSAR) observations from sateline
SN0 SCLan pATrms RAve DOON USAT 10 PrOCUCH MADS Of SUDSISENCE With ADEFOXMAately
centmeter-level accuracy. this shudly, JPL researchers analyzed satelite data fom Japan's
PALSAR (2006 % 20100 and Canada s Racarsal-2 (May 201410 January 2015}, and then produced
subsidence maps for those periods. High-resolution INSAR data were also acquired along the
Camormia Aguecuct by NASA's Uninhabied Aarial Vehicle Synhetc Aperture Rader (UAVSAR)
2013 10 2018) %0 identity and quantify new, highly locaiized areas of acosierated subsidence akong
e SQUEOUCT T OCCurTed in 2014, The Cal h AQUACLCT IS A SySiem Of CANRS, Dpeines and

] Tes water cted from the ra Nevada Mountains and Northern and Central
Camiomia valeys 10 Soumeen Cakioms

USing mutiple SCeNeS SCQUIFAT Dy TWE0 Sysims, the JPL researchars wers able 10 procuce tme
histones of subsidence at selected locations, as wel as profies showing how subsidence vanes

W SPACA ANa tme

TS SWCY FaRIeSants an Lgracecentad uss of Multiple satmines and akcry MaD Subsicance in
Camtornia and address a pracscal problem we're all facing,” sakd JPL research scientist and report
o 1to-2inches To A G Ca oW " .

author  Faer, "Wa're pleased 10 supply the Catiomia DWR wih iIniaemation they Can use
-2to-4 betier manage CaMomia's groundwater. It's like the old saying: ‘you can’t manage what you don't
Ato-6 MeASUe

I -6to-8 Land near Corcoran in 1 Tulare Dasin sank 13 Inches (33 contmeers) n just aight monns

-8to-10 about 1.6 Inc ameters) per month. One area in the Sacramenio Valey was sinking

. 10 12 approximatoly haf-an-nch (1.3 contimatirs) par month, TR0 TAN [NOVIOUS MARSLIEMEnts
to

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

http://water.ca.gov/waterconditions/index.cfm




Central Valley Subsidence:
Measured from Space

32



Z(em)

2007

.....

Maximum subsidence at Corcoran

~ F‘(‘m_“‘l.ln a1-2
v Palsar-1

2010 o 2012

2013

2014

205



Central Valley Subsidence

Measured from Aircraft
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Subsidence Along the California Aqueduct
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Subsidence Along the California Aqueduct
South Tulare Basin

"6 Miles

Subsidence April
2014 - Jan 2015
[inch)
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Subsidence Along the California Aqueduct
Small Area near Former Seep
T T N — =

Southeast of Buttonwillow
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| Subsidence April
12014 - Jan 2015
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Subsidence Along the California Aqueduct — Central
Section

MERCED
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New Subsidence Hot Spot
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Ca

Subsidence Along the California Aqueduct

Worst Case Effect of Drought / Groundwater Pumpin

Cumutative Subsiderce [inch]

August 2014

~L4r

> ¢

JL34001360013802014 002034702004 40014 207014 . 802025 :':.‘.0_1‘5 A

Date

* A single well or

cluster of wells can
cause rapid
subsidence of the
aqueduct.

Aqueduct subsided
upto~137in<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)
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Subsidence Along the California Aqueduct — Central
Section
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Subsidence Along the California Aqueduct — Central

‘Subsidence (July
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Subsidence in Central Valley
Spaceborne / Airborne Comparison 1to
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Radar-Based
Seepage
Detection

Cathleen Jones (Jet Propulsigg Laboratory) -



Seep Detection: Current Methodology

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



‘Multi-Polarization Based Detection of Seepage

Example: M1ss1ss1pp1 River Flood, Sprmg 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.

"'sri'ouezmlod pauIqUIODd ‘ﬁVSAVﬂ

'. We used the

. polarization-

"'_ dependence of the

. radar return to enhance
* detection of leaking

*.. sections of levees and
4 to automatically

' classify high-likelihood

NASA DEVELOP student project :
JPL, Fall 2011 — Spring 2012
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Next: Seep Detection along the Aqueduct (Airborne SAR)
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Radar-Based Seepage Detection — False Positives

Scientists: T

/1) Be yok{r own most critical reviewer

2) Always be willing to be wrong

3) Seek the -best in others, and it will brmg out
the best in yourself

Cathleen E. Jones, JPL 4/11/16 47



SUMMARY
Remote Sensing from Space and High Altitude

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:

> Ground water state and
dynamics

» Impact to infrastructure

(BN 7
ASA %

Cathleen Jones (Jet Propulsion Laboratory) - 48




