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ADWR’s Land Subsidence Monitoring Program

 Repeat surveys revealed
land subsidence up to 19
feet
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ADWR’s Land Subsidence Monitoring Program

e Have been completing GNSS
surveys since 1998

« Data I1s' processed using Trimble
Software, NGS OPUS, OPUS-Share,
and OPUS Projects

* Networks have been expanded to
Improve monitoring

e Surveys vary from monthly,
seasonally, and annually
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Synthetic Aperture Radar Interferometry (InSAR)

Enables diSp|acement First Pass Second Pass
measurements on the
Earth’s surface

Uses data collected

during two or more ks
evation
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ADWR’s Land Subsidence Monitoring Program
o Started in 2002 from a NASA grant

* Have an extensive INSAR library,
data between 1992 and present

* By 2022, identified 30 individual land
subsidence features covering an
area greater than 4,100 square miles

e Cost of the INSAR data has
exceeded $2.0 million dollars
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Arizona Department of Water Resources
Profecting & Enhancing Arizona’s Water Suppfies For Curmrent And Future Generafions @@ O o@

ADWR’s Land Subsidence T
Website

» ADWR'’s website has a dedicated
land subsidence section

-

LAND SUBSIDENCE IN ARIZONA

» Each land subsidence feature has o=
dedicated webpage

Al

« A total of 699 1and subsidence < e
maps are available for download s ot oo e O o b

 The INSAR-derived maps cover
various periods of time between

1992 and 2000, 2004 to 2010, and
2010 to present




ADWR’'s Land Subsidence
Website

e Able to access both land
subsidence maps and land
subsidence rate' maps

County. Unincorporat

located within the Fort Grant Road land s

? Land Subsidence Maps
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» | and Subsidence Maps

ADWR’'s Land Subsidence |
Website

e Clicking any time-period will open
up-a pdf land subsidence map
displaying the magnitude or rate of
land subsidence for that time-
period

LAND SUBSIDENCE RATE MAPS




ADWR’'s Land Subsidence
Website

¢ Land subsidence map for the Fort
Grant Rd land subsidence feature in
the Willcox Groundwater Basin
between May 2010 and June 2022

e Subsidence as highas 137cm (4.5 feet)
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Total Land Subsidence in the Fort Grant Rd and Willcox Areas, Cochise and Graham Counties

Based on Radarsat-2 Satellite Interferometric Synthetic Aperture Radar (InSAR) Data
Time Period of Analysis: 12.0 Years 05/05/2010 To 06/07/2022
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ADWR’'s Land Subsidence
Website

« Subsided over 11 feet between 1969
and 2022

Fort Grant

Ash Cresk

Total Land Subsidence in the Fort Grant Rd and Willcox Areas, Cochise and Graham Counties “"
Based on Radarsat-2 Satellite Interferometric Synthetic Aperture Radar (InSAR) Data
Time Period of Analysis: 12.0 Years 05/05/2010 To 06/07/2022



Documenting Historical Land Subsidence
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Phoenix Active Management Area Land Subsidence
U.S. Geological Survey & National Geodetic Survey Reports & Datasets



Documenting Historical Land Subsidence

Land Subs 3 i e id Sub-Basin, Pi County Histaric: Subs in Fmt int e Eloy Sub-Basin, Pinal County

ed an 1922, 1924, 1947, and 1992 USGS Topographic Map Benchmark Elevations Based on 1922, 1924, a Map Benchmark Elevations
Laney, R.L., Raymond, R.H., and Winikka. ¢ 1978, USGS Water- Resaurces Investigations Report 78-0083 Laney. R.L., R: 0 ? H., and Winikka. 978, USGS Water- Resource s Investigations Report 78-001
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Pinal Active Management Area Land Subsidence
U.S. Geological Survey & Topo Quad Reports & Datasets



Documenting Historical Land Subsidence
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Time Period of Analysis: 37 Years 1937 To 1874
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Willcox Groundwater Basin and San Simon Valley Groundwater Sub-basin
USGS Reports



Applications of INSAR in Arizona

Using InSAR for Groundwater
Management

InSAR data has been used to
better document on going land
subsidence in the Tucson area

Groundwater management =
has resulted in decreased land

subsidence rates and
groundwater recovery

ERS-142
11/1993 - 09/2000

Radarsat-2
04/2018 - 0372019

Using InSAR Data to
Monitor Land Subsidence
and Changing Rates

* Land subsidence rates
Groundwater Basin

between 1996 and 2019
INSAR datasets

have tripled in the Willcox (i

Sentinel-1
01/2018 - 05/2019

Using InSAR to Monitor Earth Fissures

I* INSAR data is used to not only monitor

earth fissure activity, but to also identify
areas for potential earth fissuring where
difft ial land is rring

Using InSAR for Artificial Recharge

« Large groundwater recharge project
30 miles west of Phoenix
= Started recharging in 2006

= By October 2010, more than
500,000 acre-feet of water was
recharged

2
E | Areas of
ifferential land
subsidence and (Y
shallow bedrock [

Groundwater
Management

Land

Subsidence

Earth F

Using InSAR for Seasonal Deformation

* InSAR is being used to monitor
seasonal uplift and subsidence
related to groundwater pumping and
groundwater decline/recovery

Using InSAR for Infrastructure Monitoring

+ InSAR is being used for monitoring and
mitigating land subsidence and earth
fissures around infrastructure (flood
control structures, canals, highways,
pipelines, power plants, powerlines gas

e o). R

ISsures

Using InSAR for Floodplain Monitoring

+ Land subsidence has altered the
Centennial Wash floodplain, resulting in
the flooding of the Town of Wenden
during high flow events

+ McMullen Valley Groundwater Basin was
an area of unknown subsidence until
InSAR was collected

Recharge

Seasonal Infrastructure

Deformation

Floodplains



Sentinel-1 Data
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o _Open data policy (FREE!)

e Short temporal baselines (12-
dayrepeat)

e |Larger swath
e 02/2017 -01/2021 interferogram
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Sentinel-1 Data

109°50'0"

« Able to leverage large data stacks (133 L o W
collects of Sentinel-1) to evaluate seasonal
deformation and annual land subsidence
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Time Points
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Time Series INSAR

% Sentinel-1
02/2017 — 09/2021

Fort Grant Rd and
Kansas Settlement
Subsidence Features




Documenting and Preserving GNSS Data

Shared Solution The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.
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Surveying

e |s Surveying Control Stable?

Explanation
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Surveying

 Land subsidence is
compromising vertical surveying
control monuments

e Surveying control should be
verified

2,669 Monuments Affecte
by Land Subsidence

Explanation
& NGS Monuments Subsiding
NGS Monuments
[ cities
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Surveyed Elevations May
Not Be Accurate




NISAR Mission

A dedicated U.S.\and Indian
INSAR mission, optimized for
studying hazards and global
environmental change

Launch Date/— January 2024
Open data (FREE!)

12-day repeat

L-Band and S-Band

Data and products available O
through Alaska Satellite
Facility






Using INSAR for Decision Making in Arizona

A major step with the INSAR program is providing the data to those who
need it for their own monitoring, mitigation, planning, and design projects

Land subsidence maps are updated every spring which reflect the past
12 months of INSAR data collection

INSAR data (wrapped and unwrapped interferograms) can be requested
by anyone (consultant, public, other agency, etc.)

The land subsidence maps/InSAR data, earth fissure data, groundwater
level data, groundwater pumping data, and well-log data are a data
synergy and are all critical datasets that are needed to properly monitor,
Investigate, and mitigate land subsidence and are all accessible through
ADWR'’s website



What does the Future Hold?

e Continue collecting INSAR data and making data available to public
e Continue to push for elevation data from NGS for level lines in Arizona

e Continue to collaborate with the scientific community in Arizona in regard
to subsidence monitoring, support/expand the CORS network however
we can, and participate with geodetic surveying campaigns when

available
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