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Aquifer-Storage Change and Land-Subsidence Monitoring in 
the Tucson Active Management Area

History of Cooperation between USGS and Tucson Water Users

1979 – Initiated an investigation to determine the potential for aquifer compaction, 
land subsidence, and earth fissures in Tucson Basin and Avra Valley with City of 
Tucson Water Department

1996 – Initiated seasonal storage monitoring along with Metro Water $15k each 
from Oro Valley, Metro Water, and USGS

1998 – Augmented network with annual storage monitoring across the Tucson AMA 
with ADWR, Tucson Water Department, and Pima County 

1999 – WRI Report 99-4067 “Aquifer-Storage Change in the Lower Canada del Oro 
subbasin, 1996-98”

2003 – Combined the 2 regional efforts into a single program and added Marana as  
a cooperator.

2007 – Reports for the periods 1998-2002 and 2002-2006 compiled and colleague 
reviewed. 
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Aquifer-Storage Change 
and Subsidence 

Monitoring Stations in 
the TAMA

Directed by Arizona ground-
water law to attain an annual 
balance between ground-
water withdrawals (Qout) and 
recharge (Qin) by the year 
2025

Qin = Qout

ΔStorage = 0



Relative Gravity Meter

Repeat gravity and GPS surveys
METHODS

• Gravity – measures total mass (storage) change +/- 0.5 ft water

• GPS – measures aquifer-compaction (subsidence)            
portion of storage change +/- 0.07 ft water

A-10 Absolute
Gravity Meter

GPS 
Receiver



A10 Absolute Gravimeter



-160,000 acre-ft
~1/2 ft per year

Storage Change in 
a portion of the 
Tucson Basin

2002 - 2004
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-100,000 acre-ft
~1/2 ft per year

Storage Change in a 
portion of the Tucson 

Basin

Spring 2003 – Summer 2004



-60,000 acre-ft
~0.4 ft per year

Storage Change in a 
portion of the Tucson 
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Maximum subsidence

~ 3.5 inches Tucson Basin 

~ 1.1 inches Avra Valley

Land Subsidence in 
the TAMA
1998 - 2002
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Maximum 
subsidence

~ 3.2 inches Tucson Basin

~ 4 inches Avra Valley.

Land Subsidence in 
the TAMA
2002 - 2004
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Maximum 
subsidence

~ 5 inches Tucson Basin 
and Avra Valley.

Land Subsidence in 
the TAMA

1987 to 2004-05
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Maximum 
subsidence

~ 1.5 inches Tucson Basin

InSAR 

in the TAMA

February 2003 to 
October 2006
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Considerations for continued program:

•Review of existing network and target areas of interest
pumpage
storage change
land subsidence 
artificial recharge

•Increase incorporation of A-10 absolute gravity meter into the program
Improve gravity survey accuracy and efficiency

•Utilize InSAR technology
Improved spatial resolution of land-surface deformation
Used in concert with GPS for control

•Utilize continuous-operating GPS receivers
Improve definition of seasonal deformation
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