
REVIEW OF GRAVITY DATA COLLECTED IN 
THE SAN PEDRO AREA, 2008 -2015



USGS SOUTHWEST GRAVITY PROGRAM:

 Method (repeat microgravity) first developed at 
Univ. of Arizona, then USGS

 Joint effort by Arizona, New Mexico, and California 
Water Science Centers, USGS Cooperative Water 
Program, Cooperators

 Quantitative geophysics:
 Data review and archival

 Online-accessible database:

https://go.usa.gov/x7buN

 Techniques and Methods Report

 Office software and mobile app for reproducible science

https://go.usa.gov/x7buN


A very small change in gravity can be measured by sensitive 
instruments at the microGal level (1 microGal = 10 nm/s2)

This small change in gravity is directly proportional to mass 
change (once other influences are removed).

A change in the amount of water stored underground causes a 
mass change and a corresponding gravity change.

The relationship between the observed change in gravity and 
the amount of storage change (as the change in the thickness 
of a slab of free-standing water) is:

41.9 microGal = 1 m of water

What is repeat microgravity?



 A quantitative measurement
 Gravity change is linear with mass change – not dependent on estimates of aquifer properties 

like specific yield (specific yield is required in order to estimate storage change from water 
level changes alone).

Why repeat microgravity?

Specific yield = 0.05Specific yield = 0.20
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𝜟ℎ = 50 𝑐𝑚 𝜟ℎ = 200 𝑐𝑚

𝜟𝑠𝑡𝑜𝑟𝑎𝑔𝑒 = 10 𝑐𝑚 𝜟𝑠𝑡𝑜𝑟𝑎𝑔𝑒 = 10 𝑐𝑚

…add 10 cm of free-standing water 
(storage change = 10 cm):

𝜟ℎ = 𝑐ℎ𝑎𝑛𝑔𝑒
𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 𝑙𝑒𝑣𝑒𝑙



 It provides unique information about groundwater

Pool and Anderson, USGS Scientific Investigations Report 2007-5275
https://pubs.usgs.gov/sir/2007/5275/

Why repeat microgravity?Why repeat microgravity?

▪ Water levels may, or may not, represent 
the aquifer

▪ Identify confined vs unconfined 
conditions

▪ Measure a water budget component 
that must usually be estimated as the 
residual of other components (inflows –
outflows = storage change).

https://pubs.usgs.gov/sir/2007/5275/


Report (SIR 2016-5114) available here: 
https://go.usa.gov/x7bPf

Estimate of specific yield for this 
location = slope of the line of best 
fit: 0.09

Estimate of specific yield for this 
location = slope of the line of best 
fit: 0.09

SAN PEDRO GRAVITY DATA

https://go.usa.gov/x7bPf


SAN PEDRO GRAVITY DATA

• Revised previous network to better estimate 
ephemeral channel recharge and effects of 
pumping.

• Change between 2014 and 2015 reflected 
increases in storage due to above-average 
rainfall in summer 2014.Report available here: https://go.usa.gov/x7bPs

Data available here: 
https://go.usa.gov/x7bPv

https://go.usa.gov/x7bPs
https://go.usa.gov/x7bPv
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Gravity minus 978,990,000 microGal, with time
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Network as of 2015:

2014-2015 set up new 
stations to better 
identify long-term 
storage changes at key 
locations

No monitoring since 
2015



Tucson AMA gravity project, 1998 - 2024+

• USGS Cooperative Water Program

• ~140 stations in a network spanning greater 
Tucson, Marana, and Avra Valley

• Shows long-term early storage declines followed 
by increasing storage with increasing artificial 
recharge

• Shows effect of variable precipitation and resulting 
natural recharge on the amount and pattern of 
resulting storage change.



Explore the Story Map here: https://wim.usgs.gov/geonarrative/tucsongravity/

https://wim.usgs.gov/geonarrative/tucsongravity/


 Southern Avra Valley Storage and 
Recovery Project

Other Tucson studies

Tucson Water’s SAVSARP facility:

• Recharges ~50,000-80,000 acre-
feet/year of CAP water



 SAVSARP

2013

Other Tucson studies: SAVSARP

Continuous gravity 
observations 
demonstrate fast 
response to storage 
changes



 SAVSARP
Other Tucson studies: SAVSARP

Dense network of 
observation 
locations provides 
detailed storage 
change map 
between discrete 
measurements



 SAVSARP
Other Tucson studies: Heritage Project

• ~3,150 acre-feet/year of 
reclaimed water

• Released into the Santa Cruz 
River channel near downtown 
Tucson

• Objective includes monitoring 
storage changes near WQARF 
sites

• Requires LIDAR drone flights to 
account for mass changes 
resulting from sediment 
redistribution



 Bear Canyon

▪ In-channel surface-water recharge

▪ Large storage changes accumulate and dissipate 
rapidly

▪ Storage changes extend several hundred meters 
from the channel

Perpendicular transect

Parallel transect

Perpendicular transect

Parallel transect

Albuqueurque Studies



SUMMARY

 Sierra Vista gravity network monitored last in 2015, with several new sites in areas of 
interest (i.e. EOP).

 Some gravity data are publicly available on ScienceBase in shapefile and .csv format, 
which would make use on the WHIP quite easy. However, older data are not currently 
online (pre-2014).

 Smaller recharge projects are a good fit for gravity monitoring if:
 Recharge is sufficient to result in gravity change larger than instrument error. 

 Must also look at whether recharge is likely to mound or not.



THANK YOU

 Libby Kahler

 USGS Arizona Water Science Center, Tucson

 ekahler@usgs.gov

Want to know more? Read the fact 
sheet here: https://go.usa.gov/x7KJe


