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A New Technique for Modeling Land Subsidence 
Facilitates Better Groundwater Management
Overview
Land subsidence – the sudden sinking or gradual settling 
of Earth’s surface – can occur naturally or be triggered by 
human activity. One of the most common human-affected 
factors is groundwater pumping, a practice that has been 
steadily increasing due to prolonged periods of drought. 
Groundwater pumping is so prevalent in some areas that 
it is severely compromising the quantity and quality of the 
groundwater as well as the physical structure of the land and 
aquifer capacity beneath it. Large-scale initiatives for putting 
water back into the ground, or groundwater recharge, are 
being implemented in some regions. However, groundwater 
resource managers still need better information to determine 
where the land is at greatest risk of subsidence as well as 
where recharge efforts would be the most effective. Integrating 
two reliable data gathering sources – helicopter-deployed 
systems (airborne electromagnetic or AEM technology) that 
measure electromagnetic fields and satellite-deployed systems 
(interferometric synthetic aperture radar or InSAR) to measure 
deformations – offers groundwater managers an improved 
method for more accurately modeling changes in the land 
surface related to the pumping and recharge of groundwater. 
Additionally, the ability to more precisely detect subsidence may 
offer an early warning system for declining groundwater levels. 

Problem Statement
A single data-gathering method that provides a reliable and 
complete picture of the conditions above and below the surface 
of the land is currently unavailable. Not having this information 
creates challenges for developing accurate, predictive 
subsidence models which resource managers need to make 
optimal decisions for groundwater management to prevent 
further disturbance of the land and underground aquifers. 

The Facts
In the United States, the U.S. Geological Survey (USGS) 
estimates that more than 17,000 square miles of land across 45 
states have been directly affected by subsidence. It’s particularly 
problematic throughout the Central Valley of California, where 
years of severe drought combined with heavy agricultural 
extraction of groundwater have resulted in areas marked by 
up to 28 feet of subsidence. Effects of subsidence include: 
the loss of groundwater storage; damage to levees and other 
infrastructure; and potential water contamination due to the 
drainage of clays and the resulting concentrations of naturally 
occurring chemicals like arsenic. 

In an effort to avoid further aggravating existing issues of 
subsidence, water agencies and farmers are already exploring 
novel ways to capture water run-off and put it back into the 
groundwater system. However, the required infrastructure is 
often costly, so having access to accurate prediction models 
on the impact of recharge efforts in specific locations would 
help administrators better manage their water resources and 
optimize their investments. 

To date, decision-makers have largely relied upon data 
gathered from three sources: monitored water wells that only 
assess a portion of the aquifer; GPS which is labor intensive 
and can be subject to error; or the satellite data that measure 
surface changes. By developing a new and accurate model 
that accounts for deformation of the subsurface layers through 
the combination of two consistent, yet distinct, measuring 
techniques, a more comprehensive understanding of actual 
subsurface conditions can be formed and a predictive capability 
developed. 



The Challenges 
Traditional approaches for modeling subsurface conditions have 
generally relied upon data obtained from monitored wells and 
more recently, satellite and GPS data. The datasets required to 
implement the new approach do exist, however, there is a lack 
of knowledge on how to properly combine and analyze them to 
obtain the information needed to make accurate predictions. 

•	 Satellite data (InSAR) offers a promising technology that 
can map large areas of land with a high level of accuracy 
and resolution, but measurements of changes observed at 
the surface do not provide users with a complete picture of 
subsidence. 

•	 Airborne electromagnetic Aerial (AEM) data offers a three-
dimensional look at the surface. However, it only supplies part 
of the information needed to fully understand the scope of 
subsidence. 

•	 The new hybrid approach developed here relies upon having 
sufficient satellite and AEM data available for the specific area 
of subsidence under review as well as trained staff who can 
execute the computations. And as scenarios change for each 
case study, the resulting approach likely requires adoption by 
a large federal or state agency to ensure data are collected 
properly and stored under open access guidelines.

This brief is based on research and findings by Rosemary Knight, 
The George L. Harrington Professor in the School of Earth Sciences 
at Stanford University and Ryan Smith, now with the Department of 
Geosciences and Geological and Petroleum Engineering, Missouri 
University of Science and Technology

FOR MORE INFORMATION
Office of External Affairs 
Stanford Woods Institute for the Environment
woods-extaffairs@stanford.edu
woods.stanford.edu

The Recommendations
Methods to better predict subsidence and prioritize areas 
likely to benefit from managed aquifer recharge (MAR) 
to minimize subsidence while preventing loss of storage 
capacity are urgently needed. The hybrid InSAR/AEM 
method developed here can be used to predict subsidence 
under a variety of pumping/recharge scenarios and provide 
groundwater managers with a useful oversight tool, but 
for InSAR/AEM to be more widely used the following is 
necessary: 

•	 Increase the collection and compilation of both types of 
remote sensing data across the state of California and 
other groundwater depleted regions where subsidence is 
an issue. Access to these data sets would allow for more 
agricultural regions to be monitored regularly and at 
relatively lower cost.

•	 Develop a computational tool or dashboard that 
integrates the two datasets into one model. Upscaling 
the technology permits groundwater managers to predict 
susceptibility to subsidence conditions, have confidence 
in proposed MAR projects, and develop plans that 
strategically utilize available recharge water.

•	 Promote the wide range of benefits from combining 
InSAR and AEM data along with a computational tool 
to local water managers and agencies, agricultural and 
other community stakeholders. Successfully integrating 
these two forms of data will provide a new way to link 
subsidence to groundwater models, critically needed to 
support sustainable management plans in areas at risk for 
subsiding as well as drinking water contamination from 
over-pumping.
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