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Sustainable Management Criteria: 
Land Subsidence
What we will cover today:

• SGMA considerations

• Background information on types, causes and impacts of Land Subsidence

• Significant and Unreasonable Conditions: Suggested approach

• Measurement techniques, available data and suggested measurement approach

• Minimum Thresholds and Measurable Objectives: Suggested approach

• Undesirable Result: Suggested approach

• Questions and feedback
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SGMA Considerations
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• GSAs are only responsible for managing
inelastic (or unrecoverable) subsidence
caused by groundwater pumping

• GSA not responsible for elastic (recoverable)
subsidence

• GSA not responsible for subsidence caused by
anything other than groundwater pumping
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How Groundwater Pumping can Cause 
Inelastic Land Surface Subsidence
• Groundwater pumping reduces fluid pressure

in pore spaces between sediment grains in
unconsolidated materials

• Results in reduction in support for “skeleton”
of aquifer system

• Weight of over-burden causes collapse,
particularly in fine-grained layers (aquitards)

• Can continue after pumping stops due to
delayed drainage from aquitards

Pre-Subsidence Post-Subsidence

Long-term decline in 
groundwater-levels

Leads to collapse of 
aquitards and 
unrecoverable 
inelastic land surface 
subsidence

Gallaway and others (1999); 
USGS Circular 1182
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Aquifer systems have an elastic and inelastic 
range of stress.
Within the elastic (recoverable) range of stress, groundwater If groundwater levels in an aquifer system drop 
level fluctuations cause compression and expansion of the into the inelastic range, the clays compact and 
aquifer systems skeleton without damaging the aquifer systems cause inelastic (unrecoverable) land subsidence.
ability to recover to its original capacity (occurs to varying 
degrees in all aquifer systems)

Compression of clay 
particles due to 
lowered groundwater-
levels

Expansion of clay particles 
due to rising groundwater-
levels (seasonal recharge or 
reduction in pumping)

Collapse of clay particles due to 
long-term and continuous 
lowering of groundwater-levels.
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There are Other Potential Causes of Land 
Surface Subsidence
• Other potential causes of subsidence include:

• Some land use practices that involve dewatering and
oxidation of organic soils (eg, tidal marshlands)

• Tectonic forces
• Hydrologic isostatic loading – ground surface moves up

and down naturally due to seasonal water content and
longer-term climate patterns (eg, droughts)

Santa Rosa Plain Watershed 
GMP (2014)



Potential Impacts from Inelastic
Subsidence

• Damage to surface and
subsurface infrastructure
(eg, aqueducts, buildings,
pipelines, etc.)

• Drainage issues

• Some permanent loss in
aquifer storage
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Significant & Unreasonable Conditions

Suggested approach:  Any inelastic subsidence 
caused by groundwater pumping is a significant and 
unreasonable condition, everywhere in the subbasin
and regardless of the beneficial uses and users.

5/7/2020 SANTAROSAPLAINGROUNDWATER.ORG 7



5/7/2020 SANTAROSAPLAINGROUNDWATER.ORG 8

Establishing Metrics
• DWR’s GSP Regulations defined metric for measuring subsidence

is the rate of change in ground surface elevation
• Several techniques can be used to measure total subsidence:

GPS stations
o InSAR data
o Levelling surveys
o Extensometers (can also help discern between elastic and

inelastic subsidence)
o Groundwater elevations as proxy (if a correlation can be

established)

o



Continuous GPS
• Limited spatial coverage

o One station in Subbasin
• High temporal resolution

o Measured every 15 seconds
• Data available from 2005 to present do not

indicate occurrence of inelastic subsidence
in the Subbasin
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DWR’s InSAR Datasets
• Extensive spatial coverage

o Nearly entire Subbasin
• Lower temporal resolution

o Monthly measurements
• Data made available from 2015 to present do not

indicate occurrence of inelastic subsidence
• DWR intends to continue to make InSAR datasets

available to GSAs
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Available Data Indicates Historical Inelastic
Subsidence has Not Occurred in the Subbasin

• Two special studies conducted to assess fault movement provide some
insights on elastic subsidence and groundwater levels in the Subbasin
(Funning et. al., 2007 and Jin and Funning, 2017).

• Found potential evidence of land surface subsidence (approximately 0.02
feet per year between 1992 and 2001) and subsequent uplift
(approximately 0.02 feet per year between 2003 and 2010) in the southern
portions of the Subasin related to groundwater pumping patterns and
recovering groundwater-level trends in southern Subbasin (indicates
subsidence was within elastic range)

• Additional data processing and analysis would be needed to establish
adequate correlation for use of groundwater levels as proxy in GSP (may
not be applicable basin-wide due to differences in geologic materials
within Subbasin)



Establishing Metrics: 
Recommended Method for GSP
Suggested approach: Use DWR supplied InSAR data as a direct 
measurement of subsidence. Support InSAR data with groundwater 
elevation data.
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Minimum Threshold and Measurable 
Objective

Suggested approach:  The minimum threshold for inelastic 
subsidence due to lowered groundwater elevations is zero 
throughout the subbasin. To account for error in the InSAR data, the 
annual minimum threshold is set to 0.1 feet of subsidence per year, 
while allowing no inelastic subsidence due to groundwater pumping.  

Because zero subsidence is the best possible outcome, zero 
subsidence is also the goal or measurable objective.  
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Undesirable Results

Suggested approach:  Any exceedance of a minimum threshold is an 
undesirable result, if the exceedance is irreversible and caused by 
lowering groundwater elevations. It is furthermore an undesirable 
result if any area experiences five continuous years of subsidence 
due to lowered groundwater levels, even if each year’s annual 
subsidence rate is less than the minimum threshold.
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Discussion and Questions
Sustainability 

Indicator
Significant & 

Unreasonable 
Condition

Minimum 
Threshold

Undesirable Result Measurable 
Objective

Land Subsidence Any inelastic subsidence 
caused by groundwater 
pumping is a significant 
and unreasonable 
condition, everywhere in 
the subbasin and 
regardless of the 
beneficial uses and users.

Zero inelastic 
subsidence 
caused by 
groundwater 
pumping.

Any exceedance of a 
minimum threshold or five 
continuous years of 
subsidence due to lowered 
groundwater levels, even if 
each year’s subsidence rate is 
less than the annual minimum 
threshold

Zero inelastic 
subsidence caused 
by groundwater 
pumping.

1. Do you have concerns about the approach for setting the proposed subsidence SMC?
2. Is there anything further you feel should be considered in the proposed subsidence

SMC?


	Sustainable Management Criteria:  Land Subsidence
	SGMA Considerations
	How Groundwater Pumping can Cause Inelastic Land Surface Subsidence
	Aquifer systems have an elastic and inelastic range of stress.
	There are Other Potential Causes of Land Surface Subsidence
	Potential Impacts from Inelastic Subsidence
	Significant & Unreasonable Conditions
	Slide Number 8
	Continuous GPS
	DWR’s InSAR Datasets
	Available Data Indicates Historical Inelastic Subsidence has Not Occurred in the Subbasin
	Establishing Metrics: Recommended Method for GSP
	Minimum Threshold and Measurable Objective
	Undesirable Results
	Discussion and Questions



