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LAND Subsidence SMC – Proposed Strawman
Petaluma Valley
Sustainability
Indicator

Land
Subsidence

Significant &
Unreasonable
Condition

Minimum
Threshold

Undesirable
Result

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, while
allowing for 0.1
feet of annual
elastic subsidence
to account for
measurement
error.

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.

Measurable
Objective

Zero inelastic
subsidence
caused by
groundwater
pumping.

Key Points / Considerations
•

SGMA is clear that GSAs are responsible for only managing “inelastic”
(unrecoverable)subsidence caused by groundwater pumping. The GSA does not manage
short-term “elastic” (recoverable) subsidence, nor does it manage inelastic subsidence
caused by something other than groundwater pumping, such as tectonic activity.

•

Available datasets do not indicate the occurrence of historical inelastic land surface
subsidence due to groundwater pumping within the Subbasin.

•

Recommended Significant and Unreasonable Condition: 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.

•

Recommended Minimum Threshold: Zero inelastic subsidence caused by groundwater
pumping.
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•

Recommended Measurable Objective: Zero inelastic subsidence caused by groundwater
pumping (same as Minimum Threshold).

•

The recommended minimum threshold is not anticipated to cause negative impacts to
beneficial uses and users of groundwater within the Subbasin.

Background
Each GSP must address how groundwater will be managed to address potential land subsidence
caused by groundwater pumping. Land surface subsidence can be caused by human activities
such as groundwater pumping and some land use practices, or by natural factors such as
tectonic forces and hydrologic isostatic loading. Land surface subsidence can also be either
recoverable (elastic) or unrecoverable (inelastic). SGMA is clear that the GSP’s focus should be
on inelastic land subsidence caused by lowered groundwater elevations. Elastic land
subsidence and inelastic subsidence caused by factors other than lowered groundwater
elevations do not need to be addressed.
Attachment A provides an excerpt from the draft GSP describing current and historical land
surface subsidence, based on the best available information. To support the implementation of
SGMA, subsidence is currently estimated every month by DWR using Interferometric SyntheticAperture Radar (InSAR) data. Additionally, one continuous Global Positioning System (GPS)
station provides a point data for subsidence in the Subbasin. These continuous GPS data are
temporally extensive (with readings going back to approximately 2006 collected every 15
seconds), but spatially limited. The InSAR data are spatially extensive (covering the nearly the
entire basin), but more limited temporally (with data available monthly going back to 2015).
While limited in spatial and temporal extent (as further described in Attachment A), findings
from these datasets do not suggest that inelastic land surface subsidence due to groundwater
pumping has occurred.

Suggested Approach for Developing Subsidence SMC
The suggested approach for developing the subsidence SMC consists of four steps as described
below.

Step 1 - Identify Significant and Unreasonable Conditions
Significant and unreasonable conditions are the qualitative statement of what is undesirable.
The GSA should establish if any level of groundwater-pumping induced inelastic subsidence is
acceptable. Regulations further require inelastic subsidence induced by groundwater pumping
be addressed spatially across the Subbasin.
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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.

Step 2 - Establish Metric to be Used
The defined metric from the GSP regulations for measuring subsidence is the rate of change in
ground surface elevation. This can be measured with extensometers, continuous GPS stations,
levelling surveys, or InSAR data. GSP Regulations provide an option for monitoring subsidence
using groundwater level elevations as a proxy for ground surface elevation. In order to use
groundwater elevations as a proxy for subsidence, a significant correlation between historical
groundwater elevations and historical subsidence would need to be established. Sufficient
historical data do not exist within the Subbasin to establish this correlation.
Suggested approach: Use DWR supplied InSAR data as a direct measurement of subsidence.
Support InSAR data with groundwater elevation data. If InSAR data show a persistent,
irreversible ground surface decline, evaluate whether this is due to lowered groundwater
elevations or other factors.

Step 3 - Set Minimum Thresholds and Measurable Objectives
These are quantitative criteria that will be achieved in 20 years and maintained for the
following 30 years. Minimum thresholds are conditions that, if exceeded, would be significant
and unreasonable. Measurable objectives are goals that provide some buffer above the
minimum thresholds. GSP Regulations § 354.28 (c)(5) lays out how subsidence minimum
thresholds shall be defined. It states, “The minimum threshold for land subsidence shall be the
rate and extent of subsidence that substantially interferes with surface land uses and may lead
to undesirable results.”
Setting a minimum threshold of anything greater than zero sets as policy that 20 years from
now, it is acceptable for the Subbasin to be experiencing irreversible subsidence caused by
groundwater pumping at some measurable rate.
Suggested approach: Based on the above-described approach for characterizing significant and
unreasonable conditions, because any unrecoverable subsidence caused by groundwater
pumping is significant and unreasonable, 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
maintaining no subsidence. Because zero subsidence is the best possible outcome, zero
subsidence is also the goal or measurable objective.
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Step 4 - Define Undesirable Results
Undesirable results are defined as a combination of minimum threshold exceedances. InSAR
data are provided by DWR as a map of pixels: each pixel could be viewed as a single
measurement of subsidence. Undesirable results could be defined as a number of pixels
exceeding the minimum threshold for subsidence caused by groundwater pumping, or as a
number of pixels in a certain area exceeding the minimum threshold. However, because
inelastic subsidence caused by groundwater pumping is undesirable at any level, allowing no
exceedances is the safest approach.
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. Before establishing that an undesirable result has occurred, evaluate whether the
change in ground surface elevation is subsidence due to low groundwater elevations or other
factors.

Potential Effects of Minimum Threshold on Beneficial Uses and Users
Land subsidence related to groundwater pumping has the potential to impact the beneficial
uses and users of groundwater in the Subbasin by interfering with surface land uses in a way
that causes additional costs to replace surface infrastructure, address flooding or drainage
issues, or other actions that would be necessitated by land surface displacement.
The recommended subsidence minimum threshold is set to prevent any long-term inelastic
subsidence caused by groundwater pumping that could harm infrastructure and land surface
uses, thereby avoiding these potential impacts to beneficial uses and users of groundwater.
Available data indicate that there is currently no inelastic subsidence caused by groundwater
pumping occurring in the Subbasin that affects infrastructure and land surface uses. Therefore,
the subsidence minimum threshold on its own is not likely to impact beneficial users of
groundwater by requiring reductions in pumping above any that could potentially be
necessitated by other sustainability indicators.

PV AC Meeting Draft – 5/6/2020

4

20

Attachment A:
Updated Excerpt from The Draft Petaluma Valley Subbasin GSP
Describing Current and Historical Land Surface Subsidence
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3.2.4 Land Surface Subsidence
Changes in land surface elevation may be caused by tectonic processes, hydrologic isostatic
loading, increases in effective stress caused by excessive groundwater pumping, and other
processes. In locations where multiple processes impact land surface elevations, it may be
difficult to determine the cause of changes. The North Bay region is located in the tectonically
active Pacific margin, characterized by numerous active faults and geologically recent volcanic
activity. In addition to the effects of tectonics, water stored on earth’s surface and subsurface
exerts a downward pull on the earth’s crust. Increases in stored water increase this downward
force, whereas declines in storage release this downward force. This hydrologic isostatic loading
is important in California, occurs on 100s to 1000km scales, and explains much of the land
surface changes in areas without significant groundwater pumping or tectonic processes (Borsa
et al, 2014). In areas of intensive water use, groundwater pumping can cause subsidence by
reducing hydrostatic pressure. When water is removed hydrostatic pressure decreases, which
in turn increases the weight that the skeletal structure of the aquifer must support (effective
stress). Aquifer materials rich in clays may collapse under this weight thus causing a lowering of
the ground surface and a potentially unrecoverable loss in aquifer storage.
Existing data related to the potential for land subsidence in the basin is limited to Global
Position System (GPS) data collected as part of a plate boundary study and a focused study of
the Rodgers Creek fault zone. GPS data is being collected as part of a Plate Boundary
Observatory (PBO) network to monitor tectonic Earth movements in North America. The
project is led and managed by University Navigation Signal Timing and Ranging Global
Positioning System Consortium, a university-governed consortium. PBO's network of 1100
permanent continually operating GPS stations spans the Pacific/North American plate boundary
in the western United States and Alaska, with additional stations on the stable continental
interior. One PBO GPS (Plate Boundary Observatory Global Positioning System) station is
located within the Petaluma Valley basin (Figure 3-13a). This station (PET00127; P198) has been
actively monitored since 2004 and results are shown in Figure 3-13b.
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From 2004 to 2019 the GPS station in the basin has shown vertical changes of -0.5 inches
(Figure 3-13b). From 2015 to 2019 the vertical change for the station is -0.13 inches, with yearly
changes of -0.0325 inches per year. The ground height changes observed in the basin correlate
with nearby stations and regional stations. The other stations in Bodega Bay, Marin, Napa, and
in the Russian River areas exhibit long-term declines in ground height that closely mirror those
of the Petaluma station. Given the similarity in the Petaluma ground height change with the
regional stations, it is likely that regional interannual variation in hydrologic isostatic loading is
likely the best explanation for the observed trends. The logical corollary to this conclusion is
that groundwater pumping in the Petaluma is likely not the cause of the subsidence observed
at the PET0127 station.
The spatial variation of ground surface change within the basin is shown in Figure 3-14. This
dataset is provided by DWR and represents changes from June 2015 to 2018 measured by
interferometric synthetic-aperture radar (InSAR). The maximum vertical changes are within the
+0.25 to -0.25 feet range for the entire basin, with a majority of the basin within the 0.0 to -0.25
feet range over the three-year period.
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Data collected as a part of a study of the Rodgers Creek fault for evidence of tectonic fault
creep revealed evidence of potential land subsidence in the southern portions adjacent Santa
Rosa Plain Subbasin (Funning et. al., 2007). The study used Permanent Scattering
Interferometric Synthetic Aperture Radar (PS-InSAR) technique from satellite data from 19922001 to analyze the area for land surface deformation related to fault movements (Figure 315). PS-InSAR is an advanced processing technique for satellite radar data, which uses the radar
returns from stable targets on the ground to generate a series of surface displacement changes
over time, with atmospheric effects mitigated.
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While not specifically designed to investigate potential land subsidence due to groundwater
pumping, the fault study does not identify any areas in the basin with significant vertical
displacements during the timeframe of the study (1992-2001).
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