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What is Subsidence?

Land subsidence is the sinking or downward settling of the earth’s surface, not restricted in rate,
magnitude, or area involved. Subsidence is often a result of over-extraction of subsurface water.
In these cases, subsidence generally occurs over a large to very large area (10’s to 100’s of
km?) and may happen over several years.

How Subsidence Occurs

Groundwater saturates the sediments in the subsurface where groundwater is present.
Sediments in water bearing units are commonly made up of sands, gravels, silts, and clays.
Aquitards are composed of clay materials, and may have multiple thin layers or larger extensive,
and/or thicker layers. Groundwater in these materials fills the pore spaces and supports the
material’s structure. As groundwater levels decline, the sands, gravels, silts, and clays in water
bearing units are dewatered, and the water’s support of the structure of the materials is
removed. Clays in particular rearrange when dewatered and clay grains orient in a similar
direction, which reduces the amount of pore space and thus, the clay compacts. As the clays
compact, ground surface elevation begins to drop.

Figure 1: Subsidence and Compaction Process
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Source: USGS, Ladn Subsidence: Cause and Effect. 9/17/2017. https://ca.water.usgs.gov/land_subsidence/california-subsidence-cause-
effect.html#pumping
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This is problematic all over the world but is of particular concern in California agrlcultural
communities such as the Cuyama Basin. Cuyama Basin
subsidence may have effects on agriculture in a few ways.

1. Water delivery systems that may deliver irrigation water
can be affected by land subsidence. Surface canals or
gravity lines may not have enough elevation gradient to
transport water or may even have reverse flows due to
changes in ground surface elevation.

2. Infrastructure such as buildings and roads may be de-
leveled and need repair

Not all groundwater pumping results in permanent subsidence.
Groundwater reservoirs have an elastic and inelastic range of
stress. Within the elastic range of stress, water levels in a
groundwater storage unit can fluctuate without damaging the
storage unit’s ability to recharge to its original capacity. If water
levels in a storage system dip into the inelastic range, the clays
compact and cause inelastic land subsidence.

Clays and silts, such as those present in the Younger Alluvium,
Older Alluvium, and Upper Morales Formations, generally have
lower elastic capabilities, meaning they are not able to recover to
their original volume once water has been removed. Once clays
and silts are heavily compacted, they often cannot return to their
previous saturation capacity even if groundwater levels are
increased; this permanently reduces the storage capacity of the
aquifer. This loss of aquifer is limited to the water that was stored
in the compressed clays, and storage capacity lost is limited to ‘ B
the water that was stored in clays that were compressed, which Figure 2: Subsidence

is reflected in the amount of subsidence measured. Water Visualized
stored in clay materials is generally not available for use by Source: USGS,
We”S. https://ca.water.usgs.gov/land_subsidence/

Methods of Measuring Land Subsidence

Measurements of elevations, aquifer-system compaction, and water levels are used to improve
our understanding of the processes responsible for land-surface elevation changes. Elevation or
elevation-change measurements are fundamental to monitoring land subsidence and have been
measured by using interferometric synthetic aperture radar (INSAR), continuous GPS (CGPS)
measurements, extensometers, and spirit-leveling surveying.

Interferometric Synthetic Aperture Radar (InSAR)

INSAR is a method and product of remote sensing imagery that measure changes in land-
surface altitude by sending radar signals (historically C-band but new equipment often uses L-
or X-band) to the land surface and measuring the return time of that signal. Changes in land
surface elevation are calculated by taking the difference between two SAR images of the same
area taken at different times. The difference between the two shows the ground-surface
displacement (range change) between the two time periods.
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The spatial resolution of INSAR is dependent on the location and resolution of the remote
imagery, and whether it is taken from a plane or by orbiting satellite. At its finest resolution,
INSAR has a sampling pixel of approximately 25’ by 25’ from satellites. The resolution of vertical
displacement is dependent upon meteorological, observational, and other conditions, but is
typically within a few centimeters to millimeters.

Raw InSAR data requires specialized computer programs to process and view. Some agencies
and organizations, such as the California Water Science Center, provide INSAR imagery online.
Direct data downloads are possible, but require registration approved with UNAVCO as an
affiliate with an institution engaged in SAR research to download data. Data is available for
anyone to browse online, and there are several agencies/institutes that publish data for specific
regions.

Currently, INSAR imagery is obtained via specialized radar equipment on an aircraft and
managed by NASA'’s Jet Propulsion Laboratory (JPL). In December 2021, the satellite NISAR is
scheduled to launch; NISAR will provide coverage every 12 days and all NASA data will be free.

Continuous Global Positing System (CGPS)

CGPS stations continuously measure the three-dimensional position of a sensor. There are
more than 1,000 sensors in Western North America, with hundreds in California. Most sensors
are managed by the Plate Boundary Observatory/UNAVCO and by Scripps Orbit and
Permanent Arrary Center (SOPAC), but other groups such as Caltrans also operate sensors.
These monitoring stations help measure tectonic movements as well as subsidence, which
means data is taken in the X, Y, and Z axis.

Measurements are typically taken every 15 seconds and are processed to produce a daily
position. The CGPS system has data/information published online, however, some use is limited
and registration is required for certain data access.

Currently, subsidence measurements in and immediately around the Cuyama Basin are taken
through CGPS instrumentation.

Spirit Leveling

This is the oldest method of measuring subsidence and was used long before electronic aids
such as GPS. The primary tool is a Spirit Level in combination with a telescope and graduated
vertical rods. Measurements are based on one reference point. This technique is best used for
smaller survey areas (5 miles or less) and areas where high spatial density is desired. This is a
good option for localized surveying and where cost is a priority.
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Most extensometers are constructed as cable or pipe borehole extensometers (see the figure to
the right above). They function by having a cable or pipe extend to the bottom of a drilled hole to
the measuring depth at a specific reference point. At the top of this cable or pipe is a reference
point, and attached to the reference point is another cable that extends to the top of a platform
near the ground surface, around a wheel, and to a counter weight which maintains tension on all
cables. As the ground elevation and bottom reference point change in relation to one another,
the wheel turns as the counter weight either drops or rises. This change in the position of the
counter weight is equal to the amount of compaction between the two reference points.

Although simple in theory, extensometers can be costly to install due to the drilling that is
required and robust equipment needed. In addition, multiple extensometers are often needed to
measure compaction across a range of depths and to determine which portion of the subsurface
is compacting.

Piezometers

Piezometers measure the hydraulic pressure in a groundwater system. Piezometers are paired
with extensometers or CGPS data to analyze stress-strain characteristics of a groundwater
system. These systems allow for the calculation of the skeletal storage coefficient, which is the
standard measure of an aquifer’s storage directly related to the compressibility of the
soil/storage system. This is what largely controls how “recoverable” an aquifer system is when it
is recharged with water.

If water levels continue to decline into the inelastic range of stress, it can become possible to
compute the inelastic storage coefficient that governs the permanent compaction of the aquifer
system. If water levels fluctuate into both of these ranges seasonally or annually, it may be
possible to calculate both.




