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Corporate Office: 3301 C Street, Bldg. 100-B • Sacramento, CA 95816 • 916.341.7760 • Fax 916.341.7767 

Offices located in California and Nevada 

www.woodrodgers.com 

 
September 7, 2016 Job No. 3314.003 
 
 
 
Mr. Glenn Pace 
Pembrook Development 
175 E. Main Avenue, #110 
Morgan Hill, California 95037 
 
Dear Mr. Pace:  
 
Subject:  Castellina Master Planned Community – Land Subsidence Assessment 
 
In response to your request, Wood Rodgers, Inc. (Wood Rodgers) is pleased to provide this 
summary of documented land subsidence in the vicinity of the Castellina Master Planned 
Community (Project).  Located in Madera County, California, the Project is in the San Joaquin 
Valley (Valley) which has experienced land subsidence.  Land subsidence within the Valley was 
discovered in the 1950s as a result of groundwater over-pumping and resulted in significant 
drops in land surface elevations.  The construction of extensometers quantified the rate and 
magnitude of ground surface displacement; however, primarily on the west side of the valley.   
 
Recently published data suggests that land subsidence continues in the vicinity of El Nido, 
California.  The land subsidence depression in the El Nido area appears to extend to the Project 
site. 
 
Land Subsidence and Monitoring  

Land subsidence has been correlated to occur during drought periods as a result of increased 
groundwater pumping for agriculture (Faunt, 2016) and with geologic formations consisting of 
fine-grained sediments.  Two types of land subsidence occur, elastic and inelastic subsidence.  
Elastic subsidence is temporary, typically a result of seasonal fluctuations in groundwater levels 
where ground surface elevations return to previous years conditions.  Inelastic land subsidence is 
the permanent displacement of the ground surface and occurs when groundwater levels are 
drawn down past the respective historical low, such as during prolonged droughts when 
groundwater basins are stressed and sometimes overdrafted.   
 
Permanent land subsidence can occur when fine-grained sediments (such as compressible clays) 
compact.  The clay compaction results in the permanent loss of groundwater storage capacity and 
lowers the elevation of the ground surface. 
 
Direct and indirect (remote) methods are utilized to measure ground surface displacement and 
land subsidence.  Direct methods include extensometers constructed in deep borings and ground-
based GPS (Global Positioning Systems) stations.  Extensometers measure the change in 
thickness of a particular depth interval or the compaction and expansion of an aquifer system.  A 
network of extensometers monitored by the USGS is located along the western side of the valley, 
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with the nearest station approximately 30 miles southwest of the Project.  GPS stations, which 
provide three-dimensional monitoring of a single point on the ground surface, were constructed 
to monitor for geologic plate motion caused by plate tectonics.  GPS stations have increasingly 
been used to monitor for land subsidence.  The U.S. Bureau of Reclamation surveys a geodetic 
network of 70 GPS stations for the San Joaquin River Restoration Program (SJRRP) in July and 
December of each year to monitor ongoing subsidence.  In addition, continuously monitored 
GPS stations (CGPS) record daily measurements which allow for comparison between selected 
time frames.  One such monitored CGPS station, Station P307, is located in the City of Madera 
approximately 3.5 miles south of the Project as shown in Figure 1.  The CGPS station is 
managed by the Plate Boundary Observatory/UNAVCO (a non-profit university-governed 
consortium), which publishes the data on their website1. 
 
In addition to direct measurements, remote measurements of land surface elevation include the 
use of radar acquired from satellites orbiting the earth and from airplanes.  Interferometric 
Synthetic Aperture Radar (InSAR) is used to measure the elevation of the ground surface over 
large areas.  The technique uses two Synthetic Aperture Radar (SAR) images of the same area 
acquired at different times and identified changes in land surface elevation.  The differences are 
illustrated on maps called interferograms and show changes to ground surface elevations for that 
time frame, with resolution typically of less than one-inch, and usually less than 0.5-inch.   
 
Regional Land Subsidence 

Several groups have released study’s evaluating the location, amount, and rate of land 
subsidence in the Valley.  Regionally, land subsidence has occurred northwest of the Project near 
El Nido.   
 
As reported by NASA’s Jet Propulsion Laboratory (JPL) in a report titled “Progress Report: 
Subsidence in the Central Valley, California,” interferograms prepared from InSAR data 
between 2007 and 2010 indicate an area of land subsidence approximately 25 miles northwest of 
the Project site.  The subsidence is centered south of the town of El Nido, where at its center, 
subsidence was approximately 24 inches for the period.  The magnitude of subsidence in this 
depression decreases with distance towards the Project site.  From May 2014 to January 2015, an 
additional 10-inches of land subsidence occurred within this depression.  The Project site is 
located on the outer edge of the mapped area of land subsidence.   
 
A report by the USGS on land subsidence, prepared by Faunt, analyzed interferograms generated 
between 2008 and 2010 from the European Space Agency’s ENVISAT satellite.  This report, 
similar in conclusion to JPL’s, identified over 21 inches of land subsidence has occurred near the 
town of El Nido, with the Project site located on the perimeter of this area of subsidence.   
 
Biannual reports of land subsidence prepared by the SJRRP from December 2011 to December 
2015 suggest land subsidence rates of up to one foot per year have occurred in the area of El 

                                                 
1 https://www.unavco.org/instrumentation/networks/status/pbo/overview/P307  
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Nido; however, the rate of subsidence decreases with distance.  As shown in Figure 1, the SJRRP 
data illustrates the magnitude of land subsidence for the period between December 2014 and 
December 2015.   
 
Local Subsidence 

The interferograms analyzed by JPL for the Valley indicate between June 2007 and December 
2010, land subsidence between two and five inches has occurred in the area of the Project.  
According to Faunt (of the USGS), there is less than one inch of subsidence during this period. 
 
Similarly, daily ground surface elevations starting in October of 2005, as monitored by the 
UNAVCO CGPS station in Madera County (P307), indicate annual subsidence of just over one 
inch from 2010 through 2015, with a total displacement of approximately seven inches.  Since 
readings have begun (October 2005), total ground surface displacement recorded at Station P307 
is just over 11 inches, which indicates the Madera area is susceptible to minor land subsidence.  
As shown in Figure 1, the SJRRP program interpolates an annual rate of subsidence of fewer 
than 0.3 feet (3.6 inches) at the Project site. 
 
Summary and Conclusions 

Direct and remote land subsidence data indicate that the Project area is currently subject to a 
small amount of annual subsidence.  From the remote data, reports suggest that subsidence has 
been between approximately one to five inches per year; however, the CGPS station indicates it 
is likely closer to one inch per year.  Future land subsidence can be expected at a rate of 
approximately one inch per year during drought periods based on the data and reports reviewed.  
This Project would reduce the amount of groundwater pumping that is currently conducted at the 
Project site, and thus should not exacerbate the current rate of subsidence. 
 
If you have any questions or require additional information, we would be pleased to respond. 
 
Sincerely, 

 
Lawrence H. Ernst, PG, CEG, CHG 
Principal Hydrogeologist 
 
Cc:   Mr. James Pace 
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