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Overview  
Introduction to subsidence 
 Subsidence as a geologic process 
 Mechanisms of subsidence 
 Effects of subsidence 

 
Measuring/monitoring subsidence in Yolo County 
 GPS surveys undertaken by the Yolo WRA 
 Patterns of subsidence evident from GPS surveys 
 Other efforts to monitor/control subsidence  

› Continuous GPS station at UC Davis 
› DWR Extensometers 
 

Factors affecting subsidence 
 Groundwater levels 

› Pumping-related changes 
› Land use changes 

 Geologic controls 
 
 
 

 



Introduction to 
subsidence 



Credit: GRA of CA 

Subsidence 
 A significant problem in portions 

of the Central Valley 

 Related to compaction of geologic 
materials after groundwater 
pumping lowers water levels 

 Can cause significant impacts on 
infrastructure due to uneven 
ground surface changes 

 Specifically identified as one of 
the six “Undesirable Results” 
under the Sustainable 
Groundwater Management Act 
(SGMA)  

 Credit: Dick Ireland, USGS 



Subsidence Types 
 Subsidence refers to the sinking in 

elevation of portions of the ground 
surface. 

 Subsidence may be natural or 
human-caused: 

› Tectonic subsidence occurs from 
movement along faults, as in 
Nevada. 

› Compaction-related subsidence 
may occur as accumulating soft 
sediments sink under their own 
weight over time, as in the New 
Orleans area. 

› In oil and gas producing areas, 
sometimes subsidence is 
associated with collapse of 
underlying geologic reservoirs as 
they are produced. 

 

Image: USGS 
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Subsidence from Groundwater Withdrawal 
 In California’s Central Valley, the majority 

of subsidence is related to the 
compaction of clay layers and lenses in 
unconsolidated sediments. 

 When water levels are dropped to new 
lows, the structure of these clays is not 
as well supported by water pressure, 
and they start to collapse. 

› This type of collapse is likely 
permanent, and may not be able to 
be reversed. 

 Some amount of compaction may also 
occur in coarser units (sands and 
gravels). 

› This is likely much smaller in 
magnitude. 

› This also may be elastic, meaning it 
might be reversed upon restoring 
previous groundwater levels. 

 

Original 
Structure 

After 
Compaction 

Image: Stephen Nelson, Tulane 
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Less Compaction Potential 



Subsidence Effects 

 The San Joaquin Valley has seen significant 
effects from groundwater-related 
subsidence for decades. 

 Wells and water-related infrastructure 
(canals and other long-distance, gravity-
dependent water conveyances) are at 
particular risk. 

 From 1955 to 1972, an estimated $1.3 
billion in subsidence-related damages 
occurred in the San Joaquin Valley 
(California Water Foundation, 2013 dollars). 

 

Image: USGS 

Image: California WaterBlog 



Subsidence Effects 

 Even the more moderate 
subsidence seen in Yolo 
County has already had 
physical effects on 
infrastructure. 

 

Images: D’Onofrio and Frame, 2006 

Crushed well screen, Well 22, City of Davis 

Well pad near Zamora; appears to now be 
lifted slightly above ground surface 



Measuring/monitoring 
subsidence in Yolo 

County 



GPS-based subsidence monitoring by the WRA 
 The Yolo County Water Resources Association has undertaken a 

subsidence monitoring effort, utilizing precision-surveyed base-stations 
for long-term monitoring. 

› Base stations were surveyed by a licensed surveyor making high-
precision Global Positioning System (GPS) measurements, accurate 
to +/- 2 cm elevation. 

› Initial station network was established and surveyed in 1999, 
consisting of approximately 70 stations and covering the majority of 
Yolo County. 

› Subsequent re-surveying of these stations (with some 
additions/removals of certain individual stations) occurred in 2002, 
2005, and 2008. 

• The 2008 survey was part of a larger effort, spanning the 
Sacramento Valley, undertaken by DWR and modelled after the 
work done previously in Yolo County. 

› A new survey is currently underway in 2016. 
 



Yolo Subsidence Network: 1999-2002 Contours 

 Results of the 2002 
monitoring effort 
(D’Onofrio and Frame, 
2003) 

 Total subsidence from 
1999 to 2002 ranges from 
+0.01m to -0.07m. 

 A few stations in the 
southwest were not 
measured during the 1999 
baseline survey, so 
elevations from 1997 were 
used for comparison. 

 



Yolo Subsidence Network: 1999-2005 Contours 

 Results of the 2005 
monitoring effort 
(D’Onofrio and Frame, 
2006) 

 Total subsidence from 
1999 to 2005 ranges 
from +0.03m to -0.15m. 

 Water source information 
from DWR 1997 data 

 

Water Source 

Surface Water 

Mixed SW and GW 

Groundwater 

Unknown Source 



Yolo Subsidence Network: 1999-2005 Contours 

 Results of the 2008 
monitoring effort 
(Potterfield and Frame, 
2009) 

 Positive (upward) 
displacement in green, 
negative (downward) in 
red 

 Total subsidence within 
Yolo County from 1999 to 
2008 ranges from 
+0.07m to -0.26m. 

 



Continuous ground deformation monitoring at UC Davis 

 “UCD1”, a continuously-
monitored GPS station, is 
maintained at UC Davis as 
part of the Bay Area 
Regional Deformation 
network. 

 Available data suggest total 
ground surface deformation 
of approximately -0.16m 
from 1996 to 2016. 

 

Source: USGS 

Source: UC Berkely 



Extensometer data from DWR 

 DWR has maintained a 
network of extensometers 
to assess ground 
deformation. 

 Two of these 
extensometers are within 
Yolo County, one near 
Zamora and the other near 
Conway Ranch. 

 



Extensometer data from DWR 

 The Zamora extensometer 
indicates an overall 
subsidence trend since the 
mid-1990s. 

Source: CA DWR 
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Extensometer data from DWR 

 The Conway Ranch 
extensometer indicates a 
very slight subsidence 
trend up to 2013, increased 
subsidence in 2013-14, and 
possible stabilization in 
2015-16. 

 

Source: CA DWR 

Conway Ranch Extensometer (1000 ft depth) 
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Factors affecting 
subsidence patterns 



Factors affecting subsidence 

Several factors may influence ground surface 
subsidence in any given area, but the primary influences 
in Yolo County within the observed timeframe of the 
study will likely be related to a combination of: 

1) Groundwater levels 

2) Geology, especially clay content 

 



Factors affecting subsidence: groundwater levels 
 Change in groundwater level is likely one of the main factors affecting 

subsidence in Yolo County. 

 Groundwater levels may be influenced by human activity, including: 

› Pumping of wells 

› Changes in land use (especially agriculture) 

› Movement of surface water to recharge areas 

 Groundwater levels may also be influenced by natural factors, including: 

› Precipitation 

› Temperature (related to evaporation) 

 



Factors affecting subsidence: groundwater levels 

 Information available 
from the Department of 
Water Resources 
(DWR) indicates 
varying amounts of 
groundwater level 
decline across Yolo 
county in the period 
from 2004 to 2014. 

 Maximum declines 
were seen in the 
Arbuckle area, just 
north of Yolo County. 

 The Yolo County Flood 
Control and Water 
Conservation District 
maintains a more 
detailed database of 
water level records than 
DWR. 



Factors affecting subsidence: geology 

 Geologic factors may 
influence subsidence in 
more than one way. 

 Movement along faults, or 
other large-scale earth 
movements may cause 
changes in surface 
elevation. 

 Faults sometimes act as 
barriers to groundwater 
flow, modifying the effects 
of groundwater pumping. 

 

Source: Yolo County 
General Plan Update 

Background Report 



Factors affecting subsidence: geology 

 The presence or absence 
of compaction-prone clay 
sediments also influences 
subsidence risk. 

 Groundwater-related 
subsidence occurs when 
a combination of 
lowering groundwater 
levels and compaction-
susceptible sediments 
occur together. 

 
Source: Wahler Associates 



Geophysical Project Timeline 
 Work Plan: 

› Gather background data – completed 

› Processing and initial analysis of InSAR data – completed by 
November 2016 

• Initial presentation of InSAR results in late 2016/early 2017 

• Final presentation of InSAR results with interpreted relationships to 
geology, groundwater use, etc. in early 2017 

› Final publication of results – by mid 2017 
 



Conclusions 

 Subsidence is the lowering of the ground surface. 

 It may occur due to natural and/or human-influenced causes. 

› The most likely cause for subsidence in Yolo County is lowering of 
groundwater levels in areas where clay is present. 

› A network of subsidence-monitoring stations has been established in 
Yolo County, and have been surveyed in 1999, 2002, 2005, and 
2008, with another survey to be completed in 2016. 

 Observable subsidence has already occurred in Yolo County.  It is much 
smaller in magnitude than in the San Joaquin Valley, but has resulted in 
observable effects on infrastructure. 

 Factors that influence the spatial extent and severity of subsidence 
include groundwater pumping, artificial groundwater recharge, natural 
climate variations, and the underlying geology. 

 



Project Team: 
Leon Szeptycki, Stanford’s Water in the West program  
leonsz@stanford.edu 
 
Rosemary Knight, George L. Harrington Professor, Stanford School of Earth, Energy, 
and Environmental Sciences 
rknight@stanford.edu 
 
Janet Martinez, Gould Center for Conflict Resolution, Stanford Law School 
janmartinez@law.stanford.edu 
 
Tara Moran, Ph.D., Stanford’s Water in the West program  
tamoran@stanford.edu 
 
Jesse Crews, P.G., Center for Groundwater Evaluation and Management, Stanford 
University 
jcrews@stanford.edu 
  
Esther Conrad, Ph.D., Stanford University  
esther@stanford.edu 

 

 

mailto:leonsz@stanford.edu
mailto:rknight@stanford.edu
mailto:janmartinez@law.stanford.edu
mailto:tamoran@stanford.edu
mailto:jcrews@stanford.edu
mailto:esther@stanford.edu


Acknowledgements 

Funding for this project is made possible by a seed grant from the 
Stanford Woods Institute's Environmental Venture Projects program 
and the S.D. Bechtel, Jr. Foundation. 
 

 



Thank You! 


	Overview of Current Land Subsidence Monitoring in Yolo County
	Overview	
	Introduction to subsidence
	Subsidence
	Subsidence Types
	Subsidence from Groundwater Withdrawal
	Subsidence Effects
	Subsidence Effects
	Measuring/monitoring subsidence in Yolo County
	GPS-based subsidence monitoring by the WRA
	Yolo Subsidence Network: 1999-2002 Contours
	Yolo Subsidence Network: 1999-2005 Contours
	Yolo Subsidence Network: 1999-2005 Contours
	Continuous ground deformation monitoring at UC Davis
	Extensometer data from DWR
	Extensometer data from DWR
	Extensometer data from DWR
	Factors affecting subsidence patterns
	Factors affecting subsidence
	Factors affecting subsidence: groundwater levels
	Factors affecting subsidence: groundwater levels
	Factors affecting subsidence: geology
	Factors affecting subsidence: geology
	Geophysical Project Timeline
	Conclusions
	Project Team:
	Acknowledgements
	Thank You!

