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Figure 4.16: Ascending mode SAR data deformation values plot. Transects A-A’ and B-B’ 
locations are displayed in Figure 4.1. Deformation values from each interferogram were taken 
along transect lines.  
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Figure 4.17: Descending mode SAR data deformation values plot. Transects A-A’ and B-B’ 
locations are displayed in Figure 4.1. Deformation values from each interferogram were taken 
along transect lines. 
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approximately 1,200 per year. The rate of earthquake occurrences ranges between 700 to 1500 

annually. Difficulties are found in a tectonic setting such as the Coso site in determining a clear 

designation on what is directly connected to geothermal production practices and what is a result 

of natural tectonic movements throughout the region. 

 

4.2 Discussion 

 In a region such as the Coso site, many factors can provide a leading cause to subsidence 

as exhibited there. Many natural forces may play a role in the deflation of the geothermal zone 

due to the high tectonic activity and the development of the volcanic system over time. Analysis 

of subsidence patterns provide support as the overwhelming impact of geothermal production 

practices form a likely cause to the localized and distinct subsidence exhibited within the site 

throughout the previous two decades.  

 Rates of subsidence amounting to approximately 2.5 to 3.5 cm/year, display a change in 

the Earth’s surface that moves with relative similarity per year. Separated by less than a 

centimeter difference between individual interferograms in annual rates of subsidence. This 

correlation suggests a steady state of deformation is taking place in the Coso Geothermal site. 

This rate of subsidence continues the trends presented by Fialko and Simons (2000) and Wicks et 

al (2001) throughout the 1990s. They concluded that subsidence rates amounted to 

approximately 3.5 cm/year. They concluded from inverse modeling methods that a short 

wavelength (2 km) deformation was taking place within the Coso Geothermal site that is 

characteristic from a source of geothermal production impacts. The timeline methods of analysis 

presented within this research characterizes this same form of deformation within the localized 

study area surrounding the active geothermal production field. Similar methods have been 
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emplaced to analyze deformation in active geothermal fields that concluded subsidence as a 

result of pumping mechanisms associated with geothermal production practices (Carnec and 

Fabriol, 1999; Sarychikhina et al, 2010; Ali et al, 2015).    

The presence of active geothermal production practices in the Coso site for the previous 

<30 years raises concern to the impact that production methods can have on the subsidence 

anomaly experienced. Illustrated in Figure 4.18, the distribution of presumed geothermal 

production wells throughout the Coso site are shown as the stations of man-made buildings 

scattered across the surface. An overlay of the deformation anomaly area is displayed with an 

interferogram covering a 2007 to 2010-time period. From this comparison it can be seen that the 

focal area of the Coso site that is undergoing subsidence is directly correlated with the presumed 

extents of geothermal production areas currently under operation.  

Factors of geothermal operations can be attributed to this pattern of subsidence 

surrounding the production area. The Coso Operating Company (2008) set forth a proposal amid 

controversy, that would allow the company to pump water from the nearby Rose Valley basin. 

The pumping would consist of a rate of 4,800 acre-feet per year. The proposal was approved and 

pumping of water from Rose Valley began in 2009 where it will be used for injection as well as 

cooling of geothermal facilities. A move by the operating company to impede on the immense 

deficit of fluids and pressure within the Coso geothermal reservoir. Factors inspiring this mode 

of operation come from the reports of the Coso Operating Company (2008) that states production 

methods yield only a 50% percent return of fluids that are extracted. These fluids are extracted, 

flashed to steam for energy production and then reinjected. An extended period of such 

operations have contributed to a depressurization of the reservoir over the greater than 20 years 

of production. Adams (2000) have suggested the development of a vapor-dominated zone within 
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Figure 4.18: Location of Coso Geothermal production wells. Area of subsidence derived from 
interferogram calculation between the years 2007 and 2010 overlain by satellite imagery 
portraying presumed location of production wells courtesy of (ESRI, 2016).  
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the reservoir as a result of the depressurization. 

While rates of subsidence are relatively steady within a centimeter of change in rates, 

there is some fluctuation. Depending on the year intervals that were selected for analysis in 

individuals interferograms. Rates of subsidence varied between ~2.5 to ~3.5 cm/yr. While some 

variance could be attributed to atmospheric effects in the imaging process, the variability could 

suggest a not completely constant impact of subsidence. This could likely be a result of 

fluctuating production methods. That will vary depending on production needs for each borehole 

location. Contrasting a natural source of deformation such as a leaking magmatic system 

deriving from tectonic influences of extensional strain as suggested by Bacon et al (1980) that 

likely provides a more consistent annual rate of subsidence.   

Local seismicity can highlight the impact of activity levels that practices such as 

geothermal production are putting on the system. In a highly tectonic region such as the Coso 

site, levels of seismicity, mostly consisting of micro-seismicity will be present at any time. These 

levels of seismicity can be referred to as background seismicity.  It is difficult to differentiate the 

background seismicity from that which is a direct response to the production practices from 

injection of fluids into the ground. Significant clustering of seismicity can be used as evidence to 

support the claim whether there is any sense of correlation between local production impacts on 

the region at a level exceeding the natural background seismicity.  

Earthquake records are included in the interferograms within Figures 4.3c to 4.15c. 

Earthquake records are included as an overlay to the interferogram of the designated time period. 

Only earthquake records coinciding with that time period are displayed. The overlay allows the 

analysis of such in determining the degree at which clustering of seismicity is occurring.  

Conclusions that can be established from this examination show that there is significant 
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clustering within the subsidence anomaly present at the Coso site. Knowledge gained from this 

concludes that there is a significant degree of impact that is present on the system by production 

methods. The highly clustered earthquake occurrences consist of primarily micro-seismicity with 

few outliers of small earthquakes (<3 magnitude). Feng and Lees (1998) supported the 

distinction of subsidence occurrences occurring as a result of geothermal production practices 

with the association of high seismicity levels in regard to borehole locations within the 

geothermal field. 
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Chapter 5 

 

Future Directions  

Many steps can be taken to improve or expand upon results that are presented as a part of 

this research. Some methods may consist of implementing more SAR data from additional 

satellite missions. To expand upon the period of study additional GIS or auxiliary data may be 

included to refine the results. This may lead to a more precise conclusion on the true deformation 

impact that is taking place in this highly active zone of tectonism. Understanding the subsurface 

changes may provide an additional method to building a concise analysis of this region as a 

whole.  

SAR data from additional satellite missions such as ERS-2 as well as Sentinel-1 will 

expand that years of analysis that are a part of this research. ERS-2 data can expand the years of 

analysis to earlier time periods than analyzed here. Including additional years between 2000 to 

2005 will account for an extension into the years that were not included in previous studies from 

the 1990s. As well as include an additional five years to the data presented here. Including 

Sentinel-1 data will likewise expand the study period. Sentinel-1 data will provide an even more 

modern set of data from 2014 to the present. This will provide the newest deformation trends that 

have occurred in recent years. Inclusion of these additional data sets would create a more 

comprehensive and robust analysis while providing the potential to exposing any trends that may 

have been overlooked by the results presented as a part of this research. Including data up to the 

present would also provide an analysis of the Coso site in a time period after the Coso Operating 

Company began pumping water from the nearby Rose Valley reservoir for injection. This 

analysis would highlight whether or not these additional measures have made a positive impact 
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on the deflation of the geothermal system or not.  

 A potentially valuable form of additional data to add to this research is the location of 

drilling holes throughout the geothermal production fields in the Coso region. The well data 

would allow knowledge of where the exact location that geothermal production practices are 

occurring. Along with the designations of each well to their usage. May they be an injection, 

extraction or injection/extraction wells. Having this knowledge may provide the necessary 

information to be able to decipher whether local peaks of deformation during the study periods 

can be correlated to one of the well locations.  

 The final beneficial addition to this research consists of the incorporation of inverse 

modeling to understand the evolution of the subsurface over the same study period. The results 

generated from the interferogram calculations can be utilized to perform inverse modeling of the 

subsurface of the Coso geothermal site. Multiple variations of point source models can be 

applied (Mogi, 1958; Okada, 1985; Yang, 1988). The complexity of the deformation exhibited at 

the Coso geothermal site will determine the applicability of an individual point source model 

over the others. Performing this analysis will provide the ability to infer the depth and 

dimensions of a potential source for the geothermal system at depth. Knowing this enables the 

possibility to model this source over the established study period to provide a conclusion on the 

evolution of the source over time as it has impacted surface changes. This form of information 

may provide a clearer understanding as to why the surface deformation is occurring. 
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Chapter 6 

 

Conclusions 

 Necessary methods and data required for an analysis of deformation trends throughout a 

designated region is presented in this research. A cutting edge remote sensing technique known 

as Interferometric Synthetic Aperture Radar (InSAR) is utilized for the performance of surface 

movement analysis. This technique provides the necessary precision to measure differentiating 

slow and rapid shifts in the surface location over time. Two-pass differential interferometry 

methods were employed for the generation of interferograms, of which visually and 

quantitatively present the deformation trends throughout a designated study period in the form of 

an image that contains phase values within pixels, to form an overall grid of the region.  

 InSAR analysis was performed throughout the Coso Geothermal site in eastern California. 

The analysis covered the years between 2005 to 2010. Local subsidence was measured in the 

Coso site amounting to a range of 2.5 to 3.5 cm/year throughout an area of approximately 50 to 

55 km2. The local subsidence anomaly is concluded to be a direct surface response to the 

geothermal production procedures that are employed within the site. Extraction and reinjection 

of fluids as a practice of production methods has created a net loss of fluid within the geothermal 

system resulting in depressurization throughout the system. Depressurization provides the 

mechanisms for the experienced subsidence creating a cone of deflation at the Coso site. 

Additionally, support of the subsidence relation to production methods are displayed as the 

extents of the subsidence anomaly coincide directly with the visible locations of production wells 

at the Coso site. 

 This research employs InSAR techniques to infer the on-going deformation patterns and 
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magnitudes present at the Coso site. Previous work sought to analyze this anomaly throughout 

the 1990s. While this work extends this knowledge base throughout 2005-2010. The steady rate 

of deformation measured in this analysis as well as the correlation of similar deformation rates of 

the 1990s suggests that the deformation experienced within the Coso site is a result of linear 

deformation. Likely brought on as a continuation of depressurization due in part to the continual 

extraction of hydrothermal fluids.    



 

   93 

References 

Adams, Michael C., et al. "Geologic history of the Coso geothermal system." Transactions-
Geothermal Resources Council (2000): 205-210. 
 
Ali, S. T., et al. "InSAR measurements and numerical models of deformation at Brady Hot 
Springs geothermal field (Nevada), 1995-2012." AGU Fall Meeting Abstracts. Vol. 1. 2013. 
 
Aly, Mohamed H., and Elizabeth S. Cochran. "Spatio-temporal evolution of Yellowstone 
deformation between 1992 and 2009 from InSAR and GPS observations." Bulletin of 
volcanology 73.9 (2011): 1407-1419. 
 
Aly, M. H., D. W. Rodgers, and G. D. Thackray. "Differential Synthetic Aperture Radar 
Interferometry to Investigate Surface Deformation of the Eastern Snake River Plain, Idaho, 
USA." The Journal of Geology 117.1 (2009): 103-108. 
 
Aly, M. H., et al. "Permanent Scatterer investigation of land subsidence in Greater Cairo, Egypt." 
Geophysical Journal International 178.3 (2009): 1238-1245. 
 
Bacon, Charles R., Wendell A. Duffield, and Kazuaki Nakamura. "Distribution of Quaternary 
rhyolite domes of the Coso Range, California: Implications for extent of the geothermal 
anomaly." Journal of Geophysical Research: Solid Earth 85.B5 (1980): 2425-2433. 
 
Bamler, Richard, and Philipp Hartl. "Synthetic aperture radar interferometry." Inverse problems 
14.4 (1998): R1. 
 
Berardino, Paolo, et al. "A new algorithm for surface deformation monitoring based on small 
baseline differential SAR interferograms." Geoscience and Remote Sensing, IEEE Transactions 
on 40.11 (2002): 2375-2383. 
 
Bhattacharyya, Joydeep, and Jonathan M. Lees. "Seismicity and seismic stress in the Coso Range, 
Coso geothermal field, and Indian Wells Valley region, southeast-central California." Mem. Geol. 
Soc. Am 195 (2002): 243-257. 
 
Bürgmann, Roland, Paul A. Rosen, and Eric J. Fielding. "Synthetic aperture radar interferometry 
to measure Earth's surface topography and its deformation." Annual Review of Earth and 
Planetary Sciences 28.1 (2000): 169-209. 
 
“California climate zone 14.” Pacific Gas and Electric Company. 
<http://www.pge.com/includes/docs/pdfs/about/edusafety/training/pec/toolbox/arch/climate/calif
ornia_climate_zone_14.pdf>.  
 
Carnec, Claudie, and Hubert Fabriol. "Monitoring and modeling land subsidence at the Cerro 
Prieto geothermal field, Baja California, Mexico, using SAR interferometry." Geophysical 
Research Letters 26.9 (1999): 1211-1214. 
 



 
 
 
 

        
 

94 

Combs, Jim. "Heat flow in the Coso geothermal area, Inyo County, California." Journal of 
Geophysical Research: Solid Earth 85.B5 (1980): 2411-2424. 
 
“Copernicus: Sentinel-1 – The SAR imaging constellation for land and ocean services.” 
EOPortal Directory: European Space Agency. 
<https://directory.eoportal.org/web/eoportal/satellite-missions/c-missions/copernicus-sentinel-1>.  
 
Costantini, Mario. "A novel phase unwrapping method based on network programming." 
Geoscience and Remote Sensing, IEEE Transactions on 36.3 (1998): 813-821. 
 
Coso Operating Company, Hay Ranch Water Extraction and Delivery System. “Hydrology and 
water quality.” Appendix H, Section 3.2, Conditional Use Permit (CUP 2007-003) Application, 
2008, Draft EIR.  
 
“Coso Valley groundwater basin.” South Lahontan hydrologic region; California’s Groundwater 
Bulletin 118.  
 
Curlander, John C., and Robert N. McDonough. Synthetic aperture radar. New York, NY, USA: 
John Wiley & Sons, 1991. 
 
Danskin, Wesley R. Evaluation of the hydrologic system and selected water-management 
alternatives in the Owens Valley, California. Vol. 2370. US Department of the Interior, US 
Geological Survey, 1999. 
 
Davatzes, Nicholas C., and S. Hickman. "Controls on fault-hosted fluid flow: Preliminary results 
from the Coso Geothermal Field, CA." Geothermal Resources Council Transactions 29 (2005): 
343-348. 
 
Dokka, Roy K., and Christopher J. Travis. "Role of the eastern California shear zone in 
accommodating Pacific-North American plate motion." Geophysical Research Letters 17.9 
(1990): 1323-1326. 
 
Dongchen, E., Chunxia Zhou, and Mingsheng Liao. "Application of SAR interferometry on 
DEM generation of the Grove Mountains." Photogrammetric Engineering & Remote Sensing 
70.10 (2004): 1145-1149. 
 
Duell Jr, L. F. "Estimates of evapotranspiration in alkaline scrub and meadow communities of 
Owens Valley, California, using the Bowen-ratio, eddy-correlation, and Penman-combination 
methods." Water Supply Papers-US Geological Survey 2370-E (1990). 
 
Duffield, Wendell A., Charles R. Bacon, and G. Brent Dalrymple. "Late Cenozoic volcanism, 
geochronology, and structure of the Coso range, Inyo County, California." Journal of 
Geophysical Research: Solid Earth 85.B5 (1980): 2381-2404. 
 
“EnviSat (Environmental satellite).” EOPortal Directory: European Space Agency. 
<https://directory.eoportal.org/web/eoportal/satellite-missions/e/envisat>.  



 
 
 
 

        
 

95 

 
“ERS-1 (European remote-sensing satellite-1).” EOPortal Directory: European Space Agency.  
<https://directory.eoportal.org/web/eoportal/satellite-missions/e/ers-1>. 
 
“ERS-2 (European remote-sensing satellite-2).” EOPortal Directory: European Space Agency. 
<https://directory.eoportal.org/web/eoportal/satellite-missions/e/ers-2>.  
 
ESRI. ArcGIS Desktop 10: Release 10.3. Redlands, CA: Environmental Systems Research 
Institute. (2016). World Imagery Sources: Esri, DigitalGlobe, geoeye, i-cubed, USDA FSA, 
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community.  
 
Farr, Tom G., and Mike Kobrick. "Shuttle Radar Topography Mission produces a wealth of 
data." Eos, Transactions American Geophysical Union 81.48 (2000): 583-585. 
 
Feng, Qiuchun, and Jonathan M. Lees. "Microseismicity, stress, and fracture in the Coso 
geothermal field, California." Tectonophysics 289.1 (1998): 221-238. 
 
Feretti, A., Monti-Guarnieri, A., Prati, C., and Rocca, F., “InSAR principles: Guidelines for SAR 
interferometry processing and interpretation.” ESA Publications; Vol. 19, 2007.  
 
Ferretti, Alessandro, Claudio Prati, and Fabio Rocca. "Nonlinear subsidence rate estimation 
using permanent scatterers in differential SAR interferometry." Geoscience and Remote Sensing, 
IEEE transactions on 38.5 (2000): 2202-2212. 
 
Ferretti, Alessandro, Claudio Prati, and Fabio Rocca. "Permanent scatterers in SAR 
interferometry." Geoscience and Remote Sensing, IEEE Transactions on 39.1 (2001): 8-20. 
 
Fialko, Yuri, and Mark Simons. "Deformation and seismicity in the Coso geothermal area, Inyo 
County, California: Observations and modeling using satellite radar interferometry." Journal of 
Geophysical Research B 105.B9 (2000): 21781-21793. 
 
Fialko, Yuri, Mark Simons, and Duncan Agnew. "The complete (3-D) surface displacement field 
in the epicentral area of the 1999 Mw7. 1 Hector Mine earthquake, California, from space 
geodetic observations." Geophysical Research Letters 28.16 (2001): 3063-3066. 
 
Fournier, R. O., and J. M. Thompson. "The recharge area for the Coso." California, geothermal 
system deduced from D and 18O in thermal and nonthermal waters in the region: US Geological 
Survey Open-File Report (1980): 80-454. 
 
Goldstein, Richard M., and Charles L. Werner. "Radar interferogram filtering for geophysical 
applications." Geophysical Research Letters 25.21 (1998): 4035-4038. 
 
Goldstein, Richard M., Howard A. Zebker, and Charles L. Werner. "Satellite radar 
interferometry: Two-dimensional phase unwrapping." Radio science 23.4 (1988): 713-720. 
 
Güler, Cüneyt, and Geoffrey D. Thyne. "Hydrologic and geologic factors controlling surface and 



 
 
 
 

        
 

96 

groundwater chemistry in Indian Wells-Owens Valley area, southeastern California, USA." 
Journal of Hydrology 285.1 (2004): 177-198. 
 
Hole, J. K., et al. "Subsidence in the geothermal fields of the Taupo Volcanic Zone, New 
Zealand from 1996 to 2005 measured by InSAR." Journal of volcanology and geothermal 
research 166.3 (2007): 125-146. 
 
Hooper, Andrew, P. Segall, and Howard Zebker. "Persistent scatterer interferometric synthetic 
aperture radar for crustal deformation analysis, with application to Volcán Alcedo, Galápagos." 
Journal of Geophysical Research: Solid Earth 112.B7 (2007). 
 
“Indian Wells Valley groundwater basin.” South Lahontan hydrologic region; California’s 
Groundwater Bulletin 118.  
 
Kaven, J. O., S. Hickman, and N. C. Davatzes. "MICRO-SEISMICITY, FAULT STRUCTURE 
AND HYDRAULIC COMPARTMENTALIZATION WITHIN THE COSO GETHERMAL 
FIELD, CALIFORNIA." Proceedings, Thirty-Sixth Workshop on Geothermal Resrvoir 
Engineering. 2011. 
 
Lewis, J.C., “Fine-scale partitioning of contemporary strain in the southern Walker Lane: 
Implications for accommodating divergent strike-slip motion.” Journal of Structural Geology 29 
(2007) 1201-1215. 
 
Liu, P., Li, Z., Hoey, T., Kincal, C., Zhang, J., Zeng, Q., and Muller, J., “Using advanced InSAR 
time series techniques to monitor landslide movements in Badong of the Three Gorges region, 
China.” International Journal of Applied Earth Observation and Geoinformation 21 (2011): 253-
264. 
 
Massonnet, Didier, and Kurt L. Feigl. "Radar interferometry and its application to changes in the 
Earth's surface." Reviews of geophysics 36.4 (1998): 441-500. 
 
Maxey, George B. "Hydrogeology of desert basins." Ground Water 6.5 (1968): 10-22. 
 
Miller, M. Meghan, et al. "Refined kinematics of the Eastern California shear zone from GPS 
observations, 1993–1998." Journal of Geophysical Research: Solid Earth 106.B2 (2001): 2245-
2263. 
 
Mogi, Kiyoo. "Relations between the eruptions of various volcanoes and the deformations of the 
ground surfaces around them." (1958). 
 
Monastero, F. C., et al. "The Coso geothermal field: A nascent metamorphic core complex." 
Geological Society of America Bulletin 117.11-12 (2005): 1534-1553. 
 
Okada, Yoshimitsu. "Surface deformation due to shear and tensile faults in a half-space." 
Bulletin of the seismological society of America 75.4 (1985): 1135-1154. 
 



 
 
 
 

        
 

97 

Pluhar, Christopher J., et al. "Fault block kinematics at a releasing stepover of the Eastern 
California shear zone: Partitioning of rotation style in and around the Coso geothermal area and 
nascent metamorphic core complex." Earth and Planetary Science Letters 250.1 (2006): 134-163. 
 
Reasenberg, Paul, William Ellsworth, and Allan Walter. "Teleseismic evidence for a low-
velocity body under the Coso Geothermal Area." Journal of Geophysical Research: Solid Earth 
85.B5 (1980): 2471-2483. 
 
Romeiser, Roland, and Donald R. Thompson. "Numerical study on the along-track 
interferometric radar imaging mechanism of oceanic surface currents." Geoscience and Remote 
Sensing, IEEE Transactions on 38.1 (2000): 446-458. 
 
“Rose Valley groundwater basin.” South Lahontan hydrologic region; California’s Groundwater 
Bulletin 118.  
 
Ruch, J., et al. "Caldera-scale inflation of the Lazufre volcanic area, South America: Evidence 
from InSAR." Journal of Volcanology and Geothermal Research 174.4 (2008): 337-344. 
 
Sarychikhina, Olga, Robert Mellors, and Ewa Glowacka. "Analysis of Spatial and Temporal 
Evolution of the Ground Deformation in the Cerro Prieto Geothermal Field (Mexicali Valley, BC, 
Mexico) Using DInSAR and Leveling Data." Submitted to WGC (2010). 
 
SCEDC: Southern California Earthquake Center. Caltech Dataset. (2013). 
Doi:10.7909/C3WD3xH1.  
 
“TSX (TerraSAR-X) Mission.” EOPortal Directory: European Space Agency. 
<https://directory.eoportal.org/web/eoportal/satellite-missions/t/terrasar-x>.  
 
UofCal. California Weather Database: Haiwee Reservoir. Copyright 1998-2014. 05/10/2015. 
<ipm.ucdavis.edu>.  
 
U.S. Geological Survey and California Geological Survey, Quaternary fault and fold database for 
the United States, 2006, accessed 10/29/2015, from USGS web site: 
<http://earthquakes.usgs.gov/regional/qfaults/>.  
 
Walter, Allan W., and Craig S. Weaver. "Seismicity of the Coso Range, California." Journal of 
Geophysical Research: Solid Earth 85.B5 (1980): 2441-2458. 
 
Wangensteen, Bjørn, Dan Johan Weydahl, and Jon Ove Hagen. "Mapping glacier velocities on 
Svalbard using ERS tandem DInSAR data." Norsk Geografisk Tidsskrift 59.4 (2005): 276-285. 
 
Wicks, C.W., Thatcher, W., Monastero, F.C., and Hasting, M.A., “Steady state deformation of 
the Coso Range, east central California, inferred from satellite radar interferometry.” Journal of 
Geophysical Research, Vol. 106.B7 (2001):13769-13780.  
 
Williams, A. E., and M. A. McKibben. "Isotopic and chemical constraints on reservoir fluids 



 
 
 
 

        
 

98 

from the Coso Geothermal Field, California." Geothermal Resources Council. Transactions 14 
(1990): 1545-1552. 
 
Yang, Xue-Min, Paul M. Davis, and James H. Dieterich. "Deformation from inflation of a 
dipping finite prolate spheroid in an elastic half-space as a model for volcanic stressing." Journal 
of Geophysical Research: Solid Earth 93.B5 (1988): 4249-4257. 
 
Zebker, Howard A., and Richard M. Goldstein. "Topographic mapping from interferometric 
synthetic aperture radar observations." Journal of Geophysical Research: Solid Earth 91.B5 
(1986): 4993-4999. 
 
Zhang, G., Shan, X., Delouis, B., Qu, C., Balestra, J., Li, Z., Liu, Y., and Zhang, G., “Rupture 
history of the 2010 Ms 7.1 Yushu earthquake by joint inversion of teleseismic data and InSAR 
measurements.” Tectonophysics 584 (2013): 129-137. 
 


