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Outline

• SGMA InSAR Data

• Principal vs Independent Components Analysis

• Truncate Data Temporally to Avoid Artefacts

• Truncate Data Spatially to Known Subsidence ‘bowls’

• Model Calibration Evaluation

• Conclusions



InSAR Total Subsidence Spatial and Temporal Data
coverage can vary for each month, subsidence values are interpolated
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No Data Pixel

Interpolated Subsidence at 
selected location



Pixel offsets in original InSAR raster data
Interpolation artefacts cause sudden jump  in timeseries
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Independent Component Analysis is not a dimension reduction 
method like Principal Component Analysis
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No eigenvalues, or ordering of variance unlike PCA
Resolved independent components need not be orthogonal
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Linear mixing model for both techniques
𝑿 = 𝑨𝑺
𝑿 = Σ𝑘 𝑎𝑘𝑠𝑘

 



Does ICA reveal any patterns?
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𝑆𝑢𝑏𝑡 𝑋 𝑝 = 𝑇𝑡 𝑋 𝑛𝑆𝑛 𝑋 𝑝 

Why limit to 2019?

Loadings

Total Subsidence 7/2024 

Scores



Applying ICA to InSAR data reveals interpolation artefacts
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Spatial and Temporal Truncation Reveals Seasonal Patterns
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Seasonal component – elastic?



Spatial and Temporal Truncation Reveals Seasonal Patterns
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Seasonal component – elastic?



Combining the remaining two independent components 
can reveal the inelastic component
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𝑆𝐼𝐶𝐴 = 𝑆𝑐𝑜𝑟𝑒𝐸𝑄 ∗ 𝐼𝐶𝐸𝑄 + 𝑆𝑐𝑜𝑟𝑒1 ∗ 𝐼𝐶1



CVHM2 is well calibrated to diverse datasets

• SUB package simulates elastic & 
inelastic compaction 

• Total of 362,254 observations

• 922 subsidence observations ‘sites’

– Extensometers (20), Continuous GPS (27) 

– SAR (2003-2010, 2013-2016)
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From Faunt et al (2024)

Histogram of subsidence residuals

Absolute 
residual less 
than 10 cm



ICA can be used to evaluate CVHM2 modeled subsidence
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CVHM2 Compares well with InSAR seasonal component
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CVHM2 combined non-elastic component also compares 
very well with InSAR
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Conclusions and Future Directions

• Independent components analysis of InSAR data 
effective tool to ‘catch’ interpolation artefacts

• Spatial truncation compartmentalizing major 
areas of subsidence reveals seasonal patterns

• ICA provides spatial estimates of seasonal elastic 
compaction

• Temporal loadings can be ideal targets for meta-
model calibration

16



Acknowledgements

• Dept. of Water Resources

• Rohit Buccapatnam (U Ohio)

• Dr. Vivek Bedekar (SSPA)

• Dr. Mesut Cayar (Woodard & Curran)

17



18

Thank You

Raghu Suribhatla

rsuribhatla@haleyaldrich.com

Costa Mesa, CA

714.371.1829

mailto:rsuribhatla@haleyaldrich.com

	H&A PowerPoint guides
	Slide 1: Decomposition of Inelastic and Elastic Components of Total Subsidence for Model Calibration Evaluation
	Slide 2: Outline
	Slide 3: InSAR Total Subsidence Spatial and Temporal Data coverage can vary for each month, subsidence values are interpolated
	Slide 4: Pixel offsets in original InSAR raster data Interpolation artefacts cause sudden jump  in timeseries
	Slide 5: Independent Component Analysis is not a dimension reduction method like Principal Component Analysis
	Slide 6: No eigenvalues, or ordering of variance unlike PCA Resolved independent components need not be orthogonal
	Slide 7: Does ICA reveal any patterns?
	Slide 8: Applying ICA to InSAR data reveals interpolation artefacts
	Slide 9: Spatial and Temporal Truncation Reveals Seasonal Patterns
	Slide 10: Spatial and Temporal Truncation Reveals Seasonal Patterns
	Slide 11: Combining the remaining two independent components can reveal the inelastic component
	Slide 12: CVHM2 is well calibrated to diverse datasets
	Slide 13: ICA can be used to evaluate CVHM2 modeled subsidence
	Slide 14: CVHM2 Compares well with InSAR seasonal component
	Slide 15: CVHM2 combined non-elastic component also compares very well with InSAR
	Slide 16: Conclusions and Future Directions
	Slide 17: Acknowledgements
	Slide 18: Thank You



  𝑿 = 𝑨 𝑺
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