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Project Overview
Project Synopsis: 
Groundwater storage depletion and subsequent land subsidence are of increasing concern to California’s Central Valley. Roughly 20% of the nation’s groundwater is supplied from pumping Central Valley aquifers, however, these aquifers have been exploited at unsustainable rates and recent droughts have exacerbated the problem. Over pumping aquifers can lead to irreversible groundwater storage loss and permanently damage the structural integrity of the land's surface. In order to enhance the California Department of Water Resources’ (DWR) decision-making capabilities surrounding this issue, this project quantified groundwater storage and land subsidence trends in the Central Valley using remotely sensed and in situ data observations.

Abstract:
California’s Central Valley is one of the most productive agricultural regions in the United States, producing a fourth of the nation’s food supply. The water demand in this region is heavily dependent on groundwater resources, resulting in over pumping of aquifers at unsustainable rates during recent periods of severe drought. Over the past century, Central Valley aquifers have experienced a significant decline in groundwater levels, resulting in land subsidence and irreversible loss in groundwater storage. In 2014, the state enacted the Sustainable Groundwater Management Act, requiring high and medium priority subbasins to suspend overdraft and achieve sustainable levels of pumping and recharge by 2042. The California Department of Water Resources (DWR) oversees subbasin groundwater management; however, monitoring remains challenging due to sparse and inconsistent in situ data. To assist the DWR, this project developed a user-friendly executable application and an interactive visualization tool to quantify groundwater storage and land subsidence trends using remotely sensed and in situ data. The team utilized NASA’s Gravity Recovery and Climate Experiment (GRACE), GRACE Follow-On (GRACE-FO), Sentinel-1 C-band Synthetic Aperture Radar (C-SAR) interferograms, and Advanced Land Observing Satellite 2 (ALOS-2) Phased Array L-band Synthetic Aperture Radar 2 (PALSAR-2) interferograms in conjunction with well and GPS measurements to analyze groundwater and subsidence trends. GRACE and well data returns produced a strong Pearson correlation of .84, while Sentinel-1 and GPS data returns produced a Pearson correlation of .41 over the entire Central Valley. These findings suggest remotely sensed GRACE and interferometric SAR data can be used in the absence of in situ data.
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National Application Area Addressed:  Water Resources
Study Location: Central Valley, CA
Study Period: January 2003 – August 2020

Community Concerns:
· Extended periods of intensive drought in California, compounded by industrial, agricultural, and residential reliance on groundwater in the Central Valley, has caused Central Valley aquifers to be pumped at levels exceeding the rate of recharge.
· Land subsidence, depleted groundwater levels, permanent loss in groundwater storage due to soil compaction, and contamination of public service wells as a result of over drafting highlight the need for sustainable practices and management of groundwater.
· The California Sustainable Groundwater Management Act (SGMA), passed in 2014, requires high and medium priority sub-basins to have a sustainable groundwater plan in place by 2024 and reach balanced levels of recharge and pumping by 2042; water agencies and governments need new ways to monitor groundwater levels and ensure sustainability. 

Project Objectives:
· Evaluate remote sensing data to quantify groundwater storage change and land subsidence trends
· Develop an interactive web visualization tool for digestible interpretation and visualization of groundwater storage and land subsidence trends
· Create an executable application to control the backend data processing, providing a graphical user interface to the workflow, and streamline the process of updating datasets in the future
· Conduct in-depth statistical analysis on partner-specified sub-basins located in the Central Valley

Previous Term: 
2020 Spring (JPL) – Central Valley Water Resources

Partner Overview
Partner Organizations:
	Organization
	POC (Name, Position/Title)
	Partner Type
	Boundary Org?

	California Department of Water Resources
	Bill Brewster, Senior Engineering Geologist, North Central Region Office Section Lead; Mike McKenzie, Senior Engineering Geologist, South Central Region Office Section Lead; Jack Tung, Water Resources Specialist Research Scientist (Southern Region Office)
	End User
	Yes

	California State University, Los Angeles
	Dr. Charles Hays, Professor
	Collaborator
	No



Decision-Making Practices & Policies: 
In response to extreme droughts and unregulated groundwater management throughout California, Governor Jerry Brown passed the SGMA of 2014. The three legislative bills that make up the act provide steps that minimize the negative effects of over drafting, such as the depletion of groundwater and land subsidence. Groundwater Sustainability Agencies (GSA) in medium and high priority groundwater sub-basins are required to achieve balanced levels of aquifer pumping and recharge by 2042. The California DWR currently utilizes in situ well data to verify GSAs’ management of the basin, however well data measurements are often sparse and inconsistent. 

Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameter
	Use

	GRACE-FO
	Groundwater storage
	GRACE-FO data have been downscaled on NASA Earth Data Portal using the NASA Global Land Data Assimilation System Version 2 (GLDAS-2) to a resolution of 0.25-degrees. These were used to measure groundwater storage changes in comparison to in situ well measurements.

	GRACE
	Groundwater storage
	GRACE data have been downscaled on NASA Earth Data Portal using the NASA Global Land Data Assimilation System Version 2 (GLDAS-2) to a resolution of 0.25-degrees. These were used to measure groundwater storage changes in comparison to in situ well measurements.

	Sentinel-1 C-SAR
	Land surface subsidence
	Sentinel-1 C-SAR data were used by JPL (Zhen Liu) to generate InSAR interferograms. This InSAR dataset was used to measure land surface subsidence in comparison to in situ GPS measurements.

	ALOS-2 PALSAR-2
	Land surface subsidence
	ALOS-2 PALSAR-2 data were used by JPL (Zhen Liu) to generate InSAR interferograms. This InSAR dataset was used to measure land surface subsidence in comparison to in situ GPS measurements.



Ancillary Datasets:
· California Department of Water Resources Periodic Groundwater Level – groundwater surface level measurements across California’s Central Valley
· California Department of Water Resources Continuous Groundwater Level – groundwater surface level measurements across California’s Central Valley
· US Geological Survey (USGS) National Water Information System (NWIS) Groundwater Field Measurements – dataset recording national groundwater surface levels over time
· University of Nevada Reno’s (UNR) Nevada Geodetic Laboratory GPS Stations Time Series – continuous land surface elevation measurements across California’s Central Valley used to demonstrate the utility of InSAR datasets in quantifying land subsidence

Software & Scripting:
· Python 3.7+ – Data manipulation and GUI creation
· HTML, CSS, and JavaScript – Visualization creation
· QGIS 3.10+ – Map production
· Esri ArcGIS Desktop 10.8 – Map production
· RStudio 1.3 – Statistical analysis and graph production

End Products:
	End Products
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	Groundwater Storage Change Maps
	GRACE
GRACE-FO
	The partners will be able to use these maps in combination with in situ measurements to understand how groundwater storage is changing within the Central Valley.
	I

	Land Surface
Subsidence Maps
	Sentinel-1 C-SAR
ALOS-2 PALSAR-2
	The partners will be able to use these maps in combination with in situ measurements to understand how the land surface is changing within the Central Valley.
	I

	Groundwater-Subsidence Time Series
	GRACE
GRACE-FO
Sentinel-1 C-SAR
ALOS-2 PALSAR-2
	The partners will be able to observe temporal trends within the Central Valley from remotely sensed and in situ datasets.
	I

	Visualization of In situ and Remotely Sensed Observations (VIRGO) Executable 
Application
	GRACE
GRACE-FO
Sentinel-1 C-SAR
ALOS-2 PALSAR-2

	The partners will be able to use the VIRGO executable application to update existing datasets and process them into a useable format for the VIRGO visualization tool.
	III

	VIRGO Visualization Tool
	GRACE
GRACE-FO
Sentinel-1 C-SAR
ALOS-2 PALSAR-2
	The partners will be able to use the VIRGO visualization tool as a locally hosted interactive visualization platform for groundwater storage and land surface subsidence trends within the Central Valley.
	II



Product Benefit to End User: 
[bookmark: _GoBack]As our partners seek to develop groundwater sustainability plans for the various sub-basins of California’s Central Valley, we plan to provide them with a more complete view of conditions in the region through aggregating various publicly available in situ and remotely sensed datasets. Remotely sensed datasets, such as those collected by GRACE, GRACE-FO, Sentinel-1, and ALOS-2, have the potential to fill in crucial spatial and temporal gaps in in situ measurements. The VIRGO executable code will control the backend of our data processing, providing a graphical user interface to the workflow and streamline the process of updating datasets in the future. The VIRGO website will then act as an interactive visualization of the processed data, communicating findings to partners, and providing users with the data needed to make decisions regarding groundwater security in the region.
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