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OBJECTIVES
The objective of this project is to identify the costs and benefits of below ground water storage in
regions throughout California that are at the highest risk for water scarcity and flooding, and
have the greatest capacity for using available storage space. To accomplish this, the project will:
1) Develop a framework to prioritize geographic regions in California that:
a) are most vulnerable to water scarcity in the coming years due to climate and water
availability projections
b) are most likely to experience excess run-off available for storage in extreme
weather events
c) have the capacity to store water underground
2) Conduct a cost benefit analysis (CBA) on establishing water storage infrastructure in one
or more of these areas (time dependent), taking into account:
a) Potential risks to communities and ecosystems of using available storage space
options
b) Potential benefits to human and environmental stakeholders
SIGNIFICANCE
California has an increasingly scarce and unreliable surface water supply. Droughts are expected
to become more frequent and intense, precipitation is expected to fall as rain rather than snow in
shorter, more intense periods, and reliance on the Sierra snowpack for storage will become less
tenable (1). This will result in runoff earlier in the season that is less suitable for irrigation
applications, as well as increased risk of flooding. Strategically planning water storage, including

the protection and augmentation of groundwater resources, will help make farms, cities, and
ecosystems more resilient to unpredictable future water availability (2).
Research has been done throughout the state to better understand the impacts of climate change
projections on the water supply, the potential for water storage in underground aquifer space, and
the management of storm water runoff during extreme weather events (3, 4, 5). However, these
findings have yet to be synthesized into a comprehensive assessment of the feasibility of
managing storm water runoff and addressing water scarcity concerns through the implementation
of managed aquifer recharge projects in areas which are suitable at a statewide level. Some
important work has been done in this realm, most notably by Sustainable Conservation’s
Groundwater Recharge Assessment Tool, which is focused on modeling aquifer recharge
potential on agricultural lands in California’s Central Valley. This project will work towards
increasing the understanding of potential benefits from aquifer recharge on multiple land use
types throughout California in order to enable water planning agencies to make informed and
strategic management decisions for the future. By examining the high-level suitability of
managed aquifer recharge on a variety of land use types across the state, and performing a cost
benefit analysis of these options, there is the potential to determine areas where significant and
multiple benefits can be gained through the development and implementation of aquifer recharge
infrastructure.
BACKGROUND
Unsustainable use of groundwater resources is associated with numerous undesirable outcomes
including: seawater intrusion, land subsidence, reduction in storage, surface water depletion, and
degraded groundwater quality (6). The Sustainable Groundwater Management Act (SGMA) of
California, passed in 2014, launched California on the path towards returning the state’s
groundwater basins into balanced levels of pumping and recharge (California DWR) (7). A
crucial component of the basin management plans mandated by SGMA will be to investigate the
potential for groundwater recharge, especially in heavily over drafted, high-priority basins.
California Department of Water Resources (DWR) has an ongoing effort to better understand the
benefits and applicability of managed aquifer recharge (FLOODMAR) as a means of increasing
the resilience and sustainability of California’s water resources. This project would add to the
work already being done in the state to gather information and understanding capable of
informing changes in policy and action. Climate projections for the state of California include
increasing dry periods and more intense droughts, coupled with more extreme rain events, and
reduction in annual snowpack. All of these impacts imply the need for more robust and adaptive
management plans for water resources throughout the state. Managed aquifer recharge represents
an opportunity for basins throughout California to increase the resilience of their local water
resources through the capture and storage of water during extreme precipitation events for future
dry periods. Returning water to over drafted aquifers will also preserve the aquifer storage space,
limit subsidence, prohibit seawater intrusion and reduce surface water depletion. Though these
benefits are known, there is a lack of information and research on the areas in California that
could benefit most from introducing managed aquifer recharge as part of their basin management
plans.

AVAILABLE DATA
This project will make use of the following publicly available data sources:
California Water Sustainability Indicator Framework
Cal-Adapt California Climate Change Data
Groundwater basin descriptions and estimates of aquifer storage space - Bulletin 118
Case Studies on existing managed aquifer recharge projects in California
USGS Groundwater in California datasets
California State Groundwater models
California Statewide Groundwater Elevation Monitoring data
Soil Agricultural Groundwater Banking Index
Sustainable Conservation’s Groundwater Recharge Assessment Tool (GRAT)
APPROACH
1) Perform a spatial analysis to determine regions of California that meet these criteria:
a) Are most vulnerable to water scarcity in the coming years due to climate and
water availability projections (vulnerability may encompass changes in runoff,
streamflow, annual precipitation, overdraft, demand)
b) Are most likely to experience excess run-off available for storage in extreme
weather events
c) Have the capacity to store water in underground aquifer space
2) Determine one or more areas of focus for multi-benefit CBA
3) Perform a multi-benefit CBA of managed aquifer recharge project implementation
a) Consider ecosystem benefits, water supply and quality benefits, stakeholder and
community member benefits
b) Assess these benefits in the context of costs and risks to project implementation
c) Consider required infrastructure associated with groundwater recharge and
storage
DELIVERABLES
Final deliverables for the Bren School will include an oral presentation, poster, policy brief and
written report. Final deliverables for the client will include:
1) Maps documenting areas in California where storage is available and feasible
2) Quantification framework for multiple benefits and risks, including potential mitigation
strategies
3) Conceptual cost benefit analysis across different storage options
INTERNSHIP
The Environmental Defense Fund commits to host and mentor one paid intern at their San Francisco
office during the summer of 2019.
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ADDITIONAL RESOURCES
California Statewide Groundwater Elevation Monitoring data
https://water.ca.gov/Programs/Groundwater-Management/Groundwater-Elevation-Monitoring-CASGEM
Cal-Adapt Downloadable Datasets
http://cal-adapt.org/data/
Case Studies on existing managed aquifer recharge projects in California

https://www.americangeosciences.org/critical-issues/case-study/managed-aquifer-rechargecalifornia
California Statewide Groundwater Elevation Monitoring data
https://water.ca.gov/Programs/Groundwater-Management/Groundwater-Elevation-Monitoring-CASGEM
Groundwater models
https://gis.water.ca.gov/app/gicima/
Soil Agricultural Groundwater Banking Index
https://casoilresource.lawr.ucdavis.edu/sagbi/
Sustainable Conservation’s Groundwater Recharge Assessment Tool (GRAT)
https://suscon.org/technical-resources/
U.C. Davis Water Sustainability Indicators Group
https://indicators.ucdavis.edu/water/indicators/goals
USGS Groundwater in California datasets
https://waterdata.usgs.gov/ca/nwis/gw/
https://groundwaterwatch.usgs.gov
BUDGET & JUSTIFICATION
It is not anticipated that the proposed project would require additional funding beyond the $1,300
contributed by the Bren School.

CLIENT LETTER OF SUPPORT
(see attached)

January 22nd 2019
Group Project Committee
Bren School of Environmental Science and Management
University of California, Santa Barbara
Environmental Defense Fund’s Western Water Program is pleased to support Claire Madden
and Bridget Gibbon’s proposal, “Understanding Multiple Benefits of Managed Aquifer Recharge
on the Resilience of California’s Water Supply.”
As climate change continues to affect water supply reliability across California, EDF is seeking
solutions to build economic, social, and ecological resilience. A critical component of year to
year supply security is storage. While states across the Western U.S. have historically relied on
dammed rivers to provide above-ground storage, water managers are increasingly recognizing
the value of aquifer recharge as a pragmatic storage option. With strategic implementation,
groundwater recharge projects can also benefit community health, groundwater-dependent
ecosystems, and migratory species. EDF seeks to a support a Bren student group in exploring
the opportunities for and barriers to multi-benefit groundwater storage across California.
EDF’s extensive experience, well-developed relationships, and strong reputation among water
managers, consultants, and public agency staff will allow us to support an effective and timely
Bren group project.
As a recently graduated Bren MESM, I am particularly excited to support EDF’s engagement on
this joint project. Having first-hand experience on the student side of the process, I am
confident that I can help to ensure a mutually beneficial project which provides EDF with
tangible results to help forward our objectives and offers a meaningful learning experience for
the Bren students.

Sincerely,

Anna Schiller, MESM 2018
California Water and Habitats Analyst

123 Mission Street

T 415 293 6050

New York, NY / Austin, TX / Bentonville, AR / Boston, MA / Boulder, CO / Raleigh, NC

San Francisco, CA 94105

F 415 293 6051

Sacramento, CA / San Francisco, CA / Washington, DC / Beijing, China / La Paz, Mexico

edf.org

Totally chlorine free 100% post-consumer recycled paper

