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fractured bedrock of California’s mountain ranges

Sediments
=> result of erosion, water, wind, 
lake deposition, ocean bay 
deposition
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gaining stream
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gaining stream
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8 avg or wet years out of 2010 avg or wet years out of 20

Harter and Brewster, California Water Blog, April 9, 2018; Data from DWR, 2017

https://californiawaterblog.com/2018/04/08/groundwater-recovery-in-california-still-behind-the-curve/

10 : 10 8 : 12

An inofficial “Groundwater Drought Score”
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Groundwater 
Sustainability Plans 
(GSPs) required for 
medium and high
priority basins by 
2020/2022

Sustainable Groundwater 
Management Act of 2014

(SGMA)
SUSTAINABILITY LOCAL CONTROL

Developing a GSP – An Optimization Problem

Groundwater 
Sustainability

Healthy People

Healthy Environment
Healthy 
Economy

Adopted from: Marylou Shockley, CSU Monterey Bay
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The Key Elements of Groundwater Sustainability Plans

stakeholders
engagement, 

learning, 
communication,

management,
decision making

hydrology
data collection, 

monitoring, 
modeling, 

assessment, future 
scenarios

groundwater 
supply 

enhancement

groundwater 
demand 

reduction

sustainability mgmt. criteria
minimum thresholds, triggers, 

measurable objectives

Hydrologic Conceptual Models
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from: Ca.DWR, Draft BMP Sustainability Criteria

Robust Water Budgets / Integrated Hydrologic Models

Water Budget, San Joaquin Valley, 1988 – 2017 Average
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Groundwater Budgets:  By Water Year Type, Seasonal Changes

Central Valley Water Budget (Million Acre-Feet), Faunt et al., USGS 2009

GSP: Monitoring and Managing Sustainability

Groundwater Sustainability Agencies 
have discretionary authority to:
• Conduct studies
• Register & monitor wells
• Set well spacing requirements
• Require extraction reporting
• Regulate extractions
• Implement capital projects
• Assess fees to cover costs

Some exemptions for smaller 
private well owners

COURTESY - Marcus Trotta, Sonoma County Water Agency, 2015
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Stakeholder 
Engagement

The Key Elements of Groundwater Sustainability Plans

stakeholders
engagement, 

learning, 
communication,

management,
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hydrology
data collection, 
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M
E
T
R
I

C

T R I G G E R (s)

• Healthy

• Ill

• Critically ill

• Death

• Sustainable Groundwater

• Reversible undesirable impacts

• Major undesirable impacts

• Groundwater 
unusable/unavailable

T H R E S H O L D (s)

Health Maintenance
• Nutrition
• Exercise

• Relationships/social engagement
• Monitoring & Assessment

Groundwater Management
• Adaptive supply management
• Adaptive demand management

• Stakeholder engagement
• Monitoring & Assessment

Treatment Mode
• Medication / therapy 

• Additional monitoring & Doctor’s 
assessment

Extraordinary Measures
• Supply enhancement  /  demand 

reduction
• Additional monitoring & assessment

Emergency Mode
• Emergency Room

• Surgery

Emergency Mode
• SGMA Chapter 11
• Probationary Status

Thomas Harter, Univ. of California, 2017
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Thomas Harter, Univ. of California, 2017
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GSP: Monitoring and Managing Sustainability

Sustainability Indicators
M

on
ito

rin
g

[generalized examples of what to monitor]

Measurable Objective (MO)

Minimum Threshold (MT)

modified from Ca DWR 2016

Triggers ??

DWR Suggested Metrics – by Minimum Thresholds
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Examples

Examples
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Examples

Land Subsidence

California Department of Water Resources;
Drought Response Update Fall 2014
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Examples

Miller et al., WRR 2010
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Groundwater 
Dependent 
Ecosystems

Key Groundwater Mgmt Challenge in Central/NorCal:
Surface Water and Ecosystem Impact
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Defining a Minimum Threshold

• Justification => in the context of the 

basin setting

• Relationship between thresholds

• Thresholds => no adverse affects 

on:

o adjacent basins

o on beneficial uses and users of 

groundwater, surface water

• Thresholds not to violate federal, 

state, local regulations

• How will each minimum threshold 

be measured?

Undesirable results will be a 
function of minimum threshold 
exceedances.

The Key Elements of Groundwater Sustainability Plans

stakeholders
engagement, 

learning, 
communication,

management,
decision making

hydrology
data collection, 

monitoring, 
modeling, 

assessment, future 
scenarios

groundwater 
supply 

enhancement

groundwater 
demand 

reduction

sustainability mgmt. criteria
minimum thresholds, triggers, 

measurable objectives
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Storage for Local Use:
Water Replenishment District of So. Cal. (founded in 1959)

=> also to prevent seawater intrusion!

WRD and Maven’s Notebook, 2013

Recycled Water Reuse
‐ Pajaro Valley ‐

Photo: J.D. Hillard

Photo:  Californian Salinas
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DWR, California Water Plan Update 2013

From: Ted Johnson, WRD 2013

Expand Water Storage:
Groundwater Banking
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Local Recharge Basins/
Managed Aquifer Recharge

Photos : George Sakkestad, Mercury News, 2015

Santa Clara County

Coachella Valley (Colorado River water)
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Intentional Winter Recharge in the Agricultural Landscape
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Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream



4/5/2019

Provided by Thomas Harter, UC Davis  
http://groundwater.ucdavis.edu 30

Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream
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Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream
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Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream
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Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream
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Managed Aquifer Recharge Near a Stream

Managed Aquifer Recharge Near a Stream
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Managed Aquifer Recharge Near a Stream

Performance Measures           and         GSP Implementation

I 
N
D
I 
C 
A 
T 
O
R
s
T H R E S H O L D (s)

Measurement / Monitoring

Future Management Impact

Uncertain

Certain
M O (s)
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Combating  Uncertainty:
Smart Adaptive Management

Ca DFW

Ca DWR BMP Framework 2017

Role of the State:   Carrot

• Department of Water Resources has a key role:

o Technical assistance and funding (Prop 1: $100 million for SGMA) (ongoing)

o Regulation

• Groundwater basin boundary adjustments (2016)

• Minimum regulations and guidelines for appropriate GSP (2016)

o Control

• Review and approve GSPs

• Review implementation
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Role of the State:   Carrot & Stick

• Department of Water Resources has a key role:

o Technical assistance and funding (Prop 1: $100 million for SGMA)

o Regulation

• Groundwater basin boundary adjustments

• Minimum guidelines for appropriate GSP

o Control

• Review and approve GSPs

• Review implementation

• State Water Resources Control Board:

o Enforcement where local control fails (after 2017)

• “probabationary status”

• Public hearing and 180 days to fix the problem

o After 180 days: SWRCB poses as interim GSA

• Groundwater extraction reporting mandatory

• Possibly temporary control of groundwater extraction

• Development and implementation of interim GSP

o When locals are ready: get authority back from state

California DWR, 2016

Source: http:/norcalwater.org

• http://groundwater.ucdavis.edu/sgma

• http://groundwaternitrate.ucdavis.edu

• Contact Dr. Thomas Harter at ThHarter@ucdavis.edu 


