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To conserve the lands and water on which all life depends

OUR MISSION:

Presenter
Presentation Notes
Who TNC and why are we engaged with SGMA? Founded in 1951Largest environmental NGO in the world, protecting 82 million acres of land worldwideWork in 72 CountriesWe are not a litigious organization and solutions-oriented.Science-based organization with 600 Scientists on staffWork on finding solutions to a wide range of environmental issues  (Energy, climate change, water, land/agriculture, oceans)We differ from a lot of other NGOs, we own property here in the US and close to half a million acres in California - generating land revenue through farming, fishing and ranching activities. THAT MEANS we are engaged at a local level and in the process of owning we have experienced some of the undesirable results caused by groundwater depletion.
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SUSTAINABILITY

Brundtland Commission (1987)

Presenter
Presentation Notes
A couple years ago (2016), in the height of the last drought this is what one of our properties along the SCR looked like.  ~500 acres of dead trees and shrubs.This isn’t what protection looks like. We use private and public money to protect land,.;..There are decisions being made that are impacting our assets, which is why we are involved with SGMA.






Mapping GDEs

Presenter
Presentation Notes
The first step to respond is to identify where these ecosystems are. We’ve been involved with this for some time now.  My colleagues Jeanette Howard and Matt Merrifield (both scientists at TNC) were the first people to map GDEs across California.  This has helped us understand where these ecosystems are and how they are being impacted. The map has been updated in partnership with DFW and DWR to support GSAs and will be made publically available on DWR’s website in the coming weeks So now that we know where GDEs are likely to be .  The next step is to understand what SGMA actually requires of you.  We lets unpack that…



The Sustainable Groundwater Management Act

Groundwater Dependent 
Ecosystems

(a beneficial use of groundwater) are 
a required element for GSPs

• identify (map)
• describe potential effects due to 

groundwater conditions
• monitor impacts due to groundwater 

conditions

Aquatic species
(a beneficial use of surface 

water) are a required 
element for GSPs

Presenter
Presentation Notes
SGMA, which was passed to increase water security for California and sustainably manage our groundwater resources into the future.-To achieve sustainability, agencies need to avoid 6 undesirable results (“deadly sins”), which we have along the bottom including…..-But in addition agencies also need to balance social, economic and environmental beneficial uses in the basin.  Groundwater Dependent Ecosystems (GDEs) are one type of beneficial user of groundwater because they rely on groundwater for some or all of their water requirements.  - GDEs are a required element for GSPs. 



The Problem

• Large quantities of groundwater 
are still unregulated.

Fractured Hard Rock & 
Small Alluvial Aquifers

“Unusable” (Brackish) Groundwater
Shallow or beneath base of freshwater 
(TDS>1,00ppm)

Low & Very Low 
Priority Basins



The Problem

• Large quantities of groundwater 
are still unregulated.

• Impacts to Ecosystems –
regulations are not present 
where biodiversity is highest.

70% California GDEs 
exist outside SGMA basins



The Problem

• Large quantities of groundwater 
are still unregulated.

• Impacts to Ecosystems –
regulations are not present 
where biodiversity is highest.

• Lack of Data and Tools to 
prevent adverse impacts to 
surface waters and ecosystems.

Functional
Streamflow 

Requirements

Critical Species 
Requirements

Ecosystem Responses to 
Groundwater Levels

Ecosystem Mapping

Presenter
Presentation Notes
Traditional disciplinary boundaries have resulted in the following data/knowledge gaps around how groundwater supports ecosystems and what thresholds and management triggers are required to prevent adverse impacts.



Groundwater Resource Hub

www.GroundwaterResourceHub.org
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Mapping GDEs

https://gis.water.ca.gov/app/NCDatasetViewer/
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Presentation Notes
The first step to respond is to identify where these ecosystems are. We’ve been involved with this for some time now.  My colleagues Jeanette Howard and Matt Merrifield (both scientists at TNC) were the first people to map GDEs across California.  This has helped us understand where these ecosystems are and how they are being impacted. The map has been updated in partnership with DFW and DWR to support GSAs and will be made publically available on DWR’s website in the coming weeks So now that we know where GDEs are likely to be .  The next step is to understand what SGMA actually requires of you.  We lets unpack that…
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Ecosystem Mapping

Ecosystem Responses 
to Groundwater Levels



GDE Pulse

https://gde.codefornature.org
Normalized Difference Vegetation Index (NDVI)
Healthy green vegetation tends to have a higher
NDVI, while dead leaves have a lower NDVI.

Normalized Difference Moisture Index (NDMI)
Vegetation with adequate access to water tends
to have higher NDMI, while vegetation that is
water stressed tends to have lower NDMI.

Annual Precipitation

Depth to Groundwater We used groundwater
well measurements from nearby (<1km) wells to
estimate the depth to groundwater below the
GDE based on the average elevation of the GDE
(using a digital elevation model) minus the
measured groundwater surface elevation.

Presenter
Presentation Notes
A new, free online tool that allows Groundwater Sustainability Agencies to assess changes in groundwater dependent ecosystem (GDE) health using satellite, rainfall, and groundwater data.

https://gde.codefornature.org/
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Critical Species LookBook

Presenter
Presentation Notes
~90 Species found in California groundwater basin that intersect with surface water and iGDEsRelease planned this summer.
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Requirements

Critical Species 
Requirements

Ecosystem Responses to 
Groundwater Levels

Ecosystem MappingAnalytical Models to Estimate 
Streamflow Depletion



Analytical Depletion Function

Presenter
Presentation Notes
(a) Stream proximity criteria – determines which stream segments may be affected by a well(b) Depletion apportionment eq. – calculates relative depletion among stream segments(c) Analytical model – estimates depletion potential (reduction in streamflow as % of pumping rate) for each segmentZipper et al. (2019) WRR - developed and tested depletion apportionment equations�



Analytical Depletion Function

Presenter
Presentation Notes
1. APPLICATION. Testing Analytical Depletion Function in Navarro River, where cannabis cultivation is increasing2. TECHNICAL DETALS.  Evaluated analytical depletion functions by comparing to numerical modelNumerical model is not calibrated (archetypal model) - meant to provide generalizable insight on ADF performance which is not specific to Navarro River watershedPumped synthetic wells one-at-a-time and look at changes in aquifer-stream flux3.  ECOSYSTEM NEEDS. Identifying locations where pumping would affect streams with high Coho salmon habitat potential.�
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Ecosystem Responses to 
Groundwater Levels

Ecosystem Mapping
Ecosystem Responses 
to Groundwater Levels

ceff.ucdavis.edu



Tier 1: Functional flow components based on reference 
hydrology

Wet 
Season 

Initiation

Peak Magnitude Flows

Spring 
Recession

Dry Season Low 
Flows
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Presentation Notes
FFC represent the key elements of the annual hydrograph important for spp and habitatsThe relative importance of these can vary by stream class, region, and based on the specific habitat or spp you are interested in



Do I Meet Tier 1 Criteria?
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South Fork American 
River Flow Metrics Values

Magnitude at start (cfs) 2028 – 4880 cfs

Rate of change (%) 5 – 8%

Start Date (date) May 11 – May 
27

Duration (days) 36 to 50 days

Presenter
Presentation Notes
For any given stream reach, for any given year, we can generate a flow time series (measured or modeled) and compare to the FFM target.  In this case timing is good, but magnitude is too low



Potential Case Study

Wet 
Season 

Initiation

Peak Magnitude 
Flows

Spring 
Recession

Dry Season 
Low Flows

Functional
Streamflow 

Requirements To regulate pumping? 
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Groundwater-Dependent Ecosystems:
Ecological communities or species that depend on groundwater emerging from aquifers or on groundwater 
occurring near the ground surface.

Interconnected Surface Waters:
Surface water that is hydraulically connected at any point by a continuous saturated zone to the underlying aquifer 
and the overlying surface water is not completely depleted.

Principal Aquifers:
Aquifers or aquifer systems that store, transmit, and yield significant or economic quantities of groundwater to 
wells, springs, or surface water systems.



Environmental flow considerations
• What does it mean to sustain ecological 

outcomes?
• How do we chose from 100’s of metrics?
• How do we handle temporal and spatial 

variability?
• How do we consider multiple species?
• How do we account for shifting 

baselines?
• Do we analyze trade-offs among 

competing objectives?

Presenter
Presentation Notes
Quantitative links between flow and ecological response are typically described for a limited set of flow metrics that are often averaged over the flow record and quantify a specific aspect of the flow regime in relation to a specific ecological attribute, such as a species of management concern.  Such static metrics do not reflect the spatial and temporal complexity of flows required to sustain multiple species and broad ecosystem functions.Thus does not capture the ecological functionality of natural or prescribed flow regimes



Statewide eFlows Framework

Statewide approach for setting 
reference-based flow targets

Regional or Site-specific eflows
where necessary

Coordination, data sharing, and 
information dissemination

Tier 1

Tier 2

Presenter
Presentation Notes
Input from the agencies:   Can’t wait to address every watershed one at a time.  Need a statewide approach to begin and a mechanism to intensify at the regional or watershed level where necessary or desired  this led to the two tiered approachAlso need an effective way to share info, data, tools across programs and agencies



Modeled Monthly Natural Flows

Presenter
Presentation Notes
Additional functionality being developed will allow prediction of FFM and reference expectations for any given stream reach using online tools.   This taps into some of the models underlying the new California Natural Flows Database developed by USGS and TNC.



Tier 2:  Incorporate local data, define objectives, 
refine recommendations

Environmental 
Flow Methods

Hydrology

Geomorphology Ecology

Ecological 
Flow Criteria

Management objectives Water quality

Temperature

Presenter
Presentation Notes
Tier 2 allows for incorporation of more specific models, local data and management considerations



CA Natural Flows Web Tool - https://flowline.codefornature.org/
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