555 Capitol Mall, Suite 1290
Sacramento, California 95814
[916] 449-2850

CALIFORNIA WATER | GROUNDWATER

nature.org
GroundwaterResourceHub.org

June 3, 2020
California Department of Water Resources
Sustainable Groundwater Management Office
Submitted online via: https://sgma.water.ca.gov/portal/gsp/all
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and South Yuba Groundwater Subbasins
Dear DWR Representative,
The Nature Conservancy (TNC) appreciates the opportunity to comment on the Yuba
Subbasins Water Management Plan Groundwater Sustainability Plan (GSP or Plan), for the
North Yuba and South Yuba Groundwater Subbasins, prepared under the Sustainable
Groundwater Management Act (SGMA).
Addressing Nature’s Water Needs in GSPs
SGMA requires that all beneficial uses and users, including environmental users of
groundwater be considered in the development and implementation of GSPs (Water Code §
10723.2, 23 CCR §355.4(b)(4)). The inclusion of natural communities in the management
our state’s groundwater resources is essential to protect and restore habitat and wildlife, and
as such, is an important factor in distinguishing sustainable groundwater management from
the status quo.
TNC Summary of GSP Review
TNC has carefully reviewed the Plan and we appreciate the work that has gone into its
preparation. Based on our review, we found the Plan to be incomplete in addressing
environmental beneficial uses and users. While the GSP addressed environmental beneficial
users in some respects, our review finds that portions of the GSP should be remedied before
being approved. Many of the gaps can be addressed now, and we encourage the Department
to require these corrections prior to approval. In some cases, it may be difficult to address
gaps within 180 days. In these cases, we strongly recommend that the Department set clear
expectations that these be corrected in the 2025 plan update, and to the degree that gaps
are due to lack of data, that these data gaps be addressed to inform the 2025 update.
To assist in managing groundwater for the needs of natural communities, we provide a
summary of our technical review below. Our specific comments are detailed in Attachment B
and are in reference to numbered items in the checklist in Attachment A. Attachment C
describes six best practices to confirm a connection to groundwater for DWR’s NC Dataset.
Attachment D provides a map and method summary of potential ISWs.
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Our Key Considerations
Interconnected Surface Waters (ISWs) – We are pleased to see that the GSP identified
and mapped ISWs, including gaining and losing reaches and accounted for the spatial and
temporal variations inherent with California’s Mediterranean climate. The GSP also identified
environmental users of surface water, which is required to assess whether surface water
depletions caused by groundwater use are having an adverse impact (23 CCR §354.28(c)(6)).
However, improvements should be made to further characterize the shallow portion of the
principal aquifer and refine the groundwater model to improve the modeled relationship
between interconnected surface water and groundwater. Please see our detailed feedback in
Attachment B.
Map and Assessment of potential ISWs:
By combining multiple years and seasons of groundwater depth data, The Nature
Conservancy’s assessment found that within the Yuba Subbasins Water Management Plan
GSP, 39.2 river miles are likely to be gaining, 187.2 are likely to be losing, and the rest are
uncertain or likely disconnected. Attachment D contains a one-page method summary and a
GSP-specific map of ISWs. The interconnected surface water displayed on the map is based
on the minimum groundwater depth estimated by the California Department of Water
Resources between 2011 and 2018, and only analyzes rivers and streams with groundwater
depth data available from DWR.
Note: In most cases, the groundwater depth data used to generate the ISW map does
not include perched aquifers, which may be particularly important in the Plan area. As such,
some streams marked as disconnected could in actuality, be connected.
Groundwater Dependent Ecosystem (GDEs) – According to the Natural Communities
Commonly Associated with Groundwater dataset (NC Dataset), 9,690 acres of potential GDEs
occur in the GSA boundary. TNC developed the Groundwater Dependent Ecosystems under
SGMA: Guidance for Preparing GSPs 1, which represents the best available science on how
GDEs should be considered in plans. The guidance includes methods for how GSAs should
confirm or eliminate GDEs, starting with the NC Dataset.
While we were pleased to see that the GSP took some steps to identify and map GDEs, we
found that some GDEs were improperly omitted. We recommend that the GSP remedy the
omissions by following our recommendations in Attachment B. The GSP should also revisit all
components of the plan where GDEs, as a beneficial user, must be considered, especially in
determining undesirable results, minimum thresholds and measurable objectives. Our review
found that NC Dataset polygons were improperly omitted from the GDE map as follows:
•

•

1

GDEs were incorrectly removed on the basis of groundwater depths greater than 25
feet being "unlikely to support recruitment of new oak seedlings." However, there
may be mature tree species with rooting depths greater than 25 feet that are likely
connected to groundwater. Regardless of life stage, any plant or animal species in the
NC polygons that is possibly connected to groundwater should be mapped as an actual
or potential GDE.
GDEs were incorrectly removed in areas adjacent to irrigated fields due to the presence
of surface water. However, GDEs can rely on multiple water sources – including
shallow groundwater receiving inputs from irrigation return flow from nearby irrigated

Available at: https://groundwaterresourcehub.org/public/uploads/pdfs/GWR_Hub_GDE_Guidance_Doc_2-1-18.pdf
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•

•

fields - simultaneously and at different temporal/spatial scales. Basins with a stacked
series of aquifers may have varying levels of pumping across aquifers in the basin,
depending on the production capacity or water quality associated with each aquifer. If
pumping is concentrated in deeper aquifers, SGMA still requires GSAs to sustainably
manage groundwater resources in shallow principal aquifers, that support springs,
surface water, and groundwater dependent ecosystems. NC polygons adjacent to
irrigated land can still potentially be reliant on shallow groundwater aquifers, and
therefore should not be removed solely based on their proximity to irrigated fields.
GDEs were incorrectly removed in areas near or supplied with supplemental surface
water (near Goldfields, surface water reservoirs and streams/ditches). The application
of supplemental water to recharge areas does not preclude the possibility that NC
polygons could be accessing groundwater in addition to the supplied water. This
approach is inconsistent with the best available science because GDEs can rely on
multiple water sources simultaneously and at different temporal or spatial scales (e.g.,
precipitation, river water, reservoir water, soil moisture in the vadose zone,
groundwater, applied water, treated wastewater effluent, urban stormwater, irrigated
return flow).
GDEs located next to losing streams were incorrectly removed. This removal criterion
does not necessarily prove that the plants and animals do not access groundwater,
since near losing reaches groundwater gradients are close enough to the surface to
support ecological communities such as riparian vegetation. Instead, we recommend
analyzing groundwater levels, since GDEs are defined as ‘ecological communities or
species that depend on groundwater emerging from aquifers or on groundwater
occurring near the ground surface’ [23 CCR § 350(m)].

TNC recommendation: TNC recommends that the GSA utilize groundwater levels that
represent interannual and inter-seasonal variability along with additional information provided
in Attachment C which provides best practices for using the NC dataset to identify and consider
GDEs throughout the GSP. Specifically, the GSA should use a Digital Elevation Model (DEM)
when developing depth to groundwater contours, as further described in Best Practice #5 in
Attachment C.
Water Budget – We would like to commend the GSP for including the groundwater demands
of native vegetation and managed wetlands in the historical, current and projected water
budgets.
Sustainable Management Criteria – We were disappointed to see that the Sustainable
Management Criteria do not describe impacts on environmental users of groundwater and/or
confirm that minimum thresholds for interconnected surface waters avoid adverse impacts to
environmental beneficial users of surface water, as required under SGMA (23 CCR
§354.26(b)(3), 354.28(b)(4) and (c)(B)(6)). Sustainable Management Criteria for
groundwater levels do not consider the effects of potential groundwater level declines on
GDEs. Because the GSP argues that the shallow aquifer is not a principal aquifer, Sustainable
Management Criteria for ISWs use groundwater elevations from the deep aquifer by proxy,
despite an acknowledged interconnection between shallow groundwater and surface water.
This is problematic because without identifying potential impacts to GDEs and adverse impacts
to beneficial users of surface waters, minimum thresholds may be set incorrectly.
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TNC recommendation: As required by SGMA, the undesirable results should include a
description of potential effects on environmental beneficial uses and users of groundwater
(i.e., GDEs and instream habitats within ISWs). In addition, the GSP should confirm that
minimum thresholds for ISWs avoid adverse impacts to environmental beneficial users of
surface waters. Both of these recommendations apply especially to environmental beneficial
users that are already protected under pre-existing state or federal law. Where the GSP
identifies important environmental beneficial users of groundwater or surface water, TNC
recommends that SMCs be developed to protect habitat and species. For the Yuba Subbasins,
protected species includes Central Valley steelhead and fall-run Chinook salmon.
Monitoring Network – We would like to commend the GSP for developing a monitoring
network that adequately characterizes the interaction of GDEs and other environmental
beneficial users of surface water and groundwater. Specifically, TNC applauds the proposed
use of TNC’s GDE Pulse Tool for continued GDE and depletion evaluation.
In closing, SGMA is based on two important ideas. First, California’s goal is not just
groundwater management, but sustainable groundwater management that considers and
balances the needs of all beneficial users. This goal can only be achieved when input from
environmental beneficial users is reflected in the plan. Second, SGMA is a long-term
commitment to continually improve sustainable groundwater management. The Department
has a critical role in maintaining a high bar for plan approval and setting the expectation that
each plan, and the resulting groundwater conditions, improve over time.
Best Regards,

Sandi Matsumoto
Associate Director, California Water Program
The Nature Conservancy
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Attachment A
Environmental User Checklist
The Nature Conservancy is neither dispensing legal advice nor warranting any outcome that could result from the use of this checklist. Following this checklist
does not guarantee approval of a GSP or compliance with SGMA, both of which will be determined by DWR and the State Water Resources Control Board.

Basin Setting

Planning
Framework

Admin
Info

GSP Plan Element*
2.1.5
Notice &
Communication
23 CCR §354.10

2.1.2 to 2.1.4
Description of
Plan Area
23 CCR §354.8

2.2.1
Hydrogeologic
Conceptual
Model
23 CCR §354.14

2.2.2
Current &
Historical
Groundwater
Conditions
23 CCR §354.16

GDE Inclusion in GSPs: Identification and Consideration Elements

Check Box

Description of the types of environmental beneficial uses of groundwater that exist within GDEs and a description
of how environmental stakeholders were engaged throughout the development of the GSP.

1

Description of jurisdictional boundaries, existing land use designations, water use management and monitoring
programs; general plans and other land use plans relevant to GDEs and their relationship to the GSP.

2

Description of instream flow requirements, threatened and endangered species habitat, critical habitat, and
protected areas.

3

Summary of process for permitting new or replacement wells for the basin, and how the process incorporates any
protection of GDEs

4

Basin Bottom Boundary:
Is the bottom of the basin defined as at least as deep as the deepest groundwater extractions?
Principal aquifers and aquitards:
Are shallow aquifers adequately described, so that interconnections with surface water and vertical groundwater gradients wit h
other aquifers can be characterized?
Basin cross sections:
Do cross-sections illustrate the relationships between GDEs, surface waters and principal aquifers?

5
6
7

Interconnected surface waters:

8

Interconnected surface water maps for the basin with gaining and losing reaches defined (included as a figure in GSP & submitted
as a shapefile on SGMA portal).

9

Estimates of current and historical surface water depletions for interconnected surface waters quantified and described by reach,
season, and water year type.

10

Basin GDE map included (as figure in text & submitted as a shapefile on SGMA Portal).

11
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If NC Dataset was used:

If NC Dataset was not used:

Sustainable Management Criteria

2.2.3
Water Budget
23 CCR §354.18

Basin GDE map denotes which polygons were kept, removed, and added from NC Dataset
(Worksheet 1, can be attached in GSP section 6.0).
The basin’s GDE shapefile, which is submitted via the SGMA Portal, includes two new fields in
its attribute table denoting: 1) which polygons were kept/removed/added, and 2) the change
reason (e.g., why polygons were removed).
GDEs polygons are consolidated into larger units and named for easier identification
throughout GSP.
Description of why NC dataset was not used, and how an alternative dataset and/or mapping
approach used is best available information.

12
13
14
15

Description of GDEs included:

16

Historical and current groundwater conditions and variability are described in each GDE unit.

17

Historical and current ecological conditions and variability are described in each GDE unit.

18

Each GDE unit has been characterized as having high, moderate, or low ecological value.

19

Inventory of species, habitats, and protected lands for each GDE unit with ecological importance (Worksheet 2, can be attached
in GSP section 6.0).
Groundwater inputs and outputs (e.g., evapotranspiration) of native vegetation and managed wetlands are included in the
basin’s historical and current water budget.
Potential impacts to groundwater conditions due to land use changes, climate change, and population growth to GDEs and
aquatic ecosystems are considered in the projected water budget.

20
21
22

Environmental stakeholders/representatives were consulted.

23

Sustainability goal mentions GDEs or species and habitats that are of particular concern or interest.

24

Sustainability goal mentions whether the intention is to address pre-SGMA impacts, maintain or improve conditions within GDEs
or species and habitats that are of particular concern or interest.

25

3.2
Measurable
Objectives
23 CCR §354.30

Description of how GDEs were considered and whether the measurable objectives and interim milestones will help
achieve the sustainability goal as it pertains to the environment.

26

3.3
Minimum
Thresholds
23 CCR §354.28

Description of how GDEs and environmental uses of surface water were considered when setting minimum
thresholds for relevant sustainability indicators:
Will adverse impacts to GDEs and/or aquatic ecosystems dependent on interconnected surface waters (beneficial user of surface
water) be avoided with the selected minimum thresholds?
Are there any differences between the selected minimum threshold and state, federal, or local standards relevant to the species
or habitats residing in GDEs or aquatic ecosystems dependent on interconnected surface waters?

3.1
Sustainability
Goal
23 CCR §354.24

3.4
Undesirable
Results
23 CCR §354.26

For GDEs, hydrological data are compiled and synthesized for each GDE unit:
If hydrological data are available
within/nearby the GDE
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28
29
30

Hydrological datasets are plotted and provided for each GDE unit (Worksheet 3, can be
attached in GSP Section 6.0).

31

Baseline period in the hydrologic data is defined.

32
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Sustainable
Management
Criteria

If hydrological data are not available
within/nearby the GDE

3.5
Monitoring
Network
23 CCR §354.34

GDE unit is classified as having high, moderate, or low susceptibility to changes in
groundwater.

33

Cause-and-effect relationships between groundwater changes and GDEs are explored.

34

Data gaps/insufficiencies are described.

35

Plans to reconcile data gaps in the monitoring network are stated.

36

For GDEs, biological data are compiled and synthesized for each GDE unit:

37

Biological datasets are plotted and provided for each GDE unit, and when possible provide baseline conditions for assessment
of trends and variability.

38

Data gaps/insufficiencies are described.

39

Plans to reconcile data gaps in the monitoring network are stated.

40

Description of potential effects on GDEs, land uses and property interests:

41

Cause-and-effect relationships between GDE and groundwater conditions are described.

42

Impacts to GDEs that are considered to be “significant and unreasonable” are described.

43

Known hydrological thresholds or triggers (e.g., instream flow criteria, groundwater depths, water quality parameters) for
significant impacts to relevant species or ecological communities are reported.

44

Land uses include and consider recreational uses (e.g., fishing/hunting, hiking, boating).

45

Property interests include and consider privately and publicly protected conservation lands and opens spaces, including
wildlife refuges, parks, and natural preserves.

46

Description of whether hydrological data are spatially and temporally sufficient to monitor groundwater conditions for each
GDE unit.

47

Description of how hydrological data gaps and insufficiencies will be reconciled in the monitoring network.

48

Description of how impacts to GDEs and environmental surface water users, as detected by biological responses, will be
monitored and which GDE monitoring methods will be used in conjunction with hydrologic data to evaluate cause-and-effect
relationships with groundwater conditions.

49

Projects &
Mgmt
Actions

4.0. Projects &
Description of how GDEs will benefit from relevant project or management actions.
Mgmt Actions to
Achieve
Sustainability
Description of how projects and management actions will be evaluated to assess whether adverse impacts to the GDE will be
Goal
mitigated or prevented.
23 CCR §354.44
* In reference to DWR’s GSP annotated outline guidance document, available at:
https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/GD_GSP_Outline_Final_2016-12-23.pdf
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50
51

Attachment B
TNC Evaluation of the
Yuba Subbasins Groundwater Sustainability Plan
The Yuba Subbasins Groundwater Sustainability Plan (GSP) dated December 27, 2019 was
reviewed by TNC. This attachment summarizes our comments on the Final GSP.
Comments are provided in the order of the checklist items included as Attachment A.
Checklist Item 1 - Notice & Communication (23 CCR §354.10)
[Section 1.2.2 Beneficial Uses and Users (p. 1-17)]
•

TNC acknowledges and appreciates the recognition of the types and locations of
environmental uses, species and habitats supported, and other designated beneficial
environmental uses of surface waters that may be affected by groundwater
management in the Yuba Subbasins as taken from the following sources, as specified
in Appendix C of the GSP:
o The NC Dataset (https://gis.water.ca.gov/app/NCDatasetViewer/) which
identifies potential presence of groundwater dependent ecosystems.
o The list of freshwater species located in the Yuba Subbasins as developed by
TNC using the California Freshwater Species Database.
o CDFW’s California Natural Diversity Database (CNDDB) https://www.wildlife.ca.gov/Data/CNDDB

Checklist Items 2 to 4 - Description of general plans and other land use plans relevant to
GDEs and their relationship to the GSP (23 CCR §354.8)
[Section 2.1.5.3.12 Permitting of New Wells (p. 2-34)]
•

•

Well permitting is currently handled by the Yuba County Environmental Health
Department. The DWR well construction/destruction standards are followed (Bulletin
74-81). Please include a discussion of how future well permitting will be
coordinated with the GSP to assure achievement of the Plan’s sustainability
goals.
The State Third Appellate District recently found that Counties have a responsibility
to consider the potential impacts of groundwater withdrawals on public trust
resources when permitting new wells near streams with public trust uses (ELF vs.
SWRCB and Siskiyou County, No. C083239). Compliance of well permitting
programs with this requirement should be stated in the GSP.

[Section 2.1.5.4 General Plans in Plan Area (p. 2-34)]

•

In this section, please include a discussion of General Plan goals and policies related
to the protection and management of GDEs and aquatic resources that could be
affected by groundwater withdrawals. Please include a discussion of how
implementation of the GSP may affect and be coordinated with General Plan
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•

•

policies and procedures regarding the protection of wetlands, aquatic
resources and other GDEs and ISWs.
This section should identify Habitat Conservation Plans (HCPs) or Natural Community
Conservation Plans (NCCPs) within the Subbasin and if they are associated with
critical, GDE or ISW habitats. Please identify any relevant HCPs and NCCPs
within the Subbasin and address how GSP implementation will coordinate
with the goals of these HCPs or NCCPs.
Please refer to the Critical Species Lookbook2 to review and discuss the potential
groundwater reliance of critical species in the basin. Please include a discussion
regarding the management of critical habitat for these aquatic species and
its relationship to the GSP.

Checklist Items 5, 6, and 7 – Hydrogeologic Conceptual Model (23 CCR §354.14)
[Section 2.2.1.8.2 Bottom of the Yuba Subbasins (p. 2-68)]
•

Defining the bottom of subbasin based on geochemical properties is a suitable
approach for defining the base of freshwater, however, as noted on page 9 of DWR's
Hydrogeologic Conceptual Model BMP
(https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/BMP_HCM_Final_2016-1223.pdf) "the definable bottom of the basin should be at least as deep as the deepest
groundwater extractions". Thus, groundwater extraction well depth data
should also be included in the determination of the basin bottom. This will
prevent the possibility of extractors with wells deeper than the basin boundary
(defined by the base of freshwater) from claiming exemption of SGMA due to their
well residing outside the vertical extent of the basin boundary.

[Section 2.2.1.9 Principal Aquifers and Aquitards (p. 2-70)]
•

This section notes that there is one principal aquifer in the Yuba Subbasins. This
paragraph attempts to exclude the shallow system as not being a principal aquifer
("aquifers or aquifer systems that store, transmit, and yield significant or economic
quantities of groundwater to wells, springs, or surface water systems") as defined by
SGMA [23 CCR §351(aa)]. However, it is noted that there are vertical gradients
between the shallow subsurface and the deeper portions of the one principal aquifer.
Thus, the shallow system is connected and could be considered as part of the same
principal aquifer. Downward vertical gradients indicate there is potential for pumping
in the deeper aquifer pumping to cause depletions in the connected upper shallow
system, and thus, there is a potential impact to any potentially connected surface
water bodies or environmental users of water. TNC disagrees with the statement
that the shallow system is not a principal aquifer. The shallow system itself
may not be considered a separate principal aquifer, but as part of the
entirety of the principal aquifer.

Checklist Items 8, 9, and 10 – Interconnected Surface Waters (ISW) (23 CCR §354.16)

2

Available online at: https://groundwaterresourcehub.org/sgma-tools/the-critical-species-lookbook/
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[Section 2.2.2.6.1 Ephemeral and Intermittent Streams (p. 2-139)]
•

Figure 2-86 lists some additional minor perennial streams that are named. There is
the potential that these sloughs and creeks are potentially dependent on
groundwater, as well as the noted tailwater and "subsurface flow from irrigation".
Source water from tailwater or subsurface flow from irrigation implies that these
minor creeks and sloughs may be connected to the shallow groundwater. Shallow
groundwater is recharged by precipitation and irrigation. The source of the water
does not negate the fact that the shallow groundwater and surface water are
interconnected. The major rivers have both gaining or losing reaches - they are also
interconnected to the shallow groundwater, whereby the gaining reaches would also
be recharged by shallow groundwater (that is also sourced from precipitation and
irrigation return water). Please further describe the relationship between the
ephemeral and intermittent streams and depth to groundwater. The
interconnection should not be discounted by stating that the source water is
irrigation water.

Checklist Items 11 to 15, Identifying and Mapping GDEs (23 CCR §354.16)
[Section 2.2.2.7 Groundwater Dependent Ecosystems (p. 2-140 to 2-143)]
•

•

Identifying GDEs based on the question "Would the ecosystem not exist if
groundwater levels were deeper" is an imprecise question that obscures the sciencebased identification of a GDE. A better set of screening questions is 1) Is the
NC polygon connected to a principal aquifer?; 2) What are the groundwater
conditions in that aquifer?; and 3) Do we have sufficient data to
characterize the groundwater conditions in the principal aquifer over
seasonal and interannual timescales, so we can evaluate if groundwater
levels are consistently deeper than 30 feet? See Worksheet 1 in TNC's GDE
Guidance Document
(https://groundwaterresourcehub.org/public/uploads/pdfs/GDE_Guidance_Doc_Work
sheet_1_2-1-18_pdf.pdf)
Please present or refer to a depth to groundwater contour map in this
section, noting the following best practices for developing these contours:
o Are the wells used for interpolating depth to groundwater sufficiently close
(<5km) to NC Dataset polygons to reflect local conditions relevant to
ecosystems?
o Is depth to groundwater contoured using groundwater elevations at
monitoring wells to get groundwater elevation contours across the landscape?
This layer can then be subtracted from land surface elevations from a Digital
Elevation Model (DEM) to estimate depth-to-groundwater contours across the
landscape. This will provide much more accurate contours of depth-togroundwater along streams and other land surface depressions where GDEs
are commonly found. Depth to groundwater contours developed from depth
to groundwater measurements at wells assumes that the land surface is
constant, which is a poor assumption to make. It is better to assume that
water surface elevations are constant in between wells, and then calculate
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•

depth to groundwater using a DEM of the land surface to contour depth to
groundwater.
We have the following comments on the steps in the process for selecting NCCAGs
that are GDEs (p. 2-140):
o Areas with a depth to groundwater less than 30 feet: Please use care when
considering rooting depths of vegetation. While Valley Oak (Quercus lobata)
have been observed to have a max rooting depth of ~24 feet
(https://groundwaterresourcehub.org/gde-tools/gde-rooting-depthsdatabase-for-gdes/), rooting depths are likely to spatially vary based on the
local hydrologic conditions available to the plant. Also, max rooting depths do
not take capillary action into consideration, which is an important
consideration since woody phreatophytes generally do not like to have their
roots submerged in groundwater for extended periods of time, and hence can
access groundwater at deeper depths. In addition, while it is likely to be true
that shallow water availability is necessary to support the recruitment of
saplings, hydraulic lift of groundwater to shallow depths has been observed in
Quercus spp. Research on the symbiotic relationships between species and
offspring is still emerging, but the assumption that a groundwater depth of 25
feet is "unlikely to support recruitment of new oak seedlings" is an
unsubstantiated claim and falsely considered to be "conservative". This
approach is not "conservative" and results in the elimination of more NC
polygons because it negates the fact that there may be mature tree species
that are likely connected to groundwater. Regardless of life stage, if any
plant or animal species in the NC polygons are connected to
groundwater, then it needs to be mapped as a GDE. The evaluation of
potential effects on GDEs (e.g., the likelihood that regeneration is not
occurring in the GDE due to groundwater levels being too deep for saplings) is
to be performed when defining undesirable results in the Sustainable
Management Criteria section of the GSP.
o Areas outside of the Yuba Goldfields: The assumption that the NC polygons
within the Yuba Goldfields are accessing a consistent supply from surface
water from the Yuba River is insufficient. Depth to groundwater data is
needed within the Yuba Goldfields to confirm whether or not the NC
polygons are connected groundwater. GDEs rely on groundwater for
some or all of their water requirements. It is not uncommon to see GDEs in
California rely on both surface and groundwater, so to assume that all of the
GDEs water requirement are being met by surface water in the Yuba River
without using data to observe whether a connection to groundwater exists is
inadequate.
o Areas not supplied with supplemental water: The application of supplemental
water to irrigated refuges and non-hard scape urban areas does not preclude
the possibility that NC polygons could be accessing groundwater in addition to
the supplied water. In the scientific literature, it is generally acknowledged
that GDEs can rely on groundwater for some or all its requirements. GDEs can
rely on multiple water sources simultaneously and at different
temporal/spatial scales (e.g., precipitation, river water, reservoir water, soil
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o

o

o

moisture in the vadose zone, groundwater, applied water, treated wastewater
effluent, urban stormwater, irrigated return flow). SGMA defines GDEs as
"ecological communities and species that depend on groundwater emerging
from aquifers or on groundwater occurring near the ground surface". We
recommend that depth to groundwater contour maps are used to
identify whether a connection to groundwater exists for the Managed
Wetlands in Yuba.
Areas not adjacent to irrigated fields: Groundwater basins can be comprised
of one continuous aquifer or multiple aquifers stacked on top of each other.
Basins with a stacked series of aquifers may have varying levels of pumping
across aquifers in the basin, depending on the production capacity or water
quality associated with each aquifer. If pumping is concentrated in deeper
aquifers, SGMA still requires GSAs to sustainably manage groundwater
resources in shallow principal aquifers, that support springs, surface water,
and groundwater dependent ecosystems. NC polygons adjacent to irrigated
land can still potentially be reliant on shallow groundwater aquifers, thus
excluding them based on their proximity to irrigated fields is inadequate. Also,
GDEs can rely on multiple water sources simultaneously and at different
temporal/spatial scales (e.g., precipitation, river water, reservoir water, soil
moisture in the vadose zone, groundwater, applied water, treated wastewater
effluent, urban stormwater, irrigated return flow). We recommend that
depth to groundwater levels in the shallow principal aquifer be used
as the evaluation criteria.
Areas not dependent on proximity to reservoirs: The presence of proximate
surface water reservoirs does not preclude the possibility that NC polygons
could be accessing groundwater in addition to the reservoir water. In the
scientific literature, it is generally acknowledged that GDEs can rely on
groundwater for some or all its requirements. GDEs can rely on multiple water
sources simultaneously and at different temporal/spatial scales (e.g.,
precipitation, river water, reservoir water, soil moisture in the vadose zone,
groundwater, applied water, treated wastewater effluent, urban stormwater,
irrigated return flow). SGMA defines GDEs as "ecological communities and
species that depend on groundwater emerging from aquifers or on
groundwater occurring near the ground surface". We recommend that
depth to groundwater contour maps are used to identify whether a
connection to groundwater exists for NC polygons.
Areas not dependent on adjacent losing surface water bodies: While losing
conditions occur when groundwater levels are lower than the stage in the
stream, the degree to which losing conditions occur will depend on the
groundwater level gradient between them. Losing conditions also vary in
time, especially over different seasons. Even if a stream or river reach is
losing, the riparian vegetation may still be accessing groundwater, and hence
be identified as a GDE. We highly recommend that depth to
groundwater levels under the NC polygons be used as the evaluation
criteria, since access to groundwater could be occurring in/near
losing reaches. If riparian vegetation in losing reaches are 100% of the
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•

time using surface water (especially if the groundwater is consistently deep),
it is not a GDE.
o Areas continuing to be NCCAGs: Please indicate what aerial imagery
was used to identify Developed Areas in the NC Dataset.
The NC dataset is a starting point for GSAs to identify GDEs in their basin. Thank
you for documenting the removal of NC polygons when identifying GDEs in the basin.
However, please also specify whether any local information/data sources were used
to identify missing GDEs (e.g., springs, seeps) from the NC dataset that may need to
be added to the GDE basin map (Figure 2-90). In the text or on the Figure,
please cite the acreage of GDEs retained and removed. The basin’s GDE
shapefile, which is submitted via the SGMA Portal, should include two new
fields in its attribute table denoting: 1) which polygons were
kept/removed/added, and 2) the change reason (e.g., why polygons were
removed).

Checklist Items 16 to 20, Describing GDEs (23 CCR §354.16)
[Section 2.2.2.7 Groundwater Dependent Ecosystems (p. 2-140 to 2-143)]
•

Please provide information on the historical or current groundwater
conditions in the GDEs or the ecological conditions present. Refer to GDE
Pulse (https://gde.codefornature.org; See Attachment D of this letter for more
details) or any other locally available data (e.g., leaf area index, evapotranspiration
or other data) to describe depth to groundwater trends in and around GDE areas, as
well as trends in plant growth (e.g., NDVI) and plant moisture (e.g., NDMI). Below
is a screenshot example of data available in GDE Pulse for NC dataset polygons
found in the Yuba Subbasins:
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•

•

Please consider providing an ecological inventory (see Appendix III,
Worksheet 2 of the GDE Guidance) for potential GDEs that includes the
vegetation types or habitat types.
Please identify whether any endangered or threatened freshwater species
of animals and plants, or areas with critical habitat were found in or near
any of the GDEs since some organisms rely on uplands and wetlands during
different stages of their lifecycle. Resources for this include TNC’s list of
freshwater species included in Appendix C of the GSP, the Critical Species Lookbook,
and CDFW’s CNDDB database.

Checklist Item 26 – Measurable Objectives (23 CCR §354.30) and Checklist Item 27-29 –
Minimum Thresholds (23 CCR §354.28)
[Section 4.4.1 Quantitative Sustainable Management Criteria for Chronic Lowering of
Groundwater Levels (p. 4-11)]
•

•

The GSP states (p. 4-12): “Conditions relevant to GDEs are not incorporated into the
quantification of these [sustainable management] criteria, as GDE access shallow
groundwater conditions more likely to be driven by contributions from nearby
irrigated agriculture or surface water bodies than deeper groundwater pumping, as
discussed in Section 2.2.2.7.” This statement disregards the fact that GDEs can rely
on multiple water sources simultaneously and at different temporal/spatial scales
(e.g., precipitation, river water, reservoir water, soil moisture in the vadose zone,
groundwater, applied water, treated wastewater effluent, urban stormwater,
irrigated return flow). As stated above under Checklist Items 5-7, the shallow
portion of the aquifer is part of the principal aquifer. Shallow groundwater supporting
GDEs must be protected by Sustainable Management Criteria. Please include a
discussion of GDEs in this section and explain how the Measurable
Objectives, Interim Milestones, and Minimum Thresholds will help achieve
the Sustainability Goal as it pertains to the environment.
Minimum thresholds presented in Table 4-1 for chronic lowering of groundwater
levels (p. 4-16) allow for a decrease of groundwater elevations to elevations of 75
feet below groundwater surface, deeper than historic lows. GDEs relying on shallow
groundwater are likely to experience undesirable results well before groundwater
levels reach these depths. Please show GDE locations on a map of the
representative monitoring wells. Please set Sustainable Management
Criteria for Chronic Lowering of Groundwater Levels that protect GDEs.

Checklist Item 30-46 – Undesirable Results (23 CCR §354.26)
[Section 4.3.1 Undesirable Results for Chronic Lowering of Groundwater Levels (p. 4-4)]
•

The GSP states (p. 4-4): “[W]ithin each individual subbasin, undesirable results are
considered to occur during GSP implementation when more than 25% of
representative monitoring wells (4 of 13 wells in the North Yuba Subbasin; 5 of 18
wells in the South Yuba Subbasin) used to monitor groundwater levels fall below
their minimum elevation thresholds for two consecutive years at each location.” The
use of 25 percent to define an undesirable result does not allow for the occurrence of
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•

low water levels in one area, such as near a GDE, to be an Undesirable Result.
Damage to GDEs can occur within a relatively short period of time and can be
irreversible, leading to a permanent loss. A percentage violation trigger is therefore
an insufficient method to prevent undesirable results to environmental users of
groundwater. Please elaborate on how the exceedance criteria would be
applied in a way that is protective of significant and unreasonable harm to
GDEs. A procedure could be included for violation of minimum thresholds that
includes early identification of potential GDE impacts and appropriate response
actions. This could be accomplished efficiently and cost-effectively using remote
sensing tools, such as GDE Pulse.
Please provide more specifics on what biological responses (e.g., extent of
habitat, growth, recruitment rates) would best characterize a significant
and unreasonable impact to GDEs. The definition of ‘significant and unreasonable’
is a qualitative statement that is used to describe when undesirable results would
occur in the basin, such that a minimum threshold can be quantified. Potential
effects on all beneficial users of groundwater in the basin need to be taken into
consideration. According to the California Constitution Article X, §2, water resources
in California must be “put to beneficial use to the fullest extent of which they are
capable”. Please identify appropriate biological indicators that can be used
to monitor potential impacts to environmental beneficial users due to
groundwater conditions. Please elaborate on the use of a tool such as GDE
Pulse for monitoring the health of GDEs over time.

[Section 4.3.6 Undesirable Results for Depletions of Interconnected Surface Water (p. 4-7)]
•

•

The GSP states (p. 2-136): “The YGM and the groundwater and surface water
monitoring network provide sufficient information to characterize the interconnected
surface water systems.” However, the GSP proposes using deep groundwater levels
as a proxy for depletion of interconnected surface waters in Section 4.3.6.4, despite
the statement on p. 2-136 that “...all surface water systems are thought to be
interconnected with at least shallow groundwater, based on currently available colocated surface water stage data and shallow groundwater level data.” Shallow
groundwater data has been identified as a data gap in the GSP, and thus it is
assumed that the shallow groundwater data to be acquired in the future could be
used to improve the groundwater model. TNC recommends utilizing the shallow
groundwater data collected under future monitoring to improve the modeled
relationship between interconnected surface water and groundwater.
Instead of using groundwater levels as proxy for depletion of
interconnected surface waters, please establish Sustainable Management
Criteria for interconnected surface waters based on the rate of volume of
surface water depletions caused by groundwater use, per the SGMA
regulations.
The GSP states (p. 4-9): “The minimum threshold for chronic declines of
groundwater levels are considered sufficiently protective to ensure significant and
unreasonable effects on beneficial uses of the Yuba River will be prevented, and
groundwater levels are used as a proxy for depletions,” and makes the same
statements for the Feather and Bear Rivers. However, not enough evidence is
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presented to establish the correlation between depletions of interconnected surface
water and groundwater levels. Furthermore, there is no presented relationship
between the groundwater elevation proxy and the actual expected undersirable
results that could impact GDEs and environmental beneficial users of surface water.
The cause-effect relationship between surface water levels (or groundwater
elevations by proxy) and the biological responses that could result in significant and
unreasonable impacts to ISWs and GDEs depends on a number of factors, and this
relationship is not characterized or discussed. Please elaborate on what
Undesirable Results for environmental beneficial users of groundwater and
interconnected surface waters could be expected when interconnected
surface water is depleted. The Yuba, Bear, and Feather rivers contain
protected habitat for Central Valley steelhead and fall-run Chinook salmon.
Please develop sustainable management criteria for interconnected surface
waters that protect instream habitat conditions for fish and wildlife.
Checklist Items 47, 48 and 49 – Monitoring Network (23 CCR §354.34)
[Section 3.2.1 Groundwater Level Monitoring Network (p. 3-2)]
•

TNC acknowledges and appreciates the recognition of data gaps in the groundwater
level monitoring network (p. 3-10) and the continued GDE and depletion evaluation
described under Projects and Management Actions (p. 5-7). Please further detail
plans to install additional shallow groundwater monitoring wells near
potential GDEs in the basin and along ISWs. Please provide specific
recommendations for shallow monitoring wells, stream gauges, and
nested/clustered wells to inform an adequate analysis.

Checklist Items 50 and 51 – Projects and Management Actions to Achieve Sustainability
Goal (23 CCR §354.44)
[Section 5 Projects and Management Actions (p. 5-1)]
•

•

•

TNC applauds the inclusion of the project and management actions described in
Section 5.1.7, Continued GDE and Depletion Evaluation. Specifically, we
acknowledge and appreciate the proposed use of TNC’s GDE Pulse Tool to analyze
groundwater level data and remote sensing data on vegetative cover to explore the
relationship between groundwater levels and GDE health.
If and when future projects are planned, please include environmental
benefits and multiple benefits as criteria for assessing project priorities.
Environmental users and uses should be considered in establishing new projects. In
addition, consistent with existing grant and funding guidelines for SGMA-related
work, consideration may be given to multi-benefit projects that can address water
quantity as well as providing environmental benefits or benefits to disadvantaged
communities.
Please consider adding Management Actions which include education and
outreach for protection of GDEs and ISWs.
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Attachment C

July 2019

IDENTIFYING GDEs UNDER SGMA
Best Practices for using the NC Dataset
The Sustainable Groundwater Management Act (SGMA) requires that groundwater dependent
ecosystems (GDEs) be identified in Groundwater Sustainability Plans (GSPs). As a starting point, the
Department of Water Resources (DWR) is providing the Natural Communities Commonly Associated with
Groundwater Dataset (NC Dataset) online 3 to help Groundwater Sustainability Agencies (GSAs),
consultants, and stakeholders identify GDEs within individual groundwater basins. To apply information
from the NC Dataset to local areas, GSAs should combine it with the best available science on local
hydrology, geology, and groundwater levels to verify whether polygons in the NC dataset are likely
supported by groundwater in an aquifer (Figure 1) 4. This document highlights six best practices for
using local groundwater data to confirm whether mapped features in the NC dataset are supported by
groundwater.

Figure 1. Considerations for GDE identification.
Source: DWR2

NC Dataset Online Viewer: https://gis.water.ca.gov/app/NCDatasetViewer/
California Department of Water Resources (DWR). 2018. Summary of the “Natural Communities Commonly Associated
with Groundwater” Dataset and Online Web Viewer. Available at: https://water.ca.gov/-/media/DWR-Website/WebPages/Programs/Groundwater-Management/Data-and-Tools/Files/Statewide-Reports/Natural-Communities-DatasetSummary-Document.pdf
3
4
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The NC Dataset identifies vegetation and wetland features that are good indicators of a GDE. The
dataset is comprised of 48 publicly available state and federal datasets that map vegetation, wetlands,
springs, and seeps commonly associated with groundwater in California 5. It was developed through a
collaboration between DWR, the Department of Fish and Wildlife, and The Nature Conservancy (TNC).
TNC has also provided detailed guidance on identifying GDEs from the NC dataset6 on the Groundwater
Resource Hub7, a website dedicated to GDEs.

BEST PRACTICE #1. Establishing a Connection to Groundwater
Groundwater basins can be comprised of one continuous aquifer (Figure 2a) or multiple aquifers stacked
on top of each other (Figure 2b). In unconfined aquifers (Figure 2a), using the depth-to-groundwater
and the rooting depth of the vegetation is a reasonable method to infer groundwater dependence for
GDEs. If groundwater is well below the rooting (and capillary) zone of the plants and any wetland
features, the ecosystem is considered disconnected and groundwater management is not likely to affect
the ecosystem (Figure 2d). However, it is important to consider local conditions (e.g., soil type,
groundwater flow gradients, and aquifer parameters) and to review groundwater depth data from
multiple seasons and water year types (wet and dry) because intermittent periods of high groundwater
levels can replenish perched clay lenses that serve as the water source for GDEs (Figure 2c). Maintaining
these natural groundwater fluctuations are important to sustaining GDE health.
Basins with a stacked series of aquifers (Figure 2b) may have varying levels of pumping across aquifers
in the basin, depending on the production capacity or water quality associated with each aquifer. If
pumping is concentrated in deeper aquifers, SGMA still requires GSAs to sustainably manage
groundwater resources in shallow aquifers, such as perched aquifers, that support springs, surface
water, domestic wells, and GDEs (Figure 2). This is because vertical groundwater gradients across
aquifers may result in pumping from deeper aquifers to cause adverse impacts onto beneficial users
reliant on shallow aquifers or interconnected surface water. The goal of SGMA is to sustainably manage
groundwater resources for current and future social, economic, and environmental benefits. While
groundwater pumping may not be currently occurring in a shallower aquifer, use of this water may
become more appealing and economically viable in future years as pumping restrictions are placed on
the deeper production aquifers in the basin to meet the sustainable yield and criteria. Thus, identifying
GDEs in the basin should done irrespective to the amount of current pumping occurring in a particular
aquifer, so that future impacts on GDEs due to new production can be avoided. A good rule of thumb
to follow is: if groundwater can be pumped from a well - it’s an aquifer.

For more details on the mapping methods, refer to: Klausmeyer, K., J. Howard, T. Keeler-Wolf, K. Davis-Fadtke, R. Hull,
A. Lyons. 2018. Mapping Indicators of Groundwater Dependent Ecosystems in California: Methods Report. San Francisco,
California. Available at: https://groundwaterresourcehub.org/public/uploads/pdfs/iGDE_data_paper_20180423.pdf
6
“Groundwater Dependent Ecosystems under the Sustainable Groundwater Management Act: Guidance for Preparing
Groundwater Sustainability Plans” is available at: https://groundwaterresourcehub.org/gde-tools/gsp-guidance-document/
7 The Groundwater Resource Hub: www.GroundwaterResourceHub.org
5
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Figure 2. Confirming whether an ecosystem is connected to groundwater. Top: (a) Under the ecosystem is
an unconfined aquifer with depth-to-groundwater fluctuating seasonally and interannually within 30 feet from land
surface. (b) Depth-to-groundwater in the shallow aquifer is connected to overlying ecosystem.
Pumping
predominately occurs in the confined aquifer, but pumping is possible in the shallow aquifer. Bottom: (c) Depthto-groundwater fluctuations are seasonally and interannually large, however, clay layers in the near surface prolong
the ecosystem’s connection to groundwater. (d) Groundwater is disconnected from surface water, and any water in
the vadose (unsaturated) zone is due to direct recharge from precipitation and indirect recharge under the surface
water feature. These areas are not connected to groundwater and typically support species that do not require
access to groundwater to survive.
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BEST PRACTICE #2. Characterize Seasonal and Interannual Groundwater Conditions
SGMA requires GSAs to describe current and historical groundwater conditions when identifying GDEs
[23 CCR §354.16(g)]. Relying solely on the SGMA benchmark date (January 1, 2015) or any other
single point in time to characterize groundwater conditions (e.g., depth-to-groundwater) is inadequate
because managing groundwater conditions with data from one time point fails to capture the seasonal
and interannual variability typical of California’s climate. DWR’s Best Management Practices document
on water budgets 8 recommends using 10 years of water supply and water budget information to describe
how historical conditions have impacted the operation of the basin within sustainable yield, implying
that a baseline9 could be determined based on data between 2005 and 2015. Using this or a similar
time period, depending on data availability, is recommended for determining the depth-to-groundwater.
GDEs depend on groundwater levels being close enough to the land surface to interconnect with surface
water systems or plant rooting networks. The most practical approach10 for a GSA to assess whether
polygons in the NC dataset are connected to groundwater is to rely on groundwater elevation data. As
detailed in TNC’s GDE guidance document4, one of the key factors to consider when mapping GDEs is
to contour depth-to-groundwater in the aquifer that is supporting the ecosystem (see Best Practice #5).
Groundwater levels fluctuate over time and space due to California’s Mediterranean climate (dry
summers and wet winters), climate change (flood and drought years), and subsurface heterogeneity in
the subsurface (Figure 3). Many of California’s GDEs have adapted to dealing with intermittent periods
of water stress, however if these groundwater conditions are prolonged, adverse impacts to GDEs can
result. While depth-to-groundwater levels within 30 feet4 of the land surface are generally accepted as
being a proxy for confirming that polygons in the NC dataset are supported by groundwater, it is highly
advised that fluctuations in the groundwater regime be characterized to understand the seasonal and
interannual groundwater variability in GDEs. Utilizing groundwater data from one point in time can
misrepresent groundwater levels required by GDEs, and inadvertently result in adverse impacts to the
GDEs. Time series data on groundwater elevations and depths are available on the SGMA Data Viewer 11.
However, if insufficient data are available to describe groundwater conditions within or near polygons
from the NC dataset, include those polygons in the GSP until data gaps are reconciled in the monitoring
network (see Best Practice #6).
Figure 3. Example seasonality
and interannual variability in
depth-to-groundwater
over
time. Selecting one point in time,
such
as
Spring
2018,
to
characterize
groundwater
conditions in GDEs fails to capture
what groundwater conditions are
necessary
to
maintain
the
ecosystem status into the future so
adverse impacts are avoided.

DWR. 2016. Water Budget Best Management Practice. Available at:
https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/BMP_Water_Budget_Final_2016-12-23.pdf
9
Baseline is defined under the GSP regulations as “historic information used to project future conditions for hydrology,
water demand, and availability of surface water and to evaluate potential sustainable management practices of a basin.”
[23 CCR §351(e)]
10 Groundwater reliance can also be confirmed via stable isotope analysis and geophysical surveys. For more information
see The GDE Assessment Toolbox (Appendix IV, GDE Guidance Document for GSPs 4).
11 SGMA Data Viewer: https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer
8
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BEST PRACTICE #3. Ecosystems Often Rely on Both Groundwater and Surface Water
GDEs are plants and animals that rely on groundwater for all or some of its water needs, and thus can
be supported by multiple water sources. The presence of non-groundwater sources (e.g., surface water,
soil moisture in the vadose zone, applied water, treated wastewater effluent, urban stormwater, irrigated
return flow) within and around a GDE does not preclude the possibility that it is supported by
groundwater, too. SGMA defines GDEs as "ecological communities and species that depend on
groundwater emerging from aquifers or on groundwater occurring near the ground surface" [23 CCR
§351(m)]. Hence, depth-to-groundwater data should be used to identify whether NC polygons are
supported by groundwater and should be considered GDEs. In addition, SGMA requires that significant
and undesirable adverse impacts to beneficial users of surface water be avoided. Beneficial users of
surface water include environmental users such as plants or animals 12 , which therefore must be
considered when developing minimum thresholds for depletions of interconnected surface water.
GSAs are only responsible for impacts to GDEs resulting from groundwater conditions in the basin, so if
adverse impacts to GDEs result from the diversion of applied water, treated wastewater, or irrigation
return flow away from the GDE, then those impacts will be evaluated by other permitting requirements
(e.g., CEQA) and may not be the responsibility of the GSA. However, if adverse impacts occur to the
GDE due to changing groundwater conditions resulting from pumping or groundwater management
activities, then the GSA would be responsible (Figure 4).

Figure 4. Ecosystems often depend on multiple sources of water. Top: (Left) Surface water and groundwater
are interconnected, meaning that the GDE is supported by both groundwater and surface water. (Right) Ecosystems
that are only reliant on non-groundwater sources are not groundwater-dependent. Bottom: (Left) An ecosystem
that was once dependent on an interconnected surface water, but loses access to groundwater solely due to surface
water diversions may not be the GSA’s responsibility. (Right) Groundwater dependent ecosystems once dependent
on an interconnected surface water system, but loses that access due to groundwater pumping is the GSA’s
responsibility.

For a list of environmental beneficial users of surface water by basin, visit: https://groundwaterresourcehub.org/gdetools/environmental-surface-water-beneficiaries/

12
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BEST PRACTICE #4. Select Representative Groundwater Wells
Identifying GDEs in a basin requires that groundwater conditions are characterized to confirm whether
polygons in the NC dataset are supported by the underlying aquifer. To do this, proximate groundwater
wells should be identified to characterize groundwater conditions (Figure 5).
When selecting
representative wells, it is particularly important to consider the subsurface heterogeneity around NC
polygons, especially near surface water features where groundwater and surface water interactions
occur around heterogeneous stratigraphic units or aquitards formed by fluvial deposits. The following
selection criteria can help ensure groundwater levels are representative of conditions within the GDE
area:
●

Choose wells that are within 5 kilometers (3.1 miles) of each NC Dataset polygons because they
are more likely to reflect the local conditions relevant to the ecosystem. If there are no wells
within 5km of the center of a NC dataset polygon, then there is insufficient information to remove
the polygon based on groundwater depth. Instead, it should be retained as a potential GDE
until there are sufficient data to determine whether or not the NC Dataset polygon is supported
by groundwater.

●

Choose wells that are screened within the surficial unconfined aquifer and capable of measuring
the true water table.

●

Avoid relying on wells that have insufficient information on the screened well depth interval for
excluding GDEs because they could be providing data on the wrong aquifer. This type of well
data should not be used to remove any NC polygons.

Figure 5. Selecting representative wells to characterize groundwater conditions near GDEs.
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BEST PRACTICE #5. Contouring Groundwater Elevations
The common practice to contour depth-to-groundwater over a large area by interpolating measurements
at monitoring wells is unsuitable for assessing whether an ecosystem is supported by groundwater. This
practice causes errors when the land surface contains features like stream and wetland depressions
because it assumes the land surface is constant across the landscape and depth-to-groundwater is
constant below these low-lying areas (Figure 6a). A more accurate approach is to interpolate
groundwater elevations at monitoring wells to get groundwater elevation contours across the
landscape. This layer can then be subtracted from land surface elevations from a Digital Elevation Model
(DEM)13 to estimate depth-to-groundwater contours across the landscape (Figure b; Figure 7). This will
provide a much more accurate contours of depth-to-groundwater along streams and other land surface
depressions where GDEs are commonly found.

Figure 6. Contouring depth-to-groundwater around surface water features and GDEs. (a) Groundwater
level interpolation using depth-to-groundwater data from monitoring wells. (b) Groundwater level interpolation using
groundwater elevation data from monitoring wells and DEM data.

Figure 7. Depth-to-groundwater contours in Northern California. (Left) Contours were interpolated using
depth-to-groundwater measurements determined at each well. (Right) Contours were determined by interpolating
groundwater elevation measurements at each well and superimposing ground surface elevation from DEM spatial
data to generate depth-to-groundwater contours. The image on the right shows a more accurate depth-togroundwater estimate because it takes the local topography and elevation changes into account.

USGS Digital Elevation Model data products are described at: https://www.usgs.gov/core-sciencesystems/ngp/3dep/about-3dep-products-services and can be downloaded at: https://iewer.nationalmap.gov/basic/
13
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BEST PRACTICE #6. Best Available Science
Adaptive management is embedded within SGMA and provides a process to work toward sustainability
over time by beginning with the best available information to make initial decisions, monitoring the
results of those decisions, and using the data collected through monitoring programs to revise
decisions in the future. In many situations, the hydrologic connection of NC dataset polygons will not
initially be clearly understood if site-specific groundwater monitoring data are not available. If
sufficient data are not available in time for the 2020/2022 plan, The Nature Conservancy strongly
advises that questionable polygons from the NC dataset be included in the GSP until data
gaps are reconciled in the monitoring network. Erring on the side of caution will help minimize
inadvertent impacts to GDEs as a result of groundwater use and management actions during SGMA
implementation.

KEY DEFINITIONS
Groundwater basin is an aquifer or stacked series of aquifers with reasonably welldefined boundaries in a lateral direction, based on features that significantly impede
groundwater flow, and a definable bottom. 23 CCR §341(g)(1)
Groundwater dependent ecosystem (GDE) are ecological communities or species
that depend on groundwater emerging from aquifers or on groundwater occurring near
the ground surface. 23 CCR §351(m)
Interconnected surface water (ISW) 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. 23 CCR §351(o)
Principal aquifers are aquifers or aquifer systems that store, transmit, and yield
significant or economic quantities of groundwater to wells, springs, or surface water
systems. 23 CCR §351(aa)

ABOUT US
The Nature Conservancy is a science-based nonprofit organization whose mission is to conserve the
lands and waters on which all life depends. To support successful SGMA implementation that meets the
future needs of people, the economy, and the environment, TNC has developed tools and resources
(www.groundwaterresourcehub.org) intended to reduce costs, shorten timelines, and increase benefits
for both people and nature.
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Attachment D
Mapping Likely Interconnected Surface Water
The Nature Conservancy, California, May 2020
Sustainable groundwater management in California requires an understanding of how
groundwater pumping affects surface water features. Groundwater seeps into many river and
lake beds in California, providing a steady source of cool clean water. This source of water is
crucial for people and nature because it remains steady throughout the year even after the
winter rains stop. Under SGMA, ISW is defined as “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” (Groundwater Sustainability Plan
Emergency Regulations). SGMA requires special treatment of ISW, but in many parts of the
state, ISW is poorly understood. This set of maps displays rivers and streams that are likely
ISW, using groundwater depth as a proxy to determine ISW.
Methods and Data Sources:
The groundwater elevation data, available for Spring 2011-2012, and Spring and Fall 20132018, comes from the California Department of Water Resources
(https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer). These data are represented as
continuous raster layers that approximates “feet above or below mean sea level” based on
groundwater well measurements. According to the documentation online, groundwater level
measurements were selected based on measurement date and well construction information
(where available) and are intended to approximate the groundwater levels in the unconfined to
uppermost semi-confined aquifers. Each of the raster layer has a different extent, but all of them
are limited to the Central Valley. To determine ISW, we used ArcGIS software to calculate the
average, minimum, and maximum groundwater elevation. Next, we subtracted the elevation
grids from the statewide 30-meter resolution digital elevation model (DEM). The resulting layers
represent the mean, minimum, and maximum depth to groundwater, expressed in feet below
the ground surface. Finally, we used flowline data from the National Hydrography Dataset Plus
(https://nhdplus.com/NHDPlus/NHDPlusV2_home.php) to assign groundwater depth values to
rivers and streams. We developed a new shapefile of stream segments with three new
attributes: mean, minimum, and maximum groundwater depth.
The map splits groundwater depth into four categories:
•
•
•
•

Connected – Gaining. Groundwater depth is at or above stream surface levels and thus
is likely flowing into the surface water body.
Connected – Losing. Groundwater depth is between 0 and 20 ft. of the stream surface
level and thus is likely receiving water from the water body through a continuous
saturated zone.
Uncertain. Groundwater depth between 20 and 50 ft. below the stream surface is
labeled as uncertain and may or may not be connected to surface water.
Likely Disconnected. Groundwater depth greater than 50 ft. below the stream surface is
likely disconnected from surface water.

There is no comprehensive data on stream depth, we analyzed all the gage height
measurements from USGS gages in the Central Valley. For some (17%) of the stream gages,
the average gage height measurement was greater than 20 feet. This is only a proxy for stream

Page 25 of 27

height because gage height is measured from a reference elevation which may or may not be
the bottom of the stream bed. Based on this information, we chose a break point of 20ft
between losing and uncertain streams.
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