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SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY 
 

NOTICE OF PUBLIC MEETING 
NOTICE IS HEREBY GIVEN that the San Antonio Basin Groundwater Sustainability Agency 

(“Agency” or “SABGSA”) Board of Directors (“Board”) will hold a regularly scheduled Board Meeting at  
6:00 P.M. on Tuesday, June 17, 2025 at the Los Alamos Community Services District located at 82 St. 

Joseph Street, Los Alamos, CA 93440.  Virtual options are available for public participation.1 
 

Join Zoom Meeting: 
https://us06web.zoom.us/j/83127401605?pwd=WHpIQmZTR2hoY2NWa3J2MDczbnhtUT09 

Meeting ID: 831 2740 1605  Passcode: 203727 
Dial: (669) 900 6833  

 

SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY (SABGSA)  
BOARD OF DIRECTORS MEETING AGENDA 

Tuesday, June 17, 2025 
 

1. CALL TO ORDER and ROLL CALL 
 

2. PLEDGE OF ALLEGIANCE  
 

3.   PUBLIC COMMENTS ON ITEMS NOT APPEARING ON THE AGENDA 
The Board will receive public comments on items not appearing on the agenda and within the subject matter 
jurisdiction of the Agency.  The Board will not enter into a detailed discussion, answer questions, or take any action 
on any items presented during public comments.  At the Board’s discretion, any issue raised during Public Comment 
may be referred to the Executive Director or other staff for administrative action or scheduled on a subsequent 
agenda for discussion.  Persons wishing to speak on specific agenda items should do so at the time specified for 
those items.  The presiding Chair shall limit public comments to no more than three minutes. 
 

4.  CONSENT ITEMS 
a.  Approve Minutes from May 20, 2025, Regular Meeting  
b.  Agency Finances, Budget, and Training 

 i.   The Board will receive a report from the accountant regarding finances and expenses for  
      May 2025. 
 ii.  The Board will receive a report regarding training. 

 
5. INFORMATIONAL ITEMS 

a. Executive Director Update 
• Update on activities performed by the Executive Director  

b. San Antonio Basin Water District Update 
• Update on San Antonio Basin Water District activities  

c. Advisory Committee Updates 
• Update on Advisory Committee activities 

d. Board Member Updates 
• Board members will provide any updates relevant to SABGSA 

 
1 SABGSA will make reasonable efforts to make the meeting accessible virtually; however, if one of the virtual options 
are unavailable due to technological issues, you are invited to take advantage of the other options, including in-person 
attendance. 

https://us06web.zoom.us/j/83127401605?pwd=WHpIQmZTR2hoY2NWa3J2MDczbnhtUT09
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6. DISCUSSION AND ACTION ITEMS 

a. Presentation from Geoff Cromwell, the U.S. Geological Survey (USGS), Regarding the Simulated 
Effects of Future Water Availability and Protected Species Habitat in the San Antonio Creek 
Valley Watershed 
The U.S. Geological Survey (USGS) has simulated the effects of future water availability and 
protected species habitat in the San Antonio Creek Valley Watershed (SACVW). This study 
evaluates the potential water availability in Barka Slough and the effects of changing hydrological 
conditions on the aquatic habitat of five protected species.  Barka Slough is a historically perennial 
wetland at the downstream western end of the SACVW.  A previously published hydrologic model 
(San Antonio Creek Integrated Model) for 1948–2018 was extended to include 2019–2021 and then 
modified to simulate the future years of 2022–2051.  Two models simulating future years 2022-
2051 were created, one with a repeated historical climate and another with a "2070-centered Drier 
Extreme Warming" (2070 DEW) climate.  Results from this study could be used to inform water 
management decisions to sustain future groundwater availability in the SACVW.  The Board may 
take action and/or provide specific direction to SABGSA staff and/or GSI Water Solutions, Inc. 
related to this item.   
 

b. Presentation from Matt Scrudato, Santa Barbara County Water Agency, Regarding The Well 
Metering Assistance Program 
Matt Scrudato from the Santa Barbara County Water Agency will provide an overview of the Well 
Metering Assistance Program (WMAP). This program offers financial assistance to landowners by 
covering up to $500 of the cost for qualifying water meters. The Board may take action and/or 
provide specific direction to SABGSA staff related to this item.   
 

c.   Consider Adoption of SABGSA Priorities and Budget for Fiscal Year 2025-26 
The Board of Directors will review priorities and consider adoption of the SABGSA’s budget for 
fiscal year 2025-26. The Board may take action and/or provide specific direction to SABGSA staff 
related to this item. 
 

7.   ADJOURN 
 
NEXT MEETING:  July 15, 2025, at 6pm  

https://sanantoniobasingsa.org/wp-content/uploads/USGS-Simulated-Effects-of-Future-Water-Availability-and-Protected-Species-Habitat-04-22-25.pdf
https://sanantoniobasingsa.org/wp-content/uploads/USGS-Simulated-Effects-of-Future-Water-Availability-and-Protected-Species-Habitat-04-22-25.pdf
https://www.countyofsb.org/2568/Well-Metering-Assistance-Program-WMAP
https://www.countyofsb.org/2568/Well-Metering-Assistance-Program-WMAP
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SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY (SABGSA)  
BOARD OF DIRECTORS MEETING  

UNAPPROVED MINUTES 
Tuesday, May 20, 2025 

 
1. CALL TO ORDER and ROLL CALL – The meeting was called to order by Chair Randy Sharer at 6:00pm at 

the Los Alamos Community Services District, located at 82 St. Joseph Street, Los Alamos, CA.  Members 
of the public had the option to participate virtually or in-person. 
 

Board of Directors Present:  Dan Chabot, Tom Durant, Kevin Merrill, Patrice Mosby, Kenny Pata, 
Randy Sharer, Chris Wrather.   
Directors Absent: Barbara Landon 
Alternates present, but not acting on behalf of a Director:  None 
 

2. PLEDGE OF ALLEGIANCE  
 

3. PUBLIC COMMENTS ON ITEMS NOT APPEARING ON THE AGENDA 
No public comment. 
 

4.   CONSENT ITEMS 
a.  Minutes from April 15, 2025, SABGSA Board Meeting 
Motion by Director Merrill, second by Director Chabot to approve the minutes of the April 15, 2025 
Board meeting, as presented.   
Ayes: Dan Chabot, Tom Durant, Kevin Merrill, Patrice Mosby, Kenny Pata, Randy Sharer, Chris 
Wrather. 
Nos: None; Absent: Barbara Landon; Abstain: None 

b.  Agency Finances, Budgeting, and Training 
Motion by Director Durant, second by Director Pata to approve the financial report dated April 30, 
2025, as presented. 
Ayes: Dan Chabot, Tom Durant, Kevin Merrill, Patrice Mosby, Kenny Pata, Randy Sharer, Chris 
Wrather. 
Nos: None; Absent: Barbara Landon; Abstain: None 

5. INFORMATIONAL ITEMS 
a. SABGSA Executive Director Updates 

• Adoption of Ordinance 25-001 (Well Metering & Groundwater Extraction Reporting):  The 
first mailing to landowners with notification of adoption of the metering ordinance - 
containing a cover letter, well registration information on file with the SABGSA, and 
compliance summary - went out on May 5, 2025.  SABGSA will consider developing a list of 
companies that provide installation and calibration services. The SABGSA website was 
updated to include pages for active, inactive, and abandoned well for further clarification of 
metering/reporting requirements and compliance deadlines. 

• The Q2 2025 Monitoring Event will take place June 3-4, 2025.  Email notifications have gone 
out to landowners in the SABGSA Monitoring Network.   
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• The SABGSA submitted a funding request to the SABWD on May 13, 2025 for $13,715.50 to 
cover invoices received this month. 

• June Board Meeting Presentations:   
o The USGS will present the Barka Slough Study published in late April 2025.  The 

study is posted on SABGSA’s website on the Resources page.   
o Matt Scrudato, Santa Barbara County Water Agency,  will present the Well 

Metering Assistance Program 
b. San Antonio Basin Water District (SABWD) Update 

• The SABWD Board of Directors did not meet on May 20, 2025.   
c. Advisory Committee Updates 

• The Advisory Committee did not meet in May 2025.     
d. Board Member Updates 

• None.   
 

6. DISCUSSION AND ACTION ITEMS 
a. Consider Adoption of Resolution 25-002 SABGSA Appeal Form and Appeal Fee and Deposit 

Agreement 
At the April 15, 2025 meeting, SABGSA’s legal counsel outlined the process for landowners to 
appeal issuance of a Notice of Violation, fine, or other decision made by the SABGSA to implement 
the Rules and Regulations.  SABGSA’s legal counsel also reviewed the draft Appeal Form and draft 
Appeal Fee and Deposit Agreement.  The Board directed SABGSA’s legal counsel to prepare a 
resolution for adoption at the May 20, 2025 Board meeting. 
 
SABGSA’s legal counsel reviewed Resolution 25-002 Approving an Appeal Form and Related Fee 
and Deposit Agreement.   

Motion by Director Merrill, second by Director Mosby to adopt Resolution 25-002, as presented.   
Ayes: Dan Chabot, Tom Durant, Kevin Merrill, Patrice Mosby, Kenny Pata, Randy Sharer, Chris 
Wrather. 
Nos: None; Absent: Barbara Landon; Abstain: None 
 

b. Consider SABGSA Compliance Forms for Inactive and Abandoned Wells Related to Groundwater 
Extraction Reporting Requirements Outlined in Ordinance 25-001 
SABGSA staff reviewed the Inactive Well: Intention of Future Use Form and the Verification of Well 
Abandonment Form.  Both forms were reviewed by SABGSA legal counsel.  The Board discussed 
both forms and did not propose any changes. 

Motion by Director Chabot, second by Director Durant to approve the Inactive Well:  Intention of 
Future Use Form and the Verification of Well Abandonment Form, as presented.     
Ayes: Dan Chabot, Tom Durant, Kevin Merrill, Patrice Mosby, Kenny Pata, Randy Sharer, Chris 
Wrather. 
Nos: None; Absent: Barbara Landon; Abstain: None 
 

c. Review SABGSA Priorities and Budget for Fiscal Year 2025-26 
SABGSA staff presented the first draft of the priorities and reviewed each line item included in the 
budget for fiscal year 2025-26.  The draft budget is posted on SABGSA’s website.  The final draft will 
be presented to the Board for approval at the June 17, 2025 meeting. 
 

7.   NEXT MEETING:  June 17, 2025 at 6pm at Los Alamos Community Services District. 
 
8.   ADJOURN – 6:40pm 



 San Antonio Basin GSA

 Profit & Loss Budget vs. Actual
 July 2024 through May 2025

92% of the year has elapsed Jul '24 - May 25 Budget $ Over Budget % of Budget

Ordinary Income/Expense

Expense

Administration and Operation

01Admininstrative Exp/Office Ex 51,441.22 75,900.00 -24,458.78 67.78%

02-Accountant 7,250.00 9,000.00 -1,750.00 80.56%

03-Comm Eng Grant Wrtng NonGSP 0.00 35,000.00 -35,000.00 0.0%

04-Monitoring 76,528.44 87,500.00 -10,971.56 87.46%

05-Legal Counsel 25,151.00 45,000.00 -19,849.00 55.89%

06-Insurance 1,765.00 1,800.00 -35.00 98.06%

07-Audit Fees 0.00 4,000.00 -4,000.00 0.0%

09-GSP Related Costs-Annual Rep 57,453.00 57,500.00 -47.00 99.92%

10-GSP Implementation / PMAs 30,170.86 185,000.00 -154,829.14 16.31%

Total Administration and Operation 249,759.52 500,700.00 -250,940.48 49.88%

Total Expense 249,759.52 500,700.00 -250,940.48 49.88%

Net Ordinary Income -249,759.52 -500,700.00 250,940.48 49.88%

Other Income/Expense

Other Income

11 Operating Transfers 269,875.10 550,000.00 -280,124.90 49.07%

Total Other Income 269,875.10 550,000.00 -280,124.90 49.07%

Other Expense

Contingency (10%) 0.00 49,300.00 -49,300.00 0.0%

Total Other Expense 0.00 49,300.00 -49,300.00 0.0%

Net Other Income 269,875.10 500,700.00 -230,824.90 53.9%

Net Income 20,115.58 0.00 20,115.58 100.0%

 Page 1 of 1



 San Antonio Basin GSA

 Balance Sheet
 As of May 31, 2025

May 31, 25

ASSETS

Current Assets

Checking/Savings

Community Bank of SM -ACCT 9006 25,000.00

Total Checking/Savings 25,000.00

Total Current Assets 25,000.00

TOTAL ASSETS 25,000.00

LIABILITIES & EQUITY

Equity

Retained Earnings 4,884.42

Net Income 20,115.58

Total Equity 25,000.00

TOTAL LIABILITIES & EQUITY 25,000.00



 San Antonio Basin GSA

 Expenses by Vendor Detail
 May 2025

Type Date Num Account Split Amount

BERTOUX & COMPANY

Check 05/13/2025 3199 01Admininstrative Exp/Office Ex Community Bank of SM -ACCT 9006 5,625.00

Total BERTOUX & COMPANY 5,625.00

Brownstein Hyatt Farber Schreck

Check 05/13/2025 3200 05-Legal Counsel Community Bank of SM -ACCT 9006 2,463.00

Total Brownstein Hyatt Farber Schreck 2,463.00

Carrie Troup, C.P.A.

Check 05/13/2025 3204 02-Accountant Community Bank of SM -ACCT 9006 725.00

Total Carrie Troup, C.P.A. 725.00

GSI WATER SOLUTIONS, INC.

Check 05/13/2025 3201 10-GSP Implementation / PMAs Community Bank of SM -ACCT 9006 2,065.00

Check 05/13/2025 3202 04-Monitoring Community Bank of SM -ACCT 9006 2,637.50

Total GSI WATER SOLUTIONS, INC. 4,702.50

Los Alamos CSD

Check 05/13/2025 3203 01Admininstrative Exp/Office Ex Community Bank of SM -ACCT 9006 200.00

Total Los Alamos CSD 200.00

TOTAL 13,715.50



 

Required  Biannually Required Annually Required Annually Required Biannually

Anti-Harassment Training Form 700 - County of SB Form 700 - FPPC Public Service Ethics
Next Due Next Due Next Due Next Due

Dan Chabot NEED Filed Filed June 26, 2026

Tom Durant February 12, 2027 Filed Filed November 20, 2026

Bart Haycraft NEED Filed Filed June 22, 2025

Richard Kline NEED Filed Filed NEED

Barbara Landon July 24, 2025 Filed Filed July 24, 2025

Kevin Merrill March 1, 2026 Filed Filed April 3, 2026

Patrice Mosby February 20, 2026 Filed Filed February 20, 2026

Kenny Pata February 4, 2026 Filed Filed February 4, 2026

Randy Sharer November 28, 2025 Filed Filed November 29, 2025

James Stollberg January 30, 2027 Filed Filed February 20, 2026

Brad Vidro December 20, 2026 Filed Filed December 6, 2025

Chris Wrather NEED Filed Filed January 17, 2025

 

ETHICS & HARASSMENT TRAINING FORM 700 - COUNTY OF SB FORM 700 - FPPC
Golden State Risk Management Target Solutions County of Santa Barbara Fair Political Practices Commission

http://app.targetsolutions.com/sanantoniobasingsa
https://www.southtechhosting.com/SantaBarbaraCounty/e
Disclosure/

https://form700.fppc.ca.gov

Username :  your email Username:  your email Username:  your email

Password: vector *Password:  Each Director has their own password *Password:  Emailed to you directly from FPPC

*Contact Stephanie if you need to reset your password *Contact Stephanie if you need to reset your password

 San Antonio Basin GSA - Board Training

http://app.targetsolutions.com/sanantoniobasingsa
https://form700.fppc.ca.gov/
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Article

Simulated Effects of Future Water Availability and Protected
Species Habitat in a Perennial Wetland, Santa Barbara
County, California

Geoffrey Cromwell * , Daniel P. Culling , Matthew J. Young and Joshua D. Larsen

U.S. Geological Survey, California Water Science Center, 6000 J St. Suite 5001, Sacramento, CA 95819, USA;

dculling@usgs.gov (D.P.C.); mjyoung@usgs.gov (M.J.Y.); jlarsen@usgs.gov (J.D.L.)

* Correspondence: gcromwell@usgs.gov

Abstract: This study evaluates the potential water availability in Barka Slough and the

effects of changing hydrological conditions on the aquatic habitat of five protected species.

Barka Slough is a historically perennial wetland at the downstream western end of the San

Antonio Creek Valley watershed (SACVW). A previously published hydrologic model of

the SACVW for 1948–2018 was extended to include 2019–2021 and then modified to simu-

late the future years of 2022–2051. Two models simulating the future years of 2022–2051

were constructed, each with different climate inputs: (1) a repeated historical climate and

(2) a 2070-centered Drier Extreme Warming climate (2070 DEW). The model with the 2070

DEW climate had warmer temperatures and an increase in average annual precipitation

driven by larger, albeit more infrequent, precipitation events than the model with the

historical climate. Simulated groundwater pumpage resulted in cumulative groundwater

storage depletion and groundwater-level decline in Barka Slough in both future models.

The simulations indicate that Barka Slough may transition from a perennial to an ephemeral

wetland. Streamflow, stream disconnection, and depth to groundwater are key habitat met-

rics for federally listed species in Barka Slough. Future seasonal conditions for each metric

are more likely to affect federally listed species’ habitats under 2070 DEW climatic condi-

tions. Future seasonal streamflow volume may negatively impact unarmored threespine

stickleback (Gasterosteus aculeatus williamsoni) and tidewater goby (Eucyclogobis newberryi)

habitats. Future seasonal stream disconnection may negatively impact the unarmored

threespine stickleback habitat. Future groundwater-level decline may negatively impact

Gambel’s watercress (Nasturtium gambelii) and La Graciosa thistle (Cirsium scariosum var.

loncholepis) habitats and could influence the ability to use Barka Slough as a restoration or

reintroduction site for these species. Results from this study can be used to inform water

management decisions to sustain future groundwater availability in the SACVW.

Keywords: water availability; numerical model; hydrogeology; federally listed species;

wetland; groundwater basin

1. Introduction

Groundwater is the primary source of water supply in the San Antonio Creek Val-

ley watershed (SACVW) in Santa Barbara County, California. Climatic conditions and

groundwater withdrawals in the SACVW affect water availability, baseflow in San Antonio

Creek [1], and, potentially, the extent and quality of federally listed species’ habitats in

the Barka Slough wetland. Hereafter, federally listed protected species are referred to as

“protected species”. The future climate of central California may have warmer and drier

Water 2025, 17, 1238 https://doi.org/10.3390/w17081238

https://doi.org/10.3390/w17081238
https://doi.org/10.3390/w17081238
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0001-8481-405X
https://orcid.org/0000-0002-6585-0650
https://orcid.org/0000-0001-9306-6866
https://orcid.org/0000-0002-1218-800X
https://doi.org/10.3390/w17081238
https://www.mdpi.com/article/10.3390/w17081238?type=check_update&version=1


Water 2025, 17, 1238 2 of 29

conditions and more variable precipitation, potentially resulting in an increase in overall

water demand [2] from agricultural, military, and municipal entities.

The groundwater basin within the SACVW was designated a “medium priority”

groundwater basin by the California Department of Water Resources as part of the Sus-

tainable Groundwater Management Act that was enacted in 2014 (https://water.ca.gov/

programs/groundwater-management/sgma-groundwater-management, accessed 11 April

2025). As a result of this designation, stakeholders were required to develop a groundwater

sustainability plan with the goal of balancing groundwater withdrawals and recharge in

order to prevent further losses of groundwater storage. In cooperation with the Santa

Barbara County Water Agency, this study simulates future water availability in the SACVW

and evaluates the associated effects of climate on the riparian and aquatic habitats in Barka

Slough, which hosts federally listed endangered species.

The SACVW is a coastal valley in Santa Barbara County about 240 km (km) west-

northwest of Los Angeles (Figure 1). The valley is about 50 km long and 10 km wide,

encompasses an area of about 350 square kilometers (km2), and parallels San Antonio

Creek. San Antonio Creek provides the main surface drainage for the SACVW, flowing

generally from east to west into the Pacific Ocean. The valley is bounded on all sides by

uplifted hills comprising consolidated sedimentary rocks. An important feature of the

SACVW is Barka Slough, a 2.7 km2 historically perennial wetland located about 8 km

east of the Pacific Ocean in the western part of the valley. The slough exists because of

groundwater upwelling at the western part of the SACVW, where uplifted consolidated

bedrock forms a barrier to the seaward flow of groundwater [1,3,4] (see Figure 2).

 

Figure 1. Map of the study area showing (A), the San Antonio Creek Valley watershed in Santa

Barbara County, California, with 2019 land use [5], as well as military and municipal pumping areas;

and (B), Barka Slough, Santa Barbara County, California. Cross-section A-A’ is shown in Figure 2.

Basemap credit for A, EarthStar Geographics 2025; for B, Maxar 2025.

https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management
https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management
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Figure 2. Cross-section through Barka Slough, Santa Barbara County, California, showing hydrogeo-

logic units [1] and San Antonio Creek integrated hydrologic model layers [4]. Cross-section location

shown in Figure 1B.

Barka Slough provides an important habitat for five aquatic and riparian species that

are listed in the U.S. Endangered Species Act, and whose habitat may be heavily impacted

by reductions in streamflow and declines in groundwater levels. These species are the

following: (1) the tidewater goby (Eucyclogobis newberryi) [6], (2) unarmored threespine

stickleback (Gasterosteus aculeatus williamsoni) [7,8], (3) California red-legged frog (Rana

draytonii) [9,10], (4) Gambel’s watercress (Nasturtium gambelii) [11,12], and (5) La Graciosa

thistle (Cirsium scariosum var. loncholepis) [13,14]. Background information on each of these

species, as well as descriptions of how each species may be impacted by changes to different

hydrologic-based habitat metrics, can be found in Appendix A.

The tidewater goby, unarmored threespine stickleback, and California red-legged

frog are currently found in or near Barka Slough. Gambel’s watercress and La Graciosa

thistle are not currently found in Barka Slough but are included in this study to better

understand how changes to hydrology could impact the suitability of Barka Slough as a

site for potential restoration or reintroduction efforts for these two species.

Land and groundwater use has changed throughout the history of the SACVW [1].

Historically, the upland parts of the valley have been used for dry farming or pastureland,

and the flatlands along the streams for irrigated farming. Since the 1980s, however, large

sections of formerly non-irrigated pastureland in the uplands have been converted to

irrigated vineyards [15,16]. Demand for groundwater in the predominantly rural SACVW

has doubled since the late 1970s because of the establishment of irrigated vineyards on

formerly non-irrigated pastureland [1] (Figure 1).

Groundwater is the primary source of water for agricultural, military, municipal,

and domestic uses [1,17,18]. Estimated annual groundwater withdrawals for agriculture,

military, and municipal use in the SACVW have increased 10-fold from 3.7 million cubic
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meters per year (Mm3/yr) in water year 1948 to 40.2 Mm3/yr in water year 2018. Agricul-

tural use is the dominant use of groundwater (greater than 90 percent, on average) in the

SACVW [1]. Estimated annual groundwater recharge has historically ranged from about

6.2 Mm3/yr to more than 37.0 Mm3/yr [1,4]. Observed groundwater-level declines of more

than 38 m (m) in parts of the valley and declines in San Antonio Creek baseflow [1,18]

support the interpretation that groundwater withdrawals have largely exceeded recharge

to the aquifer system.

The recently completed San Antonio Creek integrated model (SACIM) [4] simulated

water years 1948–2018 and was developed as a tool for water managers to evaluate historical

hydrologic conditions in the SACVW. The SACIM showed that increased pumpage since

the mid-1980s was tied to an increased rate of storage depletion and reduced rates of

groundwater evapotranspiration and surface leakage (groundwater discharge to the surface

and soil zone). The increased pumpage also reduced subsurface inflow to Barka Slough,

resulting in a decline in upward flow through the underlying hydrogeologic units and

surface leakage.

This study will (1) quantify changes to water availability in the SACVW under two

future climate scenarios and (2) qualitatively evaluate potential impacts of the future

climate scenarios on protected aquatic taxa in Barka Slough. The SACIM is utilized to

simulate the future effects of different climate inputs and provide insight into potential

management strategies. Water availability in the SACVW is likely to be impacted by

climate change, with the combined effect of land use, groundwater withdrawals, and

climate variability having substantial impacts on groundwater-dependent ecosystems

(see [19] for a review) such as Barka Slough. Studies evaluating hydrologic model scenarios

often focus solely on hydrologic outcomes; here, the scope is expanded to include an

evaluation of how hydrologic outcomes affect aquatic habitats. The impacts on aquatic

habitats are qualitatively evaluated. Ecological responses to changing hydrologic conditions

are complex and require comprehensive research and analysis that is beyond the scope of

this study.

2. Materials and Methods

The SACIM [4] utilizes the U.S. Geological Survey (USGS) coupled groundwater and

surface water flow model (GSFLOW) [20,21] that simulates historical hydrologic conditions

of the SACVW. The SACIM was extended to include water years 2019–2021, for which

more recent data were available, and then ran 30 years into the future for water years

2022–2051, using two climate inputs [5]. The first climate input included historical climate

data representing conditions from 1990 to 2021; the second climate input included the 2070-

centered Drier Extreme Warming (2070 DEW) climate change scenario [22]. Changes in

water availability in the SACVW and in Barka Slough were evaluated for each climate input

in the future SACIM, with a focus on changes in precipitation and temperature, changes

in groundwater budget component volumes and net groundwater storage depletion, and

changes to the volume of surface water flow. The effects of simulated changes in water

availability were then qualitatively evaluated for the potential to affect riparian and aquatic

habitats of federally listed endangered species.

2.1. Extended San Antonio Creek Integrated Model

The extended SACIM included land use, climate data (precipitation and tempera-

ture) [23–25], streamflow and groundwater-level observation data [26,27], and groundwater

pumping data [5]. These data were added to the extended SACIM as input data using

standard methods from pyGSFLOW and FloPy [28–32].
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Land uses added to the extended SACIM were from 2019 [5,33,34] (Figure 1) and were

interpreted in the same manner as in previously published work [1]. In 2019, land use

comprised native vegetation (82 percent), agricultural land (15.7 percent), and developed

land (2.3 percent). Compared to land use in 2016 [1], the amount of irrigated farmland

decreased by about 4.0 km2, and there was an equivalent increase in the area of non-

irrigated farmland.

2.2. Future San Antonio Creek Integrated Model

The future SACIM (SACIMF) was run through 2022–2051 using consistent simulation

parameters from water year 2021 in the extended SACIM. Groundwater pumping and

climate inputs were the exception; these inputs were tailored specifically for future model

simulations. Annual agricultural groundwater pumping was simulated based on 2019

land use (Figure 1) and model-specific climate forcings. Annual military groundwater

pumping was held at a constant rate of 0.80 Mm3/yr for the future simulation period,

which represented the average value of historical military pumping [1,5] (Figure 1). Annual

municipal pumping was held at a constant rate of 0.36 Mm3/yr for the future simulation

period, which was the maximum annual pumpage amount for the Los Alamos Community

Services District between 2019 and 21 [5] (Figure 1).

Precipitation and temperature were used as inputs in the SACIMF and were incorpo-

rated into the Precipitation Runoff Modeling System (PRMS) [35] as daily time steps for the

SACIMF. Historical climate data from 1990 to 2021 were applied to the SACIMF (hereafter

referred to as SACIMF.1). To provide continuous climatic forcings, the historical climate

inputs were applied in reverse order—the inputs for 2022 were the same as 2021, and the

climate inputs for water year 2051 were the same as for water year 1990. The 2070 DEW

change scenario [22] was applied to the SACIMF (hereafter referred to as SACIMF.2). The

2070 DEW represents the drier estimated boundary of the California Department of Water

Resources’ future climate models [22].

2.3. Qualitative Evaluation of Barka Slough Aquatic Habitat

Three habitat metrics were identified as important for the protected species of interest:

(1) streamflow—the volume of flowing surface water; (2) stream disconnection—if stream-

flow approaches zero; and (3) depth to groundwater from land surface. Hydrologic budget

components from SACIMF.1 and SACIMF.2 were used to represent these habitat metrics. A

quantitative analysis of the habitat metrics and the associated effects on specific protected

species was beyond the scope of this study; therefore, the relative impacts of future changes

on each habitat metric were qualitatively evaluated (Table 1). Background information on

each protected species, as well as descriptions of how each species may be impacted by

changes to habitat metrics can be found in Appendix A.
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Table 1. Qualitative impacts of habitat metrics on protected species found in or around Barka Slough, San Antonio Creek Valley watershed, Santa Barbara County,

California. Impacts of habitat metrics on each species are rated by relative severity for each month. Detailed information on each species and the role of each habitat

metric can be found in Appendix A. Habitat metric abbreviations: S; streamflow; SD, stream disconnection; DtG, depth to groundwater.

Species Description Habitat
Metric

Impact Severity

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tidewater goby, Eucyclogobius
newberryi

Estuarine fish found in San Antonio
Creek and its estuary. Endangered [6].

S

SD

DtG

Unarmored threespine
stickleback, Gasterosteus

aculeatus williamsoni

Freshwater and brackish fish found in
San Antonio Creek and Barka Slough.

Threated [7,8].

S

SD

DtG

California red-legged frog, Rana
draytonii

The largest native frog in the western
United States. Threatened [9,10].

S

SD

DtG

Gambel’s watercress,
Nasturtium gambelii

Perennial marsh and riparian plant
found in an upstream tributary to San

Antonio Creek. Endangered [11].

S

SD

DtG

La Graciosa thistle, Cirsium
scariosum var. loncholepis

Perennial wetland plant.
Endangered [13,14].

S

SD

DtG

High impact Moderate impact Low impact Minimal impact
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3. Results

Results from the SACIMF are presented in this section for (1) water availability in the

entire SACVW; (2) water availability in Barka Slough; and (3) the effects on aquatic habitats

in Barka Slough.

3.1. Water Availability in the San Antonio Creek Valley Watershed

Changes in precipitation and temperature and groundwater availability for each

of the future models (SACIMF.1 and SACIMF.2) are described for the entire SACVW.

The evaluation of these changes across the watershed provides insight into the overall

dynamics of the hydrologic system and the relative effects of the two climate inputs on

water availability.

3.1.1. Precipitation and Temperature

The SACIMF.2 future model has slightly greater average precipitation, larger precipi-

tation events, and warmer temperatures than SACIMF.1 (Figure 3), which is characteristic

of the 2070 DEW climate input used in SACIMF.2. The 2070 DEW predicts larger and more

infrequent precipitation events and overall higher temperatures than historical climate

records [22]. The long-term average annual precipitation for SACIMF.2 was slightly greater

than SACIMF.1, although annual precipitation amounts varied for each model (Figure 3A).

The greater average annual precipitation in SACIMF.2 is a result of larger precipitation

events in that climate model, despite having more years of annual precipitation less than

the long-term average (Figure 3A). Mean monthly precipitation for both models was also

similar, although SACIMF.2 was more likely to have large precipitation events during the

winter months (Figure 3B). Mean monthly temperatures, as well as the long-term average

temperature, of SACIMF.2 were substantially greater than SACIMF.1 (Figure 3C). The

precipitation and temperature in Figure 3 were simulated at Santa Barbara County Climate

Station 204, Los Alamos Fire Station #24 [25], in the town of Los Alamos.

3.1.2. Groundwater Budget

The simulated groundwater budget of the SACVW during the future model period

continued the water use trends of the SACIM [4] and extended SACIM and was consis-

tent with the changes in land use and climatic and hydrologic inputs (Figure 4; Table 2).

Groundwater budget values in Figure 4 are presented with respect to the groundwater

system. Positive values are inflows to the groundwater system, and negative values are

outflows from the groundwater system. For the storage component, groundwater removed

from storage has a positive value, and groundwater added to storage has a negative value.

The cumulative change in storage is presented in the conventional sense where negative

values represent storage depletion (Figure 4; Table 2).

During the entire simulation period, groundwater removed from storage (withdrawal)

almost always exceeded groundwater added to storage (recharge) each year, resulting in

the depletion of groundwater storage (Figure 4; Table 2). Groundwater storage depletion

was positively correlated with increases in irrigated agricultural land use and agricultural

pumping [4] (Figure 4). During the future model period, the rate of annual groundwater

storage depletion was relatively static in both SACIMF.1 and SACIMF.2, due to relatively

constant agricultural pumping—a result of the use of a single land use map for the future

model period (Figures 1 and 4). Storage loss in SACIMF.2 was greater than in SACIMF.1 by

74 Mm3 (Figure 4; Table 2). This difference in storage loss is driven by greater simulated

potential evapotranspiration in SACIMF.2 than SACIMF.1. The result of higher simulated

potential evapotranspiration is a larger evapotranspiration deficit in the agricultural rooting
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zone and a larger volume of simulated agricultural pumpage in SACIMF.2 to account for

that deficit (Figure 4; Table 2).

Figure 3. Simulated precipitation and temperature from the future San Antonio Creek integrated

model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5] during water years 2022–2051. Precipitation and

temperature simulated at the town of Los Alamos (Figure 1). (A) Annual precipitation; (B) monthly

mean precipitation; and (C) monthly mean temperature. SACIMF.1 uses historical climate inputs,

SACIMF.2 uses the 2070 Drier Extreme Warming (2070 DEW) climate inputs [22].
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Figure 4. Groundwater budget and cumulative groundwater storage in the San Antonio Creek valley

watershed, Santa Barbara County, California, for water years 1948–2051 from the future San Antonio

Creek integrated hydrologic model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. (A) SACIMF.1

and (B) SACIMF.2. SACIMF.1 uses historical climate inputs, SACIMF.2 uses the 2070 Drier Extreme

Warming climate inputs [22].

3.2. Water Availability in Barka Slough

Potential changes to water availability in Barka Slough (Figure 1) were evaluated

during the future model period for SACIMF.1 and SACIMF.2. The surface water flow

was evaluated at a simulated streamgage in Barka Slough; groundwater availability at the

slough was evaluated with respect to groundwater budget components, including storage

groundwater-level elevations; and vertical groundwater-flow gradients were evaluated at a

simulated observation well within the slough. The simulated changes to water availability

were used to inform potential impacts on aquatic habitats in Barka Slough (see “Effects on

Aquatic Habitats” Section).
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Table 2. Simulated groundwater budget components for San Antonio Creek valley watershed, Santa

Barbara County, California, for water years 2022–2051 from the future San Antonio Creek integrated

model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. SACIMF.1 uses historical climate inputs,

SACIMF.2 uses the 2070 Drier Extreme Warming climate inputs [22].

Budgets

SACIMF.1 SACIMF.2

Total Flux for
2022–2051

Average
Annual Flux
for 2022–2051

Total Flux for
2022–2051

Average
Annual Flux
for 2022–2051

Groundwater inflow components, in millions of cubic meters

Boundary flow 7.546 0.252 8.764 0.292
Stream Leakage 172.215 5.741 172.667 5.765
Recharge 292.695 9.990 293.231 9.774
Total inflow 479.457 15.982 474.662 15.822

Groundwater outflow components, in millions of cubic meters

Groundwater
evapotranspiration

−4.265 −0.142 −2.495 −0.083

Surface leakage −3.431 −0.114 −3.263 −0.109
Municipal and
military pumping

−34.961 −1.165 −34.961 −1.165

Agricultural
pumping

−790.453 −26.348 −861.543 −28.718

Total outflow −833.110 −27.770 −902.262 −30.075

Net groundwater
storage

−353.758 −11.792 −427.755 −14.258

3.2.1. Surface Water Flow

Simulated mean monthly surface water outflow rates from Barka Slough (Figure 5)

indicated that the streamflow system is driven by surface water runoff processes instead

of baseflow. Outflow rates at the simulated streamgage (“Barka Slough streamgage”;

Figure 1) ranged from about 0–7.105 cubic meters per second (cms; Figure 5), varied sea-

sonally, and correlated with the mean monthly and annual precipitation for both SACIMF.1

and SACIMF.2 (Figure 3A,B). Cumulative and mean monthly streamflow was greater

for SACIMF.2 relative to SACIMF.1; however, this was likely a result of slightly greater

amounts of annual precipitation and larger precipitation events in SACIMF.2.

Historically, San Antonio Creek has had perennial streamflow at and downstream of

Barka Slough [36]. Both SACIMF.1 and SACIMF.2 had recurring intervals of no streamflow

(Figure 5), most often occurring in the dry season from May to September. In SACIMF.2,

streamflow approached zero in most years after 2027, whereas in SACIMF.1, streamflow

approached zero only between 2038 and 45. Recurring intervals of no streamflow during the

future model period in SACIMF.2 indicate that the creek may transition from perennial to

intermittent flow, with implications for aquatic taxa (see “Effects on Barka Slough Aquatic

Habitat”).
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Figure 5. Streamflow along San Antonio Creek, Santa Barbara County, California, at Barka Slough

simulated streamgage for water years 2022–2051 from the future San Antonio Creek integrated

hydrologic model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. SACIMF.1 uses historical climate

inputs, SACIMF.2 uses the 2070 Drier Extreme Warming (2070 DEW) climate inputs [22].

3.2.2. Groundwater Budget for Barka Slough

The simulated groundwater budget for Barka Slough is shown for the entire simulation

period in Figure 6A and is shown for the future model period (Table 3) for SACIMF.1

(Figure 6B) and for SACIMF.2 (Figure 6C). Groundwater budget values and cumulative

groundwater storage in Figure 6 and Table 3 are presented in the same manner as in

Figure 4 and Table 2. There was no groundwater pumping in Barka Slough for most of

the simulation period. A small amount of agricultural pumping occurred during 2002–

2018, when land use maps indicated the presence of irrigated agricultural fields within the

boundaries of the slough. Any nearby pumping was represented in the catch-all “flow to

other zones” budget component.

Following historical trends, most simulation years showed a net loss of groundwater

storage in Barka Slough, resulting in continued groundwater storage depletion (Figure 6;

Table 3). During years with greater than average precipitation (e.g., 1998, Figure 6A),

recharge was greater than groundwater withdrawals and some aquifer recovery occurred.

During the future model period, the decline in storage in SACIMF.2 was greater than

SACIMF.1 by 1.37 Mm3, a result of the larger volume of watershed-wide agricultural

pumpage in SACIMF.2 (Figure 4A; Tables 2 and 3).

The effects of cumulative groundwater storage depletion on Barka Slough can be

observed in the decline in groundwater-level elevations at a simulated observation well

in the slough (Figures 1B, 2 and 7). The simulated well was assumed to be perforated in

layers 1 and 2 of the model (Figure 2). At the simulated well location, layer 1 consists

of channel alluvium, and layer 2 consists of consolidated bedrock (Figure 2). From 1948

to 2051, groundwater levels in layer 1 declined by 5.0–8.7 m (depending on the future

model), and levels in layer 2 declined by 12.6–16.2 m, with the greatest declines occurring

in SACIMF.2 (Figure 7).
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Figure 6. Groundwater budget and cumulative groundwater storage in Barka Slough, San Antonio

Creek Valley watershed, Santa Barbara County, California, from the future San Antonio Creek

integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. (A) Groundwater budget for water

years 1948–2051 with cumulative groundwater storage for SACIMF.1 and SACIMF.2; (B) groundwater

budget and cumulative storage from SACIMF.1 for 2022–2051; and (C) groundwater budget and

cumulative storage from SACIMF.2 for 2022–2051. SACIMF.1 uses historical climate inputs, SACIMF.2

uses the 2070 Drier Extreme Warming (2070 DEW) climate inputs [22].
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Table 3. Simulated groundwater budget components for Barka Slough, San Antonio Creek Valley

watershed, Santa Barbara County, California, for water years 2022–2051 from the future San Antonio

Creek integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. SACIMF.1 uses historical

climate inputs, SACIMF.2 uses the 2070 Drier Extreme Warming climate inputs [22].

Budgets

SACIMF.1 SACIMF.2

Total Flux for
2022–2051

Average
Annual Flux
for 2022–2051

Total Flux for
2022–2051

Average
Annual Flux
for 2022–2051

Groundwater inflow components, in millions of cubic meters

Stream Leakage 1.485 0.050 1.559 0.052
Recharge 0.140 0.005 0.124 0.004
Total inflow 1.612 0.054 1.683 0.056

Groundwater outflow components, in millions of cubic meters

Groundwater ET −1.172 −0.039 −0.322 −0.011
Surface leakage −0.233 −0.008 −0.179 −0.006
Net flow to other
zones

−0.780 −0.026 −3.110 −0.104

Total outflow −2.184 −0.073 −3.612 −0.120

Net groundwater
storage

−0.560 −0.186 −1.930 −0.064

ff

 

tt

ff

Figure 7. Groundwater-level elevations at the Barka Slough simulated well, San Antonio Creek Valley

watershed, Santa Barbara County, California, for water years 1948–2051 from the future San Antonio

Creek integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5]. Simulated well location is

shown in Figures 1B and 8, and model layers and hydrogeologic units represented in the well are

shown in Figure 2. SACIMF.1 uses historical climate inputs, SACIMF.2 uses the 2070 Drier Extreme

Warming (2070 DEW) climate inputs [22].
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Figure 8. Simulated changes in groundwater-levels in Barka Slough, San Antonio Creek Valley

watershed, Santa Barbara County, California, from March 2022–March 2051 from the future San

Antonio Creek integrated model. (A) version 1 (SACIMF.1); and (B) version 2 (SACIMF.2) [5].

SACIMF.1 uses historical climate inputs, SACIMF.2 uses the 2070 Drier Extreme Warming (2070 DEW)

climate inputs [22]. Shown with 2019 land use [5]. Cross-section A-A’ is shown in Figure 2. Basemap

credit, Maxar 2025.
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The patterns of spatial groundwater-level changes in each future model (Figure 8) are

consistent with the relative recovery (SACIMF.1) and decline (SACIMF.2) in groundwater

levels at the simulated Barka Slough well (Figure 7). The groundwater level changes in

Figure 8 represent the difference in springtime water levels between March 2022 and March

2051 for the uppermost layer in each grid cell. In SACIMF.1 (Figure 8A), groundwater levels

declined in most parts of the slough, with a maximum decline of 2.1 m; groundwater levels

increased in the upgradient parts of the slough along San Antonio Creek, with a maximum

increase of 0.4 m. In SACIMF.2 (Figure 8B), groundwater levels declined everywhere in

the slough, with a maximum decline of 4.5 m; groundwater levels declined the least at the

downgradient part of the slough along San Antonio Creek.

3.2.3. Vertical Groundwater Flow Gradients

Changes to groundwater-level elevations between layers at the simulated observation

well indicate changing vertical groundwater flow gradients in Barka Slough during the

future model period (Figure 7). An upward vertical gradient between layers 1 and 2 was

present from 1948 to 2021 [1,4,27] (Figure 7), which drove simulated surface leakage to

the historically perennial wetlands in Barka Slough. The difference in groundwater-level

elevations between layers 1 and 2 declined between 1948 and 2021, indicating a reduction

in the vertical flow gradient caused by the long-term extraction of groundwater from the

deeper part of the SACVW aquifer system [1]. The vertical flow gradient reduction is

consistent with reductions in the estimated baseflow to San Antonio Creek [1,18] and net

groundwater storage depletion in Barka Slough and the SACVW (Figures 4 and 6).

Simulated water levels in layers 1 and 2 were generally about the same from 2022 to 51,

in both SACIMF.1 and SACIMF.2 (Figure 7), indicating that during the future model period

there was not a consistent, perennial upward vertical groundwater flow gradient between

the two layers. Instead, the direction and magnitude of vertical flow were seasonally

dependent, with groundwater levels in layer 2 higher than those in layer 1 during the wet

season and lower than layer 1 during the dry seasons (during which groundwater pumping

would be greater).

The weakening and seasonal reversal of the upward groundwater flow gradient in

both future models indicates that the groundwater contribution to Barka Slough and to

surface water flow will likely become seasonal and reduce the overall availability of water

to support riparian and aquatic habitats in the slough.

Additional evidence for the reduced contribution of groundwater to Barka Slough

is from the changes in the magnitude of surface leakage and groundwater evapotranspi-

ration (ET; Figure 6). Both components are indicators of groundwater above the land

surface or within the simulated riparian vegetation rooting zone. From 1948 to 2021, sur-

face leakage declined from 3.15 to 0.04 Mm3, and groundwater ET declined from 0.4 to

0.03 Mm3 (Figure 6A). During the future model period, surface leakage was near 0 (less than

0.004 Mm3/yr) beginning in 2034 in SACIMF.1 and 2032 in SACIMF.2 (Figure 6B,C), indi-

cating that groundwater discharge to the land surface effectively ceased in Barka Slough in

each model beginning in these years. Groundwater ET was perennial in SACIMF.1, ranging

from 0.009 Mm3 to 0.08 Mm3/yr (Figure 6B). However, groundwater ET in SACIMF.2 was

near 0 (less than 0.004 Mm3/yr) from 2032 to 39 and from 2044 to 51 (Figure 6C), indicating

groundwater levels were below the root zone in Barka Slough during these years.

3.3. Effects on Aquatic Habitat

The relative impacts of future changes in water availability on each of the three

habitat metrics for the protected species of interest were qualitatively evaluated (Table 1;

Appendix A). The three habitat metrics are streamflow, stream disconnection, and depth to
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groundwater. Generally, species are most likely to be impacted by these negative effects

during reproductive windows in the late winter, spring, and summer (Table 1; Appendix A),

although year-round conditions are not to be discounted.

Impacts on vertebrate taxa (tidewater goby, unarmored threespine stickleback, and

California red-legged frog) are likely to be most strongly correlated (moderate or high

impact) to decreases in streamflow volume and periods of stream disconnection. Im-

pacts on riparian plants (Gambel’s watercress and La Graciosa thistle) are likely to be

most strongly correlated to declines in the depth to groundwater. Although Gambel’s

watercress and La Graciosa thistle are not currently found in Barka Slough, evaluation of

habitat metrics presented here are useful for the evaluation of any potential restoration or

reintroduction efforts.

3.3.1. Streamflow

Streamflow is of high importance to all five protected species (Table 1). Of particular

concern is the regional long-term trend of the increased frequency of extreme precipitation

events and declining summer streamflow [37]. Periods of no or low streamflow are detri-

mental to all protected species. No or low streamflow can increase the risk of poor habitat

conditions (such as elevated temperature or reduced oxygenation) and predation and can

result in stream disconnection, which constrains the ability of individuals to freely migrate,

seek out refuge, or move to locations with more beneficial environmental conditions. Peri-

ods of high streamflow may also be detrimental, especially to the vertebrate taxa. High

streamflow can potentially flush individuals out and (or) damage their preferred habitat.

The effects of streamflow on protected species’ habitats are discussed qualitatively and

with respect to the differences in streamflow trends between each model. A meaningful

and quantifiable threshold for no streamflow is readily identifiable and is discussed in

the “Stream Disconnection” Section. Meaningful and quantifiable thresholds for high

streamflow, however, are not readily identifiable and require substantial and specific

information about local conditions (such as streamflow velocity, refugia habitat type and

extent, and species-specific surveys). The compilation of such information was beyond the

scope of this study.

Mean monthly streamflow (the mean of simulated daily streamflow within a month)

at the Barka Slough streamgage was used to evaluate the potential of streamflow to support

aquatic habitats for all five protected species (Figure 9). Mean monthly streamflow at the

Casmalia streamgage (Figure 1) may be a more appropriate habitat metric for the tidewater

goby because that species is primarily observed between Barka Slough and the estuary at

the outfall of San Antonio Creek and the Pacific Ocean (Appendix A). For simplicity, only

the Barka Slough streamgage is discussed because the pattern of mean monthly streamflow

is the same at both streamgages, although the volume of streamflow is somewhat larger at

the Casmalia streamgage [5].

Streamflow during March–July would most directly impact the California red-legged

frog, Gambel’s watercress, and La Graciosa thistle (Figure 9; Table 1; Appendix A). Stream-

flow volume during April–September would most directly impact the tidewater goby and

unarmored threespine stickleback (Figure 9; Table 1; Appendix A).

The California red-legged frog, Gambel’s watercress, and La Graciosa thistle are

unlikely to be affected by streamflow during their reproductive window (March–July). The

absolute ranges of mean streamflow volume during each month were comparable between

SACIMF.1 and SACIMF.2, except in September (Figure 9). During March–August, there

were no obvious trends in the volume or frequency of low or high streamflow periods in

each model. These results indicate that streamflow was relatively stable during each month,

and neither model was more likely to affect aquatic habitats in Barka Slough.
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Figure 9. Mean monthly streamflow (the mean of simulated daily streamflow within a month) in

cubic meters per second (cms) at the Barka Slough simulated streamgage, San Antonio Creek Valley

watershed, Santa Barbara County, California, for water years 2022–2051 from the future San Antonio

Creek integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) [5] for March—-September.

Simulated streamgage location is shown in Figures 1B and 8. SACIMF.1 uses historical climate inputs,

SACIMF.2 uses the 2070 Drier Extreme Warming (2070 DEW) climate inputs [22].

The tidewater goby and unarmored threespine stickleback are more likely to be

affected by changes in streamflow under 2070 DEW climatic conditions, but only in Septem-

ber. In September, streamflow for most years was consistently low and punctuated by

occasional years with high streamflow. There were more years with high streamflow (and

higher streamflow volumes) in SACIMF.2 than SACIMF.1, indicating that SACIMF.2 is

more likely to affect aquatic habitats in Barka Slough. Any effects on aquatic habitat for

these two species are likely minimal because September marks the end of their reproductive

window (April–September)
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The variability in simulated streamflow for March–September (Figure 9) is correlated

to climate variability and monthly precipitation in SACIMF.1 and SACIMF.2 (Figure 3B).

Effects from changes in groundwater availability are likely minimal. In both models,

March–May had the highest streamflow volumes (Figure 9) and the greatest amount of

precipitation, and June–August had the lowest streamflow volumes and the least amount

of precipitation. SACIMF.2 demonstrated more years with high streamflow and more

precipitation in September than SACIMF.1.

3.3.2. Stream Disconnection

Stream disconnection is of moderate importance to the tidewater goby and unarmored

threespine stickleback fish, low importance to the California red-legged frog, and minimal

importance to the two plant species (Table 1). Stream disconnection is a metric where

streamflow approaches zero (assumed here to be less than a daily average flow rate of

2.8 × 10−9 cms). When streamflow approaches zero, the stream shifts from a flowing

stream to a series of ponds connected, if at all, by hyporheic flow. When there is no

streamflow, the stream is considered “disconnected”.

The impacts of stream disconnection are evaluated for the tidewater goby and un-

armored threespine stickleback. Although the California red-legged frog is somewhat

impacted by changes in stream disconnection, the adult life stage is not reliant on con-

nected surface water reaches for mobility. Disconnection of stream reaches may prevent

the tidewater goby from moving upstream or downstream along San Antonio Creek, be-

tween Barka Slough and the estuary at the Pacific Ocean, and may expose the unarmored

threespine stickleback to elevated temperatures or greater predation risk.

The tidewater goby is most directly impacted by stream disconnection from April–

May and from August–September. The unarmored threespine stickleback is most directly

impacted from April–September (Table 1). To accommodate both species, stream disconnec-

tion is evaluated from April–September at the Casmalia streamgage for the tidewater goby

(not plotted) and at the Barka Slough streamgage for the unarmored threespine stickleback

(Figure 10).

Changes in stream disconnection during the future model period are not likely to

affect the tidewater goby habitat. There were no days of stream disconnection at the

Casmalia streamgage during the future model period, indicating that the tidewater goby

habitat is unlikely to be affected during the April–September months of high impact. The

tidewater goby is primarily observed between Barka Slough and the estuary at the outfall

of San Antonio Creek and the Pacific Ocean. The fish will therefore be able to move freely

upstream and downstream in San Antonio Creek between Barka Slough and the Pacific

Ocean with no stream disconnection.

Changes in stream disconnection during the future model period are likely to affect

the unarmored threespine stickleback habitat. Simulation results showed that stream

disconnection occurred beginning in 2034 for SACIMF.1 and 2032 for SACIMF.2 (Figure 10).

There was an average of 43 days per year of disconnection in SACIMF.1, and an average

of 46 days per year of disconnection in SACIMF.2. Habitat conditions for the unarmored

threespine stickleback are likely to degrade and the predation risk during periods of stream

disconnection is likely to increase.

The years with stream disconnection correspond to years during which surface leakage

was near zero (Figures 6B,C and 10), indicating a likely correlation between stream discon-

nection and groundwater availability in Barka Slough. The relatively low number of days

of disconnection in SACIMF.1 from 2049 to 2051 corresponds to years during which surface

leakage was between 0.002 and 0.004 Mm3/yr (although still less than 0.004 Mm3/yr). To

this end, the stream disconnection risk to the unarmored threespine stickleback habitat
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was relatively constant in SACIMF.2, whereas in SACIMF.1 the risk was more variable.

The annual number of days of disconnection in SACIMF.2 ranged between 24 and 61 days,

whereas the number of days in SACIMF.1 ranged between 14 and 68 days (Figure 10). The

difference in the relative threat to habitat from each model, as represented by variability in

the number of days of disconnection, is the result of the more variable historical climate

signature (temperature and precipitation) in SACIMF.1 and the associated variability in

groundwater flux.

 

−

ff

ff

 

ff

Figure 10. Stream disconnection at the Barka Slough simulated streamgage, San Antonio Creek Valley

watershed, Santa Barbara County, California, for water years 2022–2051 from the future San Antonio

Creek integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) for April–September [5]. Stream

disconnection is defined when streamflow approaches zero, less than 2.8 × 10−9 cubic meters per

second per day. SACIMF.1 uses historical climate inputs, SACIMF.2 uses the 2070 Drier Extreme

Warming (2070 DEW) climate inputs [22].

3.3.3. Depth to Groundwater

Depth to groundwater is of high importance to the Gambel’s watercress and the

La Graciosa thistle plant species and of minimal importance to the three vertebrate taxa

(Table 1). Depth to groundwater represents the potential for groundwater to support

riparian vegetation from direct withdrawals of groundwater by plants through their root

systems. Groundwater ET was used as a proxy for the potential of groundwater to support

riparian plants in Barka Slough. Groundwater ET represents the amount of groundwater

that is generally accessible to riparian plants and is estimated based on the assigned rooting

depth of vegetation in the model. As groundwater gets deeper below the land surface,

groundwater ET decreases, affecting the extent of wetland, marsh, and riparian habitats. If

the groundwater table is below the root zone, then the simulated groundwater ET will be

zero [20]; when this occurs, groundwater may no longer be a source of water for vegetation.

Gambel’s watercress and La Graciosa thistle are most directly impacted by declining

depth to groundwater from April–July (Table 1; Appendix A). Changes in groundwater ET

in Barka Slough were evaluated during the future model period by calculating the mean of

monthly groundwater ET for April–July (Figure 11).
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Figure 11. Groundwater evapotranspiration at Barka Slough, San Antonio Creek Valley watershed,

Santa Barbara County, California, for water years 2022–2051 from the future San Antonio Creek

integrated model versions 1 and 2 (SACIMF.1 and SACIMF.2) for April–July [5]. SACIMF.1 uses

historical climate inputs, SACIMF.2 uses the 2070 Drier Extreme Warming (2070 DEW) climate

inputs [22].

In the SACIMF, the minimum simulated rooting depth of vegetation within Barka

Slough was 5.76 m below the land surface. The Gambel’s watercress and La Graciosa

thistle, however, have rooting depths of about 1 m below the land surface. This difference

in rooting depth between the model simulation and the two protected plant species means

that if the model groundwater ET is zero, then Gambel’s watercress and La Graciosa thistle

do not receive any groundwater contribution to their root zone. If the model groundwater

ET is greater than zero, then the two plant species may or may not receive groundwater

to their root zone, depending on the actual depth to groundwater. Even if there is no

groundwater contribution to Gambel’s watercress and La Graciosa thistle, the plants may

still be supported by streamflow, seasonal surface ponding, shallow infiltration from rain

events, or other sources of water. These other impacts are not addressed in this study.

The Gambel’s watercress and La Graciosa thistle are likely to be affected by declining

depth to groundwater under 2070 DEW climatic conditions (Figure 11). Groundwater ET in

SACIMF.2 was effectively zero (less than 0.0006 Mm3/yr) from 2033 to 2039 and from 2044

to 2051. These results indicate that groundwater does not support riparian plants in Barka

Slough during these years in SACIMF.2, at least from April–July. The statistical variability

in groundwater ET during 2033–2039 and 2044–2051 is low, meaning that the depth to

groundwater is typically below the root zone for the entirety of the April–July reproductive

window. Riparian plants may still be supported by streamflow or other sources of water, but

the aquatic habitat may be stressed without a groundwater contribution to the root zone.

Neither Gambel’s Watercress nor La Graciosa Thistle are currently found in Barka

Slough; therefore, changes to depth to groundwater are not likely to result in direct threats
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to existing populations but could impact the potential for Barka Slough to be used as a

restoration or reintroduction site for these species.

Groundwater ET in SACIMF.1 does not reach zero in any year (Figure 11), indicating

that groundwater may support riparian plants from April–July. The available water for

ET declines by over 50 percent in 2030–2043 with an increase in water availability starting

in 2044 due to a wet climatic cycle that also corresponded to elevated groundwater levels

(Figure 7) and streamflow (Figure 5) during this time. The statistical variability in ground-

water ET in SACIMF.1 is greater than the variability in SACIMF.2, and groundwater ET in

SACIMF.1 never reaches zero.

4. Discussion

This study highlights the hydrologic complexity of the SACVW, especially with respect

to groundwater availability and groundwater–surface water interactions that occur at

Barka Slough. These results show a continuation of net groundwater storage depletion

in the SACVW and in Barka Slough, due to long-term and estimated future groundwater

withdrawals. Adverse changes to groundwater–surface water interactions in Barka Slough

are evident, with more substantial changes occurring under 2070 DEW climatic conditions.

Estimates of groundwater availability are correlated with groundwater pumping and are

therefore lower in SACIMF.2 compared to SACIMF.1 (Figures 4, 6–8 and 11). Estimates

of surface water flow are correlated to precipitation, and the differences between the two

models are more nuanced (Figures 5, 9 and 10).

Findings from this study are consistent with other work showing the long-term

challenges associated with climate change, water availability, and aquatic species (such

as [19,38]). Hydrologic controls can have both direct, immediate impacts on individual

organisms, and also indirect, long-term impacts on the communities in which those or-

ganisms are enmeshed. For example, the habitat fragmentation through disconnection

predicted for Barka Slough can not only inhibit migration and increase predation risk

but also have other impacts such as leading to reduced genetic diversity and affecting

long-term persistence [39]. Notably, in this study, only a subset of all species that rely on

riparian habitats in Barka Slough were addressed. A variety of migratory bird species,

including potentially the endangered southwestern willow flycatcher (Empidonax traillii

extimus), could be impacted by changes to groundwater-dependent riparian vegetation [40].

Changes to streamflow and groundwater availability will likely more broadly affect Barka

Slough riparian vegetation [41], with potential implications for all taxa included in this

study, as well as birds and other taxa not included in this study [42].

Stakeholders in the SACVW can use this study to inform management decisions,

at least with respect to the climatic and water use parameters instilled in future models.

The model results show potential adverse conditions in three groundwater sustainability

indicators defined in California’s Sustainable Groundwater Management Act. The three

relevant sustainability indicators are (1) lowering groundwater levels (Figures 7 and 8);

(2) surface water depletion (Figures 5 and 10); and (3) reduction in storage (Figures 4 and 6).

Stakeholders can evaluate the hydrologic outcomes of the two future models and consider

actions to sustain future groundwater use.

This study was designed to explore potential impacts on aquatic habitats at Barka

Slough, and as such, the only variable modified between the two future models was the

climate input. All other variables were held constant. Changes to other model variables

(such as land use, municipal or military pumping, or applied anthropogenic recharge)

could be applied with different implications for water use and water availability and could

exacerbate or ameliorate some of the simulated impacts on habitat suitability. Different

model scenarios with changes in land use (such as conversion of agricultural land to urban
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land or fallowing of agricultural fields) could interact with climate variability to further

alter the hydrology of the SACVW in various ways. For example, in the Netherlands, it has

been demonstrated that limiting groundwater pumping and surface water withdrawals

could improve groundwater availability while simultaneously reducing seepage fluxes [43]

with variable impacts on riparian vegetation. This example highlights the complexities of

groundwater-dependent ecosystems with anthropogenic impacts [19,44] and underscores

research opportunities for watershed-level assessments when multiple, diverse species

are considered (as in this study). A robust ecological monitoring program in the SACVW

would be necessary to fully assess the impact of hydrologic changes. This study provides

insight into hydrologic parameters that may be worth monitoring and which biological

responses might be worth assessing.

5. Conclusions

This study evaluates the potential effects of future climatic conditions on water avail-

ability in Barka Slough and the effects of changing hydrologic conditions on protected

species’ aquatic habitats. Barka Slough is a historically perennial wetland at the down-

stream western end of the San Antonio Creek Valley watershed (SACVW). The San Antonio

Creek integrated model (SACIM) was extended to include water years 2019–2021. The

extended model included climate, land use, surface water flow, groundwater pumpage,

and groundwater-level data that was collected during the extended model period. The ex-

tended SACIM was then modified to simulate future hydrologic conditions for water years

2022–2051 to quantify and analyze the effects of different climate inputs on Barka Slough.

The future SACIM (SACIMF) utilized two climate inputs: (1) historical climate data

from the last thirty years (SACIMF.1) and (2) the California Department of Water Resources

updated, 2070-centered Drier Extreme Warming (2070 DEW) climate change scenario

(SACIMF.2). SACIMF.2 had marginally greater amounts of monthly and annual precipita-

tion, was more likely to have large precipitation events, and was warmer than SACIMF.1.

The larger precipitation events and warmer temperatures simulated in SACIMF.2 are char-

acteristic of the 2070 DEW, which predicts larger and more infrequent precipitation events

and overall higher temperatures than historical climate records. The warmer climate of

SACIMF.2 and the associated greater demand for water from agriculture and native vegeta-

tion resulted in a greater amount of groundwater removed from storage in the SACVW

relative to SACIMF.1.

The simulated monthly streamflow along San Antonio Creek at Barka Slough varied

seasonally and correlated with mean monthly and annual precipitation. Cumulative stream-

flow was greater in SACIMF.2 relative to SACIMF.1. However, streamflow approached zero

in SACIMF.2 in most years after 2027, indicating that San Antonio Creek at Barka Slough

may transition from perennial to intermittent during some future climatic conditions.

Groundwater from storage almost always exceeded groundwater to storage in Barka

Slough. The rate of groundwater storage depletion in Barka Slough correlated primarily

to changes in long-term groundwater pumpage in the SACVW. During the future model

period (2022–2051), groundwater levels in the uppermost model layer at Barka Slough

declined by a maximum of 2.1 m in SACIMF.1 and 4.5 m in SACIMF.2. Groundwater levels

declined the least in parts of the slough along San Antonio Creek.

The direction of vertical groundwater flow in Barka Slough changed from an upward

vertical flow gradient to a neutral groundwater flow gradient over the course of the entire

simulation period. The change in the vertical groundwater flow direction is correlated with

net groundwater storage depletion and is consistent with simulated declines in ground-

water evapotranspiration, the cessation of surface leakage, and reductions in estimated

baseflow to San Antonio Creek. A shift in vertical flow gradient, and corresponding
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changes in groundwater availability, may impact the perennial nature of Barka Slough and

affect the aquatic habitats relied upon by federally listed species in and near the slough.

The relative impacts of future changes in water availability on each of the three habitat

metrics for five federally listed species were qualitatively evaluated based on streamflow,

stream disconnection, and depth to groundwater. Three of the five species are currently

found in or near Barka Slough: the tidewater goby (Eucyclogobis newberryi), the unarmored

threespine stickleback (Gasterosteus aculeatus williamsoni), and the California red-legged

frog (Rana draytonii). The remaining two, Gambel’s watercress (Nasturtium gambelii), and La

Graciosa thistle (Cirsium scariosum var. loncholepis), are not currently found in Barka Slough

but are included in this study to better understand how changes to hydrology may impact

the suitability of the Barka Slough as a site for potential restoration or reintroduction efforts.

Each evaluated metric could directly impact at least one of the five species.

• Changes to streamflow in San Antonio Creek under 2070 DEW climatic conditions

may affect habitat for the tidewater goby and unarmored threespine stickleback. These

species are adapted to variable streamflow and precipitation conditions, and, therefore,

future changes to streamflow may have a limited impact on the species.

• Changes to stream disconnection along San Antonio Creek are likely to affect the

unarmored threespine stickleback. This fish may face poor habitat conditions and

predation during periods when reaches of the creek are disconnected, and the fish may

be constrained in seeking out refuge or more beneficial environmental conditions.

• Changes in the depth to groundwater in Barka Slough under 2070 DEW conditions are

likely to affect the Gambel’s watercress and La Graciosa thistle—these riparian plants

are likely to be stressed without a groundwater contribution to the root zone and will

need to rely solely on surface water or other sources of water.

Although this study focused on direct impacts on the federally listed species, broader

ecological impacts are likely to occur. Simulated changes to streamflow and stream dis-

connection will likely impact aquatic organisms beyond protected fish and amphibian

taxa, and a broader assessment of the ecological impacts of climate change on surface

water–groundwater interactions may be warranted. Simulated changes to groundwater

depth will likely have implications for vegetation throughout the Barka Slough watershed,

affecting the persistence and distribution of riparian plants and wetland habitats in Barka

Slough, which supports a wide range of breeding and nonbreeding birds.
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Abbreviations

The following abbreviations are used in this manuscript:

SACVW San Antonio Creek Valley watershed

2070 DEW 2070-centered Drier Extreme Warming

SACIM San Antonio Creek integrated model

SACIMF future San Antonio Creek integrated model

SACIMF.1 future San Antonio Creek integrated model with historical climate inputs

SACIMF.2 future San Antonio Creek integrated model with 2070 DEW climate inputs

ET evapotranspiration

km kilometers

m meters

cms cubic meters per second

Mm3/yr million cubic meters per year

Appendix A

A literature review of the federally listed species was conducted to identify hydro-

logic metrics that are most likely to affect the viability of each species in and near Barka

Slough, San Antonio Creek Valley watershed, Santa Barbara County, California. Hereafter,

federally listed protected species are referred to as “protected species”. Here, five protected

species are identified that may be impacted by hydrologic variability within the Barka

Slough basin along with a qualitative assessment of plausible impacts associated with

different management scenarios. The five protected species are (1) the tidewater goby

(Eucyclogobis newberryi) [6], (2) the unarmored threespine stickleback (Gasterosteus aculeatus

williamsoni) [7,8], (3) the California red-legged frog (Rana draytonii) [9,10], (4) Gambel’s

watercress (Nasturtium gambelii) [11,12], and (5) La Graciosa thistle (Cirsium scariosum var.

loncholepis) [13,14]. To qualitatively assess the potential impacts of future climate, three

key habitat metrics associated with streamflow and groundwater levels were identified

and assessed with respect to the relative impacts of each of these metrics on each species

throughout the year (Table 1).

Appendix A.1. Tidewater Goby

The tidewater goby (Eucyclogobius newberryi) is endemic to California and listed as

Endangered under the United States Endangered Species Act. Tidewater gobies are found

primarily in coastal lagoons, estuaries, and marshes [6,45]. Tidewater gobies spend all life

stages in lagoons, estuaries, and river mouths and only enter marine environments when

flushed out of these habitats by high outflow or storm events. Tidewater gobies are primar-

ily an estuarine species; however, San Antonio Creek is a watershed where the tidewater

goby has been observed several kilometers upstream of the estuary [46,47]. Changes to

streamflow could impact the tidewater goby in the San Antonio Creek estuary, as they may

affect salinity and dissolved oxygen dynamics in the estuary [48,49], particularly important

during key reproductive periods (from late spring to late summer). Changes to streamflow

could impact tidewater gobies’ use of San Antonio Creek, particularly if streamflow drops

enough to result in disconnection, which would limit the ability of tidewater goby to freely

migrate up- or downstream during reproductive windows.

https://pubs.usgs.gov/circ/1367/
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The impact of changes to streamflow on the tidewater goby was rated high from April

to September, with lower potential impacts before and after these months. The impact of

increased disconnection on the tidewater goby was rated moderate at the beginning and

end of the reproductive period when reproductive movements are most likely, and low

during the rest of the reproductive window. Impacts of streamflow changes outside of

this time period may exist but are less likely to directly impact the tidewater goby. Direct

groundwater impacts are unlikely and are captured by changes to surface water flow.

Appendix A.2. Unarmored Threespine Stickleback

The unarmored threespine stickleback (Gasterosteus aculeatus williamsoni) is a sub-

species of the threespine stickleback (Gasterosteus aculeatus) that is endemic to California

and Baja California, Mexico, and listed as Threatened under the United States Endangered

Species Act.

Unarmored threespine sticklebacks are freshwater fish found in slow-moving reaches

or quiet water microhabitats in streams and rivers [7,8]. Unarmored threespine sticklebacks

perennially live in the San Antonio Creek watershed [7,8], and reductions in streamflow

would limit their available habitat. This is particularly important in low-flow seasons, as

reductions in baseflow could increase the risk of poor habitat conditions (e.g., elevated

temperature, reductions in dissolved oxygen) and predation. If streamflow declines to the

point of disconnection, this could constrain the ability of individuals to seek out refuge or

more beneficial environmental conditions.

The impact of changes to streamflow on the unarmored threespine stickleback was

rated high from March to October, with lower potential impacts for the rest of the year.

The impact of increased disconnection on the unarmored threespine stickleback was rated

moderate during warmer months (April to September) with lower potential impacts before

and after this time period. Impacts of streamflow changes outside of this time period may

exist but are less likely to directly impact the unarmored threespine stickleback. Direct

groundwater impacts are unlikely and are captured by changes to surface water flow.

Appendix A.3. California Red-Legged Frog

The California red-legged frog (Rana draytonii) is the largest native frog in the western

United States (and listed as Threatened under the United States Endangered Species Act).

California red-legged frogs are endemic to California and Baja California, Mexico, and their

habitats are freshwater water sources such as streams, lakes, and marshes [9]. California

red-legged frogs use aquatic habitats for breeding and rearing of tadpoles, while adults use

aquatic and nearby terrestrial habitats [10]. Most frogs lay their eggs in March, with eggs

taking about 20–22 days to develop into tadpoles and tadpoles requiring about 11–20 weeks

to develop into terrestrial frogs [9]. In San Antonio Creek, California, red-legged frogs have

been observed at every surveyed location, except along Highway 1 where the water is too

shallow [9]. Water withdrawal in the area could affect the amount of permanent water in

the creek and therefore the aquatic breeding and non-breeding habitats of the California

red-legged frog.

The impact of changes to streamflow on the California red-legged frog was rated high

from March to May, with moderate impacts through July, and lower potential impacts

through October. The impact of increased disconnection on the California red-legged frog

was rated low from April to June because the adult life stage is not reliant on connected

surface water reaches for mobility. However, stream disconnection may increase predation

risk or risk of elevated temperatures and could reduce the wetted surface area available for

successful reproduction and rearing. Impacts of streamflow changes outside of this time
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period may exist but are less likely to directly impact the California red-legged frog. Direct

groundwater impacts from groundwater depth are unlikely.

Appendix A.4. Gambel’s Watercress

Gambel’s watercress (Nasturtium gambelii) is endemic to California and listed as En-

dangered under the United States Endangered Species Act. Gambel’s watercress is a

perennial herb and part of the mustard family. Gambel’s watercress is generally found in

marshes, swamps, and other coastal wetland habitats, including streambanks and brack-

ish marshes [11]. The population located along a tributary to San Antonio Creek on the

Vandenberg Space Force Base is now considered the last pure population of the Gambel’s

watercress [12]. The species can grow up to 1.8 m tall, with seedlings beginning to emerge

in April and flowering primarily May–October. Specific information on the rooting depth

of Gambel’s watercress was unavailable. We estimated that the maximum rooting depth

may approximate the height of the plant. Gambel’s watercress is rhizomatous [12] and,

therefore, has shallower rooting depths than La Graciosa thistle.

The impact of changes to streamflow on Gambel’s watercress was rated high from

April to June and moderate from July to October, with lower impacts during the rest of the

year. The impact of changes to groundwater depth was rated identically, with the strongest

impacts during the sprouting and blooming period. Direct impacts of disconnection are

unlikely. It should be noted that other shallow groundwater impacts are possible, due

to seasonal surface ponding or penetration from rain events, and these impacts are not

addressed in this effort.

Appendix A.5. La Graciosa Thistle

La Graciosa thistle (Cirsium scariosum var. loncholepis) is endemic to California and

listed as Endangered under the United States Endangered Species Act. We use the common

name and species name listed above because those names are listed in the United States

Endangered Species Act documentation [13,14]. We note that the Integrated Taxonomic

Information System (www.itis.gov, accessed 13 March 2025) uses a different species name,

Cirsium scariosum var. citrinum, with taxonomic serial number 780856.

La Graciosa thistle, a perennial member of the sunflower family, is generally found in

areas with intermediate or medium moisture conditions (marshes, wetlands, and drainages)

in backdune and coastal wetlands. In the San Antonio Creek area, La Graciosa thistle can

be found along drainages and tributaries [13,14]. Individual La Graciosa thistles generally

live between two and six years, flower once, and die shortly thereafter, with flowering

occurring in April through September. Specific information on the rooting depth of La

Graciosa thistle was unavailable, but C. scariosum is a taprooting species [50]. We estimated

that maximum rooting depth may approximate the height of the plant (about 1 m tall).

The impact of changes to streamflow on La Graciosa thistle was rated high from April

to July, moderate from August to September, and lower for the rest of the year. The impact

of changes to groundwater depth was rated identically, with the strongest impacts during

the blooming period. Direct impacts of disconnection are unlikely. It should be noted

that other shallow groundwater impacts are possible, due to seasonal surface ponding or

penetration from rain events, and these impacts are not addressed in this effort.

www.itis.gov
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Instructions: Application must be fully completed and have all requested information to be considered for the
WMAP. Incomplete submissions will be returned to the sender and will delay the process. 

 Groundwater Basin where meter will be installed 
___Carpinteria 
___Cuyama Valley 
___Montecito

Please Print

County of Santa Barbara 
Public Works
ATTN: Water Agency WMAP 
620 West Foster Road 
Santa Maria, CA 93455 
Phone: 805-803-8781
Email: pwWMAPinfo@countyofsb.org

For Water Agency Use Only: 
Date and Time Received: 

Rebate Number: 

Email

Full Legal Name of the Property Owner or Business Entity (i.e. XYZ, Inc., ACME, LLC., etc.) 

City State Zip Code

Phone Number Alternate Phone Number

APPLICANT INFORMATION 

Mailing Address

Name of the Business Entity's Authorized Representative

Name as it should appear on the meter reimbursement check

METER INSTALLATION LOCATION
Provide a brief but detailed description of where the meter will be installed, to include property address. Additional 
information can include APN number and location description (Lat, Long). More detail is better. A separate map 
sketch can also be attached to this application if necessary.

SANTA BARBARA COUNTY WATER AGENCY WELL 
METERING ASSISTANCE PROGRAM (WMAP) APPLICATION 

__San Antonio River Valley
__Santa Ynez River Valley
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•
• Meters and installation must meet GSA rules and guidelines and be installed in 

accordance with manufacturer’s installation guidelines.
• Meters must be maintained in good working order and repaired expeditiously as necessary.
• Non-repairable meters must be replaced at the owner’s expense.
• Must furnish original receipts to SBCWA that clearly show the meter costs and serial 

numbers. Copies of bank or credit card statements are not acceptable. 

HOW TO RECEIVE YOUR REBATE
Follow the 5 steps outlined on the WMAP webpage at the following address: 
www.countyofsb.org/pwd/WellMeteringProgram.sbc

STEP 1 - Complete the Well Metering Assistance Program application. Eligibility is limited to one (1) meter per 
applicant.

STEP 2 - Once the Notice To Proceed is received, the applicant can purchase the meter. Accuracy standards 
and meter type guidelines developed by the Groundwater Sustainability Agency (GSA)may apply, as well as 
other laws and regulations.

STEP 3 - Applicant installs the meter following manufacturer and GSA recommendations.

STEP 4 - Applicant submits required documentation to establish proof of purchase and installation to Santa 
Barbara County Water Agency program staff.

STEP 5 - The applicant will receive a reimbursement payment within 6-8 weeks of completing Step 4 if 
sufficient funds are available in the WMAP.

AGREEMENT
By signing below, you, on behalf of the business entity applying for the above rebate(s) (“Applicant”), 
acknowledge and agree to all of the following terms and conditions: 

1) Santa Barbara County Water Agency is not responsible for any items lost in the mail.
2) There is limited funding for rebates and no rebates will be issued after rebate funding is depleted. Rebates will be

issued to qualified applicants on a first come, first served basis. First-come first-served does not mean first to
register their intention to seek reimbursement. First-come first-served does mean first to complete the entire
process of registering, completing all paperwork, installing all meters, receiving inspections if necessary, furnishing
all necessary receipts to the Water Agency and requesting reimbursement.

3) The well meter meets guidelines established by the basin's GSA. If no guideline is provided, the calibrated meter
must meet a 2% accuracy standard.

4) Applicants will be reimbursed for the cost of the meter, not to exceed a maximum of $500.
5) Santa Barbara County Water Agency reserves the right to verify Applicants eligibility, proof of purchase, and

installation. If access to verify is denied, the rebate will be voided.
6) Applicant authorizes Santa Barbara County Water Agency to perform post-installation inspections of Applicant’s

installation site containing equipment or products for which Applicant received a rebate (“Equipment”).
7) Applicant understands that failure to submit a complete Well Metering Assistance Program application or failure to

adhere to the rebate instructions and requirements may result in the rejection of Applicant’s application.
8) Applicant represents and warrants that the well meter was installed in accordance with all applicable laws,

building codes, manufacturer’s specifications, GSA specifications, and permitting requirements, and, where
applicable, by a licensed contractor.

9) Applicant represents and warrants that the well meter installed under the Well Metering Assistance Program
will not replaced with other equipment or products that are less accurate for at least five years after issuance of
the rebate.
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S

SANTA BARBARA COUNTY WATER AGENCY MAKES NO RESERVATION OR WARRANTY, AND ASSUMES NO LIABILITY WITH RESPECT TO 
THE QUALITY, SAFETY, PERFORMANCE, OR OTHER ASPECT OF ANY DESIGN OR EQUIPMENT INSTALLED PURSUANT TO THIS PROGRAM, 
AND EXPRESSLY DISCLAIMS ANY SUCH REPRESENTATION, WARRANTY OR LIABILITY. TO THE FULLEST EXTENT PERMITTED BY LAW. 
APPLICANT AGREES TO INDEMNIFY, DEFEND, AND HOLD HARMLESS SANTA BARBARA COUNTY WATER AGENCY, ITS EMPLOYEES, 
OFFICERS, DIRECTORS,  CONTRACTORS AND AGENTS, FROM ANY LIABILITY, CLAIMS, SUITS, ACTIONS, ARBITRATION PROCEEDINGS, 
ADMINISTRATIVE PROCEEDINGS, REGULATORY PROCEEDINGS, LOSSES, EXPENSES OR COSTS (INCLUDING, WITHOUT LIMITATION, COSTS 
AND FEES OF LITIGATION) OF ANY KIND WHATSOEVER WITHOUT RESTRICTION OR LIMITATION, INCURRED IN RELATION TO, AS A 
CONSEQUENCE OF OR ARISING OUT OF IN ANY WAY ATTRIBUTABLE ACTUALLY, ALLEGEDLY OR IMPLIEDLY, IN WHOLE OR IN PART, TO 
PARTICIPATION IN THIS WELL METERING ASSISTANCE PROGRAM; PROVIDED THAT THE FOREGOING INDEMNITY DOES NOT APPLY TO 
LIABILITY FOR ANY DAMAGE OR EXPENSE FOR DEATH OR BODILY INJURY TO PERSONS OR DAMAGE TO PROPERTY TO THE EXTENT 
ARISING FROM THE SOLE NEGLIGENCE OF SANTA BARBARA COUNTY WATER AGENCY.

WATER AGENCY USE ONLY

APPLICANT SIGNATURE
Print Name  Authorized Signature Date 

Pre-Inspection Date (if needed) By 

Post-Inspection Date (if needed) By 

Rebate # Approved Rebate Amount Authorized Signature 

Rebate Check # 
Disapproved

Date Issued 
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SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY

INCOME 2022-23 ACTUAL 2023-24 ACTUAL 2024-25 YTD 2024-25 BUDGET 2025-26 BUDGET
Operating Transfers from SABWD $325,822.31 $234,419.43 $248,131.33 $550,000.00 $550,000.00
Total Income $325,822.31 $234,419.43 $248,131.33 $550,000.00 $550,000.00

EXPENSES 2022-23 ACTUAL 2023-24 ACTUAL 2024-25 YTD 2024-25 BUDGET 2025-26 BUDGET
01 - Administrative/Office Exp
          A. Professional Admin Services $53,300.00 $58,500.00 $49,500.00 $67,500.00 $67,500.00
          B. Website $271.97 $285.22 $141.22 $5,500.00 $5,500.00
          C. Facilities Use and Support Services $2,200.00 $2,200.00 $1,800.00 $2,400.00 $2,400.00
          D. Supplies $0.00 $0.00 $0.00 $500.00 $500.00
02 - Accountant $7,300.00 $8,400.00 $7,250.00 $9,000.00 $9,000.00
03 - Comm Eng/Grant Writing/Non-GSP $34,995.00 $0.00 $0.00 $35,000.00 $25,000.00
04 - Monitoring
          A. Quarterly Monitoring & Reporting $56,296.01 $44,435.88 $50,918.51 $62,500.00 $65,000.00
          B.  Annual Maintenance + Field Issues $0.00 $9,064.24 $15,672.65 $15,000.00 $25,000.00
          C. Install Transducers $0.00 $0.00 $9,936.98 $10,000.00 $10,000.00
          D. Review Well Reg to Expand Network $0.00 $0.00 $0.00 $0.00 $10,000.00
05 - Legal Counsel $53,358.73 $21,014.00 $25,151.00 $45,000.00 $35,000.00
06 - Insurance $1,734.00 $1,765.00 $1,765.00 $1,800.00 $1,800.00
07 - Audit Fees $1,280.00 $2,920.00 $0.00 $4,000.00 $4,000.00
08 - GSP Development Consultant $0.00 $0.00 $0.00 $0.00 $0.00
09 - GSP Related Costs 
          GSP Annual Report $49,988.90 $55,192.59 $57,453.00 $57,500.00 $65,000.00
          GSP 5-Year Period Evaluation $0.00 $0.00 $0.00 $0.00 $15,000.00
10 - GSP Implementation / PMAs
        A. Address Data Gaps
             i. AEM Survey Data Review $0.00 $0.00 $0.00 $10,000.00 $25,000.00
             ii. Barka Slough - Shallow Piezometers $0.00 $0.00 $0.00 $15,000.00 $0.00
             iii. GDE & Barka Slough Survey $0.00 $0.00 $0.00 $0.00 $0.00
             iv. Streamflow Monitoring, Maintenance, & C $0.00 $0.00 $0.00 $0.00 $0.00
             v. Update Water Use Factors $0.00 $0.00 $0.00 $0.00 $0.00
             vi. USGS Model Review $0.00 $0.00 $0.00 $20,000.00 $50,000.00
             vii. Well Surveys (RPE) $0.00 $0.00 $0.00 $55,000.00 $10,000.00
             viii. Well Surveys (Video) $0.00 $0.00 $0.00 $0.00 $0.00
        B. Well Registration + Metering $18,500.00 $2,145.00 $437.11 $35,000.00 $40,000.00
        C. On-Call Hydrogeological Consulting $46,597.70 $27,707.50 $28,105.86 $50,000.00 $40,000.00

11 - Executive Order - Written Verifications $0.00 $790.00 $0.00 $0.00 $0.00
TOTAL EXPENSES $325,822.31 $234,419.43 $248,131.33 $500,700.00 $505,700.00

 

TOTAL 2022-23 ACTUAL 2023-24 ACTUAL 2024-25 YTD 2024-25 BUDGET 2025-26 BUDGET
Income Total $325,822.31 $234,419.43 $248,131.33 $550,000.00 $550,000.00
Expenses $325,822.31 $234,419.43 $248,131.33 $500,700.00 $505,700.00
Operational Contingency $0.00 $0.00 $0.00 $49,300.00 $44,300.00
Expenses Total $325,822.31 $234,419.43 $248,131.33 $550,000.00 $550,000.00

DRAFT BUDGET FOR FY 2025-26
  6/10/2025



 SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY

   06/10/2025

10 - GSP Implementation Operational Expenses 
Address GSP Data Gaps $85,000 01- Administrative/Office Expenses $75,900

Metering + Reporting $40,000 02 - Accounting $9,000

Hydrogeological Services $40,000 03 - Grant Writing $25,000

05 - Legal $35,000

06 - Insurance $1,800

07 - Audit $4,000

Total $165,000 Total $150,700

04 - Monitoring & Maintenance 09 - GSP Reporting
Quarterly GW Level Monitoring & R $65,000 GSP 5 Year Evaluation $15,000

Annual Maintenance $25,000 GSP Annual Report WY 2025 $65,000

Install Transducers $10,000 Total $80,000
Review Well Registration $10,000

Total $110,000 Contingency $44,300

 DRAFT BUDGET FOR FY 2025-26

PERCENTAGE OF BUDGET

GSP Annual 
Report + 5 Year 

Eval
$80,000 

15%

GSP 
Implementation

$165,000 
30%

Monitoring & 
Maintenance

$110,000 
20%

Operational 
Expenses
$150,700 

27%

Contingency
$44,300 

8%
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SAN ANTONIO BASIN GROUNDWATER SUSTAINABILITY AGENCY 
 

FY 25-26 Budget Priorities  
June 10, 2025 

 
The draft priorities listed below are aligned with the Tier 1 Management Actions outlined in the GSP.  A 

draft budget will be reviewed at the May 20, 2025 Board meeting.  The final budget will be presented and 
adopted at the June 17, 2025 Board meeting.  It is anticipated that SABGSA’s budget will not exceed 

$550,000 including a 10% contingency.   
 

Budget Summary by Category 
 
01 – Administrative / Office Expense - $75,900  

A. Professional Administrative Services - $67,500:  Hourly Not-to-Exceed Contract. 
B. Website - $5,500:  Domain Name, Webhosting, etc.  Web programmer to create a portal/form for 

groundwater extraction reporting. 
C. Facilities Use Fee - $2,400:  $200 per month for up to 2 meetings per month at LACSD. 
D. Office Supplies/Printing - $500 

 
02 – Accountant - $9,000 
Invoices average $750 per month.  Accountant is also SABGSA Treasurer and tracks Board and Committee 
training (Ethics and Sexual Harassment) and Form 700 compliance. 
 
03 – Grant Writing - $25,000 
Grant writer to assist SABGSA in pursuing grant funding for GSP implementation.  No current opportunities 
identified, but account for opportunity that may arise. 
 
04 – Monitoring - $110,000 

A. Quarterly GWL Monitoring and Reporting:  Increase contract to $65,000 based on hourly rates for 
2026 and assumption of adding 4-5 new wells to the network.  Assumes that GSI can measure the 
additional wells within allotted time for each Monitoring Event and no changes in scope to the 
quarterly Tech Memo.  NOTE:  SABGSA’s budget cycle is a fiscal year.  However, this contract is for 
calendar year 2026. 

B. Annual Maintenance:  $25,000 
• $20,000 for Barka Slough vegetation trimming along access trails to wells in SABGSA 

monitoring network (2 x $10,000) 
• $5,000 for contingency to address field issues, replace existing equipment, etc.  

C. Install Transducers in 5 RMS wells:  $10,000 (5 x $2,000) 
Monthly, real-time measurements, utilizing transducers (no additional site visits needed), will 
provide a more precise understanding of the annual high and low groundwater levels, foster a more 
robust understanding of local groundwater conditions, and support sustainable groundwater 
management.   

D. Review Well Registration Data:  $10,000 
       GSI to review well registration data to identify wells to add to the monitoring network to increase  
       spatial coverage particularly in areas with a low-density of wells - the eastern uplands and the  
       central to northwestern uplands. 
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05 – Legal Counsel - $35,000 

A. General, as needed 
B. Implementation of Well Metering & Reporting Program  

 
06 – Insurance - $1,800 
Policy for FY 25-26 is estimated to be $1,800. 
 
07 – Annual Audit - $4,000 
Annual audits required.  Estimated to be $4,000 for FY 25-26. 
 
08 – GSP Development Consultant - $0 
N/A.  GSP approved in January 2024.   
 
09 – GSP Related Costs - $80,000 

A. GSP Annual Report - $65,000:  SABGSA combines the GSP Annual Report and Annual GWL 
Monitoring Report.  May need to expand phaeophyte (brown algae) water use and evaluation of 
Barka Slough health.  This assumes SABGSA is not using the SACIM (USGS Model) to calculate 
anything for the WY 2025 Annual Report.   
 

B. GSP 5 Year Periodic Evaluation - $15,000:  Required by DWR every five years.  SABGSA’s due date is 
January 1, 2027.  If a plan amendment is warranted, SABGSA to begin work in FY 25-26 with a goal 
of approving the submittal at the November 2026 Board meeting.   SGMA requires periodic 
evaluation of approved GSPs at least every 5 years. The periodic evaluation represents SABGSA’s  
written assessment of GSP implementation and adaptive management.  

 
10 – GSP Implementation - $165,000 

A. Address Data Gaps - $85,000: 
i. Review Data from Statewide Airborne Electromagnetic (AEM) Surveys Performed by DWR - 

$25,000:  The AEM project provides SABGSA with basin-specific and cross-basin geophysical 
data, tools, and analyses for understanding aquifer structures.  It can also help with the 
refinement of the HCM and help identify areas for recharging groundwater.  GSI’s scope of 
work would include review of data, comparison to GSP HCM and SACIM HCM, and 
development of a tech memo. 
 

ii. Install Stream Gages and Piezometers at Barka Slough:  No stream gages needed at this 
time.   SABGSA is utilizing gages that USGS/VSFB have provided.  Estimate $20,000 in FY 26-
27 for planning, equipment, supplies, and installation of 3 shallow piezometers in the 
Slough. This assumes GSI can install manually, and a contractor is not needed.  Need to 
investigate if permitting or bio surveys are needed.  Could potentially use satellite/model in 
lieu of piezometers based on review of recent USGS/County/VSFB Barka Slough climate 
impact report (A.vi. below).  (Not included in FY 25-26 Budget). 

 
iii. GDE & Barka Slough Survey.  (Not included in FY 25-26 Budget). 

 
iv. Streamflow Monitoring, Maintenance, Calibration.  (Tied to 10.A.ii. above – Not included in 

FY 25-26 Budget). 
 

v. Update Water Use Factors:  Evaluate Crop Type Water Use Factors and Update Water 
Budget - This was validated by using the satellite-based method for the last couple of years 
and compared to crop water duty-based calculations.  (Not included in FY 25-26 Budget).  
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vi. USGS Model Review - $50,000:  San Antonio Creek Integrated Model (SACIM) 

Review/Update HCM.  The USGS, in cooperation with the SBWA and VSFB, are assessing 
the effects of future climate scenarios in the Basin on Barka Slough. This assessment will 
extend the SACIM 3 years from water years 2019 through 2021. Two 30-year future climate 
scenarios (water years 2022 through 2051) will be developed to extend and run the SACIM. 
Results from the future climate scenarios will be evaluated to identify potential climatic 
effects on streamflow, groundwater flow, recharge, and other hydrologic conditions in 
Barka Slough, and potential effects on riparian species. 
 
For future reporting and analysis, the SABGSA may consider use of the SACIM for the 
purpose of modeling proposed Basin project and management actions (e.g., recharge 
projects, allocation programs, water market, varying climate scenarios), revising the Basin 
HCM, or calculating change in groundwater in storage for the Basin GSP annual reporting. 
 
GSI’s scope of work would include review of 2022 and 2025 modeling reports, SACIM, and 
development of a technical memo keeping in mind applicable scenarios to simulate when 
reviewing (e.g., reduced pumping). 
 

vii. Reference Point Elevation Survey (SGMA-driven) - $10,000:  25 wells in the network have 
ground surface elevations that do not meet accuracy standards (within 0.5 feet under 
SGMA) based on DWR best management practices.  Measurements of elevations, aquifer-
system compaction, and water levels would be used as a monitoring point for 
interconnected surface water and also to improve SABGSA’s understanding of the 
processes responsible for land-surface elevation changes.  Elevation or elevation-change 
measurements are fundamental to monitoring land subsidence.  NOTE:  For FY 25-26, 
$10,000 is allocated for GSI to work with DWR to identify any outstanding State Well 
Numbers for wells that have RPEs on NWIS (USGS database).  Estimate $55,000 for FY 26-
27 for surveys. 

 
B. Metering & Groundwater Extraction Reporting Program:  $40,000 

• Wallace Group - $40,000:  Notifications/Mailings to Landowners, on-call support, input well 
meter data (SABGSA Meter Installation & Calibration Compliance Form) due April 1, 2026  

o Existing Contract signed in April 2025: $25,000  
o Budget for FY 25-26:  $25,000 current contract + $15,000 amendment 

 
C. On-Call Hydrogeological Consulting (GSI Water Solutions):  $40,000 

• Ongoing coordination/consultation with SABGSA 
• Collaborate with Central Coast Water Quality Preservation, Inc. to share existing Irrigated 

Lands Regulatory Program well information.   
• Planning for Barka Slough vegetation trimming 
• Assistance with SABGSA budgeting and project planning 
• Hosting, managing, and expanding DMS 
• Other services and meeting attendance, as needed, at the request of SABGSA 
• Other considerations for discussion include: 

o Managed Aquifer Recharge (MAR)/AgMAR Feasibility Study 
o Use of SACIM to run various scenarios or calculate change in storage 
 

11 – Executive Order Written Verifications - $0 
N/A.  The County’s Drought Urgency Ordinance and Executive Orders N-7-22 and N-3-23 were rescinded in 
2024.  SABGSA no longer required to issue written verifications for well permitting. 
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Tier 1 Management Actions (from GSP) for Reference: 
 

A. Address Data Gaps - Expand Monitoring Well Network in the Basin to Increase Spatial Coverage 
and Well Density 

• Continue public outreach to Basin stakeholders to discuss participation in the Monitoring 
Network. (Budget Item 4A). 
 

• Perform ongoing maintenance of the well access trails within Barka Slough (Budget Item 
4B). 
 

• Consider the purchase and installation of transducers in, at a minimum, all Representative 
Monitoring Sites (Budget Item 4C).   
 

• Review SABGSA Well Registration Program data to identify existing candidate wells to 
incorporate into the Monitoring Network.  (Budget Item 4.D.).  

 
• Reference Point Elevation Survey (SGMA-driven) - 25 wells in the network have ground 

surface elevations that do not meet accuracy standards (within 0.5 feet under SGMA) based 
on DWR best management practices. (Not included in FY 25-26 Budget).    

 
• Video Survey (SGMA-driven) - Well construction information (total depth and screened 

intervals) for 24 wells in the Monitoring Network is unknown.  Performing well video 
surveys will identify which aquifer(s) wells with unknown well construction information are 
screened in which improves the existing Hydrogeological Conceptual Model (HCM).  NOTE:  
SABGSA is still investigating total cost.  May not proceed with all surveys at once.  GSI’s 
time will be needed to develop and oversee the scope of work.  SABGSA will also need to 
hire a surveyor.  (Not included in FY 25-26 Budget). 

 
• Collaborate with Central Coast Water Quality Preservation, Inc. to share existing Irrigated 

Lands Regulatory Program well information (Budget Item 10.C.). 
 

• Install Shallow Piezometers at Barka Slough (Not included in FY 25-26 Budget). 
 

• Review/Update Water Usage Factors and Crop Acreages and Update Water Budget (Not 
included in FY 25-26 Budget). 
 

• Review USGS Groundwater Model/Update HCM (Budget Item 10.A.vi). 
 

• LACSD Wellfield Pumping Coordination/Offsite Well Impact Mitigation (Not included in FY 
25-26 Budget). 

 
• Survey and Investigate Potential Groundwater-Dependent Ecosystems (GDEs) in the Basin 

Mitigation (Not included in FY 25-26 Budget). 
 

B. Well Registration Program and Well Metering/Reporting (Budget Item 10.B.) 
C. Water Use Efficiency Programs (Not included in FY 25-26 Budget). 
D. Groundwater Pumping Fee Program (Not included in FY 25-26 Budget). 
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