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Watershed Resilience Program

Intent and Outcomes

Program Intent Equity
Empower local water leaders Build and support inclusive
with the capacity to prepare for and diverse
climate change impacts across watershed networks
water sectors at the watershed
scale

) CALIFORNIA WATER PLAN UPDATE 2023

Climate Science

Inform sound resilience
planning with quantitative
climate vulnerability and

adaptation analysis

Scale

Incentivize planning on a

hydrologically appropriate

scale, from headwaters to
groundwater basins
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Watersheds

American River
Calaveras River

Pajaro River

Russian River

Ventura River

Lead Agency

Regional Water Authority
Stockton East \Water District

Pajaro Valley Water
Management Agency

Sonoma Water Agency

Ventura RCD
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Pilot Project Scope of Work Outline

Task 1a: Define Watershed

, _ Task 2: Explore Task 3: Assess Climate
Task 1b: Identify Community @ Climate Ha?zards 6 Vulnerabilities and Risks
Participation Gaps

Task 1c¢: Build Inclusive Networks

Task 4: Develop and _ Task 6: Develop Task 7: Develop
Evaluate Adaptation Task 5: Develop Performance Watershed
Strategies for Implementation Strategy

Tracking Metrics Resilience Plan
Projects

Pilot Schedule: June 2024 to April 2026
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From Vulnerability to Resilience: Adapting Water Management
in California’s American, Bear, and Cosumnes Watersheds

Devyani Kar, PhD and Tapash Das, PhD, Jacobs
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Regional Water Authority
BUILDING ALLIANCES IN
NORTHERN CALIFORNIA



Pilot Roadmap

Delineate the
Watershed Boundary
Map the watershed area

for focused planning
and management.

Develop a Collaborative —

Y,
= Formulate a Watershed

Watershed Network ¥ 4 [ N Resilience Vision

|dentify and Evaluate Current Regional Create a shared long-term
Networks. Review existing partnerships and goal for the watershed’s
collaborations relevant to the watershed. health and sustainability.

Develop Adaptation Plan

Design actionable steps to reduce
risks and improve resilience.

Develop Implementation Plan

Outline how to effectively carry out
adaptation measures.

Conduct comprehensive multi-hazard
vulnerability assessment
Perform a Gap Analysis; Analyze how climate

change and environmental factors impact the
watershed.; Assess Vulnerabilities

Establish monitoring Release Watershed |DH|

and evaluation system Resilience Plan

Set up metrics and monitoring to Compile all assessments and
measure progress and outcomes. strategies into a comprehensive plan.

RUA

Regional Water Authority
BUILDING ALLIANCES IN
NORTHERM CALIFORMIA




Pilot Project Area RUA
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Watershed Networ -ngﬂ

NORTHERMN CALIFORMNIA
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Quantitative Vulnerability
Assessment
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Analytical Tools & Key Quantitative Metrics RUA

BUILDING ALLIANCES IN
MORBTHERM CALIFORNIA

System Water
Hydrology . ,
Sectors (VIC) Operations @ Temperature Key Metrics Example
(CalSim 3) (HEC-5Q)
1 | Surface Water Supply 2 4 Reservoir storage levels
5 Groundwater SUbbl Groundwater basin storage
PPIY Groundwater Sustainability Plans results
Reservoir flood releases
Flood Management 4

3 2 ¢ CVFPP 2022 Update results

River temperature
Ecosystem
4 Y ¢ ¢ River flows and habitat
5 Water Quality River temperature
, Reservoir storage levels

6 | Recreation ¢ "
Snowpack conditions

7 Mdiemener PN Energy.generation from reservoir
operations

: I
8 Agriculture ® Surface water & groundwater supply

metrics




RUA

Climate Scenarios for Quantitative Assessment

BUILDING ALLIANCES IN
NORTHEEN CALIFORNILA
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Current Mid Future Late Future
Conditions 2041-2070 (2055) 2071-2100 (2085)
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RUA

Quantitative Assessment Approach

MORTHERM CALIFORMIA
@ Future climate scenarios

Simulate changes in systems
under different climate scenarios

v v

Quantify the magnitude Evaluate adaptation
of vulnerabilities strategies




Regional Water Authority

American River Streamflow Hydrograph RUYA

Inflow to Folsom
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RUA

Groundwater Supply S

NORTHERN CALIFORMNILA

600 200 Key Findings
400 ~ z| * Future conditions tend to
o w 2| include larger declines in GW
i, . °| storage due to:
. 200 E * Less groundwater recharge due to
= w0 3 ower precipitation
-400 g .
s00 O * Increased groundwater pumping
500 s — 600 due to warmer temperatures
Baseline Year increasing agricultural demands
N Groundwater Pumping |-) B Ceep Percolation {+] N Stream Seepage () R Recharge (+] . .
N Eoundary Flow (=) B G\ Storage Depletion I | nflow from Foothills (+) D Inflow from 5A5h [+ ® La rger deChneS In GW Sto rage
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Figure 5-41: Annual Groundwater Budget and Cumulative Change in Storage — North American increase risk of access to GW for
Subbasin, Projected Conditions Baseline with Climate Change b en ef ICia | uses



RUA

Regional Water Authority

BUILDING ALLIANCES IN
MORBTHERM CALIFORNIA

* Water surface elevations from
breach on American River

* Inundation estimates provided
from DWR FLO-2D model results
used for 2022 CVFPP Updates

 Water from the American River
flows in a southwest direction and
pools against the Sacramento River
Levee

* Sample inundation provides for
Impact Area SAC63 for 125% of

1986 Flood, roughly a 125-year
event



Ecosystems

RUA

Regional Water Authority
BUILDING ALLIANCES IMN
NORTHERMN CALIFORMNIA
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Probability of Exceedance

= = = Existing Baseline Mid-Century (Central Tendency)

Late-Century (Warm-Wet)

Late-Century (Hot-Dry)

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

Watt Avenue Bridge Daily Temperature Exceedance
(May 15-September 30).

Key Findings

* Reduced spring/summer flows
and higher winter peaks.

* Temperature exceedances for
salmonid habitat increase (up

to 28%).

* Climatic Water Deficit
increases by 30%

* Wildfire probability increases
by 60%.



RUA

°
Recreation psont it et
BUILDING ALLIANCES IN

NORTHERN CALIFORNIA

Key Findings
w0 * Lake access for boating
S0 | decreases: Folsom boat access
&40 1 decreases 3—14%.
S 380 . . .
- * River recreation quality

declines in drier scenarios.

340 +

* Snow-based recreation season
300 : : : : : : : : : :
100%  90%  80%  70%  60%  50%  40%  30%  20%  10% 0% ShOrtenS due to FEduced
Probability of Exceedance .
- o snowpack. (April 1 SWE
- = =Existing Baseline Mid-Century (Central Tendency
Late-Century (Warm-Wet) Late-Century (Hot-Dry) decreases up to 80%)

Folsom Lake Monthly Water Surface Elevation (May-September).



RUA

Hyd ropower S

MORBTHERM CALIFORNIA

October-September Folsom Power Facility - Energy Generation (GWh)

::: Key Findings

1.200 * Long-term annual energy

. generation from hydropower at
s Folsom decreases by 13-29%.

O 800

* Most reservoirs in the American
River watershed include
reductions to storage levels and
energy capacity.

600

400

200

0

100%  90%  80%  70%  60%  50%  40%  30%  20%  10% 0% ° Late_Centu ry HD include the
Probability of Exceedence
---Existing Baseline —Mid-Century (Central Tendency) I ed St annuad I n et ene rgy
 Late-Century (Hot-Dry) - ateContuy (Warm-teh generation in the study area

Total Annual Energy Generation at Folsom Exceedance of Probability.



Characterizing

Climate
Vulnerabilities

Mid-Century
Median Projected Conditions

i i Snowpack
60% less volume

Snowpack Melting
2-4 weeks earlier

Rainfall vs Snow
20-40% more rainfall

Lower American River
9% less flows

Groundwater Reliance
11% increase

Extreme Heat Days
20 more per year (>100°F)

Wildfires
17% more frequent

River Temperature
3-5°F higher in summer

Extreme Precipitation
15% more intense

Flood Risk
19% higher
100-year peak flows
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Flood & Intense Storms

SIOrm mlensiy Incregses,
Runoff armves faster, Risk compounds,

B Larger, less predictable winter namce! everss
B Too much water for reserwairs 5o control

B Greater Food exposure for homes, roads,
2o levee systems

® More assets and vulneradle popedations in

2N B ‘---
v ! Grove’ Py _
.
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Extreme Heat
Extreme heat days increase
across ol planning aregs.

W More days abowve 95°F

N Hogher river temperatiures in the Lower
American River severely impacting wildlfe

W ncrexsed steess on samen and stecthead
{high=sensitraty system)

W Hgher urban cooling demand

® ncreased health rsks far wirerable
populations

Jppot
American

Wildfire

Wildfire probability and bum area
increase across the upper watershed,

vulnesabiities

B Reduced water storage capatity doe to
sedimentation

B Dywking water qualily negatively mpacied Laka Forpet
alter fire events

B Increased water temperatuee in fivers,
negatively impacting widife habitat )

B Smoke exposse and Jr Gualty impacts on
cammunities

B Forest health ransed among the highest b

Snowpock declines. Dry perods
lengthen. Storage reliability drops

® Dedinmng snowpack

® Eadier runoff timing

B Moee Intense ana frequent droughts

B Pariocs of no water accessible in reservalrs

W Greater relance on groundwater daring
muklyear drovoy

W Dryer landkscapes wieh oss water avallable
for planes



Equity Lens — VCP Analysis



Vulnerable Communities Platform 5..!.&7...,.."\

BUILDIN AMCES IN
NC FTHEFF LIF RMIA

RWA Watersheds
WRP vCP

High

_|_

Climate Hazard
Low — ™ High
Climate

LOW e

Low > High LOW e
Social Vulnerability Social

* Vulnerable Communities Platform is a state equity assessment tool released
by Office of Land Use and Climate Innovation

* First climate change focused equity assessment tool in the State (Cal Enviro
Screen focuses on pollution burdens)

* Intended to support state investment decision-making, including adaptation
planning, statewide initiatives, and programs under the 2024/2025 climate
bond (Prop 4).



Population Impacts - Extreme Heat: ‘Mid-Future’ RUA

BUILDING ALLIANCES IMN
NORTHERMN CALIFORMNIA
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Adaptation Strategies
& Actions



RUA

Adaptations Framework i

NORTHERM CALIFORNIA

3. Assess 4. Develop
Vulnerability Adaptation

1. Set the 2. Explore

SIEIE T & Risks Strategies

Adaptation Strategies (20+)

Stable overtime
Strategy 1 Strategy 2 Ex: Implement Sustainable

Groundwater Management

/

[ Action 1a }[ Action 1b }[ Action 1c J [ Action 2a J [ Action 2b } Adaptation Actions (130+)
Ex: Implement conjunctive use

and groundwater recharge.

l

Implementation Projects

new science, .

technology, & tools [ Project 1 } [ Project 2 } Ex: Flood-MAR and dry-well
recharge projects along the
Cosumnes River

Evolve overtime with




RUA

Development of Adaptations i

NORTHERN CALIFORNIA

Climate hazards (drought, heat, snowpack loss,
intense storms, shifting runoff, wildfire)

Ecological capacity constraints (forest, habitat,

Targeted to address and species health)
key vulnerability

drivers , _ _ , ,
Socio-economic capacity constraints (community

and agricultural resilience)

Built infrastructure capacity constraints (aging
systems, reservoirs, levees)



RUA

Implementation Plan i

NORTHERN CALIFORMNILA

Project Evaluation Framework:

Establishes how projects advance
from concept to implementation. We Coordination m
have evaluated projects based on the &Engagement
following:

* Alignment with adopted adaptation
strategies

e Contribution to climate risk
reduction and resilience

* Readiness and feasibility
* Funding alignment

e Community and institutional
support

Advocacy
& Policy

Project
Evaluation
Framework

Funding
Alignment

Equity
Lens



RWA Watersheds Website -R-Y»Z-~Aﬂ~

NORTHERMN CALIFORMNIA

English

@ Resilience | RWA Watersheds Resilience Program Participate Progress Connect News Plan RY’A

Regional Water Authority

BLALOING ALLLANCLS IN NORTHERN CALF ORNA

Building Resilience Together: The Future of
the RWA Watersheds

(American, Cosumnes, and Bear Rivers)

Welcome to the RWA Watersheds Resilience site — your hub for collaboration, innovation, and action. Here, we're working together to address climate
challenges, protect vital water resources, and create a sustainable future for our communities and ecosystems.
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https://rwawatershedsresilience.com/

devyani.kar@jacobs.com
jpeifer@rwah?2o0.org
rojakian@rwah?2o0.org
tapash.das@jacobs.com
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STOCKTON
EAST WATER
DISTRICT

FROVIDING SERVICE SINCE L4z

Calaveras River Watershed
Resilience Plan

California Water Environment Modeling Forum
Presented by: Dominick Amador
April 20, 2026

Woodard
& Curran



Developing the Watershed Resilience Plan
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Watershed Delineation

represents a combination of

hydrologic and operational
boundaries
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I Ana|ytha| FrameWOrk Environmental Modeling
| RiskArea | Impact

Hydrologic Modeling Footprint

__mpact intensity

Wildfire Ecosystem
Water Resources

Flood Space Management

Flood In-Stream Flood
Conditions

Risk Area

Hydrology

Environmental
Water Quality

Surface Water

Groundwater Use

S S Qualitative Analysis

Groundwater storage | RiskArea | impact

Groundwater Levels Aoricul
Interconnected Surface griculture
Water Urban

Inter-Watershed Dynamics

Forestry & Recreation

Zé Woodard & Curran .



Integrated Hydrologic Modeling

Local Model Climate Adaptation
Integration Vulnerability Strategies

Surface Water Infrastructure

Precipitation Reservoir Operations and Expansion Projects

Forecast-Informed Reservoir

Evapotranspiration Land Surface System Operations

Flood-Managed Aquifer
Recharge

Land and Fire Risk
Management

Stream Flow Stream System

Surface Water Operations Groundwater System

Zé Woodard &Curran




Watershed Modeling and the Integrated Toolset

» Integrated ESJWRM model (used for GSP) into DWR's "headwaters to
groundwaters” integrated modeling toolset

= Updated evapotranspiration, surface water operations and stream dynamics
= Modeled baseline and climate scenarios to assess vulnerability and adaptation

. Recharge
Rainfall Runoff Root Zone Model Obtimi 2
Sac-SMA | DAILY IDC | DAILY r(: RlAr:llliil L|\<{)n

_________________ ~ ESJWRM

( 1

System Operations Reservoir Operations : Groundwater Flow %
CalLite | MONTHLY HEC-ResSim | 3-HOUR : IWEM [ MONTHLY. !

\ I

Streamflow* Rainfall Runoff
HEC-RAS | 1-HOUR HEC-HMS | DAILY

,Zé Woodard &Curran




Climate Modeling

Projected range of likely climate changes over the Delta Catchment relative to the baseline 30-yr period 1992-2021

5

@SSP 2-4.5
SSP 3-7.0
.| |®@ssP5-85

S | |

Change in Temperature (°C)

1

0

Change in Mean Precipitation (%)

2020 2040 2060 2080

& WATER RESCURCES

DWR publication in progress. Please consult project team before sharing

,Zé Woodard &Curran

Stochastic Modeling

» Acknowledges global
climate uncertainty

» Simulates a wide range of
future climates/weather

» |dentifies operational
sensitivity at many levels

» Supports adaptive
Mmanagement



Stochastic Modeling
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DWR publication in progress. Please consult project team before sharing ¥ WATER RESOURCES

,Zé Woodard &Curran

Stochastic Modeling

» Acknowledges global
climate uncertainty

» Simulates a wide range of
future climates/weather

» |dentifies operational
sensitivity at many levels

» Supports adaptive
Mmanagement



Reservoir Conditions

Monthly Average New Hogan Inflow Monthly Maximum New Hogan Inflow
50]
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® P100 > | P100 T3
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10 50 . |
Climate Scenarios Climate Scenarios
Baseline Baseline
0 0
Oct Nov  Dec  Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep Oct Nov  Dec  Jan Feb  Mar  Apr May  Jun Jul Aug  Sep

» Water Supply (Average Inflow): » Flood Risk (Maximum Inflow):

= Decreases with higher temperatures = |[ncreases with higher temperature
= Due to ET/storage in the upper = Due to more extreme precipitation
watershed events

,Zé Woodard &Curran



Groundwater Budget
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—1 Groundwater Pumping I Deep Percolation = Gain From Stream System

[—Inflow from Foothills I Canal and Reservoir Recharge T Subsurface Flow from Adjacent
I Reduction in GW Storage e Cum. Change in Storage =~ eseess Cum. Change in Storage T2P100

e= « Cum.Change in Storage GSP CC
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Baseline vs +2*C

Stream-Aquifer Interaction

» TOP100 58,800 AFY
» T2P100 63,600 AFY
» Difference +4,800AFY

» TOP100
» T2P100

» Difference
AFY

Reduction in Storage

» TOP100 14,100 AFY

» T2P100 32,000 AFY

» Difference +17,900
AFY

131,900 AFY
150,500 AFY
+18,600



Groundwater

TOP100

T1P088
T2P088
T3P088
T4P088

T5P088

T1P100
T2P100
T3P100
T4P100

T5P100

T1P113
T2P113
T3P113
T4P113

T5P113

-600,000

O Groundwater Pumping
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Budget

I4,100

-433,000 _ 131,900
-470,700 154,500
-486,200 160,900
-506,000 170,100
-523,200 177,900
-538,800 182,000
-448,600 139,100
-468,900 150,500
-487,300 159,200
-507,400 169,600
-522,300 174,900
-430,000 122,800
-450,400 134,600
-472,200 146,500
-487,900 154,400
-505,100 162,400
-400,000 -200,000 0 200,000 400,000

40

W Deep Percolation W Gain From Stream System O Inflow from Foothills @ Canal and Reservoir Recharge @ Subsurface Flow from Adjacent

600,000

[ Reduction in GW Storage

Baseline vs +2*C

Stream-Aquifer Interaction

>

>

>

>

>

>

TOP100
T2P100
Difference

TOP100
T2P100
Difference

58,800 AFY
63,600 AFY
+4,800AFY

131,900 AFY
150,500 AFY
+18,600 AFY

Reduction in Storage

>

>

>

TOP100
T2P100
Difference

14,100 AFY
32,000 AFY
+17,900 AFY




Calaveras Watershed Resilience Plan
I Climate Change Impacts

Change in GWL after 50-year Simulation

Well: 02NOBE15M002

Temperature = +2*  Precipitation = 100% 4
i 10
Baseline Avg: -17 ft
+2* CC Avg: -36 ft ™
:-I_D__l_fference: -19 ft |- 2
- —20 g
2
- -30 =
- G
i _40 1.
- —50
-150 1
|GSE = 84.0 ft.]

2000 2010 2020 2030 2040 2050 2060 2070
Year

e Historical e TOP100 e T2P100 —-——— MT -== MO e Observations
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Modeling Assumptions — Projects

- Tier 2 Avg Yield
Project Name Water Source Recharge Tier 1 Tier 2 Pro;e.ct
Type Capacity TOP100 T2P100
Reg-02 & Clements pipeline Calaveras WAFR Direct X X 18,000 9,400 7,900
(Ph1 + Ph2) Calaveras Contract In-Lieu X X 1,500 800 /700
Surface Water Expansion Calaveras and Stanislaus In-Lieu X X 13,500 7,000 6,000
West Groundwater Recharge Basin  Calaveras and Stanislaus Direct X X 16,000 8,300 7,100
Flood-MAR Calaveras WAFR Direct X X 20,800 10,900 9,200
Beckman ASR Well Mokelumne Direct X X 300 200 100
West Linden Project Calaveras and Mokelumne Direct X X 11,600 6,000 5,100
Reg-03 Spills Direct X X 1,000 500 400
Reg-05 Spills Direct X X 300 200 100
Calaveras WAFR Direct X 3,100 1,600 1,400
Demartini Pipeline .
Calaveras Contract In-Lieu X 800 400 300
Calaveras Contract Direct X 2,200 1,200 1,000
Houston Pipeline .
Calaveras Contract In-Lieu X 1,200 600 500
Calaveras Contract Direct X 1,400 /700 600
Mosher Pipeline .
Calaveras Contract In-Lieu X 500 200 200
Mosher Creek Recharge Basin \f\fA'i‘;fras CeniEEtElme Direct X 19,300 8,300 6,900
East Mosher Creek Recharge Area S;L?:\&eras Contract ana Direct X 16,600 7,100 5,900
Total 128,100 63,400 53,400

Tier 1

Tier 2



Model Results — T2P100
) Project Impact + Climate Change Impact

Annual Average - Groundwater Budget T2P100

Component
_ -472
Groundwater Pumping -j%i
» Projects Yield 31,800 53,400
Reduction in Storage !1%4
Deep Percolation +1,000 +1,500
Recharge 35 5181
Inflow from foothills 0 0
Gain from the Stream System ! 5%5
& Boundary Conditions -800 -1,300
Inflow from Foothills 5 gg
| 145 Recharge +25,300 +46,200
Subsurface Flow | Illleza
s Groundwater Pumping -6,000 +7,600
Deep Percolation - %%
Gain from Stream -5,200 -7,500
-600 -500 -400 -300 -200 -100 0 100 200
adjacent areas
W Baseline ETierl OTier 2 .

Change in GW storage +10,000 +17,800

,Zé Woodard &Curran



Groundwater Level Contours

I Difference in GWLs after 50-year simulation period

Difference in Groundwater Level - Tier 2 TOP100 56

,_.
4"/

- 24

- 16

,Zé Woodard &Curran

Comparison against Baseline and

Climate Scenario (ft.)

Climate

Calaveras

Non-

City of

Change Scenario Watershed District SEWD £CWD Stockton GDE
TOP100 No-Action 0 0 0 0 0 0
TOP100 Tier 1 +11 +9 +15 +6 +6 +4
TOP100 Tier 2 +13 +10 +6
T2P100 No-Action -9 -11 -8
T2P100 Tier 1 -9 -11 -6 -3 -6 -5
T2P100 Tier 2 0 -5 +6 +2 -2 -3




Summary and Key Findings

Key Climate Change Risk Adaptation Strategies Make a

Difference

& Increased water demand (+3.8%)

Evapotranspiration (+3.2%) Water Supply

Reliability « 8,800 AFY of surface water

7y No change in average precipitation (+0%)
Increased extreme precipitation (+14%) Groundwater « 55,000 AFY of recharge

. VSTl - 18,000 AFY of increase storage
& Greater flood risk (+3%)

Reduced surface water deliveries (-13%)

Wildfire Intensity

Reduced aquifer storage (-117%) and Erosion
groundwater levels (-20 feet)

« Reduces burn probability (24%)

I ° I (o)
A\ Wildfire risk concentrated in upper watershed Flood Risk Reduces peak daily flows (44%)

,Zé Woodard &Curran
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Population
> 43,800 people

Area
° 226 sq mi

Elevation
> Highest: 6,010 ft
o Lowest: sea-level

Jurisdictions
o Forest Service: 47.7%

o Counties: 49.1% Ventura, 3.9% Santa Barbara
o Cities: 1.9% Ojai, 1.2% Ventura
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Draft Adaptation
Strategies & Actions

DEBBEE

Established Assets
& Resources
in the watershed

Qualitative |
4 Vulnerability Screening and
Historic Water Assessmen : Key Prioritization

Budget Vulnerabilities
N |
Highly Vulnerable . i
Key Adaptation Strategies
Network Assessment water resource system 2 Actions

assets/features _
to protect against key

vulnerabilities

l

Implementation
Quantitative Flood Roadmaps

Assessment

Engagement with
Overburdened
Communities
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Recent Historical Water Budget
o GSFLOW outputs mapped to water budget components

o Future studies could analyze pre-development historical, future climate, etc.

Flood Assessment: sophisticated runoff analysis
> VIC hydrologic projections

> Hydraulic interpretation in case studies

Contributions
> Demonstrated use of data that was not accessible before

> Developed and distilled new data products for the watershed
> Coalesced watershed around adaptation ideas in a non-regulatory environment



SRS

State Models
o Climate projections -> CCCA5 LOCA2-Hybrid CMIP6

> Hydrologic projections -> CCCA5 VIC
o Costal storm projections -> CoSMoS

Local Models
o GW & SW models

< © Integrated GW-SW models -> GSFLOW — Historical Water Budget
> Hydraulic models -> FEMA HEC-RAS
o Sediment transport models

o Water supply models



Groundwater Water Budget

-150000 -100000 -50000 0 50000 100000 150000
2017

2016
2015
2014
2013
2012

2011

2010

2009

Recent-Historical Water Budgets 2008
> Total o

2006
° Land

o Surface water 2004

2003

o Groundwater .

2005

Water Year

> 4 groundwater subbasins 01

2000

Method

1998

o Group GSFLOW output variables by water budget 1997
component 1996

1995

o Synthesize vulnerabilities & relate to adaptation

1994

St rategies -150,000 -100,000 -50,000 0 50,000 100,000 150,000
Annual Volume (acre-feet)
Inflow mmmm Recharge of All Applied Water and Precipitation

m Managed Aquifer Recharge
 Groundwater Gain from Stream

1 1 Groundwater Gain from Lake

e Subsurface Inflow from External Basins

Outflow m Groundwater Extraction All
s Groundwater Loss to Stream and Surface
s Groundwater Loss to Lake
mmmmm Riparian Evapotranspiration
m Subsurface Outflow To Other Zones (w/fin Basin, outside VRW)
. Subsurface Outflow to Outside of Basin (Ocean)

Difference — Change in Storage
= = Cumulative Change in Storage




Flow Type

Inflow
Inflow
Inflow
Inflow
Inflow
Inflow
Inflow

Inflow

Outflow
Outflow
Outflow
Outflow
Outflow
Outflow

Outflow

Storage
Change

Origin/
Destination

Between Systems

Component

Recharge of Applied Water

Between Systems

Recharge of Precipitation

Between Systems

Managed Aquifer Recharge

Between Systems

Groundwater Gain from Stream

Between Systems

Groundwater Gain from Lake

Between Systems

Conveyance Seepage

Into Zone

Subsurface Inflow

Into Zone

Between Systems

Water Release Caused by Land Subsidence
Total Inflow

Groundwater Extraction

Between Systems

Stored Water Extraction

Between Systems

Groundwater Loss to Stream

Between Systems

Groundwater Loss to Lake

Out of Zone

Subsurface Outflow

Out of Zone

Groundwater Export

Out of Zone

Stored Water Export
Total Outflow

Change in Groundwater Storage

Example Water
Budget
Components



Flow Type Water Budget Component GSFLOW Output Variable(s)

Inflow Recharge of Applied Water and Precipitation RechargeUnsat2Sat_Q
Inflow Managed Aquifer Recharge Calculated OWTS Recharge’
Inflow Groundwater Gain from Stream SFR_To_GW (LIST_File)
Inflow Groundwater Gain from Lake LAK _To_GW (LIST_File)
Inflow Conveyance Seepage N/A
Inflow Subsurface Inflow GHB_In (LIST_File) E ‘ W
Inflow Water Release from Land Subsidence N/A Xa m p e a te r
Outflow Groundwater Extraction NetWellFlow_Q
Outflow Stored Water Extraction N/A B u d et
Outflow Riparian Evapotranspiration SatET_Q g
Outflow Groundwater Loss to Stream GW _To_SFR (LIST File)
Outflow Groundwater Loss to Lake GW_To_LAK (LIST File) C O m p O n e n t S
Outflow Subsurface Outflow’ NetBoundaryFlow2Sat_Q
Outflow Subsurface Outflow to Ocean CHD_Out (LIST_File)
Outflow Groundwater Export N/A
Outflow Stored Water Export N/A
Change in Storage Sat_S
Note:

1. Onsite Wastewater Treatment System (OWTS) flow reflected as MAR quantity. Calculation from
VRW GW-SW Model post-processed GSFLOW output files.

Key:

N/A = Not applicable: Water budget components are not included because their flows are either
negligible in the Ventura River Watershed or cannot be represented in GSFLOW.

Not used: The Water Budget Components defined in the DWR Water Budget Handbook as
“Within System” are not applied (i.e. “not used”), as use would lead to double-counting of flows
within the water budget.




Adaptation Strategies

Characteristic /
Vulnerability

Primary water source
dependency

Limited water storage

Interconnected water systems

Variable groundwater recharge

Limited managed aquifer
recharge

Major water outflows

Major water outflows

Description
The watershed relies on precipitation as its main water source,
creating vulnerability under climate change

Storage capacity is constrained by geology and topography; Lake
Casitas is the only major reservoir

Groundwater and surface water are highly interconnected and jointly
used by many users

Recharge depends on water-year type; aquifers have limited storage

Recharge is currently limited to supply from a wastewater treatment
system

Significant losses from evapotranspiration

Significant losses from discharge to ocean

Adaptation Measure(s)

Diversify water sources

Expand water storage and conservation programs

Improve equitable water resource management
Infiltrate elevated runoff to increase recharge where feasible
Diversify and expand infiltration and recharge opportunities

Reduce inefficient water use (e.g., invasive species, overwatering,
water-intensive plants)

Increase permeable areas (e.g., parks, green infrastructure,
infiltration basins) where feasible

Strategy(ies)

2.3

22,23

1.3,2.2
1.2,4.2

1.2,4.2

14,2.2,6.1,6.2,6.3

3.2,42,51




SR =

Statewide Models
o Climate projections -> CCCA5 LOCA2-Hybrid CMIP6

> Hydrologic projections -> CCCA5 VIC
o Costal storm projections -> CoSMoS

Local Models
o GW & SW models

Integrated GW-SW models -> GSFLOW
Hydraulic models -> FEMA HEC-RAS
Sediment transport models

(0]

(0]

(0]

Advantages:

leverage previous work

Challenges:

not duplicating planned/ongoing work, but complementing

(0]

Water supply models



SRS

Statewide Models
o Climate projections -> CCCA5 LOCA2-Hybrid CMIP6

— ° Hydrologic projections ->CCCASVIC — . Hydrologic Projections
o Costal storm projections -> CoSMoS

Local Models
o GW & SW models

° Integrated GW-SW models -> GSFLOW
< ° Hydraulic models -> FEMA HEC-RAS —— Hydraulic Assessment
o Sediment transport models

o Water supply models
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6 locations
> Span upper and lower watershed locations

> Flood response varies with catchment size

> Smaller upstream catchments show larger %
Increases

San Antonio Creek

San Antonio Creek near Ventura River
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6 locations
> Span upper and lower watershed locations

> Flood response varies with catchment size

> Smaller upstream catchments show larger %
Increases

Total Runoff Volume, in Thousand Acre-feet

1-Day Maximum

0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6

Cumulative Probability

San Antonio Creek

San Antonio Creek near Ventura River Confluence
Ventura River at Robles Diversion

----- Ventura River at Santa Ana Blvd

- == Ventura River near Casitas Springs

— Ventura River near W Stanley Ave

0.8 1.0
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projections distant future

0.8

0.6

0.4

projections near future
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High

Medium

o Distinguished between near & distant-future periods
° Analyzed groups of projections to emphasize trends

° Analyzed different sampling methods

Methods

1.0

0.2

0.2

Cumulative Probability
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Methods
o Distinguished between near & distant-future periods

NF, Quantile Delta, 90

> Analyzed groups of projections to emphasize trends  NF, Quantile Delta, 95

° Analyzed different sampling methods
NF, Simple Delta, 50/90/95 -

DF, Quantile Delta, 50

DF, Quantile Delta, 90

DF, Quantile Delta, 95
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Interpretation of hydrologic projections
o Utilized stage-discharge relationships

o Leveraged existing FEMA models

Return Period (yrs)

120

100

80

60

40

20

40% increase

>
o o
@ Historical Flow @ Projected Flow (Average)
] ®
[ ®
20,000 40,000 60,000 80,000 100,000 120,000
Flow (cfs)

Lower watershed example location




Key Characteristic . .. . .
A M
/ Vulnerability Description daptation Measure(s) Strategy(ies)
Annual peak flow events are
Increasing peak projected to increase in
flow magnitude magnitude by the end of the
century

Modernize infrastructure
design criteria to address 4.1
increased runoff

Flood depths are expected Mitigate flood impacts in
Elevated flood . . . :
to increase in areas adjacent developed areas via non- 4.2

[ ]
depths to rivers during flood events structural adaptation Ad a ptatl O n

Peak flow timing (winter and Pursue managed recharge

[
Consistent timing early spring) and duration or increase natural 4.9 St rategl es

of flow events are expected to remain recharge potential where
relatively consistent feasible

Overall vulnerability to
Increasing flood  flooding is projected to Refine emergency response
vulnerability increase significantly by the plans

end of the century

7.2
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