
Russian River
Watershed Resilience Pilot 

Watershed Network ӛMeeting 4

December 10, 2025
Funding for this project has been provided in 

full or in part from the Budget Act of 2022 
and through an agreement with the State 

Department of Water Resources.



News from around the Watershed

ÁWhile we wait for folks to join, please post any news from around the watershed in the 
chat

ÁNews could include:

ҍ Achieving project milestone.

ҍ Citing of an interesting bird, mammal or amphibian. 

ҍ Funding news

ҍ Celebration of a community member

ҍ !ƴȅǘƘƛƴƎ ŜƭǎŜ ȅƻǳΩŘ ƭƛƪŜ ǘƻ ǎƘŀǊŜΦ



Interpretation Captioning

Å Elegir su idioma en la caja que parece 
después de unir la reunión. Haga clic 
љsaveò

Å Select your speaking language on the 
dialog box that appears after you join, 
hit save

Å Apague capciones por navegar al botón 
ĲŰШũċШƓċŰƣċũũċЯШĲũŔŊĲШљƚőŸƽШcaptionsњ

Å Now turn on captions by going to the CC 
button on the Zoom toolbar and 
ĦőŸŸƚŔŰŊШљƚőŸƽШĦċƓƣŔŸŰƚњ

Å En el menú que aparece, prenda 
traducción

Å In the menu that appears, turn on 
translation

Å ũШũċĬŸШĬŸШљůǃШĦċƓƣŔŸŰШũċŰŊƨċŊĲњЯШċĤƖċШ
el menú para elegir su idioma preferida

Å ĲǂƣШƣŸШљ~ǃШĦċƓƣŔŸŰШũċŰŊƨċŊĲњЯШŸƓĲŰШ
the menu to select your preferred 
language



Welcome
Chris Delaney, Project Manager, Sonoma Water
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Meeting Objectives

1.Provide updates on climate and hydrology analyses

2.Present updates to the quantitative and qualitative 
vulnerability assessment, including integrating equity into 
assessment.

3.Introduce adaptation strategy development process and 
platform to provide feedback

4.Kickoff adaptation strategies



2G<9QӐK ?=F<9

ÅWelcome & Introductions ӛ Chris Delaney

ÅUpdate on Climate & Hydrology Analyses ӛ Armin Munévar, Tapash Das

ÅUpdates to Vulnerability Assessment ӛ Jacobs Team

ÅBreak

ÅAdaptation StrategyDevelopment Process ӛ Armin Munévar

ÅOnline Interactive Tool - Adaptation Strategies ӛ Laura Harnish

ÅClosing & Next Steps ӛ Chris Delaney



Watershed Network Meetings and Topics
Meeting WRP Stage Goals Preparatory Work/Meeting Material

#1
FEB 2025

1. Setting the Stage Introduce plan; review goals and 
vision;review/confirm watershed boundary;initiate 
goals and vision

Project fact sheet
GIS mapping of boundary
Draft Vision

#2
MAY 6 
2025

2. ExploreHazards
3. Assess Vulnerabilities and Risks

Review hazards; identify and describehistorical 
events and impacts; describefuture hazards; gap 
analysis
Framing of vulnerability and riskassessment

Historical hazard summary
Projections of change
Gap analysis
Draft vulnerability metrics

#3
SEPT 16

2025

3. AssessVulnerabilities and risks Review of vulnerability and riskassessment
Integrate Network Members observations of 
vulnerabilities across water resource sectors

Draft vulnerability and risks assessmentresults

#4
DEC 10
2025

3. AssessVulnerabilities and risks
4. DevelopAdaptation
strategies

Review refined vulnerability assessment
Identify adaptation strategies forconsideration

Vulnerability and risk assessment results
Initial framing and identification ofadaptation 
strategies

#5
FEB
2026

4. Adaptation Strategies Review evaluation of adaptationstrategies Draft adaptation strategy list and evaluation

#6
MARCH
2026

5. Implement & Monitor Identify possible implementation 
paths;recommendations for plan

Draft implementation paths for strategies
Draft recommendations for plan



Russian River Watershed Resilience Website

https://russianriverwatershedresilience.org/ Bookmark, register, engage ... track progress of the Plan!



Water Resource Vulnerability
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Climate and Hydrology Update
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Water Resource Vulnerability
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Temperature
Change in Annual Temperature for the Russian River Region     

Surface Water Supply

Ecosystem 

Impacted Sectors

Groundwater Supply

Historical (1981-2010) Mid Future (2041-2070) Late Future (2071-2100)

Average increase by 3.7 oF Average increase by 6 oF

Å Temperature increase is consistent across the future periods. 
Å Temperature is projected to rise by 3.7 oF during mid-future and nearly 6 oF by late future.
Å Projected increase varies across various climate projections

Average value of 57 oF





Precipitation
Change in Annual Precipitation for the Russian River Region     

Impacted Sectors

Historical (1981-2010) Mid Future (2041-2070) Late Future (2071-2100)

Average increase by 2.9% Average increase by 5%

Surface Water Supply

Groundwater Supply

Hydropower

Ecosystem 

Å Precipitation increase is consistent across the future periods.
Å Precipitation is projected to increase by 3% during mid-future and 5% by late future.
Å Some localized area are projected to face decrease in precipitation.

Average value of 43 inch



Extreme Precipitation
Change in Extreme Precipitation for the Russian River Region     

Impacted Sectors

Historical (1981-2010) Mid Future (2041-2070) Late Future (2071-2100)

Average increase by 6.3% Average increase by 16.9%

Flood Management

Groundwater Supply

Surface Water Supply

Å Spatial variation of the change in similar to annual precipitation.
Å Extreme precipitation is projected to increase by 6% during mid-future and 17% by late future.
Å Increase in extreme precipitation is the primary driver of flood risks.

Average value of 6 inch



Wildfire Probability
Wildfire Probability for the Russian River Region     

Impacted Sectors

Historical (1981-2010) Mid Future (2041-2070) Late Future (2071-2100)

Average Probability of 18% Average Probability of 22%

Ecosystem 

Water Quality 

Surface Water Supply

Flood Management

Average Probability of 13%

Å Northern and central regions are more susceptible to wildfires.
Å Increase in drought will make the region more vulnerable to wildfires in future.
ÅWildfire causes water quality issues, loss of vegetation and biodiversity. 



Understanding Russian River Past, Present, and Future Hydrology
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Understanding Russian River Past, Present, and Future Hydrology

ÁStreamflow Statistics Comparison
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2,188
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897
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Streamflow Reconstruction (1582-2004)

Streamflow at Healdsburg (TAF)
Paleo Reconstruction 

(1582 ς 2004)
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Instrumental 
(1911-2025)

Units: TAF

Projections 
(2026-2100)
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Future (2026-2100)

Projections (2026-2100)

2,869



Drought Severity and Duration ӛ Historical
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Drought Severity and Duration ӛ Paleo
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Drought Severity and Duration ӛ Projections
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Discussion

ÁDo any of these climate and hydrology results surprise you?

ÁAre the impacted sectors consistent with your understanding? Other impacts?

24



Quantitative Information to Support Vulnerability 
Assessment

Project Team



Water Resource Vulnerability
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Initial Qualitative Vulnerability Assessment

ÁProject Team initial qualitative 
vulnerability assessment

ÁWatershed Network input
ҍOnline tool input

ҍGroup and individual discussions

ÁOver 150 vulnerabilities identified 
across the watershed and in every 
water resource category

ÁQuantitative evaluation using models 
to enhance understanding



Vulnerability Assessment ς Enhancing with Quantitative Information
Tool Surface Water 

Supply
Groundwater 
Supply

Flood 
Management

Ecosystem Water 
Quality

Recreation Hydropower

Basin Characterization Model (BCM) X X X

Russian River System Model HEC-ResSim X X X

Sonoma Water Decision Support Model X X X

Russian River Groundwater Surface Water Flow (GSFLOW) Model
X

Potter Valley Integrated Groundwater-Surface Water Model X

Groundwater Sustainability Plan Integrated Surface and 
Groundwater Computer Models

X

Russian River HEC-HMS X

Santa Rosa Creek HEC-HMS X

Russian River Flood HEC-ResSim X

Russian River and Santa Rosa Creek HEC-RAS X

HEC-ResSim Water Quality Model X X

Quantified Conceptual Model (QCM) X X

Suitable Habitat Acre-day Model X X

Power Tools for Hydropower X



Water Resource Vulnerability
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Modeling Analysis Summary 

ÅModeling was conducted 
using a watershed-wide 
hydrologic model (BCM) and 
two system models (HEC-
ResSim and SW DSM)

Å41 future climate projections

ÅDaily simulation 1950-2100 
using current and future 
demand and operational 
assumptions

ÅAnalysis of results in 
comparative mode

BCM and HEC-ResSimSW DSM



Lake Mendocino and Lake Sonoma Storage 
under Future Projections

Historical Climate >> Future Climate >>

Lake Sonoma

Lake Mendocino

Significant Droughts

4 3 7

Projection: ECE_585



Surface Water Supply: Key Findings

ÅUpper Russian River water users will experience growing water supply reliability 
challenges
ÅReduced Eel River imports due to: (1) PVP decommissioning, (2) loss of upper watershed 

snow storage, (3) more variable Eel River hydrology
ÅPotter Valley water supply for late spring-summer agriculture uses will be unavailable in 

many years without substantial adaptation
ÅLake Mendocino storage will experience greater frequency of low storage
ÅAbility to maintain Lake Mendocino releases for downstream Russian River uses will be 

challenged in some years

ÅLower Russian River water users are less impacted, but longer and more severe 
droughts will stress the system
ÅLake Sonoma is stressed more in the future, but appears capable of supplying lower river 

and Sonoma Water transmission system customers
ÅSeveral future realizations result in simulated storage lower than historical lows
ÅOperational adaptation and water management could lessen impacts



Informing Adaptation Strategies for Surface Water Supply

ÅUpper River strategies that address greater seasonal and annual variability 
in flows is critical to maintain reliability
ÅStorage, conjunctive use, demand management

ÅLower River strategies that address longer and more severe droughts
ÅMulti-year drought options such as regional water banks



Water Resource Vulnerability
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Russian River GSFLOW ModelӜAssessing Climate Change impacts on 
Groundwater/Surface -Water Interactions 

What does GSFLOW simulate? 
Å GSFLOW integrates all major hydrologic processes (rainfall-runoff processes, integrated surface water and groundwater 

hydrology, agricultural water allocation and reservoir operations) to evaluate feedbacks between these systems.

How can GSFLOW be used to evaluate climate change impacts? 
Å 2@= EG<=D KAEMD9L=K >MLMJ= ;DAE9L= ;@9F?= AEH9;LK GF 0MKKA9F 0AN=J @Q<JGDG?Q MF<=J 9 ӏFG .4. LJ9FK>=JӐ K;=F9JAG MKAF?

CMIP5 climate forcings (Four climate models; RCP 4.5 and 8.5; 2016ӛ2099). Results were compared with a historical scenario 
(1990ӛҐҎҏғӧ 9DKG KAEMD9L=< MF<=J 9 ӏFG .4. LJ9FK>=JӐ K;=F9JAGӄ

Å Major water budget components (e.g., 
precipitation, runoff, streamflow, 
groundwater/surface-water interaction, 
groundwater storage, evapotranspiration, 
demands) were compare for historical 
and future simulations

Å Results were evaluated over the full 
watershed, as well as for four major 
subbasins
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Season

Increases in magnitude and intensity of DecӛFeb 
precipitation and runoff result in ~1.3X greater stream 

recharge of groundwater

Seasonal Groundwater/Surface-Water Interaction in Russian River Watershed         

Earlier streamflow recession and early onset of ET demand 
causes directional switch from stream losing to stream gaining 

(i.e., less stream recharge of groundwater) during MarӛMay.

GSFLOW Results: Impacts of Climate Change on Hydrologic ResponseӜGW/SW Interaction 
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Wet (Dec-Feb) Wet-to-Dry (Mar-May) Dry (Jun-Aug) Dry-to-Wet (Sep-Nov)

Season

Increases in stream recharge during DecӛFeb result in 
~1.2X greater increases in groundwater storage

Switch from stream losing to stream gaining (i.e., less stream 
recharge of groundwater) during MarӛMay results >2X Greater 

reductions in groundwater storage.

Seasonal Groundwater change in storage in Russian River Watershed         

GSFLOW Results: Impacts of Climate Change on Hydrologic ResponseӜGroundwater Storage 



Upper River

Alexander
Valley

Dry Creek

Lower River

Russian River GSFLOW ModelӜImportant Findings

Future Climate Change impacts:

Å Greater seasonal variability of groundwater 
storage; i.e., greater storage increases during 
winter, and greater storage losses during spring 
and summer

Å Increases in magnitude and intensity of winter 
precipitation and runoff results in greater winter 
stream recharge of groundwater.

Å Earlier streamflow recession and earlier onset of 
ET demands reduces stream recharge of 
groundwater during spring, which, in turn, 
contributes to greater dry-season reductions in 
groundwater storage 

Results show some variability, but similar behavior 
across the 4 major subbasins.

The Russian River GSFLOW model is an integrated modeling tool that simulates 
feedbacks between surface water and groundwater processes, water demands, 
and reservoir operations.



ÅChanges in recharge from precipitation and streamflow, increased temperature, land 
use changes, and groundwater pumping are driving the projected changes in 
groundwater storage:

ÅOpportunities linked with integrating groundwater with surface water management 
through recharge projects

ÅOpportunities linked with developing projects that recharge aquifers by storing 
excess water during wet periods for use in dry seasons

Considerations for Adaptation Strategies



Water Resource Vulnerability
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Flood Management: Extreme Precipitation is 
Increasing



Flood Management: Analysis
ÅHydrology Model(HEC-HMS) 

with Increased Rainfall

ÅReservoir Operations Model 
(HEC-ResSim) with Increased 
Inflows

ÅHydraulic model (HEC-RAS) 
with inputs from HMS and 
ResSim

ÅMultiple Events (25, 50, 100-
year floods and multiple 
future climate conditions

ÅFinal outputs are shapefiles of 
inundation overlayed with 
structures and population 
layers

HEC-HMS HEC-ResSim HEC-RAS



Flood Management: Findings

ÅDoubling of impacted residences for 
100-year flow by late century in 
Russian River watershed

ÅSix-fold increase in impacted residences in 
Santa Rosa Creek watershed for 100-year 
flow by late century

ÅLarger impacts at smaller events in Santa 
Rosa



Supporting Adaptation Strategies

ÅIdentify neighborhoods most at risk from increased flooding under future 
climate scenarios

ÅIdentify risks to evacuation routes and depths of flooding on critical 
roadways

ÅIdentify travel time for flood waves of overland flow through urban areas

ÅIdentify areas of likely future flooding where land use considerations 
should be informed



Water Resource Vulnerability

Resilience Planning ӛ Recreation & Hydropower

2. Explore 
Hazards

3. Assess 
Vulnerability

4. Develop 
Adaptation 
Strategies

5. Implement 
& Monitor

1. Set the 
Stage

Flood Management

Water Quality 

Hydropower

Surface Water Supply

Ecosystem 

Recreation

Groundwater Supply

Community & Equity

Future Climate Scenarios

Watershed Hydrology

Identify Strategies  

Evaluate Strategies

Prioritize &

Recommend Strategies 

February 

Meeting 

Topics



Recreation Assessment: Approach

ÅSpreadsheet analysis that leverages ResSim/ 
GoldSim daily flow and reservoir elevation outputs 
and recreation-related thresholds identified in the 
Fish Habitat Flows and Water Rights Project Draft 
EIR.
ÅLakes: boating & camping

ÅRussian River: boating, fishing, swimming, & public 
access

ÅTies swimming and public access considerations to 
selected river reaches but does not include specific 
thresholds for all recreation activities.



Recreation Assessment: Findings
ÅRecreational opportunities are vulnerable to decreases in Upper River 

flows.

ÅOn average, future climate conditions indicate that the availability of 
recreational opportunities for Lake Mendocino and the Russian River are 
projected to decrease by 2 to 25 days, depending on location.
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Hydropower Assessment: Findings & Approach

ÅHydropower generation is vulnerable to decreases in annual surface water 
supply. 
ÅOn average, future conditions indicate that hydropower generation at Lake 

Mendocino is projected to decrease by 18%. Lake Sonoma hydropower 
generation is relatively unchanged (within 1% change).
ÅUtilizes daily reservoir elevation and releases to estimate releases through 

turbines and subsequent hydropower generation.
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Considerations for Adaptation Strategies

ÅChanges in precipitation and subsequent hydrologic responses from the 
watershed are driving the projected changes to recreation and 
hydropower sectors:
ÅRecreational opportunities at reservoirs are directly tied to reservoir management 

and surface water availability in summer months.

ÅRiverine recreational opportunities are linked to reservoir releases, surface water 
diversions, and management of downstream facilities.  

ÅHydropower generation is reliant on annual surface water availability and routing 
releases through turbines.
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Ecosystem & Water Quality

ÅEcosystem flows, habitat, and water quality 
being assessed for entire Russian River system

ÅWater quality modeling in progress

Å2G<9QӐK >G;MK GF 0MKKA9F 0AN=J #KLM9JQ
analyses

HEC-ResSim Water Quality Model

Russian River 
Estuary Models



Russian River Estuary



Å Rivermouth (or óinletô) is closed by 

waves for 25% of the year

ÅóClosureô periods are natural. Many 

species have evolved to take 
advantage of them.

Typical Habitat Conditions in the Estuary



Future Conditions

ÅWarmer air temperatures 

Å Less coastal fog

ÅWarmer river flows entering estuary

Effects

ÅWarmer water temperatures in the 

estuary

Å Less suitable habitat for fish species
 

Changes to Aquatic Habitat in the Estuary: Warming



Future Conditions

Å Change in the intensity and 

timing of rainfall

Å Sea level rise

Å Changes in wave conditions

Effects

Å Change in the in the amount of 

inlet closure per year
 

Changes to Aquatic Habitat in the Estuary: 

Future sea levels and runoff
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