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Executive summary 

Overview 

The American, Bear, and Cosumnes River watersheds supply drinking water to more than  
2 million people; support agriculture and local businesses; generate hydropower; sustain fish and wildlife; 
and provide valued recreational opportunities. Together, they account for approximately 8% of 
California’s developed water use. 

These watersheds face increasing pressure from climate change. Longer droughts, reduced snowpack, 
more intense wildfires, heavier storms, and greater flood risk are altering how water moves through the 
system. Snowpack is melting earlier, and more precipitation is falling as rain rather than snow, making it 
more difficult to balance water supply, flood protection, ecosystem health, and community needs. 

In 2024, the California Department of Water Resources (DWR) launched the Watershed Resilience Pilot 
Program, selecting the Sacramento region as one of five pilot areas statewide. The program takes a 
watershed-scale approach—examining water, land, forests, ecosystems, and communities together—to 
develop a science-based plan for long-term resilience. 

The Regional Water Authority is leading the effort in partnership with local agencies, Tribal governments, 
State and Federal partners, and community members. The resulting plan—called the RWA Watersheds 
Resilience Plan (RWA WRP) achieves the following: 

 Identify key climate risks across the watersheds.

 Assess vulnerability across major systems, including water supply, groundwater, flood management,
ecosystems, water quality, recreation, hydropower, agriculture, and urban water use.

 Identify 19 adaptation strategies supported by 129 actions.

 Establish a roadmap for implementation and investment.

The plan integrates climate modeling and hydrologic analysis with stakeholder and community input, 
embedding equity throughout, to create a coordinated, science-based roadmap for long-term watershed 
resilience. 

The Watershed Planning Area 

The RWA WRP examines the full, interconnected water system that supports the Sacramento region—from 
Sierra headwaters to valley communities—recognizing how surface water, groundwater, and flood risk 
function together across the entire American, Bear, and Cosumnes River watersheds; their key tributaries; 
and the City of West Sacramento.  

The planning area includes critical water infrastructure such as Folsom Reservoir, extensive groundwater 
basins, and ecologically significant river corridors. It is home to diverse communities, ecosystems, and land 
uses that are increasingly affected by climate-driven changes. DRAFT
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Boundaries were developed in coordination 
with DWR and regional partners. They build 
on prior State and Federal studies but 
expand where necessary to capture 
hydrologic connections and climate risk 
across the system. Several examples follow: 

 The Cosumnes River watershed is
included, because it supplies Sacramento
County and is hydrologically connected
to groundwater basins that interact with
the American River.

 The north slope of the Bear River and the
south slope of the Cosumnes River are
included to capture complete inflows
across watershed divides.

 The City of West Sacramento is included,
because floodwaters from the American
River and tributaries ultimately move
toward the Sacramento River, influencing
regional flood management.

Earlier studies used boundaries tailored to 
specific programs or objectives. This plan 
adjusts those lines to reflect watershed-scale 
hydrology, groundwater connectivity, flood 
pathways, and climate exposure. 

Community Engagement, Tribal Partnership, and Vision 

The RWA WRP builds on decades of regional collaboration among water agencies, environmental 
organizations, local governments, and community organizations. Organizations such as the Sacramento 
Water Forum (which includes water suppliers, environmental organizations, public agencies, and business 
leaders) established a model for balancing water supply reliability with river protection.  

The plan expands that foundation. Beginning in 2024, the project team formed a Watershed Network to 
support development of the RWA WRP. The Watershed Network invites participation from water agencies, 
cities and counties, conservation groups, Tribal Nations, community advocates, and historically under-
represented communities. To reduce barriers to participation, the project provided stipends to select 
community participants and offered multiple ways to engage, including virtual meetings, surveys, 
webinars, and one-on-one conversations. 

Watershed Network meetings became the primary forum for reviewing climate risks, discussing 
vulnerabilities, and shaping adaptation strategies. In-person events complemented virtual sessions to 

Figure ES-1. RWA Watersheds Map 
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build relationships and trust. The Watershed Network also developed a shared vision and guiding goals as 
a formal foundation for the plan. 

Watershed Vision (Adopted Through the Watershed Network) 
“Sustainably manage the American, Bear, and Cosumnes River watersheds using a science-
based, collaborative, and inclusive approach that incorporates traditional knowledge and 
balances ecological and economic needs to sustain the long-term resilience of our local 
communities and ecosystems.” 
 
From this vision, the Watershed Network identified guiding goals: 
– Prioritize equity and meaningful participation from Tribal Nations and frontline 

communities. 
– Use science to assess risks from drought, wildfire, flooding, and extreme heat. 
– Develop multi-benefit adaptation strategies that strengthen water reliability, ecosystem 

health, public safety, and local economies. 
– Integrate traditional ecological knowledge with technical analysis. 
– Establish performance measures to track progress over time. 

Also, an Advisory Committee of technical experts provided additional input, reviewing and providing 
feedback on climate modeling, vulnerability findings, and adaptation concepts. A public website linked 
from the RWA home page (rwah2o.org) houses materials and allows ongoing input. 

Tribal Considerations: The RWA WRP recognizes that Indigenous peoples have stewarded these 
watersheds for thousands of years. Tribal Nations bring traditional ecological knowledge grounded in 
long-term relationships with land and water. Engagement followed state guidance calling for early, 
ongoing, and meaningful consultation. Tribal representatives emphasized system-wide stewardship, 
restoration of native species, protection of cultural resources, and water management approaches that 
support long-term ecological balance. The plan also acknowledges challenges, including limited capacity 
and historic misuse of cultural knowledge. Continued dialogue and transparency remain central 
commitments. 

State of the Watershed and Historical Hazards 

Effective resilience planning begins with a clear understanding of existing conditions, historical hazards, 
and the climate trends already reshaping the watershed. The RWA WRP draws on more than 70 existing 
studies and models addressing the American, Bear, and Cosumnes Rivers and surrounding communities. 
This review confirmed a strong technical foundation—particularly in the American River Basin—while 
identifying gaps in geographic representation and analytical depth in parts of the Cosumnes watershed, 
West Sacramento, and sections of the Bear River. Wildfire impacts, ecosystem health, water quality, and 
equity have received less consistent analysis in prior efforts, highlighting areas where additional 
refinement is needed. 

To strengthen this foundation, a Geographic Information System (GIS)-based community sensitivity 
analysis, informed by the State’s Vulnerable Communities Platform, identifies where climate hazards 
overlap with socially vulnerable populations, grounding equity considerations in data. 

Understanding historical climate hazards is foundational to assessing current vulnerabilities and informing 
future resilience strategies. Over the past two decades, the RWA Watersheds have experienced a series of 
extreme weather events—including major flood events, prolonged droughts, record heat waves, and large 
wildfires such as the Caldor and Mosquito Fires in the Sierra Nevada—that have tested the limits of 
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infrastructure, ecosystems, and community preparedness. These events offer critical insight into the 
watersheds’ sensitivities to climate stressors and the adaptive capacity of their systems.  

Long-term data reinforce this pattern. Temperatures have increased by approximately 

2.7 degrees Fahrenheit since the mid-1900s, snowpack is declining, and runoff is occurring earlier in the 
year. Key observed and modeled shifts include the following: 

 Earlier peak runoff, reducing alignment between supply and peak summer demand
 Increased intensity of winter storms, raising flood risk even in years with average annual precipitation
 Greater frequency of extreme heat days, increasing water demand, and ecosystem stress
 Rising river temperatures, intensifying pressure on cold-water fisheries

To better understand system dynamics, the plan developed a 100-year water budget (1922 to 2021), 
tracking how water enters and moves through surface water, land, and groundwater systems. The analysis 
confirms that year-to-year precipitation variability drives water availability and system stress across the 
watershed. Drought increases reliance on groundwater; aquifers recover during wet periods but decline 
during prolonged dry years; and reservoir operations—particularly at Folsom Lake—strongly influence 
downstream flow timing and availability. 

Looking ahead, modeling further shows that under hotter-drier futures, late-season reservoir storage 
becomes less reliable, while warmer-wetter futures increase unmanaged spill frequency during extreme 
winter events. 

Climate impacts are not evenly distributed. Lower-income neighborhoods, communities of color, Tribal
communities, and outdoor workers face greater exposure to extreme heat, wildfire smoke, and economic
disruption. Nearly 37% of Capital Region residents live in households struggling to meet basic needs,
limiting their ability to absorb and recover from climate-related disruptions. Identifying where exposure 
and adaptive capacity vary is central to designing effective resilience strategies.

These findings establish a clear starting point: the watershed is already experiencing more extreme 
conditions; its systems are tightly interconnected; and climate change is increasing stress across water 
supply, ecosystems, infrastructure, and communities. 

Climate Vulnerability Assessment 

Building on the baseline conditions, the RWA WRP evaluates climate vulnerability across nine 
interconnected systems: surface water, groundwater, water quality, flood management, ecosystems, 
agriculture and urban water use, community and equity, recreation, and hydropower. The objective is to 
identify where risk is greatest—and why—so that strategies address the most consequential pressures on 
the watershed. 

Qualitative Assessment: The assessment began with a qualitative review that integrates data, technical 
expertise, and stakeholder input. Vulnerability was evaluated based on three core factors: 

1. Sensitivity – how strongly a system is affected by climate stressors such as drought, wildfire, flooding,
and heat

2. Adaptive capacity – the flexibility, redundancy, or institutional capacity available to respond and
recover

3. Scale of impact – whether disruptions remain localized or cascade across multiple sectors
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Several consistent patterns emerge: 

 The highest risks are driven by climate forces, not specific facilities. The most significant 
vulnerabilities occur where major climate pressures—such as snowpack loss, wildfire, extreme 
precipitation, and heat—intersect with stressed ecosystems; infrastructure that has limited flexibility or 
was built for past climate conditions; and communities with limited resources to respond. 

 Foundational systems are at highest risk. Natural snowpack, Folsom Reservoir, upper watershed forest 
systems, Lower American River aquatic ecosystems, and major levee systems in the Lower American 
and Cosumnes Rivers consistently rank at the highest levels of vulnerability. These systems are critical 
because disruption would affect multiple sectors at once—water supply, flood management, 
ecosystems, recreation, and communities. 

 Forest health and ecosystem stress have far-reaching impacts. Upper watershed forests in the 
American, Bear, and Cosumnes basins show very high vulnerability due to compounding drought, 
wildfire, heat, and pests. These risks extend beyond habitat loss: they influence erosion, sediment 
transport, water quality, reservoir operations, and long-term watershed function. 

 Flood systems represent widespread, high-consequence vulnerability. Levee systems, floodplains, 
and drainage networks in the Lower American and Lower Cosumnes areas face high exposure to 
extreme storms and atmospheric rivers. Because these systems protect entire communities and 
transportation corridors, their vulnerability has watershed-wide implications. 

 Surface water reliability depends heavily on snowpack and key storage facilities. Natural snowpack 
functions as the watershed’s largest reservoir and ranks among the most significant vulnerabilities. 
Folsom Reservoir stands out because changes in runoff timing and operational constraints limit 
flexibility during both drought and flood conditions. 

 Groundwater risks operate at both regional and local scales. Groundwater basins face long-term 
sustainability pressures under prolonged drought. At the same time, small water systems and private 
wells—particularly in the upper watershed and Cosumnes areas—show very high vulnerability due to 
limited redundancy and financial capacity. These localized risks raise important equity considerations. 

 Community vulnerability is concentrated but significant. Neighborhoods located in floodplains, Delta-
edge communities, foothill towns, and upper watershed rural areas face overlapping hazards and 
limited adaptive capacity. They represent concentrated risk to populations with fewer resources. 

 Lower vulnerability does not mean low importance. Some large infrastructure systems show lower 
vulnerability scores because they have stronger adaptive capacity and operational flexibility. These 
findings reflect system strength—not absence of exposure—and reflect that institutional strength, 
operational flexibility, and system design play a meaningful role in moderating climate impacts. 

Quantitative Assessment: The assessment modeled future climate conditions—including a warmer-wetter 
future, characterized by higher temperatures and heavier winter precipitation, and a hotter-drier future, 
marked by higher temperatures, declining snowpack, and more frequent drought—to understand how the 
watershed may function in coming decades. 

Several consistent patterns emerge: 

 The biggest challenge is timing. Across nearly every sector—water supply, hydropower, ecosystems, 
recreation, and agriculture—runoff shifts earlier in the year. This creates a growing mismatch between 
when water is available and when it is most needed. 

 Late-season declines affect multiple systems at once. Reduced flows from May through September 
lower water supply reliability, reduce river flows, decrease hydropower production, affect recreation, 
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and stress fish and wildlife. These impacts occur simultaneously, increasing tradeoffs among 
competing needs. 

 Groundwater becomes more important—and more vulnerable. As surface water becomes less reliable 
during dry months, reliance on groundwater increases. Without expanded recharge and careful 
management, this raises the risk of declining groundwater levels and impacts to wells, particularly 
during prolonged drought. 

 Flood risk grows even as supply reliability declines. More intense storms produce higher peak flows 
and larger flood extents. In some areas, levee systems become more sensitive to failure under extreme 
events. This means the region faces greater flood pressure even as overall water supply reliability 
decreases. 

 Warming intensifies ecosystem and water quality stress. Higher air and water temperatures increase 
pressure on cold-water fish, reduce dissolved oxygen, and heighten wildfire risk. Changes in snowmelt 
timing and sediment movement further affect river and reservoir conditions. 

 Recreation and hydropower become less predictable. Climate-driven shifts reduce the reliability of 
reservoir access, river recreation quality, snow-based recreation, and summer hydropower production.  

 Agricultural and urban users face growing supply-demand gaps. Rising temperatures increase 
evapotranspiration—water lost from soil and plants—raising water needs just as late-season surface 
supplies decline. Under hotter, drier late-century conditions, projected shortages increase significantly, 
especially in foothill and groundwater-constrained areas. 

 Upper watershed changes ripple downstream. Snowpack loss, earlier melt, and increased wildfire risk 
are most pronounced in upper watershed areas. These changes affect flows, temperatures, sediment, 
and habitat conditions throughout the river system. 

 Hotter-drier futures pose the greatest overall risk. While warmer-wetter conditions increase flood 
challenges, hotter-drier scenarios consistently produce the most severe impacts across water supply 
reliability, groundwater stress, ecosystem health, and shortage levels. 

The assessment confirms that climate risks are interconnected, cumulative, and system-wide. Addressing 
them requires coordinated, watershed-scale strategies that improve seasonal flexibility, strengthen 
natural and built systems, expand groundwater and storage capacity, and reduce disproportionate impacts 
on vulnerable communities. 

Adaptation Strategy Development 

To address the vulnerabilities identified across the watershed, the plan establishes a structured decision-
making framework for identifying, evaluating, and advancing adaptation strategies, actions, and projects. 

The strategies and actions are grounded in the vulnerability assessment and directly respond to the 
highest-ranked climate risks. They were aligned with existing watershed and regional plans and refined 
through input from the Watershed Network and Advisory Committee. 

The framework is organized into three tiers: 

1. Strategies define long-term regional responses to the highest-ranked vulnerabilities. 
2. Actions describe the coordinated steps required to advance each strategy. 
3. Projects are the on-the-ground initiatives that implement actions and deliver measurable resilience 

outcomes. 
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Actions span multiple implementation types, including infrastructure investment, forest management, 
operational improvements, groundwater recharge, environmental restoration, policy reform, data 
development, and interagency coordination. 

In total, the plan identifies 19 adaptation strategies supported by 129 actions, each directly tied to 
documented climate vulnerabilities. The strategies include the following: 

Water Supply Reliability 

 Secure surface water supply entitlements. 
 Develop and implement demand management. 
 Implement sustainable groundwater management. 
 Increase water reuse. 
 Secure drinking water infrastructure. 
 Manage stormwater as a resource. 
 Improve drought preparedness and response. 

Ecosystem and Watershed Health 

 Implement sustainable forest management. 
 Implement multi-benefit watershed protection and restoration projects. 
 Enhance environmental flows and aquatic habitat resilience. 
 Prevent contamination of surface water and groundwater resources. 

Flood and Fire Risk Reduction 

 Reduce the risk of flooding in communities. 
 Promote fire-adapted communities. 

Community and Equity Resilience 

 Verify that all residents have access to clean and affordable water. 
 Increase community capacity for sustainable management and resilience to major disasters. 
 Preserve and enhance access to open space and support sustainable recreation. 

Operations, Governance, and Data 

 Preserve and optimize reservoir and river system operations. 
 Develop data and tools for improved watershed understanding, knowledge sharing, and transparency. 
 Enhance and streamline policies, regulations, and funding for resilient watershed management. 

Collectively, these strategies respond directly to the watershed’s highest-ranked vulnerabilities by 
improving seasonal flexibility, strengthening groundwater and forest systems, reducing flood and wildfire 
risk, protecting water quality, and aligning governance and funding with long-term resilience goals. 

Implementation Plan 

The implementation plan establishes a structured and flexible pathway for advancing adaptation 
strategies while funding, readiness, and partnerships align. It connects the vulnerability assessment—
identifying where risks are greatest—with the adaptation strategies that define the regional response. The 
implementation framework translates those strategies into coordinated, fundable projects tailored to 
watershed conditions. 
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The plan is organized around five integrated elements that work together to move projects from concept 
to delivery. 

Project Evaluation Framework: The framework 
establishes how projects advance from concept to 
implementation. Rather than ranking projects 
competitively, it provides a consistent structure to 
confirm alignment with watershed priorities. Projects 
are evaluated based on the following: 

 Alignment with adopted adaptation strategies
 Contribution to climate risk reduction and

resilience
 Readiness and feasibility
 Funding alignment
 Community and institutional support

Projects are grouped into priority tiers to guide 
sequencing and investment while preserving flexibility as conditions evolve. The framework strengthens 
projects by identifying gaps in design, coordination, or readiness before implementation. 

Equity Lens: An equity-focused lens shapes where and how projects are delivered. Within the evaluation 
framework, equity directs attention toward communities facing the greatest combined climate exposure 
and social vulnerability, guiding targeted investment where resilience gains are most consequential.

Funding Alignment: Because funding opportunities are competitive and episodic, projects are structured 
and evaluated to align with evolving State and Federal climate and equity priorities. This improves 
competitiveness and allows investments to advance across multiple funding cycles. 

Engagement and Coordination: Engagement and coordination confirm that projects are feasible in a 
region managed by many agencies and jurisdictions. This process clarifies roles, resolves overlaps, aligns 
timelines, and confirms regulatory and operational responsibilities before projects advance. 

Advocacy and Policy Alignment: Advocacy and policy alignment elevate watershed resilience priorities in
State and Federal planning and funding discussions.

As an integrated system, these elements function as both a strategic roadmap and an investment guide—
keeping regional priorities, project development, funding alignment, and implementation aligned over 
time. 

Performance Tracking 

Performance tracking is a core component of the RWA WRP and is designed to support implementation, 
learning, and adaptive decision-making over time. It is not a compliance or audit function. Instead, it 
provides timely, actionable information to help regional leaders understand progress, identify gaps, and 
adjust strategies as climate conditions, funding opportunities, and watershed priorities evolve. 

Given uncertainty in future climate conditions, the plan follows an adaptive management approach. 
Performance information is used to guide sequencing, coordination, and investment across the watershed. 

Figure ES-2. Project Evaluation Framework 
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Performance tracking centers on three questions: 

1. Are projects and actions being implemented as planned? 
2. Are those efforts improving watershed resilience over time? 
3. Are investments being delivered in an equitable and coordinated manner? 

To answer these questions, the plan relies primarily on existing data sources, project reporting, and 
publicly available datasets. Indicators are designed to provide both watershed-specific insight and 
alignment with broader State resilience metrics. 

The framework tracks four categories of indicators: 

1. Implementation & Delivery – Progress in initiating, advancing, and completing projects; coordination 
milestones; and alignment with adopted adaptation actions 

2. Outcome & Resilience – Improvements in drought, flood, wildfire, and heat preparedness; operational 
flexibility; ecological condition; and reduced exposure of critical systems 

3. Equity & Community Outcomes – Distribution of projects relative to areas of higher social vulnerability 
and access to resilience benefits for communities with limited adaptive capacity 

4. Portfolio & Programmatic Balance – Distribution of investments across hazards, sectors, and 
geographies, and integration with existing regional and State programs 

Because resilience benefits often emerge gradually—and may be most visible during future extreme 
events—the framework recognizes that not all outcomes will be immediate or attributable to a single 
action. 

The RWA synthesizes performance information, while individual agencies remain responsible for project 
implementation and compliance. Periodic review supports continuous improvement, reinforcing that 
watershed resilience is an ongoing process of implementation, evaluation, and adjustment. 

Recommendations and Next Steps 

The plan outlines how the region transitions from analysis to sustained implementation. The focus is on 
maintaining alignment, advancing priority projects, securing funding, and institutionalizing watershed-
scale coordination as climate conditions evolve. The objective is to translate watershed-scale strategies 
into coordinated action across the American, Bear, and Cosumnes rivers. 

The following principles guide continued implementation: 

 Sustain Regional Coordination: Continued collaboration through the Watershed Network will anchor 
implementation. Ongoing engagement among agencies, Tribal Nations, community organizations, 
utilities, and land managers supports cross-jurisdictional alignment and delivery of multi-benefit 
projects. 

 Advance Priority Projects: The Project Evaluation Framework will guide screening, refinement, and 
phased sequencing of projects based on readiness, impact, and funding alignment. This structure 
allows projects to mature and advance as opportunities arise. 

 Strengthen Policy and Advocacy Alignment: Shared regional priorities centered on vulnerability 
reduction and climate resilience will guide coordinated advocacy in State and Federal planning and 
funding discussions. 
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 Align and Pursue Funding: Projects will be positioned to align with evolving State and Federal
resilience and equity programs, including Proposition 4 and related initiatives. Maintaining readiness
and unified regional messaging improves competitiveness across funding cycles.

 Embed Adaptive Management: Performance tracking, stakeholder input, and updated technical
analysis will inform periodic refinement of strategies and investment priorities while maintaining
alignment with core resilience goals.

These guiding principles institutionalize watershed-scale climate resilience planning and position the 
region to advance coordinated investment over time. 
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1. Introduction 
The Regional Water Authority (RWA) Watersheds are a critical component of California’s water system, 
supplying drinking water to over 2 million people, supporting agriculture, sustaining ecosystems, and 
providing recreational and cultural value to communities across the region. The RWA Watersheds also 
contribute approximately 8% of California’s total human water use, serving a rapidly growing population 
in the Sacramento metropolitan region. However, the watersheds are increasingly vulnerable to the 
impacts of climate change, including prolonged droughts, declining snowpack, catastrophic wildfires, and 
more frequent and intense flood events.  

Recognizing the urgent need for integrated, climate-resilient watershed management across the State, the 
California Department of Water Resources (DWR) launched the Watershed Resilience Pilot Program in 
2024. This initiative supports regional efforts to develop comprehensive, community-informed strategies 
that enhance watershed resilience through collaboration, science-based planning, and multi-benefit 
solutions. 

The RWA Watersheds Resilience Plan (WRP), led by RWA in partnership with local, Tribal, State, and 
Federal stakeholders, was selected as one of five pilot regions. This report presents the outcomes of the 
overall planning process, including a shared vision for resilience, a suite of prioritized adaptation 
strategies, and a roadmap for implementation that reflects the region’s unique hydrology, governance, 
and community needs. 

1.1 Plan Purpose and Objectives 

The purpose of this plan is to provide a comprehensive, science-based, collaborative framework for 
addressing climate vulnerabilities and guiding long-term resilience actions across the American, Bear, and 
Cosumnes River watersheds. It is designed to align with the vision established by regional interests and 
DWR's Statewide objectives, verifying that the strategies reflect local priorities while meeting broader 
resilience goals. The plan seeks to assess climate risks across multiple sectors; engage diverse partners 
and community members; and develop adaptation strategies to balance ecological health, economic 
vitality, and cultural values. Equity is embedded throughout the process, prioritizing the needs of 
disadvantaged and frontline communities and incorporating diverse perspectives into technical analysis. 
By establishing measurable performance indicators, the plan confirms accountability and provides a 
roadmap for future investments that sustain the resilience of communities and ecosystems under 
changing climate conditions. 

1.2 Background 

Building on the need for proactive climate adaptation, the DWR’s Watershed Resilience Pilot Program 
represents a new approach to integrated water management in California. It seeks to move beyond 
traditional, sector-specific planning by fostering collaboration across water, land, forest, and ecosystem 
management while embedding equity and community participation at every stage. This program provides 
a framework for regions to identify vulnerabilities, prioritize multi-benefit strategies, and create actionable 
plans that strengthen resilience for both people and ecosystems.  DRAFT
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1.2.1 Watershed Resilience Pilot Program Overview 

DWR launched the Watershed Resilience Pilot Program in 2024 to support regional efforts in developing 
science-based, community-informed strategies for climate resilience. The RWA Watersheds were selected 
as one of five pilot regions due to its strategic importance, diverse stakeholder landscape, and high 
exposure to climate hazards. Watershed Resilience Pilot Program was designed to achieve the following: 

 Advance integrated watershed-scale planning that aligns water, land, forest, and ecosystem
management.

 Foster inclusive governance by engaging a broad range of stakeholders, including underrepresented
communities and Tribal governments.

 Identify and prioritize resilience strategies that deliver multiple benefits—such as water supply
reliability, wildfire risk reduction, habitat restoration, and community resilience.

 Develop a replicable planning framework that can inform future watershed resilience efforts across
California.

1.3 Planning Approach and Methodology 

The planning approach for the RWA WRP followed DWR’s framework for watershed resilience planning,
displayed on Figure 1-1, which emphasizes integrating technical analysis with community input to develop
multi-benefit strategies. The process began with a comprehensive review of existing studies and data
within the planning area to identify gaps and inform vulnerability assessments across various sectors. This
gap analysis also provided the foundation for the selection of climate scenarios and identification of
potential modeling approaches, verifying that quantitative analyses address current information gaps and 
provide adequate resources for adaptation strategy development.

Figure 1-1. Watershed Resilience Planning Framework 

Source: DWR 2023 

DRAFT



 

RWA Watersheds Resilience Plan 
Introduction 
 

 

260130201214_783FE80C 1-3 

 

Climate modeling and sector-specific risk analysis risk analysis was complemented by a qualitative 
analysis and input from regional community members. Watershed Network meetings, surveys, and 
targeted discussions provided opportunities for regional participants to shape priorities and strategies 
throughout the process. Community input was integrated alongside hydrologic and climate data to 
confirm that locally informed solutions were considered and represented. Interactive tools and continuous 
feedback verified transparency and adaptability throughout the overall process, producing strategies that 
integrated rigorous technical analysis with local knowledge and community priorities. 

1.4 Focus Sectors of Assessment 

The RWA Watersheds are a critical hydrologic and ecological system in Northern California, spanning over 
2,000 square miles from the Sierra Nevada to the Sacramento Valley. The watersheds support a wide 
range of interconnected water resource functions, including municipal and agricultural water supply, 
groundwater recharge, flood management, ecosystem services, hydropower generation, and recreation. 
The RWA WRP is designed to evaluate climate vulnerability and resilience across a broad set of 
interrelated water and land resource sectors. These sectors were selected based on their critical role in 
watershed function, their sensitivity to climate change, and their alignment with DWR’s Watershed 
Resilience Program framework. The assessment focuses on the following key sectors: 

 Water Supply: Evaluates the reliability and variability of surface water availability under changing 
precipitation and snowpack conditions 

 Groundwater: Assesses recharge potential, historical overdraft, and the role of aquifers in supporting 
drought resilience 

 Flood Management: Analyzes exposure to extreme precipitation events, levee vulnerabilities, and the 
capacity of flood infrastructure 

 Ecosystems: Examines the health and connectivity of aquatic and riparian habitats, including flow-
dependent species such as Chinook salmon and steelhead 

 Water Quality: Considers the impacts of wildfire, drought, and land use on sedimentation, temperature, 
and contaminant loading 

 Recreation: Considers the effects of changing flow regimes and reservoir levels on river- and lake-
based recreation 

 Hydropower: Assesses the implications of altered runoff timing and volume on energy generation from 
key facilities 

 Agriculture and Urban Water Supply: Considers agricultural and urban water uses, demands, surface 
water and groundwater deliveries, and supply-demand imbalances 

These sectors form the foundation of the vulnerability and risk assessments and are used to guide the 
development of adaptation strategies and performance metrics throughout the planning process. 

1.4.1 Equity Considerations 

Communities facing systemic inequities—particularly in the lower portion of the planning area—are 
disproportionately exposed to climate hazards such as flooding, drought, and extreme heat. These include 
historically underserved neighborhoods in Sacramento, rural communities, and California Native American 
Tribes. Many of these groups lack adequate infrastructure, representation in water governance, or access 
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to adaptation resources. Addressing these disparities through inclusive planning, targeted investments, 
and equitable governance is essential to building resilience across the watershed.  

1.4.2 Water Supply 

Climate projections indicate a shift in precipitation patterns, with more falling as rain and less as snow, 
reducing natural snowpack storage and increasing early-season runoff. This shift is expected to intensify 
the conflict between flood control and water supply operations. Even with conservation measures, regional 
water demand is projected to increase by 7 to 8% due to longer, hotter summers (USBR 2022). 

1.4.3 Groundwater 

The RWA Watersheds includes three major groundwater basins: the North American, South American, and 
Cosumnes Subbasins. Groundwater from these three aquifers is essential for environmental, domestic, 
urban, and agricultural supply users and uses. During drought periods, groundwater use is intensified to 
compensate for the reduction in surface water supplies. However, historical overdraft—especially in the 
Cosumnes and South American Subbasins—has led to declining groundwater levels and reduced 
baseflows to the Cosumnes River. Future recharge opportunities may be further constrained by reduced 
snowmelt and more intense, less infiltrative precipitation events. 

1.4.4 Flood Management 

Flooding is a persistent hazard in the RWA Watersheds, driven by atmospheric rivers, snowmelt, and aging 
infrastructure. Major flood events in 2017 and 2023 underscored the vulnerability of the Lower American 
River, where urban development limits options for levee setbacks or floodplain expansion. Earlier and 
more intense runoff is expected to increase flood risk, particularly in Sacramento and surrounding 
communities. 

1.4.5 Ecosystems 

The RWA Watersheds support diverse ecosystems, from alpine forests and coldwater streams in the upper 
portions of the planning area to riparian corridors and wetlands in the lower regions of the planning area. 
These habitats are home to over 43 fish species, including threatened steelhead and Chinook salmon. The 
American River Parkway provides a critical ecological and recreational corridor through Sacramento. 
However, climate-driven changes in flow, temperature, and sedimentation threaten the health and 
connectivity of these ecosystems. 

1.4.6 Water Quality 

Upper watershed streams are typically cold, clear, and nutrient-poor, but are increasingly impacted by 
erosion, wildfire, and legacy mining contamination—particularly for mercury in the South Fork American 
River. Across the planning area, climate change is expected to exacerbate water quality issues through 
increased sedimentation, reduced dilution during droughts, and post-fire runoff. Tree mortality and land 
disturbance from extreme events further compound these risks. DRAFT
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1.4.7 Recreation 

The RWA Watershed offers extensive recreational opportunities, including whitewater rafting, hiking, 
fishing, boating, and snow-based sports and activities. Folsom Reservoir and the American River Parkway 
are major regional destinations. However, recreation is highly sensitive to hydrologic conditions. Reduced 
flows in upper watershed areas may limit rafting seasons, low reservoir levels can restrict boating and 
shoreline access, and reduced snowpack will impact snow-based recreation. 

1.4.8 Hydropower 

The RWA Watersheds host several major hydropower projects, including Sacramento Municipal Utility 
District’s Upper American River Project, Placer County Water Agency’s Middle Fork Project, and Pacific Gas 
& Electric’s Chili Bar facility. These systems rely on snowmelt-driven flows and reservoir storage. Climate-
induced changes in runoff timing and volume will affect generation capacity, operational flexibility, and 
water supply coordination. Folsom Powerplant operations are also expected to be impacted by shifting 
reservoir release patterns. 

1.4.9 Agriculture and Urban Water Supply 

Agriculture and urban development and corresponding water demands within the RWA Watersheds are 
primarily consolidated within the lower elevation areas in the western half of the region. Demands are met 
through both surface water and groundwater supplies from various sources throughout the RWA 
Watersheds. As populations increase, demands and land uses will change in response. Decreases in the 
availability of surface water supplies and increasing demands may increase reliance on groundwater 
supplies and the potential for water shortages throughout the planning area.
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2. Watershed Planning Area  
This section describes the development of the study area boundary that will be used for the RWA WRP. 
The watershed planning area was delineated in coordination with DWR and the Watershed Network.  

This boundary builds upon the 2022 study area boundaries developed for the American River Basin Study 
(ARBS) by the US Department of the Interior Bureau of Reclamation (Reclamation) (Reclamation 2022) 
and DWR’s California Watershed Resilience Assessment (DWR 2024). The boundary developed for the 
RWA WRP is in line with the watershed-level focus of the California Water Plan Update 2023 (DWR 2023). 

This section describes the differences between the proposed study area boundary and those developed by 
Reclamation and DWR for their respective studies (see Appendix J for more details). 

2.1 Study Area Boundary Delineation 

The delineation process has considered a wide range of hydrologic and systemic factors, including 
upstream headwaters, outlet locations, groundwater basins, interconnected water-related systems, climate 
risk sources, cross-watershed influences, and opportunities for systemwide adaptation. Where boundary 
adjustments have been proposed, Jacobs has documented justifications to explain deviations from DWR’s 
original hydrologic boundaries.  

2.2 Description of Previous Study Area Boundaries 

2.2.1 American River Basin Study 

Reclamation developed the ARBS as part of the WaterSMART Basin Studies program, which is a series of 
watershed studies that evaluated future supply and demand and proposed resiliency strategies. Figure 2-2 
shows the study area boundary. The study area boundary includes the American River watershed, with the 
addition of the Bear River watershed south of the Bear River, Feather River, and Sacramento River eastside 
tributaries between the mouths of the Bear and Mokelumne rivers, and the Cosumnes River watershed 
north of the Cosumnes River. This boundary was intended to include non-Federal partners outside of the 
American River watershed that receive American River water, as well as the two groundwater basins that 
overlap with the American River watershed (Reclamation 2022). 
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Figure 2-1. American River Basin Study Boundary 

 
Source: Reclamation 2022. DRAFT
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2.2.2 California Watershed Resilience Assessment 

California Water Plan Update 2023 recommends a watershed-scale approach to developing solutions to 
California’s water management challenges (DWR 2023). In response, DWR proposed a series of watershed 
resilience assessments. A total of 48 watersheds was delineated across the State, following US Geological 
Survey Hydrologic Unit Code (HUC)-8 boundaries. The program of assessments combined the American 
River and Bear River watersheds, referred to as “American-Bear.” Figure 2-3 shows the American-Bear 
study area, which consists of the following HUC-8s: 

 18020129: South Fork American 
 18020128: North Fork American (includes Middle Fork) 
 18020126: Upper Bear 
 18020108: Lower Bear 

Figure 2-2. American-Bear Watershed 

 
Source: DWR 2024 

For the RWA WRP, the proposed boundary largely builds on the Reclamation ARBS boundary. The 
boundary includes the entire American River, Cosumnes River, and Bear River watersheds; eastside 
tributaries of the Feather River and Sacramento River between the mouths of the Bear and Mokelumne 
rivers; and the City of West Sacramento. 

Figure 2-4 shows the proposed watershed study area, superimposed on the Reclamation ARBS boundary 
and the DWR study areas. The blue line delineates the revised watershed study area, the red line 
delineates the boundary of the Reclamation ARBS study area, and the purple lines delineate the HUC-8 
boundaries that make up the DWR study area. 

The proposed study area includes the following HUC-8s: 

 18020128: North Fork American (includes Middle Fork) 
 18020129: South Fork American 
 18020111: Lower American 
 18020126: Upper Bear 
 18040013: Upper Cosumnes 
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 18020161: Upper Coon-Upper Auburn 
 Portion of 18020163: Portion of Lower Sacramento that is east of the Sacramento River 
 Portion of 18040012: Portion of Upper Mokelumne 

The Cosumnes River watershed is included because it supplies water to Sacramento County and interacts 
with groundwater basins that overlap with the American River watershed. Unlike in the ARBS (Reclamation 
2022), the north slope of the Bear River and the south slope of the Cosumnes River watersheds are 
included to capture all inflows. 

Figure 2-4 shows the portion of the lower Bear River watershed that lies in Yuba County. This area is in the 
Yuba Water Agency service area and includes a portion of Beale Air Force Base. 

The revised study area also includes the City of West Sacramento. The boundary line follows the south 
levee of the Sacramento Weir, because flood waters from the American River and eastside tributaries drain 
into the Sacramento River and contribute to high flows. Additionally, the Sacramento Weir provides major 
flood protection for the City of Sacramento. 
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Figure 2-3. Proposed RWA Watersheds Resilience Pilot Study Area 
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2.3 Summary of Differences Between Study Area Boundaries 

2.3.1 American River Basin Study 

The revised watershed study boundary differs from the ARBS in that it includes the north slope of the Bear 
watershed, the south slope of the Cosumnes watershed, and the City of West Sacramento. These changes 
fully encompass the hydrologic and hydrogeologic conditions that affect the American River service area. 

2.3.2 California Watershed Resiliency Assessment 

The revised watershed study area differs from DWR’s American-Bear watershed study area in that it 
includes the Cosumnes River watershed; eastside streams south of the Bear River and north of the 
Mokelumne River; the lower American River; and the City of West Sacramento. This incorporates the 
hydrologic and hydrogeologic conditions that affect service area and includes the most populous areas of 
the region. 
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3. Watershed Network 

3.1 Existing Regional Network Assessment 

Prior to the launch of the RWA Watersheds Resilience Pilot Project, the RWA Watersheds already had a 
strong foundation of collaborative networks focused on water management, environmental stewardship, 
and community engagement. Regional water agencies and purveyors have long worked together through 
formal agreements and joint powers authorities to coordinate water supply reliability, groundwater 
management, and conservation programs. For example, RWA and the Water Forum have long provided a 
platform for balancing water supply needs with ecological protection of the Lower American River. These 
partnerships were complemented by resource conservation districts and watershed groups that have 
implemented on-the-ground projects to improve forest health, reduce wildfire risk, and enhance water 
quality.  

Community-based organizations and nonprofits have played an important role in habitat restoration, land 
protection, and public education. Groups like the American River Conservancy and the Save the American 
River Association have been active in conservation and advocacy in the watershed area for decades. Tribal 
representatives have contributed traditional ecological knowledge and cultural perspectives to planning 
discussions, verifying that resilience strategies respect heritage and community priorities. Collectively, 
these networks created a collaborative environment that the pilot project could build upon, enabling a 
more integrated and equity-focused approach to climate adaptation across the watershed. 

3.2 Watershed Network Development and Partner Engagement 

The development of the Watershed Network for the RWA WRP was guided by an inclusive, multi-step 
engagement process. Beginning in 2024, outreach was initiated through personalized email invitations, 
public webinars, and community announcements to encourage broad participation. The messaging 
emphasized the purpose of the network: to create a collaborative forum for addressing climate 
vulnerabilities and developing community-driven adaptation strategies. Invitations targeted water 
agencies, local governments, resource managers, conservation organizations, and community members, 
as well as historically underrepresented groups such as Tribal Nations and frontline communities. To 
reduce barriers to participation, stipends were offered for participants, and multiple feedback channels, 
including surveys, virtual meetings, and one-on-one consultations, were provided. 

To confirm meaningful engagement throughout the planning process, the project team established a 
series of Watershed Network meetings as the primary forum for collaboration and input. These meetings 
were designed to be iterative and inclusive, beginning with a kickoff session in early 2025 and continuing 
at key milestones to align with major project phases (such as vulnerability assessment, adaptation strategy 
development, and implementation planning). Each meeting provided opportunities for participants to 
review progress, share local knowledge, and influence decision-making. Interactive tools, such as live 
polling and surveys, were used to capture priorities and concerns, while presentations highlighted 
technical analyses and invited feedback on vision statements, equity integration, and adaptation options. 
Meetings were held virtually to reduce barriers to participation and supplemented by in-person events, 
such as habitat tours and cultural gatherings, to strengthen relationships and trust. Representation 
included water agencies, local governments, conservation organizations, Tribal Nations, and frontline 
community advocates, confirming that diverse perspectives shaped the resilience plan. This ongoing 
engagement process created a transparent and collaborative environment, allowing partners to remain 
informed and actively involved from project initiation through plan development. 
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3.2.1.1 Watershed Network Event Spotlight: Nimbus Basin Tour  

As part of the Watershed Network’s commitment to inclusive and hands-on engagement, RWA hosted the 
Nimbus Basin Tour and Lunch in November 2025. This event exemplified how collaborative outreach can 
strengthen connections between technical planning and community priorities.  

The tour began at the Nimbus Basin, where participants observed the Water Forum’s 2022 salmon habitat 
enhancement project. Standing alongside restored side channels and gravel beds, attendees learned how 
these improvements support fall-run Chinook salmon and steelhead trout while contributing to broader 
watershed resilience. This experience (shown on Figure 3-1) provided a tangible link between ecological 
restoration and climate adaptation strategies discussed throughout the planning process. 

Figure 3-1. Nimbus B 

Source :RWA 

Following the tour, participants gathered for a hosted lunch featuring interactive exhibits designed to 
translate technical concepts into accessible, engaging activities (Figure 3-2). Four stations invited 
attendees to participate as follows:  

 Rank climate concerns and adaptation strategies. 
 Explore success stories across the American, Bear, and Cosumnes watersheds. 
 Submit project ideas via a QR-enabled tool. 
 Join the Watershed Network for continued collaboration. 

These activities generated valuable insights into community priorities, highlighting strong interest in water 
quality, wildfire risk reduction, and habitat enhancement. The event drew  
80 attendees from local governments, water agencies, nonprofits, Tribal representatives, and community 
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organizations; 64 attendees expressed their interest in joining the Watershed Network, signaling growing 
momentum.  

Media coverage amplified the event’s impact, with four television segments reaching nearly 48,000 
viewers. Stories emphasized the connection between salmon restoration, climate resilience, and regional 
water management and highlighted the Watershed Network’s role as a collaborative platform for 
advancing regional resilience. 

Figure 3-2. Interactive Exhibit to Gain Community Feedback 

 
Source: RWA 

3.2.1.2 Advisory Committee 

To complement the broader Watershed Network, an Advisory Committee was established to provide 
expert guidance and technical review throughout the planning process. The Advisory Committee was 
formed to confirm that subject matter experts from across the RWA Watersheds could offer feedback on 
technical analyses, draft deliverables, and proposed adaptation strategies. Members included 
representatives from water agencies, conservation organizations, local governments, irrigation districts, 
and more, bringing expertise in hydrology, water supply reliability, flood management, ecosystem health, 
and climate science. 

The Advisory Committee met at key milestones aligned with major project phases, including gap analysis, 
vulnerability assessments, and adaptation strategy development. Discussions included the following: 

 Reviewing the climate scenario selection and modeling approach used in the vulnerability assessment 
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 Providing input on sector-specific vulnerabilities, including water supply, flood management, and 
ecosystem health  

 Offering feedback on adaptation strategy categories, emphasizing multi-benefit solutions for water 
supply reliability, agriculture, habitat restoration, and wildfire risk reduction  

 Identifying priority areas for future planning, including forest health treatments, floodplain restoration, 
and groundwater sustainability 

The Advisory Committee played a critical role in strengthening the foundation of the planning process. Its 
feedback informed revisions to analytical methods and adaptation strategies, verifying that the plan 
delivers practical, science-based solutions that can guide resilience actions across the watershed. 

3.3 Watershed Resilience Website: A Hub for Collaboration 

To complement in-person and virtual engagement, the Watershed Resilience Website 
(https://rwawatershedsresilience.com/) was developed as a central hub for collaboration throughout the 
planning process. The website (Figure 3-3) provides a transparent and accessible space where the 
community and partners can stay informed, review materials, and actively participate in shaping 
watershed resilience strategies. 

The website serves as the primary repository for project documentation, including meeting materials and 
draft work products. By making these resources publicly available, the platform confirms that 
collaborators can follow progress and provide informed feedback at every stage. Beyond document 
sharing, the site incorporates interactive tools designed to capture local knowledge and priorities. Visitors 
can submit comments and share project ideas directly online, as shown on Figure 3-4, helping to maintain 
ongoing dialogue and verifying that community perspectives shape every stage of the planning process. 

Additionally, the website aids in encouraging participation in the Watershed Network. A dedicated section 
invites individuals and organizations to sign up for the network and explore opportunities for 
collaboration. By combining information access with opportunities for feedback and participation, the 
website has become an essential tool for supporting inclusive engagement. 
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Figure 3-3. Watershed Resilience Website 
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Figure 3-4. Adaptation Strategies Comment Collector 

 

 DRAFT



 

RWA Watersheds Resilience Plan 
Tribal Considerations 
 

 

260130201214_783FE80C 4-1 

 

4. Tribal Considerations 

4.1 Acknowledgement and Purpose 

The RWA WRP is based on a science-based, collaborative, and inclusive approach that aims to incorporate 
traditional knowledge to guide the region in sustaining long-term resilience of local communities and 
ecosystems. The RWA WRP’s vision is a commitment to both environmental stewardship and social equity, 
acknowledging that resilience requires intentional, active engagement with people and partnerships as 
much as it requires a scientific understanding of strong infrastructure and ecosystems. This section is 
intended to recognize the presence of Tribal Nations connected to the RWA Watershed and provide 
context for the consideration of traditional knowledge in the development of the RWA WRP’s strategies 
and recommendations. The application of traditional knowledge can help to improve conditions in the 
watershed. In the limited discussions with representatives of Tribal Nations, the RWA learned about ideas 
that would be helpful for the ecology of the watershed.  

Equity was embedded as a core principle throughout the development of the Watersheds Resilience Pilot. 
From the start of the project, engagement with historically underrepresented groups was prioritized, 
including Tribal Nations, disadvantaged communities, and frontline populations most vulnerable to 
climate impacts. Outreach strategies were designed to reduce barriers to participation by offering stipends 
for representatives of Tribal groups, hosting virtual meetings to increase accessibility, and providing 
multiple avenues for input such as surveys, one-on-one consultations, and community events. Meeting 
discussions emphasized language access, cultural sensitivity, and the integration of Traditional Ecological 
Knowledge (TEK) into planning. Equity was not treated as a separate component; rather, it was woven into 
all phases of the process, from visioning and vulnerability assessments to adaptation strategy 
development. This practice confirmed that resilience solutions reflect diverse perspectives and deliver 
benefits to communities that have historically faced inequities in access to resources and in felt impacts of 
climate change. With that said, the RWA staff believes more needs to be done to build trust with Tribal 
Nations, learn from them and incorporate their knowledge. The RWA Watershed Resilience Pilot 
acknowledges Tribal Nations whose ancestral and contemporary homelands overlap with the RWA 
watersheds. This chapter recognizes Tribal Nations who have stewarded the lands and waterways of this 
region; provides cultural context for the geography of the watershed; and affirms a commitment to 
intentional, respectful, long-term engagement, consultation, and collaboration with Tribal perspectives.  

4.2 Traditional Ecological Knowledge and Stewardship 

TEK is acquired through direct contact with the natural environment, establishing a relationship with 
nature and its seasons that guides appropriate identification, gathering, processing, and use of natural 
resources. Unique definitions of TEK are understood by each Tribe through millennia of interactions and 
generations of experience with a specific place or environment. Much of the information on TEK in this 
chapter reflects information shared by the TEK office of The Shingle Springs Band of Miwok Indians, 
Cultural Resource Division. 

The purpose of TEK is to teach Tribal Members about traditional ways people utilize waterways and natural 
resources to continue cultural revitalization, as well as the importance of preserving and passing down this 
knowledge. 

Indigenous knowledge systems emphasize connectedness between humans, geographic lands, and 
ecological systems, balancing long-term sustainability with sufficient resource use for meeting community 
needs. Practices based on these intergenerational knowledge systems have guided traditional land 
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stewardship since time immemorial, sustainably balancing the role of humans within Earth’s natural 
ecological systems for generations before more anthropocentric- and capitalist-based social systems 
dominated—systems that have since caused severe imbalances in natural functions. Extractive western 
practices have resulted in damage to the health, resilience, and longevity of natural ecosystems, impacting 
the wellbeing of plants, animals, and human communities alike.  

Today, gathering necessary plants and supplies for TEK activities, including the creation of traditional 
regalia, clothing, food, shelter, and more, can be dangerous and challenging. Materials are hard to access 
because of public and privately owned land, and many plants are covered in dangerous pesticides. The 
Shingle Springs Band of Miwok Indians offer solutions to gathering availability in establishing and 
maintaining healthy relationships with State, county, and local park agencies to form agreements and seek 
permits that support access to land containing traditional plants. For example, Sacramento County issued 
a permit to the Shingle Springs Band of Miwok Indians that grants access to the American River Parkway, 
Dry Creek Parkway, and Indian Stone Corral, allowing the Tribe to gather necessary materials for 
traditional practices and activities. This permit has provided the Tribe with access to their original village 
site and, as such, the possibility to gather plants and animals from that site to make traditional items and 
regalia pieces.  

Nisenan mythology and folklore, particularly from the valley people, indicates great natural abundance 
prior to colonization, including species of fresh-water fish, shellfish, and waterfowl. Native stewardship and 
land management in the Sacramento-San Joaquin Delta (Delta), which sustains numerous plant, animal, 
and natural resources, is well documented. The Delta has historically been used for ceremony, hunting and 
gathering food, and harvesting materials. However, the Delta’s native plant life, fish, and animal 
populations are declining due to a host of impacts from western practices. One of the Delta’s once 
abundant native plant species, Tule, acted as a natural water filtration system in the Delta ecosystem, 
improving water quality by cleaning rivers and waterways. Recent ecological reports identify only 14% of 
the Delta’s 725,600 acres as able to support native trees, shrubs, and herbaceous plants. Diminishing 
Tribal access to these materials can prevent cultural practices and the knowledge of how to perform them 
from being passed to future generations.  

Pakan’yani (meaning “people of the water”) Maidu of Strawberry Valley Rancheria’s approach to decision-
making honors the traditional Indigenous principle of considering the impact of our actions on seven 
generations into the future. This principle guides environmental stewardship, economic development, 
cultural preservation, and Federal recognition strategy.  

TEK and maintained Indigenous practices can be integrated into planning processes through intentional 
community inclusion, consultation, and relationship-building to directly contribute to watershed 
resilience. This is particularly important since interrelated economic, ecological, and social stability is 
increasingly threatened by the impacts of climate change, wildfire damage, and water insecurity.  

Indigenous perspectives align with RWA watershed and climate resilience goals, offering essential insights 
for developing sustainable adaptation strategies. Understanding and incorporating these perspectives 
strengthen RWA WRP climate solutions and support outcomes that benefit ongoing contributions to 
regional social, economic, and environmental wellbeing. 

4.3 Tribal Nations Connected to the Watershed 

The region is home to diverse tribal nations representing Miwok, Maidu, Nisenan, Washoe, and multi-Tribal 
communities, with deep ancestral ties to the Sierra Nevada foothills, the Sacramento Valley, and 
surrounding watersheds. Each Tribe, community, and family holds unique and distinct histories and 
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practices, while many share enduring relationships to the lands and waterways that make up the American 
River watershed.  

Several Tribal Nations maintain cultural, ecological, and collaborative ties to the region that extend 
beyond current geographic boundaries. The RWA WRP recognizes the value of these connections and aims 
to respectfully seek engagement with groups whose ancestral or contemporary ties overlap with the 
project boundary. Some Nisenan and multi-Tribal communities maintain enduring cultural and territorial 
connections to the region despite lacking a formal land base or Federal recognition. The Nisenan people 
of the Maidu Tribe of California Indians historically identified themselves by village rather than Tribal 
name. Nisenan were known to occupy the drainages of the American, Bear, and Yuba rivers, from the 
Sacramento River in the west to the Sierra Crest in the east. Their distinct dialect identified them from the 
Northern Maidu, and they diverged into two distinct cultural groups known as the Valley Nisenan and the 
Mountain Nisenan.  

Since the United States government, through the Department of the Interior, recognizes political entities 
and not anthropological entities, many Tribal groups seek political and economic leverage through the 
formation of proxy organizations. In 2021, a group of local “Delta Tribes” convened as the California Tribal 
Engagement Coalition (TEC). Participating Tribes include the Shingle Springs Band of Miwok Indians, 
Wilton Rancheria, Ione, Buena Vista, Central Valley Miwok, United Auburn, and Yocha Dehe. The common 
goal of TEC is to protect cultural resources, sacred sites, traditional plant life, and traditional foods from 
water management practices that will further threaten the existence of fish and wildlife. Similarly, the 
California Heritage: Indigenous Research Project (CHIRP) is a Tribally guided nonprofit working to address 
ongoing social, environmental, and racial injustices brought to the homelands of the Nevada City 
Rancheria Nisenan Tribe as a result of the Tribe’s Federal termination in 1964.  

Tribal nations with ties to lands that overlap with the watershed boundary include both Federally 
recognized and non-Federally recognized Tribes, acknowledging ongoing efforts to restore recognition, 
land access, and sovereignty for many Tribal communities. Federal recognition status reflects complex 
impacts from systematic displacement, colonizer settlements, enforcement of Federal policies and 
jurisdictional boundaries, and historical efforts to erase traditional Indigenous culture and practices. This 
plan recognizes and honors the presence, leadership, and value of Tribal Nations connected to the 
watershed, regardless of Federal recognition status. 

According to Public Resources Code Section 21073, a California Native American Tribe “means a Native 
American tribe located in California that is on the contact list maintained by the Native American Heritage 
Commission for the purposes of Chapter 905 of the Statutes of 2004.” The following list of Native 
American Tribes in Table 4-1 was provided by the Native American Heritage Commission to locate areas of 
potential adverse impact and appropriate contacts with whom to consult and request information 
regarding cultural resources within the project area. DRAFT



 

RWA Watersheds Resilience Plan 
Tribal Considerations 
 

 

260130201214_783FE80C 4-4 

 

Table 4-1. Native American Tribes Information Provided by the Native American Heritage Commission  

Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

Buena Vista 
Rancheria of  
Me-Wuk 
Indians 

Southern Sierra 
Miwok 

The Me-Wuk Indians of the 
Buena Vista Rancheria lived in 
and around what is now Amador 
County for thousands of years. 
The Buena Vista Rancheria is 
located just outside the town of 
Buena Vista 

The Federal government 
purchased the Buena Vista 
Rancheria in 1927 with money 
appropriated by 34 Stat. 325-
328 and 35 Stat. 70-76. The 
Oliver family occupied the land 
prior to the government 
purchase.  

Today, the Federally recognized 
Tribe is governed by a Tribal 
Council and operates as a 
sovereign nation.  

Calaveras 
Band of  
Mi-Wuk 
Indians 

Central Sierra 
Miwok  

Ancestral territory includes areas 
within present-day Calaveras 
County and the central Sierra 
foothills.  

This Tribe traditionally occupied 
a large part of the central Sierra 
Nevada range, generally the 
watersheds between and 
including the Merced and 
Cosumnes Rivers. Known Mi-Wuk 
villages were clustered along the 
Mokelumne, Calaveras, and 
Stanislaus river drainages.  

Formal governance and Federal 
recognition were re-established 
following decades of advocacy.  
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

Chicken 
Ranch 
Rancheria of 
Me-Wuk 
Indians 

Southern Sierra 
Miwok  

Original hunting and gathering 
territories stretched from the 
Table Mountain area of New 
Melones to the rolling hills of the 
lower Red Hills area. The 
Rancheria is located near 
Jamestown. 

Mining and logging operations, 
intertwined with western settlers 
purchasing land, reduced the 
Chicken Ranch Rancheria 
territory to 2.85 acres. The 
Rancheria was established as part 
of Federal efforts to consolidate 
surviving Miwok families 
following displacement and land 
loss.  

Federal recognition was received 
in 1985. Today, this Tribe 
operates as a sovereign 
government with an elected 
Tribal Council and is an active 
regional economic partner.  

Ione Band of 
Miwok 
Indians 

Plains Miwok 
and Sierra 
Miwok  

Ancestral territory includes areas 
of the Sacramento Valley and 
Sierra foothills.  

The Ione Band of Miwok Indians 
includes Northern Sierra Miwok 
and Nisenan peoples. The Tribe 
was restored to Federal 
recognition in 1994.  

This Tribe maintains Tribal 
leadership and governance 
structures and continues 
advocacy for recognition, land, 
and resources.  

Jackson 
Rancheria 
Band of 
Miwuk 
Indians  

Northern Sierra 
Miwok  

Ancestral territory is the Sierra 
foothills of Amador County. The 
Jackson Rancheria is located 
near the City of Jackson.  

The Rancheria was established 
during Federal efforts to provide 
lands to displaced Miwok 
families. A formal government 
was first established in 1979.  

This Tribe is governed by Tribal 
Council and operates a range of 
community, health, housing, and 
economic programs.  
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

*Shingle 
Springs 
Band of 
Miwok 
Indians 

Miwok and 
Maidu 

Ancestral territory spans areas of 
El Dorado County and the Sierra 
Nevada foothills.  

The Tribe represents 
descendants of Miwok and Maidu 
people who survived 
displacement and land loss 
during westward expansion.  

The Federally recognized Tribe 
practices self-governance and 
sovereign immunity, providing 
social, health, economic and 
educational resources, 
opportunities and services.  

United 
Auburn 
Indian 
Community 
of the 
Auburn 
Rancheria 

Miwok and 
Maidu  

The historic Auburn Rancheria is 
in the Sierra Nevada foothills in 
Auburn, California. Ancestral 
homelands include areas of 
Placer County and the Sierra 
foothills.  

This Tribe was formed through 
the consolidation of Miwok and 
Maidu families displaced by 
colonization and Federal land 
policies.  

This Tribe is governed by Tribal 
Council and is a major regional 
economic and philanthropic 
partner.  

*Wilton 
Rancheria 

Bay Miwok, 
Plains Miwok 
and Sierra 
Miwok (referred 
to as the 
Eastern Miwok); 
Tribal citizens 
also descend 
from both 
Valley and Hill 
Nisenan  

Ancestral territory includes areas 
of Sacramento County and the 
Sacramento Valley. 

Foreign incursions and 
genealogical blending resulted in 
an amalgamated cultural group 
with collective ancestry, who 
later formed the Wilton 
Rancheria as it is known today. 
The first constitution of Wilton 
Rancheria was established in 
1935.  

The Tribe was restored to Federal 
recognition in 2009.  
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

Colfax-
Todds Valley 
Consolidated 
Tribe 

Maidu, primarily 
Nisenan and 
Mountain 
Maidu, and 
Miwok  

Ancestral homelands are in 
Sierra Nevada foothills, 
particularly within present-day 
Placer County. Currently, the 
Tribe is located in the 
Colfax/Placer County area.  

This Tribe represents a 
consolidation of families 
descending from Maidu families 
who experienced displacement, 
land loss, and fragmentation 
during the gold rush and 
subsequent settlement. The Tribe 
maintained community ties 
despite the absence of a formal 
rancheria or reservation.  

This Tribe continues to pursue 
Federal recognition and land 
access. It engages with regional 
partners, local governments, and 
community organizations. 

Pakan’yani 
Maidu of 
Strawberry 
Valley 
Rancheria 

Mountain 
Maidu 

Ancestral territory encompasses 
the drainage of the Feather and 
American Rivers, from the 
Sacramento Valley east to the 
crest of the Sierra Nevada 
(including areas around 
Strawberry Valley, Woodleaf, and 
Challenge in Yuba County).  

The name “Pakan’yani” means 
“people of the water” in 
traditional language, reflecting a 
deep connection to the 
watersheds of the Feather and 
American Rivers. The Strawberry 
Valley Rancheria was established 
to provide land for surviving 
Maidu families following 
widespread displacement and 
population loss during the mid-
19th century. 

This Tribe is currently pursuing 
Federal recognition restoration.  
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

TSI-AKIM 
Maidu of the 
Taylorsville 
Rancheria 

Mountain 
Maidu 

Ancestral territory is the 
northeastern Sierra Nevada, 
primarily within present-day 
Plumas County. The Taylorsville 
Rancheria is situated in Indian 
Valley.  

Taylorsville Rancheria was 
established as part of Federal 
efforts to consolidate surviving 
Maidu families following 
displacement, violence, and loss 
of land during early settlement.  

The California Federal Court 
rejected the Tribe’s 
administrative recognition effort.  

**Nevada 
City 
Rancheria 
Nisenan 
Tribe 

Nisenan The southern boundary of the 
ancestral territory begins below 
the Cosumnes River. From there, 
it runs east to Kyburz and 
includes both banks of the 
Sacramento River to the west. 
From Kyburz, the boundary winds 
its way north to Gold Lake then 
west to the south fork of the 
Feather River. From there, it 
moves southwest to the Sacred 
Mountain (Marysville Buttes) and 
finally, finds its way back down 
the Sacramento River.  

The Nisenan people who today 
identify with the Nevada City 
Rancheria come from two 
language “districts” with vast 
east-to-west orientation and 
abundant landscape and 
ecological diversity.  

This Tribe continues to face 
challenges related to land access 
and recognition.  

Nashville 
Enterprise 
Miwok-
Maidu-
Nishinam 
Tribe 

Miwok, Maidu, 
and Nisenan 

Ancestral territory is the Sierra 
Nevada foothills, with present-
day El Dorado County and 
surrounding areas.  

The Nashville Enterprise Miwok-
Maidu-Nishinam Tribe represents 
descendants of multiple Tribal 
communities who were displaced 
and fragmented by settlement, 
mining, and Federal land policies.  

This Tribe maintains community 
identity despite absence of a 
consolidated reservation or 
rancheria.  DRAFT
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

Susanville 
Indian 
Rancheria 

Atsugewi, 
Maidu, Paiute, 
and Pit River. 
Anthropological 
Tribes 
associated with 
the Susanville 
Indian 
Rancheria are 
Maidu, Paiute, 
Pit River, and 
Washoe.  

Ancestral connections span 
northeastern California, including 
areas of present-day Lassen 
County and surrounding regions. 
The Susanville Indian Rancheria 
serves as the Tribe’s land base.  

This multi-Tribal community was 
formed through shared history 
and survival from Native families 
from multiple Tribal 
backgrounds who were displaced. 
The original 30 acres of the 
Rancheria were purchased in 
1923 under the Landless and 
Homeless Act.  

The Susanville Indian Rancheria, 
though made up of various 
Tribes, is recognized as a distinct 
political entity from the Tribes 
who make up the Susanville 
membership. There is no dual 
membership allowed in the 
Constitution.  

Washoe 
Tribe of 
Nevada and 
California 

Washoe ĎĜę đŪòƮĝī ĤęģĤĠę ĕĦę ĕ ĘĝħĨĝĢėĨ 
people who share commonalities 
with both the Great Basin and the 
California Cultures. Geographic 
ties are to the Lake Tahoe Basin 
and surrounding areas of the 
Sierra Nevada, spanning present-
day California and Nevada. 

ĎĜę đŪòƮĝī īęĦę ĦęėģěĢĝĮęĘ Ėĭ 
what part of the territory they 
came from. Family units, as the 
core of the Tribe, comprised local 
groups, and the local groups 
made up a band. The four 
ĘĝĦęėĨĝģĢħ ģĚ đŪòƮĝī ĨęĦĦĝĨģĦĭ 
were occupied by different bands 
of the WáòƮĝī ĨĜĕĨ ġĕĘę ĩĤ ĨĜę 
whole of the Tribe. Although one 
Tribe, each band was unique in its 
own area of occupation with 
subtle differences in cultural 
diversity and language patterns. 

This Tribe maintains ties to the 
Lake Tahoe region despite 
displacement, restricted access 
to traditional lands, and 
jurisdictional challenges created 
by State boundaries. It is an 
active partner in regional 
environmental stewardship, land 
management, and cross-
jurisdictional collaboration, 
particularly related to watershed 
health and climate resilience.  DRAFT
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Tribal Name 
Cultural 
Affiliation Geographic Ties History Today 

Tule River 
Indian Tribe 

Yokuts (with 
additional 
historical 
affiliations) 

Ancestral territory is California’s 
southern Sierra Nevada and San 
Joaquin Valley (present day 
Tulare County).  

About 50 Yokut-speaking dialect 
groups occupied territory along 
waterways flowing from the 
Sierras and around Tulare Lake.  

The Tule River Tribe is currently 
engaged in Water Rights 
settlement negotiations with the 
United States acting as trustee 
for the Tribe, and downstream 
users of water from the South 
Fork of the Tule River. The 
purpose of the ongoing 
negotiations is to confirm under 
law the Federally reserved Water 
Rights of the Tribe and to secure 
Federal funding to enable the 
Tribe to put its Water Rights to 
use.  

* Indicates Tribes that participated in specific engagements regarding the American River Watersheds Resilience Pilot Project  

** Engaged through conversation with native-led proxy organization, CHIRP 
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4.4 Legal History of Native California  

The process of displacement and dispossession of Indigenous peoples in the Sacramento region began 
with early Spanish missions, continued through labor exploitation on Sutter’s Fort, and accelerated during 
the gold rush. In California, the Legislature created laws that controlled occupied lands, as well as the lives 
and livelihoods of Tribal people, while enforcement occurred at county and local levels.  

In 1847, James Marshall built a sawmill in partnership with John Sutter on the Maidu village of Collumah. 
Sutter’s Mill forever altered the lives of native populations, which were estimated to be roughly 200,000 in 
1848, the year gold was discovered. The discovery of gold resulted in an influx of people and was known 
as the California gold rush, bringing disease and causing destruction for the original inhabitants of the 
region.  

Within a few years, more than half of California’s native population was dead due to violence, epidemic, or 
starvation. From the early 1850s through the 1860s, native and other non-white individuals were barred 
from testifying in court against white individuals, preventing protection from abusive and exploitative 
treatment. Indigenous children were sold into slavery, allowed by California’s sanctioned “apprentice 
system” that brought homeless or dispossessed native people into a form of indentured servitude until the 
age of 30. Native people were jailed and auctioned in a systemic cycle of arrests and indentures for 
working off their bail.  

In 1851, Congress ordered Federal agents to negotiate treaties of “peace and friendship” with 402 
California Tribal leaders. By 1852, 18 treaties were written and signed by groups that were considered 
Tribes, with promises of 8.5 million acres across 10 protected reservations in exchange for the remainder 
of California’s territory. However, these treaties were not ratified by the Senate and had an injunction of 
secrecy imposed until the 20th century.  

In the late 1800s, the United States began establishing small, scattered “rancherias” or village homes. 
Special Federal appropriations and Congressional acts were passed in the early 20th century to fund the 
purchasing of small tracts of land in central and northern California for landless and homeless Indigenous 
people. These acquisitions resulted in today’s Rancheria System in California. Figure 4-1 shows these 
Tribes represented at the 2025 Native American Day. 

In recent decades, California has adopted new laws and executive orders that focus on building and 
sustaining stronger partnerships with California Native American Tribes. Assembly Bill 52, passed in 2014, 
amended the California Environmental Quality Act and created requirements for proposed projects to 
include an analysis of impacts to Tribal cultural resources. This bill also requires the lead agency of a 
project to consult with Tribes that have requested in writing to be informed and that are traditionally and 
culturally affiliated with the geographic area of the proposed project. DRAFT
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Figure 4-1. Tribes Represented at 2025 Native American Day, Sacramento, CA 

 
Source: CTCA CA Tribal Chairpersons Association 

4.5 Tribal Engagement Practices 

Tribal engagement was conducted with respect for consultation protocols with the intention of integrating 
Tribal perspectives throughout the planning process. The RWA WRP acknowledges that native 
communities are living nations, not just historical entities, affirming an understanding of the importance of 
continued relationship-building and consultation with Tribal perspectives beyond a singular project term. 
Engagement with Tribal Nations and representatives will continue to be prioritized as essential while the 
plan moves from strategy to implementation. Tribal leadership are encouraged to participate in regional 
conversations that affect their communities and homelands. Engagement not only serves the purpose of 
allowing opportunities for consultations with Tribes to vet proposed actions but also is a listening 
opportunity to deepen understanding of their unique connections to, and knowledge of, the environment 
and natural resources that are connected to the RWA Watersheds.  

The Watersheds Resilience Pilot has followed guidelines set by the California Natural Resource Agency’s 
(CNRA’s) Tribal Consultation Policy and Best Practices (CNRA 2025), which emphasize the value of 
meaningful, ongoing consultation over one-time engagements. CNRA’s Tribal Consultation Policy provides 
guidance on how to conduct consistent, appropriate, and respectful consultations with California Native 
American Tribes, recognizing cultural learning to be a lifelong goal and process. Tribal engagement is 
recommended to follow CNRA’s “early, often, and meaningful” policy to maximize potential collaboration 
and confirm that Tribal input can effectively inform and be incorporated into decision-making processes. 
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Liaisons are encouraged to approach conversations with humility and respect toward other cultures, 
intentionally seeking to understand and address Tribal priorities, interests, needs, and concerns in the 
development of policies, projects, and programs.  

Throughout the project, communication opportunities have been offered and conducted in both formal 
and informal meetings, in-person and virtually, and through attendance of native-led engagement and 
education events (shown on Figure 4-2), to actively endeavor to build trust and impact the ability to 
consider Tribal feedback and comments in development of the RWA WRP.  

Figure 4-2. 2025 Native American Day, Sacramento, CA 

 
Source: CTCA CA Tribal Chairpersons Association 

4.6 Tribal Engagement Findings 

During engagement with Tribal leaders in the region, they articulated that resilience requires protecting 
the integrity of the whole system, recognizing interdependence between plants, animals, water, and 
people. Representatives from the DWR advised RWA staff that an important distinction is emphasized 
between Indigenous perspectives and western mindsets when it comes to the approach taken regarding 
natural resource management. Traditional native cultures consider rivers to be part of their ancestral 
histories, treating natural systems with the same living respect given to community members. The 
connectedness between water, plants, animals, and humans is recognized as a larger, holistic system that 
requires comprehensive stewardship for overall wellbeing. Contemporary and political approaches to 
conversations on water management commonly frame water resources as commodified objects to own or 
otherwise control. Thus, collaborative conversations aiming to be culturally humble and respectful are 
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encouraged to explore and frame water resources as something to nurture and work with rather than 
authoritatively manage.  

Other Tribal priorities that were uplifted through the project’s various communication channels include 
increasing opportunities for Tribes to purchase land, which will provide Tribal groups with greater 
decision-making agency in the harvesting and handling of different plant and animal species.  

4.7 Engagement Challenges  

A common challenge in Tribal engagement and relationship-building is limited capacity from both Tribal 
groups and program staff attempting to achieve frequent and meaningful consultation. Limited capacity 
can negatively impact the ability to consult and build relationships, particularly when under restrictions of 
a project term. To address this challenge, financial compensation was offered to Tribal representatives 
who attended Watershed Network or Advisory meetings, and specific opportunities for conversation and 
feedback were offered based on the preferences and capacity of engaged groups. Building and 
maintaining Tribal relationships will continue to be prioritized, allowing opportunities for input throughout 
the development and implementation of the RWA WRP.  

Many California Native American Tribes may hesitate or refuse to share information with public agencies 
due to historical periods of settlement and colonialism, during which information about cultural resources 
and traditions was weaponized to eradicate Tribal ways of life. To address this challenge, the RWA WRP 
offered transparency regarding how information received through input opportunities has been 
documented, shared, and presented. Project liaisons practiced gestures of cultural humility and reciprocal 
communication, approaching conversations with the goal of consensus and deepened cultural 
understanding.  

4.8 Continued Alignment Opportunities and Commitment Moving 
Forward 

Proposed watershed strategies are strengthened when informed by consultation with Tribal 
representatives and traditional knowledge systems. The RWA WRP seeks continued alignment and 
collaboration with Tribal representatives as partners and co-leaders in the following: 

 Mindfully considering Tribal presence that overlaps or interacts with infrastructure and water 
management strategies 

 Grounding land stewardship and nature-based climate solutions in TEK  

This section affirms a commitment to intentional improvement or creation of accessible, safe 
opportunities for Tribal engagement as it relates to watershed resilience efforts. 

The resilience of our region’s watersheds and interconnected communities are inseparable from the 
wellbeing and leadership of Tribal entities. This requires ongoing dialogue with no finish line or end point, 
focused on learning, listening, and building meaningful relationships grounded in respect, responsibility, 
and long-term collaboration. 

This plan intentionally avoids proposing a one-size-fits-all solution for incorporating Tribal considerations, 
instead affirming a commitment to ongoing collaboration, partnerships, and relationship building with 
Tribal governments and organizations. Ongoing commitment to appropriate Tribal consultation is 
essential to implementing watershed resilience and adaptation strategies that create benefits and 
positively contribute to advancing regional ecological health, economic resilience, and social wellbeing.  
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The acknowledgement and commitment outlined in this chapter do not claim to repair devastating 
impacts endured by Indigenous peoples as a result of colonialism and exploitation of natural resources 
from the lands presently known as the United States. But rather, they emphasize the urgent necessity to 
continue pursuing inclusive engagement and consultation moving forward. Meaningful collaboration with 
Tribal groups is essential to building a resilient, adaptive, and equitable watershed system that can 
withstand increasing climate variability.  
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5. Watershed Vision and Goals 
The RWA WRP is part of DWR’s Statewide effort to address climate change impacts at the watershed scale. 
This approach emphasizes collaboration, equity, and science-based planning to develop strategies that 
reduce vulnerabilities and enhance resilience for communities and ecosystems. The vision and goals 
outlined in this chapter provide the foundation for the RWA WRP, guiding actions that balance ecological 
health, economic vitality, and cultural values. 

5.1 Development of the Vision Statement 

Through a series of Watershed Network meetings, the network collaboratively drafted the vision statement 
from the RWA Watersheds. Participants, including water agencies, conservation groups, Tribal 
representatives, and frontline community members, worked through interactive processes such as live 
polling, surveys, and open discussion to align the statement with both local aspirations and the objectives 
of the pilot program. Stakeholder contributions emphasized the need to integrate TEK, elevate voices from 
disadvantaged communities, and treat watershed resilience as a living system that intertwines economic 
and ecological outcomes. The inclusion of these elements mirrored DWR’s requirement that visions and 
strategies reflect equity, multi-sector coordination, and scientific rigor. The final statement reflects broad 
consensus across technical experts and community advocates, ready to guide the implementation phase. 

5.2 Watershed Vision 
The vision of the RWA Watersheds Network is as follows: 

Sustainably manage the American, Bear, and Cosumnes River watersheds using a 
science-based, collaborative, and inclusive approach that incorporates traditional 
knowledge and balances ecological and economic needs to sustain the long-term 

resilience of our local communities and ecosystems. 

This vision conveys a balanced, ecosystem-based approach that leverages TEK and formal science, 
emphasizes equitable stakeholder engagement, and seeks harmony between environmental integrity and 
economic prosperity. 

Figure 5-1 illustrates the values and priorities expressed by the Watershed Network members during the 
development of the vision statement. When asked to describe “in one word, why is water important to 
you?”, words like life, connectivity, and sustainability were among the most frequently mentioned 
responses, underscoring the essential role water plays in supporting ecosystems, communities, and 
cultural identity. Other frequently mentioned terms, such as equity, health, and habitat, reflect the 
importance of these aspects to the resilience planning process. These insights informed the vision and 
goals of the Watershed Network, confirming that they resonate with community perspectives and lived 
experiences. DRAFT
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Figure 5-1. In One Word, Why Is Water Important to You? 

 
Source: Results from poll of Watershed Network participants 

5.3 Watershed Goals 

Building on this vision and DWR’s Statewide objectives, the Watershed Network adopted the following 
goals: 

 Advance equity and inclusion by confirming meaningful participation of Tribal Nations, disadvantaged 
communities, and frontline populations. 

 Assess climate vulnerabilities using science-based methods to evaluate risks from drought, wildfire, 
flooding, and other stressors. 

 Develop multi-benefit adaptation strategies that improve water reliability, protect ecosystems, 
enhance public safety, and support economic resilience. 

 Integrate traditional knowledge and local expertise alongside technical data to inform decision-
making. 

 Establish performance metrics aligned with DWR’s framework to track ecological, social, and economic 
outcomes (DWR 2023). 

Together, these goals provide a roadmap for building a resilient watershed that supports thriving 
communities and ecosystems under changing climate conditions.DRAFT
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6. State of the Watershed and Historical Hazards 

6.1 Review of Existing Information and Resources  

As an early step in the RWA WRP, a broad review of existing literature was undertaken to better understand 
the current landscape of technical studies, data, and modeling tools relevant to climate resilience 
planning. This review encompassed more than 70 studies, plans, and modeling efforts across the 
American, Cosumnes, and Bear River watersheds, as well as adjacent areas such as West Sacramento and 
the eastside tributaries of the Feather and Sacramento Rivers. 

The intent of this review was not only to take stock of the substantial work already completed in the 
region, but also to reflect on how well existing tools and knowledge align with the emerging needs of the 
RWA WRP—particularly in relation to the following: 

 Climate vulnerability and risk assessment 
 Water budget development 
 Adaptation and implementation strategy design 
 Performance tracking and monitoring 

In comparing recent efforts—such as the ARBS—with the evolving scope of the pilot, several areas 
emerged where additional refinement or complementary analysis could enhance the planning process. 
These included the following: 

 Opportunities to improve representation of localized groundwater-surface water interactions in 
existing models 

 The potential value of incorporating updated climate scenarios that reflect recent emissions 
trajectories and hydrologic trends 

 The importance of more deeply integrating equity metrics and community-scale vulnerability 
indicators into technical assessments 

These observations were shared and discussed in coordination with RWA and other regional partners to 
verify alignment with ongoing planning efforts and to avoid duplication. Their input helped shape a shared 
understanding of where future technical work might be most beneficial. 

The findings are summarized in Appendix A: Gap Analysis. Rather than prescribing a fixed set of tasks, this 
document is intended to inform the next phase of technical exploration—confirming that future work is 
grounded in the best available science, responsive to regional priorities, and reflective of the diverse needs 
and values of communities across the RWA Watersheds. 

6.2 Gap Analysis Results 

Review of existing studies and modeling efforts identified several areas where additional technical 
exploration, data gathering, or refinement may help strengthen the foundation for a comprehensive and 
equitable watershed resilience plan. These observations are organized by thematic focus areas aligned 
with the pilot’s technical framework; detailed findings are included in Appendix A. DRAFT



 

RWA Watersheds Resilience Plan 
State of the Watershed and Historical Hazards 
 

 

260130201214_783FE80C 6-2 

 

6.2.1 Geographic and Sectoral Coverage 

Existing efforts—such as the ARBS and the California Watershed Resilience Assessment—offer a strong 
foundation for the core American River Basin. However, coverage is more limited in newly included areas, 
particularly the Cosumnes River watershed, West Sacramento, and the north slope of the Bear River 
watershed. 

While water supply and flood management have been well studied in previous efforts, other sectors—such 
as ecosystem health, water quality, recreation, and wildfire risk—are less consistently represented, 
especially outside the original ARBS boundary.  

6.2.2 Assessment of Available Climate Vulnerability and Risk Information 

Detailed climate vulnerability assessments are limited for areas newly brought into the planning scope, 
including the Cosumnes watershed and West Sacramento. Additionally, wildfire risk is not yet fully 
integrated into sectoral vulnerability assessments, and the cascading impacts of wildfire on water quality, 
hydrology, and ecosystems warrant further attention. 

Equity considerations are also underrepresented in prior assessments. There is limited analysis of how 
climate impacts may disproportionately affect low-income, minority, and Tribal communities, or how 
adaptive capacity varies across populations. 

6.2.3 Assessment of Available Water Budget Tools and Data 

Historical water budget data is available for much of the RWA Watersheds, but coverage is more limited in 
the Cosumnes watershed and other newly included areas. Cosumnes-South American-North American 
(known as CoSANA), an integrated surface water-groundwater model, serves as a useful tool for 
simulating detailed surface water and groundwater budgets for the Cosumnes, South, and North American 
subbasins. Other modeling tools, such as CalSim 3, may be able to supplement CoSANA and provide 
coverage for several historical watershed processes across majority of the planning area (see Appendix I 
for details). 

Recent changes in land use, water management practices, and climate conditions suggest a need to revisit 
and update underlying datasets to verify relevance and accuracy. However, updating these considerations 
is likely to be a cumbersome process and may not be feasible for this effort. 

6.3 Equity Considerations 

The RWA Watersheds Region is home to remarkable racial and ethnic diversity, reflecting a wide range of 
cultural backgrounds, traditions, and spoken languages. This diversity, and the environmental risks 
residents face, are not distributed evenly across the region. Many communities of color are concentrated 
in areas that continue to face long-standing disinvestment, resulting in a systemic compounding of 
economic vulnerabilities, limited access to resources, and disproportionate exposure to climate-related 
hazards. Identifying where vulnerable communities are located within the watershed boundary, and 
understanding the conditions they face, is essential to developing responsive and effective resilience 
strategies.  DRAFT
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6.3.1 Engagement and Community Input 

Excluding vulnerable communities from planning processes perpetuates injustice, and for this reason, it is 
imperative to understand their unique challenges and to incorporate direct input from community 
members when shaping solutions. RWA’s engagement efforts aim to build long-term relationships based 
in trust by practicing transparent information sharing and creating inclusive opportunities for public 
participation.  

In addition to the use of quantitative data, direct input from community members on their lived 
experiences, particularly from climate-vulnerable, historically disinvested communities, is honored as an 
important source of information to inform processes and outcomes. Engagement efforts are designed to 
address barriers to participation by offering participant compensation, opportunities for feedback in both 
virtual and in-person formats and adapting often complex and technical information into accessible 
language. These approaches aim to reduce obstacles related to access, capacity, and prior experience in 
planning processes, recognizing that marginalized communities most impacted by climate risks hold 
invaluable perspectives essential to informing effective and equitable solutions. Community engagement 
is an ongoing practice, and RWA is committed to encouraging participation from diverse voices, including 
those often least engaged, through accessible and meaningful opportunities demonstrating that 
participation is valued, supported, and influential throughout decision-making processes.  

Climate-related threats are increasing across the region, but the severity of impacts vary by geography and 
population. For example, Latino and Indigenous workers, who make up a significant share of the region’s 
agricultural and natural resource workforce, are more likely to work outdoors, and therefore experience 
disproportionate exposure to extreme weather conditions and poor air quality. Economic disparity is also 
connected to climate-related risk exposure, as climate impacts are expected to exacerbate existing 
inequities, placing additional strain on communities already facing health, housing, and economic 
challenges. According to the Capital Region Economic Assessment, at least 37% of Capital Region 
residents live in families whose household incomes do not cover basic needs, and nearly 44% of children 
are growing up in households struggling to meet the cost of living. These populations often overlap with 
census tracts designated by the State as “disinvested,” including California Environmental Protection 
Agency (CalEPA)-designated disadvantaged communities, low-income areas, high-poverty or high-
unemployment areas, and lands managed by Federally recognized Tribes. An assessment of census tracts 
against CalEPA criteria reveals that people of color represent a disproportionate number of residents living 
in a CalEPA-designated disadvantaged community.  

6.4 Critical Historical Weather-Related Events 

Understanding historical climate hazards is foundational to assessing current vulnerabilities and informing 
future resilience strategies. Over the past two decades, the RWA Watersheds has experienced a series of 
extreme weather events—floods, droughts, wildfires, and heat waves—that have tested the limits of 
infrastructure, ecosystems, and community preparedness. These events offer critical insight into the 
watersheds’ sensitivities to climate stressors and the adaptive capacity of their systems. 

A review of publicly available data and regional studies identified the following key hazard types and 
representative events: 

 Flooding and Extreme Precipitation: Atmospheric river events in 2017, 2019, and 2023 caused 
widespread flooding, infrastructure damage, and emergency reservoir releases. These events highlight 
the vulnerability of levee systems and the limited flood storage capacity of Folsom Reservoir. 
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 Wildfire: The Caldor (2021), Mosquito (2022), and King (2014) Fires collectively burned over 400,000 
acres in the upper watershed, degrading forest health, increasing erosion, and impairing water quality 
in the South Fork American River. 

 Extreme Heat: The 2022 and 2020 heat waves set temperature records and caused significant public 
health impacts, including hundreds of excess deaths and economic losses in the billions. These events 
also exacerbated wildfire risk and stressed aquatic ecosystems. 

 Drought: The 2012 to 2016 and 2020 to 2022 droughts led to record-low reservoir levels, increased 
groundwater reliance, and significant agricultural and ecological impacts. These events exposed long-
standing vulnerabilities in water supply reliability and groundwater sustainability. 

6.5 Regional Climate Drivers and Trends 

This section provides an overview of regional climate drivers, referring to the large-scale atmospheric and 
oceanic patterns—such as El Niño–Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO), Atlantic 
Multidecadal Oscillation (AMO), and the increasing influence of atmospheric rivers—that shape seasonal 
variability and extreme events across the RWA Watersheds. It also summarizes regional climate trends, 
referring to the long-term observed changes in temperature, precipitation, snowpack, runoff timing, and 
the frequency of extremes like heat waves, droughts, and wildfire conditions. Together, these drivers and 
trends set the context for how water-related sectors—including water supply, flood management, 
ecosystem health, and interconnected systems such as groundwater, hydropower, and recreation—are 
impacted across the RWA Watersheds. 

6.5.1 Climate Drivers in the RWA Watersheds 

Extreme precipitation and hydrologic variability in the RWA Watershed are shaped primarily by 
atmospheric rivers (ARs), which deliver most annual precipitation and dominate flood risk for Folsom 
Reservoir and downstream levees. Secondary climate drivers that can contribute to dynamics in the 
watershed are as follows:  

 ENSO: Influences storm sequencing but has weak correlation with seasonal precipitation in Northern 
California. Wet and dry winters occur under both phases—2017 and 2023 were notably wet despite 
La Niña. 

 PDO: Modulates storm tracks and AR orientation over multi-decadal scales. Recent cool phases tend to 
tilt conditions drier, though AR variability often overrides simple PDO-to-precipitation links. 

 AMO: Warm phases can favor subtropical ridging and episodic intense storms, but locally, AR behavior 
and shorter-term teleconnections exert greater control over orographic precipitation and runoff timing 
in Sierra headwaters. 

6.5.2 Observed Trends in the RWA Watersheds 

Long-term observations and ARBS (2022) projections reveal accelerating shifts in temperature, hydrology, 
and ecosystem stress: 

 Warming: The basin has warmed by approximately 1.5 degrees Celsius (2.7 degrees Fahrenheit [°F]) 
since the mid-20th century, with increased heatwave frequency—roughly 20 additional days with 
temperatures great than 90 °F annually—and earlier frost dates. ARBS projects maximum 
temperatures to rise 4 to 7 °F by 2085, especially in the upper watershed. (USBR 2022) 
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 Snowpack and Runoff Shifts: Sierra snowpack is declining, and runoff now peaks 30 to 60 days earlier 
than historical norms, reducing natural water storage and complicating flood-space management at 
Folsom Reservoir. (USBR 2022) 

 Precipitation Variability: While annual precipitation totals remain stable, the ARBS identifies a trend 
toward shorter, more intense wet seasons and increased “whiplash” between droughts and AR-driven 
floods. (USBR 2022; DWR 2024). 

 Ecological Stressors: ARBS projections indicate a 4 to 10 °F increase in average August water 
temperatures in the Lower American River, posing significant risk to cold-water fisheries. Combined 
with rising drought frequency and groundwater overdraft in the Cosumnes basin, these trends threaten 
ecosystem resilience. (USBR 2022; DWR 2024). 

6.6 Climate Resilience Challenges and Opportunities 

The RWA Watersheds faces compounding climate resilience challenges that directly affect sectors such as 
water supply, agriculture and impact communities, resulting in cascading impacts to communities and 
ecosystems. Rising temperatures and worsening droughts are projected to reduce snowpack and shift 
runoff timing, increasing vulnerability of both surface and groundwater supplies—a critical concern given 
anticipated population growth of roughly 20% by mid-century (USBR 2022; DWR 2024). At the same 
time, intensifying atmospheric rivers and altered snowmelt cycles heighten flood risk for downstream 
basins and aging levee systems, underscoring lessons from regional crises such as Oroville Dam and Delta 
levee failures (DWR 2024). Extreme heat events compound public health risks, particularly in urban heat 
islands with limited canopy cover, and wildfire frequency and severity in headwater forests are degrading 
source-water quality, impairing reservoir operations, and creating episodic air quality emergencies (USBR 
2022; DWR 2024). These hazards disproportionately impact disadvantaged communities, amplifying 
equity concerns and limiting adaptive capacity. 

The RWA Watersheds are poised to benefit from a suite of integrated strategies that strengthen water 
security, ecological health, and community resilience under a changing climate. Building on the 
watershed-scale approach outlined in the California Water Plan Update 2023 and the American River 
Basin Study (DWR 2024; USBR 2022), these opportunities emphasize coordination across headwaters, 
river corridors, and urban systems. 

 Forest and Meadow Restoration: Expanding fuels reduction and meadow rewatering in upper 
watersheds to reduce wildfire severity, stabilize soils, and protect source-water quality 

 Multi-Benefit Floodplain and Levee Setback Projects: Reconnecting rivers to their floodplains and 
creating setback levees to absorb high flows, reduce downstream flood risk, and restore riparian habitat 

 Managed Aquifer Recharge: Capturing excess flows during wet periods to replenish groundwater 
basins, improving drought resilience and buffering surface supply variability 

 Operational Enhancements for Cold-Water Habitat: Refining temperature control operations at 
Folsom Dam to sustain cold-water pools critical for salmonid survival and ecosystem health 

These measures, coupled with regional collaboration, equity-focused adaptation policies, and active 
community engagement, position the watershed to advance a comprehensive resilience framework that 
safeguards water supply, ecosystems, and vulnerable populations. Together, they represent a forward-
looking investment in climate resilience that delivers benefits across environmental, economic, and social 
dimensions. 
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At the Watershed Network meeting held in November 2025, participants shared their concerns and 
priorities through a live Mentimeter poll (Appendix F). 

6.7 Watershed Historical Water Budget 

As part of the RWA WRP, a comprehensive historical water budget was developed using existing data to 
support a deeper understanding of water systems across the planning area. This effort provides a means 
for visualizing and assessing how water moves through the landscape—across surface water, land, and 
groundwater systems—and offers context for characterizing the historical distribution of inflows, 
consumptive uses, imports, exports, and other factors that affect water supplies within the planning area. 

This historical assessment is important for characterizing the existing state of the planning area and how 
climatological and extreme weather events have evolved over time. Understanding these trends is a key 
factor in identifying existing vulnerabilities within the RWA Watersheds and how the evolution of these 
trends may influence water management needs in the future. This water budget offers insight into how 
simulated hydrologic conditions over the last 100 years (water years 1922 through 2021) have influenced 
the relative contribution of individual water-related components across the planning area. 

6.7.1 Methodology 

The historical water budget was developed in accordance with guidance included in DWR’s Handbook for 
Water Budget Development. As such, the planning area was divided into surface water, land, and 
groundwater system regions. Surface water and land systems share the same spatial domain and are 
largely developed based on HUC-8 watershed boundaries (Figure 6-1). Groundwater system regions are 
representative of Bulletin 118 groundwater basins for the North American, South, American, and 
Cosumnes subbasins, trimmed to the extent of the overall planning area (Figure 6-2). 

The historical water budget relies on several different data sources to characterize individual water budget 
components. The primary sources of monthly timeseries data between water years 1922 and 2021 are 
CalSimHydro and the Variable Infiltration Capacity (VIC) models for valley floor and upper watershed 
areas, respectively. These sources are supplemented by CalSim 3 simulations from the 2023 Delivery 
Capability Report, outputs from the CoSANA Integrated Water Resources Model, assumptions noted in the 
CalSim 3 Report, and precipitation data from the extended Livneh et al. (2013, updated thereafter) 
dataset. Detailed documentation and additional information on each of these data sources, associated 
limitations, and relevant individual water budget components are provided in the American River 
Watershed Resilience Pilot Water Budget Technical Memorandum. 

DRAFT



 

RWA Watersheds Resilience Plan 
State of the Watershed and Historical Hazards 
 

 

260130201214_783FE80C 6-7 

 

Figure 6-1. Overview of Surface Water and Land Systems Water Budget Spatial Delineation 

 

Figure 6-2. Overview of Groundwater System Water Budget Spatial Delineation Water Budget Terms and 
Equations 
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The following equations (largely informed by the Handbook for Water Budget Development) highlight 
individual water budget terms represented by each system and are used to estimate the net change (i.e., 
inflows minus outflows) in storage within a given water budget region over a selected period. Note that 
this change in storage can also be interpreted as a measure of uncertainty of mass balancing (i.e., 
accounting) between inflows and outflows. In most cases, inflows and outflows for each year are not 
perfectly balanced across systems due to the variety of data sources used to characterize individual 
components. Additionally, for systems such as the groundwater system, change in storage can be used to 
assess long-term trends in aquifer supplies: 

 Surface Water System 

- Inflows: Stream Inflow + Imported Water + Runoff (and Baseflow, where relevant) + Tailwater + 
Wastewater + Operational Spill Conveyance Gain + Lateral Flow Conveyance Gain + Streamflow 
Gain  

- Outflows: Stream Outflow + Exported Water + Applied Water Diversions + Urban Surface Water 
Diversions + Reservoir Evaporation + Streamflow Losses + Environmental Flows 

- Change in Surface Water Storage: Total Surface Water Inflows – Total Surface Water Outflows  

 Land System 

- Inflows: Precipitation + Applied Water + Urban Deliveries + Upper Watershed Subsurface Gains 

- Outflows: Evapotranspiration + Surface Runoff (and Baseflow, where relevant) + Deep Percolation + 
Evaporative Conveyance Losses + Deep Percolation Conveyance Losses + Operational Spill 
Conveyance Losses + Lateral Flow Conveyance Losses + Tailwater + Wastewater + Upper Watershed 
Subsurface Losses 

- Change in Land System Storage: Total Land System Inflows – Total Land System Outflows 

 Groundwater System 

- Inflows: Deep Percolation + Deep Percolation Conveyance Gains + Streamflow Gain + Subsurface 
Inflow 

- Outflows: Applied Water Pumping + Urban Pumping + Streamflow Loss + Subsurface Outflow 

- Change in Groundwater System Storage: Total Groundwater System Inflows – Total Groundwater 
System Outflows 

 Total Water Budget (Representative of inflows and outflows across all systems) 

- Inflows: Precipitation + Stream Inflows + Imported Water + Subsurface Inflow + Upper Watershed 
Subsurface Gains 

- Outflows: Evapotranspiration + Evaporative Conveyance Losses + Reservoir Evaporation + Stream 
Outflow + Environmental Flows + Exported Water + Subsurface Outflow + Upper Watershed 
Subsurface Losses 

- Change in Total Water Budget Storage: Total Water Budget Inflows – Total Water Budget Outflows 

6.7.2 Key Findings and Results 

Discussion of key findings from this assessment are highlighted in the following bullet points; additional 
commentary on observable trends is noted in the broader technical memorandum. 
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 The land system is the largest contributor to the overall (i.e., total) water budget and connected surface 
water system inflows.  

 The groundwater system is primarily supplied by the land system, with significant contributions from 
the surface water system for some regions (e.g., North American Region).  

 Precipitation has the most influence on inflow parameters across systems, including surface runoff, 
baseflow, and deep percolation. When decreases in precipitation occur, increased reliance on 
groundwater production is noted. 

 Groundwater production increases in dry and critically dry years (relative to wet water years) to 
compensate for decreased surface water supplies. Increases to groundwater storage are generally 
sustained through wet and above normal water years; decreases in the frequency of water years of 
these types may have implications for future groundwater sustainability. 

 The timing of available surface water supplies, outflows, and environmental flows (minimum instream 
flows and mitigation flows) in the North American and South American regions is a result of Folsom 
Lake (and Lake Natoma) operations. Flows for the Upper Bear and Upper Cosumnes regions are 
significantly lower magnitude than the North American and South American regions due to differences 
in upper watershed acreage. 
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7. Climate Vulnerability Assessment 
An integrated assessment of climate vulnerability and risk was conducted to better understand how 
climate-related hazards may affect key systems and communities across the watershed. The vulnerability 
assessment draws on both qualitative and quantitative methods that evaluated nine systems and sectors 
across the watershed: surface water supply, groundwater supply, water quality, flood management, 
ecosystem, agricultural, community and equity, recreation, and hydropower. 

7.1 Qualitative Vulnerability Assessment  

The qualitative vulnerability assessment (Appendix C) provides a structured, sector-specific evaluation of 
climate risks, capturing how different systems respond to stressors such as extreme heat, drought, 
flooding, and wildfire. This assessment emphasizes local context and planning-area nuance, recognizing 
that climate vulnerability varies across the Upper and Lower American, Bear, and Cosumnes watersheds 
due to differences in hydrology, infrastructure, ecosystems, and community capacity.  

7.1.1 Approach 

The qualitative vulnerability assessment approach recognizes that vulnerability is driven not by climate 
exposure alone, but also by the interaction between a system’s sensitivity to climate stressors and its 
capacity to adapt or recover. These two dimensions, Sensitivity and Adaptive Capacity, are evaluated 
independently and then combined using a predefined prioritization logic to assign a Vulnerability Priority 
Rating. Through this process, the qualitative insights are translated into standardized scores that enable 
consistent comparison across sectors and assets; support prioritization of the most critical vulnerabilities; 
and inform where more detailed, scenario-based modeling is warranted.  

In addition to published data and reports, the assessment incorporated broad stakeholder engagement to 
solicit input through agency-specific meetings and expert consultations to calibrate scores and verify 
consistency across sectors and planning areas. Particular attention was given to interpreting Adaptive 
Capacity in relation to institutional, operational, and ecological constraints, strengthening the credibility 
and defensibility of the results. 

Figure 7-1 illustrates the qualitative assessment process, and its elements are described in the bullet 
points following Figure 7-1.  
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Figure 7-1. Vulnerability Assessment Process Applied to Planning Areas, Systems, and Sectors 

 

 Sensitivity: Sensitivity describes how strongly a system or component is affected when exposed to 
climate stressors such as extreme heat, drought, flooding, or wildfire. It reflects the degree to which 
climate conditions influence system performance, function, or integrity. Sensitivity is rated on a 5-point 
scale, where low scores indicate minimal climate influence, and high scores indicate strong, direct 
sensitivity with potential for performance degradation or failure. Ratings are informed by physical 
characteristics, operational constraints, and established climate-response relationships, with 
intermediate values used to capture gradations in response. 

 Adaptive Capacity: Adaptive Capacity reflects a system’s inherent ability to respond to, cope with, or 
recover from climate impacts. This includes factors such as physical redundancy, operational flexibility, 
institutional authority, financial resources, regulatory protections, and availability of alternatives. 
Adaptive Capacity is also rated on a 5-point scale, but inversely, such that higher numeric values 
indicate lower capacity. This inverse structure confirms that systems with high sensitivity and limited 
capacity are appropriately identified as the most vulnerable. DRAFT
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 Vulnerability Rating: Rather than calculating vulnerability 
through a simple formula, the assessment uses a matrix (Figure 
7-2) that explicitly defines how combinations of Sensitivity and 
Adaptive Capacity translate into a Vulnerability Priority Rating 
(1 to 5). This approach avoids false precision, supports 
consistent expert judgment across sectors, and confirms that 
systems with high sensitivity and low adaptive capacity receive 
the highest priority ratings. Vulnerability ratings of 4 or 5 
indicate high to very high concern and signal areas for further 
analysis.  

 Scale of Effects: To capture not only how vulnerable a system is, 
but also how far its impacts extend, the assessment includes a 
Scale of Effects rating. This metric describes the geographic or systemic reach of consequences, 
ranging from localized impacts affecting a single facility or community to systemwide or Statewide 
impacts with cascading effects across multiple watersheds or sectors. The Scale of Effects is rated on a 
1 to 5 scale and is critical for identifying vulnerabilities with the potential to propagate beyond their 
point of origin. 

 Composite Vulnerability Score: The Vulnerability Priority Rating and Scale of Effects are combined to 
form a composite score, weighted 2:1, respectively. This composite supports rapid comparison across 
systems while retaining the underlying multi-dimensional information. The framework enables 
stakeholders to distinguish localized risks from systemwide threats, compare vulnerabilities across 
asset types, and identify systems warranting priority attention in subsequent quantitative analysis. 

7.1.2 Key Vulnerability Drivers 

Key vulnerability drivers are the underlying factors that explain why certain systems and communities 
experience disproportionately high risk under climate stress. Rather than reflecting exposure alone, these 
drivers describe the mechanisms through which climate hazards translate into real impacts: by increasing 
sensitivity, creating single points of failure, or constraining the ability to adapt. Focusing on drivers 
captures system dependencies, infrastructure and institutional limitations, and the compounding effects 
of multiple stressors, providing a direct link between vulnerability ratings and actionable responses. 

Across the watershed, vulnerability emerges from the interaction of climatic hazard sensitivity (including 
warming and extreme heat, snowpack loss and runoff timing shifts, more intense storms, prolonged 
drought, and wildfire) with capacity constraints that limit response options. Climate hazard sensitivity 
interactions with ecosystems, socioeconomic, and built-infrastructure factors are illustrated on Figure 7-3. 

Ecological capacity drivers—particularly declining forest health and degraded aquatic and riparian 
ecosystems—amplify risk by altering runoff processes, increasing sediment and water quality stress, and 
constraining operational flexibility. Built infrastructure capacity drivers (including aging and fragile leaves, 
limited storage capacity, and operational constraints at key facilities such as Folsom Reservoir) further 
elevate vulnerability by creating critical points of failure under increasingly variable conditions. 

Socioeconomic capacity drivers shape both the severity and distribution of impacts. Community and 
equity-related vulnerabilities are widespread, especially in rural, foothill, floodplain, and Delta-edge 
communities where exposure to multiple hazards overlaps with limited redundancy and institutional 
capacity. Groundwater systems illustrate a dual pattern of vulnerability, with regional-scale sustainability 
risks alongside acute, localized insecurity in small systems and private wells, underscoring equity concerns 
even where impacts do not cascade watershed-wide. 

Figure 7-2. Vulnerability 
Prioritization Matrix 
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Figure 7-3. Key Drivers for Vulnerability in the American, Bear, and Cosumnes Watersheds 

 

7.1.3 Qualitative Assessment Findings 

Key findings from the qualitative vulnerability assessment are summarized in the following bullet points. 
They support the development of targeted climate adaptations. 

 Climate Hazards are the Primary Driver for Vulnerabilities: Vulnerability is highest where climatic 
hazards intersect with degraded ecological systems, constrained infrastructure, and limited community 
capacity, particularly in systems that perform critical, watershed-wide functions. While many assets 
exhibit climate sensitivity, the assessment clearly differentiates these system-level risks from 
vulnerabilities that are more localized or buffered by stronger adaptive capacity. These results directly 
inform the adaptation framework, which is organized to address the key climatic, ecological, 
socioeconomic, and built infrastructure drivers responsible for the highest vulnerability across the 
watershed. 

 Systemwide Vulnerabilities Dominating Highest Risk Category: The assessment identifies several 
assets and systems with very high vulnerability (rating of 5) and systemwide or multi-watershed effects 
(Scale of Effects 4 to 5). These include Folsom Reservoir; natural snowpack systems; forest health and 
ecosystem services; lower American River aquatic ecosystems; and major levee systems in the 
Cosumnes and Lower American Rivers. These systems consistently score at the top of the composite 
ranking (4.7 to 5.0), indicating that even moderate additional climate stress could result in cascading 
impacts across water supply, flood management, ecosystems, recreation, and communities. Their 
importance lies not only in their sensitivity, but in their central role within the watershed’s 
interconnected systems. 
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 Severe and Far-Reaching Ecosystem and Forest Health Vulnerabilities: Ecosystem-related 
components, especially forest health and ecosystem services and aquatic ecosystems in the Lower 
American River, consistently rank among the highest vulnerabilities. Forest health systems in the Upper 
American, Upper Bear, and Upper Cosumnes Rivers score at the maximum vulnerability level with 
systemwide effects, reflecting the compounding influence of drought, wildfire, pests, and heat. These 
vulnerabilities have implications well beyond ecology: they affect erosion, sediment transport, water 
quality, reservoir operations, and long-term hydrologic function across the watershed. 

 Flood Management - a Critical and Widespread Vulnerability: Flood-related assets—particularly levee 
systems, floodplains, and local drainage networks—emerge as a dominant vulnerability across the 
Lower American, Lower Cosumnes, and Lower Bear River planning areas. Levee systems in the Lower 
Cosumnes and Lower American Rivers are rated at the highest vulnerability level, reflecting high 
exposure to extreme precipitation and atmospheric rivers, combined with limited options for structural 
adaptation. These systems also exhibit high scale-of-effects scores, underscoring that flood failures 
would affect entire communities, transportation corridors, and agricultural areas, rather than isolated 
locations. 

 Surface Water Supply Vulnerabilities Driven by Snowpack Loss and Key Storage Constraints: Surface 
water supply systems show elevated vulnerability where they depend on snowpack-driven hydrology or 
single, critical storage facilities. Natural snowpack in the Upper American, Upper Bear, and Upper 
Cosumnes Rivers consistently ranks as highly vulnerable with systemwide consequences, reflecting the 
foundational role of snowpack as the watershed’s largest natural reservoir. Folsom Reservoir, assessed 
under both surface water supply and flood management, stands out as one of the most consequential 
vulnerabilities in the entire assessment due to its sensitivity to runoff timing shifts and regulatory 
constraints that limit operational flexibility. 

 Groundwater Vulnerabilities Reflecting both Regional and Localized Water Risks: Groundwater 
systems display two distinct but equally important vulnerability patterns. At the regional scale, 
groundwater basins in the Lower American and Lower Bear River areas score high vulnerability with 
large scales of effect, indicating risks to long-term groundwater sustainability and regional water 
reliability. At the local scale, small water systems and private landowner wells, particularly in the upper 
watershed and Cosumnes areas, show very high vulnerability despite having localized impacts. These 
systems lack redundancy and financial capacity, making them especially sensitive to drought and 
wildfire, and highlighting equity concerns even when impacts do not immediately cascade watershed 
wide. 

 Widespread, but Often Subregional-Scale, Community and Equity Vulnerabilities: Community and 
equity components show consistently high vulnerability scores (rating of 4) across multiple planning 
areas, including Delta-edge communities, Sacramento Metro East, floodplain communities, foothill 
towns, and upper watershed rural communities. While many of these impacts are subregional in scale, 
they represent concentrated risk to populations with limited adaptive capacity, particularly in areas 
facing overlapping hazards such as flooding, heat, wildfire, and water insecurity. Upper watershed rural 
communities stand out with the highest vulnerability scores, reflecting isolation, limited redundancy, 
and constrained institutional capacity. 

 Lower Vulnerability but not Low Importance: Some systems—such as large conveyance infrastructure, 
major managed floodways, and certain municipal water systems—show lower vulnerability ratings due 
to higher adaptive capacity, even when exposed to climate stressors. These findings do not indicate 
absence of risk, but rather reflect that institutional strength, operational flexibility, and system design 
play a meaningful role in moderating climate impacts. 
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7.2 Quantitative Vulnerability Assessment 

7.2.1 Approach 

The quantitative vulnerability assessment evaluates how key water-resource systems respond to future 
climate stressors using a scenario-based framework. The approach translates a large ensemble of climate 
projections into a small, representative set of planning scenarios that capture both central tendencies and 
plausible extremes. These scenarios provide a consistent basis for assessing system sensitivity to climate 
hazards under mid- and late-century climate conditions. They support the qualitative assessment and 
provide comparative assessment of the magnitude of likely changes across the watershed. 

7.2.1.1 Climate Scenario Development 

The quantitative assessment employs a scenario-based approach to evaluate key vulnerabilities for water 
resources sectors. Future climate change scenarios were developed using 129 projections derived from 15 
selected global climate models within the Coupled Model Intercomparison Project Phase 6 (CMIP6) 
dataset. These projections include variant members from each global climate model to capture model 
uncertainty. The scenarios are intended to encompass a wide range of potential climate conditions, from 
median projections to extreme cases, and are defined for two future periods: Mid-Century (2041 to 2070) 
and Late-Century (2071 to 2100).  

Percentile-based thresholds were applied to represent a range of plausible futures while maintaining 
statistical robustness. A 50th-percentile (median) scenario was selected for Mid-Century conditions to 
reflect central tendency. For Late-Century conditions, Warm–Wet and Hot–Dry scenarios were defined 
using the 75th and 25th percentiles, respectively, to represent plausible extremes in precipitation and 
temperature. Figure 7-4 illustrates the range of conditions covered by these scenarios, which span median 
trends and high-impact futures relevant to long-term planning and risk management. The approach for 
the development of the climate change scenarios is detailed in Appendix D. 

Figure 7-4. Projected Changes under the Selected Climate Change Scenarios 

 

7.2.1.2 Sea Level Rise Scenarios  

Each period includes different sea level rise (SLR) assumptions. The Existing Baseline assumes  
0-centimeter (cm) SLR, while the Mid-Century (Central Tendency) assumes 30 cm SLR, and the Late-
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Century (Hot-Dry [HD]) and Late-Century (Warm-Wet [WW]) assume 55 cm SLR. The elevated SLR in the 
future periods corresponds to greater challenges in meeting water quality standards in the Delta. 

7.2.1.3 Modeling Tools 

To evaluate climate vulnerability across water-resource sectors, the assessment applies a modeling 
framework that links future climate scenarios to hydrologic response, system operations, and sector-
specific impacts (Figure 7-5). The three developed climate scenarios using CMIP6 projections provide the 
foundation for hydrologic and operations modeling, which in turn inform the quantitative vulnerability 
assessment across sectors. Hydrologic modeling using a VIC model translates changes in temperature and 
precipitation into watershed-scale runoff and inflow responses. 

These hydrologic outputs, as well as SLR assumptions, are incorporated into CalSim 3, the primary 
operations model used to simulate reservoir storage, river flows, and surface water diversions and 
deliveries across the Sacramento and San Joaquin valleys. It provides a consistent, planning-level 
representation of system operations, facilities, demands, and regulatory constraints. To isolate climate-
driven effects, the modeled scenarios vary only in hydrologic inputs and demand assumptions reflecting 
future climate and development, while all operational rules and infrastructure characteristics remain 
unchanged. 

Outputs from CalSim 3 are then used to drive HEC-5Q for river and reservoir water temperature along the 
lower American River; and Long-Term Generation Model 3 to estimate hydropower generation at Folsom 
Reservoir. This approach confirms that temperature and energy impacts reflect the same operational and 
hydrologic conditions used in the water supply analysis. A detailed description of the modeling 
assumptions is included in Appendix D Attachment 2 – CalSim 3 Modeling. 

Figure 7-5. Modeling Framework Linking Climate Scenarios to Sector-specific Vulnerability Assessment 
Indicators and Metrics 

 

Model results from the tools outlined previously herein are synthesized to evaluate impacts across eight 
water-related sectors: surface water supply, groundwater supply, flood management, water quality, 
ecosystems, recreation, hydropower, and agricultural and urban water supply. A series of vulnerability 
indicators and metrics relevant to selected water sectors and land uses were developed and are provided 
in Appendix D. Indicators and metrics are the foundation for the quantitative vulnerability assessment 
documented in subsequent sections. Definitions for each of these terms are as follows: 
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 Indicators are the observable aspects of a given water resource sector that provide insight into existing 
conditions, projected conditions, and responses to adaptation. Indicators are intended to inform 
decision-making processes. Example indicators include Folsom Reservoir condition (surface water 
supply sector), flood stage (flood management sector), and aquatic ecosystem suitability (ecosystem 
sector).  

 Metric is the quantitative measurement of a given indicator. Metrics must be relevant, spatially specific, 
time-sensitive, sensitive to climate, actionable, and comparable across scenarios. Example metrics 
include change in end-of-September Folsom Reservoir storage (surface water supply sector), change in 
1% annual exceedance probability precipitation intensity (flood management sector), and deviation 
from suitable temperature targets at Watt Avenue Bridge (ecosystem sector). 

7.2.2 Summary of Results 

Results from the quantitative vulnerability assessment for each of the water-resource sectors are 
discussed in the following subsections. Detailed modeling results are presented in Appendix D. 

7.2.2.1 Surface Water Supply 

Future conditions are projected to correspond with reduced levels of annual unimpaired inflows entering 
the American River. Additionally, warmer temperatures and changing precipitation levels will cause a shift 
in the timing of upstream runoff, where a higher proportion of annual unimpaired inflow occurs in 
December through March and less occurs in May through August (Figure 7-6). Reduced levels of 
unimpaired inflow, especially later in the year, pose challenges in managing water supply to meet 
downstream demands and regulatory requirements, as demonstrated by the change in Folsom Reservoir 
storage on Figure 7-7.  

Figure 7-6. Change in Timing and Distribution of Monthly Average Inflows to Folsom Reservoir 
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Figure 7-7. Change in End of September Folsom Reservoir Storage 

 

Results from the surface water supply assessment reveal the following: 

 By the Mid-Century, inflows to the American River may decrease by 22% relative to the Existing 
Baseline in December through August. Compliance with storage objectives at Folsom Reservoir and the 
upper watersheds will be impacted. Lower American River flows will reduce by 9% on an average 
annual basis, corresponding with water supply available to meet demands of service contractors and to 
comply with minimum instream flow requirements. Much of the reduced flow volume occurs in May 
through August. Water supply for hydroelectric projects in the Upper American River is impacted, and 
compliance with regulatory objectives decreases. 

 In the Late-Century, the state of surface water supply was highly dependent on whether the climate 
trends warm and wet or hot and dry. If warm and wet, rim inflows and snowmelt will generally be 
higher in December through April than has been observed historically. Much of this water would be 
spilled from upstream reservoirs due to limited storage capacity and lost to Delta Outflow. 
Additionally, rim inflows would be less than historical levels in April through August. Overall, a warm 
and wet late century climate would include 16% less December through August inflows to the 
American River. Like the Mid-Century outlook, American River flows are significantly reduced relative to 
the Existing Baseline in May through September. 

 If conditions in the Late-Century are hot and dry, inflow to the American River may reduce by 32% in 
December through August. A hot and dry late century climate would yield significantly reduced storage 
levels. Compliance with the Folsom Reservoir end-of-December storage standard of 230 TAF would be 
significantly impacted. Lower American River flows will reduce by 17% on an average annual basis, 
causing major challenges in meeting demands of service contractors while also complying with 
hydroelectric objectives and downstream minimum flow requirements. 
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7.2.2.2 Groundwater 

Changes in groundwater storage are sensitive to climate and hydrologic conditions where increases in 
groundwater storage occur during wet periods, when recharge from precipitation and streamflow tends to 
be higher. Decreases in groundwater storage tend to occur during drier periods, when recharge from 
precipitation and streamflow tends to be lower and when groundwater pumping to meet agricultural 
demands is higher due to increased temperatures. In summary, groundwater inflows are generally larger 
during wet periods and smaller during drier periods, and this has a larger influence on the change in 
groundwater storage over time. Key results from the groundwater analysis include the following: 

 Seasonal variability in the change in groundwater storage is observed across all climate scenarios, 
where increases in storage are driven by recharge from precipitation and streams during wet periods 
and larger decreases in groundwater storage are driven by evapotranspiration and groundwater 
pumping during drier periods. This dynamic indicates potential vulnerabilities in groundwater supply 
during the drier periods (where groundwater storage declines can result in lower water levels, which 
may result in some wells running dry). 

 Increased temperature and decreased precipitation cause an increase in agricultural demand. This can 
lead to increased groundwater pumping, causing larger declines in groundwater storage during the 
drier periods. 

 The North American, South American, and Cosumnes Subbasin Groundwater Sustainability Plans have 
indicated other factors that can have an influence on groundwater storage conditions. For example, 
increased urbanization can lead to more impervious areas; this reduces the amount of groundwater 
recharge that can occur, reducing the total inflow to the groundwater system and leading to larger 
declines in groundwater storage. In wet periods, when surface water supplies are abundant, 
opportunities for managed aquifer recharge can positively impact groundwater conditions by 
increasing groundwater storage for later use in the drier periods when surface water supplies are less 
abundant. 

7.2.2.3 Flood Management  

Increased river flows under future climate scenarios are expected to shift the flow frequency curve such 
that the current annual exceedance probability event (e.g., 100-year flood event) would happen more 
frequently in the future, increasing challenges for flood management practitioners. Additional 
considerations are as follows: 

 As levee breaches are generally a function of river flow and stage, and since high flows will occur more 
frequently in the future, breaches and subsequent inundation of urban areas currently protected by 
levees will likely occur more frequently in the future.  

 Flood modeling of inundation in urban areas protected by levees requires assumptions on the location, 
timing, size, and shape of the potential breach. Modeled flood inundation extents (such as those used 
by DWR in work supporting the Central Valley Flood Protection Plan, and in this analysis to quantify 
flood impacts [e.g., Figure 7-8]) must be interpreted with an understanding of the risk or probability of 
levee failure. 

 Modeling flood inundation in areas not protected by levees is much more straightforward and does not 
require assumptions on levee breaches. In such areas, increased climate will extend inundation extents 
for a given return interval event, as flows and river stages at a given event will increase in the future. 
Flood maps will expand laterally, potentially inundating more structures, as warmer climates increase 
river flows. 
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Figure 7-8. Projected Inundation under Approximately 125-year Flood Event Conditions with a 
Simulated Levee Breach along the American River 
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7.2.2.4 Water Quality  

The water quality parameters evaluated include river temperature, dissolved oxygen levels, and the 
presence of algal blooms. In general, warmer air temperatures under future climate conditions result in 
increased water temperatures along the American River (Figure 7-7).  

Figure 7-9. Change in Monthly Average American River Water Temperatures at Watt Avenue Bridge 

 

Key results from the water quality assessment indicate the following: 

 All future climate scenarios show increased American River water temperatures compared to the 
baseline scenario. The Late-Century HD scenario demonstrates the most significant temperature 
increases, and summer months exhibit higher water temperatures across all scenarios. Water 
temperatures generally increase as the river progresses downstream. 

 While not directly modeled, water temperatures for the Cosumnes and Bear rivers are expected to 
experience similar temperature increase patterns based on air temperature projections. However, the 
impact might be less severe than in the American River due to more stable flow patterns. 

 Dissolved oxygen levels are expected to decrease as water temperatures rise. For the American River at 
Watt Avenue, the Late-Century HD scenario predicts a potential 6% reduction in dissolved oxygen in 
June. 

 The predicted water temperature increases in the American River are unlikely to substantially elevate 
the risk of cyanobacterial blooms, as water temperatures remain less than the optimal range for bloom 
formation. 

7.2.2.5 Ecosystem  

Increases in temperature are driving conditions where snowmelt occurs earlier in the year and more 
precipitation falls as rain rather than snow. In upper watersheds, this results in a reduction in late-spring 
and summer baseflow; warmer water temperatures; higher winter peak flows; and, in some cases, a 
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reduction in total annual water supply. These changes, as they propagate downstream, are projected to 
result in additional exceedances for key minimum flow and water temperature thresholds, promoting 
conditions that are threatening for aquatic, riparian, and groundwater-dependent ecosystems (Figure 7-
10). Warmer temperatures also result in seasonal shifts in total climatic water deficit, resulting in an 
overall decrease in forest health and ecosystem services in upper watershed areas. This is exacerbated by a 
heightened risk of more severe wildfires, resulting in a degradation of the condition of the landscape in 
these areas (Figure 7-11). Ultimately, outcomes of the vulnerability assessment indicate a heightened risk 
to ecosystems under future climate conditions. Existing infrastructure and operations are unable to fully 
mitigate many of the warmer and drier conditions that threaten ecological communities.  

Figure 7-10. Change in Watt Avenue Bridge Daily Temperatures between May 15-September 30 

 

Figure 7-11. Decadal Wildfire Probability under Historical, Mid-Future, and Late-Future Conditions 
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Key results from the ecosystem assessment include the following: 

 Relative to the existing baseline, the frequency of monthly average flows exceeding  
800 cubic feet per second decreases by between 2% and 10% below Lake Natoma. Conversely, shifts in 
minimum flow exceedances below Camp Far West Reservoir and Granlees Dam are largely unchanged 
under future conditions.  

 Changes to upper watershed hydrographs along the North Fork, Middle Fork, and South Fork American 
rivers are far more pronounced than those along the Bear and Cosumnes rivers, demonstrating 
increased peak flows during the wet season and a reduction in flows during late spring and summer 
months. 

 The frequency of daily water temperatures exceeding 65 °F between  
May 15 and September 30 increases by 20% to 28%, depending on scenario.  

 Climatic water deficit decreases during the winter and spring in the upper watershed, suggesting earlier 
snowmelt and drier conditions during the fall and summer. Annually, this results in an increase in total 
climatic water deficit by up to 30% in some locations in these areas. 

 By the late century, decadal wildfire probability increases by up to 60% in some locations. Similarly, 
projected changes in burn areas indicate up to a 100% increase in upper watershed areas. 

 The frequency of 2-year peak flows is likely to increase. However, given the sharper peaks in 
hydrographs noted in upstream areas of the American River watershed, the duration of beneficial flows 
that promote floodplain inundation and spawning habitat may decrease.  

7.2.2.6 Recreation 

Recreational opportunities within the American River are largely dependent on total annual water 
supplies, reservoir operation, and shifts in temperatures. During drier water years, the prevalence and 
quality of recreation in lakes, rivers, and upper watersheds may decrease; and in wet years, conditions may 
preclude certain activities due to high flows and storage. Changes under climate change are highly 
location-specific due to differences in existing infrastructure, water management regimes, and other 
factors. Key results from the recreation assessment include the following:  

 The frequency of conditions sufficient for boat access at Folsom Lake decreases by between 3% and 
14%, depending on climate scenario. Similar trends at Camp Far West Reservoir are also present (2% 
to 9%). However, the frequency of recreational days at Rollins Lake increases by up to 31% due to rarer 
occurrences of reservoir elevations that preclude boat access. 

 The quality of recreation along the South Fork American River below Chili Bar is projected to decrease 
under the mid-century and late-century (HD scenarios). However, assuming existing infrastructure can 
adequately manage increases in peak flows, the late-century (WW) scenario may result in a greater 
frequency of higher quality recreation in some years.  

 Because the Cosumnes River is unregulated, changes under future conditions suggest an overall 
decrease in the number of days suitable for recreation along all runs of the Cosumnes River. Decreases 
range from roughly 10% to 15% for the upper and lower runs and from 4% to 9% for the Middle Fork 
run.  

 Up to 80% reductions on April 1 snow water equivalent are noted for some locations in the upper 
watershed (Figure 7-12), suggesting a decrease in the total number of recreation days for snow-based 
recreation activities.  
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Figure 7-12. Projected Change in April 1 Snow Water Equivalent in Upper Watershed Areas 

 
Note: SWE = snow water equivalent 

 The frequency of flows greater than 10,000 cubic feet per second between October and April along the 
American River Parkway increase by roughly 2% to 4%. This is likely to result in more frequent closures 
of Parkway facilities during these months, reducing the availability of recreational activities between 
late fall and early spring.  

7.2.2.7 Hydropower  

Changes in the magnitude and timing of American River inflows can have a significant effect on 
hydroelectric production. Generally, power production is higher during summer months when reservoir 
levels are higher, and water is released to satisfy delivery requirements. Reductions to storage levels in the 
late spring and summer, as projected by future climate modeling, will result in reduced energy capacity 
and generation. Over time, adjustments to hydropower operations will be needed to maintain balance in 
energy production with flood protection, downstream flow standards, and water supply demands. Under 
current operations, projected changes to climate will cause overall reductions to reservoirs in the 
American River watershed; thereby reducing the potential for hydropower production. Energy generation 
will be especially impacted in May through August. Key results include the following: 

 Reduction in storage at Folsom Reservoir, the largest hydropower facility in the American River 
watershed, is projected to decrease average annual energy generation by about 13% to 29%. 

 Most reservoirs in the American River watershed that are compatible with hydropower production are 
projected to include lower storage levels in the future, particularly in May through August. This results 
in less total energy generated through hydropower in the entire watershed. 

 Storage conditions are sensitive to extreme changes in climate. Hydropower production is most 
impacted when the climate becomes hot and dry. If the late century is warm and wet, hydropower 
production will be relatively high in December through April, but relatively low in May through August, 
and low overall on an average annual basis relative to existing conditions. 

7.2.2.8 Agriculture and Urban Water Supply 

Agricultural and urban demands are expected to increase in the future and surface water supply 
availability is expected to decrease, causing greater reliance on groundwater and greater imbalances in 
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supply and demand. Average annual temperature and potential evapotranspiration are projected to 
increase, while soil moisture conditions are projected to decrease. Consequently, agricultural applied water 
requirements will increase, requiring more water supply to meet demands. However, projected average 
annual surface water supply is projected to decrease, causing greater reliance on groundwater pumping 
and greater water shortages for agricultural and urban users (Figure 7-13). 

Figure 7-13. Long-Term Average Annual Unmet Water Demand for Urban and Agriculture Uses 

 

Key results for the agriculture and urban water supply assessment include the following: 

 Average annual shortage for the urban sector grows from 13 TAF per year (Existing Baseline) to 132 
TAF per year (Late-Century [HD]). 

 Average annual shortage for the agricultural sector grows from 16 TAF per year (Existing Baseline) to 
29 TAF per year (Late-Century [HD]). 

 With limited access to groundwater, water users in the foothills will experience greater shortages than 
users in the valley floor. 

 Drier years result in greater shortages and greater risk of overdraft conditions caused by elevated 
reliance on groundwater. 

 Increased use of groundwater pumping, especially during droughts, will elevate the risk of overdraft 
conditions in the valley floor of the American River watershed. 

7.2.3 Quantitative Assessment Findings 

Key findings from the quantitative vulnerability assessment are summarized in the following bullet points. 
Coupled with those from the qualitative assessment, these findings provide foundation for the 
development of targeted climate adaptations.  
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 Seasonal mismatch is the dominant system-wide challenge: Across surface water supply, hydropower, 
ecosystems, recreation, and urban and agricultural uses, runoff is projected to shift earlier in the year, 
with higher winter flows and reduced spring and summer availability, when demands are highest. 

 Late-season water availability declines drive cascading vulnerabilities: Reductions in May to 
September flows reduce reliability for water supply deliveries, instream flow compliance, hydropower 
generation, recreation quality, and ecological health, amplifying tradeoffs among competing 
objectives. 

 Groundwater becomes increasingly critical and stressed: Higher temperatures and reduced surface 
water availability increase reliance on groundwater during dry months and droughts, heightening risks 
of declining water levels that result in the dewatering of shallower wells, and overdraft in the absence 
of expanded managed aquifer recharge and demand management. 

 Flood risk increases even as water supply reliability declines: More intense storms and higher peak 
flows increase flood frequency and inundation extents, particularly in unprotected areas, while leveed 
areas become more sensitive to breach risk, highlighting a growing divergence between flood and 
supply conditions. 

 Water quality and ecosystem stress intensify under warming conditions: Rising water temperatures 
and reduced baseflows lead to more frequent exceedances of thermal thresholds, declining dissolved 
oxygen, increased climatic water deficit, and reduced resilience of aquatic, riparian, forest, and 
groundwater-dependent ecosystems. 

 Upper watershed systems experience the most pronounced physical changes: Snowpack loss, earlier 
snowmelt, increased wildfire probability, and sharper hydrograph peaks are most evident in upper 
watershed areas, with downstream propagation of impacts to flows, temperatures, sediment, and 
habitat conditions. 

 Recreation and hydropower outcomes become more variable and less reliable: Climate-driven 
changes reduce the predictability of reservoir access, river recreation quality, snow-based recreation, 
and summer hydropower production, with benefits in wet winters often offset by losses during peak use 
seasons. 

 Agricultural and urban water users face growing supply-demand imbalances: Increasing 
evapotranspiration and applied water requirements coincide with declining surface water availability, 
leading to substantially higher shortages under late-century HD conditions and greater vulnerability 
for foothill and groundwater-constrained users. 

 Late-century HD conditions represent the highest-risk future: While WW future conditions introduce 
flood and spill-related challenges, HD scenarios consistently produce the most severe impacts across 
supply reliability, groundwater stress, ecosystem health, and shortage magnitude. 

 System-level adaptation is required: The results indicate that incremental, asset-specific responses 
will be insufficient. Addressing vulnerability will require coordinated strategies that improve seasonal 
flexibility, storage utilization, groundwater recharge, operational integration, and cross-sector 
coordination at the watershed scale. DRAFT



 

RWA Watersheds Resilience Plan 
Climate Adaptations 
 

 

260130201214_783FE80C 8-1 

 

8. Climate Adaptations  
This chapter outlines the development of adaptations, which are a structured, watershed-scale response to 
the identified climate vulnerabilities. They define how the region intends to reduce climate risk and 
improve resilience across all systems. 

8.1 Adaptations Framework  

Adaptations are organized using a three-tier framework designed to balance long-term durability with 
near-term flexibility. The framework separates enduring resilience objectives from project-level 
implementation decisions, allowing the plan to remain relevant under climate uncertainty. The three tiers 
include adaptation strategies, adaptation actions, and implementation projects, as follows:  

1. Adaptation Strategies are high-level, outcome-focused statements that define the long-term 
direction for reducing climate risk and improving system resilience. These strategies are intentionally 
stable over time and serve as anchor points for future action. 

2. Adaptation Actions are more specific descriptions of what types of interventions are needed to 
advance each strategy. Actions may include planning, infrastructure, operations, policy, coordination, 
or data and science efforts. Actions may evolve over time as new information becomes available. 

3. Implementation Projects are discrete, site-specific efforts with defined scope, budget, schedule, and 
responsible leads. Projects implement one or more adaptation actions and may support multiple 
strategies simultaneously. Projects are expected to change most frequently over time. 

Adaptation strategies and actions establish stable, outcome-focused direction to guide formulation and 
implementation of projects over time. This structure allows the region to get the strategies right first, while 
maintaining flexibility in how actions and projects are implemented. It also supports adaptive 
management; maintains continuity of intent; and enables transparent, project-level decision-making 
aligned with evolving funding opportunities and readiness. Figure 8-1 illustrates the relationship between 
strategies, actions, and projects. 

Figure 8-1. Adaptation Frame: Relationship between Strategies, Actions, and Projects 
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ID Adaptation Actions Type of Action 

1e Develop operational agreements as needed for flexible use of collective water 
rights and contract entitlements to promote regionwide benefits. 

Coordination and 
Collaboration 

2 – Develop and Implement Demand Management 

2a Review and update capacity-level demand projection by incorporating regulatory 
changes, best management practices, and climate change information. 

Planning and Strategy 

2b Develop implementation strategy and plan to address the needs for compliance 
with regulatory requirements per efficient urban water use standards, variances, 
and performance measures. 

Planning and Strategy 

2c Engage in the continued development and implementation of Statewide long-
term water conservation policies, regulations, and legislation to verify 
applicability in foothill and forested/ mountain communities and preserve 
countywide interests. 

Coordination and 
Collaboration 

2d Implement water conservation projects consistent with Statewide conservation 
policies. 

Implementation and 
Operations 

2e Transform urban landscapes to reduce outdoor water use by replacing high-
water-use turf with native or drought-tolerant plants in public, commercial, and 
residential areas—targeting at least 75% conversion in key zones. 

Implementation and 
Operations 

2f Implement water use efficiency rebates and incentives to promote low-income 
water efficiency programs targeting both owners and renters. Programs can 
include toilet and efficient appliances as well as landscape replacement and 
efficiency improvements. 

Implementation and 
Operations 

2g Expand programs to modify customer behavior and result in decreased demand 
for water.   

Implementation and 
Operations 

3 – Implement Sustainable Groundwater Management 

3a Implement sustainable groundwater management in the Sustainable 
Groundwater Management Act-regulated groundwater basins consistent with 
approved plans and best practices. 

Implementation and 
Operations 

3b Engage in the development of Statewide sustainable groundwater management 
policies, regulations, and legislation to protect the interests of headwaters and 
rural mountain counties. 

Coordination and 
Collaboration 

3c Enhance alignment in groundwater management, drought resilience, and well 
permitting practices. 

Coordination and 
Collaboration 

3d Improve understanding of groundwater conditions and long-term sustainability in 
fractured rock formation.  

Science and Data 

3e Develop County-level policy for well permitting and management to address 
groundwater sustainability for fractured rock aquifers and basin areas that are not 
subject to management under a Groundwater Sustainability Agency.  
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ID Adaptation Actions Type of Action 

3f Implement conjunctive use, in-lieu groundwater recharge, and aquifer storage 
and recovery projects where feasible to achieve regional sustainable groundwater 
management. 

Implementation and 
Operations 

3g Identify key recharge areas (floodplains, paleo channels, and quarries) and 
protect via zoning. 

Planning and Strategy 

3h Use cropland for stormwater recharge, and partner with farmers to flood fields 
and recover water later. 

Implementation and 
Operations 

3i Conduct a well vulnerability assessment and mitigation program for small 
systems and domestic wells (including risk screening, prioritization, 
deepening/replacement, and emergency interties). 

Implementation and 
Operations 

3j Institutionalize and scale flood diversion agreements for managed recharge. Implementation and 
Operations 

4 - Increase Water Reuse 

4a Increase implementation of cost-effective and financially responsible water reuse 
to improve drought resilience and benefit compliance with efficient urban water 
use regulations where possible. 

Implementation and 
Operations 

4b Explore the feasibility of nonportable reuse for instream flow augmentation or 
nonrestricted irrigation use with third parties.  

Planning and Strategy 

4c Encourage greywater reuse and rainfall harvest practices on household and 
individual facility level. 

Implementation and 
Operations 

5 - Secure Drinking Water Infrastructure 

5a Verify drinking water infrastructure integrity, operations, and maintenance 
through water agency-specific Capital Improvement Programs. 

Implementation and 
Operations 

5b Develop means to replace lost snowpack and increase water supply reliability, 
(such as, but not limited to, increased recharge of groundwater in the lower 
watershed and actions to slow and capture runoff in the upper watershed). 

Implementation and 
Operations 

5c Reduce vulnerability of drinking water infrastructure to large-scale wildfires. Implementation and 
Operations 

5d Update drinking water infrastructure emergency response and communication 
plans regularly to keep current, including the threat of wildfire and potentially 
extended power shutoffs. 

Planning and Strategy 

5e Assess the regional infrastructure needs to support the implementation of 
regional water and master plans or equivalent.  

Planning and Strategy 

5f Establish a fire protection water system reliability program.  Implementation and 
Operations 

5g Establish a framework to support transitions of small or failing water systems 
through annexation, consolidation, or emergency support. 

Policy and Institutional 
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ID Adaptation Actions Type of Action 

5h Expand regional interties and inter-system connectivity between agencies to 
increase reliability and redundancy.   

Implementation and 
Operations 

6 - Manage Stormwater as a Resource 

6a Update Stormwater Resource Plans to address changed conditions and unique 
foothill characteristics and needs.  

Planning and Strategy 

6b Develop implementation strategy to finance program implementation, align 
State policy implementation, and improve project readiness, as appropriate, for 
capitalizing on funding opportunities. 

Planning and Strategy 

6c Implement water quality control measures and best management practices to 
address runoff from highways, streets, and other priority impervious areas. 

Implementation and 
Operations 

6d Implement Stormwater Management Plan (now also as part of the Stormwater 
Resource Plan) and California Municipal Separate Storm Sewer Systems Permits. 

Implementation and 
Operations 

6e Explore implementation of green infrastructure such as design of urban 
stormwater systems (e.g., cisterns, rain gardens, or bio-swales) to capture runoff 
and store it for non-potable uses, such as irrigating parks, irrigating street 
medians, or cooling street trees. 

Implementation and 
Operations 

7 - Improve Drought Preparedness and Response 

7a Convene a long-standing County Drought and Water Shortage Task Force to 
facilitate drought and water shortage preparedness for small water suppliers. and 
rural communities, and provide consistency for countywide drought planning.  

Coordination and 
Collaboration 

7b Implement and update the Regional Drought Contingency Plan and urban water 
supplier-specific Water Shortage Contingency Plans.  

Implementation and 
Operations 

7c Update drought component in the County Local or Multi-Jurisdictional Hazard 
Mitigation Plans for emergency response coordination and potential future 
Federal Emergency Management Agency (FEMA) assistance. 

Planning and Strategy 

7d Develop and implement Drought Resilience Plans for addressing water shortage 
vulnerability for small water suppliers and domestic well owners in rural 
communities. 

Planning and Strategy 

8 - Ensure All Residents have Access to Clean and Affordable Water 

8a Assess countywide challenges in water accessibility and affordability (Human 
Right to Water, California Water Code Section 106.3). 

Planning and Strategy 

8b Assess viability assessment for water system consolidation and implementation 
challenges to support advocacy and acquisition of State and Federal assistance.  

Planning and Strategy 

8c Participate in Statewide efforts to develop policy, regulations, and legislation 
related to water affordability that is workable for specific communities. 
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ID Adaptation Actions Type of Action 

9.1 - Develop Data and Tools for Improved Watershed Understanding, Knowledge Sharing, and Transparency 

9.1a Improve hydrological and meteorological data acquisition to support planning 
needs and improve forecasting. 

Science and Data 

9.1b Develop and synthesize the potential economic values of ecosystem goods and 
services in the watershed to help properly characterize the value of the 
watershed. 

Planning and Strategy 

9.1c Develop and maintain a common platform that is publicly accessible for sharing 
water resource-related data and analytical tools, to avoid duplicate investments 
in their development and promote transparency. 

Coordination and 
Collaboration 

9.1d Assess the impacts of recent wildfires on ecosystem goods and services, including 
water supply, flood, water quality (including sedimentation), power generation, 
and outdoor recreation. 

Science and Data 

9.1e Develop a cultural heritage management strategy in collaboration with Tribes, 
including protocols for collaboration and consultation. 

Coordination and 
Collaboration 

9.1f Inventory upper watershed forests for vegetation types, wildlife, and other 
attributes to support wildfire mitigation efforts. 

Science and Data 

9.1g Inventory upper watershed headwater meadows. Science and Data 

9.1h Establish routine post-fire watershed condition assessments to guide sediment 
and water quality response. 

Science and Data 

9.1i Engage Tribal Nations and representatives to integrate Traditional Ecological 
Knowledge into planning, management, and implementation, supported by 
dedicated funding for Tribal participation and services. 

Science and Data 

9.2 - Implement Sustainable Forest Management 

9.2a Assess the health of upper watershed forests, under existing and planned levels 
of hazard reduction management. 

Planning and Strategy 

9.2b Develop a regional post-fire forest restoration plan that promotes consistent 
management practices to support long-term forest health and public safety, and 
that cross-connects lands managed by Federal agencies, local agencies, and 
private entities. 

Planning and Strategy 

9.2c Develop and implement a watershed-level forest management strategy, 
consistent with the National Cohesive Strategy, that promotes common 
management practices for long-term forest health maintenance and public safety 
and that cross-connect lands managed by Federal agencies, local agencies, and 
private entities. 

Planning and Strategy 

9.2d Expand options for using and disposing of woody biomass. Implementation and 
Operations 
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ID Adaptation Actions Type of Action 

9.2e Collaborate with resource management agencies, power utilities, water purveyors, 
and interested parties to promote sustainable forest management strategies that 
provide long-term benefits to water supply, infrastructure, biodiversity, and 
ecosystem functions. 

Coordination and 
Collaboration 

9.2f Develop watershed health projects that restore or preserve the quality, quantity, 
and connectivity of floodplain, wetland, riparian, woodland, grassland, and other 
native habitat communities. 

Implementation and 
Operations 

9.3 - Implement Multi-benefit Watershed Protection and Restoration Projects 

9.3a Improve vegetation management with livestock grazing. Implementation and 
Operations 

9.3b Implement invasive species management. Implementation and 
Operations 

9.3c Assess the health of upper watershed headwater meadows using the inventory 
from strategy 9.1g. 

Science and Data 

9.3d Implement headwater meadow restoration to improve water retention for water 
supply and flood risk reduction, water quality, and other ecosystem functions, 
including outdoor recreation. 

Implementation and 
Operations 

9.3e Develop an agricultural economy consistent with the County General Plans and 
working landscape principles to realize its potential for applicable ecosystem 
goods and services. 

Implementation and 
Operations 

9.3f Implement water resource-related infrastructure development and modifications, 
incorporating considerations to promote co-benefits from compatible ecosystem 
goods and services and increased flexibility in public financing for 
implementation. 

Implementation and 
Operations 

9.3g Establish conservation easements and preservation with willing landowners that 
promote co-benefits from compatible ecosystem goods and services. 

Implementation and 
Operations 

9.3h Conduct research on alternatives and options for disposing short-lived climate 
pollutants (e.g., organic food waste) without redirecting impacts on environment 
or local economy. 

Science and Data 

9.3i Restore headwater meadows and wetlands to retain water, slow runoff, enhance 
baseflows, and improve ecological resilience. 

Implementation and 
Operations 

9.4 - Enhance Environmental Flows and Aquatic Habitat Resilience 

9.4a Optimize reservoir operations to protect environmental flows and cold-water 
habitat. 

Implementation and 
Operations 

9.4b Implement a cold-water management program to retain conserved or reallocated 
water to support summer and fall ecological flows.  

Implementation and 
Operations 

9.4c Adapt hatchery and fishery management to drought and warming conditions. Implementation and 
Operations 
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ID Adaptation Actions Type of Action 

9.4d Protect and expand thermal refugia and spawning and rearing habitat through 
side-channel reconnection, riparian shading prioritization, and targeted habitat 
enhancement. 

Implementation and 
Operations 

9.4e Implement a sediment and gravel management program (including gravel 
augmentation, sediment routing, and sediment bypass where feasible) to sustain 
spawning habitat downstream of reservoirs. 

Implementation and 
Operations 

9.4f Assess and manage climate impacts on tributaries and groundwater-dependent 
ecosystems. 

Science and Data 

10 - Prevent Contamination of Surface Water and Groundwater Resources 

10a Apply advanced technologies for water quality monitoring (surface water and 
groundwater), including remote sensing, for areas susceptible to water quality 
problems. 

Science and Data 

10b Implement Sewage System Management Plans in coordination with system 
owners, including emergency response protocols and vulnerability assessments. 

Implementation and 
Operations 

10c Implement the Nutrient Management Plan for agricultural practice to reduce the 
risk of long-term effects on the quality of surface water and groundwater 
resources. 

Implementation and 
Operations 

10d Implement County Local Agency Management Plan for Onsite Wastewater 
Treatment Systems, including enforcement of guidelines for approval and repairs. 

Implementation and 
Operations 

10e Conduct public outreach and education activities to encourage prevention of 
water supply contamination. 

Coordination and 
Collaboration 

10f Implement the Local Agency Management Plan for Onsite Wastewater Treatment 
Systems (e.g., septic tanks) and comply with relevant Waste Discharge 
Requirement Orders. 

Implementation and 
Operations 

10g Develop and implement a post-wildfire water quality response playbook 
(including turbidity and ash response, treatment adjustments, source switching, 
and watershed erosion controls). 

Implementation and 
Operations 

10h Implement targeted nutrient and septic hot-spot reduction projects in priority 
subareas (such as buffers, treatment wetlands, septic upgrades, and agricultural 
BMP expansion). 

Implementation and 
Operations 

10i Address wastewater discharge issues during periods of heavy storm water to 
prevent partially treated water from being discharged to the rivers. 

Implementation and 
Operations 

11 - Reduce the Risk of Flooding in Communities 

11a Update potential risks of flooding and water infrastructure vulnerability. Planning and Strategy 

11b Develop and implement flood risk reduction projects to reduce localized and 
neighborhood flooding with considerations of increase in frequency and intensity 
of flood-causing storms in facility planning (siting and design) for long-term 
sustainability. 

Implementation and 
Operations 
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ID Adaptation Actions Type of Action 

11c Improve implementation of residual flood risk mitigation actions, including 
participation of the National Flood Insurance Program and voluntary use of flood-
resistant materials and other California Building Code requirements, as 
appropriate. 

Implementation and 
Operations 

11d Develop strategies and collaborate to combine nature-based solutions to reduce 
expenditure, facilitate additional flexibility of pooled funding use, and prolong 
the effectiveness of hard infrastructure investment and operational changes for 
regional flood risk reduction. 

Implementation and 
Operations 

11e Complete critical flood infrastructure upgrades to achieve 500-year protection 
for deep floodplains along the Lower American River, including levee 
reinforcements and Folsom Dam outlet improvements. 

Implementation and 
Operations 

11f Implement Forecast-Informed Reservoir Operations (FIRO) to release water in 
advance of major storms using forecast data, improving flood space management 
and water supply reliability. 

Implementation and 
Operations 

11g Update flood risk maps and apply them to land use planning by revising hazard 
zones, adjusting building codes, and requiring retention basins in vulnerable 
areas. 

Planning and Strategy 

11h Expand natural flood management features by restoring floodplains, wetlands, 
and open-space buffers to store and slow runoff while providing ecological co-
benefits. 

Implementation and 
Operations 

11i Enhance levee and bank monitoring systems using side-scan sonar and remote 
sensing to detect erosion and structural vulnerabilities before failure occurs. 

Implementation and 
Operations 

11j Implement levee encroachment and penetration remediation and maintenance 
access improvements. 

Implementation and 
Operations 

11k Expand behind-the-levee risk communication and resident preparedness 
program. 

Coordination and 
Collaboration 

11l Advance regional conveyance and floodway improvements that reduce peak 
stages (e.g., Yolo Bypass). 

Implementation and 
Operations 

11m Advance regional conveyance and floodway improvements that reduce peak 
stages (e.g., Yolo Bypass). 

Implementation and 
Operations 

12 - Promote Fire-Adapted Communities  

12a Update the County Safety Elements and City General Plans to protect 
communities from unreasonable risks of hazards, including wildfire and 
associated considerations of safe egress route requirements and California 
Building Code amendments for home fire hardening. 

Planning and Strategy 

12b Update and enforce vegetation management and defensible space ordinances, 
including coordinating with CAL FIRE to prioritize County Focus Area inspections. 

Coordination and 
Collaboration 
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ID Adaptation Actions Type of Action 

12c Update the requirements for building permits to have owner(s) acknowledge 
being located in CAL FIRE high and very high Fire Hazard Severity Zones, and for 
deed recording to provide sufficient evidence for meeting fire disclosure 
requirements by real estate property seller(s) and homeowner associations for 
common areas, if applicable per AB 38 of 2019. 

Policy and Institutional 

12d Develop, implement, and update a community wildfire protection plan, including 
the assessment of fire protection needs of communities within the Wildland 
Urban Interface in coordination with an associated implementation plan 
(including a financing plan and funding acquisition assistance). 

Planning and Strategy 

12e Develop a public education campaign to improve wildfire preparedness; improve 
resident awareness of relevant laws, regulations, and best management practices; 
and facilitate community-specific wildfire emergency preparedness and response 
plans. 

Coordination and 
Collaboration 

12f Implement strategic shaded fuel breaks using canal and utility corridors to 
protect communities and critical infrastructure while maintaining ecological 
function. 

Implementation and 
Operations 

12g Establish and implement Tribal and interagency cultural burning partnerships 
(Memorandums of Understanding, training, burn windows, and programmatic 
compliance) to scale prescribed fire safely. 

Coordination and 
Collaboration 

12h Implement distributed “micro-pond” and small water retention features in 
strategic upland or Wildland–Urban Interface locations. 

Implementation and 
Operations 

12i Improve the implementation of existing requirements by local fire districts to 
have adequate water tank installed on site for structural protection against fire if 
not served by a community water system with adequate fire hydrants, and 
encourage additional volume considerations to accommodate short-term health 
and safety water supply needs in water shortage during drought or other 
emergencies (SB 552). 

Implementation and 
Operations 

12j Complete and update Countywide and/or consistent area-specific Community 
Wildfire Protection Plans with consistent update of the County's Multi-hazard 
mitigation plan. 

Planning and Strategy 

12k Review and update the community water system's fire flow capacities in light of 
changing climate and potential wildfire risks for potential rehabilitation and 
improvements. 

Implementation and 
Operations 

13 - Increase Community Capacity for Sustainable Management and Resilience to Major Disasters 

13a Coordinate with counties, economic development interests, and the California 
Community College to develop workforce needs, curricula, and programs to 
foster local workforce growth to support long-term sustainable watershed  
management.  
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ID Adaptation Actions Type of Action 

15g Implement hydropower asset reliability upgrades for climate and grid resilience Implementation and 
Operations 

16 - Enhance and Streamline Policies, Regulations, and Funding for Resilient Watershed Management 

16a Clarify roles and responsibilities for local, regional, Tribal, State, and Federal 
agencies to efficiently manage natural resources collectively, such as formalized 
agreements or legislation.  

Coordination and 
Collaboration 

16b Align and coordinate project planning by developing landscape-scale projects to 
better leverage available funding sources, reduce inter-agency competition for 
funding, and pool resources to improve administrative efficiency. 

Coordination and 
Collaboration 

16c Identify new or revisit existing financing mechanisms to improve the ability to 
fund forest health and infrastructure projects and operation and maintenance 
needs over the long term.  

Planning and Strategy 

16d Implement regional and programmatic permitting methods to decrease 
administration costs and delays for environmental and cultural compliance and 
mitigation to allow for more efficient project implementation. 

Planning and Strategy 

16e Advocate for new or amended policies that reduce regulatory burdens to promote 
collective regional interests. 

Policy and Institutional 

8.3 Adaptations Evaluation 

To confirm that the adaptation portfolio collectively addresses all major vulnerability drivers identified in 
the assessment and avoids over-reliance on single-purpose responses, each adaptation action is reviewed 
using a structured, qualitative framework. Actions are assessed by type (planning, coordination, 
implementation, science, or policy), the watershed systems they support (such as surface water, 
groundwater, flood management, ecosystems, communities, agriculture, or recreation), and their 
geographic applicability across the watershed or within specific sub-regions.  

Each action is further evaluated for how it addresses underlying vulnerability drivers, including climate 
hazard sensitivity, ecological capacity, socioeconomic capacity, and built infrastructure capacity (Table 8-
3). Together, this review documents how actions strengthen ecological, socioeconomic, and infrastructure 
capacity and provides a transparent foundation for future project-level decision-making. 

Table 8-3. Adaptation Actions Potential Contribution to Addressing Vulnerability Drivers 

Vulnerability Driver Adaptations Response 

Climatic Hazard Sensitivity Drivers  

Warming and Extreme 
Heat 

Reduce exposure or sensitivity to increasing temperatures. Projects may reduce heat 
impacts directly or indirectly through cooling, shading, storage, or operational flexibility. 

Snowpack Loss and 
Water Availability 
Decline 

Mitigate reduced snowpack and declining seasonal water availability by improving 
storage, supply diversification, timing, or operational adaptability under changing 
hydrologic regimes. 
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Vulnerability Driver Adaptations Response 

Shift from Snow to 
Rain and Runoff 
Timing Shift 

Address altered runoff timing and hydrograph shape caused by increased rainfall 
dominance, including earlier peak flows and reduced late-season supply reliability. 

Increased Water 
Demand 

Reduce demand growth or improve system capacity to reliably meet higher demands 
driven by heat, drought, population growth, or economic activity. 

More Intense Storms 
and Flashier 
Hydrographs 

Improve ability to manage increased peak flows, attenuate runoff, reduce erosion, and 
protect communities and infrastructure from extreme precipitation events. 

More Frequent and 
Severe Droughts 

Increase resilience to prolonged or repeated droughts through projects such as supply 
diversification, conjunctive use, storage, operational flexibility, or demand reduction. 

Increased Wildfire Risk Reduce wildfire likelihood or consequences, including impacts on water quality, 
sedimentation, infrastructure vulnerability, and ecosystem recovery. 

Ecological Capacity Drivers 

Forest Health Improve forest condition, reduce fuel loads, stabilize headwater hydrology, and support 
long-term watershed resilience to climatic shocks. 

Degraded Habitat and 
Ecosystem Function 

Restore or enhance ecological processes (e.g., floodplain connectivity, riparian function, 
aquatic habitat, and water quality and temperature) that provide natural buffering against 
climate impacts. 

Socioeconomic Capacity Drivers 

Community and 
Economic Resilience 

Strengthen the ability of communities and local economies to prepare for, respond to, and 
recover from climate impacts, particularly where adaptive capacity is limited. 

Upper Watershed 
Agricultural 
Vulnerability 

Support agricultural viability in climate-sensitive areas that lack access to reliable 
groundwater resources; for example, by improving water reliability, operational flexibility, 
and protection from drought, heat, and flood impacts. 

Land Use and 
Development 

Address or avoid land-use patterns that exacerbate climate risk, including development in 
flood- or fire-prone areas; address urban heat islands; and improve coordination between 
land use and water management. 

Built Infrastructure Capacity Drivers 

Aging and Fragile 
Infrastructure 

Reduce vulnerability associated with deteriorating or obsolete infrastructure increasingly 
stressed by climate extremes. Actions may replace or harden infrastructure or adapt 
nature-based solutions. 

Folsom Reservoir 
Constraints 

Address operational, physical, or regulatory constraints affecting Folsom Reservoir’s 
ability to balance flood management, water supply, and environmental objectives under 
changing conditions. 

Limited Reservoir 
Storage Capacity 

The extent to which a project compensates for limited surface storage through operational 
efficiency, groundwater storage, expansion of storage space, or functional storage 
provided by nature-based solutions. 
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Vulnerability Driver Adaptations Response 

Reservoir Operational 
Tradeoffs 

The extent to which a project improves reservoir operations by balancing flood 
management, water supply, environmental flows, and hydropower under climate 
variability, including through advanced forecasting, real-time data, decision-support 
tools, and FIRO. 

Levee System Fragility The degree to which a project reduces flood risk associated with aging, constrained, or 
vulnerable levee systems through structural improvements or complementary non-
structural measures. 
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9. Implementation Plan 
This chapter outlines how the recommended adaptation strategies move from concept to results, 
providing a practical framework for advancing watershed-scale climate resilience in the coming years.  

9.1 Implementation Plan Framework 

The implementation framework establishes a structured, regionally appropriate approach for advancing 
adaptation strategies through coordinated implementation activities, project development, and phased 
investment over time. It is not a fixed list of projects. Instead, it is designed to translate planning outcomes 
into implementable actions that reflect the watershed’s hydrologic complexity, jurisdictional diversity, and 
exposure to multiple climate hazards. This approach recognizes that implementation in the watershed 
must remain flexible to accommodate changing hydrologic conditions; evolving regulatory and funding 
environments; and differing agency capacities across the upper and lower watershed. 

The implementation framework builds directly on the vulnerability assessment and developed climate 
adaptations. The vulnerability assessment identifies priority risk areas in the watershed, as well as the key 
drivers for vulnerability. The adaptation strategies and actions define the scope of response needed to 
address these risks across the systems for each part of the watershed. The implementation framework 
defines how these strategies and actions are advanced through concrete projects, partnerships, and 
investments tailored to watershed conditions. 

Adaptation strategies are not re-ranked during implementation. Instead, they establish the long-term 
direction for resilience in the watershed, while implementation decisions are made at the project level as 
opportunities, funding, and readiness align. The intentions of the implementation framework watershed 
are as follows: 

 Translate adaptation strategies and actions into implementable projects appropriate to watershed 
conditions. 

 Clarify roles and coordination needs among watershed agencies, land managers, utilities, and partners. 

 Support phased implementation across the upper and lower watershed. 

 Align projects with State and Federal climate resilience funding programs. 

 Integrate equity considerations into implementation decisions affecting downstream and 
disadvantaged communities. 

 Maintain flexibility through adaptive management under climate uncertainty. 

9.2 Plan Elements  

Implementation of the Watershed Climate Resilience Plan is structured around five interrelated elements 
that together guide how adaptation strategies are translated into coordinated, fundable, and actionable 
projects. These elements function as an integrated system rather than a sequence of discrete steps, 
confirming that implementation remains flexible, transparent, and responsive to changing conditions. 
Each of the elements shown on Figure 9-1 plays a distinct role while reinforcing others: project evaluation 
framework, equity focused lens, funding alignment, engagement and coordination, and advocacy and 
policy alignment.  
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Figure 9-1. Implementation Decisions Guided by a Project Evaluation Framework Project Evaluation 
Framework 

 

The Project Evaluation Framework is the core mechanism of the implementation plan. It defines how 
implementation projects are assessed, refined, and advanced as they move from concept to execution. 
Rather than ranking projects competitively, the framework provides a shared structure for evaluating how 
proposed projects align with adaptation strategies, watershed needs, funding opportunities, and 
implementation readiness. 

Evaluation occurs when specific projects are proposed and apply consistent, project-level criteria related 
to climate risk reduction, adaptive capacity, equity, feasibility, and coordination. The framework supports 
phased project advancement, allowing projects to move forward as readiness and opportunities align, 
while others continue to mature or are coordinated with complementary efforts. The framework is 
adaptive by design and is refined over time using new data, monitoring results, and lessons learned from 
implementation. All other elements of the implementation plan inform and strengthen the Project 
Evaluation Framework. 

9.2.1 Equity as an Implementation Lens 

Equity is integrated into the implementation plan as a lens that shapes how and where projects are 
delivered, rather than as a re-evaluation of climate vulnerability. Equity considerations are applied after 
the vulnerability assessment to inform project evaluation, phasing, and geographic focus. Within the 
Project Evaluation Framework, equity guides attention toward communities experiencing the greatest 
combined climate exposure and social vulnerability. Equity considerations strengthen alignment with 
State and Federal climate-equity funding priorities; they also inform engagement strategies, helping to 
confirm that implementation delivers meaningful and accessible resilience benefits. 

9.2.2 Funding Alignment 

Funding alignment determines when projects evaluated through the framework can realistically advance. 
The implementation plan recognizes that funding opportunities are episodic and program specific. 
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Therefore, projects are structured and evaluated in ways that align with evolving State and Federal 
priorities for climate resilience and equity. Funding considerations are integrated into the Project 
Evaluation Framework to support phased advancement across multiple funding cycles. This approach 
allows projects to move forward as opportunities emerge, rather than relying on a single funding pathway, 
while maintaining consistency with watershed-wide resilience objectives. 

9.2.3 Engagement and Coordination 

Engagement and coordination verify that projects evaluated through the framework are implementable 
within the watershed’s multi-agency context. This element focuses on building shared understanding of 
adaptation strategies, implementation roles, sequencing, and constraints among watershed agencies, land 
managers, utilities, local governments, and community partners. 

Through the Watershed Network and coordination facilitated by RWA, engagement activities support 
transparency, improve project readiness, and strengthen institutional capacity. Feedback from 
engagement and coordination efforts informs project refinement and evaluation, reinforcing the 
effectiveness of the Project Evaluation Framework. 

9.2.4 Advocacy and Policy Alignment 

Advocacy and policy alignment sustain momentum beyond individual projects and funding cycles. This 
element focuses on elevating watershed resilience priorities in broader State and Federal policy, planning, 
and funding discussions. 

Advocacy supports the Project Evaluation Framework by helping shape future funding priorities; 
reinforcing consistent regional messaging; and building long-term institutional and political support for 
implementation. In doing so, advocacy strengthens funding alignment and confirms that the 
implementation plan remains relevant as external conditions evolve. 

9.3 Project Evaluation Framework 

To support transparent, consistent, and cooperative advancement of climate resilience projects, the RWA 
Watersheds Climate Resilience Plan uses a Project Screening and Prioritization Scoring Matrix as the core 
tool within the Project Evaluation Framework. The matrix provides a structured, evidence-based approach 
for evaluating how a proposed project contributes to watershed resilience, aligns with adopted adaptation 
actions, and demonstrates readiness for implementation and funding. 

9.3.1 Evaluation Categories 

The scoring matrix is organized into eight evaluation categories that reflect the key drivers of climate 
vulnerability, adaptive capacity, and implementation readiness in the American River watershed: 

1. Alignment with Adaptation Actions: Verify that projects directly advance the adopted adaptation 
strategies in this plan. Metrics evaluate explicit linkage to adaptation actions, the strength of strategic 
fit, and the extent to which projects integrate multiple actions or cross-sector strategies. 

2. Climate Hazard Sensitivity Drivers: Assess the extent to which a project addresses priority climate 
hazards affecting the watershed, including the following: warming and extreme heat; snowpack loss 
and declining water availability; shifts from snow to rain and altered runoff timing; increased water 
demand; more intense storms and flashier hydrographs; more frequent and severe droughts; and 
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increased wildfire risk. This category emphasizes direct risk reduction and system resilience across a 
range of climate stressors. 

3. Ecological Capacity Drivers: Evaluate how projects strengthen forest health and restore or enhance 
habitat and ecosystem function. Metrics focus on improving ecological resilience, reducing fire 
severity, supporting watershed hydrology, and restoring connectivity, flow, temperature, or 
biodiversity. 

4. Socioeconomic Capacity Drivers: Consider how projects support community and economic resilience 
within the watershed. This includes protecting essential services, livelihoods, and public health; 
addressing agricultural vulnerability in the upper watershed; and reducing climate exposure 
associated with land-use and development pressures. 

5. Built Infrastructure Capacity Drivers: Assess the degree to which projects improve the resilience of 
critical infrastructure systems. Metrics address aging and fragile infrastructure; operational constraints 
at Folsom Reservoir; limited storage capacity; operational tradeoffs among flood control, water 
supply, and ecosystem needs; and the fragility of the levee system. 

6. Implementation Readiness and Feasibility: Evaluate whether a project can realistically advance within 
near- or mid-term implementation windows. Criteria consider technical feasibility, permitting and 
regulatory readiness, institutional capacity and leadership, and schedule readiness. 

7. Funding Alignment and Equity: Examine how well projects align with State and Federal climate 
resilience and equity funding priorities. Metrics assess benefits to vulnerable communities, delivery of 
multi-benefit outcomes, and cost-effectiveness and scalability, supporting strategic alignment with 
competitive funding programs. 

8. Community and Institutional Support: Assess the readiness of projects for collaborative 
implementation. Metrics consider community support or benefit recognition, stakeholder engagement 
readiness, multi-agency coordination, partnership readiness, and the extent to which projects leverage 
existing programs, infrastructure, or investments. 

9.3.2 Scoring Approach and Use 

Each evaluation criterion is scored on a standardized 0 to 3 scale based on documented evidence: 

0 – Does not address the criterion 
1 – Indirect, minor, or uncertain contribution 
2 – Clear, moderate contribution 
3 – Strong, direct, and well-documented contribution 

Scores from each category (1 through 8) are summarized to produce a total project score. By default, all 
categories are equally weighted, though weights may be adjusted to reflect specific funding program 
requirements, decision contexts, or implementation phase. 

Based on total scores, projects are grouped into indicative priority tiers: 

 High priority (greater than 80% of total score): Strong candidates for advancement when funding is 
available 

 Medium priority (60 to 80% of total score): Promising projects that may require refinement or phasing 
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 Lower priority (40 to 60% of total score): Projects needing additional development or alignment 

 Not competitive (less than 40% of total score): Projects not ready for advancement currently 

These tiers are intended to guide discussion, to support comparative screening and prioritization, and to 
guide sequencing and investment planning rather than to serve as fixed or binding rankings. This flexibility 
allows the framework to remain adaptive while maintaining consistency across evaluation cycles. 

9.3.3 Framework Use in Implementation Planning 

The Project Screening and Prioritization Scoring Matrix serve as a practical implementation tool within the 
Project Evaluation Framework, supporting multiple complementary functions as follows, across the life 
cycle of climate resilience projects in the watershed: 

1. Screen projects for funding opportunities. 
2. Support project formulation and readiness. 
3. Enable portfolio and multi-benefit project development. 
4. Improve watershed-wide integration and coordination 

The framework supports screening of proposed projects for specific funding opportunities. By aligning 
evaluation criteria with common State and Federal climate resilience and equity funding requirements, the 
matrix helps identify which projects are well positioned for near-term funding and which may require 
additional development to improve competitiveness. This use allows agencies and partners to efficiently 
match projects to appropriate funding programs as opportunities arise. 

The framework supports project formulation and refinement. Scoring results highlight areas where a 
project is strong as well as where additional work may be needed to improve readiness, coordination, or 
alignment with adaptation actions. In this way, the matrix functions not only as an evaluation tool, but also 
as a diagnostic tool that informs project development, sequencing, and refinement over time. 

The Project Evaluation Framework enables exploration of project portfolios and multi-benefit 
implementation opportunities. By evaluating projects across a consistent set of criteria, the framework 
helps identify opportunities to bundle or coordinate complementary projects across agencies, sectors, or 
geographic areas. This portfolio-based perspective supports development of multi-benefit projects that 
address multiple climate hazards or adaptation actions and leverage partnerships among different 
implementation entities. 

The framework supports integration across the upper and lower watersheds and with existing programs 
and initiatives. By applying consistent evaluation criteria, the framework helps to confirm that projects 
developed in different parts of the watershed are aligned with shared resilience objectives and 
coordinated with ongoing operational, infrastructure, ecosystem, and land management programs. This 
integration strengthens regional coherence, reduces fragmentation, and promotes more effective 
watershed-scale implementation. 

9.4 Equity as a Lens for Implementation 

9.4.1 Social Vulnerability and Climate Resilience 

Social vulnerability plays a critical role in shaping how communities experience climate impacts and their 
capacity to respond and recover. Differences in socioeconomic conditions, access to resources, and 
institutional capacity mean that similar climate hazards can produce very different outcomes across 
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communities. For this reason, equity is incorporated into the implementation plan not as a separate 
analytical exercise, but as a lens for informing implementation decisions, including where, when, and how 
resilience actions are advanced.  

9.4.2 Equity Analysis Approach 

Mapping intersectional vulnerabilities is a critical step toward designing resilience strategies that center 
disinvested communities, honor Tribal knowledge and practices, and move beyond one-size-fits-all 
approaches in favor of collaborative, community-informed solutions. A GIS-based community sensitivity 
analysis was developed using the Vulnerable Communities Platform (VCP) to better understand how social 
vulnerability intersects with climate hazards within the American River watershed. The VCP, developed by 
the California Governor's Office of Land Use and Climate Innovation, identifies communities that may be 
more vulnerable to climate hazards due to socioeconomic and adaptive capacity factors and provides a 
data-driven foundation for incorporating equity considerations into watershed implementation planning.  

Although the VCP provides a robust Statewide foundation for identifying vulnerable communities, its 
indicators and summary metrics are designed for broad screening across large geographies. Applied 
directly at finer spatial scales, Statewide percentile rankings may obscure important local variation and 
limit usefulness for watershed-level decision-making. To improve applicability at the watershed scale, two 
refinements were applied: 

 Recalculated Community Sensitivity Rankings: Percentile-based community sensitivity rankings were 
recalculated using only data from within the watershed. This allows community conditions to be 
interpreted relative to local patterns rather than statewide benchmarks, improving sensitivity to 
intra-watershed differences and supporting more meaningful comparisons among communities 
experiencing similar climate conditions. 

 Integration of Hazard-Specific Exposure Data: Localized hazard data for flooding, extreme heat, 
wildfire, and drought—developed as part of this study’s climate and hydrologic analyses—were 
integrated with VCP indicators. This ensures that social vulnerability is assessed in direct relation to the 
climate hazards most relevant to the American River watershed. 

 More Precise Population Representation Using FEMA High-Resolution Population Counts. The 
analysis integrates FEMA/ORNL LandScan population estimates to map social characteristics at a finer 
spatial scale than census block groups. This provides a clearer picture of exactly who is exposed to 
hazard conditions by pairing localized population locations with VCP social indicators, improving the 
validity and equity relevance of exposure mapping. 

By combining recalculated community sensitivity rankings with watershed-specific hazard exposure data, 
the equity analysis establishes a transparent, scalable, and context-sensitive framework for 
implementation planning. Detailed methodology, indicator definitions, and analytical steps are 
documented in the Equity Analysis Technical Appendix. This framework is designed as follows: 

 To inform project phasing, geographic focus, and funding alignment by identifying locations where 
early or targeted actions may deliver disproportionate resilience benefits and strengthen 
competitiveness for state and federal climate-equity funding programs. 

 To support integrated, multi-hazard resilience strategies by enabling coordinated project development 
that reflects both physical climate risk and differences in community capacity across the watershed. 

 To enable adaptive, equity-informed implementation over time by allowing the framework to be 
updated with new data, monitoring results, and evolving funding priorities, confirming that it remains a 
living tool for equitable climate resilience. 
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9.4.3 Key Findings 

The Equity Analysis Technical Appendix provides additional detail on these refinements and presents 
hazard-specific population sensitivity distributions. The appendix demonstrates how social vulnerability 
aligns with the physical hazard environment across the watershed, highlighting several major findings: 

 Flooding. Flooding impacts are most severe downstream, where rising flows increasingly stress 
Sacramento’s levee system; a modeled levee-breach scenario affects 12.5% of the watershed 
population, and 59% of those affected fall into the highest flood-sensitivity category. 

 Wildfire. Wildfire exposure grows sharply under mid-century climate conditions, with the population 
exposed to high burn probability increasing from 14% today to 34% in the future, and the number of 
people in the highest sensitivity category increasing five-fold. 

 Extreme Heat. Extreme heat is the most widespread hazard, with more than 99% of residents projected 
to experience 30 or more additional days above 95°F, and one-third of the population falling into the 
highest heat-sensitivity category. 

 Drought. Drought vulnerability intensifies in the upper watershed, where cumulative annual flow 
deficits are projected to increase by up to 25%, contributing to downstream water-supply and 
affordability pressures that disproportionately affect low-income households.
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10. Performance Tracking 

10.1 Purpose of Performance Tracking 

Performance tracking is a core component of the RWA Watersheds Climate Resilience Plan and is intended 
to support implementation, learning, and adaptive decision-making over time. Rather than serving as a 
compliance or audit function, performance tracking is designed to provide timely, actionable information 
that helps RWA, its members, DWR, and the Watershed Network, understand progress, identify gaps, and 
adjust implementation strategies as climate conditions, funding opportunities, and watershed priorities 
evolve. Strengthening climate resilience within the RWA Watersheds also directly advances statewide 
objectives. Because the planning area supports critical water supply, ecological, and economic functions 
for not just the regional community, but California as a whole, local improvements in resilience translate to 
statewide benefits. Successful implementation strengthens not only local watershed conditions but also 
the State’s broader climate resilience initiatives by reducing regional risks, advancing integrated water 
management objectives, and supporting California’s long-term water security. 

Consistent with principles outlined in the DWR Climate Action Plan, performance tracking emphasizes the 
following: 

 Adaptive management rather than fixed benchmarks 
 Practical, scalable indicators rather than exhaustive monitoring 
 Integration of equity considerations into implementation decisions 
 Use of performance information to inform sequencing, coordination, and investment 

This approach recognizes that many climate resilience benefits accrue over long time horizons and that 
uncertainty is an inherent feature of climate adaptation planning. 

10.2 Performance Tracking Framework 

The performance tracking framework is designed to operate in 
parallel with the Project Evaluation Framework and broader 
implementation plan. Together, these components support a 
continuous cycle of planning, implementation, tracking, learning, 
and refinement.  

Performance tracking focuses on three complementary questions: 

1. Are adaptation actions and projects being implemented as 
intended? 

2. Are implementation efforts improving watershed resilience over 
time? 

3. Are investments being delivered in an equitable, coordinated, 
and regionally integrated manner? 

To answer these questions, the framework uses a combination of 
Statewide indicators, watershed-specific indicators, and programmatic tracking, drawing on existing data 
sources wherever possible.  

Performance tracking under this plan is intended to achieve the following objectives: 

 Track progress in implementing adopted adaptation strategies and actions 

Figure 10-1. Performance Tracking 
Framework 
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responsible for project-level reporting and monitoring in accordance with their mandates and funding 
requirements. RWA supports the performance tracking process by: 

 Compiling and synthesizing information across projects and programs 
 Facilitating regional discussions on progress and challenges 

Communicating performance information to partners, decision-makers, and stakeholders. 

This shared-responsibility approach reflects the collaborative nature of watershed resilience 
implementation and confirms that performance tracking supports learning, transparency, and coordinated 
action without imposing unnecessary administrative burdens. 

10.5 Application and Use of Indicators 

Performance indicators are used to support adaptive management and informed implementation, rather 
than to enforce fixed targets or prescriptive outcomes. Periodic review of performance information 
provides a structured opportunity to apply indicator results to ongoing decision-making across the 
watershed. Specifically, performance indicators are used to complete the following: 

 Adjust project sequencing and investment strategies in response to observed progress, readiness, and 
emerging conditions 

 Refine evaluation criteria and implementation approaches based on lessons learned from project 
delivery 

 Identify emerging risks, opportunities, or coordination needs that may not have been apparent during 
initial planning 

Information generated through performance tracking is fed back into the Project Evaluation Framework 
and the broader implementation plan, reinforcing a continuous improvement cycle that supports phased, 
coordinated implementation over time. 

Performance indicators must be applied and interpreted in the appropriate context. Their primary value 
lies in supporting adaptive management, improving coordination, and guiding future implementation 
decisions, rather than in providing definitive or immediate measures of success. Some of indicators key 
limitations are the following:  

 Some resilience outcomes may not be observable for many years, particularly where benefits accrue 
gradually or under future climate conditions.  

 Attributing observed outcomes to individual projects may be challenging given the cumulative and 
interacting nature of watershed-scale actions.  

 Data availability, quality, and consistency may also vary across implementing partners and programs.DRAFT
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11. Recommendations and Next Steps 
Building on plan’s watershed-scale vision, vulnerability insights, and adaptation framework, this chapter 
outlines how the region will move from planning to action. It focuses on sustaining the Watershed Network 
and inclusive engagement, applying the project evaluation framework to prioritize and advance 
implementation-ready projects, aligning with near-term funding opportunities through coordinated 
advocacy, and using performance tracking to refine priorities and conditions evolve. Together, these 
recommendations provide a practical bridge from strategies to implementation, positioning the watershed 
network and partners to deliver measurable, multi-benefit resilience strategies across the American, Bear, 
and Cosumnes watersheds. 

11.1 Sustaining the Watershed Network and Regional Partnerships 

This Plan establishes a strong foundation for regional collaboration. Continued engagement with the 
Watershed Network, including Tribal Nations, community organizations, and regional agencies, is essential 
to maintain momentum, share knowledge, and support coordinated implementation. 

11.2 Bridging from Planning to Implementation 

The RWA WRP is intended to serve as a bridge between watershed-scale planning and on-the-ground 
action. Next steps include advancing project concepts that address priority vulnerabilities and using the 
project evaluation framework to screen and refine projects as implementation opportunities emerge. 

11.3 Establishing Clear Regional Policy Direction 

To support long-term resilience, the region should articulate a shared policy direction that affirms 
vulnerability- and resilience-centered planning as the basis for future watershed efforts. Clear regional 
priorities will help guide coordination, advocacy, and investment decisions. 

11.4 Preparing for and Pursuing Funding Opportunities 

Positioning the region for upcoming State and Federal funding—including Proposition 4—will require 
continued coordination, project readiness, and alignment with State objectives. Short-term bridge funding 
may be needed to sustain progress between planning and implementation phases. 

11.5 Advancing the Plan as a Living Framework 

The RWA WRP is designed to evolve over time. Ongoing performance tracking, stakeholder engagement, 
and incorporation of new data and initiatives will allow the Plan to adapt to changing conditions and 
remain relevant as implementation advances.DRAFT



 

RWA Watersheds Resilience Plan 
References 
 

 

260130201214_783FE80C 12-1 

 

12. References 
California Department of Water Resources (DWR). 2003. California’s Groundwater Bulletin 118, Update 
2003. October. Updated February 27, 2004. https://water.ca.gov/-/media/dwr-website/web-
pages/programs/groundwater-management/bulletin-118/files/statewide-
reports/bulletin_118_update_2003.pdf. 

California Department of Water Resources (DWR). 2017. CalSimHydro Reference Manual. 
https://water.ca.gov/Library/Modeling-and-Analysis/Central-Valley-models-and-tools/CalSim-3. 

California Department of Water Resources (DWR). 2020. Draft Handbook for Water Budget Development: 
With or Without Models. https://water.ca.gov/-/media/DWR-Website/Web-
Pages/Programs/Groundwater-Management/Data-and-Tools/Files/Water-Budget-Handbook.pdf. 

California Department of Water Resources (DWR). 2022. CalSim 3 Report: A Water Resources System 
Planning Model for State Water Project & Central Valley Project. https://water.ca.gov/Library/Modeling-
and-Analysis/Central-Valley-models-and-tools/CalSim-3. 

California Department of Water Resources (DWR). 2023. California Water Plan 2023 Update. December. 
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/California-Water-
Plan/Docs/Update2023/Final/California-Water-Plan-Update-2023.pdf 

California Department of Water Resources (DWR). 2023. Watershed Resilience Program Overview. 
https://water.ca.gov/Work-With-Us/Grants-And-Loans/watershed-resilience-program. 

California Department of Water Resources (DWR). 2024. California Watershed Resilience Assessment. 
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/California-Water-
Plan/Docs/Update2023/Supporting-Documents/California-Watershed-Resilience-Assessment.pdf. 

California Natural Resources Agency. 2025. Tribal Consultation Policy. https://resources.ca.gov/-
/media/CNRA-Website/Files/Initiatives/Tribal-Affairs/CNRA-Tribal-Consultation-Policy-09252025.pdf. 

California Natural Resources Agency. 2024. Final DCR 2023 CalSim 3 Models. Posted by DWR Central 
Valley Modeling. https://data.cnra.ca.gov/dataset/final-dcr-2023-calsim3-modelsels. 

Daly, C., R.P. Neilson, D.L. Phillips (Daly et al.). 1994. “A statistical-topographic model for mapping 
climatological precipitation over mountainous terrain”. J. Appl. Meteorol. 33, 140–158. 

Livneh, B., E.A. Rosenberg, C. Lin, B. Nijssen, V. Mishra, K.M. Andreadis, E.P. Maurer, D.P. Lettenmaier 
(Livneh et al.). 2013. “A Long-Term Hydrologically Based Dataset of Land Surface Fluxes and States for 
the Conterminous United States: Update and Extensions”. J. Clim. 26, 9384–9392. 
https://doi.org/10.1175/JCLI-D-12-00508.1. 

Woodard & Curran. 2021. CoSANA: An Integrated Water Resources Model of the Cosumnes, South 
American, and North American Groundwater Subbasins. https://www.cosumnesgroundwater.org/wp-
content/uploads/2022/04/App.-M-CoSANA-Report.pdf. DRAFT



 

RWA Watersheds Resilience Plan 
References 
 

 

260130201214_783FE80C 12-2 

 

US Army Corps of Engineers (USACE). 2015. Los Angeles River Ecosystem Restoration Final Integrated 
Feasibility Report and Final Environmental Impact Statement/Environmental Impact Report. September. 
Prepared by USACE Los Angeles District. Record RN 735-17c. 
https://usace.contentdm.oclc.org/digital/collection/p16021coll7/id/2339. 

US Department of the Interior Bureau of Reclamation (Reclamation). 2022. American River Basin Study. 
Part of the WaterSMART Basin Studies. August. https://www.usbr.gov/watersmart/bsp/docs/arbs/ARBS-
Study.pdf. 

 

 

DRAFT



  

 

  

 

 

Appendix A 
Gap Analysis

DRAFT



Technical Memorandum  

 

 

 1 

 

American River Watershed Gap Analysis Memorandum 

Date: 2/27/2024 Jacobs Engineering Inc. 

2485 Natomas Park Drive 
Suite 600 
Sacramento, CA 95833-2937 
United States 

T +1.916.920.0300 

F +1.916.920.8463 

www.jacobs.com 

Project name: American River Basin Watershed Resilience Plan  

Attention: Ryan Ojakain, Jim Peifer, Trevor Joseph 

Client: Regional Watershed Authority 

Prepared by: Vijay Kesavan 

Reviewed by: Tapash Das, Ibrahim Khadam 

Version:  RWA Review Draft 

  

 

1. Purpose and Scope 
The American River Watershed Resilience Pilot (ARWRP) project aims to assess and enhance the resilience of 
the ARW in California and develop a watershed resilience plan. The gap analysis for the ARWRP project 
serves as a foundation for understanding the current state of knowledge and identifying areas where 
additional information or research is needed in delivering a multisectoral resilience assessment of the 
American River Watershed (ARW). This gap analysis supports several key tasks outlined in the project’s scope 
of work, including the compilation of existing climate vulnerability assessments, preparation of an updated 
historical watershed water budget, and development of adaptation and implementation strategies. It aims to 
highlight areas where additional work is needed to enhance the region’s resilience to climate impacts, with a 
specific focus on informing the existing climate change vulnerability planning and modeling analysis in the 
American River Basin region. The table in Attachment 1 provides a full list of reports and studies assessed in 
this effort. 

2. Study Area 
The proposed study area encompasses the entire American River, Cosumnes River, and Bear River 
watersheds, as well as eastside tributaries of the Feather River and Sacramento River between the Bear 
River mouth and Mokelumne River mouth; it also includes the City of West Sacramento. The studies 
reviewed encompass all or part of the proposed study area. Detailed discussion about the study area is 
available in the Watershed Delineation Task Memo. 

3. Methodology 
The gap analysis drew upon a diverse array of key studies. Approximately 70 reports and studies were 
assessed as part of this process and were organized broadly into the categories of assessment they 
support, as presented in Attachment 1. The methodology involved includes the following: 

1. Research and inventory: Compiling studies and reports on the ARW, including surrounding areas (such 
as the Cosumnes and Sacramento River watersheds) 

2. Organization: Sorting studies by water sector, category, and geographic study area 

3. In-depth review: Conducting detailed analyses of studies most relevant to the project scope 
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4. Task-by-task alignment: Mapping each of these resources as sources of information to support the 
project scope, particularly the technical analysis components 

3.1 Key Documents Reviewed 

Key document types reviewed include the following: 

 Groundwater Sustainability Plans (GSPs) 
 Local Hazard Mitigation Plans 
 Urban Water Management Plans 
 Integrated Regional Water Management Plans 
 Central Valley Flood Protection Plan (CVFPP) 
 Sacramento and San Joaquin Rivers Basin Study 

Other documents and efforts reviewed for this project are summarized in the following paragraphs. 

The 2025 SAFCA Executive Director Report is a comprehensive update on the Sacramento Area Flood 
Control Agency’s (SAFCA’s) progress towards achieving Urban Level of Flood Protection (ULOP) by 2025. 
This report details the current status of flood protection projects; provides updated timelines and budgets; 
and addresses any challenges or changes to the original plans. It serves as a crucial tool for stakeholders 
to assess SAFCA’s advancement in meeting the 2025 ULOP deadline and verifying the safety of 
Sacramento’s urban areas from flood risks. 

The 2024 Urban Level of Protection Progress Report is an annual document required by California 
Government Code to demonstrate SAFCA’s ongoing efforts in improving flood protection. This report 
outlines updates on the construction of critical flood system features; documents the appropriation and 
expenditure of at least 90% of scheduled revenues; and explains any delays in project completion. It 
serves as a transparent account of SAFCA’s yearly advancements towards achieving ULOP by 2025, 
providing crucial information for policymakers and the public. 

The 2016 SAFCA Comprehensive Flood Plan is a foundational document outlining SAFCA’s strategy to 
achieve Urban Level of Flood Protection by 2025. This plan details the scope of flood protection projects; 
provides cost estimates and funding sources; establishes an implementation schedule; and outlines flood 
risk reduction strategies. It serves as the baseline for SAFCA’s long-term flood protection efforts, guiding 
the agency’s actions and investments to enhance Sacramento’s resilience against potential flood events. 

The North American Basin Regional Drought Contingency Plan (RDCP) is a comprehensive planning 
document developed to enhance drought resilience in the Sacramento region. This plan builds upon existing 
regional efforts, including the Sacramento Water Forum Agreement, and addresses vulnerabilities revealed 
during the severe drought from 2012 to 2017. It serves as a strategic guide for improving water supply 
reliability and environmental protection in the face of future climate change and drought conditions. 

The Regional Water Reliability Plan (RWRP) serves as a key planning document to guide water reliability 
efforts for water management in the Sacramento region. Developed by the Regional Water Authority 
(RWA) and its member agencies, it aims to improve the overall reliability of the region’s water supplies and 
systems. Its region-specific analysis and recommendations make it an essential reference for any major 
water projects or planning in the area. 

The American River Basin Study Interior Region 10—California Great Basin (ARBS) (refer to Attachment 1) 
serves as a key planning document to guide climate adaptation efforts for water management in the ARW that 
supplies water to the Sacramento region and beyond. Its basin-specific projections and adaptation strategies 
make it an essential reference for any major water projects or planning in the American River Basin. 
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The California Department of Water Resources’ (DWR’s) California Watershed Resilience Assessment (refer 
to Attachment 1) offers a watershed-scale approach to water management challenges and was prepared 
as part of DWR’s Watershed Resilience Program. Its recent completion and focus on watershed resilience 
align closely with the goals of the ARW Resilience Pilot project, providing up-to-date methodologies for 
assessing and enhancing resilience in the face of climate change. 

Modeling completed for the Regional Water Authority (RWA) CalSim–CoSANA Integration for Sacramento 
Regional Water Bank integrates regional water banking operations into broader water system modeling, 
providing valuable information on groundwater-surface water interactions and regional water 
management strategies. 1 

The 2022 Central Valley Flood Protection Plan Update (refer to Attachment 1) presents comprehensive 
flood management strategies for the Central Valley, including the American River Basin. It focuses on 
climate resilience, performance tracking, and alignment with other state efforts. 

The US Department of the Interior’s Bureau of Reclamation (Reclamation’s) Sacramento and San Joaquin 
Rivers Basin Study (refer to Attachment 1) provides a basin-wide assessment of climate change impacts 
on water resources, including detailed projections of changes in runoff, water temperature, and reservoir 
operations. Its comprehensive approach and focus on the Sacramento and San Joaquin basins offer 
valuable context for understanding the broader regional water system dynamics that affect the ARW. 

Reclamation and DWR’s Long-term Operation of the Central Valley Project and State Water Project (refer 
to Attachment 1) is an ongoing consultation process resulting in a new biological opinion expected in 
2024, providing updated information on operational constraints and environmental requirements 
affecting water management in the Central Valley. 

The US Army Corps of Engineers’ American River Watershed Common Features 2016 Project 
(Attachment 1) is a project focusing on reconstructing the levee system and increasing the capacity of the 
Lower American River Channel to handle larger flood flows, with expected completion between 2024 and 
2026 for various components. 

3.2 Primary Technical Tasks for the American River Watershed 
Resilience Plan 

In addition to a broad review of the existing studies and reports, each of these items was reviewed with 
respect to its ability to support specific tasks associated with the development of the American River 
Watershed (RWA) resilience plan. The primary technical tasks that studies were mapped to are as follows: 

 Assess climate vulnerability and state of watershed. 
 Assess climate vulnerabilities and risks. 
 Develop adaptation strategies. 
 Develop a performance tracking strategy. 

These tasks represent key elements of the watershed resilience plan scope of work. 

 
1 CalSim is a water resources planning model that simulates the operations of California's water projects and infrastructure, and 

Cosumnes, South American, and North American (CoSANA) is an integrated water resources model that uses the Integrated Water 
Flow Model.  
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3.3 Gap Analysis Limitations 

While the American River Basin Study and related documents provide a comprehensive assessment of 
water management challenges and potential solutions in the American River Basin, it is important to 
acknowledge certain limitations. Future projections, especially those related to climate change and 
long-term water demand, inherently involve uncertainty. Adaptation strategies, in general, do not cover 
the breadth of the water resource sectors included in the current scope and most identified adaptation 
strategies would require more detailed feasibility studies before implementation. In addition, these studies 
represent a snapshot in time; they may not fully account for very recent developments or policy changes 
that could impact water management in the region. Many studies were conducted 10 to 15 years ago, 
potentially limiting their ability to capture current watershed conditions. 

4. Summary of Gap Analysis Findings 
Table 1 summarizes a review of existing studies, reports, and data for the American River Basin. The following 
is an overview of some key studies that will be leveraged to support project technical tasks. Table 2 lists 
these studies by the sectors that they support. 

4.1 Assess Climate Vulnerability and State of Watershed 

The following list summarizes an overview of the key studies that informed our understanding of climate 
vulnerabilities in the American River watershed: 

 Existing vulnerability assessments, such as those in the ARBS, DWR California Watershed Resilience 
Assessment, and California’s Fourth Climate Change Assessment (refer to Attachment 1), provide a 
strong foundation but may not fully address all sectors or geographic areas in the expanded 
study boundary. 

 More detailed vulnerability assessments are needed for the Cosumnes River watershed and 
West Sacramento. 

 Assessments of climate impacts on groundwater resources and ecosystems may require updating or 
expansion for the entire study area. 

 While water supply and flood management are well-covered, gaps exist in comprehensive assessments 
for ecosystems, water quality, and recreation sectors. Gaps also exist for comprehensive wildfire risk 
and impact assessments for the entire expanded study area, particularly for the following: 

- The Cosumnes River watershed 
- The north slope of the Bear watershed 
- Analysis of potential cascading effects of wildfires on water resources across the entire watershed 
- Integration of wildfire risk into vulnerability assessments and adaptation strategies for all sectors 

 The following are equity considerations: 

- Identify and map frontline and Tribal communities across the entire expanded study area. 
- Assess how climate vulnerabilities disproportionately affect low-income and minority populations. 
- Evaluate the adaptive capacity of vulnerable communities to respond to climate impacts. DRAFT
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4.2 Assess Climate Vulnerabilities and Risks 

This list summarizes the historical water budget data that exist for much of the ARW. Gaps may exist in 
data for the Cosumnes River watershed and newly included areas. 

 An integrated water resources model of the CoSANA groundwater subbasins that simulates detailed 
surface water and groundwater budgets for the Cosumnes, South and North American basin may be 
useful for this purpose. 

 Updated data accounting for recent changes in land use, water management practices, and climate 
patterns is required for a comprehensive water budget. 

 Equity considerations are limited in prior work, specifically in the following areas: 

- Water access and affordability issues for disadvantaged communities 
- Analysis of how historical water management practices have impacted different socioeconomic groups 
- Evaluation of the distribution of water resources and infrastructure across communities 

4.3 Develop Adaptation Strategies 

This list summarizes an overview of the reports and key studies that include the development of 
adaptation strategies for the project study area: 

 Existing adaptation strategies, such as those outlined in the ARBS, DWR Watershed Resilience 
Framework and Toolkit — A Guide to Accelerate Resiliency in California’s Watersheds, Sacramento and 
San Joaquin Rivers Basin Study, El Dorado Water Agency’s Upper American Watershed Programmatic 
Plan, and the CVFPP (refer to Attachment 1) provide a good starting point but may not cover all 
sectors or geographic areas in the expanded study boundary. 

 There is a need for adaptation strategies specific to the Cosumnes River watershed and West Sacramento. 

 Cross-sectoral and multi-benefit adaptation options that address multiple vulnerabilities 
simultaneously should be developed. 

4.4 Develop Implementation Strategies 

This list summarizes an overview of the reports and key studies that include the development of 
implementation strategies for the project study area: 

 Most adaptation strategies identified in existing reports lack implementation approaches to move 
them from concepts to actual projects. 

 While some implementation strategies exist, more detailed feasibility assessments (such as technical, 
financial, and regulatory) are needed for proposed adaptation strategies across the entire study area. 

 Information on funding sources, regulatory requirements, and institutional capacities may be lacking 
for newly included areas. DRAFT
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4.5 Develop Performance Tracking Strategy 

This list summarizes an overview of the reports and key studies that include the development of 
performance tracking strategies for the project study area: 

 Existing monitoring and evaluation metrics may not cover the entire expanded study area. 

 Standardized metrics (that can be applied consistently across diverse subwatersheds and jurisdictions) 
are needed. 

 The development of more comprehensive vulnerability metrics and thresholds for all major water 
sectors, particularly for ecosystems, water quality, and recreation is needed. 

 Baseline data for performance indicators may be lacking, especially for newly included areas, such as 
the Cosumnes River watershed and West Sacramento. 

4.6 Gap Analysis Summary 

Table 1 summarizes gap analysis findings by primary technical tasks. Table 1 shows information available 
for each task and the main information gaps that will need to be filled in the watershed resilience plan. 
Table 2 is an overview of the existing studies by the water sector. 
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Table 1. Summary of Gap Analysis Findings 

Task Information Available Information Gaps 

Assess climate 
vulnerability and 
state of watershed 

 Climate change impact assessments for the American River Basin 
 Vulnerability assessments for water supply, environmental needs, and 

flood management 
 Flood risk assessments for the lower watershed areas 
 Historical, current conditions, and future with climate change (2040) 

detailed surface water and groundwater budgets 
 Regional context for water management and climate vulnerabilities 
 Flood risk reduction measures for the lower American River 
 Analysis of climate change impacts on groundwater dependent 

ecosystems and interconnected surface waters 
 Current operational strategies for Folsom Dam 
 Forest lands, especially in upper watershed 
 Primary aquatic habit on the lower American River 
 Detailed agricultural water budgets under existing and future climate 

change conditions 

 Detailed climate vulnerability assessments for the 
Cosumnes River watershed and West Sacramento 

 Integration of flood risk data with other climate 
vulnerabilities 

 Climate change impacts on water quality in newly 
included areas 

 Vulnerability assessments for urban water systems 
in West Sacramento and other newly included 
urban areas 

 Catalog of historical weather-related events and 
impacts 

Assess 
vulnerabilities and 
risks 

 ARBS: Historical water budget data for the ARW 
 Comprehensive water budget data for Cosumnes River watershed and 

newly included areas 
 Regional Water Reliability Plan: Water supply and demand projections 
 Sacramento Water Bank: Groundwater recharge and management info 
 El Dorado County Water Resources Development and Management 

Plan: Water budget for El Dorado County 
 Sacramento Valley Water Management Agreement: Regional water 

management coordination strategies 
 Water Budget Handbook: Guidance on developing water budgets with 

or without models 
 Sacramento Water Allocation Model: Detailed water allocation model 

for the Sacramento River Hydrologic Region 

 Comprehensive water budget data for Cosumnes 
River watershed and newly included areas 

 Integrated groundwater-surface water interaction 
analysis across multiple groundwater basins 

 Impacts of climate change on historical water 
budget trends 

 Water use and availability data specific to 
disadvantaged communities 

 Historical water budget data accounting for 
environmental water needs and instream flow 
requirements 

 Comprehensive assessment of impacts on 
headwaters, forests, and wildfire DRAFT
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Task Information Available Information Gaps 

Develop 
adaptation 
strategies 

 ARBS: Some monitoring and evaluation metrics for previously studied 
areas 

 Regional Water Reliability Plan: Performance indicators for regional 
water management 

 Sacramento Area Flood Control Agency’s Storm Drainage Master Plan: 
Local-scale flood risk assessment metrics 

 Sacramento Valley Water Management Agreement: Inter-agency water 
management practice indicators 

 Standardized performance metrics applicable 
across diverse subwatersheds and jurisdictions in 
the expanded study area 

 Baseline data for performance indicators in newly 
included areas (for example, Cosumnes River 
watershed, north slope of Bear watershed, south 
slope of Cosumnes watershed) 

 Long-term monitoring strategies for climate 
adaptation effectiveness across the entire 
watershed 

 Integration of performance tracking across 
multiple agencies and jurisdictions, including 
newly added areas 

 Adaptive management indicators for climate 
resilience 

 Equity-focused performance metrics 
 Community-based monitoring and reporting 

mechanisms 
 Indicators for ecosystem health and biodiversity in 

the expanded study area 
 Metrics for assessing the effectiveness of 

groundwater-surface water management 
integration 
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Table 2. Overview of Studies and Reports by Sector 

Category/Sector Study/Plan 

Climate Change and 
Resilience 

 Sacramento and San Joaquin Basins Study Technical Report 
 California Watershed Resilience Assessment 
 Risk-Informed Future Climate Scenario Development for the State Water Project Delivery Capability Report 
 California Water Plan Update 2023 Technical Series – Watershed Hub Resilience Indicators and Metrics 
 American River Basin Study (Reclamation) 
 Nevada Irrigation District Water and Climate Change Plan for Water Final Technical Memorandum 

Headwaters and Wildfire  Tahoe-Central Sierra Initiative Capacity Needs for Forest Health and Wildfire Resilience 
 Tahoe-Central Sierra Initiative Blueprint for Resilience 
 Tahoe-Central Sierra Initiative Assessment of Current Landscape Conditions 
 California Wildfire & Forest Resilience Task Force Sierra Nevada Regional Profile 

Communities  Protecting Californians from Extreme Heat: A State Action Plan to Build Community Resilience 
 Placer County Sustainability Plan 
 City of Sacramento Climate Action Plan 
 City of Roseville Communitywide Sustainability Action Plan 
 Sacramento County Climate Action Plan 
 El Dorado County Climate Change Vulnerability Assessment 

Ecosystem  Cosumnes Watershed Restoration Landscape 
 The Lower American River Modified Flow Management Standard 
 Working Landscapes: The Natural Capital of the Upper American River Watershed (El Dorado Water Agency [EDWA]) 

Energy (Hydropower)  2030 Zero Carbon Plan (Sacramento Municipal Utility District [SMUD]) 
 Delivering Low Emission Energy (Pacific Gas and Electric Company) 
 Upper American River Hydropower Summary 
 El Dorado Hydroelectric Project 184 
 PCWA Middle Fork Project – FERC Project No. 2079 

Flood  Sacramento Area Flood Control Agency 500-year Resiliency Plan 
 Sacramento County Flood Climate Change adaptation measures (FLOODMeasures (saccounty.net)) 

Groundwater  North American Subbasin GSP 
 South American Subbasin GSP 
 Cosumnes Subbasin GSP DRAFT
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Category/Sector Study/Plan 

Recreation  Folsom Lake State Recreation Area. (California Department of Parks and Recreation) 
 American River Parkway. (Sacramento County Department of Regional Parks) 
 Recreation Implementation Plan. Hydro License Implementation, Upper American River Project, Federal Energy 

Regulatory Commission Project No. 2101 (SMUD) 
 PCWA Middle Fork Project – FERC Project No. 2079 Recreation Plan 
 Upper American River Watershed (Sacramento River Watershed Program) 
 Outdoor Recreation in the Upper American River Watershed: An Analysis of Economic Impact and Value (EDWA) 

Water Supply   2020 Urban Water Management Plans 
 California Water Plan 2023 Update – Sacramento River Hydrologic Region Report 
 Handbook for Water Budget Development 
 American Basin Integrated Water Management Plan 
 Sacramento Regional Water Bank 
 Water Resources Development and Management Plan (EDWA) 
 Cosumnes, American, Bear, and Yuba Integrated Regional Water Management Plan 
 Upper American River Basin Regional Drought Contingency Plan (EDWA) 
 North American Basins Drought Contingency Plan (RWA) 
 Regional Water Reliability Plan (RWA) 

Watershed Planning  Programmatic Watershed Plan (EDWA) 
 Bear River Watershed Restoration Plan 2018 
 American River Basin Storm Water Resource Plan 
 Implementation of the Programmatic Watershed Plan for the Upper American River Watershed (EDWA) 
 Review of Groundwater Recharge and Surface Water-groundwater Interactions for the Lower Cosumnes River 

Note: Refer to Attachment 1 for more detail about listed documents. 
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Gap Analysis Literature Review

Document Published Summary Study Location

SAFCA Executive Director's Report for January 16, 2025 January 2025 Six major federally authorized projects are under construction, with a total investment of 
over $5 billion. Key initiatives include:
The Folsom Dam Raise Project
Improvements to the Natomas Basin levees
Sacramento Weir widening
Erosion control along the American and Sacramento Rivers

Natomas Basin, Sacramento area

Sacramento Area Flood Control Agency's (SAFCA) 2024 Urban 
Level of Flood Protection Annual Report

August 2024 The report covers the State Plan of Flood Control (SPFC) facilities in SAFCA's jurisdiction, 
which documents the progress in improving the regional flood protection system over 
the fiscal year ending June 30, 2024. Summarizes projects such as Folsom Dam 
Modifications, American River Common Features (ARCF) projects, and improvements to 
multiple levee systems in the Sacramento area.

Sacramento Area Flood Control Agency (SAFCA)'s jurisdiction 
including the City of Sacramento and parts of Sacramento and 
Sutter Counties,

Sacramento's Comprehensive Flood Risk Reduction Program 
(DRAFT) 

2017 Detailed overview of Sacramento's flood risk management strategy, including structural 
improvements to protect against 500-year flood events, non-structural measures for 
land use planning and emergency management, and plans for future flood system 
maintenance and upgrades. The study outlines a three-phase approach to flood 
protection, incorporating levee improvements, dam modifications, and increased 
downstream conveyance capacity. It also covers flood preparedness, warning systems, 
ęġęĦěęĢėĭ ĦęħĤģĢħę ĤĦģėęĘĩĦęħ# ĕĢĘ ĤĩĖĠĝė Ħĝħğ ėģġġĩĢĝėĕĨĝģĢ ęĚĚģĦĨħ!

Sacramento area, focusing on the American and Sacramento 
Rivers and their tributaries

American River Watershed Common Features WRDA 2016 
Project

January 2025 This project includes reconstructing levees along the east side of Sacramento River 
south of the American River and in North Sacramento, erosion protection in river 
channels, and widening the Sacramento Weir and Bypass. It involves multiple contracts 
for Sacramento River East Levee improvements, American River erosion control, and 
Sacramento River erosion control. The total project cost is estimated at $1.5 billion.

Sacramento River and American River levee systems, Sacramento 
area

Lower Elkhorn Basin Setback Levee Project January 2025 The California Department of Water Resources has initiated a project to widen the 
Sacramento Bypass and set back seven miles of levees along the Yolo Bypass in the 
Lower Elkhorn Basin. It includes the Bryte Landfill Remediation Project, LEBLS Interior 
Drainage Project, and LEBLS Pump Station Project.

Lower Elkhorn Basin, Yolo Bypass, Sacramento area

Sacramento and San Joaquin Basins, including the Central Valley, 
Sacramento River system, San Joaquin River system, and Tulare 
Lake region

Overview and comprehensive study of water resources in the Sacramento and San 
Joaquin Basins, including analysis of historical and projected future water supply and 
demand under various climate and socioeconomic scenarios. 

March 2016Sacramento and San Joaquin Rivers Basin Study Technical 
Report
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Document Published Summary Study Location

California Water Plan Update 2023 Technical Series - 
Watershed Hub Resilience Indicators and Metrics

Aug 2024 Documents the development of a proposed set of indicators and metrics to assess 
current water resources conditions for watersheds across California. Describes methods 
used to evaluate water-related indicators and select a subset for statewide use across 
watersheds.

Statewide

Urban Water Management Plan (2020) July 2022 Comprehensive plan outlining the City's water supply sources, demand projections, 
conservation measures, and strategies for water management. Includes analysis of 
supply reliability, drought risk assessment, and water shortage contingency planning. 
The UWMP evaluates water supply demands in relation to expected water demands over 
a 30-year horizon. It also identifies planned water projects that help with reliability and 
resiliency, including additional water supplies, recycled water and water use efficiency. In 
addition to the UWMP, the WSCP helps to ensure we have available supplies and plans in 
the event of shortages due to climate change, population or other uncertainties.

ýĝĨĭ ģĚ ČģħęĪĝĠĠę ħęĦĪĝėę ĕĦęĕ

Sacramento River Hydrologic Region, from Modoc County to 
Solano County, 27,200 sq miles

The California Water Plan 2023 Update includes an overview of the Sacramento River 
Hydrologic Region. This includes information on watershed boundaries, water use, 
critical water resource challenges and considerations, water supply, future climate risks, 
and key findings from the watershed resilience assessment.

December 2023California Water Plan 2023 Update - Sacramento River 
Hydrologic Region Report

California's State Water Project, focusing on the Central Valley 
watershed area (approximately 39 million acres)

This report describes a new approach for developing climate change scenarios to assess 
future delivery capability of California's State Water Project (SWP). It uses a hybrid 
method combining bottom-up stress testing with top-down climate model projections 
to create risk-informed climate scenarios.

December 2023Risk-Informed Future Climate Scenario Development for the 
State Water Project Delivery Capability Report

Statewide assessment of California watersheds at the HUC-10 
scale (933 watersheds). Focuses on watershed functions related 
to water resources and ecosystem services.

This report presents a statewide assessment of watershed resilience in California, 
evaluating the ability of watersheds to maintain key functions and services under climate 
change. It uses indicators across five categories (water, land, biodiversity, people, and 
management) to score and rank watershed resilience at the HUC-10 scale. 

2024California Watershed Resilience Assessment

Handbook for Water Budget Development Statewide (Not location based)The purpose of the Handbook for Water Budget Development: With or Without Models 
(Water Budget Handbook), prepared by the California 
Department of Water Resources (DWR), is to provide the California water resources 
community with a resource to develop water budgets for any geographic area and time 
period, using modeling and non-modeling approaches.

February 2020
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Integrated Regional Water Management Plan 2021 Defines current water resources issues and conflicts. Identifies and updates management 
goals and objectives, including those for water supply, water quality, environment and 
habitat, land use, and recreation. Evaluates and updates alternative water management 
strategies and identifies opportunities for cooperative actions among water resource 
management entities and key stakeholder.  Incorporates findings from state-mandated 
needs assessment of the CABY region disadvantaged communities. Provides 
implementation plan for priority projects. Establishes managment framework. 
Incorporates climate change research. 

Cosumnes, American, Bear, and Yuba Watersheds

Urban Water Management Plan (2021) March 2023 Outlines the water management strategies for the Georgetown Divide Public Utility 
District, including water supply sources, demand projections, conservation measures, 
and contingency planning for water shortages. Discusses the primary water source and 
future water management strategies. The Georgetown Divide Public Utility District (the 
District) has prepared this 2020 Urban Water Management Plan (UWMP) to be utilized 
as a resource/planning document for the District and to meet State of California 
Department of Water Resources (DWR) requirements.  The District is classified as an 
urban water supplier that provides treated water to approximately 3,800 customers and 
seasonal irrigation water to approximately 400 customers from a single surface water 
supply, 
Stumpy Meadows Reservoir. 

Georgetown Divide service area

Nevada Irrigation District Water and Climate Change September 2023 This article, part of a four-part series, is our effort to explain, interpret and explore the 
implications of climate change for NID and its customers. This article is intended to also 
help educate the community on NID’s operational and planning preparations to mitigate 
and adapt to a changing climate. 

NID Service Area (Upper Watershed)

448 sq. mi. located on the western slope of the Sierra Nevada 
Mountains and covering portions of three counties: Nevada, 
Placer, and Yuba (see Figure 2-1).The NID watersheds include the 
upper reaches of the Yuba River, Bear River, and Deer Creek.

July 2024Plan for Water Final Technical Memorandum

El Dorado CountyThe WRDMP connects the identified water resource-related challenges to achieving the 
County General Plan vision with the Agency’s implementation programs through an 
array of resource management strategies. Resource management strategies represent 
strategic directives that may mitigate the identified challenges through coordinated and 
collective efforts of all responsible parties. Key actions are established, along with the 
primary responsible agency(ies), and Agency’s corresponding roles in leading, 
facilitating, or supporting a given activity are also clarified and consistent with its 
authority and best ways for the Agency to create direct value and benefits for all 
communities in El Dorado County. 

October 2019Water Resources Development and Management Plan

The Plan for Water (PFW) is a collaborative process to review NID’s historical and 
projected available water supply and demands. The PFW will support NID’s decisions 
about future investments and changes in water management practices to ensure the 
community enjoys the same high-quality water and reliable water system it has now and 
for the coming years. The PFW modeling includes a hydrological model, demand model, 
and operations model development.
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North American Subbasin Groundwater Sustainability Plan December 2021 North American Subbasin Groundwater Sustainability Plan is a framework to provide for 
the sustainability of the NASb of the Sacramento Valley Groundwater Basin for the next 
20 years. The NASb, designated as subbasin No. 5-021.64 by the DWR, is bounded on 
the north by the Bear River, on the south by the American River, to the west by the 
Feather and Sacramento rivers, and on the east by the Sierra Nevada foothills.

535 square-mile subbasin that includes 
portions of Placer, Sacramento, and Sutter counties (see figure ES-
1)

American River BasinDescribes an ongoing process to identify watershed-based runoff management 
methodologies for the American River Basin. Contains processes for developing and 
implementing projects and programs that manage stormwater and dry weather flows to 
improve water quality, reduce localized flooding, increase water supplies, protect the 
environment, and enhance communities. A stormwater resource plan (SWRP), describes 
an ongoing process to identify watershedbased runoff management methodologies for 
the American River Basin (ARB) in northern California. This SWRP contains processes for 
developing and implementing projects and programs that manage stormwater and dry 
weather flows to improve water quality, reduce localized flooding, increase water 
supplies, protect the environment, and enhance communities. Projects will be developed 
both for new development and for existing landscapes to restore watershed processes 
and provide a variety of benefits.

May 2018American River Basin Storm Water Resource Plan

Sacramento County except for very southeastern "tail" portion of 
county,  and lower watershed portions of Placer and El Dorado 
Counties. The Placer County portion covers up to the boundary 
with Sutter County. Only the most western part of El Dorado 
County is included. County map with IWRMP boundary is on page 
2-5, and watershed map is on page 2-7. 

The 2018 American River Basin (ARB) IRWMP Update - Multi-benefit approach to water 
resources planning. Identifies projects for flood risk reduction, water quality 
improvement, and potential groundwater recharge. Limited explicit climate change 
analysis. This plan is the application of the DWR definition of integrated water 
management within a region with a breadth and focus defined locally by stakeholders. 
These stakeholders dependent on the natural resources of the greater Sacramento 
region have been engaged in planning and implementing regional plans and projects to 
meet water supply demands and protect our environment, as represented in the ARB 
IRWMP.

July 2018American River Basin Integrated Water Management Plan

Placer County - Service area extends from the community of Alta 
on the east, westward down the Interstate 80 corridor, and 
bounded by the Sutter County to the west, Sacramento County 
and El Dorado County to the south and Nevada County to the 
north.  The service area includes retail treated water deliveries to 
the communities of Alta, Monte Vista, Applegate, Colfax, Auburn, 
Loomis, Rocklin, and much of the surrounding unincorporated 
areas within Placer County.  PCWA also provides wholesale 
treated water to the City of Lincoln, , Cal-Am for use in their 
franchise area west of Roseville and south of Baseline Road, and 
to other relatively small mutual water companies and 
townsfranchise area west of Roseville and south of Baseline Road, 
and to other relatively small mutual water companies and towns.

The 2020 UWMP describes and evaluates the reliability of PCWA’s existing and planned 
water supplies to meet forecast near-term and long-term customer water demands.  The 
plan assesses the availability and sufficiency of surface, groundwater, and recycled water 
assets and the vulnerability of these supplies to seasonal, climactic, seismic, and 
regulatory conditions. 

June 20212020 Urban Water Management Plan
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Sacramento Regional Water Bank - Water providers in the Sacramento region are developing the Sacramento  Regional 
Water Bank (Water Bank). The Water Bank is an innovative groundwater storage program 
that will improve regional water supply reliability in the near-term and into the future. 
The Sacramento region’s unique setting—at the confluence of the Sacramento and 
American rivers near Folsom Reservoir and overlying the North American and South 
American groundwater subbasins—is ideal for the Water Bank’s development. The Water 
Bank will allow the region to sustainably increase use of groundwater as a local water 
source during dry periods, allowing reduced surface water diversions to help meet local 
environmental needs.

Sacramento and America River Basin

South American Subbasin Groundwater Sustainability Plan October 2021 The South American Subbasin GSP outlines a 20-year plan for sustainable groundwater 
management activities that consider the needs of all users in the SASb and ensures a 
viable groundwater resource for beneficial use by many groups, including potable water 
ĤĩĦĪęĭģĦħ# ĕěĦĝėĩĠĨĩĦĕĠ# ĕěĦĝėĩĠĨĩĦĕĠ ĦęħĝĘęĢĨĝĕĠ# ĘģġęħĨĝė# ėģġġęĦėĝĕĠ ĕĢĘ ĝĢĘĩħĨĦĝĕĠ 
users, and various environmental services. This  GSP is intended to achieve a sustainable 
regime that balances pumping and recharge and considers the needs of all water users.

South American Subbasin within the larger Sacramento Valley 
Groundwater Basin. A majority of the SASb is surrounded by 
rivers including the American River on the northern boundary, the 
Cosumnes and Mokelumne Rivers on the south, and the 
Sacramento River forming the western boundary. The eastern 
boundary is located at the transition between the alluvial 
sediments of the groundwater basin and the bedrock of the 
foothills of the Sierra Nevada mountains (see figure ES-2).

Bear River Watershed
Restoration Plan 2018

StatewideState action plan focused on addressing extreme heat impacts in California. It outlines 
strategies across four key action tracks: building public awareness, strengthening 
community services and response, increasing resilience of the built environment, and 
utilizing nature-based solutions.

April 2024Protecting Californians From Extreme Heat: A State Action 
Plan to Build Community Resilience

The Bear River WatershedThe mission of the Bear River Watershed Group is to provide a structure within which all 
stakeholders are able to reach consensus on the issues facing the watershed in order to 
create and implement a collaborative, science-based restoration plan.

May 2018

Sacramento County Water Agency service area (all within the 
County of Sacramento and defined in Figure ES-1).

The 2020 UWMP is an update to SCWA’s 2015 UWMP and presents new data and 
analysis as required by the California Department of Water Resources (DWR) and the 
California Water Code (CWC) since 2015. The 2020 UWMP is also a comprehensive 
water planning document that describes existing and future supply reliability, forecasts 
future water uses, presents demand management progress, and identifies local and 
regional cooperative efforts to meet projected water use.  

June 20212020 Urban Water Management Plan
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Programmatic Watershed Plan November 2023 The PWP - presents a holistic approach to leverage natural, built, and social capitals to 
create and reinforce the expansion of natural, built, and social capacities for watershed 
sustainability and community resilience. In this context, capital means the physical and 
nonphysical (e.g., institutional and trust) assets and resources within the associated 
natural, built, or social environments; capacity means the ability leverage available and 
accessible capital to create individual and watershed-wide benefits. 

Upper American River Watershed

Community-Wide and County Operations 2015 Greenhouse 
Gas Emissions Inventories

January 2018 Detailed GHG emissions inventories for community-wide and county government 
operations in Placer County for 2015, with comparisons to 2005 baseline. Provides 
sector-by-sector breakdown of emissions sources. 

Placer County, CA

Technical Memorandum - Cosumnes Subbasin Data 
Management System 

June 2019 Documents the development and contents of the Cosumnes Subbasin Data 
Management System (DMS), which compiles groundwater and surface water data for the 
basin

Cosumnes Subbasin

 Historical (WY 1999-2018) and Projected (WY 2019-2072) October 2021 Documents the development of the Cosumnes-South American-North American 
(CoSANA) integrated hydrologic model used for water budget and projected scenario 
analysis | Cosumnes, South American, and North American Subbasins 

Comprehensive plan to achieve groundwater sustainability in the Cosumnes Subbasin by 
2042. Includes basin setting, water budget, sustainable management criteria, 
monitoring network, and projects/management actions.

December 2021Cosumnes Subbasin Groundwater Sustainability Plan

CoSANA Model Report

Cosumnes Subbasin

Placer County Sustainability Plan

Placer County Local Hazard Mitigation Plan Update 2016 Hazard mitigation plan that assesses risks from natural and human-caused hazards and 
outlines strategies to reduce vulnerabilities. Includes climate change considerations and 
analyzes 13 hazard types. 

Placer County, CA

American River Basin Study (ARBS)
Interior Region 10 - California-Great Basin

Comprehensive plan to reduce greenhouse gas emissions and enhance community 
resilience to climate change impacts in Placer County. Includes GHG inventories, 
emissions forecasts, reduction targets, and adaptation strategies.

January 2020

Covers the entire American River Watershed, including Folsom 
Lake, the lower American River, and surrounding groundwater 
basins

Building on the Sacramento-San Joaquin Rivers Basin Study, this American River Basin 
Study (ARBS) developed data, tools, analyses, and climate change adaptation strategies 
specific to the American River Basin. The ARBS examined strategies to integrate or 
better coordinate local and Federal water management practices to improve regional 
water supply reliability, while enhancing Reclamation’s flexibility in operating Folsom 
Reservoir to meet flow and water quality standards in the Sacramento-San Joaquin 
Delta (Delta) and to protect endangered fishery species in the Lower American River. 

August 2022

Placer County, CA 
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Integrated Vulnerability Assessment of Climate Change in the 
Lake Tahoe Basin 

2020 Climate change is amplifying the background stressors on natural resources, 
infrastructure, and communities in the Lake Tahoe Basin (Basin). Land managers and 
policy-makers are increasing the Basin’s resilience and ability to adapt. Doing this now 
protects people and nature, and saves money. This vulnerability assessment provides 
residents, visitors, businesses, and public agencies with state-of-the-art information 
onhow patterns of temperature and precipitation will 
change (called “impacts”), and how these patterns will affect the thingspeople care 
about (called “implications”). The common scenarios and analyses provided will help 
public agencies and stakeholder organizations anticipate climate change implications, 
and better design and maintain their future projects that improve the quality of life, 
land, and waters in Tahoe. This assessment is written for a technical audience, and will 

           

Lake Tahoe Basin

Tahoe-Central Sierra Initiative 10-Year Regional Plan March 2023 The 10-Year Regional Plan charts the path forward for TCSI and identifies two 
overarching goals and six strategies for improving social and ecological resilience across 
2.4 million acres. These goals and strategies build on the progress the partnership made 
when it developed a scientific foundation for restoring resilience and integrate the 
recent state and national strategies. These strategies call for:
• Restoring resilience to forested watersheds,
• Building shared stewardship,
• Supporting local economies, and
• Establishing healthy and resilient communities that can withstand and adapt to 
wildfire.
The TCSI is taking a systematic approach to restore resilience across a 2.4-million acre 

Forest ecosystems and communities in the Sierra Nevada (Central 
Sierra and Lake Tahoe Basin) across 2.4 million acres. Steppe- 
Mixed Coniferous Forest Alp ecoregion. Six watersheds: Yoba, 
Truckee, Lake Tahoe, Upper Bear, North Fork American, South 
Fork American. 

Capacity Needs for Forest Health and Wildfire Resilience 2024 Within the context of TCSI’s 10-Year Regional Plan, capacity refers to the individual and 
combined ability of agencies, organizations, and Tribes to effectively plan, implement, 
and sustain the foundational activities that enhance forest resilience. Beyond financial 
resources, capacity in this context encompasses organizational strength in managing 
internal operations, effective collaboration, community engagement, and partnership 
building. Additionally, it includes the ability to plan, permit, and prepare for project 
implementation, successfully execute projects on the ground, and continuously monitor, 
evaluate, and adapt based on evolving needs. For the purposes of this report, TCSI 
defined capacity by the following categories: organizational, collaboration and 
partnerships, landscape strategy and planning, project implementation, community 
outreach, and monitoring.

Forest ecosystems and communities in the Sierra Nevada (Central 
Sierra and Lake Tahoe Basin) across 2.4 million acres. Steppe- 
Mixed Coniferous Forest Alp ecoregion. Six watersheds: Yoba, 
Truckee, Lake Tahoe, Upper Bear, North Fork American, South 
Fork American. 

2020Integrated Vulnerability Assessment of Climate Change in the 
Lake Tahoe Basin - Technical Memos

Lake Tahoe BasinThe tech memos cover a range of vulnerability assessments and topics such as aquatic 
resources, groundwater, soil moisture, forest biology, forest ecosystem, riparian and 
aspen ecosystems, meadow ecosystems, wildlife connectivity, public health vulnerability, 
washoe cultural resources, Lake Tahoe Surface Elevation, Recreation resources, Lake 
Tahoe Basin Infrastructure, etc. 
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Sierra Nevada Regional Profile September 2022 In the sections that follow we have used the framework from the Pillars of Resilience to 
describe in detail the nature of each of: healthy and resilient forests, carbon storage, 
water security, biodiversity conservation, air quality, economically robust communities, 
and resilient and fire safe communities. The intent is to provide the reader with 
foundational  background information related to each of those pillar categories, share 
findings from stakeholder surveys and interviews and describe in more detail the 
underlying make up of each pillar in terms of two to three select metrics being used to 
describe it.

The Sierra Nevada Region includes the Sierra Nevada, Southern 
Cascades and Eastside or Inyo region. It is home to over 880,000 
people across 23 counties and encompasses one of the largest 
stretches of protected wilderness in the nation

Forest ecosystems and communities in the Sierra Nevada (Central 
Sierra and Lake Tahoe Basin) across 2.4 million acres. Steppe- 
Mixed Coniferous Forest Alp ecoregion. Six watersheds: Yoba, 
Truckee, Lake Tahoe, Upper Bear, North Fork American, South 
Fork American. 

The TCSI Blueprint is a set of strategy maps that identify opportunities for forest 
protection and adaptation across the study area. It is the culmination of an effort to 
improve resilience to anticipated climate change and wildfire as well as beetle- and 
drought-caused tree mortality. The TCSI group, along with scientists and forest 
managers versed in the concept of resilience, defined resilience based on 10 ecological 
and social pillars. The TCSI Blueprint includes evaluations of 30 unique metrics, such as 
large tree density and probability of high-severity fire, that describe conditions across 
five of the pillars of resilience: forest resilience, fire-adapted communities, fire dynamics, 
biodiversity conservation, and carbon sequestration. The TCSI Blueprint uses a novel 
application of the Ecosystem Management Decision Support tool to evaluate spatial 
data layers against target conditions that are indicative of resilient landscapes. The TCSI 
Blueprint integrates assessments of bothcurrent and future conditions  under climate 
change to reflect where management can likely make the most impact toward achieving 
functions on the landscape now and into the future.

2023

Forest ecosystems and communities in the Sierra Nevada (Central 
Sierra and Lake Tahoe Basin) across 2.4 million acres. Steppe- 
Mixed Coniferous Forest Alp ecoregion. Six watersheds: Yoba, 
Truckee, Lake Tahoe, Upper Bear, North Fork American, South 
Fork American. 

Assessment of Current Landscape Conditions Climate change, high-severity wildfire, and drought threaten the resilience of forests and 
communities in the Sierra Nevada. The area burned by high-severity wildfires annually is 
increasing, and prolonged droughts coupled with beetle outbreaks have the potential to 
result in massive tree mortality, leaving extremely large areas of dead trees. These 
factors, along with fire suppression and unsustainable logging practices, shaped the 
forests we know today, which are less resilient to wildfire and drought than pre-
European settlement forests.  The Tahoe–Central Sierra Initiative (TCSI) is a partnership 
of state and federal agencies, non-governmental organizations (NGOs), the timber 
industry, and researchers that was established to improve forest and social resilience to 
climate change and other stressors across a 978,381-hectare (2.4 million-acre) 
landscape. Increasing forest heterogeneity and decreasing fuel loads through 
ecologically based forest management will likely improve the forest and human 
communities’ ability to adapt to future wildfires and drought under a changing climate. 
To provide a foundation for achieving resilience, TCSI established a four-part Roadmap 
to Resilience: Framework for Resilience, Assessment of Current Landscape Conditions, 
Assessment of Future Landscape Conditions, Blueprint for Resilience. This report aims to 
understand current forest and landscape conditions, including fire and beetle/ drought 
risk and biomass-processing capacity and sets baseline conditions for key resources 
within the study area. 

Blueprint for Resilience
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City of Sacramento Comprehensive Flood Management Plan May 2024 The City, like other urban areas, faces risks to life and property from many natural and 
man-made hazards, including fire, earthquake, terrorism, toxic spills, wind, drought, 
wildfire, and flood. Most notably, of all these risks, flooding poses the greatest threat to 
the residents of Sacramento. Given the City’s high flood risk and vulnerability, this 
Comprehensive Flood Management Plan (CFMP) is maintained and implemented by City 
government to guide the City’s flood risk reduction and mitigation efforts. This CFMP, 
initiated by the City’s Department of Utilities (DOU), will serve as the City’s strategic plan 
to reduce flood risk over the next five years (2024-2029). 

Sacramento, CA

Sacramento County Climate Action Plan July 2024 The Climate Action Plan (CAP) provides a roadmap to achieve the following objectives 
for the unincorporated county and the County: 1) Implement County’s Final 
Environmental Impact Report for the Sacramento County General Plan of 2005-2030 
(General Plan), adopted in November 2011, Mitigation Measure CC-2 to prepare and 
adopt a CAP that will reduce greenhouse gas (GHG) impacts from implementing the 
General Plan. 2) Include reasonably foreseeable projects and population growth in GHG 
emissions forecasts. 3) Identify GHG emission reduction targets tailored to the 
unincorporated county and the County’s government operations that align with State 
and County climate goals. 4) Establish GHG emissions reduction measures and actions 
to achieve the County’s GHG emissions reduction targets for communities in the 
unincorporated county and County operations. 5) Set a framework of sufficiently 
adaptable long-term strategies that will consider and incorporate, as appropriate, 
additional GHG reduction strategies that embrace continued innovation, technological 
advances, and creating high-quality jobs in the county. 6) Provide a mechanism for 
streamlining project-level GHG emissions analysis consistent with Section 15183.5 of 
the State California Environmental Quality Act (CEQA) Guidelines. 7) Develop climate 
adaptation measures to guide the County to a more resilient future.

Sacramento County

El Dorado County Climate Change Vulnerability Assessment May 2023 The County has prepared this CVA to support the unincorporated County community in 
preparing for,
responding to, and recovering from hazard events intensified by climate change. The 
CVA provides a framework for understanding climate change science and modelling 
forecasts and for the consideration of incorporating adaptation and resilience goals and 
policies to include in the County’s General Plan Noise, Public Health, and Safety 
Element.

El Dorado County

The purpose of this work plan is to identify the City of Sacramento’s priority climate 
initiatives for implementation in the calendar year of 2021. Specifically, this work plan is 
a road map of critical, near-term climate work, including a new staff position that the 
City Manager is creating to coordinate, direct, and accelerate City efforts to address 
climate change through a highly collaborative process that involves all departments. 

2021

October 2010 The main objective of the City of Roseville Communitywide Sustainability Action Plan 
(SAP) is to set forth a comprehensive strategy to address emerging sustainability issues 
related to land use patterns, transportation, building design, energy use, water demand, 
and waste generation. The SAP outlines a road-map to reduce GHGs and air pollutant 
emissions within the community (i.e., vehicle emissions, emissions related to energy 
production) and to promote economic growth based on clean technology and 
sustainable practices.

City of Sacramento Climate Implementation Work Plan

City of Roseville Communitywide Sustainability Action Plan

Sacramento, CA

Roseville, CA
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Consumnes Watershed Restoration Landscape 2023 The Bureau of Land Management is infusing $161 million for ecosystem restoration and 
resilience on the nation’s public lands, as part of the Biden Harris Administration’s 
Investing in America agenda. The proposed work will focus on 21 “Restoration 
Landscapes” across 11 western states, restoring public lands, strengthening 
communities and local economies, advancing climate resilience and furthering our 
commitment to Tribal collaboration and partnership.

Cosumnes Watershed

The Lower American River Modified Flow Management 
Standard

2015 The Sacramento Water Forum has developed a Modified Flow Management Standard 
(Modified FMS) for the lower American River. Designed to protect anadromous 
salmonids and avoid catastrophic water shortages in the basin, the Modified FMS 
represents the best path forward for protecting local resources without re-directing 
negative impacts to other regions. The lower American River is the only urban waterway 
in the United States to be designated a “Wild and Scenic River” (Figure 1) by stateand 
federal governments. The river is home to 43 fish species, including federally threatened 
steelhead and struggling fall-run Chinook salmon. Folsom Dam and Reservoir, located 
at the confluence of the North and South Fork American rivers, provide flood control 
and drinking water to nearly 1 million residents of the Sacramento region. In particular, 
about 500,000 people in the cities of Folsom and Roseville and in the San Juan and El 
Dorado Water Districts depend on diversions directly from Folsom Reservoir as their 
primary water supply.

Lower American River

Working Landscapes: The Natural Capital of the Upper 
American River Watershed 

2024 Working landscapes and the ecosystem goods and services (EGS) they provide are 
critical to people’s health and wellbeing. Understanding the value of these lands is 
crucial for informed decision-making, economic development, and conservation efforts. 
The purposes of this valuation are (1) to estimate the value of EGS that the UARW 
generates, and (2) to show the distribution of that value locally, within California, and 
beyond. This effort is part of the planning efforts by El Dorado Water Agency (Agency) 
to improve sustainable watershed management and community resilience. For more 
details, see UARW Programmatic Watershed Plan. The valuation process includes the 
identification of EGS provided by the UARW and the monetization of a subset of the 
identified EGS where data allows. To help illustrate the benefits of EGS, this report also 
includes provisioning and beneficiary maps of selective EGS showing where the benefits 
(e.g., water supply, water quality, hydropower energy, carbon, and beauty) are produced, 
and where they are used.

 Upper American River watershed (UARW)

2030 Zero Carbon Plan In July 2020, Sacramento Municipal Utility District’s (SMUD’s) Board of Directors 
adopted a climate emergency declaration, prompting SMUD to develop a bold and 
ambitious plan for reaching zero carbon by 2030 while ensuring we continue to provide 
safe, reliable, affordable and inclusive power to our customers and community. This 
2030 Zero Carbon Plan is a flexible road map to eliminate greenhouse gas emissions 
(GHG) from our power supply by 2030. It was developed following completion of several 
technical studies.

SMUD
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Upper American River Hydropower Project Summary 2015 The Upper American Project is located on the Rubicon River, Silver Creek, and South 
Fork American River. The project uses water from both the South Fork American and 
Rubicon River watersheds, which drain the western slope of the Sierra Nevada 
Mountains. The project developments span more than 81 river miles and have an 
elevation change of about 6,000 feet msl from the uppermost Rubicon reservoir to the 
downstream reach of the Slab Creek/White Rock development. In addition to generation-
related facilities, the project includes 47 recreation areas that include campgrounds, day 
use facilities, boat launches, trails, and a scenic overlook.

The Upper American River Project consists of seven 
developments located on the Rubicon River, Silver Creek, and 
South Fork American River in El Dorado and Sacramento Counties 
in central California. These seven developments occupy 6,190 
acres of federal land within the Eldorado National Forest and 54 
acres of federal land administered by the Bureau of Land 
Management (BLM). The proposed The Iowa Hill Development 
will be located in El Dorado County and will occupy 185 acres of 
federal land within the Eldorado National Forest. 

American River Parkway Plan 2008 The Parkway Concept can be summarized as follows: The American River Parkway is a 
unique regional facility which shall be managed to balance the goals of: a) preserving 
naturalistic open space and protecting environmental quality within the urban 
environment, and b) contributing to the provision of recreational opportunities in the 
Sacramento area. Overall guidance on the approach to preservation and management of 
the Parkway are embodied in both the Plan’s Goals and the Concept Policies.

The American River Parkway is an open space greenbelt which 
extends approximately 29 miles from Folsom
Dam at the northeast to the American River’s confluence with the 
Sacramento River at the southwest.

Recreation Implementation Plan. Hydro License 
Implementation, Upper American River Project, FERC Project 
No. 2101 

2015 The Federal Energy Regulatory Commission (FERC) issued SMUD a fifty-year license to 
operate the Upper American River Project (UARP or Project) on July 23, 2014 (License). 
FS Condition 41 requires SMUD to develop this Recreation Implementation Plan  in 
coordination with the FS. SWRCB Condition 14 requires the Plan to include provisions for 
SMUD to consult with the SWRCB and the Central Valley Regional Water Quality Control 
Board (CVRWQCB) regarding any water quality permits and approvals necessary for the 
construction or rehabilitation of recreation facilities. This Plan will guide SMUD and FS 
staff in designing and constructing recreation facilities described in FS Conditions 44 
and 45. In addition, the Plan addresses the process for identifying and prioritizing 
additional recreation measures (see FS Conditions 42, 44, 45, 48). 

SMUD

Outdoor Recreation in the Upper American River Watershed: 
An Analysis of Economic Impact and Value 

2024 The upper American River watershed (UARW) is a significant asset for outdoor recreation 
that serves both locals and visitors from around California and beyond. The UARW's 
significance in outdoor recreation is largely attributed to its wealth of natural capital. As 
demand for outdoor recreation continues to grow, placing additional pressure on the 
UARW’s natural capital, a more detailed accounting of visitation and usage of 
recreational lands in the watershed can 
inform decision making, resource allocation, and engagement with interested parties. 
The primary objective of this economic study of outdoor recreation in the UARW (Study) 
was to evaluate both the economic impacts, stemming from tourist spending, and the 
broader economic benefits supported by outdoor recreation lands in the UARW. Key 
components of this study include quantifying visitation patterns, developing expenditure 
profiles, estimating the economic impact of outdoor recreation-related spending, and 
quantifying the non-market benefits of such recreation. This study employed advanced 
data analytics, integrating geospatial and mobile location data to enhance and augment 
the existing observed visitation data.

Upper American River Watershed
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North American Basins Drought Contingency Plan October 2017  The RDCP focuses on mitigation actions and near-term responses specifically related to 
drought conditions. The Regional Water Reliability Plan (RWRP) and Regional Drought 
Contingency Plan (RDCP) are closely related planning efforts to evaluate the 
vulnerabilities of the water resources of the region

American River watershed, from Sacramento to the Sierra Nevada 
mountains, as well as adjacent areas served by American River 
water in the Bear River and Cosumnes River watersheds.

Regional Water Reliability Plan May 2019 Regional Water Reliability Plan (RWRP) developed by the Regional Water Authority 
(RWA) and its member agencies in the Sacramento region aims to improve the overall 
reliability of the region's water supplies and systems. This plan focuses on high-level 
identification of vulnerabilities, mitigation actions, regional conjunctive use potential, 
and interest in establishing a regional water bank. 

American River watershed, from Sacramento to the Sierra Nevada 
mountains, as well as adjacent areas served by American River 
water in the Bear River and Cosumnes River watersheds.

Mosquito Fire BAER November 2022 This document contains an evaluation of the effects of the 2022 Mosquito Fire on the 
watershed. It includes changes to soils, vegetation, and hydrology.

Middle Fork American upstream of Foresthill

Caldor Fire BAER October 2021 This document contains an evaluation of the effects of the 2021 Caldor Fire on the 
watershed. It includes changes to soils, vegetation, and hydrology.

September 2021 The Upper American River Basin (UARB) Regional Drought Contingency Plan (RDCP) 
lays out a plan to increase the resiliency of water resources in the face of future climate 
change conditions and droughts for the El Dorado County area west of the Sierra Nevada 
Crest (i.e., the West Slope). The ongoing drought, after only a few years of respite from 
the 2012-2016 drought, is a constant reminder to water managers and consumers in 
the West Slope of the severe vulnerabilities faced during droughts.

Upper American River Basin

Programmatic Watershed Plan 2019 The WRDMP connects the identified water resource-related challenges to achieving the 
County General Plan vision with the Agency’s 
implementation programs through an array of resource management strategies. 
Resource management strategies represent strategic 
directives that may mitigate the identified challenges through coordinated and 
collective efforts of all responsible parties. Key actions 
are established, along with the primary responsible agency(ies), and Agency’s 
corresponding roles in leading, facilitating, or supporting 
a given activity are also clarified and consistent with its authority and best ways for the 
Agency to create direct value and benefits for all communities in El Dorado County

El Dorado County

Upper American River Basin Regional Drought Contigency 
Plan

 Lower Cosumnes River watershed from Michigan Bar gage 
downstream to confluence with Mokelumne River, and associated 
underlying groundwater basins

This document reviews and synthesizes existing research on groundwater recharge 
processes and surface water-groundwater interactions in the lower Cosumnes River 
watershed. It provides background on basin conditions, summarizes current 
understanding of surface water-groundwater interactions and recharge processes, 
identifies key data gaps, and includes an annotated bibliography of relevant literature.

February 2021Review of Groundwater Recharge and Surface Water-
Groundwater Interactions for the Lower Cosumnes River 

Folsom Lake State Recreation Area and Folsom Powerhouse 
State Historic Park

Provides comprehensive direction for management of Folsom Lake SRA and Folsom 
Powerhouse SHP. Addresses recreation use, resource protection, facilities, interpretation, 
operations. Proposes modest expansion of camping, improvements to boat launch 
facilities, trail system enhancements. Emphasizes day use recreation opportunities given 
proximity to urban areas. Includes direction for protection of natural and cultural 
resources. Provides for expansion of Folsom Lake Marina. Addresses wildland-urban 
interface issues with neighboring development

2010Folsom Lake Recreation Area & Folsom Powerhouse State 
Historic Park General Plan/Resources Management Plan

South Fork American and Upper Cosumnes watersheds
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Gap Analysis Literature Review

Document Published Summary Study Location

500-Year Resiliency Plan SAFCA (Sacramento Area Flood Control Agency) has developed a Comprehensive Flood 
Risk Reduction Program with the goal of achieving 500-year level flood protection for 
the Sacramento area. SAFCA is currently working on nine major projects in collaboration 
with the U.S. Army Corps of Engineers, totaling over $2 billion in investments over the 
next decade

Natomas Basin, Lower Sacramento River/Delta North, South 
Sacramento County, American River Flood Control Districts, 
Maintenance Area 9 

SAFCA Executive Director's Report Jan 2025 Provides detailed updates on ongoing flood control projects in Sacramento area, 
including construction status, funding, and projected completion dates

Covers flood control projects in the greater Sacramento area, 
including Natomas Basin, American River. Sacramento River. 
Folsom Dam and Reservoir. Yolo Bypass. Lower Elkhorn Basin

Sacramento County Climate Adaptation Measures 2024 8ĎĜę þĦĕĚĨ čĕėĦĕġęĢĨģ ýģĩĢĨĭ ýĠĝġĕĨę ûėĨĝģĢ ĊĠĕĢ äýûĊå ĕĝġħ Ĩģ ĦęĘĩėę ěĦęęĢĜģĩħę ěĕħ 
(GHG) emissions in the unincorporated County through a variety of quantified and 
unquantified GHG reduction measures. Although the final CAP is not yet approved, 
consistent with the Board of Supervisor’s declared climate emergency and direction to 
achieve carbon neutrality, this dashboard shows the County’s progress toward achieving 
ĨĜę ĝĘęĢĨĝĚĝęĘ ġęĕħĩĦęħ ĕĢĘ ģĨĜęĦ ħĩħĨĕĝĢĕĖĝĠĝĨĭ ĝĢĝĨĝĕĨĝĪęħ! 8

Sacramento County

Sacramento's Comprehensive Flood Risk Reduction Program 2025 (Draft) Outlines overall flood management strategy for Sacramento area, including structural 
and non-structural measures for flood protection along American and Sacramento 
Rivers

American and Sacramento Rivers and their tributaries, Natomas 
Basin, South Sacramento area. Folsom Dam and Reservoir

Urban Level of Flood Protection Annual Report 2024 Tracks progress toward achieving 200-year flood protection for Sacramento area, 
including project-specific updates, timelines, and funding details

Covers areas protected by State Plan of Flood Control (SPFC) 
facilities within SAFCA's jurisdiction, including Natomas Levee 
System, Dry Creek Levee System, Robla Arcade Creek Levee 
System. American River North Levee System. American River 
South and Sacramento River East Levee System. South 
Sacramento Streams Levee System. Folsom Dam and Reservoir. 
Sacramento Weir and Bypass. Yolo Bypass

Page 13 of 13
DRAFT



  

 

  

 

 

Appendix B 
Historical Hazards

DRAFT



Technical Memorandum  

 

 

 1 

 

RWA Watersheds Historical Hazards Technical Memorandum  

Date: April 25, 2025 Jacobs Engineering Inc. 

2485 Natomas Park Drive 
Suite 600 
Sacramento, CA 95833-2937 
United States 

T +1.916.920.0300 

F +1.916.920.8463 

www.jacobs.com 

Project name: American River Basin Watershed Resilience Plan  

Attention: Ryan Ojakain, Jim Peifer, Trevor Joseph 

Client: Regional Watershed Authority 

Prepared by: Vijay Kesavan, Clara Rose 

Reviewed by: Tapash Das, Ibrahim Khadam 

Version:  RWA Review Draft 

 

1. Purpose and Scope 
This technical memorandum summarizes significant historical weather-related hazards in the American 
River Watershed (ARW). The purpose of preparing a summary of historical weather-related hazards is to 
provide context and understanding for vulnerabilities in the watershed that are likely to be exacerbated by 
climate change. This technical memorandum summarizes the most significant historical weather-related 
events that could be identified from a review of publicly available sources. The weather-related events are 
organized according to the type of hazard, including extreme precipitation and flooding, wildfire, extreme 
heat, and drought. 

2. Key Weather-Related Events and Impacts in the Watershed 
The ARW faces a clear trend of growing climate hazards, primarily driven by increasing temperatures and 
shifting precipitation, leading to more intense floods and wildfires, prolonged droughts, and significant 
alterations to water resources and ecosystems (DWR 2024, ARBS 2022). Table 1 overviews some of the 
major weather-related events that have impacted the ARW over the past decade. A full matrix of the 
events that were compiled for this assessment is also submitted with this memo. 
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Table 1. Significant Weather-Related Events 

Event Name Impact Sectors Affected Economic Damage Declaration 

2023 
Sacramento 
County Flood 

Widespread flooding, property damage, and at least 
22 fatalities. About 200,000 homes and businesses 
lost power. 6,000 individuals were ordered to 
evacuate. Parts of Sacramento almost had 
catastrophic flooding after pumping plants lost power. 

Flood control, transportation, 
emergency response, water 
infrastructure, housing, 
agriculture 

$3B Statewide State of Emergency 

October 2021 
Atmospheric 
River Storms 

Precipitation totals: 5 – 12 inches in 24 hours in 
northern Sierra and Central Coast mountains; some 
locations received >15 inches total. 

Flood control, transportation, 
emergency response, water 
infrastructure, housing, 
agriculture 

>$300M in CA and 
Pacific Northwest 
based on insurance 
losses 

State of Emergency 
proclaimed for 16 
counties 

February 2019 
Atmospheric 
River Storms 

Brought record-breaking rainfall to the ARW, causing 
flooding, landslides and infrastructure damage. Rapid 
runoff led to high river flows, prompting Folsom Dam 
releases to prevent major flooding. 

Flood control, transportation, 
emergency response, water 
infrastructure, housing, 
agriculture 

$1.1B (annual 
average for 
Atmospheric Rivers 
in CA) 

Governor State of 
Emergency 

January – 
February 2017 
Atmospheric 
Rivers 

Widespread flooding, infrastructure damage. The 
Cosumnes River reached its second-highest peak flow 
in recorded history. Sacramento received 192% of 
normal wet-season rainfall. Multitude of atmospheric 
river events that occurred in winter (Dec – Feb) of 
2017 resulted in record seasonal precipitation for the 
Northern Sierra 8-station index. 

Flood control, transportation, 
emergency response, water 
infrastructure, housing, 
agriculture 

$1.55B (Oroville 
Dam crisis alone 
>$1B) 

State of Emergency 

2020-2022 
Drought 

Reduced water supply, economic impacts. Directly cost 
the California agriculture sector about $1.1 billion and 
nearly 8,750 full- and part-time jobs. The 2022–2023 
water year saw statewide precipitation at 141% of 
average from October 2022 – April 2023, a significant 
increase from the previous year. 

Water supply, groundwater, 
agriculture, fisheries, urban 
conservation, vulnerable 
communities 

$3b ((2021: $1.3B 
+ 2022: $1.7B) 

State Drought 
Emergency 

2012-2016 
Drought 

Severe impacts on water supply reliability, affecting 
agriculture, urban water use, and environmental flows 
in the American River. Folsom Reservoir dropped to a 
record low of 135,000 acre-feet in December 2015. 

Water supply, groundwater, 
agriculture, fisheries, urban 
conservation, vulnerable 
communities 

$2.7B (2016 alone; 
higher cumulative 
multi-year losses) 

State Drought 
Emergency DRAFT
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Event Name Impact Sectors Affected Economic Damage Declaration 

2021 Caldor Fire Burned 221, 000 acres, leading to increased erosion, 
sediment runoff, in South Fork American River and 
Cosumnes River. 

Forests, air quality, water 
quality, public safety, utilities, 
recreation, vulnerable 
communities, housing 

$14.7B in estimated 
long-term losses, 
according to El 
Dorado County 

Presidential 
Emergency 

2022 Mosquito 
Fire 

Largest wildfire in 2022, burning over 76,000 acres in 
Placer and El Dorado counties. 

Forests, air quality, water 
quality, public safety, utilities, 
recreation, vulnerable 
communities, housing 

State of Emergency 

September 
2022 Heat Wave 

Record-breaking temperatures, increased mortality. 
$19 million in hospitalization costs related to heat 
related illnesses. 

Energy, public health, 
agriculture, vulnerable 
communities, emergency 
response 

$7.7B (statewide, 
all heat events; 
September 2022 
likely a major share) 

State of Emergency 

August 2020 
Heat Wave 

Statewide extreme heat, power outages. Energy, public health, 
agriculture, vulnerable 
communities, emergency 
response 

$2 – 3B (statewide; 
includes economic 
losses from 
blackouts, grid 
strain, and wildfire 
ignitions) 

State of Emergency 
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3. Extreme Precipitation and Flooding 
The ARW has a long history of flooding and extreme precipitation events driven by a combination of 
atmospheric rivers, intense winter storms, and snowmelt. The watershed has continued to experience 
significant flooding, such as the 2017 and 2023 flood events, which have further stressed the flood 
management infrastructure. In 2017, atmospheric rivers produced nearly a quarter of California’s annual 
precipitation in just six days, with events in January and February contributing significantly to record-
breaking flooding. Levee breaches have been a recurring issue during major floods, particularly along the 
lower American River and tributaries like the Cosumnes River. These failures have led to extensive flooding 
in urban areas, such as Sacramento and surrounding communities. Major events included: 

 Early 2023 Bomb Cyclones: In January 2023, a series of atmospheric rivers caused significant flooding 
across California, with economic costs estimated at $5 to $7 billion. Communities in the ARW were 
flooded while under an active statewide drought emergency. The storms exceeded the design capacity 
of local stormwater systems, leading to major localized flooding and property damage. 

 February 2019 Atmospheric River Storms: These storms brought record-breaking rainfall to the ARW, 
causing flooding, landslides, and infrastructure damage. Rapid runoff led to high river flows, prompting 
Folsom Dam releases to prevent major flooding. 

Levee breaches along the lower American River and tributaries, like the Cosumnes River, are recurring 
issues because of aging infrastructure and lack of upstream reservoirs. Folsom Dam, while critical for flood 
control, has been overwhelmed during extreme events, exposing its limited capacity relative to runoff 
volumes. The increased early season runoff, resulting from more precipitation falling as rain and earlier 
snowmelt, has increased flood risks along the lower American River, particularly in the heavily populated 
urban areas of Sacramento where further setback levees are not feasible. 

4. Wildfire 
Wildfire has been a significant historical and ongoing factor shaping the ARW and the broader Sierra 
Nevada region, with impacts ranging from ecological processes to human infrastructure and health. 
Decades of aggressive fire suppression have contributed to denser forests and a buildup of fuel, leading to 
adverse effects on snowpack retention and increased wildfire threats. 

Much of the upper (UARW) is classified as being in “very high” or “high” Fire Hazard Severity Zones. Over half 
a million acres have burned in the UARW since 2000, with the Caldor and Mosquito fires accounting for much 
of the damage in 2021 and 2022, as detailed: 

 Caldor Fire (2021): This fire burned approximately 221,835 acres across El Dorado, Alpine, and 
Amador counties, including large portions of the Eldorado National Forest. The fire destroyed 1,003 
structures and damaged 81 others, leading to the evacuation of over 50,000 residents. Severe erosion 
from the fire impacted water quality in the South Fork of the American River and posed long-term risks 
to Lake Tahoe’s watershed. The fire burned for 69 days and required extensive firefighting efforts to 
defend critical areas like the Lake Tahoe Basin. Runoff from the burn scar of the Caldor Fire, 
exacerbated by subsequent extreme precipitation events in early 2023, led to degraded water quality, 
which impacted surrounding watersheds, including the ARW. 

 Mosquito Fire (2022): This was the largest wildfire in California for 2022, burning over 76,000 acres in 
Placer and El Dorado counties. The fire started on September 7, 2022, and was contained by October 22, 
2022. 
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 King Fire (2014): This fire burned approximately 97,000 acres, including large portions of the 
Eldorado National Forest, causing severe erosion that affected water quality in the South Fork of the 
American River. 

Both fires combined have caused an estimated $14.7 billion in losses to ecosystem goods and services in the 
UARW, including long-term ecological damage and carbon emissions. The 2014 King Fire in the UARW 
shows that fire-scarred landscapes are slow to recover, with an 86% reduction in value from forestland to 
shrubland in ten years (Soares, Batker, & Batker-Pritzker, 2025). 

5. Extreme Heat 
Extreme heat in the ARW contributes to ecosystem degradation through multiple, interconnected 
pathways, primarily by directly stressing aquatic life via increased water temperatures and reduced 
dissolved oxygen, intensifying drought conditions that harm terrestrial and aquatic habitats, increasing the 
frequency and severity of damaging wildfires, and altering natural streamflow patterns essential for 
ecosystem health. Some of the recent extreme heat events are listed below: 

 September 2022 Heat Wave: This heat wave brought record-breaking temperatures, with Sacramento 
reaching 116°F on September 6. It cost $600 million in impacts on the economy, including agriculture 
and manufacturing. This heat wave had the largest cost impact, over $3 billion, much of which is 
attributed to premature mortality impacts. 

 August 2020 Heat Wave: This heat wave had temperatures 10 to 20°F above normal, affecting more 
than 8.6 million people. 

 2017 California Central Valley Heat Wave: This heat wave affected over 8.6 million people, with 
associated costs of $798 million. Impacts included: 

- Sacramento County: 16,166 excess emergency room visits (5 times the baseline), with 
disproportionate impacts on outdoor workers 

- El Dorado County: South Fork American River flows dropped to 15 percent of average, requiring 
emergency fish rescues 

The anticipated temperature increases in the American River Basin are projected to fundamentally alter 
hydrological patterns, with cascading impacts on water management and ecosystems. The American River 
Basin Study projects that climate change will further intensify these challenges. By the end of the century, 
summer temperatures are expected to rise by up to 7.3°F, with peak runoff shifting from March –May to 
December–March, due to earlier snowmelt and increased rainfall. This shift will strain Folsom Reservoir’s 
limited storage capacity, forcing earlier water releases for flood control and reducing availability for dry-
season supply. These changes also will elevate water temperatures in the lower American River, 
threatening critical fish habitats during spawning seasons. The September 2022 event exemplifies these 
challenges, with Sacramento reaching 116°F and the highest increases in deaths among people aged 25 –
64, Hispanic Californians, and of the South Coast region. Governor Gavin Newsom proclaimed a state of 
emergency for Riverside, El Dorado, and Placer counties due to the Fairview and Mosquito fires. DRAFT



Technical Memorandum 
 

 

 6 

 

6. Drought 
The American River as a water source, including its inflow to Folsom Reservoir, makes the watershed 
vulnerable to drought-related water shortages affecting agriculture and other sectors. The ARW has 
experienced significant droughts, notably those during 2012–2016 and 2020–2022: 

 The 2012-2016 drought reached its peak in 2014 and 2015, with Folsom Reservoir dropping to a 
record low of 135,000 acre-feet in December 2015. This led to increased groundwater extraction, 
causing land subsidence in nearby areas. These were the driest four consecutive water years on record 
for statewide precipitation. The longest drought in modern California history severely impacted Folsom 
Reservoir levels and the lower American River. Water shortages affected fish populations, such as 
Chinook salmon and steelhead trout, which rely on adequate flows and temperatures for survival. 

 The 2020-2022 drought saw conditions approaching Conference Year levels (i.e. a baseline hydrologic 
year used for planning and modeling water availability) in 2021, with unimpaired inflow to Folsom Lake 
reaching 674,000 acre-feet and a significant increase in dry wells statewide;1,200 dry wells were 
reported in 2022, a 50% rise from the previous year. The Sacramento Valley faced unusually dry 
conditions, leading to water right curtailments and reduced Central Valley Project deliveries, including 
unprecedented cutbacks to senior contractors10. These drought events caused significant economic 
losses, with the Sacramento Valley losing about 11% of crop revenues in 2021. 

Changes in snowpack and altered runoff timing are anticipated to impact the volume and timing of water 
entering Folsom Reservoir, which is crucial for regional water supply. The 2012-2016 drought in the ARW 
exposed significant vulnerabilities, particularly for small rural water systems and private wells 
experiencing drinking water shortages. This prolonged dry period exacerbated existing water management 
challenges, including bank erosion, the need for riprap revetments, and channel degradation. Increased 
pressure on groundwater resources is also anticipated as droughts become more severe and frequent. The 
American River Basin Study (ARBS, 2022) suggests that to compensate for diminished snowmelt and 
runoff, the region may need to increase groundwater pumping by up to 155,000 acre-feet annually. The 
drought has also increased wildfire risk, degraded forest health, and put native species, like Chinook 
salmon, at greater risk due to warmer, lower river flows. Prolonged dry spells have degraded forest health, 
weakening trees and making them more vulnerable to pests and disease, which further exacerbates the 
risk of large-scale tree die-offs. 
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California Department of Water Resources (DWR). 2024. California Watershed Resilience Assessment. 
Prepared as part of the Watershed Resilience Program. July. https://water.ca.gov/-/media/DWR-
Website/Web-Pages/Programs/California-Water-Plan/Docs/Update2023/Supporting-
Documents/California-Watershed-Resilience-Assessment.pdf. 

Soares, C., Batker, D., and Batker-Pritzker, M. 2025. Valuation of Ecosystem Services in Post-Fire Recovery 
Landscapes: Case Study of the Upper American River Watershed 
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1. Introduction 
The American River Watershed Resilience Pilot (ARWRP) Study evaluates climate-related risks and 
vulnerabilities across water-dependent sectors and land uses throughout the watershed. The vulnerability 
assessment is designed as a two-phased framework that integrates qualitative evaluation with quantitative 
analysis to support informed, risk-based decision-making. 

Together, this approach allows stakeholders to identify where climate stressors intersect with high 
sensitivity, limited adaptive capacity, and far-reaching consequences. Systems are highlighted where early 
action, targeted investment, and deeper quantitative analysis can most effectively strengthen watershed 
resilience. 

1.1 Qualitative Vulnerability Assessment  

The first phase, qualitative vulnerability assessment, provides a structured, sector-specific evaluation of 
climate risks, capturing how different systems respond to stressors such as extreme heat, drought, 
flooding, and wildfire. This step emphasizes local context and planning-area nuance, recognizing that 
climate vulnerability varies significantly across the Upper and Lower American, Bear, and Cosumnes 
watersheds due to differences in hydrology, infrastructure, ecosystems, and community capacity. 

Qualitative findings are then translated into standardized scores and a composite vulnerability index, 
forming the bridge to the second phase of analysis. This scoring framework enables consistent comparison 
across sectors and assets; supports prioritization of the most critical vulnerabilities; and informs where 
more detailed, scenario-based modeling is warranted. 

1.2 Study Area 

The study area for the ARWRP Study is presented on Figure 1-1. This area covers the entirety of the 
American River, Cosumnes River, and Bear River watersheds, as well as the North American, South 
American, and majority of the Cosumnes River Bulletin 118 groundwater basins. Land uses across the 
watershed are highly varied, with much of the urban and agricultural development consolidated in the 
lower elevation portions of the watershed to the west. As such, management of flood and water quality 
conditions (as well as surface water and groundwater supplies) are vital for preserving both the human 
and ecological communities in this area. While smaller, rural communities are present in the upper 
watershed areas to the east, much of this area provides hydropower generation and recreational 
opportunities, supplies the remaining watershed with surface water, and serves as protected forest. 
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Figure 1-1. American River Watershed Resilience Pilot Study Area 
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2. Qualitative Vulnerability Assessment 
The qualitative vulnerability evaluation was conducted across eight sectors encompassing both built and 
natural systems: 

 Agriculture 
 Ecosystems 
 Flood management 
 Groundwater supply 
 Hydropower 
 Recreation and tourism 
 Surface water supply 
 Water quality 

This qualitative assessment provides a foundational understanding of sector-specific sensitivities and 
adaptive capacities in the face of climate stressors. The ARWRP team developed a vulnerability 
assessment matrix that organizes key system components, such as reservoirs, levees, groundwater basins, 
aquatic habitats, water quality receptors, agricultural lands, and recreation assets, against major climate 
hazards including extreme heat, drought, extreme precipitation and flooding, wildfire, and sea-level rise 
where applicable. 

For each system component, concise narrative statements describe the following: 

 How the system is exposed to climate stressors 
 Why it is sensitive to those stressors 
 What limits or enhances its ability to adapt or recover 

These narratives draw on existing watershed plans, agency studies, historical observations, and 
subject-matter expertise, confirming that local context and operational realities are reflected. Examples 
include the effects of snowpack loss and wildfire scars on upstream reservoir operations, and the 
heightened risk of levee overtopping in lower floodplain areas during atmospheric river events. 

To better capture the unique geographic characteristics of the diverse areas in the watershed relative to 
physical conditions and institutional arrangements, the vulnerabilities in the watershed are assessed for six 
unique subregions, as illustrated on Figure 2-1: the upper and lower American, Bear, and Cosumnes 
subregions. The distinction between upper and lower portions of each basin was primarily based on the 
boundaries of the alluvial groundwater subbasins (i.e., the South Yuba, North and South American, and 
Cosumnes groundwater subbasins). DRAFT
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Figure 2-1. American River Watershed Sub-Regions Used in the Vulnerability Assessment 

2.1 Methodology 

The qualitative vulnerability assessment uses a structured framework to consistently translate expert 
judgment into comparable vulnerability ratings across systems, sectors, and planning areas. The approach 
is designed to be transparent, repeatable, and scalable; it allows diverse assets, from reservoirs and levees 
to ecosystems and communities, to be evaluated using a common logic. 

At its core, the framework recognizes that vulnerability is not driven by exposure alone, but by the 
interaction between how sensitive a system is to climate stressors and how much capacity it has to adapt 
or recover. These two dimensions, Sensitivity and Adaptive Capacity, are assessed independently and then 
combined using a predefined lookup table to assign a Vulnerability Priority Rating. 

2.1.1 Sensitivity Rating 

Sensitivity describes how strongly a system component is affected when exposed to climate stressors such 
as extreme heat, drought, flooding, or wildfire. It reflects the degree to which climate conditions influence 
system performance, function, or integrity. 
DRAFT
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Sensitivity is rated on a 5-point scale: 

 1 – Low Sensitivity: 
Climate variability and long-term climate change have little to no influence on the asset or its 
operations. 

 3 – Moderate Sensitivity: 
Climate stressors influence performance or operations, but impacts are generally manageable or 
intermittent. 

 5 – High Sensitivity: 
Climate stressors have a strong and direct influence on the asset or system, with high potential for 
performance degradation, failure, or loss of function. 

Intermediate scores (2 and 4) are used to capture gradations between these conditions. Sensitivity ratings 
are informed by physical characteristics (e.g., storage size or ecological thresholds), operational 
constraints, and known climate-response relationships. 

2.1.2 Adaptive Capacity Rating 

Adaptive Capacity reflects a system’s inherent ability to respond to, cope with, or recover from 
climate-related impacts. These include physical redundancy, operational flexibility, institutional authority, 
financial resources, regulatory protections, and the availability of alternative options. 

Adaptive Capacity is also rated on a 5-point scale, but inversely, such that higher numeric values indicate 
lower capacity: 

 1 – High Adaptive Capacity: The system has substantial ability to adjust operations, recover quickly, or 
absorb climate impacts (e.g., multiple supply sources or strong institutional support). 

 3 – Moderate Adaptive Capacity: The system has some ability to adapt, but responses may be 
constrained by cost, governance, or infrastructure limitations. 

 5 – Low Adaptive Capacity: The system has little inherent capacity to adapt or recover, often due to 
single-source dependency, limited infrastructure, or institutional constraints. 

This inverse scale verifies that high sensitivity combined with low adaptive capacity results in the highest 
vulnerability ratings, consistent with widely accepted climate risk frameworks. 

2.1.3 Vulnerability Prioritization Logic 

Rather than calculating vulnerability through a simple formula, the assessment uses a lookup table that 
explicitly defines how combinations of Sensitivity and Adaptive Capacity translate into a Vulnerability 
Priority Rating on a 5-point scale. 

Key features of the lookup logic include the following: 

 Systems with low sensitivity are assigned to low vulnerability even if adaptive capacity is limited, 
reflecting lower overall risk. 

 Systems with high sensitivity and low adaptive capacity are assigned the highest vulnerability ratings (4 
to 5), indicating priority concern. 

 Systems with high sensitivity but strong adaptive capacity receive moderate vulnerability ratings, 
recognizing exposure but also resilience. 
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 The lookup table avoids false precision and supports consistent expert interpretation across sectors. 

A vulnerability score of 4 or 5 indicates high to very high vulnerability, signaling systems where climate 
stressors, sensitivity, and limited adaptive capacity converge to create elevated risk (Table 2-1). 

Table 2-1. Vulnerability Prioritization Matrix 

 

2.1.4 Scale of Effects Rating 

To capture not only how vulnerable a system is, but also how far its impacts extend, the qualitative 
assessment includes a Scale of Effects rating. This metric describes the geographic and systemic reach of 
consequences associated with vulnerability. 

The Scale of Effects is rated from 1 to 5, as follows: 

1. Localized: Impacts are limited to a single facility, property, or small community. 

2. Sub-regional: Impacts affect part of a planning area (e.g., a town, corridor, or subbasin). 

3. Planning Area-wide: Impacts affect a substantial portion of a watershed or planning area. 

4. Multi-watershed: Impacts cross planning boundaries and affect multiple interconnected basins. 

5. Systemwide or Statewide: Impacts extend across the entire watershed system or have statewide 
implications (e.g., widespread snowpack loss, major reservoir operations, or large-scale disruptions to 
water supply or recreation). 

This metric is critical for identifying cascading and compounding risks, where localized failures propagate 
into broader system consequences. 

2.1.5 Composite Score of Vulnerability and Scale Effects 

The Vulnerability Priority rating and Scale of Effects are combined to form a composite score that is 
weighted 2:1, respectively. This composite score provides for quick review and comparison of overall risks 
across sectors. However, the vulnerability assessment framework still retains the multi-dimensional view of 
climate risk provided by the Sensitivity rating, Adaptive Capacity rating, Vulnerability Priority rating, and 
Scale of Effects. This allows stakeholders to achieve the following: 

 Compare vulnerabilities across different sectors and asset types. 
 Distinguish between localized risks and systemwide threats. 

Low  (1) Low-Moderate (2) Moderate (3) Moderate-High (4) High (5)

High (1) 1 1 1 1 3

Moderate-High (2) 1 1 1 3 3

Moderate (3) 1 2 3 4 5

Low-Moderate (4) 1 2 4 5 5

Low (5) 1 2 5 5 5

Sensitivity Rating 
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 Identify systems that warrant priority attention in quantitative modeling. 
 Support transparent, defensible decision-making for adaptation planning. 

This qualitative assessment serves as the first screening step of the ARWRP, confirming that subsequent 
quantitative analyses focus on the systems where climate impacts are most consequential and adaptive 
capacity is most constrained. 

2.1.6 Stakeholder Input 

The ARWRP team hosted agency-specific meetings to calibrate the qualitative findings with technical 
experts, agency representatives, and stakeholders, to ensure consistency in scoring across sectors and 
planning areas, particularly for interpreting adaptive capacity in relation to institutional, operational, and 
ecological constraints. 

2.2 Results  

Table 2-2 presents the results of the qualitative assessment of vulnerabilities. The details of the 
assessment are provided in Attachment 1. Table 2-2 summarizes the results of the qualitative vulnerability 
assessment across planning areas, sectors, and system components evaluated by the ARWRP. Each row 
represents a distinct system component or asset, with corresponding ratings for Sensitivity, Adaptive 
Capacity, Vulnerability, Scale of Effects, and a Composite Score that supports cross-sector comparison and 
prioritization. 

Together, these results provide a comprehensive, watershed-wide snapshot of climate vulnerability, 
highlighting where climate stressors intersect with high sensitivity, limited adaptive capacity, and far-
reaching consequences. The table is intended to be read both vertically (comparing vulnerability across 
sectors within a planning area) and horizontally (identifying system components that consistently rank 
among the highest priorities across the watershed). These findings form the basis for identifying high-
priority assets and systems for further quantitative modeling and adaptation planning in subsequent 
phases of the study. 
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Table 2-2. Summary of Qualitative Vulnerability Assessment 

Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Lower American River Agriculture Placer County (West Placer) 3 3 3.0 4.0 3.3 

Lower American River Agriculture Sacramento County 3 2 1.0 4.0 2.0 

Lower American River Community & Equity  Walnut Grove and Isleton Communities 4 3 4.0 2.0 3.3 

Lower American River Community & Equity  Sacramento Metro East  4 3 4.0 2.0 3.3 

Lower American River Community & Equity  
Urban Core and Floodplain 
Communities 

4 3 4.0 2.0 3.3 

Lower American River Ecosystem Aquatic Ecosystems 4 4 5.0 5.0 5.0 

Lower American River Ecosystem Forest Health and Ecosystem Services 3 3 3.0 3.0 3.0 

Lower American River Ecosystem 
Riparian and Groundwater Dependent 
Ecosystems 

3 3 3.0 3.0 3.0 

Lower American River Flood Management Floodplain and Local Drainage 4 2 3.0 3.0 3.0 

Lower American River Flood Management Folsom Reservoir 4 4 5.0 5.0 5.0 

Lower American River Flood Management 
Lower American & Sacramento Levee 
System 

4 4 5.0 4.0 4.7 

Lower American River Flood Management Sacramento Weir & Yolo Bypass 3 1 1.0 4.0 2.0 

Lower American River Groundwater Supply 
Built System - Landowner groundwater 
wells 

4 3 4.0 1.0 3.0 

Lower American River Groundwater Supply Built System - Municipal systems 3 1 1.0 2.0 1.3 

Lower American River Groundwater Supply 
Natural System - North American 
Subbasin 

4 3 4.0 4.0 4.0 

Lower American River Groundwater Supply 
Natural System - South American 
Subbasin 

4 3 4.0 4.0 4.0 

Lower American River Hydropower Folsom Reservoir 4 3 4.0 5.0 4.3 DRAFT
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Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Lower American River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

3 2 1.0 4.0 2.0 

Lower American River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

3 2 1.0 4.0 2.0 

Lower American River Surface Water Supply 
Built Conveyance (e.g., canals, 
pipelines, and intakes) 

3 1 1.0 4.0 2.0 

Lower American River Surface Water Supply Folsom Reservoir 5 3 5.0 5.0 5.0 

Lower American River Surface Water Supply Natural Conveyance - River system 4 3 4.0 4.0 4.0 

Lower American River Water Quality Drinking Water Source Quality 4 2 3.0 3.0 3.0 

Lower American River Water Quality Ecological 4 3 4.0 3.0 3.7 

Lower American River Water Quality Regulatory Standards 4 3 4.0 3.0 3.7 

Lower Bear River Flood Management Bear Levee System 4 3 4.0 4.0 4.0 

Lower Bear River Flood Management Floodplain and Local Drainage 4 3 4.0 3.0 3.7 

Lower Bear River Groundwater Supply 
Built System - Landowner groundwater 
wells 

4 3 4.0 1.0 3.0 

Lower Bear River Groundwater Supply Built System - Municipal systems 3 3 3.0 1.0 2.3 

Lower Bear River Groundwater Supply Natural System - Groundwater basin  4 3 4.0 4.0 4.0 

Lower Bear River Surface Water Supply Natural Conveyance - River system 4 3 4.0 3.0 3.7 

Lower Bear River Water Quality Drinking Water Source Quality 4 3 4.0 2.0 3.3 

Lower Bear River Water Quality Ecological 3 3 3.0 2.0 2.7 

Lower Bear River Water Quality Regulatory Standards 4 3 4.0 3.0 3.7 

Lower Bear River  Agriculture Valley 3 3 3.0 4.0 3.3 

Lower Bear River  Agriculture Valley 3 3 3.0 4.0 3.3 

Lower Bear River  Community & Equity  Wheatland and Agricultural Edge 4 3 4.0 2.0 3.3 

Lower Cosumnes River Agriculture Valley 3 3 3.0 4.0 3.3 DRAFT
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Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Lower Cosumnes River Community & Equity  Galt South and Delta Edge 4 3 4.0 2.0 3.3 

Lower Cosumnes River Ecosystem Aquatic Ecosystems 3 3 3.0 3.0 3.0 

Lower Cosumnes River Ecosystem 
Riparian and Groundwater Dependent 
Ecosystems 

3 4 4.0 3.0 3.7 

Lower Cosumnes River Flood Management Floodplain and Local Drainage 5 3 5.0 3.0 4.3 

Lower Cosumnes River Flood Management Levee System 5 5 5.0 4.0 4.7 

Lower Cosumnes River Groundwater Supply 
Built System - Landowner groundwater 
wells 

4 3 4.0 1.0 3.0 

Lower Cosumnes River Groundwater Supply Built System - Municipal systems 3 2 1.0 2.0 1.3 

Lower Cosumnes River Groundwater Supply Natural System - Groundwater basin  4 3 4.0 3.0 3.7 

Lower Cosumnes River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

2 3 2.0 4.0 2.7 

Lower Cosumnes River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

2 3 2.0 4.0 2.7 

Lower Cosumnes River Surface Water Supply 
Built Conveyance (e.g., canals, 
pipelines, and intakes) 

3 3 3.0 2.0 2.7 

Lower Cosumnes River Surface Water Supply Natural Conveyance - River system 3 3 3.0 3.0 3.0 

Lower Cosumnes River Water Quality Drinking Water Source Quality 3 3 3.0 3.0 3.0 

Lower Cosumnes River Water Quality Ecological 4 3 4.0 4.0 4.0 

Lower Cosumnes River Water Quality Regulatory Standards 3 3 3.0 3.0 3.0 

Upper American River Agriculture El Dorado County 3 4 4.0 4.0 4.0 

Upper American River Agriculture Placer County (Foothills) 3 3 3.0 4.0 3.3 

Upper American River Community & Equity  
Foothill Towns along Highway 
Corridors (Placerville or Auburn)  

4 3 4.0 3.0 3.7 DRAFT
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Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Upper American River Community & Equity  
Upper Watershed Rural Communities 
(Foresthill or Quintette) 

5 4 5.0 2.0 4.0 

Upper American River Ecosystem Aquatic Ecosystems 3 3 3.0 2.0 2.7 

Upper American River Ecosystem Forest Health and Ecosystem Services 5 3 5.0 5.0 5.0 

Upper American River Ecosystem 
Riparian and Groundwater Dependent 
Ecosystems 

3 3 3.0 2.0 2.7 

Upper American River Flood Management Built Reservoirs and Dams 2 3 2.0 4.0 2.7 

Upper American River Flood Management Floodplain and Local Drainage 4 3 4.0 1.0 3.0 

Upper American River Groundwater Supply 
Built System - Landowner groundwater 
wells 

4 3 4.0 1.0 3.0 

Upper American River Groundwater Supply Built System - Small water systems 4 4 5.0 1.0 3.7 

Upper American River Groundwater Supply 
Natural System - Fractured rock 
aquifers 

3 3 3.0 2.0 2.7 

Upper American River Hydropower EID (Project 184) 3 3 3.0 5.0 3.7 

Upper American River Hydropower Foresthill PUD (Sugar Pine Reservoir) 3 4 4.0 2.0 3.3 

Upper American River Hydropower 
Georgetown Divide PUD (Stumpy 
Meadows Reservoir) 

3 4 4.0 2.0 3.3 

Upper American River Hydropower PCWA (Middle Fork Project) 3 3 3.0 5.0 3.7 

Upper American River Hydropower SMUD (Upper American River Project) 3 3 3.0 5.0 3.7 

Upper American River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

5 2 3.0 5.0 3.7 

Upper American River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

5 2 3.0 5.0 3.7 

Upper American River Surface Water Supply Built Reservoirs 3 3 3.0 4.0 3.3 

Upper American River Surface Water Supply Built System - Small water systems 3 4 4.0 1.0 3.0 DRAFT
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Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Upper American River Surface Water Supply 
Conveyance Systems (e.g., canals and 
other conduits) 

5 3 5.0 2.0 4.0 

Upper American River Surface Water Supply Natural Reservoirs - Snowpack 5 4 5.0 5.0 5.0 

Upper American River Water Quality Drinking Water Source Quality 2 3 2.0 2.0 2.0 

Upper American River Water Quality Ecological 3 2 1.0 2.0 1.3 

Upper American River Water Quality Regulatory Standards 3 2 1.0 2.0 1.3 

Upper Bear River Ecosystem Forest Health and Ecosystem Services 4 4 5.0 5.0 5.0 

Upper Bear River Flood Management Reservoirs 3 3 3.0 3.0 3.0 

Upper Bear River Hydropower Nevada Irrigation District 3 3 3.0 3.0 3.0 

Upper Bear River Hydropower Nevada Irrigation District 3 3 3.0 3.0 3.0 

Upper Bear River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

3 3 3.0 3.0 3.0 

Upper Bear River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

3 3 3.0 2.0 2.7 

Upper Bear River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

3 3 3.0 3.0 3.0 

Upper Bear River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

3 3 3.0 2.0 2.7 

Upper Bear River Surface Water Supply 
Built Conveyance (e.g., canals, 
pipelines, and intakes) 

4 3 4.0 4.0 4.0 

Upper Bear River Surface Water Supply Built Reservoirs 4 3 4.0 4.0 4.0 

Upper Bear River Water Quality Drinking Water Source Quality 4 3 4.0 2.0 3.3 

Upper Bear River Water Quality Ecological 4 3 4.0 3.0 3.7 

Upper Bear River Water Quality Regulatory Standards 4 3 4.0 2.0 3.3 DRAFT
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Planning Area System System Component (Asset) 
Sensitivity 

Rating 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating Scale Effects 

Composite 
Score 

Upper Bear River  Agriculture Foothill 3 3 3.0 4.0 3.3 

Upper Bear River  Agriculture Foothill 3 3 3.0 4.0 3.3 

Upper Bear River  Community & Equity  Foothill Communities 4 3 4.0 2.0 3.3 

Upper Cosumnes River Agriculture Foothill 3 4 4.0 4.0 4.0 

Upper Cosumnes River Ecosystem Forest Health and Ecosystem Services 4 4 5.0 5.0 5.0 

Upper Cosumnes River Ecosystem Aquatic Ecosystems 3 3 3.0 2.0 2.7 

Upper Cosumnes River Groundwater Supply 
Natural System - Fractured rock 
aquifers 

3 3 3.0 2.0 2.7 

Upper Cosumnes River Groundwater Supply Built System - Small water systems 4 4 5.0 1.0 3.7 

Upper Cosumnes River Groundwater Supply 
Built System - Landowner groundwater 
wells 

4 3 4.0 1.0 3.0 

Upper Cosumnes River Recreation 
Tourism - Impacts on businesses, 
quantity of visitors 

5 2 3.0 3.0 3.0 

Upper Cosumnes River Recreation 

Recreational Uses - Access/use of 
forested recreation zones, 
camping/hiking activities, access to 
water activities 

5 2 3.0 3.0 3.0 

Upper Cosumnes River Surface Water Supply Natural Reservoirs - Snowpack 4 3 4.0 4.0 4.0 

Upper Bear River Surface Water Supply Natural Reservoirs - Snowpack 4 3 4.0 4.0 4.0 

Notes: 

PCWA = Placer County Water Agency 
PUD = Public Utility District 
SMUD = Sacramento Municipal Utility District 

 DRAFT
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2.2.1 Highest-priority Vulnerabilities (Vulnerability Rating = 5; Composite 
often 4.0 to 5.0) 

This section discusses the results of the qualitative analysis, in terms of high, moderate, and low 
vulnerability categories. The following seven system components stand out as “very high vulnerability,” 
because they combine high sensitivity with limited adaptive capacity and often have systemwide or multi-
watershed impacts: 

6. Lower American River – Folsom Reservoir (Surface Water Supply): Sensitivity 5, Adaptive Capacity 3, 
Vulnerability 5, Scale 5, Composite 5.0.  
The reservoir’s vulnerability is both high and systemwide, reflecting its central role in supply, flood 
operations, and downstream environmental constraints. 

7. Upper American River – Natural Reservoirs (Snowpack): Sensitivity 5, Adaptive Capacity 4, 
Vulnerability 5, Scale 5, Composite 5.0.  
Snowpack loss is both highly climate-driven and difficult to “adapt around,” and its effects propagate 
across the watershed. 

8. Upper American River / Upper Cosumnes River – Forest Health & Ecosystem Services: Sensitivity 5 
(Upper American) and 4 (Upper Cosumnes), Adaptive Capacity 3–4, Vulnerability 5, Scale 5, 
Composite 5.0.  
These results highlight that forest stress and wildfire-driven change are treated as watershed-wide 
vulnerabilities with cascading effects on runoff timing, erosion, water quality, and habitat. 

9. Lower American River – Aquatic Ecosystems: Sensitivity 4, Adaptive Capacity 4, Vulnerability 5, Scale 
5, Composite 5.0.  
This indicates that aquatic habitat is not only sensitive (temperature/flow thresholds) but also limited 
in adaptive options under future extremes. 

10. Lower Cosumnes River – Levee System: Sensitivity 5, Adaptive Capacity 5, Vulnerability 5, Scale 4, 
Composite 4.7.  
This indicates a high exposure with limited ability to adapt the system, and which includes multiple 
highly vulnerable and affected communities and land uses. 

11. Lower American River – Lower American & Sacramento Levee System: Sensitivity 4, Adaptive Capacity 
4, Vulnerability 5, Scale 4, Composite 4.7.  
This reinforces the notion that levee risk is both high and geographically consequential. 

12. Lower Cosumnes River – Floodplain & Local Drainage: Sensitivity 5, Adaptive Capacity 3, Vulnerability 
5, Scale 3, Composite 4.3.  
This reflects high hazard sensitivity even if impacts are more planning-area focused than systemwide. DRAFT
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2.2.2 High Vulnerabilities (Vulnerability Rating = 4; Composite commonly 
3.3 to 4.0) 

The following three broad middle tier of high vulnerabilities appear across all planning areas, especially in 
groundwater, community/equity, and flood management: 

1. Groundwater and water reliability 

 Lower American River – North American & South American Subbasins (Groundwater basins): Sensitivity 
4, Adaptive 3, Vulnerability 4, Scale 4, Composite 4.0.  
These represent regional-scale vulnerability where pumping and recharge dynamics affect long-term 
sustainability. 

 Lower Bear River – Groundwater Basin: Sensitivity 4, Adaptive 3, Vulnerability 4, Scale 4, Composite 4.0. 

 Private/landowner wells repeatedly score Vulnerability 4 with low Scale of Effects (1). 
This means they are high-risk for households but typically localized in consequence unless failures 
cluster. 

2. Flood management 

 Lower Bear River – Bear Levee System: Sensitivity 4, Adaptive 3, Vulnerability 4, Scale 4, Composite 4.0. 

 Lower Bear River – Floodplain & Local Drainage: Vulnerability 4, Scale 3, Composite 3.7. 

 These results indicate consistent concern that increased flood intensity and frequency interacts with 
aging infrastructure and limited expansion options. 

3. Community and equity 

 Many community components in the Lower American and Lower Cosumnes (e.g., Walnut Grove/Isleton, 
Sacramento Metro East, Galt South/Delta Edge, Urban Core/Floodplain communities) show 
Sensitivity 4 / Adaptive 3 / Vulnerability 4 with Scale 2 and Composite 3.3. This pattern suggests high 
vulnerability is widespread, but often subregional in extent—unless tied to levee systems or major 
supply nodes. 

2.2.3 High Vulnerability but Localized Effects 

Some results are important because they show high vulnerability despite small geographic footprints, 
often because the systems lack redundancy: 

 Upper American River – Small Water Systems (Groundwater): Sensitivity 4, Adaptive 4, Vulnerability 5, 
Scale 1, Composite 3.7. 

 Upper Cosumnes River – Small Water Systems (Groundwater): same pattern (5 vulnerability, 1 scale, 
3.7 composite). 
This communicates a key equity finding: small systems can be extremely vulnerable even when impacts 
do not immediately cascade watershedwide. DRAFT
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2.2.4 Moderate to Lower Vulnerabilities  

Several components score lower vulnerability (1 to 3), usually because adaptive capacity is relatively 
strong (e.g., large municipal systems or certain managed floodways), or because sensitivity is moderate: 

 Lower American River – Built conveyance systems show low vulnerability in some entries 
(e.g., Sensitivity 3, Adaptive 1, Vulnerability 1, Scale 4, Composite 2.0).  
This implies that, while climate impacts may be widespread, these systems have high operational and 
institutional capacity to respond. 

 Sacramento Weir & Yolo Bypass shows a low vulnerability score (1) with high scale (4) and low 
composite (2.0). 

 This reflects that it is a systemwide asset designed to manage extremes, with strong adaptive function 
built into the system. 

2.3 Summary of Findings 

The qualitative vulnerability assessment reveals that climate risk in the American River watershed is 
concentrated in a limited number of highly consequential systems, where strong climate sensitivity 
coincides with constrained adaptive capacity and where impacts extend well beyond individual sites. 
While vulnerabilities are present across all sectors and planning areas, the results clearly distinguish 
system-defining risks from those that are more localized or manageable. 

2.3.1 Systemwide Vulnerabilities Dominate Highest Risk Category 

The assessment identifies several assets and systems with very high vulnerability (rating of 5) and 
systemwide or multi-watershed effects (Scale of Effects 4 to 5). These include Folsom Reservoir; natural 
snowpack systems; forest health and ecosystem services; lower American River aquatic ecosystems; and 
major levee systems in the Cosumnes and Lower American Rivers. These systems consistently score at the 
top of the composite ranking (4.7 to 5.0), indicating that even moderate additional climate stress could 
result in cascading impacts across water supply, flood management, ecosystems, recreation, and 
communities. Their importance lies not only in their sensitivity, but in their central role within the 
watershed’s interconnected systems. 

2.3.2 Severe and Far-reaching Ecosystem and Forest Health Vulnerabilities 

Ecosystem-related components, especially forest health and ecosystem services and aquatic ecosystems 
in the Lower American River, consistently rank among the highest vulnerabilities. Forest health systems in 
the Upper American, Upper Bear, and Upper Cosumnes Rivers score at the maximum vulnerability level 
with systemwide effects, reflecting the compounding influence of drought, wildfire, pests, and heat. These 
vulnerabilities have implications well beyond ecology; they affect erosion, sediment transport, water 
quality, reservoir operations, and long-term hydrologic function across the watershed. 

2.3.3 Flood Management: a Critical and Widespread Vulnerability 

Flood-related assets, particularly levee systems, floodplains, and local drainage networks, emerge as a 
dominant vulnerability across the Lower American, Lower Cosumnes, and Lower Bear River planning areas. 
Levee systems in the Lower Cosumnes and Lower American Rivers are rated at the highest vulnerability 
level, reflecting high exposure to extreme precipitation and atmospheric rivers, combined with limited 
options for structural adaptation. These systems also exhibit high scale-of-effects scores, underscoring 
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that flood failures would affect entire communities, transportation corridors, and agricultural areas, rather 
than isolated locations. 

2.3.4 Surface Water Supply Vulnerabilities Driven by Snowpack Loss and Key 
Storage Constraints 

Surface water supply systems show elevated vulnerability where they depend on snowpack-driven 
hydrology or single, critical storage facilities. Natural snowpack in the Upper American, Upper Bear, and 
Upper Cosumnes Rivers consistently ranks as highly vulnerable with systemwide consequences, reflecting 
the foundational role of snowpack as the watershed’s largest natural reservoir. Folsom Reservoir, assessed 
under both surface water supply and flood management, stands out as one of the most consequential 
vulnerabilities in the entire assessment due to its sensitivity to runoff timing shifts and regulatory 
constraints that limit operational flexibility. 

2.3.5 Groundwater Vulnerabilities Reflecting both Regional Sustainability 
and Localized Water Insecurity 

Groundwater systems display two distinct but equally important vulnerability patterns. At the regional 
scale, groundwater basins in the Lower American and Lower Bear River areas score high vulnerability with 
large scales of effect, indicating risks to long-term groundwater sustainability and regional water 
reliability. At the local scale, small water systems and private landowner wells, particularly in the upper 
watershed and Cosumnes areas, show very high vulnerability despite having localized impacts. These 
systems lack redundancy and financial capacity, making them especially sensitive to drought and wildfire, 
and highlighting equity concerns even when impacts do not immediately cascade watershedwide. 

2.3.6 Widespread but Often Subregional-scale Community and Equity 
Vulnerabilities  

Community and equity components show consistently high vulnerability scores (rating of 4) across 
multiple planning areas, including Delta-edge communities, Sacramento Metro East, floodplain 
communities, foothill towns, and upper watershed rural communities. While many of these impacts are 
subregional in scale, they represent concentrated risk to populations with limited adaptive capacity, 
particularly in areas facing overlapping hazards such as flooding, heat, wildfire, and water insecurity. 
Upper watershed rural communities stand out with the highest vulnerability scores, reflecting isolation, 
limited redundancy, and constrained institutional capacity. 

2.3.7 Lower Vulnerability but not Low Importance 

Some systems, such as large conveyance infrastructure, major managed floodways, and certain municipal 
water systems, show lower vulnerability ratings due to higher adaptive capacity, even when exposed to 
climate stressors. These findings do not indicate absence of risk, but rather reflect that institutional 
strength, operational flexibility, and system design play a meaningful role in moderating climate impacts. 

2.4 Key Vulnerability Drivers 

Key drivers of vulnerability are the underlying climatic, physical, institutional, and operational factors that 
explain why certain systems, assets, or communities experience disproportionately high risk under climate 
stress. They describe the mechanisms through which climate hazards translate into real impacts by 
increasing system sensitivity, creating single points of failure, or constraining adaptive capacity. 
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These drivers go beyond the presence of a hazard to capture dependencies, infrastructure limitations, and 
institutional constraints, as well as the compounding effects of multiple stressors.  

Identifying key drivers provides the analytical link between vulnerability ratings and actionable responses, 
allowing planners to distinguish whether risks are best addressed through infrastructure investment, 
operational changes, policy reforms, ecosystem restoration, or institutional capacity building. 

Table 2-3 summarizes the key drivers of vulnerability identified across the six sub-regions evaluated in this 
qualitative assessment. These drivers synthesize the results of the vulnerability analysis and highlight the 
underlying factors most responsible for high vulnerability ratings. Together, they provide a structured 
basis for prioritizing adaptation strategies and targeting actions where they will be most effective. 

Table 2-3. Key Drivers of Vulnerability 

Planning Area Vulnerability Driver 

Upper Watersheds (American, 
Bear, Cosumnes) 

Forest health – Increasing frequency and intensity of wildfires are degrading 
watershed resilience and reducing critical ecosystem services. 

Upper Watersheds (American, 
Bear, Cosumnes) 

Snowpack loss –Natural water storage declines with local and statewide impacts; 
fractured rock aquifers offer little reliable backup for local communities. 

Upper Watersheds (American, 
Bear, Cosumnes) 

Community and economic resilience – Increasing stress impacts are felt in rural 
and resource-dependent communities. 

Upper Watersheds (American, 
Bear, Cosumnes) 

Infrastructure exposure challenges – Aging and vulnerable infrastructure is 
exposed to intensifying climate hazards. 

Upper Watersheds (American, 
Bear, Cosumnes) 

Agricultural vulnerability – Variable surface water supply, limited groundwater, 
and aging irrigation systems heighten drought risk. 

Lower American River Forest health –Water quality, air quality, and runoff regulation are affected. 

Lower American River 
Snowpack loss –Water supply, runoff timing and flood risks, and cold water 
availability are affected.  

Lower American River 
Folsom Reservoir constraints – Limited storage capacity and complex operational 
and regulatory trade-offs (e.g., supply, flood, temperature, Delta, and Central 
Valley Project [CVP]) may exist. 

Lower American River 
Flood management challenges – Few levee setback options exist; performance 
uncertainty results from more extreme events. 

Lower Cosumnes Watershed 
Minimal flood protection – Increasing stress on farms and small communities 
exists due to increasing frequency of extreme precipitation. 

Lower Cosumnes Watershed 
Floodplain management challenges – Increasing intensity of extreme events with 
no regulation facilities exasperates the dual stress of recurrent flooding and 
droughts. 

Lower Bear River 
Forest health and fire risk – Increasing wildfire frequency and severity degrade 
watershed function, reduce snowpack, and threaten water quality and 
hydropower assets. 

Lower Bear River 
Limited storage and flood control –Small reservoir capacity and limited flood 
infrastructure reduce flexibility to manage growing flood and drought extremes. 
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Appendix A. Qualitative Vulnerability Assessment for American River Watershed  

System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Agriculture 
Lower 
American 
River 

Placer 
County (West 
Placer) 

Heat waves stress 
walnuts, rice, and 
livestock; irrigation 
demand increases. 

Storm-driven flooding 
may inundate rice fields 
and rural roads. 

N/A 

Rice is highly 
vulnerable to cutbacks; 
groundwater pumping 
costly. 

Smoke exposure 
during wildfire 
events affects 
grapes and labor. 

Moderate 
- Rice production is 
sensitive to water shortages. 
- Other crops (walnuts, 
grapes) are also 
temperature- and water-
dependent. 

3 

Moderate  
- Irrigation districts (PCWA, 
NID) provide some resilience 
- High water intensity of rice 
limits flexibility. 

3 3 4 

Agriculture 
Lower 
American 
River 

Sacramento 
County 

Dairy, pears, 
grapes are 
sensitive to 
extreme heat; 
higher irrigation 
needs. 

Urban/riverine floods; 
Delta levee breaches 
threaten orchards. 

Delta lands 
exposed to 
backwater 
flooding  
+ salinity 
 intrusion. 

Reduced surface 
deliveries; higher 
reliance on 
groundwater. 

Smoke taint on 
grapes; grassfires 
possible. 

Moderate 
- Diverse, high-value crops 
are climate sensitive 
- Delta flood/levee risks 
increase overall exposure. 

3 

Moderate-High  
- Strong institutional support 
- Larger-scale irrigation 
infrastructure 
- Access to multiple water 
sources improve adaptive 
capacity. 

2 1 4 

Community 
& Equity  

Lower 
American 
River 

Walnut 
Grove and 
Isleton 
Communities 

Outdoor laborers 
and mobile 
housing residents 
face extreme heat 
and poor air 
quality. 

Levee-protected 
communities face flood 
risk from Delta surges 
and high tides. 

  

Heavy reliance on 
agriculture and water-
dependent industries 
creates drought 
vulnerability. Reduced 
crop yields and job 
insecurity. 

Vegetated levees 
and surrounding 
agricultural lands 
pose fire hazards, 
threatening 
community safety 
and air quality. 

Moderate-high sensitivity 
- Economically vulnerable, 
linguistically diverse 
populations.  
- Agricultural labor 
increases exposure to 
extreme heat and poor air 
quality;  
- Housing stock is often 
unregulated and unsafe.  

4 

Moderate adaptive capacity 
 - Strong community 
networks and place-based 
knowledge are strong; 
- Formal resilience planning 
and infrastructure are lacking.  
- Emergency support services 
have challenges reaching 
unincorporated populations 

3 4 2 

Community 
& Equity  

Lower 
American 
River 

Sacramento 
Metro East  

Foothill 
communities 
experience 
increasing heat 
stress, with limited 
tree canopy and 
aging 
infrastructure 
compounding risks 
for outdoor 
workers, low-
income 
households, and 
the elderly. 

Localized flooding and 
stormwater overflow 
impact unincorporated 
and under-resourced 
areas, particularly those 
adjacent to creeks, 
canyons, or steep terrain 
with inadequate 
drainage systems. 

N/A 

Extended drought 
strains small water 
systems and domestic 
wells, particularly for 
households outside of 
major service districts 
or reliant on aging 
infrastructure. 

Communities face 
severe wildfire 
exposure due to 
their proximity to 
wildland-urban 
interface zones, with 
many residents 
living in areas with 
single evacuation 
routes and limited 
defensible space. 

High-moderate sensitive 
- Socioeconomic 
vulnerability, rural isolation, 
aging populations 
- Reliance on limited public 
services.  
- Populations with limited 
mobility, outdoor-based 
employment, or fixed 
incomes face heightened 
exposure to both acute 
events (fire, flood) and 
chronic stressors (heat, 
water scarcity). 

4 

Moderate 
- Uneven adaptive capacity. 
Some communities benefit 
from strong local organizing 
or fire-safe councils, while 
others lack adequate 
emergency planning, 
financial resources, or 
accessible public cooling and 
relief services.  
- Infrastructure gaps 
- Jurisdictional fragmentation 
limit coordinated adaptation 
responses. 

3 4 2 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Community 
& Equity  

Lower 
American 
River 

Urban Core 
and 
Floodplain 
communities 

Exposure to 
multiple urban 
heat islands, 
particularly in 
lower-income 
neighborhoods 
with limited tree 
cover, older 
buildings, and 
limited access to 
indoor cooling. 
Populations most 
affected includes 
children, elderly, 
and low-income 
renters. 

 localized flooding due 
to aging stormwater 
infrastructure. 
Increasing impermeable 
surfaces and 
intensifying rainfall 
events challenge 
drainage systems. 

N/A 

Local landscaping, 
parks, and green spaces 
face cutbacks during 
droughts, 
disproportionately 
affecting outdoor 
cooling and recreation 
for low-income 
families. 

Zone is exposed to 
smoke, power 
shutoffs, and fire-
related emergency 
shelter burdens due 
to proximity to 
Wildland Urban 
Interface zones. The 
Parkway corridor 
faces growing 
vegetation and 
ignition risks. 

High-moderate sensitivity 
- Urban and suburban 
neighborhoods with 
overlapping vulnerabilities 
related to heat exposure, 
housing insecurity, and 
aging infrastructure.  
- Mobile home parks, 
subsidized housing, and 
communities of color are 
disproportionately 
impacted by heat stress and 
flooding.  
- Linguistic isolation, 
- Limited public transit, and 
exposure to traffic-related 
pollution compound 
climate impacts. 

4 

Moderate 
- Some well-resourced areas 
like Fair Oaks 
- DAC-designated census 
tracts and older urban cores 
have lower adaptive capacity.  
- Municipal services exist 
- Not all residents benefit 
equitably due to renter 
displacement, 
underinvestment in shade 
and stormwater 
infrastructure, and public 
health disparities.  
- Community organizations, 
local governments, and 
public agencies are 
increasingly engaged in 
adaptation 
- Targeted capacity-building 
and inclusive planning 
remain needed. 

3 4 2 

Ecosystem 
Lower 
American 
River 

Aquatic 
Ecosystems 

Water 
temperatures 
frequently exceed 
salmon survival 
thresholds 
(~68°F), 
particularly during 
heat waves. 

Extreme storm events 
cause rapid water 
releases from Folsom, 
impacting aquatic 
habitat downstream. 

Sea level rise 
pushes Delta 
salinity 
upstream and 
may alter 
aquatic habitat 
suitability along 
the lower 
Sacramento 
River. 

Reduced flows during 
drought limit aquatic 
habitat, causing critical 
stress to salmon 
populations. 

Wildfires disrupt 
stream habitats by 
increasing 
sedimentation, 
turbidity, erosion 
(from lost 
vegetation roots), 
and altering water 
chemistry (higher 
pH), degrading 
water quality and 
aquatic habitats. 

High sensitivity 
- Extreme heat and drought 
conditions, exacerbated by 
urban heat island effects. 
- Salmon and steelhead 
populations acutely 
vulnerable to thermal stress 
and reduced managed-flow 
availability during drought. 

4 

Moderate-low adaptive 
capacity  
- Actively managed flows 
from Folsom Reservoir 
providing periodic cold-water 
releases. 
- Adaptive management 
limited by finite cold-water 
supply during severe 
droughts and urban 
pressures restricting habitat 
connectivity 

4 5 5 

Ecosystem 
Lower 
American 
River 

Forest 
Health and 
Ecosystem 
Services 

Warmer 
temperatures 
accelerate drought 
stress, increasing 
tree susceptibility 
to pests and 
disease, and 
increase risk of 
wildfires. 

Heavy rainfall events 
erode soil, destabilizing 
slopes and increasing 
tree fall risk. 

N/A 

Extended drought 
conditions reduce oak 
woodland resilience, 
increasing mortality 
risk. 

Wildfires cause 
extensive tree 
mortality, erosion, 
habitat loss, shifts in 
species 
composition, 
increased 
vulnerability to 
invasive species, and 
substantial 
biodiversity loss by 
eliminating critical 
habitats and native 
species. 

Moderately sensitive  
- Drought-tolerant but 
vulnerable in prolonged 
drought. 
- Moderately sensitive oak 
woodlands experiencing 
stress and mortality from 
prolonged drought and 
invasive species. 
- Urban forests vulnerable 
to extreme heat events and 
urban heat island effects, 
reducing ecological 
function. 

3 

Moderate adaptive capacity 
- Protected areas like parks 
and urban forestry initiatives. 
- Constrained by fragmented 
landscapes, limited natural 
regeneration opportunities,  
- Restricted connectivity for 
species migration or range 
shifts under sustained 
climatic stress. 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Ecosystem 
Lower 
American 
River 

Riparian and 
Groundwater 
Dependent 
Ecosystems 

Hotter summers 
increase riparian 
evapotranspiration 
demand on 
groundwater, dry 
out riparian soils 
faster, stressing 
vegetation. 

Severe flooding can 
erode riparian zones. 

Higher Delta 
salinity affects 
groundwater 
near riparian 
areas along the 
lower 
Sacramento 
River, impacting 
vegetation. 

Drought lowers 
groundwater levels and 
baseflows, stressing 
riparian trees, cause 
die-offs, and may limit 
regeneration. 

Wildfires damage 
riparian forests by 
reducing soil 
moisture, limiting 
regeneration, 
increasing habitat 
fragmentation, and 
significantly 
reducing 
biodiversity by 
harming sensitive 
aquatic and 
terrestrial species 
dependent on 
stable moisture 
conditions 

 Moderate-high sensitivity  
- Reliance on stable 
groundwater tables and 
periodic flooding for 
riparian regeneration. 
- Urban encroachment and 
reduced flood frequency 
diminish habitat quality and 
regeneration potential, 
especially during prolonged 
drought. 

3 

Moderate adaptive capacity,  
- Protected riparian corridor 
management (e.g., American 
River Parkway). 
- Limited by inability to fully 
mimic natural flooding 
regimes necessary for 
riparian forest recruitment. 

3 3 3 

Flood 
Management 

Lower 
American 
River 

Floodplain 
and Local 
Drainage 

Urban heat and dry 
soils reduce 
infiltration and 
increase 
stormwater runoff 
temperatures. 

Local drainage systems 
are overwhelmed by 
intense storms, causing 
flash flooding in urban 
areas. 

Tidal backflow 
into storm 
drains increases 
flood risk in 
low-lying 
neighborhoods. 

Prolonged dry periods 
reduce soil 
permeability, increasing 
runoff during 
subsequent storms. 

Post-fire debris and 
ash clog storm 
drains, reducing 
drainage efficiency 
and increasing flood 
risk. 

High sensitivity 
- Vulnerable to extreme 
precipitation, wildfire 
impacts 
- Impervious surfaces 
amplify localized flooding 
risks 

4 

Moderate to high adaptive 
capacity 
- Effective stormwater 
management, 
- Infrastructure redundancy, 
- Proactive management 

2 3 3 

Flood 
Management 

Lower 
American 
River 

Folsom 
Reservoir 

Earlier snowmelt 
and warmer 
inflows reduce 
cold water pool 
availability, 
affecting 
downstream 
temperature 
management for 
fish. 

High-intensity storms 
require rapid 
drawdowns, challenging 
flood control operations 
and increasing 
downstream risk. 

N/A 

Reduced inflows limit 
water supply, 
hydropower 
generation, and cold 
water pool 
management. 

Increased sediment 
and nutrient loading 
from upstream fires 
degrade water 
quality and reduce 
storage. 

Moderate to high sensitivity 
- Limited storage increases 
spill risk;  
- Extreme storms challenge 
flood management 
capabilities. 
- Increased post-fire 
sedimentation and debris 
flows 

4 

Moderate-low adaptive 
capacity 
- Small size relative to 
watershed runoff 
- Auxiliary spillway 
- Dam raise 
- Coordinated flood 
management 
- Potential for FIRO and 
coordination with upstream 
reservoirs 

4 5 5 

Flood 
Management 

Lower 
American 
River 

Lower 
American & 
Sacramento 
Levee 
System 

Higher 
temperatures 
increase 
evapotranspiration 
and urban heat 
island effects, 
stressing levee-
adjacent 
vegetation and 
soils. 

High flows from 
upstream reservoirs 
combined with local 
stormwater can exceed 
levee design capacity, 
especially during 
atmospheric rivers. 

N/A 

Prolonged dry periods 
lead to increased soil 
desiccation, impacting 
structural integrity and 
increasing likelihood of 
failure during flood 
events. 

Urban-interface fires 
can damage levee-
adjacent 
infrastructure and 
increase erosion 
risk. 

High sensitivity 
- Highly vulnerable to 
overtopping and erosion 
from intense flood events  
- High-flow releases from 
Folsom risk downstream 
earthen levee erosion 
- Limited capacity during 
prolonged dry periods due 
to levee erosion 

4 

Moderate-low adaptive 
capacity 
- Strong investment, 
oversight, real-time flood 
modeling 
- Strong levee infrastructure, 
ongoing upgrades,  
- Coordinated agency 
oversight and management 
- Capacity uneven across 
segments due to localized 
low points, 
- Urban encroachment that 
limits rooms for adaptation. 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Flood 
Management 

Lower 
American 
River 

Sacramento 
Weir & Yolo 
Bypass 

Hotter summers 
increase 
evapotranspiration 
in bypass wetlands, 
affecting habitat 
and water balance. 

High flows trigger weir 
operation more 
frequently, stressing 
bypass capacity and 
maintenance. 

N/A 

Prolonged drought 
reduces sediment and 
nutrient flow through 
the bypass, resulting in 
ecosystem impacts. 

Fire-prone due to 
vegetated 
floodplain and 
agricultural land, 
particularly during 
extended drought 
periods  

Moderate sensitivity 
- Vegetation overgrowth, 
prolonged dryness 
increases fire risk 
- Extreme precipitation 
complicates weir operations 

3 

High adaptive capacity 
- Large area allows flexible 
management strategies 
- Constrained by fixed flow 
thresholds and manual gate 
operations 

1 1 4 

Groundwater 
Supply 

Lower 
American 
River 

Built System 
- landowner 
groundwater 
wells 

Increased demand 
for irrigation and 
domestic use 
during heat waves 

Flooding damages 
shallow wells and septic 
systems 

N/A 
Shallow wells may fail; 
increased pumping 
costs 

Fire-related power 
outages and 
contamination risks 

Moderate-high 
vulnerability:  
- Individual wells 
susceptible to drought-
induced quality issues and 
drying. 

4 

Moderate adaptive capacity:  
- Most wells are shallow 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure. 
- Presence of drought 
contingency plans and access 
to state/federal funding, and 
regional groundwater 
planning 

3 4 1 

Groundwater 
Supply 

Lower 
American 
River 

Built System 
- municipal 
systems 

Increased cooling 
and irrigation 
demand stresses 
municipal supply 

Flooding damages 
pump stations and 
treatment infrastructure 

N/A 
Increased reliance on 
groundwater; supply 
shortfalls 

Fire damage to 
infrastructure; 
degraded source 
water quality 

Moderate vulnerability:  
- Increased demand and 
potential water quality 
degradation during drought 
conditions. 

3 

High adaptive capacity:  
- Well-integrated municipal 
systems with redundancy,  
- Active groundwater 
banking, conjunctive use 
 - Treatment capabilities. 
- Municipal financial 
resources 

1 1 2 

Groundwater 
Supply 

Lower 
American 
River 

Natural 
System - 
North 
American 
Subbasin 

Increased 
evapotranspiration 
reduces recharge; 
higher 
temperatures 
increase irrigation 
demand 

Flooding mobilizes 
contaminants; reduces 
recharge efficiency 

N/A 
Overdraft risk; land 
subsidence potential 

Post-fire runoff 
degrades recharge 
water quality 

Moderate-highly sensitive: 
-Large agricultural and 
urban groundwater use with 
increased reliance on 
groundwater during 
drought conditions;  
- Potential contamination 
risks.  
- Highly reliant on 
consistent recharge from 
interconnected surface 
waters 

4 

Moderate-high adaptive 
capacity:  
- Large aquifer system is with 
substantial storage. 
- Active groundwater 
management through SGMA, 
conjunctive use, and 
coordinated management 
- Regional Water Bank 
provides good redundancy. 
- Recharge constrained by 
urbanization that limits 
natural recharge zones.  

3 4 4 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Groundwater 
Supply 

Lower 
American 
River 

Natural 
System - 
South 
American 
Subbasin 

Similar to North 
American 
Subbasin: reduced 
recharge and 
increased demand 

Flooding overwhelms 
recharge basins; 
contaminant 
mobilization 

N/A 
Chronic overdraft risk; 
reduced aquifer 
recovery 

Fire-related debris 
and ash degrade 
recharge quality 

Moderate-Highly sensitive: 
- Agricultural and urban 
groundwater use with 
increased reliance on 
groundwater during 
drought conditions;  
- Potential contamination 
risks.  
- Highly reliant on 
consistent recharge from 
interconnected surface 
waters  
- History of groundwater 
overdraft and thick alluvial 
zones makes the system 
more prone to drawdowns. 

4 

Moderate-high adaptive 
capacity:  
- Large aquifer system is with 
substantial storage. 
- Active groundwater 
management through SGMA, 
conjunctive use, and 
coordinated management 
- Regional Water Bank 
provides good redundancy. 
- Recharge constrained by 
urbanization that limits 
natural recharge zones.  

3 4 4 

Hydropower 
Lower 
American 
River 

Folsom 
Reservoir 

- Reduced 
snowpack and 
earlier snowmelt 
decrease reservoir 
inflows, reducing 
hydropower output 
in late summer 
and fall, coinciding 
with peak energy 
demand. 
- Increased 
evaporation 
further reduces 
reservoir storage. 

- Increased flood risks 
from intense 
atmospheric river 
storms, necessitating 
earlier releases, lost 
generation 
opportunities, and 
potentially damaging 
infrastructure. 

-Sea level rise 
pushes Delta 
salinity 
upstream, 
requiring higher 
freshwater 
outflows from 
Folsom, limiting 
storage 
available for 
hydropower 
generation and 
increasing 
operational 
complexity. 

Extended droughts 
significantly reduce 
reservoir storage and 
hydropower generation 
capability, limiting 
energy production 
substantially during 
multi-year dry periods. 

increased wildfire 
risks in upper 
watersheds lead to 
sedimentation and 
debris flows, 
impairing reservoir 
water quality, 
reducing storage 
capacity, and 
potentially 
damaging 
hydropower 
infrastructure. 

High sensitivity: 
- Heavy reliance on 
snowpack-dependent 
inflows 
- Limited storage capacity 
relative to inflows and 
demand 
- Operational constraints 
during drought and 
heatwaves. 

4 

Moderate adaptive capacity 
- Integration with broader 
CVP/SWP water supply and 
power generation networks.  
- Coordinated releases with 
other CVP facility provide 
some operational flexibility 
- Existing infrastructure 
redundancy 
- Constrained by regulatory 
requirements,  
- Limited cold-water storage 

3 4 5 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Lower 
American 
River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Urban heat and 
limited shade 
reduce the 
usability of river 
trails and increase 
health risks for 
vulnerable 
populations 
engaging in 
outdoor activities. 

Flooding along the 
American River Parkway 
leads to temporary 
closures of trails, picnic 
areas, and public access 
points. 

N/A 

Drought reduces water 
quality and flow levels 
in the river, impacting 
swimming, wading, and 
boating conditions. 

Regional smoke 
from nearby 
wildfires limits 
recreational use of 
river parks and trail 
systems, even 
without direct fire 
exposure. 

Moderate sensitivity 
– Recreation is mostly urban 
and tied to well-used trail 
systems (e.g., American 
River Parkway) that flood 
frequently during storms 
– Heat exposure along 
paved or unshaded 
segments 
disproportionately impacts 
vulnerable users, including 
the elderly, children, and 
unhoused individuals 
– Water-based recreation 
such as swimming or 
wading is sensitive to both 
water quality degradation 
and lower flows during 
drought periods 
– Year-round use leads to 
cumulative wear and 
pressure on park and trail 
infrastructure 

3 

High-moderate adaptive 
capacity 
– Managed by well-resourced 
entities (e.g., Sacramento 
County Regional Parks), with 
established emergency 
response and communication 
systems 
– Infrastructure such as shade 
structures, signage, and bike 
patrols support safe 
recreation during moderate 
hazard conditions 
– Cooling centers and public 
messaging systems are in 
place and activated during 
heat and smoke events 
– Strong interagency 
partnerships and funding 
pipelines improve resilience 
across city-managed green 
space 

2 1 4 

Recreation 
Lower 
American 
River 

Tourism - 
Impacts on 
businesses, 
quantity of 
visitors 

High summer 
temperatures 
discourage tourism 
at riverfront parks, 
outdoor festivals, 
and walking tours, 
especially during 
peak afternoon 
hours. 

Extreme storms flood 
riverfront paths and 
disrupt events, reducing 
tourist activity and 
damaging 
infrastructure. 

N/A 

Low water levels and 
poor river aesthetics 
during drought 
conditions deter water-
based tourism and 
degrade visitor 
experience. 

Widespread smoke 
from regional 
wildfires affects air 
quality, deters 
travel, and results in 
event cancellations 
or reduced turnout. 

Moderate sensitivity 
– Tourism is tied to seasonal 
events and accessible green 
spaces, which are impacted 
by flooding, heatwaves, and 
poor air quality 
– Riverfront trails and 
outdoor festivals are 
disrupted by climate 
stressors but are not the 
sole driver of tourism to the 
area 
– Sensitive to smoke, trail 
closures, and heat during 
peak summer months when 
tourism peaks 

3 

High-moderate adaptive 
capacity 
– Sacramento’s diversified 
tourism economy includes 
indoor, cultural, and historic 
attractions that provide 
fallback options 
– Investment in flood 
resilience and green 
infrastructure buffers some 
climate-related disruptions 
– Air quality alerts and visitor 
advisories are integrated into 
broader public 
communication platforms 

2 1 4 

Surface 
Water Supply 

Lower 
American 
River 

Built 
Conveyance 
(e.g., Canals, 
pipelines, 
intakes) 

Higher 
temperatures 
increase water 
losses from 
evaporation; 
thermal expansion 
stresses 
infrastructure 

Flooding can damage 
intakes and pump 
stations; sediment clogs 
infrastructure 

N/A 

Water supply 
availability sharply 
curtailed; stress on 
aging pipelines.  

Post-fire 
sedimentation and 
turbidity clog and 
damage intake 
screens and pumps. 
Fire-related power 
outages have 
impacts on pump 
stations and SCADA 
systems.  

Moderate vulnerability:  
- Urban infrastructure 
susceptible to flood 
damage,  
- Increased pollutant load in 
extreme precipitation 
events, 
- Potential impacts from 
sediment and wildfire runoff 

3 

High adaptive capacity:  
- Redundant infrastructure,  
- Multiple source options 
(e.g., groundwater, 
Sacramento River), 
- Proactive maintenance and 
management. 

1 1 4 DRAFT
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Surface 
Water Supply 

Lower 
American 
River 

Folsom 
Reservoir 

Rising 
temperatures 
accelerate 
snowmelt timing in 
the Sierra Nevada, 
Folsom Reservoir 
fills earlier than 
peak summer 
demand resulting 
in increased 
evapotranspiration 
loss, higher risk of 
midsummer 
shortages, 
compromised 
ecosystem flow 
targets and greater 
volatility in 
reservoir 
operations. 

Sudden inflows from 
atmospheric rivers or 
rapid snowmelt trigger 
emergency releases 
(Jan 2017, heavy 
rainfall led to high 
inflows triggering 
controlled flood 
releases) 

N/A 

Loss of snowmelt 
timing affects storage 
for drought supplies, 
surface flow reductions 
reduce delivery 
reliability; Reduced 
reliability during 
drought; 2022 
shortfalls projected at 
117,000 acre-feet/year 

Post-fire 
hydrophobic soils 
reduce infiltration; 
ash and debris 
degrade water 
quality 

High Sensitivity:  
- Small reservoir size 
relative to watershed 
increases flood spill and 
drought shortage risk;  
- Warm temperatures 
exacerbate evaporation 
losses and reduce cold-
water pool. 
- Sedimentation and water 
quality risks from wildfire 
runoff. 

5 

Moderate adaptive capacity:  
- Auxiliary spillway and 
reservoir raise increase flood 
management effectiveness 
- Multi-agency management 
(Water Forum) 
- Conjunctive use and 
groundwater availability 
provide operational flexibility. 
- Strict regulatory constraints, 
CVP operations, and 
minimum flow requirements 
limit adaptation options  

3 5 5 

Surface 
Water Supply 

Lower 
American 
River 

Natural 
Conveyance 
- River 
System 

Elevated 
temperatures 
reduce cold-water 
habitat for 
salmonids; 
increased algal 
blooms and 
thermal stress 

Flashier flows increase 
erosion, sedimentation, 
and bank instability 

N/A 

Reduced reservoir 
inflows limit summer 
baseflows; water quality 
impacts resulting from 
concentration of 
nutrients; low flow 
volumes lead to higher 
water temperatures 
impacting cold-water 
species.  

Runoff causes water 
quality impacts; 
increased erosion. 
Debris flows 
destabilize 
riverbanks and 
infrastructure.  

Highly sensitive  
- Flow dependency, 
ecological thresholds 
critical for fish survival. 
- Reduced summer flows, 
elevated water 
temperatures, turbidity from 
storms, and degraded 
aquatic habitats. 

4 

Moderate adaptive capacity:  
- Managed flow standards 
(Modified Flow Management 
Standard), 
- Coordinated management 
and strong institutional 
oversight (Water Forum, 
Reclamation, Sacramento 
Area Flood Control Agency). 
- Habitat restoration efforts. 

3 4 4 

Water 
Quality 

Lower 
American 
River 

Drinking 
Water Source 
Quality 

Higher source 
water 
temperatures 
causing DBP 
management 
challenges; 
potential algal 
toxins from HABs. 

Potential water intake 
disruptions and 
treatment issues from 
high turbidity and 
pollutant influx during 
floods. 

Moderate 
indirect effects 
due to Delta 
operations 
potentially 
influencing 
water 
availability & 
quality. 

Increased 
concentration of 
pollutants; challenges 
in maintaining drinking 
water quality standards; 
reliance on 
groundwater blending 
or alternate sources. 

Treatment 
complexity 
increases from 
turbidity and 
contaminants from 
upstream wildfire 
runoff events. 

High sensitivity 
- Higher pollutant 
concentrations in low flows. 
- Elevated water 
temperatures, algal blooms, 
turbidity spikes, potential 
DBPs affecting treatment 
processes. 

4 

High capacity 
- Advanced water treatment 
capabilities,  
- Redundant supply sources 
(Sacramento River, 
groundwater) 
- Inter-agency collaboration. 

2 3 3 

Water 
Quality 

Lower 
American 
River 

Ecological 

Reduced habitat 
suitability (high 
temperature, low 
dissolved oxygen) 
threatens 
salmonids; 
frequent algal 
blooms. 

High turbidity and 
pollutant spikes 
degrade aquatic 
ecosystems, impact fish 
spawning habitats. 

Moderate 
indirect impacts 
due to possible 
increased 
freshwater 
release 
demands 
affecting 
ecological 
flows. 

Extreme stress due to 
reduced flows and 
increased contaminant 
concentrations. 

Severe 
sedimentation, 
nutrient inputs from 
upstream wildfire 
runoff, damaging 
riparian and aquatic 
habitats. 

High sensitivity 
- Reduced flows, elevated 
temperatures significantly 
stress salmon habitat 
-Higher pollutant 
concentrations in low flows 
and degraded DO levels 
stress aquatic life. 

4 

Moderate-high capacity 
- Habitat restoration efforts 
- Coordinated management 
across agencies. 
- Effective management 
(Modified Flow Management 
Standard) 
- Folsom storage can assist 
with temperature 
management. 

3 4 3 DRAFT



  

American River Watershed Resilience Pilot Study Qualitative Vulnerability Assessment  

=  

 
  

260109125149_8fea17ef A-8 

 

System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Water 
Quality 

Lower 
American 
River 

Regulatory 
Standards 

Difficulty achieving 
temperature and 
dissolved oxygen 
standards critical 
for salmon; 
increased 
frequency of water 
quality 
exceedances. 

Difficulty maintaining 
turbidity, bacteria, 
nutrient standards after 
extreme 
floods/stormwater 
runoff. 

Moderate 
(regulatory 
obligations for 
Delta salinity 
could reduce 
freshwater 
allocations). 

Challenges meeting 
flow and water quality 
standards for 
ecosystem protection, 
especially during 
extreme drought. 

Difficulty meeting 
turbidity and 
nutrient standards 
due to wildfire 
debris flows from 
upper watershed. 

High sensitivity 
- Challenges in consistently 
meeting temperature and 
water quality standards due 
to climate extremes and 
reduced flows. 

4 

High capacity 
- Strong institutional 
framework 
- Multiple water sources to 
offset reliance on lower 
American  
- Effective regional 
coordination. 

3 4 3 

Ecosystem 
Lower 
Bear River 

Aquatic 
Ecosystems 

Increased 
temperatures raise 
water 
temperatures 
above native trout 
thermal tolerance 
for extended 
durations (75-
77°F). 

Extreme rainfall causes 
significant flooding that 
scour streambeds, 
destroying eggs, 
displacing species, and 
mobilizing legacy 
mercury contamination.  

N/A 

Extended drought 
conditions significantly 
reduce habitat and 
degrade water quality 
(low oxygen, algal 
blooms). 

Wildfires disrupt 
stream habitats by 
increasing 
sedimentation, 
turbidity, erosion 
(from lost 
vegetation roots), 
and altering water 
chemistry (higher 
pH), degrading 
water quality and 
aquatic habitats. 

Moderately sensitive 
- Rising stream 
temperatures, extended 
drought-induced low-flow 
conditions,  
- Flooding events that 
mobilize legacy mercury. 
- Small watershed size 
quickly pushes habitats 
beyond ecological 
thresholds. 
- Cold-water trout severely 
threatened. 

3 

Moderate-low adaptive 
capacity 
- Fragmented habitats from 
dams and diversions. 
- Legacy mercury 
contamination exacerbates 
vulnerability. 
- Minimal opportunities for 
species migration or natural 
refugia, exacerbated by 
limited management 
interventions and resources. 

3 3 4 

Ecosystem 
Lower 
Bear River 

Riparian and 
Groundwater 
Dependent 
Ecosystems 

Hotter summers 
increase riparian 
evapotranspiration 
demand on 
groundwater, dry 
out riparian soils 
faster, stressing 
vegetation. 

Intense flooding events 
severely erode riparian 
zones and destabilize 
banks, altering 
vegetation 
communities. 

N/A 

Extended drought 
periods critically lower 
groundwater levels, 
causing riparian trees 
diebacks, converting 
habitat to drought-
tolerant species. 

Wildfires damage 
riparian forests by 
reducing soil 
moisture, limiting 
regeneration, 
increasing habitat 
fragmentation, and 
significantly 
reducing 
biodiversity by 
harming sensitive 
aquatic and 
terrestrial species 
dependent on 
stable moisture 
conditions 

Moderately sensitive 
- Prolonged drought-driven 
groundwater declines and 
extreme flooding-induced 
erosion. 
- Moisture-dependent 
communities (wet 
meadows, riparian 
corridors) rapidly degrade 
and transition to drought-
tolerant vegetation under 
persistent dry conditions. 

3 

 Moderate adaptive capacity  
- Constrained by fragmented 
riparian corridors, loss of 
connectivity due to historical 
development. 
- Institutional and resource 
constraints impede 
restoration and conservation 
efforts significantly. 

3 3 3 

Flood 
Management 

Lower 
Bear River 

Bear Levee 
System 

Prolonged heat 
dries levee soils 
and accelerates 
embankment 
cracking, weaking 
levee integrity 

Intense rainfall events 
cause rapid runoff and 
localized flooding that 
increase overtopping 
and erosion risk. 

Indirect impacts 
may occur 
where Delta 
backwater 
effects alter 
flood stages in 
the lower 
reaches 

Drought hardens soils, 
reducing infiltration 
and increasing flash 
flood risk during 
storms. 

Post-fire runoff 
increases sediment 
loads and 
accelerates erosion 
on levee-adjacent 
waterways 

 High sensitivity 
- Vulnerable to drought-
related soil cracking and 
wildfire sedimentation 
- Increased erosion risk and 
reduced levee integrity 

4 

Moderate adaptive capacity 
- Recent improvements and 
flood control planning efforts 
- Limited resources, steep 
terrain, legacy development 
constraints limit large-scale 
adaptations 

3 4 4 DRAFT
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Flood 
Management 

Lower 
Bear River 

Floodplain 
and Local 
Drainage 

Hotter 
temperatures 
reduce soil 
moisture and 
evapotranspiration 
patterns, shifting 
runoff timing and 
reducing seasonal 
groundwater 
recharge 

Short, intense storms 
overwhelm local 
drainages and 
floodplains, increasing 
surface runoff and 
erosion into 
downstream channels. 

N/A 

Drought dries out soils, 
reducing infiltration 
and increasing flash 
flood potential during 
later storms 

Wildfire removes 
vegetation and 
destabilizes slopes, 
increasing sediment 
runoff and clogging 
local drainage 
systems 

Moderate to high sensitivity 
- Vulnerable to intense 
rainfall, post-fire erosion 
- Increased flash flooding, 
sediment buildup and 
culvert overflows 

4 

Moderate adaptive capacity 
- Floodplain has capacity  
- Rural drainage system 
limited by poorly maintained 
culverts, ditches 
- Infrastructure capacity is 
limited to manage peak flows 
and debris 

3 4 3 

Groundwater 
Supply 

Lower 
Bear River 

Built System 
- land owner 
groundwater 
wells 

Increased demand 
for 
agricultural/domes
tic use 

Flooding damages 
wellheads and access 
roads 

N/A 
Reduced reliability; 
increased maintenance 

Fire-related debris 
and power loss 
disrupt operations 

Moderate-High 
vulnerability:  
- Individual wells 
susceptible to drought-
induced quality issues and 
drying. 
- Highly sensitive to 
prolonged droughts.  
- High summer 
temperatures tax irrigation 
and outdoor domestic use.  

4 

Moderate adaptive capacity:  
- Most wells are shallow 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure. 
- Presence of drought 
contingency plans and access 
to state/federal funding, and 
regional groundwater 
planning 
- Inconsistent GSA coverage 
and limited regional recharge 
projects.  

3 4 1 

Groundwater 
Supply 

Lower 
Bear River 

Built System 
- municipal 
systems 

Increased demand 
for cooling and 
irrigation 

Flooding damages 
infrastructure; sediment 
increases treatment 
needs 

N/A 
Emergency operations 
during drought; supply 
stress 

Fire damage to 
infrastructure; 
degraded water 
quality 

Moderate vulnerability:  
- Increased pumping in 
drought risks groundwater 
depletion and 
contamination. 
- Drought and wildfire risk 
causes system-wide stress. 

3 

Moderate-High adaptive 
capacity:  
- Limited redundancy and 
financial resources for 
infrastructure improvements 
for small communities;  
- Moderate operational 
flexibility. 
- Presence of drought 
contingency plans and access 
to state/federal funding, and 
regional groundwater 
planning.  
- Inconsistent GSA coverage 
and limited regional recharge 
projects.  

3 3 1 
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Level  
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Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Groundwater 
Supply 

Lower 
Bear River 

Natural 
System - 
Groundwater 
Basin  

Higher 
temperatures 
reduce recharge 
efficiency; 
increased irrigation 
demand 

Flooding reduces 
infiltration; increases 
surface runoff 

N/A 
Limited storage 
heightens drought 
vulnerability 

Post-fire erosion 
and sedimentation 
reduce recharge 
quality 

Moderate-High 
vulnerability:  
- Groundwater basin is a 
combination of fractured 
bedrock aquifers upland 
and disconnected alluvial 
systems in the lowland 
areas 
- Recharge is heavily 
dependent on snowmelt 
and increased precipitation. 
- Sensitive to drought-
induced depletion,  
- Contamination from 
surface contaminants. 

4 

Moderate adaptive capacity:  
- Some conjunctive use,  
- Limited active management 
and recharge projects in 
place. 

3 4 4 

Surface 
Water Supply 

Lower 
Bear River 

Natural 
Conveyance 
- River 
System 

Warmer 
temperatures 
reduce cold-water 
refugia; thermal 
stress on aquatic 
species 

Channel scouring and 
sedimentation from 
high flows. Reduced 
accumulation and 
earlier melt limit reliable 
downstream water 
delivery; 2021 Sierra 
snowpack peaked early, 
reducing Bear River 
inflows 

N/A 

Prolonged drought 
reduces baseflow 
contributions from 
snowmelt, springs, etc. 
Decreased sediment 
transport causes 
stagnation in low-flow 
areas; aquatic habitat 
impacts and loss of 
riparian vegetation 

Post-fire erosion, 
sedimentation, and 
debris flows. Aquatic 
habitat and fish 
impacts. 

Moderate-High sensitivity: 
- Fragmented by 
impoundments.  
- Susceptible to 
sedimentation and mercury 
contamination from historic 
mining,  
- Increased turbidity from 
intense storms, and reduced 
flow during drought. 

4 

Moderate adaptive capacity  
- Natural buffers are limited  
- No large-scale restoration 
or flow-protection policies 
currently present.  
- Limited control over river 
system conditions; 
- Basic operational flexibility 

3 4 3 

Water 
Quality 

Lower 
Bear River 

Drinking 
Water Source 
Quality 

Increased 
temperatures 
causing HABs; 
potential DBP 
formation. 

Extreme turbidity events 
complicating water 
treatment; potential 
damage to conveyance 
infrastructure (canals, 
flumes). 

N/A 

Increased treatment 
challenges from higher 
contaminant 
concentration; limited 
ability to blend or 
switch sources. 

High turbidity and 
contaminants post-
wildfire requiring 
complex and costly 
treatment; potential 
infrastructure 
damage. 

Moderate-High sensitivity:  
- Severe turbidity events 
and contaminants (mercury, 
nutrients) post-wildfire;  
- Water quality significantly 
impacted by drought 
conditions. 

4 

Moderate:  
- Basic redundancy,  
- Moderate treatment 
flexibility, 
 - constrained by aging 
infrastructure & vulnerability,  
- Limited financial and 
operational resources. 

3 4 2 

Water 
Quality 

Lower 
Bear River 

Ecological 

Habitat 
degradation for 
native species 
from high water 
temperatures, 
HABs, and reduced 
dissolved oxygen. 

Severe turbidity and 
mercury contamination 
from historic mining 
mobilized by floods. 

N/A 

Severe ecological stress 
from very low flows, 
concentrated 
pollutants, elevated 
nutrient concentrations. 

Post-fire 
sedimentation, 
turbidity, and 
mercury 
contamination 
severely impacting 
aquatic ecosystems. 

Moderate sensitivity 
- High vulnerability to 
wildfire-induced erosion, 
sedimentation, and 
contaminants affecting 
aquatic habitats and 
biodiversity. 
- Severe wildfire risk and 
flooding can mobilize 
legacy mercury 
contamination 

3 

Moderate capacity;  
- Small-scale habitat 
restoration and sediment 
management. 
- Constrained by financial 
resources and infrastructure 

3 3 2 DRAFT
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Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 
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Effects 

Water 
Quality 

Lower 
Bear River 

Regulatory 
Standards 

Challenges 
maintaining water 
temperature and 
dissolved oxygen 
standards during 
heat events. 

Increased turbidity, 
mercury mobilization 
challenging compliance 
with water quality 
standards. 

N/A 

Difficulty maintaining 
regulatory compliance 
for instream flows, 
turbidity, and 
temperature criteria 
during drought. 

Increased regulatory 
compliance 
difficulty due to 
post-fire sediment, 
mercury, and 
turbidity spikes. 

Moderate-High sensitivity 
- Difficulties meeting 
turbidity, temperature, 
mercury, and dissolved 
oxygen standards due to 
legacy mining and climate-
driven events. 

4 

Moderate; 
- Limited capacity due to 
financial constraints  
- Limited regulatory flexibility 
and few resources to 
enhance compliance 
strategies. 
- Small-scale infrastructure.  

3 4 3 

Agriculture 
Lower 
Bear River  

Valley 

Hotter summers 
increase 
evapotranspiration 
and irrigation 
demand, straining 
both surface and 
groundwater. 
Energy costs rise 
for pumping. 

Farms exposed to Bear 
River overflow and 
storm-driven flooding; 
soil erosion and 
sedimentation increase 
recovery costs. 

N/A 

Irrigated agriculture 
suffers during drought 
as surface deliveries 
shrink; shallow 
groundwater aquifers 
are quickly depleted. 

Smoke and ash 
deposition reduce 
crop quality; power 
outages disrupt 
irrigation and post-
harvest handling. 

Moderate 
- Crops and soils are 
sensitive to both drought 
and flooding 
- Limited buffer capacity. 
- Agricultural lands are 
sensitive due to limited 
storage and shallow 
aquifers 
- Narrow crop base 
(walnuts, pasture, 
vineyards) 
- Soils prone to erosion.  
- Buffer capacity against 
prolonged drought/flood is 
minimal. 

3 

Moderate 
- Irrigation districts (PCWA, 
NID) provide some water 
flexibility 
- Redundancy is limited, and 
infrastructure cannot easily 
absorb long-duration climate 
shocks. 

3 3 4 

Agriculture 
Lower 
Bear River  

Valley 

Hotter summers 
increase 
evapotranspiration 
and irrigation 
demand, straining 
both surface and 
groundwater. 
Energy costs rise 
for pumping. 

Farms exposed to Bear 
River overflow and 
storm-driven flooding; 
soil erosion and 
sedimentation increase 
recovery costs. 

N/A 

Irrigated agriculture 
suffers during drought 
as surface deliveries 
shrink; shallow 
groundwater aquifers 
are quickly depleted. 

Smoke and ash 
deposition reduce 
crop quality; power 
outages disrupt 
irrigation and post-
harvest handling. 

Moderate 
- Crops and soils are 
sensitive to both drought 
and flooding 
- Limited buffer capacity. 
- Agricultural lands are 
sensitive due to limited 
storage and shallow 
aquifers 
- Narrow crop base 
(walnuts, pasture, 
vineyards) 
- Soils prone to erosion.  
- Buffer capacity against 
prolonged drought/flood is 
minimal. 

3 

Moderate 
- Irrigation districts (PCWA, 
NID) provide some water 
flexibility 
- Redundancy is limited, and 
infrastructure cannot easily 
absorb long-duration climate 
shocks. 

3 3 4 
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Community 
& Equity  

Lower 
Bear River  

Wheatland 
and 
Agricultural 
Edge 

 Field laborers 
experience 
prolonged sun 
exposure without 
sufficient 
protections. 
Residences often 
lack air 
conditioning. High 
health risks for 
elders and outdoor 
workers, especially 
undocumented 
populations who 
may avoid seeking 
medical help. 

Levee-protected 
agricultural areas face 
flood risk from intense 
storms and backwater 
effects, with potential to 
disrupt crop production 
and worker 
transportation. 

  

Dependence on 
irrigation-dependent 
agriculture creates 
heightened risk during 
drought, threatening 
both employment and 
food supply chains. 

Vegetated levees, 
dry agricultural 
lands, and interface 
areas create 
moderate wildfire 
risk, exposing 
outdoor workers to 
smoke and 
disruption during 
harvest periods. 

High-Moderate sensitivity 
-Rural isolation, 
unincorporated governance, 
and inadequate 
infrastructure.  
- Many residents face 
language barriers, 
immigration-related fear of 
engagement, and lack 
reliable access to 
transportation, healthcare, 
or insurance.  
- Agricultural labor patterns 
increase direct exposure to 
extreme heat and poor air 
quality 
- Housing stock is often 
unregulated and unsafe. 

4 

Moderate adaptive capacity.  
- Strong community 
networks and place-based 
knowledge 
- Formal resilience 
infrastructure and planning 
support are lacking. 
- County services often 
struggle to reach 
unincorporated populations. 
- Emergency communication 
and climate adaptation 
initiatives remain inaccessible 
for non-English speakers, 
undocumented workers, and 
those living in informal 
housing.  

3 4 2 

Agriculture 
Lower 
Cosumnes 
River 

Valley 

Rising heat 
increases irrigation 
demand, lowers 
water-use 
efficiency, and 
stresses grapes, 
walnuts, and 
orchards. Higher 
temperatures 
degrade soils and 
increase pest 
pressures. 

Floodplain agriculture 
highly exposed to 
seasonal inundation and 
atmospheric river 
flooding. Floods 
prolong saturation, 
cause root damage, 
delay operations, and 
alter recharge patterns. 

Small Delta 
backwater risk. 

Heavy dependence on 
variable surface flows 
and shallow 
groundwater. During 
droughts, groundwater 
overdraft accelerates 
aquifer depletion. 

Wildfire smoke 
affects grapes and 
orchard products, 
reducing 
marketability; poor 
air quality threatens 
farm labor during 
harvest. 

Moderate sensitivity 
- Dual exposure to both 
flooding and drought 
creates severe stress.  
- Vineyards and orchards 
are especially vulnerable to 
root damage from flood 
and to water scarcity during 
drought. 
- Farms depend on highly 
variable floodplain water 
and over drafted 
groundwater 

3 

Moderate 
- Some adaptive capacity 
through conservation 
easements, restoration 
projects (Cosumnes 
Preserve), and state/federal 
programs. 
- Infrastructure is minimal, 
floodplain farms lack 
protective levees 
- Overdraft risks constrain 
resilience. 

3 3 4 

Community 
& Equity  

Lower 
Cosumnes 
River 

Galt South 
and Delta 
Edge 

Outdoor 
agricultural 
workers and rural 
residents 
experience 
extreme heat 
stress due to 
insufficient 
protections and 
limited access to 
cooling 
infrastructure. 
Elders, children, 
and 
undocumented 
residents are 
especially 
vulnerable. 

Levee-protected rural 
communities face 
significant risk of 
backflow flooding and 
storm surges. 
Unincorporated areas 
are exceptionally 
vulnerable with limited 
emergency resources. 

  

Reliance on irrigation-
dependent agriculture 
and private wells. 
Drought impacts 
threaten water supply 
reliability and 
agricultural livelihoods. 

Vegetated levees 
and nearby 
agricultural fields 
are fire hazards, 
exposing workers 
and rural homes to 
smoke and access 
disruptions. 

Moderate-High sensitivity 
- Rural isolation and aging 
infrastructure;  
- Limited defensible space; 
- Dependence on private 
wells and small systems; 
- Populations with limited 
mobility face evacuation 
challenges 

4 

Moderate adaptive capacity  
- Community networks and 
place-based knowledge are 
strong; 
- Formal resilience planning 
and infrastructure are lacking.  
- Emergency support services 
have challenges reaching 
unincorporated populations 

3 4 2 DRAFT
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Ecosystem 
Lower 
Cosumnes 
River 

Aquatic 
Ecosystems 

High temperatures 
intensify low-flow 
periods, causing 
severe aquatic 
habitat loss and 
thermal stress. 

Extreme rainfall causes 
significant flooding, 
increasing sediment 
loads, affecting stream 
channel stability, 
reshaping river channels 
and aquatic habitats. 

Sea level rise 
exacerbates 
tidal influence, 
increasing 
habitat 
variability for 
aquatic species 
along the lower 
reaches. 

Prolonged drought 
leads to extended 
drying of river reaches, 
severely impacting 
aquatic life. 

Wildfires disrupt 
stream habitats by 
increasing 
sedimentation, 
turbidity, erosion 
(from lost 
vegetation roots), 
and altering water 
chemistry (higher 
pH), degrading 
water quality and 
aquatic habitats. 

 Moderate sensitivity 
- Subject to natural 
hydrologic extremes (drying 
in drought, flood-driven 
erosion). 
- Aquatic habitats 
dependent on seasonal flow 
variability threatened by 
prolonged drought and 
extreme floods. 
- Native fish, particularly 
salmon, vulnerable to 
altered timing and 
magnitude of flows. 

3 

 Moderate adaptive capacity  
- Preserved floodplain 
connectivity providing natural 
habitat resilience. 
- Lack of upstream reservoirs 
to buffer extreme drought 
conditions significantly limits 
capacity. 
- Groundwater depletion 
reduces available aquatic 
refugia during dry periods.  

3 3 3 

Ecosystem 
Lower 
Cosumnes 
River 

Riparian and 
Groundwater 
Dependent 
Ecosystems 

Increasing heat 
significantly 
reduces 
groundwater 
recharge and 
stresses riparian 
vegetation. 

Intense storms regularly 
inundate riparian zones, 
reshaping ecosystems, 
and groundwater 
recharge patterns. 

Increased 
salinity intrusion 
from sea level 
rise affects 
groundwater 
availability and 
riparian health 
along the lower 
reaches. 

Drought lowers 
groundwater levels and 
baseflows, stressing 
riparian trees, cause 
die-offs, and may limit 
regeneration. 

Wildfires damage 
riparian forests by 
reducing soil 
moisture, limiting 
regeneration, 
increasing habitat 
fragmentation, and 
significantly 
reducing 
biodiversity by 
harming sensitive 
aquatic and 
terrestrial species 
dependent on 
stable moisture 
conditions 

Moderate sensitivity 
- Dependence on natural 
flooding cycles for 
regeneration and sustained 
groundwater for vegetation 
survival. 
- Severe droughts and 
altered flood timing 
significantly threaten 
riparian forest regeneration 
and wetland health.  

3 

Moderate-high adaptive 
capacity  
- Preserved floodplain 
connectivity allowing natural 
habitat regeneration and 
groundwater recharge. 
- Adaptive capacity 
constrained by groundwater 
overdraft during drought and 
absence of reservoir-backed 
flow management. 

4 4 3 

Flood 
Management 

Lower 
Cosumnes 
River 

Floodplain 
and Local 
Drainage 

Heat shortens wet 
cycles, reducing 
floodplain storage 
and groundwater 
recharge. 

Storms cause fast 
inundation in non-
maintained channels, 
flooding infrastructure. 

N/A 

Dry soils reduce 
floodplain function and 
alter seasonal flow 
timing  

Upland fires 
increase sediment 
loads, clogging local 
drainage and 
ecological features 

High sensitivity 
- Highly vulnerable to 
hydrologic variability, flood 
events, and sediment from 
wildfire 
- Frequent flooding impacts 
agricultural runoff and 
pollutant mobilization. 

5 

Moderate adaptive capacity 
- Natural floodplain capacity 
provides some resilience 
- Local drainage 
infrastructure inadequate for 
extreme flooding conditions, 
reducing overall capacity to 
manage intense flood 
scenarios 

3 5 3 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Flood 
Management 

Lower 
Cosumnes 
River 

Levee 
System 

Prolonged heat 
dries levee soils, 
increasing the risk 
of shrinkage, 
cracking, and 
embankment 
failure 

Extreme precipitation 
events generate peak 
flows that exceed levee 
capacity, increasing risk 
of overtopping and 
erosion (1997, 2006 
flood) 

N/A 

Dry conditions weaken 
levee soils and reduce 
riparian vegetation, 
leaving embankments 
more exposed to 
erosion during storms 

Wildfire removes 
vegetation and 
destabilizes slopes, 
increasing sediment 
runoff and clogging 
local drainage 
systems 

High sensitivity 
- No upstream dams for 
flow regulation;  
- Highly vulnerable to 
atmospheric river flooding 
and overtopping 
- Proximity to tidal 
backwater areas increases 
risk 
- Sediment and pollutant 
mobilization. 

5 

Low adaptive capacity 
- Limited levee infrastructure 
and no reservoir control;  
- Fully dependent on natural 
floodplain management. 
- Recent infrastructure 
upgrades and regional 
planning efforts 
- Limited by aging 
infrastructure, multi-
jurisdictional governance 
complexity 

5 5 4 

Groundwater 
Supply 

Lower 
Cosumnes 
River 

Built System 
- land owner 
groundwater 
wells 

Increased demand 
during heat waves 

Flooding damages wells 
and access 

N/A 
Reduced reliability; 
increased groundwater 
depletion 

Fire-related 
disruptions to power 
and water quality 

Moderate-High 
vulnerability:  
- Individual wells 
susceptible to drought-
induced quality issues and 
drying. 
- Highly sensitive to 
prolonged droughts.  
- High summer 
temperatures tax irrigation 
and outdoor domestic use.  

4 

Moderate adaptive capacity:  
- Most wells are shallow 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure. 
- Presence of drought 
contingency plans and access 
to state/federal funding, and 
regional groundwater 
planning 
- Limited regional recharge 
projects 

3 4 1 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Groundwater 
Supply 

Lower 
Cosumnes 
River 

Built System 
- municipal 
systems 

Increased 
municipal demand 

Flooding damages 
infrastructure; increases 
treatment needs 

N/A 
Supply shortfalls; 
increased treatment 
and pumping needs 

Fire damage to 
infrastructure; 
degraded source 
water quality 

Moderate sensitivity 
- Municipal systems such as 
Galt, Clay Water district 
depend on single source of 
groundwater 
- Increased pumping in 
drought risks groundwater 
depletion and 
contamination. 
- Drought and wildfire risk 
causes system-wide stress. 

3 

Moderate-high adaptive 
capacity: 
 - Limited redundancy 
- Moderate operational 
flexibility. 
- Presence of drought 
contingency plans and access 
to state/federal funding, and 
regional groundwater 
planning.  
- Cosumnes Subbasin 
Provides framework for 
coordinated adaptive 
management 

2 1 2 

Groundwater 
Supply 

Lower 
Cosumnes 
River 

Natural 
System - 
Groundwater 
Basin  

Higher 
temperatures 
reduce recharge; 
increased 
evapotranspiration 

Flash flooding reduces 
infiltration; increases 
erosion 

N/A 
Already stressed basin 
becomes more 
vulnerable 

Post-fire runoff 
introduces sediment 
and contaminants 

High sensitivity: 
- Overdraft conditions due 
agricultural pumping  
- Limited upstream inflows 
that are subject to variable 
precipitations 
- River dries out during low 
flow seasons limiting 
recharge 
- Depends largely on 
seasonal recharge and 
floodplain overflow. 

4 

Moderate adaptive capacity:  
- Active SGMA management, 
- Limited groundwater 
recharge and conjunctive use 
projects ongoing. 

3 4 3 

Recreation 
Lower 
Cosumnes 
River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Heat limits safe 
access to 
unshaded riparian 
areas, reducing 
visitation during 
peak afternoon 
hours. 

 Seasonal flooding 
renders popular 
recreation areas 
inaccessible and 
damages trails and 
access roads. 

N/A 

Drought dries up 
seasonal wetlands and 
creeks, limiting wading, 
paddling, and wildlife 
observation 
opportunities. 

 Surrounding 
grassland fires 
create closures and 
safety hazards that 
limit recreation even 
in unburned zones. 

Moderate-Low sensitivity 
– Tourism is low-density 
and highly dependent on 
landscape quality, clean air, 
and water-based activities, 
all vulnerable to climate 
stressors 
– Small lodging operators 
and nature-based 
experiences are particularly 
impacted by fire risk, road 
closures, and drought 
– Scenic routes and rural 
hospitality offerings face 
long-term reputational 
damage following major 
climate events 

2 

Moderate adaptive capacity 
– Limited formal 
coordination among tourism 
operators, with most 
businesses operating 
independently or seasonally 
– Few marketing or 
contingency strategies are in 
place for post-disaster 
recovery or visitor redirection 
– Emergency alert systems 
and climate-adaptive 
business planning are not 
well integrated into tourism 
sector management 
– Some potential exists for 
increased resilience through 
agritourism and seasonal 
diversification, but this 
remains largely untap 

3 2 4 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Lower 
Cosumnes 
River 

Tourism - 
Impacts to 
businesses, 
quantity of 
visitors 

Rising 
temperatures 
reduce the 
seasonal appeal of 
nature tourism tied 
to birding and 
habitat viewing. 

Flooded preserves and 
trail systems reduce 
eco-tourism access and 
visitor safety during wet 
seasons. 

N/A 

Loss of wetland habitat 
and low stream flows 
reduce the draw for 
seasonal visitors, 
birders, and eco-tour 
groups. 

Fire and smoke from 
nearby uplands 
reduce visibility, 
impact air quality, 
and diminish the 
experience of open-
space tourism. 

Moderate-Low sensitivity 
– Small lodging operators 
and nature-based 
experiences are particularly 
impacted by fire risk, road 
closures, and drought 

2 

Moderate adaptive capacity 
– Limited formal 
coordination among tourism 
operators, with most 
businesses operating 
independently or seasonally 
– Emergency alert systems 
and climate-adaptive 
business planning are not 
well integrated into tourism 
sector management 
– Some potential exists for 
increased resilience through 
agritourism and seasonal 
diversification, but this 
remains largely untapped 

3 2 4 

Surface 
Water Supply 

Lower 
Cosumnes 
River 

Built 
Conveyance 
(e.g., Canals, 
pipelines, 
intakes) 

Higher 
temperatures 
increase water 
demand and stress 
on delivery 
systems 

Flooding damages 
infrastructure and 
increases sediment load 

N/A 

Loss of snowmelt 
timing affects storage 
for drought supplies, 
surface flow reductions 
reduce delivery 
reliability 

Debris and sediment 
from fire runoff 
degrade aquatic 
ecosystems and 
clog channels; loss 
of riparian 
vegetation reduces 
bank stability; post-
fire runoff leads to 
flashier flows and 
elevated flood risks. 

Moderate vulnerability:  
- Limited conveyance 
infrastructure at risk from 
floods and drought-driven 
low flows;  
- Minimal redundancy. 

3 

Moderate adaptive capacity:  
- Infrastructure limited in 
scope;  
- Minimal emergency or 
backup options available. 

3 3 2 

Surface 
Water Supply 

Lower 
Cosumnes 
River 

Natural 
Conveyance 
- River 
System 

Elevated 
temperatures 
increase 
evapotranspiration 
and reduce 
baseflows 

Flash floods increase 
erosion and channel 
instability 

N/A 

Flow impacts - 
disconnected streams, 
diminished baseflows 
and impaired 
ecological connectivity 

Debris and sediment 
from fire runoff 
degrade aquatic 
ecosystems and 
clog channels 

Moderate sensitivity:  
- No regulating reservoirs  
- Severe flooding risk, 
extreme low-flow 
conditions in drought,  
- High turbidity and 
sediment loads during 
floods. 

3 

Moderate-high adaptive 
capacity:  
- Some floodplain capacity to 
absorb and filter sediment,  
- Groundwater recharge 
provides limited base flow in 
drought. 

3 3 3 

Water 
Quality 

Lower 
Cosumnes 
River 

Drinking 
Water Source 
Quality 

Limited direct 
surface water 
treatment; 
primarily 
groundwater wells. 
Increased 
groundwater 
quality risk 
(salinity, 
contaminants). 

Potential contamination 
from agricultural runoff 
during flooding; 
groundwater impacts 
from flooded fields. 

Moderate-long 
term risk to 
groundwater 
quality (salinity 
intrusion near 
delta). 

Severe drought reduces 
groundwater recharge, 
risking groundwater 
quality decline; wells at 
risk of drying. 

Potential 
groundwater 
contamination post-
wildfire; increased 
organic carbon, 
nutrients from 
ash/debris flows. 

Moderate sensitivity 
- Reliance on groundwater 
wells 
- Potential contamination 
from salinity intrusion, 
agriculture runoff, wildfire 
events. 

3 

Moderate;  
- Groundwater dependency,  
- No alternative water 
sources, or advanced 
treatment infrastructure, 

3 3 3 DRAFT
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System 
Planning  
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System 
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Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Water 
Quality 

Lower 
Cosumnes 
River 

Ecological 

Severe ecological 
stress (very high 
temperatures, 
frequent drying 
events, algal 
blooms, and low 
dissolved oxygen) 
causing near-total 
ecosystem 
collapse in 
drought periods. 

Significant 
sediment/nutrient 
pulses from flooding 
degrading downstream 
habitats. 

Moderate future 
impact on lower 
reaches and 
delta wetlands 
(increased 
salinity 
intrusion). 

Extreme ecological 
degradation due to 
river drying and habitat 
loss; near-total collapse 
of aquatic habitats in 
drought. 

Severe habitat 
damage from 
sediment, ash, 
nutrients post-
wildfire; high 
turbidity severely 
impacting aquatic 
ecosystems. 

Moderate-High sensitivity:  
- Minimal redundancy,  
- Free-flowing river highly 
susceptible to drought 
drying, extreme water 
temperature, severe 
biodiversity loss during low-
flow events. 

4 

Moderate: 
- Natural floodplain resilience 
provides some buffering;  
- Minimal management 
infrastructure to actively 
mitigate risks. 

3 4 4 

Water 
Quality 

Lower 
Cosumnes 
River 

Regulatory 
Standards 

Difficulty 
maintaining 
temperature and 
dissolved oxygen 
standards due to 
frequent low flows 
and high water 
temperatures. 

Frequent exceedances 
of turbidity and nutrient 
standards during 
flooding; limited ability 
to control pollutants. 

Moderate 
(potential 
future salinity 
challenges in 
lower 
watershed). 

Nearly impossible to 
maintain instream flow 
standards; severe 
challenges meeting 
regulatory objectives in 
drought. 

Severe 
sedimentation and 
nutrient influx post-
wildfire 
complicating 
compliance with 
water quality 
standards. 

Moderate sensitivity:  
- Frequent inability to meet 
flow, temperature, dissolved 
oxygen, turbidity standards;  
- Vulnerability in drought 
and low-flow periods. 

3 

Moderate:  
- Minimal management 
infrastructure, 
- No reservoir or flow control 
measures,  
- Severely constrained 
capacity to comply with 
regulatory standards. 

3 3 3 

Agriculture 
Upper 
American 
River 

El Dorado 
County 

Apples and wine 
grapes highly 
sensitive to 
extreme heat and 
reduced chill 
hours; livestock 
stress. 

Heavy storms cause soil 
erosion, orchard 
damage, and access 
loss. 

N/A 

Many farms outside 
irrigation districts; wells 
and flumes vulnerable; 
water scarcity worsens 
in drought. 

Very high wildfire 
exposure (Caldor 
Fire showed direct 
crop/infrastructure 
losses). 

Moderate 
- Apples and grapes are 
extremely sensitive to late 
frost, heat, and smoke.  
- Fragmented, non-district 
water systems increase 
climate vulnerability. 

3 

Low–Moderate 
- Adaptive capacity 
constrained by reliance on 
vulnerable flumes/wells and 
lack of redundancy.  
- Agritourism economy 
magnifies exposure to 
disruptions. 

4 4 4 

Agriculture 
Upper 
American 
River 

Placer 
County 
(Foothills) 

Heat stress 
reduces mandarin 
quality/marketabili
ty; walnuts and 
livestock 
productivity 
decline. Reduced 
snowpack lowers 
streamflow. 

Flash floods/erosion 
damage soils, terraces, 
irrigation. 

N/A 

Reduced seasonal flows 
limit irrigation for 
specialty crops and 
rangeland; reliance on 
small-scale systems. 

High wildfire 
exposure; 
rangeland, orchards, 
and vineyards 
threatened. 

Moderate 
- Specialty crops 
(mandarins, walnuts) and 
livestock are highly climate- 
sensitive.  
- Water availability depends 
almost entirely on seasonal 
surface runoff, increasing 
exposure to heat/drought 
variability. 

3 

Moderate  
- Some adaptive capacity 
from PCWA and irrigation 
districts.  
- However, smaller-scale 
farms and foothill 
topography limit water 
storage, reducing 
redundancy in extreme years. 

3 3 4 
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Adaptive 
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Rating 
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Effects 

Community 
& Equity  

Upper 
American 
River 

Foothill 
Towns along 
Highway 
Corridors 
(Placerville, 
Auburn,  

Tree loss from 
wildfire has 
increased solar 
exposure and heat 
stress for mobile 
and temporary 
housing residents. 
Aging populations 
face higher health 
risks. Many homes 
lack AC or have 
poor insulation. 

Post-fire landscapes are 
highly vulnerable to 
debris flows and 
landslides. Hydrophobic 
soils increase surface 
runoff, and culverts are 
often undersized. Road 
failures and erosion are 
recurrent risks. 

N/A 

Communities rely on 
private wells, small 
mutual water 
companies, and forest-
fed water systems with 
little redundancy. 
Reduced snowpack and 
dry years strain water 
reliability and 
affordability. 

This zone lies 
entirely within 
VHFHSZ. The Caldor 
Fire caused severe 
infrastructure 
damage, loss of 
homes, and 
persistent re-burn 
risk. Long-term 
impacts to health, 
housing, and 
landscape recovery 
persist. 

High-Moderate sensitivity  
- Aging or mobile housing 
stock 
- Populations face 
additional barriers related 
to income constraints, 
aging, and rural isolation, 
with high risk for being 
underserved by emergency 
or resilience programs. 

4 

Moderate adaptive capacity  
- Strengthened by post-
Caldor Fire recovery efforts 
- Increased community 
awareness, and emerging 
partnerships with Tribal 
governments.  
- Formal emergency 
management systems are 
still strained, 
- Housing reconstruction 
remains incomplete,  
- Institutional access to 
climate resilience funding is 
limited. 
- Many communities fall into 
jurisdictional gaps due to 
unincorporated status or 
fragmented service delivery. 

3 4 3 

Community 
& Equity  

Upper 
American 
River 

Upper 
Watershed 
Rural 
Communities 
(Foresthill, 
Quintette) 

Increasingly 
frequent 
heatwaves impact 
rural residents, 
exacerbated by 
their elevation. 
Aging populations 
are more sensitive 
due to lack of air 
conditioning and 
off-grid power.  

Homes on slopes and 
mobile structures are 
especially vulnerable 
due to steep terrain that 
leads to flash flooding 
and road washouts. 

N/A 

Widespread reliance on 
private wells and 
fragmented water 
systems. Many 
residents lack the 
financial means to drill 
deeper or install 
backup storage. 

Entire region falls 
within a VHFHSZ 

High sensitivity 
- Many residents are elderly, 
live alone, or rely on fixed 
incomes. 
- Mobile homes and aging 
structures lacking 
defensible space are 
common.  
- Broadband and cellular 
coverage remain limited in 
many areas, reducing access 
to emergency alerts and 
services.  
- Includes lands of cultural 
importance to the United 
Auburn Indian Community 
and Nisenan peoples, 
whose cultural and spiritual 
connections to the 
watershed are threatened 
by fire, drought, and access 
barriers. 

5 

Moderate.  
- Strong local cohesion and 
Fire Safe Councils offer some 
community-level 
preparedness 
- Absence of incorporated 
municipal governments 
reduces access to resilience 
funding and coordinated 
planning 
- Water governance is highly 
fragmented 
- Emergency services are 
limited 

4 5 2 
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Ecosystem 
Upper 
American 
River 

Aquatic 
Ecosystems 

Water 
temperatures can 
exceed trout 
tolerance 
thresholds 
(~68°F). 

Increased rain-on-snow 
events cause rapid 
runoff and potential 
erosion in headwater 
streams, and increase 
sedimentation. 

N/A 

Drought reduces 
summer streamflows, 
limiting aquatic 
habitats. 

Wildfires disrupt 
stream habitats by 
increasing 
sedimentation, 
turbidity, erosion 
(from lost 
vegetation roots), 
and altering water 
chemistry (higher 
pH), degrading 
water quality and 
aquatic habitats. 

Moderate sensitivity 
- Reduced snowpack and 
altered streamflow timing. 
- Cold-water streams and 
alpine aquatic habitats can 
be impacted by increased 
drought and warming. 
- Species such as native 
trout and amphibians are 
vulnerable to declining 
flows and rising 
temperatures 

3 

 Moderate adaptive capacity  
- Extensive forested 
headwaters potentially 
providing habitat diversity. 
- Severely constrained by 
high-severity wildfires and 
erosion in certain areas that 
fragmented habitats and limit 
connectivity. 
- Limited human intervention 
reduces opportunities for 
targeted adaptive 
management. 

3 3 2 

Ecosystem 
Upper 
American 
River 

Forest 
Health and 
Ecosystem 
Services 

Warmer 
temperatures 
accelerate drought 
stress, increasing 
tree susceptibility 
to pests and 
disease, and 
increase risk of 
wildfires. Increase 
the threat of 
opportunistic 
invasives and 
upward shift of 
ecotones. 

Intense precipitation 
increases runoff and 
erosion potential, 
negatively impacting 
soil health. 

N/A 

Extended droughts 
greatly exacerbate 
forest mortality, 
increasing susceptibility 
to pests and wildfire. 

Wildfires cause 
extensive tree 
mortality, erosion, 
habitat loss, shifts in 
species 
composition, 
increased 
vulnerability to 
invasive species, and 
substantial 
biodiversity loss by 
eliminating critical 
habitats and native 
species. 

High sensitivity 
- Loss of snowpack, 
prolonged drought, beetle 
outbreaks, and massive 
high-severity wildfires. 
- Forest ecosystems 
transitioning from conifer-
dominated to shrub-
dominated habitats. 
- Increased biodiversity loss. 
- Ecosystem services are 
affected by degradation of 
forests leading to 
diminished water retention, 
reduced carbon 
sequestration, erosion 
control, habitat provision, 
biodiversity, lower 
recreational value, and 
disrupted cultural uses. 

5 

Moderate adaptive capacity  
- Ongoing forest 
management (prescribed 
burns, thinning) intended to 
enhance resilience. 
- Severely constrained by 
vast wildfire scars, 
overstocked stands from 
historical fire suppression, 
and inadequate resources for 
forest restoration at 
necessary scales. 
- Insufficient integration of 
ecosystem service valuation 
into water and land 
management 
- Lack of sustained funding 
and inter-agency 
coordination to support 
resilience investments 

3 5 5 

Ecosystem 
Upper 
American 
River 

Riparian and 
Groundwater 
Dependent 
Ecosystems 

Hotter summers 
increase riparian 
evapotranspiration 
demand on 
groundwater, dry 
out riparian soils 
faster, stressing 
vegetation. 

Flash flooding events 
increase erosion, 
damaging riparian 
corridors. 

N/A 

Drought lowers 
groundwater levels and 
baseflows, stressing 
riparian trees, cause 
die-offs, and may limit 
regeneration. 

Wildfires damage 
riparian forests by 
reducing soil 
moisture, limiting 
regeneration, 
increasing habitat 
fragmentation, and 
significantly 
reducing 
biodiversity by 
harming sensitive 
aquatic and 
terrestrial species 
dependent on 
stable moisture 
conditions 

Moderate sensitivity  
- Shifts in snowmelt timing, 
drought-induced 
groundwater declines, and 
wildfire-induced erosion. 
- Riparian forests and 
meadows significantly 
affected by declining 
groundwater and altered 
seasonal water availability. 

3 

Moderate adaptive capacity  
- Relatively intact high-
elevation riparian zones 
allowing some natural 
recovery. 
- Constrained by wildfire 
severity, fragmented riparian 
corridors, and slow 
vegetation regeneration 
following disturbance. 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Flood 
Management 

Upper 
American 
River 

Built 
Reservoirs 
and Dams 

Warmer 
temperatures 
accelerate 
snowmelt, 
reducing spring 
storage and 
increasing early-
season inflows, 
challenging 
reservoir 
operations. 

Rain-on-snow events 
and intense storms 
increase inflow volumes, 
stressing dam safety 
and spillway capacity. 

N/A 

Multi-year droughts 
reduce snowpack and 
runoff, limiting 
reservoir recharge and 
downstream 
allocations. 

Post-fire erosion 
and debris flow from 
steep slopes 
increase 
sedimentation in 
reservoirs, reducing 
capacity and 
requiring costly 
dredging. 

Moderate-High sensitivity 
- Potential overtopping and 
spillway damage from 
intense precipitation;  
- Heavily forested, fire-
prone watershed can 
damage infrastructure 
- Sedimentation from 
wildfires.  

2 

Moderate adaptive capacity 
- Managed reservoir 
operations, ongoing flood 
management projects,  
- Aging infrastructure 
- Regulatory constraints 
reduce management 
flexibility during extreme 
drought and flood events 

3 2 4 

Flood 
Management 

Upper 
American 
River 

Floodplain 
and Local 
Drainage 

Reduced snowpack 
and drier soils alter 
runoff timing and 
reduce infiltration. 

Steep terrain and 
limited floodplain 
storage lead to rapid 
runoff and flash 
flooding in tributaries. 

N/A 

Dry soils reduce 
infiltration, increasing 
flash flood potential 
during intense storms. 

Burn scars reduce 
vegetation cover, 
increasing runoff 
and debris flow risk, 
overwhelming local 
drainage. 

Moderate-High sensitivity 
- Heavily forested, fire-
prone watershed 
- Minimal functional 
floodplains due to steep 
terrain 
- Undersized stormwater 
infrastructure vulnerable to 
atmospheric rivers 

4 

Moderate adaptive capacity 
- Robust interagency 
cooperation 
- Aging infrastructure and 
regulatory constraints limit 
response during extreme 
events 

3 4 1 

Groundwater 
Supply 

Upper 
American 
River 

Built System 
- land owner 
groundwater 
wells 

Increased pumping 
demand during 
heat waves; stress 
on small-scale 
systems 

Flood damage to 
wellheads and electrical 
systems 

N/A 
Wells may run dry; 
increased maintenance 
and energy costs 

Power outages 
disrupt pumping; 
contamination from 
ash and debris 

High sensitivity:  
- Wells susceptible to drying 
or quality degradation 
during prolonged drought.  

4 

Moderate adaptive capacity: 
- Most wells are shallow 
- Fractured rock system limit 
options for deepening wells 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure 

3 4 1 

Groundwater 
Supply 

Upper 
American 
River 

Built System 
- Small 
Water 
Systems 

          

High sensitivity:  
- Wells susceptible to drying 
or quality degradation 
during prolonged drought  

4 

Moderate-Low adaptive 
capacity: 
- Only source of water for 
many isolated rural 
communities 
- Most wells are shallow 
- Fractured rock system limit 
options for deepening wells 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Groundwater 
Supply 

Upper 
American 
River 

Natural 
System - 
Fractured 
rock aquifers 

Reduced recharge 
due to higher 
evapotranspiration 
and post-fire 
hydrophobic soils; 
sediment and ash 
may clog fractures, 
limiting aquifer 
recovery and 
reducing water 
availability. 

Limited infiltration due 
to rapid runoff; 
sediment and ash may 
clog fractures 

N/A 
Low storage capacity 
increases drought 
sensitivity 

Post-fire 
hydrophobic soils 
reduce infiltration; 
ash and debris 
degrade water 
quality 

Moderate sensitivity: 
- Limited storage capacity 
and slow recharge  
- Highly dependent on 
seasonal snowmelt and 
infiltration from 
precipitation 

3 

Moderate adaptive capacity: 
- Few artificial options for 
recharge  
- Lack of coordinated 
monitoring hamper ability to 
make adaptive management 
decisions 
- Low demand and 
dependency on groundwater 

3 3 2 

Hydropower 
Upper 
American 
River 

EID (Project 
184) 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands that 
compete with 
hydropower 
releases. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of storms 
can damage the 
extensive system of 
canals, small dams, and 
flumes are (e.g., storm 
events after Caldor Fire 
that caused substantial 
operational disruptions 
and expensive 
emergency repairs). 

- Increased 
Delta salinity 
affect statewide 
water 
management, 
possibly 
influencing 
upstream 
operational 
flexibility. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply and 
environmental flow 
compliance over 
energy production (e.g., 
during recent droughts 
all hydropower 
generation was halted). 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

Very High Sensitivity: 
- Severe wildfire impacts 
(Caldor Fire); critical 
damage to canal/flume 
infrastructure causing 
prolonged disruptions 
- Extreme vulnerability to 
storms, landslides, 
mudslides, especially 
following wildfires 
- Limited reservoir capacity 
and high dependency on 
declining snowpack, 
significantly heightening 
drought sensitivity 

3 

Moderate adaptive capacity: 
- High financial burden from 
infrastructure rebuilding 
post-disasters; insufficient 
FEMA financial support 
- Limited redundancy in 
critical infrastructure; single 
points of failure significantly 
disrupt water delivery 
systems 
- Workforce attraction and 
retention hindered by 
hazardous conditions, high 
wildfire risks, and expensive 
living environments 

3 3 5 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Hydropower 
Upper 
American 
River 

Foresthill 
PUD (Sugar 
Pine 
Reservoir) 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands. 

- Increased frequency 
and intensity of storms, 
flooding, and landslides 
can damage pipeline 
and road access 
infrastructure. 

- No direct and 
minimal indirect 
impacts due to 
limited linkage 
to Delta 
operations. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply over 
energy production. 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

Moderate-High Sensitivity: 
- High sensitivity due to 
reliance on a single small 
reservoir (Sugar Pine 
Reservoir); minimal 
redundancy makes it highly 
vulnerable to drought 
conditions and decreased 
snowpack 
- Extreme wildfire risk 
demonstrated by proximity 
to major fires (e.g., 
Mosquito Fire); dense forest 
environment significantly 
elevates infrastructure risk 
- Moderate vulnerability to 
intense storms causing 
potential pipeline 
disruptions, landslides, and 
road access issues affecting 
critical water supply 
infrastructure 

3 

Moderate adaptive capacity: 
- limited water storage, 
absence of alternative water 
supply sources or 
interconnections, and 
severely limited 
infrastructure redundancy 
- Minimal financial resources 
and limited insurance 
coverage severely constrain 
emergency preparedness, 
disaster recovery, and 
proactive infrastructure 
investments 
- Significant workforce 
constraints due to hazardous 
living conditions, limited 
housing availability, and high 
insurance costs, severely 
limiting effective emergency 
response 

4 4 2 

Hydropower 
Upper 
American 
River 

Georgetown 
Divide PUD 
(Stumpy 
Meadows 
Reservoir) 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands that 
compete with 
hydropower 
releases. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of storms, 
flooding, and landslides 
can damage canal, 
pipeline distribution, 
and road access 
infrastructure. 

- No direct and 
minimal indirect 
impacts due to 
limited linkage 
to Delta 
operations. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply over 
energy production. 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

Moderate-High sensitivity: 
- Single-reservoir system 
(Stumpy Meadows) creates 
minimal redundancy, 
making the system highly 
vulnerable to drought 
conditions 
- Extreme wildfire risks 
(Mosquito Fire), severe 
threat to infrastructure and 
water quality 
- Infrastructure vulnerable 
to severe storms, landslides, 
pipeline disruptions due to 
steep terrain and aging 
assets 

3 

Moderate adaptive capacity:  
- Limited storage capacity 
- Negligible infrastructure 
redundancy 
- Constrained financial 
resources 
- Insurance coverage 
challenges for critical assets  
- Inadequate FEMA 
reimbursement support 

4 4 2 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Hydropower 
Upper 
American 
River 

PCWA 
(Middle Fork 
Project) 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands that 
compete with 
hydropower 
releases. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of future 
atmospheric river 
storms could exceed 
spillway capacities, 
causing forced spills 
and lost generation 
opportunities. 

- Increased 
Delta salinity 
affect statewide 
water 
management, 
possibly 
influencing 
upstream 
operational 
flexibility. 

-Extended drought 
conditions reduce 
water availability and 
hydropower 
generation, forcing 
prioritization of water 
supply and 
environmental flow 
compliance over 
energy production (e.g., 
recent droughts in 
2012-2016, 2020-
2022), 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

Moderate-High sensitivity: 
- Significant exposure to 
wildfire; extensive 
infrastructure risk and 
damage 
- High vulnerability to 
geotechnical failures (e.g., 
Bear River Canal) 
- High dependence on 
snowpack; significant 
impacts from warmer 
storms, evaporation losses, 
and reduced runoff timing 

3 

Moderate-High adaptive 
capacity: 
- Limited flexibility to shift 
generation seasonally 
- Large reservoir storage 
provide flexibility 
- Active forest management 
(French Meadows 
Restoration) 
- Diversified water resources 
- Workforce attraction 
difficulties due to fire risk and 
housing availability and 
insurance issues 
- Insurance coverage 
challenges for critical assets 
(e.g., tunnels) 
- Inadequate FEMA 
reimbursement support 
- Constraints financial 
resources 

3 3 5 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Hydropower 
Upper 
American 
River 

SMUD 
(Upper 
American 
River Project) 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of future 
atmospheric river 
storms pose potential 
risks, potentially 
exceeding historical 
design parameters. 

- No direct and 
minimal indirect 
impacts due to 
limited linkage 
to Delta 
operations. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply and 
environmental flow 
compliance over 
energy production. 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

Moderate-High sensitivity: 
- Significant dependence on 
snowpack; reduced 
snowpack and altered 
runoff timing significantly 
affect hydroelectric 
generation, especially in 
late summer when energy 
demand peaks 
- High wildfire exposure; 
critical transmission 
infrastructure vulnerable 
(e.g., King Fire, Caldor Fire), 
causing substantial outages 
and costs 
- Increased frequency and 
intensity of extreme storms 
may exceed historical 
infrastructure design 
parameters, threatening 
dam safety and operational 
integrity 

3 

Moderate-High adaptive 
capacity: 
- High adaptive capacity due 
to diversified energy 
portfolio, large reservoir 
storage capacity, and 
substantial infrastructure 
redundancy 
- Strong governance and 
proactive forest and 
vegetation management 
(fuels reduction projects, 
infrastructure hardening) 
- Robust emergency 
planning, operational 
flexibility, and ability to 
purchase alternative power 
sources during disruptions 

3 3 5 

Recreation 
Upper 
American 
River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Extreme heat 
reduces the 
comfort and safety 
of hikers, 
swimmers, and 
campers in 
exposed alpine 
and foothill 
recreation areas 
during peak 
summer months. 

Heavy precipitation 
events increase trail 
erosion, landslide risks, 
and periodic access 
closures in high-use 
forested recreation 
zones. 

N/A 

Prolonged drought 
reduces reservoir and 
river levels, limiting 
swimming, paddling, 
and shoreline 
recreation while 
degrading trail 
conditions. 

Frequent wildfires 
and persistent 
smoke events lead 
to widespread trail 
and campground 
closures, reduce 
recreational access, 
and deter local and 
regional visitors. 

Moderate sensitivity: 
– Activities such as hiking, 
swimming, paddling, and 
climbing are directly 
impacted by smoke, low 
water levels, or trail damage 
– Access points are often 
remote and single-
threaded, making them 
more susceptible to 
disruption from landslides, 
fire closures, or weather 
damage 

5 

Moderate-high adaptive 
capacity: 
– Federal land management 
(e.g., Eldorado National 
Forest) provides some 
planning capacity, but 
response is often under-
resourced or delayed 
– Trail signage and closures 
exist but real-time 
communication to visitors is 
limited in remote areas 
– Infrastructure (e.g., roads, 
restrooms, shaded areas) is 
aging or minimal, though 
regional coordination has 
improved post-fire events 
– Recreation-based 
nonprofits and user groups 
(rafting, climbing, hiking) are 
engaged but operate 
independently without a 
unified response strategy 

2 3 5 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Upper 
American 
River 

Tourism - 
Impacts to 
businesses, 
quantity of 
visitors 

 Increasing 
summer 
temperatures 
discourage tourism 
in outdoor lodging 
and guided 
adventure services, 
especially during 
heat advisories and 
red flag warnings. 

Intense storms disrupt 
access to remote resorts 
and nature-based 
tourism destinations, 
reducing seasonal 
revenue 

N/A 

Low river flows and 
snowpack reductions 
shorten the rafting and 
fishing season, directly 
impacting tourism 
operators and water-
dependent businesses. 

Recurring wildfire 
activity and poor air 
quality contribute to 
cancellations, 
reduced bookings, 
and negative 
perceptions of the 
region as a safe 
summer destination. 

Moderate sensitivity: 
– Tourism is heavily 
seasonal and dependent on 
natural assets like 
snowpack, river flow, and 
clean air, all of which are 
climate-sensitive 
– Wildfire and poor air 
quality have increasingly led 
to cancellations of summer 
and fall bookings for cabins, 
rafting trips, and outdoor 
tours 
– Road access to lodges, 
trailheads, and forest roads 
is frequently disrupted by 
storm washouts, downed 
trees, or fire damage 
– Economic reliance on a 
narrow summer window 
means even short hazard 
events have outsized 
business impacts 

5 

Moderate-high adaptive 
capacity: 
– Many operators are small-
scale and lack financial 
resilience to adapt offerings 
or pivot operations during 
hazard seasons 
– Emergency 
communications and air 
quality alerts exist but rely on 
self-monitoring by visitors 
and businesses 
– Coordination among 
outfitters, lodges, and 
tourism boards is limited, 
though a few collaborative 
efforts (e.g., fire-safe 
business networks) are 
emerging 
– Infrastructure upgrades and 
diversified tourism offerings 
(e.g., shoulder-season 
events) remain 
underdeveloped 

2 3 5 

Surface 
Water Supply 

Upper 
American 
River 

Built 
Reservoirs 

Decreased snow 
accumulation 
reduces recharge; 
elevated 
temperatures 
reduce summer 
inflows; potential 
storage shortfalls 

Increased inflow 
variability threatens 
storage predictability; 
reservoir spill risk 
increases under 
extreme runoff 
conditions. 

N/A 
Storage shortfalls 
during prolonged dry 
periods 

Increased sediment 
and nutrient loading 
in reservoirs reduce 
storage capacity and 
water quality. Post-
fire erosion worsens 
turbidity and 
nutrient levels, 
impacting  
downstream 
operations. Fire-
related power 
outages impair dam 
operations and 
SCADA systems. 

Moderate sensitivity:  
- Reduced inflows from 
earlier snowmelt  
- Increased flood risks from 
intense storms  
- Sedimentation risks from 
wildfire runoff 

3 

Moderate adaptive capacity:  
- Some operational flexibility 
via reservoir storage  
- Existing coordinated 
management 
- Constrained by limited 
water source redundancy in 
extreme drought 
- Passive spillways limits 
ability to manage 
downstream floods  
- Strict regulatory constraints 
and minimum flow 
requirements limit adaptation 
options  

3 3 4 

Surface 
Water Supply 

Upper 
American 
River 

Built System 
- Small 
Water 
Systems 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Surface 
Water Supply 

Upper 
American 
River 

Conveyance 
Systems 
(e.g., Canals 
and other 
conduits) 

Prolonged dry 
periods increase 
pressure on canals 
to deliver water 
over longer 
distances with 
higher loss rates 
due to evaporation 
and seepage 

Intense rainfall or rapid 
snowmelt events 
overwhelm canal 
capacity, leading to 
overtopping or 
washouts 

N/A 

Small, isolated, or rural 
systems lack treatment 
or conveyance 
redundancy.  

Post-fire 
hydrophobic soils 
reduce infiltration; 
ash and debris 
degrade water 
quality 

High vulnerability:  
- Susceptible to damage 
from intense precipitation, 
flooding, landslides, and 
post-wildfire erosion, 
impacting water delivery 

5 

Moderate adaptive capacity: 
- Aging infrastructure 
- Infrastructure redundancy 
limited  
- Relies on ongoing 
maintenance, proactive repair 
programs, and operational 
flexibility 

3 5 2 

Surface 
Water Supply 

Upper 
American 
River 

Natural 
Reservoirs - 
Snowpack 

Increased 
precipitation in the 
form of rain vs 
snow; less snow 
accumulation 
(reduced 
snowpack); earlier 
snowmelt leading 
to shifts in runoff 
timing 

Increased flood risk 
from earlier snowmelt 
and high-flow events; 
erosion and sediment 
loading into rivers. 

N/A 

Loss of snowmelt 
timing affects storage 
for drought supplies, 
surface flow reductions 
reduce delivery 
reliability. For example,. 
in 2021, total surface 
water deliveries for 
Central Valley and 
North Coast farms 
decreased by about 5.5 
million acre-feet, which 
is 41% below the 
average between 2002 
and 2016. 

High-intensity fires 
degrade forested 
watersheds and 
impair runoff quality 
and storage 
capacity. The 2021 
Caldor Fire burned 
over 220,000 acres 
including key 
headwaters of the 
Upper American 
River, introducing 
ash and debris into 
downstream 
reservoirs and 
reducing infiltration 

High: 
- Peak runoffs occur up to 
35 days earlier by late 
century  
- Total runoff from 
watershed expected to 
decrease by 5% 

5 

Moderate: 
- Natural system has 
sufficient adaptive capacity as 
it is not significantly affected 
by minor reduction in runoff 
due to its size 
- Natural system has limited 
adaptive capacity to the loss 
of snowpack due to lack of 
groundwater aquifer to stem 
runoff, or sufficient forest 
cover and wetland resources 
to act as storage basins  

4 5 5 

Water 
Quality 

Upper 
American 
River 

Drinking 
Water Source 
Quality 

Increased organic 
carbon and algal 
toxins leading to 
challenges 
managing DBPs. 

High turbidity events 
requiring treatment 
adjustments; potential 
infrastructure damage 
(canals, intakes). 

N/A 

Reduced inflow and 
higher contaminants 
concentration increase 
treatment complexity; 
potential DBP 
formation. 

Turbidity, organic 
loads, and debris 
severely challenge 
treatment plant 
operations and 
capacity. 

Moderate-Low sensitivity: 
- Increased temperatures, 
turbidity, organic carbon, 
and DBPs; severe water 
quality impacts following 
wildfire events 
-Small systems lack 
advanced treatment and are 
vulnerable to wildfire 
disruptions  

2 

Moderate capacity: 
-Inadequate source water 
protection in fire-prone 
zones 
- Fragmented postfire water 
quality response planning 
-Limited real-time 
monitoring 

3 2 2 

Water 
Quality 

Upper 
American 
River 

Ecological 

Severe stress to 
cold-water 
fisheries 
(salmon/trout) 
from elevated river 
temperatures and 
reduced dissolved 
oxygen. Increased 
HABs. 

Increased 
sedimentation 
damaging spawning 
habitats; turbidity spikes 
reduce aquatic 
biodiversity. 

N/A 

High stress due to low 
streamflow, reduced 
habitat connectivity, 
concentrated 
contaminants. 

Severe 
sedimentation, 
nutrient loads, 
turbidity; habitat 
degradation from 
ash and debris flow. 

Moderate sensitivity: 
- Reliant on cold-water 
habitat  
- Vulnerable to increased 
temperatures, 
sedimentation from wildfire 
erosion, altered hydrology 
affecting aquatic 
biodiversity 

3 

Moderate-high capacity: 
- Forest management to 
reduce wildfire risks and 
erosion 
- Reservoir management and 
habitat restoration efforts 
- Constrained by financial 
resources and regulatory 
barriers 

2 1 2 DRAFT
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Water 
Quality 

Upper 
American 
River 

Regulatory 
Standards 

Difficult to meet 
Basin Plan water 
temperature and 
dissolved oxygen 
objectives; 
increased risk of 
harmful algal 
blooms. 

Difficulty meeting 
turbidity standards after 
major storms; increased 
regulatory non-
compliance risk due to 
stormwater runoff 
impacts. 

N/A 

Challenges meeting 
minimum instream flow 
and temperature 
regulations. 

Regulatory 
challenges due to 
severe post-fire 
sediment and 
turbidity spikes 
affecting 
compliance. 

Moderate sensitivity: 
- Difficulty meeting 
temperature, dissolved 
oxygen, turbidity standards, 
especially post-wildfire and 
flood events 

3 

Moderate-high capacity: 
- Proactive reservoir 
operations and sediment 
management plans 
- Capacity strained in 
extreme events 

2 1 2 

Ecosystem 
Upper 
Bear River 

Forest 
Health and 
Ecosystem 
Services 

Warmer 
temperatures 
accelerate drought 
stress, increasing 
tree susceptibility 
to pests and 
disease, and 
increase risk of 
wildfires. 

Heavy rainfall events 
erode soil, destabilizing 
slopes and increasing 
tree fall risk. 

N/A 

Extended droughts 
greatly exacerbate 
forest mortality, 
increasing susceptibility 
to pests and wildfire. 

Wildfires cause 
extensive tree 
mortality, erosion, 
habitat loss, shifts in 
species 
composition, 
increased 
vulnerability to 
invasive species, and 
substantial 
biodiversity loss by 
eliminating critical 
habitats and native 
species. 

Moderate sensitivity: 
- Drought and wildfire, 
compounded by invasive 
species proliferation and 
ecological fragmentation 
- Forest ecosystems rapidly 
approach ecological tipping 
points under sustained 
climate stress  
-Ecosystem services are 
affected by degradation of 
forests leading to 
diminished water retention, 
reduced carbon 
sequestration, erosion 
control, habitat provision, 
biodiversity, lower 
recreational value, and 
disrupted cultural uses 

4 

Moderate adaptive capacity: 
- Fragmented landscapes 
and restricted migration 
pathways 
- Significant barriers include 
limited active management, 
funding constraints, 
governance hurdles 
impeding large-scale forest 
resilience interventions 
- Insufficient integration of 
ecosystem service valuation 
into water and land 
management 
- Lack of sustained funding 
and inter-agency 
coordination to support 
resilience investment 

4 5 5 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Flood 
Management 

Upper 
Bear River 

Reservoirs 

Warmer winters 
reduce snowpack 
and increase 
evaporation, 
limiting reservoir 
recharge. 

Small reservoirs are 
quickly overwhelmed by 
intense storms, 
increasing spill risk. 

N/A 

Multi-year droughts 
reduce inflows and 
impair water supply 
reliability. 

Burned areas 
contribute sediment 
and legacy mercury 
to reservoirs, 
degrading water 
quality. 

Moderate to high sensitivity: 
- Limited reservoir 
capacities susceptible to 
flooding, high spill 
potential, and 
sedimentation risk 
- Variable snowpack-fed 
inflows 
- High sedimentation from 
wildfires (Rollins, Camp Far 
West) 
- Limited flexibility during 
drought and extreme 
events  

3 

Moderate adaptive capacity: 
- Active reservoir 
management by water 
districts 
- Aging infrastructure limits 
adaptive capacity during 
extreme events 
 - Limited redundancy and 
financial resources for 
substantial improvements 

3 3 3 

Hydropower 
Upper 
Bear River 

Nevada 
Irrigation 
District 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands that 
compete with 
hydropower 
releases. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of storms 
can damage the 
extensive system of 
canals, small dams, and 
flumes (e.g., damage to 
PG&E's South Yuba 
Canal in 2023). 

- Increased 
Delta salinity 
affect statewide 
water 
management, 
possibly 
influencing 
upstream 
operational 
flexibility. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply and 
environmental flow 
compliance over 
energy production. 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

High sensitivity: 
- Infrastructure highly 
susceptible to floods, 
landslides, and canal 
failures (Bear River, PG&E 
canals) 
- High wildfire exposure 
causing extensive 
infrastructure damage and 
significant recovery costs 
- Aging infrastructure 
requiring extensive and 
costly maintenance due to 
increased drought and 
storm events 

3 

Moderate adaptive capacity: 
- Financial limitations and 
inadequate insurance 
severely restrict proactive 
investment and disaster 
recovery 
- Workforce 
attraction/retention issues 
exacerbated by high 
insurance costs and severe 
fire risks 
- Ineffective FEMA 
reimbursement limits 
financial resilience post-
disaster 

3 3 3 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Hydropower 
Upper 
Bear River 

Nevada 
Irrigation 
District 

- Rising 
temperature 
reduce snowpack, 
cause earlier 
snowmelt shifting 
reservoir inflow 
timing, increasing 
evaporation from 
reservoirs. 
- Rising 
temperature 
increase irrigation 
and outdoor water 
demands that 
compete with 
hydropower 
releases. 
- Rising 
temperatures 
exacerbate peak 
energy demand 
during heatwaves, 
straining 
resources. 

- Increased frequency 
and intensity of storms 
can damage the 
extensive system of 
canals, small dams, and 
flumes (e.g., damage to 
PG&E's South Yuba 
Canal in 2023). 

- Increased 
Delta salinity 
affect statewide 
water 
management, 
possibly 
influencing 
upstream 
operational 
flexibility. 

-Extended drought 
conditions reduce 
water availability and 
hydropower generation 
forcing prioritization of 
water supply and 
environmental flow 
compliance over 
energy production. 

-Wildfires threaten 
infrastructure, 
causing extended 
power and water 
outages, expensive 
emergency repairs 
- Cause degraded 
reservoir water 
quality, loss of 
storage capacity, 
and costly sediment 
management issues. 

High sensitivity: 
- Infrastructure highly 
susceptible to floods, 
landslides, and canal 
failures (Bear River, PG&E 
canals) 
- High wildfire exposure 
causing extensive 
infrastructure damage and 
significant recovery costs 
- Aging infrastructure 
requiring extensive and 
costly maintenance due to 
increased drought and 
storm events 

3 

Moderate adaptive capacity: 
- Financial limitations and 
inadequate insurance 
severely restrict proactive 
investment and disaster 
recovery 
- Workforce 
attraction/retention issues 
exacerbated by high 
insurance costs and severe 
fire risks 
- Ineffective FEMA 
reimbursement limits 
financial resilience post-
disaster 

3 3 3 

Recreation 
Upper 
Bear River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Extended 
heatwaves make 
forest and foothill 
recreation less 
accessible, 
particularly for 
heat-sensitive 
individuals and 
families. 

Flash flooding and 
storm runoff damage 
trails and small 
recreation sites, 
reducing safety and 
usability. 

N/A 

Dry conditions lower 
stream levels and 
reservoir access, 
impacting fishing, 
swimming, and 
informal day-use 
recreation. 

Recreation areas 
face high wildfire 
risk, frequent 
closures, and long 
recovery times that 
limit seasonal 
outdoor access. 

Moderate sensitivity: 
– Users engage in informal 
or dispersed recreation 
(fishing, swimming, hiking) 
without formal 
infrastructure or 
management presence 
– Environmental 
degradation from fire or 
drought can take multiple 
seasons to recover, 
impacting both recreation 
quality and safety; Areas are 
prone to fire closures, 
flooding, and prolonged 
access disruption due to 
road damage or lack of 
redundancy 

3 

Moderate adaptive capacity: 
– Managed by a mix of 
counties and special districts, 
with variable capacity across 
jurisdictions 
– Limited formal planning for 
recreation-specific climate 
adaptation, though fire-safe 
councils and user groups play 
an informal role 
– Some areas benefit from 
stewardship by local 
volunteers or associations, 
but coordination is 
inconsistent 
– Infrastructure 
improvements are sporadic 
and underfunded; signage, 
emergency access, and 
evacuation planning are 
minimal 

3 3 3 

DRAFT



  

American River Watershed Resilience Pilot Study Qualitative Vulnerability Assessment  

=  

 
  

260109125149_8fea17ef A-30 

 

System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Upper 
Bear River 

Tourism - 
Impacts to 
businesses, 
quantity of 
visitors 

Heat extremes 
limit outdoor 
tourism appeal 
and shorten the 
seasonal window 
for nature-based 
travel. 

Localized flooding and 
debris flows block rural 
roads, reducing access 
to lodging and guided 
tour areas 

N/A 

Reduced reservoir and 
stream volume curtail 
boating, fishing, and 
eco-tourism 
opportunities, 
impacting local 
businesses. 

Frequent fire events 
disrupt travel, 
degrade scenic 
quality, and lead to 
negative visitor 
perceptions of fire-
prone destinations. 

 Moderate sensitivity: 
 – Tourism is low-density 
and dependent on 
landscape quality, clean air, 
and water-based activities, 
all vulnerable to climate 
stressors 
– Small lodging operators 
and nature-based 
experiences are particularly 
impacted by fire risk, road 
closures, and drought; face 
long-term reputational 
damage following major 
climate events 

3 

Moderate adaptive capacity: 
– Limited formal 
coordination among tourism 
operators, with most 
businesses operating 
independently or seasonally 
– Emergency alert systems 
and climate-adaptive 
business planning are not 
well integrated into tourism 
sector management 
– Some potential exists for 
increased resilience through 
agritourism and seasonal 
diversification, but this 
remains largely untapped 

3 3 2 

Recreation 
Upper 
Bear River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Extended 
heatwaves make 
forest and foothill 
recreation less 
accessible, 
particularly for 
heat-sensitive 
individuals and 
families. 

Flash flooding and 
storm runoff damage 
trails and small 
recreation sites, 
reducing safety and 
usability. 

N/A 

Dry conditions lower 
stream levels and 
reservoir access, 
impacting fishing, 
swimming, and 
informal day-use 
recreation. 

Recreation areas 
face high wildfire 
risk, frequent 
closures, and long 
recovery times that 
limit seasonal 
outdoor access. 

Moderate sensitivity: 
– Users engage in informal 
or dispersed recreation 
(fishing, swimming, hiking) 
without formal 
infrastructure or 
management presence 
– Environmental 
degradation from fire or 
drought can take multiple 
seasons to recover, 
impacting both recreation 
quality and safety; Areas are 
prone to fire closures, 
flooding, and prolonged 
access disruption due to 
road damage or lack of 
redundancy 

3 

Moderate adaptive capacity: 
– Managed by a mix of 
counties and special districts, 
with variable capacity across 
jurisdictions 
– Limited formal planning for 
recreation-specific climate 
adaptation, though fire-safe 
councils and user groups play 
an informal role 
– Some areas benefit from 
stewardship by local 
volunteers or associations, 
but coordination is 
inconsistent 
– Infrastructure 
improvements are sporadic 
and underfunded; signage, 
emergency access, and 
evacuation planning are 
minimal 

3 3 3 

DRAFT



  

American River Watershed Resilience Pilot Study Qualitative Vulnerability Assessment  

=  

 
  

260109125149_8fea17ef A-31 

 

System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Upper 
Bear River 

Tourism - 
Impacts to 
businesses, 
quantity of 
visitors 

Heat extremes 
limit outdoor 
tourism appeal 
and shorten the 
seasonal window 
for nature-based 
travel. 

Localized flooding and 
debris flows block rural 
roads, reducing access 
to lodging and guided 
tour areas 

N/A 

Reduced reservoir and 
stream volume curtail 
boating, fishing, and 
eco-tourism 
opportunities, 
impacting local 
businesses. 

Frequent fire events 
disrupt travel, 
degrade scenic 
quality, and lead to 
negative visitor 
perceptions of fire-
prone destinations. 

 Moderate sensitivity: 
 – Tourism is low-density 
and dependent on 
landscape quality, clean air, 
and water-based activities, 
all vulnerable to climate 
stressors 
– Small lodging operators 
and nature-based 
experiences are particularly 
impacted by fire risk, road 
closures, and drought; face 
long-term reputational 
damage following major 
climate events 

3 

Moderate adaptive capacity: 
– Limited formal 
coordination among tourism 
operators, with most 
businesses operating 
independently or seasonally 
– Emergency alert systems 
and climate-adaptive 
business planning are not 
well integrated into tourism 
sector management 
– Some potential exists for 
increased resilience through 
agritourism and seasonal 
diversification, but this 
remains largely untapped 

3 3 2 

Surface 
Water Supply 

Upper 
Bear River 

Built 
Conveyance 
(e.g., Canals, 
pipelines, 
intakes) 

Increased 
evaporation losses, 
thermal expansion 
and stress on 
plastic and metal 
pipelines; water 
quality impacts, 
which trigger algal 
growth especially 
in slow or stagnant 
canal stretches 

Due to hilly terrain even 
modest flash floods 
cause significant service 
interruptions for small 
aging conveyance 
assets. Causes erosion, 
landslides and debris 
flows that block or 
damage canals. 

N/A 

Loss of snowmelt 
timing affects storage 
for drought supplies, 
surface flow reductions 
reduce delivery 
reliability 

Post-fire debris 
flows disrupt 
conveyance lines. 
Power outages 
disrupt automated 
TIGs and pump 
stations.  

High sensitivity:  
- Conveyance system is 
aging and exposed 
- Susceptible to damage 
from flooding, landslides, 
wildfires, and intense 
precipitation events  

4 

Low-Moderate adaptive 
capacity:  
- Topographic constraints 
limit adaptive capacity 
despite extensive local 
knowledge and some 
modernization upgrades 
- Limited redundancy  
- Reliant on ongoing 
maintenance and emergency 
response capabilities  
- Infrastructure resilience 
constrained by financial 
resources 

3 4 4 

Surface 
Water Supply 

Upper 
Bear River 

Built 
Reservoirs 

Earlier and faster 
snowmelt reduces 
spring and 
summer inflows. 
Higher evaporation 
losses and 
increased irrigation 
demand. Inability 
to maintain cool 
water releases for 
aquatic habitat. 
Relatively small 
and shallow 
reservoirs are 
susceptible to 
seasonal 
drawdown. 

Flooding and debris 
overload cause 
structural stress and 
service interruptions. 
For example, Placer 
County storm events 
damaged canal 
headworks in 2017. 

N/A 

Insufficient recharge 
result in below average 
reservoirs levels. (e.g., 
2014, 2021). Impacts 
on water quality due to 
thermal stratification an 
algal growth in low-
volume conditions.  

Post-fire runoff 
carries 
sedimentation and 
debris into 
reservoirs, reducing 
storage capacity and 
degrading water 
quality (e.g., 2021 
River Fire). 

Moderate-High sensitivity: 
- Reservoirs are relatively 
small and shallow, therefore 
especially prone to 
snowpack variability, inflows 
and wildfire events  
- Drought-induced water 
quality degradation 

4 

Moderate adaptive capacity: 
 - Regional coordination 
present 
- Limited redundancy due to 
small reservoir size 
- Infrastructure is aging and 
capital improvements may 
not implement within 
timeframe necessary 

3 4 4 DRAFT
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Water 
Quality 

Upper 
Bear River 

Drinking 
Water Source 
Quality 

Increased 
temperatures 
causing HABs; 
potential DBP 
formation. 

Extreme turbidity events 
complicating water 
treatment; potential 
damage to conveyance 
infrastructure (canals, 
flumes). 

N/A 

Increased treatment 
challenges from higher 
contaminant 
concentration; limited 
ability to blend or 
switch sources. 

High turbidity and 
contaminants post-
wildfire requiring 
complex and costly 
treatment; potential 
infrastructure 
damage. 

Moderate-High sensitivity:  
- Severe turbidity events 
and contaminants (mercury, 
nutrients) post-wildfire  
- Water quality significantly 
impacted by drought 
conditions 

4 

Moderate:  
- Basic redundancy  
- Moderate treatment 
flexibility 
 - Constrained by aging 
infrastructure & vulnerability  
- Limited financial and 
operational resources 

3 4 2 

Water 
Quality 

Upper 
Bear River 

Ecological 

Habitat 
degradation for 
native species 
from high water 
temperatures, 
HABs, and reduced 
dissolved oxygen. 

Severe turbidity and 
mercury contamination 
from historic mining 
mobilized by floods. 

N/A 

Severe ecological stress 
from very low flows, 
concentrated 
pollutants, elevated 
nutrient concentrations. 

Post-fire 
sedimentation, 
turbidity, and 
mercury 
contamination 
severely impacting 
aquatic ecosystems. 

Moderate-High sensitivity: 
- High vulnerability to 
wildfire-induced erosion, 
sedimentation, and 
contaminants affecting 
aquatic habitats and 
biodiversity 
- Severe wildfire risk and 
flooding can mobilize 
legacy mercury 
contamination 

4 

Moderate capacity:  
- Small-scale habitat 
restoration and sediment 
management 
- Constrained by financial 
resources and infrastructure 

3 4 3 

Water 
Quality 

Upper 
Bear River 

Regulatory 
Standards 

Challenges 
maintaining water 
temperature and 
dissolved oxygen 
standards during 
heat events. 

Increased turbidity, 
mercury mobilization 
challenging compliance 
with water quality 
standards. 

N/A 

Difficulty maintaining 
regulatory compliance 
for instream flows, 
turbidity, and 
temperature criteria 
during drought. 

Increased regulatory 
compliance 
difficulty due to 
post-fire sediment, 
mercury, and 
turbidity spikes. 

Moderate-High sensitivity: 
- Difficulties meeting 
turbidity, temperature, 
mercury, and dissolved 
oxygen standards due to 
legacy mining and climate-
driven events 

4 

Moderate; 
- Limited capacity due to 
financial constraints  
- Limited regulatory flexibility 
and few resources to 
enhance compliance 
strategies 
- Small-scale infrastructure  

3 4 2 

Agriculture 
Upper 
Bear River  

Foothill 

Extreme heat 
reduces forage 
availability, 
stresses livestock, 
and affects 
orchards. 

Flash flooding and 
slope failures damage 
irrigation, fencing, and 
access roads. 

N/A 

High drought exposure: 
small-scale farms face 
forage shortages and 
unreliable irrigation. 

Wildfire risk is 
extremely high due 
to steep terrain and 
fuel-rich forests; 
fires cause direct 
crop/livestock 
losses and degrade 
soils through 
erosion. 

Moderate sensitivity: 
- Foothill agriculture is 
acutely exposed to wildfire, 
drought, and flash flooding 
- Small farms lack the 
capacity to buffer these 
events 
- Livestock and small-scale 
crops are highly exposed to 
drought and wildfire 
- Vulnerability compounded 
by steep topography 

3 

Moderate: 
- Weak emergency resources 
- Minimal water storage, 
limited infrastructure 
- Poor emergency 
preparedness reduces 
resilience  
- Reliance on surface-only 
flows magnifies exposure 

3 3 4 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Agriculture 
Upper 
Bear River  

Foothill 

Extreme heat 
reduces forage 
availability, 
stresses livestock, 
and affects 
orchards. 

Flash flooding and 
slope failures damage 
irrigation, fencing, and 
access roads. 

N/A 

High drought exposure: 
small-scale farms face 
forage shortages and 
unreliable irrigation. 

Wildfire risk is 
extremely high due 
to steep terrain and 
fuel-rich forests; 
fires cause direct 
crop/livestock 
losses and degrade 
soils through 
erosion. 

Moderate: 
- Foothill agriculture is 
acutely exposed to wildfire, 
drought, and flash flooding 
- Small farms lack the 
capacity to buffer these 
events 
- Livestock and small-scale 
crops are highly exposed to 
drought and wildfire 
- Vulnerability compounded 
by steep topography 

3 

Moderate: 
- Weak emergency resources 
- Minimal water storage, 
limited infrastructure 
- Poor emergency 
preparedness reduces 
resilience  
- Reliance on surface-only 
flows magnifies exposure 

3 3 4 

Community 
& Equity  

Upper 
Bear River  

Foothill 
Communities 

Heatwaves 
disproportionately 
impact hillside 
communities 
because homes 
lack modern 
cooling. Many 
residents are 
elderly or 
medically fragile. 
Limited access to 
emergency cooling 
centers. Long 
distances to health 
care amplify heat-
related risks. 

Steep slopes and 
limited stormwater 
infrastructure heighten 
risk of flash flooding 
and erosion. Remote 
access delays 
emergency response 
and complicates 
recovery. 

  

Private wells and small, 
decentralized systems 
are vulnerable to 
drought-induced 
supply reductions; 
impact household 
reliability and 
increasing water costs. 

Limited evacuation 
routes and frequent 
smoke exposure 
during fire season 
disrupt air quality 
and community 
health. 

Moderate-High sensitivity: 
- Dispersed rural population 
with limited services 
- Dependence on private 
wells and small systems 
- Low mobility populations 
face evacuation challenges 

4 

Moderate capacity: 
- Strong social networks 
support informal response 
- But limited funding and lack 
of formal systems for 
coordination 

3 4 2 

Agriculture 
Upper 
Cosumnes 
River 

Foothill 

High heat lowers 
crop resilience, 
stresses livestock, 
and accelerates 
wildfire ignition 
risk. 

Steep slopes prone to 
erosion and debris flows 
during extreme rainfall, 
damaging soils and 
irrigation. 

N/A 

Limited water storage 
and drying streams 
force reliance on 
hauled or emergency 
water supplies. 

High exposure to 
wildfire due to 
vegetative cover and 
limited access 
routes. 

Moderate: 
- Small-scale foothill farms 
highly sensitive to heat, 
drought, and wildfire 
- Specialty farms and 
ranches rely on surface-
only flows 
- Shallow soils are highly 
sensitive to climate 
extremes 

3 

Low-moderate: 
- Adaptive capacity 
constrained by isolation 
- Limited storage 
- Minimal institutional 
support 
- Lack of water infrastructure 
severely constrain adaptive 
capacity 

4 4 4 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Ecosystem 
Upper 
Cosumnes 
River 

Forest 
Health and 
Ecosystem 
Services 

Warmer 
temperatures 
accelerate drought 
stress, increasing 
tree susceptibility 
to pests and 
disease, and 
increase risk of 
wildfires. 

Heavy rainfall events 
erode soil, destabilizing 
slopes and increasing 
tree fall risk. 

N/A 

Extended droughts 
greatly exacerbate 
forest mortality, 
increasing susceptibility 
to pests and wildfire. 

Wildfires cause 
extensive tree 
mortality, erosion, 
habitat loss, shifts in 
species 
composition, 
increased 
vulnerability to 
invasive species, and 
substantial 
biodiversity loss by 
eliminating critical 
habitats and native 
species. 

 Very High sensitivity: 
- Drought stress and large-
scale, severe wildfires, 
exacerbated by warmer 
temperatures and invasive 
species 
- High-severity wildfires 
have dramatically reshaped 
forest composition, 
reducing long-term 
resilience  
- Ecosystem services are 
affected by degradation of 
forests leading to 
diminished water retention, 
reduced carbon 
sequestration, erosion 
control, habitat provision, 
biodiversity, lower 
recreational value, and 
disrupted cultural uses 

4 

Low to moderate adaptive 
capacity: 
- Forest regeneration 
hindered by severe wildfire 
impacts and drought-driven 
soil moisture deficits 
- Efforts at restoration and 
reforestation limited in scale, 
resulting in slow ecosystem 
recovery and constrained 
adaptive response 
- Insufficient integration of 
ecosystem service valuation 
into water and land 
management 
- Lack of sustained funding 
and inter-agency 
coordination to support 
resilience investment 

4 5 5 

Ecosystem 
Upper 
Cosumnes 
River 

Aquatic 
Ecosystems 

Water 
temperatures can 
exceed trout 
tolerance 
thresholds 
(~68°F). 

Increased rain-on-snow 
events cause rapid 
runoff and potential 
erosion in headwater 
streams, and increase 
sedimentation. 

N/A 

Drought reduces 
summer streamflows, 
limiting aquatic 
habitats. 

Wildfires disrupt 
stream habitats by 
increasing 
sedimentation, 
turbidity, erosion 
(from lost 
vegetation roots), 
and altering water 
chemistry (higher 
pH), degrading 
water quality and 
aquatic habitats. 

Moderate sensitivity: 
- Reduced snowpack and 
altered streamflow timing 
- Cold-water streams and 
alpine aquatic habitats can 
be impacted by increased 
drought and warming 
- Species such as native 
trout and amphibians are 
vulnerable to declining 
flows and rising 
temperatures 

3 

 Moderate adaptive capacity:  
- Extensive forested 
headwaters potentially 
providing habitat diversity 
- Severely constrained by 
high-severity wildfires and 
erosion in certain areas that 
fragmented habitats and limit 
connectivity 
- Limited human intervention 
reduces opportunities for 
targeted adaptive 
management 

3 3 2 

Groundwater 
Supply 

Upper 
Cosumnes 
River 

Natural 
System - 
Fractured 
rock aquifers 

Reduced recharge 
due to higher 
evapotranspiration 
and post-fire 
hydrophobic soils; 
sediment and ash 
may clog fractures, 
limiting aquifer 
recovery and 
reducing water 
availability. 

Limited infiltration due 
to rapid runoff; 
sediment and ash may 
clog fractures 

N/A 
Low storage capacity 
increases drought 
sensitivity 

Post-fire 
hydrophobic soils 
reduce infiltration; 
ash and debris 
degrade water 
quality 

Moderate sensitivity: 
- Limited storage capacity 
and slow recharge  
- Highly dependent on 
seasonal snowmelt and 
infiltration from 
precipitation. 

3 

Moderate adaptive capacity: 
- Few artificial options for 
recharge  
- Lack of coordinated 
monitoring hamper ability to 
make adaptive management 
decisions. 
- Low demand and 
dependency on groundwater 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Groundwater 
Supply 

Upper 
Cosumnes 
River 

Built System 
- Small 
Water 
Systems 

          

High sensitivity:  
- Wells susceptible to drying 
or quality degradation 
during prolonged drought.  

4 

Moderate-Low adaptive 
capacity: 
- Only source of water for 
many isolated rural 
communities 
- Most wells are shallow 
- Fractured rock system limit 
options for deepening wells 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure. 

4 5 1 

Groundwater 
Supply 

Upper 
Cosumnes 
River 

Built System 
- land owner 
groundwater 
wells 

Increased pumping 
demand during 
heat waves; stress 
on small-scale 
systems 

Flood damage to 
wellheads and electrical 
systems 

N/A 
Wells may run dry; 
increased maintenance 
and energy costs 

Power outages 
disrupt pumping; 
contamination from 
ash and debris 

High sensitivity:  
- Wells susceptible to drying 
or quality degradation 
during prolonged drought.  

4 

Moderate adaptive capacity: 
- Most wells are shallow 
- Fractured rock system limit 
options for deepening wells 
- Lack of detailed monitoring 
hampers effective 
management 
- Individual landowner 
dependency with potentially 
limited resources  
-Variable capacity to 
maintain well infrastructure. 

3 4 1 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Recreation 
Upper 
Cosumnes 
River 

Tourism - 
Impacts to 
businesses, 
quantity of 
visitors 

Increasing summer 
temperatures 
discourage tourism 
in outdoor lodging 
and guided 
adventure services, 
especially during 
heat advisories and 
red flag warnings. 

Intense storms disrupt 
access to remote resorts 
and nature-based 
tourism destinations, 
reducing seasonal 
revenue 

N/A 

Low river flows and 
snowpack reductions 
shorten the rafting and 
fishing season, directly 
impacting tourism 
operators and water-
dependent businesses. 

Recurring wildfire 
activity and poor air 
quality contribute to 
cancellations, 
reduced bookings, 
and negative 
perceptions of the 
region as a safe 
summer destination. 

Moderate sensitivity 
– Tourism is heavily 
seasonal and dependent on 
natural assets like 
snowpack, river flow, and 
clean air, all of which are 
climate-sensitive 
– Wildfire and poor air 
quality have increasingly led 
to cancellations of summer 
and fall bookings for cabins, 
rafting trips, and outdoor 
tours 
– Road access to lodges, 
trailheads, and forest roads 
is frequently disrupted by 
storm washouts, downed 
trees, or fire damage 
– Economic reliance on a 
narrow summer window 
means even short hazard 
events have outsized 
business impacts 

5 

Moderate-high adaptive 
capacity 
– Many operators are small-
scale and lack financial 
resilience to adapt offerings 
or pivot operations during 
hazard seasons 
– Emergency 
communications and air 
quality alerts exist but rely on 
self-monitoring by visitors 
and businesses 
– Coordination among 
outfitters, lodges, and 
tourism boards is limited, 
though a few collaborative 
efforts (e.g., fire-safe 
business networks) are 
emerging 
– Infrastructure upgrades and 
diversified tourism offerings 
(e.g., shoulder-season 
events) remain 
underdeveloped 

2 3 3 

Recreation 
Upper 
Cosumnes 
River 

Recreational 
Uses - 
access/use 
of forested 
recreation 
zones, 
camping/hiki
ng activities, 
access to 
water 
activities 

Extreme heat 
reduces the 
comfort and safety 
of hikers, 
swimmers, and 
campers in 
exposed alpine 
and foothill 
recreation areas 
during peak 
summer months. 

Heavy precipitation 
events increase trail 
erosion, landslide risks, 
and periodic access 
closures in high-use 
forested recreation 
zones. 

N/A 

Prolonged drought 
reduces reservoir and 
river levels, limiting 
swimming, paddling, 
and shoreline 
recreation while 
degrading trail 
conditions. 

Frequent wildfires 
and persistent 
smoke events lead 
to widespread trail 
and campground 
closures, reduce 
recreational access, 
and deter local and 
regional visitors. 

Moderate sensitivity 
– Activities such as hiking, 
swimming, paddling, and 
climbing are directly 
impacted by smoke, low 
water levels, or trail damage 
– Access points are often 
remote and single-
threaded, making them 
more susceptible to 
disruption from landslides, 
fire closures, or weather 
damage 

5 

Moderate-high adaptive 
capacity 
– Federal land management 
provides some planning 
capacity, but response is 
often under-resourced or 
delayed 
– Trail signage and closures 
exist but real-time 
communication to visitors is 
limited in remote areas 
– Infrastructure (e.g., roads, 
restrooms, shaded areas) is 
aging or minimal, though 
regional coordination has 
improved post-fire events 
– Recreation-based 
nonprofits and user groups 
(rafting, climbing, hiking) are 
engaged but operate 
independently without a 
unified response strategy 

2 3 3 
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System 
Planning  
Area 

System 
Component 
(Asset) 

Rising 
Temperatures  
& Extreme Heat 

Extreme Precipitation  
& Flooding 

Sea  

Level  

Rise Drought Wildfires Sensitivity 
Sensitivity 

Rating Adaptive Capacity 

Adaptive 
Capacity 
Rating 

Vulnerability 
Rating 

Scale 
Effects 

Surface 
Water Supply 

Upper 
Cosumnes 
River 

Natural 
Reservoirs - 
Snowpack 

Minimal snowpack; 
warming reduces 
any remaining 
snow 
accumulation 

Watershed's low 
elevation and lack of 
build flood control 
infrastructure 
compound runoff 
impacts and overwhelm 
floodplain storage 
capacity, exacerbating 
flood impacts. 

N/A 

Prolonged dry periods 
reduce baseflows, 
impair ecological 
function and limit 
recharge, leaving 
system with low 
buffering capacity 
against multi-year 
droughts 

Reduced vegetation 
cover, accelerated 
snowmelt, and 
degraded floodplain 
and wetland 
storage; impacts 
ability to retrain 
water, recharge 
groundwater and 
regulate flows, 
increasing likelihood 
of drought-related 
impacts and post-
fire flooding 

 High sensitivity:  
- Variable snowpack;  
- Extreme exposure to 
climate variability, drought, 
and flooding. 

4 

Low adaptive capacity:  
- No infrastructure or 
management options for 
snowpack variability;  
- Fully dependent on rainfall. 

3 4 4 

Surface 
Water Supply 

Upper 
Bear River 

Natural 
Reservoirs - 
Snowpack 

Reduced snow 
accumulation and 
earlier melt reduce 
seasonal storage 

Increased runoff 
variability and erosion 

N/A     

High vulnerability:  
- Highly susceptible to 
changes in precipitation 
patterns and earlier runoff 
timing. 

4 

Moderate adaptive capacity:  
- No management options 
for snowpack;  
- Relies entirely on natural 
variability. 

3 4 4 

Notes: 

CVP = Central Valley Project 
DAC = Disadvantaged Communities 
DBP = disinfection byproduct 
FEMA = Federal Emergency Management Agency 
FIRO = Forecast-Informed Reservoir Operations 
HAB = harmful algal bloom 
N/A = not applicable 
NID = Nevada Irrigation District 

PCWA = Placer County Water Agency 
PUD = Public Utility District 
SCADA = supervisory control and data acquisition 
VHFHSZ = Very High Fire Hazard Severity Zone 
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1. Introduction 
The American River Watershed Resilience Pilot (ARWRP) Study evaluates climate-related risks and 
vulnerabilities across water-dependent sectors and land uses throughout the watershed. The Vulnerability 
Assessment is designed as a two-phased framework that integrates qualitative evaluation with quantitative 
analysis to support informed, risk-based decision-making. 

Together, this approach  identifies where climate stressors intersect with high sensitivity, limited adaptive 
capacity, and far-reaching consequences. This highlights systems where early action, targeted investment, 
and deeper quantitative analysis can most effectively strengthen watershed resilience. 

1.1 Quantitative Vulnerability Assessment 

The second phase of the Vulnerability Assessment builds directly on the qualitative findings through 
quantitative, scenario-based modeling designed to evaluate how identified vulnerabilities manifest under 
future climate conditions. This phase translates qualitative risk drivers into measurable changes in system 
performance, allowing the magnitude, frequency, and persistence of impacts to be assessed across the 
watershed. 

The quantitative analysis leverages a suite of integrated modeling tools to simulate system response 
under a range of plausible future conditions. Rather than relying on a single projection, the assessment 
employs multiple climate scenarios that represent different combinations of temperature change, 
precipitation patterns, hydrologic variability, and sea level rise. This scenario-based approach captures 
uncertainty in future climate trajectories and supports robust, risk-informed evaluation. 

Water sectors and land uses evaluated include the following: 

 Surface water supply 
 Groundwater supply 
 Flood management 
 Water quality 
 Ecosystems 
 Recreation 
 Hydropower 
 Agricultural and urban water supply  

For each sector, tailored performance metrics and indicators are used to evaluate system behavior under 
future scenarios. Examples of these metrics include changes in reservoir storage reliability, groundwater 
storage trends, flood frequency and exposure, river temperature and water quality thresholds, ecological 
flow conditions, recreation access, and hydropower generation. 

Results from quantitative modeling provide a deeper characterization of vulnerability pathways, revealing 
where climate stressors produce threshold exceedances, compound impacts, or cascading effects across 
sectors and planning areas. By grounding vulnerability in quantitative evidence, this second phase 
complements the qualitative assessment and provides a defensible foundation for prioritizing adaptation 
strategies, informing investment decisions, and guiding subsequent phases of resilience planning. DRAFT
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1.2 Study Area 

The study area for the ARWRP  Study is presented on Figure 1-1. This area covers the entirety of the 
American River, Cosumnes River, and Bear River watersheds, as well as the North American, South 
American, and majority of the Cosumnes River Bulletin 118 groundwater basins. Land uses across the 
watershed are highly varied, with much of the urban and agricultural development consolidated in the 
lower elevation portions of the watershed to the west. As such, management of flood and water quality 
conditions as well as surface water and groundwater supplies are vital for preserving both the human and 
ecological communities in this area. While smaller, rural communities are present in the upper watershed 
areas to the east, much of this area provides hydropower generation and recreational opportunities, 
supplies the remaining watershed with surface water, and serves as protected forest. 

 

Figure 1-1. American River Watershed Resilience Pilot Study Area 
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2. Quantitative Vulnerability Analysis 
To characterize the varied land uses and water sections across the study area, a diverse set of modeling 
tools have been employed to evaluate vulnerabilities under a range of future climate scenarios. 
These modeling tools are presented in Table 2-1 and are described in further detail later in this section. 
Additional details on the development of climate change and sea level rise scenarios are discussed in 
Section 1.2.  

Table 2-1. Overview of Vulnerability Assessment Modeling Tools 

Tool Description Sector(s) 

CalSim 3 
Simulates system operations of the State Water Project and Central 
Valley Project and interactions with groundwater supplies at a monthly 
time-step 

S, E, R 

CalSimHydro 
Characterizes surface hydrologic modeling for individual water budget 
areas, rim watersheds, and Sacramento-San Joaquin Delta subregions 
and is used as an input for CalSim 3 

E, R 

CalSimHydroEE 
Characterizes surface hydrologic modeling for elements not covered by 
the CalSimHydro domain and is used as an input for CalSim 3 

Input only 

SmallWatersheds Model 
Characterizes surface runoff and inflow to groundwater basins from 
small watershed areas that overlap water budget areas and rim 
watersheds; this is also used as an input for CalSim 3 

Input only 

DCD Model 
Characterizes surface water hydrology for Delta Islands and is used as an 
input for CalSim 3  

Input only 

Variable Infiltration 
Capacity Model 

Utilizes meteorological data to simulate hydrologic processes and is 
used as an input for CalSimHydro and other CalSim-related inputs 

E, R 

HEC-5Q 
Leverages outputs from CalSim 3 to simulate water temperatures and 
other water quality conditions 

W, E 

Long-term Generation 
(LTGen) Model 

Leverages outputs from CalSim 3 to estimate hydropower generation at 
selected reservoirs  

H 

Notes: 

DCD = Delta Channel Depletion (model) 
E = Ecosystem 
F = Flood Management 
G = Groundwater Supply 
H = Hydropower 
R = Recreation 
S = Surface Water Supply 
W = Water Quality 

The modeling tools outlined herein have been leveraged to evaluate a series of vulnerability indicators 
and metrics relevant to selected water sectors and land uses. These are outlined in Section 2.1.2. In some 
cases, indicators and metrics may be used as proxies for assessing the vulnerability of certain 
considerations within each sector that are not directly represented through these tools. Models have 
inherent limitations, and some facets of watershed may need to be explored or revisited in further detail 
during subsequent efforts.  DRAFT
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2.1 Quantitative Vulnerability Assessment Approach 

The quantitative vulnerability assessment evaluates how key water-resource systems respond to future 
climate stressors using a scenario-based framework. The approach translates a large ensemble of climate 
projections into a small, representative set of planning scenarios that capture both central tendencies and 
plausible extremes. These scenarios provide a consistent basis for assessing system sensitivity to climate 
hazards under mid- and late-century climate conditions. They support the qualitative assessment and 
provide comparative assessment of the magnitude of likely changes across the watershed. 

2.1.1 Climate and Sea Level Change Scenarios 

This section provides details about the methodology used in developing hydroclimate boundary 
conditions for the CalSim 3 models to represent Mid-Century (Central Tendency [CT]), Late-Century 
(Hot-Dry [HD]), and Late-Century (Warm-Wet [WW]) climate conditions and sea level change scenarios. 
Figure 2-1 shows the workflow for the development of three future climate change scenarios. Table 2-1 
shows the various datasets used for development of climate change scenarios to represent future climate 
conditions. 

 

Figure 2-1. Workflow for climate change scenarios development 

Observed Historical Meteorology Data and Processing 

Livneh et al. (2013) provided daily historical meteorology data at 1/16° (approximately 6 km or 
approximately 3.75 miles) spatial resolution over the period 1915 through 2015. This period was 
extended using the PRISM (Daly et al. 1994) daily historical meteorology data from 2016 to 2021 (OSU 
2025). This extended daily historical precipitation, and minimum and maximum temperatures data were 
adjusted based on PRISM monthly data to correct biases found in the period of interest. 

Temperature Detrending 

The bias-corrected minimum (Tmin) and maximum (Tmax) temperature were detrended using the Linear 
Trend Removing Technique to represent the current climate condition (Zhang et al. 2011). The anchor 
period used for the temperature detrending was over the period 1991-2020, consistent with the National 
Oceanic and Atmospheric Administration (NOAA) climatological normal period (NCEI 2025).  
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Global Climate Models 

The Coupled Model Intercomparison Project Phase 6 (CMIP6) datasets used as input for the Sixth 
Assessment Report of the United Nations Intergovernmental Panel on Climate Change (IPCC AR6) 
(Intergovernmental Panel on Climate Change [IPCC] 2021). CMIP6 Global Climate Models (GCMs) feature 
higher spatial resolution with enhanced physical parameterizations, and improved representations of 
synoptic processes. The temporal extent of CMIP6 GCMs typically covers a wide range of periods to 
capture both historical (1850 to 2014) and future (2015 to 2100) climate scenarios. Shared 
Socioeconomic Pathways (SSPs) are scenarios used in climate research to explore how global societal 
trends might influence future greenhouse gas emissions and climate change. The five main SSPs 
Representative Climate Pathways (RCPs) combination used in CMIP6 are ččĊ;ß<!@# ččĊ<ß>!?# ččĊ=ßA!:# 
ččĊ>ß@!:# ĕĢĘ ččĊ?ßB!5 (Hausfather 2018). 

The Scripps Institution of Oceanography employs a hybrid-statistical downscaling method known as 
Localized Constructed Analogs version 2 Hybrid (LOCA2-Hybrid). LOCA2-Hybrid uses a hybrid 
downscaling scheme with a pattern library obtained from dynamically downscaled GCM-Weather Research 
Forecasting (WRF) Model runs that that were bias-corrected to the ERA5-WRF-BC training data (Pierce et 
al., 2023). The LOCA2-Hybrid dataset for California offers a 3-km resolution, providing detailed climate 
data for the region over 1950 to 2100. 

Global Climate Model Selection 

The selection of the GCM for downscaling is achieved by ranking the GCMs that best capture the relevant 
characteristics of the climate in California. The recommendations of a set of GCMs for downscaling to 
support climate change analysis and applications in California is outlined in Krantz et al. (2021). 

California’s academic institutions are advancing climate research by implementing hybrid-statistical 
downscaling methods to support the California Energy Commission initiatives. At UCLA, the WRF Model is 
used for dynamic downscaling, producing several physically based projections available for public and 
analytical use. These projections are then utilized to train the Localized Construct Analogs (LOCA2-Hybrid) 
at Scripps Institution of Oceanography. The LOCA2-Hybrid datasets, which are hybrid-statistical in nature, 
involve bias-corrected GCM outputs adjusted to align with station observations. The hybrid-statistical 
downscaling method has generated data for 15 General Circulation Models with a total of 199 ensemble 
runs (Table 2-2). 

Table 2-2. Details of the CMIP6 LOCA2-Hybrid General Circulation Models 

Downscaling Method Hybrid-Statistically Downscaled / LOCA2-Hybrid 

Institution UCSD - Scripps Institute of Oceanography 

Models 

15 models 

ACCESS-CM2, CESM2-LENS, CNRM-ESM2-1, EC-Earth3, EC-Earth3-Veg, FGOALS-g3, 
GFDL-ESM4, HadGEM-GC31-LL, INM-CM5-0, IPSL-CM6A-LR, KACE-1-0-G, MIROC6, 
MPI-ESM1-2-HR, MRI-ESM2-0, and TaiESM1 

Bias Correction 15 models 

Extent 1950-2100 

Spatial Resolution 3-km (California) 

Temporal Resolution Daily (native resolution) and monthly 

Shared Scenario Pathways SSP2-4.5, SSP3-7.0, and SSP5-8.5 

Ensemble Runs This downscaling method created data for 15 GCMs with a total of 199 ensemble runs 

DRAFT



American River Watershed Resilience Pilot Study Quantitative Vulnerability Assessment 
 

 
  

260109134256_e686bad6 2-4 

 

In addition to climate change scenario development, GCM datasets and other data sources (Cal-Adapt, 
previous climate assessments, etc.) were used to evaluate changes under future conditions for a range of 
climatic and hydrologic metrics. These include changes in temperature, extreme heat days, precipitation, 
extreme precipitation, runoff, flooding, snow water equivalent, drought, and wildfire. Understanding the 
changes in these metrics is key to characterizing drivers for many of the vulnerabilities evaluated for 
individual water sectors highlighted in this appendix, as well as how historical hazards are projected to 
evolve over time. Additional details are documented in Attachment A.    

Climate Change Scenario Workflow 

Future climate change scenarios were developed using 129 projections derived from 15 selected GCMs 
within the CMIP6 dataset. These projections include variant members from each GCM to capture model 
uncertainty. The scenarios encompass a wide range of potential climate conditions, from median 
projections to extreme cases, and were defined for two future periods, Mid-Century (2041 to 2070) and 
Late-Century (2071 to 2100). To represent the distribution of projected conditions, percentile thresholds 
were applied to represent the CT during the Mid-Century, and WW and HD conditions during the Late-
Century (Table 2-3). 

The percentile thresholds were selected to represent a range of plausible climate futures while 
maintaining statistical robustness. The 50th percentile was chosen for the Mid-Century scenario to reflect 
CT conditions, providing a baseline for planning under median projections. For Late-Century scenarios, the 
75th and 25th percentiles were used to capture extremes in precipitation and temperature. The WW 
scenario represents a wetter but moderately warm future, while the HD scenario depicts a hotter and drier 
climate. This approach ensures that the scenarios encompass both median trends and potential extremes, 
supporting risk-informed decision-making. 

Table 2-3. Statistics for Development of Climate Change Scenarios 

Scenario Scenario Name Period 
Mean Precipitation 

Change (%) 
Mean Temperature 

Change (oF) 

1 Mid-Century (CT) 2041 to 2070 50th percentile 50th percentile 

2 Late-Century (WW) 2071 to 2100 75th percentile 25th percentile 

3 Late-Century (HD) 2071 to 2100 25th percentile 75th percentile 

The approach involves the following steps for the development of the climate change scenarios: 

1. The spatially averaged climate variables for the American River watershed were computed from the 
gridded 3-km CMIP6 dataset using 129 climate projections spanning 1950–2100. 

2. For each projection, a 30-year slice of daily precipitation and maximum and minimum temperature 
was extracted for the Existing Baseline period (1981 to 2010) and two future periods: Mid-Century 
(2041 to 2070) and Late-Century (2071 to 2100). 

3. Daily climate data were aggregated to the water-year scale for the Existing Baseline and future 
periods. Then the changes were computed as the ratio (future period divided by Existing Baseline 
period) for precipitation and ‘deltas’ (future period minus Existing Baseline period) for temperature for 
Mid-Century and Late-Century for 129 projections (Figure 2-2). 
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4. Change values were averaged across all ensemble members for each GCM, resulting in 41 
variant-averaged estimates for precipitation, and maximum and minimum temperature for 
Mid-Century and Late-Century 

5. The percentile threshold from the 41 change values were calculated for the specific climate change 
scenario (Table 2-3). For example, the 25th percentile of precipitation change and 75th percentile of 
temperature change during Late-Century was calculated to represent Late-Century (HD) scenario. 

Figure 2-2 illustrates the uncertainty associated with CMIP6 climate projections for two future periods: 
Mid-Century (2041 to 2070) and Late-Century (2071 to 2100). Each panel displays the distribution of 
129 model projections for changes in temperature and precipitation relative to the 1981 to 2010 Existing 
Baseline, under three emissions pathways (SSP2-4.5, SSP3-7.0, SSP5-8.5). Probability contours highlight 
the concentration of projections and the range of plausible outcomes. This figure demonstrates the spread 
of projections and the approach used to select representative scenarios for planning and risk assessment. 

 

Figure 2-2. Probability Plot Representing the Uncertainty from CMIP6 Projections 

Table 2-4 and Figure 2-3 summarizes projected climate changes for the three climate change scenarios. 
Mid-Century (CT) shows negligible precipitation change (0.2%) and moderate warming of 2.4°C 
(maximum) and 2.1°C (minimum), with a 15.6% increase in extreme precipitation. Late-Century (WW) 
projects higher precipitation (+7.4%), moderate warming (3.1°C maximum, 2.9°C minimum), and a 21.5% 
rise in extreme precipitation. Late-Century (HD) indicates reduced precipitation (-1.4%), substantial 
warming (4.5°C maximum, 4.3°C minimum), and the largest increase in extreme precipitation (30.5%). 
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Table 2-4. Precipitation and Temperature changes for the development of climate change scenarios 

Scenario 
Number Scenario Name 

Mean 
Precipitation 

Change 
(%) 

Maximum 
Temperature 
Change (°C) 

Minimum 
Temperature 
Change (°C) 

Extreme 
Precipitation 
Change (%) 

1 Existing Baseline N/A N/A N/A N/A 

2 Mid-Century (CT) 0.2 2.4 2.1 15.6 

3 Late-Century (WW) 7.4 3.1 2.9 21.5 

4 Late-Century (HD) -1.4 4.5 4.3 30.5 

N/A = not applicable 

 

Figure 2-3. Projected Changes under the Climate Change Scenarios 

Weather Generator 

The estimated changes in the precipitation and temperature from the climate model projections and 
historical precipitation and temperature were used to develop the climate change scenarios using the 
Weather Generator. The Weather Generator was developed by the California Department of Water 
Resources (Najibi and Steinschneider, 2023). The Weather Generator is designed to separately model 
dynamic and thermodynamic atmospheric mechanisms of climate variability and change through 
statistical abstractions of these processes. 

Sea Level Rise Assumptions 

Each period includes different sea level rise (SLR) assumptions. The Existing Baseline assumes 
0 centimeters (cm) SLR, while the Mid-Century (CT) assumes 30 cm SLR and the Late-Century (HD) and 
Late-Century (WW) assumes 55 cm SLR. The elevated SLR in the future periods corresponds to greater 
challenges in meeting water quality standards in the Sacramento-San Joaquin Delta (Delta). 
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Salinity is not directly calculated in CalSim 3. Instead, compliance with water quality objectives is 
determined based on flow-salinity relationships in the Delta calculated with an Artificial Neural Network 
(ANN) developed by the California Department of Water Resources (DWR). The ANN is a statistical model 
that translates water quality standards into flow equivalents using information from CalSim, the DCD 
model, and the Delta Simulation Model (DSM2). For each SLR scenario, a unique ANN is integrated within 
CalSim 3 as a Dynamic Link Library (DLL). 

More information on the development of the three SLR ANN DLLs (0 cm, 30 cm, and 55 cm) is provided in 
the State Water Project (SWP) Adaptation Strategy Appendix A (DWR 2025).  

The SLR for each period was selected based on the availability of DWR’s ANN DLLs and the documentation 
provided in the SWP Adaptation Strategy and SWP Delivery Capability Report Technical Addendum 
(California Department of Water Resources, 2023a). 

The data developed using the forementioned approach is used for the assessment of the vulnerability of 
the various water sector in the American River watershed (Table 2-5). 

Table 2-5. Climate Change Analysis Principal Data Sources 

Data 
Use in Climate Change 
Analysis 

Spatial and Temporal 
Resolution Source 

Daily Gridded Historical 
Climate Data (Livneh et al. 
2013)  

Running Variable Infiltration 
Capacity (VIC) model 
simulations and developing 
climate change scenarios 

Daily data at 1/16° (~6 km) 
spatial resolution over the period 
1915 to 2015 

UW n.d.  

Daily Historical Gridded 
Climate Data (PRISM)  

Extending Livneh et al. daily 
gridded historical climate data 

Daily data at ~800 m spatial 
resolution over the period 2016 
to 2020 and ~4 km spatial 
resolution for 2021 

OSU 2025 

Monthly Historical Gridded 
Climate Data (PRISM)  

Adjusting the extended Livneh 
et al. daily gridded historical 
climate data 

Monthly data at ~800 m spatial 
resolution over the period 1895 
to 2020 and ~4 km spatial 
resolution for 2021 

OSU 2025 

CMIP6 Downscaled 
Climate Projections 
(LOCA2-Hybrid method)  

Developing climate change 
scenarios 

Daily data at 1/32° (~3 km) 
spatial resolution over the period 
1950 to 2100 

Pierce et al. 2023 

CMIP5 Wildfire Dataset 
Analyzing wildfire decadal 
probabilities 

1/16° (~6 km) resolution from 
1952 to 2099 

UCB 2018 

2022 Central Valley Flood 
Protection Plan Update 
Datasets 

Characterizes changes in flow 
and stage frequency under 
various climate and project 
implementation scenarios, as 
well as subsequent estimates 
of community impacts  

Inundation maps for impact 
areas within the State Plan of 
Flood Control 

DWR 2022 

~ = approximately 
km = kilometer(s) 
LOCA = localized constructed analog 
m = meter(s) 
OSU = Oregon State University 
UW = University of Washington 
UCB = University of California, Berkeley 
VIC = Variable Infiltration Capacity 
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2.1.2 Vulnerability Indicators and Metrics 

Indicators and metrics are the foundation for the Quantitative Vulnerability Assessment conducted for 
relevant water resource sectors in the subsequent sections. Definitions for each of these terms are as 
follows: 

 Indicator: Observable aspects of a given water resource sector that provide insight into existing 
conditions, projected conditions, and responses to adaptation. Indicators are intended to inform 
decision-making processes. 

 Metric: Quantitative measurement of a given indicator. Metrics must be relevant, spatially specific, time 
sensitive, sensitive to climate, actionable, and comparable across scenarios.  

Prior to conducting individual vulnerability assessments, a series of potential metrics were identified for a 
list of indicators relevant to each water resources sector. From here, a subset of the full list of potential 
metrics were selected and carried forward for the vulnerability analysis. This subset was chosen based on 
the modeling tools, data sources, and resources available for conducting quantitative vulnerability 
analysis. Table 2-6 provides an overview of the indicators, potential metrics, and selected metrics for each 
water resources sector. In some cases, identified indicators could only be assessed qualitatively using; in 
these cases, no metrics were assigned. 
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Table 2-6. Overview of Identified and Selected Indicators and Metrics by Water Resources Sector 

Water Resources 
Sector Indicator Potential Metric(s) Selected Metric(s) 

Surface Water 
Supply 

Monthly and 
Annual Flow 

 Change in monthly and annual flow distribution 

 Annual and seasonal diversions from the American River 

 Change in lowest quartile annual flow 

 Change in runoff and water deficit conditions based on locally derived water 
sources 

 Change in unimpaired inflow to Folsom 
between November and March 

Surface Water 
Supply 

Water Supply 
Reliability 

 Unmet demand 

 Change in population and total water use 

 Change in per-person water use 

 Frequency of time Folsom storage is 
below 90 and 200 TAF 

Surface Water 
Supply 

Folsom Reservoir 
Condition 

 Change in end-of-September storage of Folsom Reservoir 

 Change in end-of-December storage of Folsom Reservoir 

 End-of-December storage 

 End-of-September storage 

 End-of-May storage 

Surface Water 
Supply 

Upper Reservoir 
Condition 

 Total upper watershed end-of-September storage 

 Total Upper American River Project, Total 184 El Dorado Irrigation District, and 
Total Middle Fork Project end-of-September storage 

 End-of-September storage for upper 
watershed hydropower reservoirs 

Groundwater 
Supply 

Groundwater Level 
Trends 

 Change in groundwater level 

 Land subsidence 

 Estimated water use 

 Estimated groundwater use 

 Estimated groundwater storage change 

 Initial progress on plan implementation regarding projects and management 
actions 

 Net change in average depth to 
groundwater 

Groundwater 
Supply 

Total Volume of 
Storage 

 Net change in annual groundwater storage 

 Changes in reliance on American River over Cosumnes River due to 
groundwater overdraft 

 Net change in annual groundwater 
storage 

Groundwater 
Supply 

Groundwater 
Quality Trends 

 Change in groundwater quality  N/A (qualitative) 

Flood 
Management 

Flood Stage 
 Change in snowpack levels with more rain causing higher flood probability 

 Change in 1% annual exceedance probability precipitation intensity 
 Change in 1% annual exceedance 

probability precipitation intensity DRAFT



American River Watershed Resilience Pilot Study Quantitative Vulnerability Assessment 
 

 
  

260109134256_e686bad6 2-10 

 

Water Resources 
Sector Indicator Potential Metric(s) Selected Metric(s) 

Flood 
Management 

Population 
Exposure to Flood 
Events 

 Change in urban flood risk due to greater flows in the Lower American River 
during storms 

 Population exposure (including change in exposure) to 100-year flood risk 

 Change in urban flood risk 

 Change in population exposure to 
selected flood events 

Flood 
Management 

Asset Exposure to 
Flood Events 

 Change in flood inundation area for 100-year events 
 Change in flood inundation for selected 

flood events 

Flood 
Management 

Folsom Reservoir  Change in uncontrolled spill frequency for Folsom Reservoir  N/A (qualitative) 

Water Quality 
Drinking Water 
Quality 
Impairments 

 Change in natural receiving water temperature 

 Change in dissolved oxygen 

 Change in conditions leading to harmful algal blooms 

 Frequency of consecutive dry days with 
Lower American River temperatures 
above 19 degrees Celsius 

Water Quality 
Environmental 
Water Quality 
Impairments 

 Changes in flow needed to maintain water quality metrics 

 Increases in salinity in the Delta due to project SLR 

 Increased long-term water quality risks from wildfires due to intensified 
weather conditions, tree mortality resulting from stressed conditions and 
infestations 

 Change in natural receiving water temperature 

 Change in dissolved oxygen 

 Change in conditions leading to harmful algal blooms 

 Change in conditions leading to nutrient loading events and turbidity events 

 Deviation from suitable temperature 
targets at Watt Avenue Bridge 

Ecosystem 
Natural & 
Ecological Flows 

 Change in flow needed to protect endangered fishery species 

 Change in distribution of hydrological conditions for minimum flows 

 Changes in environmental flows during periods of drought 

 Deviation from Lower American River Modified Flow Management Standard 

 Change in spring lowest quartile flow 

 Frequency of flows exceeding 
environmentally beneficial flow 
thresholds 

 Change in unimpaired streamflow in 
upper watersheds 

Ecosystem 
Aquatic Ecosystem 
Suitability 

 March through May and June through November Folsom storage 

 Percent of months with Lower American River flows below 500 cfs and 800 cfs 

 Deviation from Lower American River Modified Flow Management Standard 

 Change in river temperature 

 Deviation from suitable temperature 
targets at Watt Avenue Bridge DRAFT
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Water Resources 
Sector Indicator Potential Metric(s) Selected Metric(s) 

Ecosystem 
Forest Health & 
Ecosystem 
Services 

 Change in combined actual evapotranspiration and climatic water deficit 

 Change in growing degree days 
 Change in annual and seasonal climatic 

water deficit 

Ecosystem 
Landscape 
Condition 

 Change in wildfire burn probability 

 Change in wildfire burn area 

 Change in annual wildfire burn 
probability 

 Change in annual wildfire burn area 

Ecosystem 
Ecological Water 
Quality 
Impairments 

 Changes in water temperature of Folsom Reservoir and the Lower American 
River 

 Change in summer and fall stream temperature and dissolved oxygen between 
November and February relative to upper tolerable thresholds for species 

 March through October river temperatures below upper tolerable thresholds 
for species 

 Maximum weekly average temperature and temperature on November 1 

 Deviation from suitable temperature 
targets at Watt Avenue Bridge 

Ecosystem 
Fish Habitat 
Conditions 

 November through February exceedance flows that provide access to 
percentage of available spawning habitat 

 March through October flows that provide access to percentage of available 
rearing habitat 

 Number of salmonid habitat projects implemented and documentation of total 
acreage and effectiveness 

 Number of non-salmonid natural resource projects implemented and 
documentation of utility and effectiveness 

 Change in 2-year annual exceedance 
probability flows 

Recreation Recreational Uses 

 Folsom Lake surface area between May and September 

 Upper watershed reservoir surface area between May and September 

 Boating use per day 

 Change in recreational opportunities in rivers, lakes, and snow 

 Change in average annual days between November and June with snow water 
equivalent above a given threshold 

 Changes in seasonal flows impacting recreational uses 

 Changes in frequency of recreational 
days for lakes 

 Changes in frequency of recreational 
days for rivers 

 Changes in the frequency of inundation 
for the American River Parkway 

 Changes in April 1 snow water 
equivalent 

Recreation Tourism 
 Change in recreational opportunities in rivers, lakes, and snow 

 Change in average annual days between November and June with Snow water 
equivalent above a given threshold 

 Changes in frequency of recreational 
days for lakes DRAFT
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Water Resources 
Sector Indicator Potential Metric(s) Selected Metric(s) 

 Change in heat wave frequency 

 Change in heat wave duration 

 Change in average annual calm days 

 Changes in frequency of recreational 
days for rivers 

 Changes in the frequency of inundation 
for the American River Parkway 

 Changes in April 1 snow water 
equivalent 

Hydropower 
Hydropower 
Generation 

 End-of-September reservoir storage for Folsom and upper watershed 
reservoirs 

 Change in hydropower production 

 Monthly inflow-generation alignment index 

 Changes in runoff timing affecting reservoir storage and reducing hydropower 
generation opportunities 

 Change in power bypass 

 End-of-September reservoir storage for 
Folsom and upper watershed reservoirs 

 Change in hydropower generation  

cfs = cubic foot/feet per second 
TAF = thousand acre-feet 
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2.2 Surface Water Supply Vulnerability Assessment 

2.2.1 Purpose 

The purpose of the Surface Water Supply Vulnerability Assessment is to evaluate the effects of climate 
change on surface water supply throughout the ARWRP Study that covers the American River, Cosumnes 
River, and Bear River watersheds. These watersheds contain a complex system of reservoirs used for water 
supply, flood control, and hydropower generation. Changes to climate, population growth, and land use 
are projected to cause greater imbalances to water supply and demand. These changes will likely increase 
the complexity in operating reservoirs to meet downstream demands and regulatory requirements. 
Furthermore, the potential effects of climate change introduce uncertainty in water supply reliability. 
The following sections evaluate the potential outcomes of surface water supply when water management 
practices and regulation are left unchanged. 

Three key water supply metrics were evaluated: 

1. Folsom Reservoir storage at the end of December, September, and May 
2. American River Inflow to Folsom Reservoir from March through November 
3. Storage in hydropower reservoirs in the Upper American River Project, Middle Fork Project, El Dorado 

Irrigation District Project 184, and the Bear River 

2.2.2 Methodology 

The surface water supply of four climate periods was estimated using CalSim 3, a planning model of 
California water resources that simulates reservoir storage levels, river flows, and surface water diversions 
and deliveries on a monthly time-step based on hydrology from water years 1921 through 2021. CalSim 3 
was developed jointly by the Bureau of Reclamation (Reclamation) and the DWR and is considered the 
best available planning-level analytical tool for evaluating Central Valley Project (CVP) and SWP system 
operations. It includes detailed representation of the reservoirs, rivers, points of diversions, and demands 
in the American River watershed and includes current facility specifications and operational regulations. 
More detail on CalSim 3 is included in Attachment B. 

Four climate scenarios were developed and simulated in CalSim 3: Existing Baseline, Mid-Century (CT), 
Late-Century (HD), and Late-Century (WW). Table 2-7 summarizes the scenarios that were evaluated. Each 
model includes different hydrologic inputs (i.e., rim inflows) and demand assumptions reflective of the 
climate, level of development, and land use for each period. All other model assumptions were kept the 
same between each scenario so that water resource management practices remain consistent throughout 
the Mid-Century and Late-Century. A detailed description of the modeling assumptions is included in 
Attachment B. Most of the modeling assumptions are constant between each scenario to focus the 
analysis on changes in hydrology, SLR, land use, and level of development. Moreover, this analysis 
presents the effects of climate change when project operations, regulations, and existing water resource 
facilities are unadjusted. 

Table 2-7. Climate Scenarios Modeled 

Scenario Climate Condition Sea Level Rise 

Existing Baseline Existing Conditions 0 cm 

Mid-Century (CT) 2055 CT 30 cm 
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Scenario Climate Condition Sea Level Rise 

Late-Century (HD) 2085 HD 55 cm 

Late-Century (WW) 2085 WW 55 cm 

Folsom Reservoir Storage 

Folsom Reservoir is part of the CVP and is operated by Reclamation for water supply, environmental 
purposes, and flood risk management. With 975 TAF storage capacity, the reservoir relies heavily on 
snowpack from the upper regions of the watershed. Changing climate conditions are projected to reduce 
the size of the snowpack and alter the timing of runoff entering the reservoir. Reclamation’s operation of 
Folsom Reservoir is constrained by regulatory requirements, such as minimum instream flow standards 
and Delta Outflow objectives. 

For Folsom Reservoir, end-of-month storage was evaluated in May, September, and December. Storage 
conditions at the end of May indicate water supply availability at the end of the wet season and the 
beginning of the delivery season for many water users. End-of-September storage represents the volume 
of water that is carried from the previous water year to the following water year. End-of-December storage 
represents conditions at the end of the calendar year. Additionally, Folsom Reservoir is operated to a 
minimum end-of-December storage objective of 230 TAF in dry conditions. This standard was set by the 
Bureau of Reclamation and the Sacramento Water Forum in the Water Forum Agreement (Sacramento 
Water Forum, 2025). Compliance with this minimum storage objective was evaluated for each climate 
condition. 

American River Inflow to Folsom Reservoir 

The American River watershed primarily receives precipitation as snowpack. Inflow to Folsom Reservoir 
was calculated from CalSim 3 on a volumetric basis between March and November to represent inflow 
during the primary water supply release period outside of flood control season. It was calculated by 
combining the inflows from the North and South Forks of the American River, which are the two primary 
sources of inflow to the reservoir. The volumetric inflow in March through November is used as a guide to 
determine water-year type classifications by the Sacramento Water Forum (Sacramento Water Forum, 
2017). Each year type classification and the corresponding flow volumes are included in Table 2-8. 
The frequency of years above and below these year type classification thresholds were evaluated among 
the four climate periods simulated by CalSim 3. 

Table 2-8. Water-year Types as Defined by Water Forum Agreement 

Upper Reservoir Storage 

While Folsom Reservoir is the largest reservoir in the study area, there is a complex system of reservoirs, 
tunnels, and power plants in the Upper American River watershed. The Upper American River includes the 
following three hydroelectric projects: 

 Project 184 (El Dorado Irrigation District) 

- Silver Lake, Caples Lake, Lake Aloha, Echo Lake 

Threshold (Mar-Nov) Year Type Above Year Type Below 

1,600 TAF Wet Average 

950 TAF Average Drier 

400 TAF Drier Driest DRAFT
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 Middle Fork Project (Placer County Water Agency) 

- French Meadows Reservoir, Hell Hole Reservoir 

 Upper American River Project (Sacramento Municipal Utilities District [SMUD]) 

- Loon Lake, Gerle Creek Reservoir, Union Valley Reservoir, Ice House Reservoir 

The El Dorado Hydroelectric Project 184 includes hydroelectric facilities on the South Fork American River 
and its tributaries, Echo Creek, and in the Counties of El Dorado, Alpine, and Amador. The Middle Fork 
Project is located along the Middle Fork American River, the Rubicon River, and several associated 
tributary streams within Placer County. The Upper American River Project includes dams and powerhouses 
operated by SMUD along the South Fork American River and its tributaries. 

Each of the above projects are operated under the Federal Energy Regulatory Commission (FERC), which 
includes minimum water supply objectives for hydroelectric projects in the American River watershed 
(FERC 2014). Table 2-9 includes end-of-September storage objectives for three of the hydroelectric 
projects evaluated in the Vulnerability Assessment. CalSim 3 was used to evaluate compliance with these 
storage objectives under each climate condition described in Table 2-9.  

Table 2-9. Storage thresholds for hydroelectric projects. 

Additionally, the following reservoirs along the Bear River were included in the Vulnerability Assessment 
to evaluate the effects of climate change on water supply for the Nevada Irrigation District (NID) and 
South Sutter Irrigation District (SSID): 

 Rollins Lake (NID) 
 Combie Reservoir (NID) 
 Camp Far West Reservoir (SSID) 

CalSim 3 outputs of end-of-September storage volumes of the three reservoirs listed herein were used to 
evaluate the effects of climate change on Bear River water supply. The NID and SSID deliver water for 
hydropower production, recreation, and environmental objectives.  

2.2.3 Results 
Figure 2-4 shows monthly average inflow to Folsom Reservoir in December through August. Future 
conditions are projected to correspond with reduced levels of annual unimpaired inflows entering the 
American River due to reduced size in snowpack. Additionally, warmer temperatures and changing 
precipitation levels are projected to cause a shift in the timing of upstream runoff, where a higher 
proportion of annual unimpaired inflow occurs in December through March and less occurs in May 
through August. Reduced levels of unimpaired inflow, especially later in the year, pose challenges in 
managing water supply to meet downstream demands and regulatory requirements. 

Project Volume (TAF) Source 

EID Project 184 17 TAF FERC Minimum 

Middle Fork Project 76 TAF FERC Minimum 

Upper American River Project 198 TAF Minimum in Existing Baseline 
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Figure 2-4. Monthly Average Folsom Reservoir Inflow. 

Figure 2-5 presents an exceedance of probability charge of annual March through November volumes of 
inflow to Folsom Reservoir. This figure also includes thresholds used by the 2017 Water Forum Agreement 
to indicate water-year type classifications (Table 2-9). About 50% of the years in the Existing Baseline 
would be classified as Wet per the Water Forum guidelines. Only 28% of the Existing Baseline simulation 
includes inflow levels consistent with Drier and Driest water supply conditions. 

Each future climate period includes less American River inflow than the Existing Baseline on an annual 
basis, resulting in higher frequencies of drier year type classifications. The Mid-Century (CT) period 
includes 30% of years in the Wet classification, 29% of years in the Average classification, 30% of years in 
the Drier classification, and 10% in the Driest classification. 

The Late-Century (HD) scenario includes the least annual volume of inflow and corresponds with the 
highest frequency of drier water-year classification. In Late-Century (HD) conditions, March through 
November inflow volume is less than 400 TAF in 18% of the simulation period (100 years), reflecting 
“Drier/Driest” conditions per the Water Forum Agreement. This is a substantial increase from the Existing 
Baseline, which only includes 2% of years in Drier/Driest conditions. Overall, the Late-Century (HD) period 
includes 26% of years in the Wet classification, 28% of years in the Average classification, 27% of years in 
the Drier classification, and 18% in the Driest classification. 

The Late-Century (WW) period includes the most runoff in December and January relative to any other 
period. If the late century trends warm and wet, more annual runoff is expected than if it trends hot and 
dry. The Late-Century (WW) period includes similar levels of annual inflows to the American River relative 
to the Mid-Century (CT) period. The Late-Century (WW) period includes 34% of years in the Wet 
classification, 30% of years in the Average classification, 28% of years in the Drier classification, and 7% in 
the Driest classification. 
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Figure 2-5. American River Inflow Volume (TAF) in March through November - Exceedance of 
Probability. 

Figure 2-6 presents an exceedance of probability chart for end-of-September storage in Folsom Reservoir, 
which represents the carryover storage from the previous water year to the following water year. Carryover 
storage reflects how much water remains in the reservoir for use in the forthcoming year. As shown, 
Folsom carryover storage is significantly impacted in the Mid-Century period and in both Late-Century 
periods. Operations of Folsom storage below dead pool conditions, or 90 TAF, are not permitted in the 
model. Such low storage levels completely restrict flexibility in meeting water supply objectives. The 
Existing Baseline includes zero instances of deadpool conditions. However, each future period includes 
several instances of deadpool conditions at the end of September. The Late-Century (HD) model includes 
11 years in which Folsom storage levels reached modeled dead pool conditions. These conditions occur in 
drought years, such as 1931 through 1934, 1976 through 1977, 1991 through 1992, and 2013 through 
2015. The lower storage levels in the future scenarios result from reduced unimpaired inflows, less 
precipitation, and higher temperatures resulting in earlier snowmelt. 

In the Existing Baseline, end-of-September storage in Folsom Reservoir is at the modeled flood control 
limit of 752 TAF in 29% of the simulation. The Mid-Century (CT) period reaches this limit less often, in 
only 8% of the years. The Late-Century (HD) period reaches this limit in the least at 2% of the years. 
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The Late-Century (WW) period includes similar levels of carryover storage to the Mid-Century (CT) period 
and reaches the flood control limit in 5% of the years. 

In the Late-Century (WW) period, rim inflows and snowmelt into the American Rivers are generally higher 
in December through March than the other scenarios. Much of this water is spilled from upstream 
reservoirs due to limited storage capacity and is lost to Delta Outflow. However, the higher level of runoff 
in the Late-Century (WW) period allows for greater upstream storage in droughts compared to the 
Mid-Century (CT) period and especially the Late-Century (HD) period. 

 

Figure 2-6. End-of-September Folsom Storage 

Figure 2-7 presents an exceedance of probability chart for end-of-December Folsom storage. The Water 
Forum’s Memorandum of Understanding identifies a minimum storage level of 300 TAF by the end of 
December each year. However, in years with dry conditions, the minimum is relaxed to 230 TAF (Water 
Forum, 2025). The Existing Baseline complies with this standard in 99% of the CalSim 3 simulation period. 
The Mid-Century (CT) scenario exceeds 230 TAF at the end of December in 96% of the years. The 
Late-Century (WW) scenario often includes end-of-December storage levels similar to the Mid-Century 
(CT) scenario; however, it is compliant with the 230 TAF objective in 99% of years, similar to the Existing 
Baseline. End-of-December storage levels are often elevated in the Late-Century (WW) scenario due to 
high levels of precipitation in December. End-of-December Folsom storage exceeds 230 TAF in only 86% 
of the simulation in the Late-Century (HD) scenario. 

Each future climate condition shows a reduction in water supply available in Folsom Reservoir prior to the 
beginning of the new calendar year. About 55% of the time, end-of-December storage is less in the Mid-
Century (CT) period than it is in the Existing Baseline. Most of these reductions occur in average and drier 
years. The Late-Century (HD) period includes less end-of-December storage than all other periods in 65% 
of the years. The Late-Century (WW) period includes similar end-of-December storage levels to the Mid-
Century (CT) period. 
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Figure 2-7. End-of-December Folsom Storage 

Figure 2-8 presents an exceedance of probability chart for end-of-May Folsom storage which represents 
the storage going into the summer season. The Existing Baseline never goes below the 230 TAF standard 
in the CalSim 3 simulation period. The Mid-Century (CT) scenario exceeds 230 TAF at the end of May in 
98% of the years. The Late-Century (WW) scenario often includes end-of-May storage levels similar to the 
Mid-Century (CT) scenario and also exceeds the standard in 98% of years. End-of-May Folsom storage 
exceeds 230 TAF in only 89% of the simulation in the Late-Century (HD) scenario. 

Overall, each future climate condition shows a reduction in water supply available in Folsom Reservoir 
prior to the summer, which comprises the bulk of the delivery season for water users in the Lower 
American River. About 70% of the time, end-of-May storage is less in the Mid-Century (CT) period than it 
is in the Existing Baseline. The Late-Century (HD) period includes less end-of-May storage than all other 
periods in 90% of the years. The Late-Century (WW) period includes similar end-of-May storage levels to 
the Mid-Century (CT) period. 

In the Existing Baseline, end-of-May storage in Folsom Reservoir reaches the modeled flood control limit 
of 967 TAF in 58% of the simulation. The Mid-Century (CT) period reaches this limit less often, in only 
31% of the years. The Late-Century (HD) period reaches this limit in the least (10% of the years). The 
Late-Century (WW) period includes similar levels of carryover storage to the Mid-Century (CT) period and 
reaches the flood control limit in 30% of the years. DRAFT
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Figure 2-8. End-of-May Folsom Storage 

CalSim 3 results indicate that climate change will significantly reduce upper watershed storage for 
hydropower production. Figure 2-9 presents EID Project 184 storage. Under Existing Conditions, 
end-of-September storage exceeds the FERC minimum in 92% of the 100 years in the simulation. 
The Mid-Century (CT) scenario exceeds the FERC minimum in 39% of the simulation. The Late-Century 
(WW) scenario exceeds the standard in 21% of years. Storage exceeds the FERC minimum in only 2% of 
years in the Late-Century (HD) scenario. 

Each future climate condition shows a reduction in water supply available for EID Project 184 for 100% of 
the years simulated in CalSim 3 (100 years). The average end-of-September EID Project 184 water supply 
in the Mid-Century (CT) period is than it is in the Existing Baseline. The Late-Century (HD) period includes 
less end-of-May storage than all other periods in 90% of the years. The Late-Century (WW) period 
includes similar end-of-May storage levels to the Mid-Century (CT) period. 
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Figure 2-9. End-of-September EID Project 184 Storage 

Figure 2-10 presents Middle Fork Project storage at the end of September. Under Existing Conditions, 
end-of-September storage always exceeds the FERC minimum in the100-year simulation. 
The Mid-Century (CT) scenario exceeds the FERC minimum in 92% of years in the simulation. 
The Late-Century (WW) scenario exceeds the standard in 92% of years as well. Storage exceeds the FERC 
minimum in only 82% of years in the Late-Century (HD) scenario. 

Unless water supply is very high (exceeding 230 TAF), each future climate condition includes reduced 
levels of Middle Fork Project storage at the end of September relative to the Existing Baseline. In over 80% 
of the CalSim 3 simulation period, the Mid-Century (CT) and Late-Century (WW) scenarios include less 
water supply for the Middle Fork Project than the Existing Baseline. Water supply in the Late-Century (HD) 
scenario is most impacted, often presenting end-of-September storage reductions of greater than 100 
TAF compared to the Existing Baseline. 
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Figure 2-10. End-of-September Middle Fork Project Storage 

Figure 2-11 presents Upper American River Project storage. Under Existing Conditions, end-of-September 
storage always exceeds the FERC minimum in the 100-year simulation. The Mid-Century (CT) scenario 
exceeds the FERC minimum in 96% of years in the simulation. The Late-Century (WW) scenario exceeds 
the standard in 97% of years. Storage exceeds the FERC minimum in only 87% of years in the Late-
Century (HD) scenario. 
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Figure 2-11. End-of-September Upper American River Project Storage 

Figure 2-12 presents Bear River storage for the NID and SSID in Rollins Lake, Combie Reservoir, and Camp 
Far West Reservoir. This water supply is not operated to any specified FERC objectives. As shown, Bear 
River water supply in the future periods is reduced relative to the Existing Baseline by 19% to 26%. 
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Figure 2-12. End-of-September Bear River Storage for the Nevada Irrigation District and South Sutter 
Irrigation District 

Overall, CalSim 3 modeling suggests that future conditions will correspond with reduced levels of surface 
water supply due to reductions in annual unimpaired inflows entering the American River watershed. 
Warmer temperatures and changing precipitation levels will cause a shift in the timing of upstream runoff, 
where a higher proportion of annual water supply will be available in December through March and less 
will be available in May through August. Reduced levels of unimpaired inflow, especially later in the year, 
may pose complexities in managing water supply to meet downstream demands and regulatory 
requirements. The modeling suggests that, without adjustment to management strategies, reservoirs will 
be impacted with substantially reduced storage levels. If management of surface water supply is left 
unchanged, there will be higher frequency of reservoirs reaching inoperable levels of storage, causing 
shortages in water supply to satisfy downstream demands and regulatory objectives. 

2.3 Groundwater Supply Vulnerability Assessment 

2.3.1 Purpose 

The purpose of the Groundwater Supply Vulnerability Assessment is to evaluate potential vulnerabilities in 
groundwater supply resulting from projected changes in climate throughout the American River Water 
Resilience Planning area. Within the Study Area, three groundwater subbasins, the North American, South 
American, and Cosumnes Subbasins, serve as the focus areas for the assessment of groundwater supply 
vulnerability. To evaluate potential vulnerabilities in groundwater supply, changes in groundwater storage 
as analyzed and presented by in the North American, South American, and Cosumnes Groundwater 
Sustainability Plans (GSPs) were summarized to characterize conditions under historical, current, and 
future conditions and highlight potential vulnerabilities in groundwater supply under climate conditions.  

The following sections discuss the methodology used to evaluate groundwater supply vulnerability and 
the results of the groundwater supply vulnerability analysis. 
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2.3.2 Methodology 

To evaluate groundwater supply vulnerability, changes in groundwater storage under historical, current, 
and future conditions were summarized from the GSPs for the North American, South American, and 
Cosumnes Subbasins. The following sections provide further details on the methodology applied to 
evaluate projected groundwater conditions. 

Groundwater Sustainability Plan Summaries 

During development of GSPs for the North American, South American, and Cosumnes Subbasins, a 
groundwater flow model covering these three subbasins was developed, calibrated, and applied to support 
development of groundwater budgets, and for evaluation of Sustainable Management Criteria. As part of 
GSP requirements, 50-year projections of future conditions were required to evaluate sustainability over 
the 50-year Sustainable Groundwater Management Act planning horizon.  

Development of the groundwater flow model, herein referred to as “CoSANA”, is documented as part of 
Appendix M of the Cosumnes Subbasin GSP.  

 Current Conditions Baseline Scenario 
 Current Conditions DWR 2030 CT Climate Change Scenario 
 Projected Conditions Baseline Scenario 
 Projected Conditions American River Basin Study (ARBS) CT 2070 Climate Change Scenario 
 Projected Conditions DWR Extreme I (drier with extreme warming) 2070 Climate Change Scenario 
 Projected Conditions DWR Extreme II (wetter with moderate warming) 2070 Climate Change Scenario 

2.3.3 Results 

The following sections describe the summaries of groundwater conditions as published in the GSPs for the 
North American, South American, and Cosumnes Subbasins. 

Groundwater Sustainability Plan Summaries 

To support evaluation of groundwater supply vulnerability across the North American, South American, 
and Cosumnes Subbasins, summaries of groundwater conditions from each Subbasin’s GSP are provided in 
the subsequent sections. 

North American Subbasin 

As part of the North American Subbasin GSP, groundwater budgets representing Historical, Current, 
Projected, and projected conditions with climate change were developed using the CoSANA Model. Full 
discussion of the assumptions and results of the North American Subbasin groundwater budgets are 
provided in Section 6 of the North American Subbasin GSP. 

Table 2-10 shows a summary of annual average groundwater inflows, outflows, and the change in 
groundwater storage under historical, current, and projected conditions. On average, historical, current, 
and projected conditions, the change in groundwater storage is positive, suggesting inflows are generally 
greater than outflows during these years. Variability from year to year can occur with increases in recharge 
occurring in wet years contributing to increases in groundwater storage, whereas, in dry years less recharge 
from precipitation and streamflow occurs and more groundwater is pumped to meet agricultural 
demands. Under projected conditions with climate change, groundwater outflows exceed groundwater 
inflows resulting in a decline in groundwater storage, on average. The reductions in groundwater storage 
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are largely a result of increased agricultural pumping resulting from climate-related increases in 
evapotranspiration and the associated agricultural water use demand. 

Table 2-10. Summary of Annual Average Groundwater Inflows, Groundwater Outflows, and Change in 
Groundwater Storage for the North American Subbasin 

Scenario Analysis Period 

Annual Average 
Groundwater 

Inflows  
(AF) 

Annual Average 
Groundwater 

Outflows  
(AF) 

Annual Average 
Change in 

Groundwater 
Storage 

Historical Conditions WYs 2009 to 2018 383,000 351,100 31,900 

Current Conditions WYs 1970 to 2019 384,700 369,900 14,900 

Projected Conditions WYs 1970 to 2019 393,800 388,400 5,400 

Projected Conditions with 
Climate Change 

WYs 1970 to 2019 399,500 403,000 -3,500 

South American Subbasin 

As part of the South American Subbasin GSP, groundwater budgets representing Historical, Current, 
Projected, and projected conditions with climate change were developed using the CoSANA Model. 
Full discussion of the assumptions and results of the South American Subbasin groundwater budgets are 
provided in Section 2.4 of the South American Subbasin GSP. 

Table 2-11 shows a summary of annual average groundwater inflows, outflows, and the change in 
groundwater storage under historical, current, and projected conditions. Under historical and current 
conditions, groundwater inflows are greater than groundwater outflows resulting in a positive change in 
groundwater storage. Variability in the change in groundwater storage is tied to climate and hydrologic 
conditions where wet years lead to greater availability in surface water, reducing the need for groundwater 
pumping. Conversely, drier years result in more groundwater pumping to meet agricultural demands not 
met by surface water or precipitation. In general, surface water supply remained relatively consistent in 
drier years, however, the lack of precipitation increased agricultural water use demands. 

Under projected conditions and projected conditions with climate change, groundwater outflows tended 
to be greater than groundwater inflows, resulting in a decline in groundwater storage. One factor 
contributing to the reduction in groundwater storage under projected conditions is changes in land use 
which result in increased impervious areas in the subbasin which causes reductions in deep percolation. 
When climate change is accounted for under projected conditions, the increased reduction in groundwater 
storage is largely attributed to increased agricultural pumping. 

Table 2-11. Summary of Annual Average Groundwater Inflows, Groundwater Outflows, and Change in 
Groundwater Storage for the South American Subbasin 

Scenario Analysis Period 

Annual Average 
Groundwater 

Inflows  
(AF) 

Annual Average 
Groundwater 

Outflows  
(AF) 

Annual Average 
Change in 

Groundwater 
Storage 

Historical Conditions WYs 2009 to 2018 275,400 267,700 7,700 

Current Conditions WYs 1970 to 2019 274,800 272,600 2,200 

Projected Conditions WYs 1970 to 2019 292,100 293,200 -1,100 
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Projected Conditions 
with Climate Change 

WYs 2022 through 
2071 

298,900 305,100 -6,200 

Cosumnes Subbasin 

As part of the South American Subbasin GSP, groundwater budgets representing Historical, Current, 
Projected, and projected conditions with climate change were developed using the CoSANA Model. Full 
discussion of the assumptions and results of the Cosumnes Subbasin groundwater budgets are provided in 
Section 10.2.4 of the Cosumnes Subbasin GSP. 

Table 2-12 presents a summary of annual average groundwater inflows, groundwater outflows, change in 
groundwater storage, and the sustainable yield for the Cosumnes Subbasin for the 20-year historical 
period and four projected future conditions. Based on the GSPs evaluation of historical conditions, a 
relationship between the change in groundwater storage and the specific WY type (i.e., whether it was a 
wet year or dry year) was determined where increases in groundwater storage occur during wet years and 
decreases in groundwater storage occur during dry years. Declines in groundwater storage were especially 
evident in multi-year drought conditions, suggesting groundwater conditions are sensitive to climate 
conditions. 

Table 2-12. Summary of Annual Average Groundwater Inflows, Groundwater Outflows, and Change in 
Groundwater Storage for the Cosumnes Subbasin 

Scenario Analysis Period 

Annual Average 
Groundwater 

Inflows  
(AF) 

Annual Average 
Groundwater 

Outflows  
(AF) 

Annual 
Average 

Change in 
Groundwater 

Storage 

20-year Model 
Evaluation Period 

WYs 1999 through 
2018 

144,200 154,900 -10,700 

Current Conditions 
Baseline 

WYs 2022 through 
2071 

149,800 150,200 -400 

Projected Conditions 
Baseline 

WYs 2022 through 
2071 

149,800 150,200 -400 

Projected Conditions 
ARBC CT 2070 Climate 

Change 

WYs 2022 through 
2071 

144,500 154,500 -10,000 

Projected Conditions 
DWR Extreme I 2070 

Climate Change 

WYs 2022 through 
2071 

137,900 156,500 -18,600 

Projected Conditions 
DWR Extreme II 2070 

Climate Change 

WYs 2022 through 
2071 

163,800 160,000 3,800 

2.4 Flood Management Vulnerability Assessment 

2.4.1 Purpose 
The purpose of the Flood Management Vulnerability assessment is to quantify impacts on structures and 
populations in the pilot area under future climate scenarios. Future climate scenarios include increased 
precipitation and associated river flows that can lead to expanded areas of inundation for the same annual 
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exceedance probability (AEP) event. In the American River, for example, the 100-year flow (0.01 AEP 
event) increases from approximately 115,000 cfs under current climate to about 140,000 under 2072 
climate with a high emissions scenario (see Figure 2-19). Regulation of flow by Folsom Reservoir explains 
the horizontal portion of the flow frequency curve. 

 

Figure 2-13. Flow Frequency Distribution at SAC-63 Index Point for Events larger than 10-year Storm 
(0.10 AEP). 

2.4.2 Methodology 

Jacobs used existing hydraulic model simulation results of potential flooding in areas adjoining the 
American, Sacramento, and tributary rivers to quantify impacts to buildings and structures. The California 
Department of Water Resources provided Jacobs with raster files of potential inundation of urban areas 
developed as part of the Central Valley Flood Protection Plan 2022 Update. The inundation maps were 
provided for a series of assumed breach events that were developed to support a Flood Damage 
Assessment (FDA) analysis included in the CVFPP update. 

The inundation information provided by DWR included fifteen impact areas that overlap with the 
watersheds included in the project study area. These 15 impact areas range in size as summarized in 
Table 2-13. The analysis presented herein focuses on 5 index areas representing 67% of the total area 
(areas 30, 36, 40, 44, and 63) and 87% of the total structures at risk in the 15 impact areas. The impact 
areas and watershed boundaries are presented in Figure 2-20, with the 5 focus areas highlighted for 
clarity. 

DWR conducted hydraulic model simulations of between 6 and 8 breach scenarios at each of their index 
points. These simulations used river flows based on the 1986 flood event and applies various scale factors 
between 10 and 260 percent to model a large range of events. The river flows and stages modeled range 
in AEP from 0.76 (a 1.3-year return interval event) to 0.00145 (a 689-year event). The limited number of 
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runs covering a large range of flow magnitudes reduces the ability to directly quantify climate impacts, as 
will be discussed below. 
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Table 2-13. DWR Impact Areas in Pilot Study Area 

Index Area Size (sq mile) 

SAC28 22.0 

SAC 29 79.8 

SAC 30 75.2 

SAC 36 86.7 

SAC 37 38.7 

SAC 38 10.4 

SAC 39 12.1 

SAC 40 66.0 

SAC 43 0.5 

SAC 44 55.0 

SAC 45 0.2 

SAC 47 15.5 

SAC 48 0.3 

SAC 52 0.9 

SAC 63 85.3 

Total 548.6 

 

 

Figure 2-14. Index Areas in Pilot Study Area 
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2.4.3 Results 

The analysis conducted to identify impacts of future climate on flood inundation extents was primarily a 
GIS exercise in which the inundation raster files provided by DWR were used to quantify the number of 
structures impacted by a given flood event. Quantification of structures inundated in each of the 5 focus 
impact areas was performed for a subset of the 6 to 8 available breach scenarios modeled in each impact 
area. The return interval range of simulations analyzed was 19 years to 304 years. Other breach events 
were disregarded either because they were of very low probability (a levee breach for example during a 
5-year flow event) or low frequency (500+year events). DWR’s use of 6 to 8 scaling factors did not allow 
for analysis of events of standard return intervals, such as the 50 and 100-year storm events. Future 
studies could modify the selection of events based on standard return intervals to allow for direct 
comparison of climate impacts at a given storm return interval. 

Table 2-14 provides a summary of residences inundated by 13 storm events across 5 impact areas. 
The five impact areas used in the analysis include over 200,000 structures, which is 87% of the total 
structures in all 15 impact areas. For each impact area, either 2 or 3 events were used. Table 1.5-2a also 
includes the return interval in years of each event. There were no depth filters used to classify a structure 
as impacted; future refinements could include water depth. Population impacts for the same storm events 
are summarized in Table 2-15. 

Table 2-14. Summary of Impacted Residences with Associated Return Intervals under Current Climate  

 Event 1 Event 2 Event 3 

Impact Area Residences 

Return 
Interval 
(years) Residences 

Return Interval 
(years) Residences 

Return 
Interval 
(years) 

SAC-36 29,573 28 29,793 139 30,187 304 

SAC-63 67,519 24 77,615 124 93,500 258 

SAC-30 461 19 481 92   

SAC-40 9,515 24 9,547 124 9,781 258 

SAC-44 2,529 15 4,470 63   

 

Table 2-15. Summary of Impacted Population with Associated Return Intervals under Current Climate  

 Event 1 Event 2 Event 3 

Impact Area People 

Return 
Interval 
(years) People 

Return Interval 
(years) People 

Return 
Interval 
(years) 

SAC-36 116,706 28 117,190 139 117,645 304 

SAC-63 273,124 24 309,488 124 358,305 258 

SAC-30 1,037 19 1,286 92   

SAC-40 46,755 24 46,915 124 48,137 258 

SAC-44 15,002 15 21,352 63   

Details of the analysis for each impact area are best provided by walking through an example, using area 
SAC63, which includes downtown Sacramento (Figure 2-21) and over 134,000 structures, which is 
58 percent of all structures in the 15 impact areas. Impact Area SAC63 covers 85.3 square miles. 
Table 2-16 summarizes 7 available estimates of inundation in the SAC63 impact area, with scaling 
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percentages of the 1986 event between 40 and 240 percent. Figure 2-22 shows the water surface 
elevation relative to the channel cross section and levee crest elevation for the seven breach events 
modeled at this location.  

Table 2-17 shows the shift in event frequency with future climate, as a given flow would be expected to 
occur more frequently in the future with a warming climate yielding larger precipitation events and more 
snowmelt. At the SAC63 index point, a flow of 159,723 cfs has a return interval of 124 years under current 
climate conditions, but is expected to occur more frequently in 2072, with return intervals of between 65 
and 103 years depending on the climate scenario. A breach event at this flow, which would inundate 
83,763 structures, could occur with approximately twice the probability under future climate as under 
present climate conditions. 

 

Figure 2-15. SAC63 Impact Area, Sacramento City and County, CA 
 

Table 2-16. Details of SAC63 Impact Area Scale Simulations 

Scale 

Return Interval for 
Current Climate 

(years) 
Inundation  

(square miles) 
Percent Inundation  

(of 85.3 square mile area) 

1986_40% 5 3.4 4.0 

1986_60% 12 13.3 15.6 

1986_80% 15 22.4 26.2 

1986_105% 24 41.4 48.5 
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Scale 

Return Interval for 
Current Climate 

(years) 
Inundation  

(square miles) 
Percent Inundation  

(of 85.3 square mile area) 

1986_125% 124 48.9 57.3 

1986_145% 258 58.4 68.5 

1986_240% 310 66.2 77.7 

 

 

Figure 2-16. Stages during Modeled Breach Events for SAC63 Impact Area 
 

Table 2-17. Return Interval in Years for Four Climate Scenarios 

Scale Event Flow (cfs) 2022 
2072 Low 

Climate 
2072 Mid 

Climate 
2072 High 

Climate 

1986_60% 114,323 12 8 7 4 

1986_80% 114,986 15 11 9 5 

1986_105% 129,904 24 18 15 8 

1986_125% 159,723 124 103 89 65 

1986_145% 193,270 258 249 229 229 DRAFT























































































































































































































































































































































































  

 

  

 

 

Appendix J 
Watershed Delineation 

DRAFT












	RWA Watersheds Resilience Plan
	Executive summary
	Overview
	The Watershed Planning Area
	Community Engagement, Tribal Partnership, and Vision

	Contents
	Appendices
	Tables




