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Executive Summary

California faces increasing flood risk as climate change intensifies atmospheric rivers, alters precipitation
patterns, raises sea levels, and contributes to post-wildfire watershed instability. Although flooding affects
all 58 counties, and roughly one in five residents live in flood-prone areas, current flood hazard mapping
and land-use planning are not keeping pace with changing hydrology. Aging flood protection infrastructure
and an estimated funding gap of $50 to $115 billion further increase statewide vulnerability.

The purpose of this analysis is to examine how development patterns across California intersect with
flood-related land-use policies, with a focus on six areas selected for their high projected growth or notable
land-use approaches: Antelope Valley Subbasin (Los Angeles County), Whitewater River Subbasin
(Riverside County), San Jacinto Subbasin (Riverside County), Sacramento County, Merced County, and
Santa Clara County. The study draws on spatial development data, FEMA and climate-informed flood
models, and a review of policy frameworks to understand where and why development continues to occur
in flood-prone areas.

The analysis shows that while California has built a strong foundation of state flood policy, including Senate
Bill 379 (Jackson, Chapter 608, Statutes of 2015), the Central Valley Flood Protection Plan, Urban Level of
Protection standards, Flood-MAR, and Executive Order N-82-20, there continue to be gaps that allow
exposure statewide.

Key Findings

o Flood exposure is increasing statewide despite existing policy frameworks, as development
continues to shift into areas with long-term or climate-driven flood risk that are not fully addressed
by current floodplain regulatory maps.

e Uneven application of state flood policies creates local gaps, allowing jurisdictions with weaker
land-use controls to approve development in hazardous areas.

o Reliance on structural flood protection alone can increase long-term risk by creating a false sense
of security and contributing to the “safe development paradox,” particularly where land-use
policies do not also limit development in flood-prone locations.

e Jurisdictions that prioritize avoidance and nature-based approaches—such as Antelope Valley and
Merced—show better outcomes, reducing exposure by steering growth away from floodplains and
preserving natural flood functions.

e |Improved integration of climate-informed flood data into planning decisions is essential to align
future development with evolving risk conditions.

e States such as Massachusetts, New Jersey, and Washington have successfully enacted land-use
policy that prioritizes avoidance of development in high-risk floodplains by combining state-level
enabling legislation, local zoning, environmental overlays, and growth management policies, and
can be looked to as models for California.
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Strategies to Reduce High-Risk Development

Building on these findings, the analysis identifies five strategies to reduce future flood exposure while
supporting resilient growth:

e |mprove flood risk mapping: Updating and expanding the use of climate-informed flood maps can
better reflect future conditions and guide development decisions beyond the limits of FEMA’s
regulatory floodplains.

e Apply land-use screens for development decisions: Standardized screening tools can help state
and local agencies identify and avoid approving new development in areas subject to current or
projected flood risk.

e Strengthen general plan and zoning policies: Aligning land-use designations, zoning ordinances,
and housing policies with flood risk objectives can more effectively limit exposure before
development occurs.

e Expand conservation agreements and incentives: Voluntary conservation easements, agricultural
preservation programs, and incentive-based tools can protect flood-prone lands while supporting
landowners and local economies.

e Pursue strategic land acquisition: Targeted acquisition of high-risk properties can permanently
reduce exposure, enable floodplain restoration, and deliver long-term public safety and ecological
benefits.

Collectively, these actions offer a path toward reducing long-term exposure, improving resilience, and
aligning future growth with the realities of a changing climate.
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1. Introduction

California’s rapid population growth and urban expansion have significantly reshaped its landscapes over
the past century. From 1950 to 2025, the state’s population quadrupled from approximately 10 to 39.5
million, and is projected to reach 40.5 million by 2040." While growth has slowed significantly since 2000,
urban areas continue to expand outward into natural and working lands, including floodplains. This
outward push of development has increasingly encroached on floodplains—areas that naturally absorb
excess water during heavy precipitation or snowmelt events. These floodplains are inherently more prone
to flooding than upland areas, yet continued growth has intensified pressure to build within them, creating
high-risk zones for residential and commercial development. While land-use policies aim to manage
sprawl and mitigate flood risk, many focus on enabling “safe” development within floodplains rather than
discouraging it altogether, contributing to what researchers call the “safe development paradox”—a false
sense of security that perpetuates risky development.? This report examines the intersection of urban
expansion, floodplain development, and land-use policy in California, and explores how nature-based
solutions can be integrated into planning to enhance flood resilience.

Section 1 introduces flood hazards and development risks in

California.
The “Safe Development Paradox” refers to the

Section 2 outlines the methodology for identifying urban idea that areas either a) protected by a levee or

areas at risk for development in floodolains other engineered flood control structure or b)
P P ' outside of the regulatory high-risk zone (e.g., 100

year flood) create a false sense of security that

Section 3 analyzes historical development trends inside and L
encourages development to remain in or near

outside floodplains. floodplains rather than shifting growth away,
ultimately increasing the community’s long-term
Section 4 connects these trends to land use and mitigation exposure and vulnerability.2

policies, including examples of successful strategies from

across the United States, and the role of nature-based solutions in these areas.

Finally, Section 5 highlights effective approaches and provides recommendations for redirecting growth
away from high-risk floodplain areas and improving resilience.

1.1 Flood Hazards and Development Risk in California

According to the Public Policy Institute of California, over seven million California residents, approximately
one in five, live in flood-prone areas.® Flooding affects all 58 counties within California, whether from
riverine, coastal, orinland flooding in both rural and urban communities, and the widespread extent of
these damages makes flooding one of the most pervasive natural hazards in the state.® From 1980 to 2024,
California experienced six “billion-dollar” flooding events, causing over 100 deaths and collective losses
between $10-20 billion (CPI adjusted), including damages to buildings and public infrastructure, material
assets, agricultural assets, and time element losses such as business interruptions or loss of living
guarters, among others.* Climate change is amplifying these threats through intense atmospheric rivers,
extreme precipitation events and precipitation events following periods of severe droughts, and sea level
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rise.>® Post-wildfire slope instability is an additional risk due to changes in soil composition and the loss of
stabilizing vegetation.®

California has experienced “megaflood” atmospheric river events approximately every 200 years, most
recently in the Great Flood of 1861-62.7 In today’s terms, this catastrophic event would be classified as a
100-year flood. According to U.S. Geological Survey (USGS) modeling, a major statewide flood at this scale
has the potential to displace more than 1.5 million people and result in over $1 trillion in property damage
and business losses.? This staggering potential impact underscores the vulnerability of California’s aging
infrastructure, much of which was built over 50 years ago and is inadequate to handle the increasing
severity of storms driven by climate change.® As atmospheric rivers intensify, additional development and
watershed changes occur, and sea levels continue to rise, the risk of catastrophic flooding continues to
escalate. Despite spending approximately $2.8 billion on flood control operations and new investments
annually, the state faces an estimated $50 to $115 billion gap in infrastructure needs over the next 25
years.® The consequences of underinvestment are especially relevant for priority populations, defined by
the state in Senate Bill 535 and Assembly Bill 1550 as disadvantaged communities and low income
communities and households that are disproportionately vulnerable due to higher existing environmental
burdens and fewer resources to recover from flood events.®

Decisions concerning development in flood-prone areas have historically relied on data from the Federal
Emergency Management Agency (FEMA), which has been responsible for mapping flood hazards in the
United States since the 1960s. While FEMA'’s Flood Insurance Rate Maps (FIRMs), which indicate areas with
a 1% annual chance of flooding, also known as Special Flood Hazard Areas (SFHAs), remain the standard
for floodplain management throughout California, they have limitations, both in relation to integrating
climate-driven uncertainty into their assessment of flood hazards and in the infrequency with which the
maps are updated. Independent flood hazard and risk products, such as those produced by Fathom* are
“climate-aware,” including past and projected impacts of climate change on flood risk, in addition to
historical hydrological data. Comparisons of FEMA and Fathom products indicate different areas of
strength for each, such as greater precision around major stream and river channels in FEMA maps versus
Fathom'’s ability to capture areas of pluvial flooding (rain-driven inundation away from major river
channels).”® The analysis in this report uses both FEMA and Fathom flood hazard and risk data for the most
comprehensive understanding of where flooding could occur, and how flood hazard mapping may have
informed past land use and policy decisions.

1.2 Floodplain Development Drivers

Since 1950, California’s population has quadrupled from approximately 10 million to approximately 40
million, creating immense statewide pressure to meet housing demands. Driven by a combination of
policy-based, cultural, and economic factors, much of this population growth has been absorbed beyond
historical urban cores into suburban and exurban development, and newly urbanized areas. Of overall

" Fathom data is proprietary and not available for public use. More information on Fathom’s methodology and technical
documentation can be found here: https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020WR028673;
https://zenodo.org/records/4740762
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statewide population growth between 1950 and 2024, only 12% is attributed to the six cities that were most
populous in 1950 (AECOM'’s calculation based on historical census data). Throughout the second half of
the 20*" century, federal investment in suburbanization and highway infrastructure facilitated expansion of
the single-family housing model and outward growth into new suburban developments. Success of the
‘slow growth’ movement in established affluent urban and suburban communities further limited
densification through infill development, contributing to a housing shortage and affordability crisis that
continues to drive low density development outward from major cities today. The housing affordability
crisis, paired with the expansion of land-intensive warehousing, logistics, aerospace, mining, agriculture,
energy production, and technology industries, creates a confluence of housing demand and economic
opportunity in some flood-prone areas where land is more readily available and affordable. Lower land
costs in flood-prone areas also attract real estate speculators and developers willing to prioritize short-
term gains over long-term sustainability if undeterred by land-use policy guardrails. These patterns
ultimately result in higher long-term costs, including future flood damages, rising insurance burdens, and
ongoing infrastructure maintenance, that are often shifted onto homeowners and taxpayers.

Whether due to intentional leniency or lack of flood risk awareness, local land-use and zoning policies have
allowed development to expand within flood-prone areas throughout the state. Many areas historically
designated as natural and working lands have been rezoned to meet demand for residential, commercial,
and industrial space. Typically low-lying, flat, and located near water sources, agricultural land is attractive
for residential development despite its flood-prone tendencies. Rather than regulating and limiting
development in flood-prone areas, many jurisdictions have historically relied on gray infrastructure, such
as levees and dams, to manage flood risks. While these engineering solutions provide a certain level of
protection, they have often encouraged development in flood-prone areas under the assumption of safety,
rather than promoting solutions that work with the landscape to mitigate flooding, such as nature-based
solutions. Engineering solutions also introduce ongoing maintenance needs, with their success depending
on the ongoing availability of funding and capacity of personnel.

The accelerating impact of climate change has also expanded and reshaped floodplains faster than flood-
risk mapping, land-use planning, and adaptation measures can keep pace. Areas once deemed safe are
now increasingly exposed to severe and frequent flooding, highlighting the urgency for more sustainable
and adaptive approaches to development and flood management. Recognizing this need, some
jurisdictions have implemented policies that prioritize flood-risk mitigation through nature-based solutions
and sustainable land use.

1.3 Purpose and Objectives

As California continues to grapple with the escalating impacts of climate-driven flood hazards, the
importance of land-use decisions, especially related to development in flood-prone areas, has become
increasingly evident. Despite a growing awareness of flood risks and a rising adoption of nature-based
solutions, residential and commercial development continues to expand in areas that are highly
susceptible to flooding. This report examines how recent development trends across the state have
contributed to heightened flood vulnerability, particularly in regions experiencing rapid growth. By exploring
the specific drivers behind these trends and assessing their implications, we can better understand the
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intersection of land use and flood hazards and identify opportunities to align future development with
resilience and sustainability goals.

To address these growing threats and higher-risk

development trends, California must develop Nature-based solutions are actions to protect, sustainably
use, manage and restore natural or modified ecosystems,
which address societal challenges, effectively and adaptively,
providing human well-being and biodiversity benefits.

innovative and forward-thinking strategies to
reduce risk associated with increased

development in flood-prone areas. One way to do
so is to rethink statewide and local land-use Source: International Union for Conservation of Nature

policies, focusing on resilience and sustainability.
Integrating strategies that incorporate nature-based solutions, such as restoring wetlands, preserving
floodplains, and enhancing green infrastructure implementation, into land-use planning can reduce flood
risks while delivering additional co-benefits. Land-use planning that prioritizes ecological functions and
climate smart growth near flood-prone areas can help mitigate future disasters and facilitate development
that aligns with long-term environmental and public safety goals.

This report examines flood model outputs, historical development trend data, and precedents for smart
land-use policy and nature-based solutions strategies. This analysis will help identify specific opportunities
and contextual considerations for The Nature Conservancy’s (TNC) sustainable development and nature-
based solutions efforts to reduce flood hazard risk across the state.

2. Methodology

2.1 Selection of Focus Areas

Given the scale of a statewide analysis and the diversity of California’s landscape and urban development,
it was necessary to identify focused areas of analysis (“focus areas”) that allow for local and regional
analysis of land use, development trends, and flood hazard. Focus areas include regions with high
projected levels of growth, or jurisdictions that have implemented land-use approaches that have either
enabled growth into flood-prone areas or successfully restrained development from expanding into flood-
prone areas. Three initial focus areas were identified through TNC statewide mapping efforts: San Joaquin
Valley, Pajaro River (Gilroy), and the Antelope Valley (Palmdale, Lancaster). These areas served as a starting
point for further investigation and validation. These initial focus areas were refined to encompass
Sacramento County, Merced County, Santa Clara County, and Antelope Valley Subbasin (Los Angeles
County). Two additional focus areas of Whitewater River Subbasin (Riverside County) and San Jacinto
Subbasin (Riverside County) were identified through data-driven statewide analysis of growth patterns and
FEMA 100-year (1% annual chance) floodplain extents, described below.

As part of the initial screening process, FEMA-mapped repetitive loss properties and priority populations
were overlayed to identify whether repetitive loss from flooding has disproportionately impacted
geographies containing priority populations, and whether this relationship should inform the selection of
focus areas. This assessment did not reveal a strong relationship between these two variables and
therefore was not included in the final selection of focus areas. This finding does not discount that social
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vulnerabilities and other environmental burdens can exacerbate the impacts of flooding on priority
populations, which should be considered in the planning and implementation of flood resilience
measures.

To establish an initial understanding of where recent development may have occurred throughout
California, an analysis of change over time in both population and number of housing units for all California
census tracts was performed. This analysis used American Community Survey (ACS) 5-year Estimates for
Total Population and Total Housing Units (years: 2013 and 2023)." Because the 2013 and 2023 ACS data
use 2010 and 2020 census tract boundaries respectively, the 2023 data was standardized to the 2010
census tract boundaries using the National Historical Geographic Information Systems (NHGIS) Crosswalk
table and the associated interpolation weights that NHGIS has determined for population and housing
units."

To understand where development is occurring within flood-prone areas, the population and housing unit
change data was then overlaid with FEMA’s 100-year flood hazard boundaries.’® National Land Cover
Database (NLCD) data from 2010 and 2023 was then used to map areas with an increase in fractional
impervious surface area, to provide a more detailed indication of where development and sprawl has
occurred—particularly on previously undeveloped land—within the 100-year floodplain.’ This analysis
resulted in GIS-based maps overlaying population and housing growth, 100-year floodplain, and
impervious surface increase.

Census tracts that intersected FEMA’s 100-year floodplain and fell within the top 25™ percentile statewide
of both population and housing unit percent increase were flagged as potential focus areas. To refine the
focus area selection, impervious land cover increase data was applied as an overlay to observe the extent
of greenfield development within high-growth census tracts that had occurred within the 100-year
floodplain.

Six focus areas were selected for analysis, representing diverse geographies, varying risk types, and a range
of land uses, with the intent of producing analysis and policy considerations that are applicable to variety
of development environments. Focus areas were analyzed at a high-level countywide or subbasin (HUC8
watershed) extent of similar geographic area for general context, and at one or more city or community-
level extents for granular analysis of historical development drivers and policy. Focus areas are identified in
Figure 1. Comparisons of focus areas by total area, area within the Fathom 100-year and 500-year and
FEMA 100-year floodplain boundaries, and developed land area are shown in Figure 2.

1. Antelope Valley Subbasin (Los Angeles County)
Whitewater River Subbasin (Riverside County)

San Jacinto Subbasin (Riverside County)

2
3
4. Sacramento County
5. Merced County

6

Santa Clara County
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Figure 1. Focus Areas
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Figure 2. Focus Area Comparison: Total Area, Flood-Prone Area, and Developed Land (grouped by focus area; mi?)
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2.2 Analysis of Focus Areas

After selection of the focus areas, a more detailed analysis was performed to understand the historical
trends in development overall and within the flood-prone areas. To understand areas with high-risk
development, the FEMA 100-year floodplain was overlaid with developed land cover data from the NLCD
and General Plan Land Use data from California’s General Plan Land Use database. In addition to reviewing
development as a whole, the General Plan Land Use data provided an overview of development types
(residential, commercial, or industrial) that are most at risk in each focus area. Furthermore, potential
areas of more extreme flood events were analyzed via adding Fathom’s 500-year (0.2% annual chance)
flood hazard layer, highlighting areas that may not be subject to current policies informed by FEMA-defined
flood hazard data, and therefore have potentially more exposure to lower frequency flood events that are
becoming more likely with climate change. The Fathom 100-year data was also included in the analysis for
comparison with the FEMA flood hazard data and to assess flood hazards at a higher frequency.

A more comprehensive analysis of parcel development between 1950-2024 was conducted for focus
areas, using parcel-level “year built” data from county assessors, where available. This analysis was
possible for focus areas in Los Angeles County'® (Antelope Valley), Riverside County'” (Whitewater River
and San Jacinto watersheds), and Sacramento County'®. Parcel-based development trends over time, both
overall and within flood-prone areas, informed analysis of how historical development drivers and
subsequent land-use policies may have influenced where development occurred. Parcel-based “year
built” data was not available for Merced County or Santa Clara County; analysis for these areas relied on
qualitative research for an understanding of long-term historical development trends. Maps detailing each
of the elements analyzed against flood risk are included in Appendix A.

2.3 Identification of Floodplain Development Management Approaches

Utilizing the development patterns highlighted through the analysis of the focus areas, a deep dive into the
influence of land-use policies, flood mitigation plans, and risk reduction strategies on the development
within flood-prone areas was performed. A custom Generative Pre-Trained Transformer (GPT), developed
using OpenAl technology, was employed to automate portions of the research process. This tool
accelerated the collection of relevant information, which was subsequently analyzed and reviewed for
accuracy. The GPT was trained on publicly available documents related to floodplain development within
and outside of California, nature-based solutions, and flood mitigation planning uploaded directly into the
tool. A list of these documents is included in Appendix B. Initially built on OpenAl’s GPT-40 model, the GPT
was migrated to the GPT-5 Thinking architecture once this became available in August 2025. The
introduction of GPT-5 allowed the development of a more robust and accurate “deep thinking” research
model, with a 45% decrease in potential factual errors.’ Following the creation of the output from the
custom GPT, results were reviewed and verified using a quality assurance and quality control process. The
GPT-generated reports included a full bibliography with in-text, hyperlinked citations, and all policy analysis
content was reviewed by verifying these sources. Any inaccuracies were resolved through manual web
searches. This process resulted in an average citation accuracy of 95%, with the initial report serving as a
foundation for deeper analysis and source validation. The primary function of the GPT was to identify
policies potentially influencing floodplain development, based on the temporal and spatial parameters

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 9



(i.e., the periods of growth and decline within specific focus areas) defined during the development pattern
analysis. These policies were assessed to determine their actual influence on floodplain development,
whether they enabled or restricted sprawl, and, as a result, actionable recommendations were identified to
discourage development within flood-prone areas. Outcomes of the focus area analysis and connections
between these development patterns and any subsequent land-use policies, particularly as they relate to
flood risk are discussed in Section 3.

3. Floodplain Development Trends and Existing
Development Management Approaches

California has implemented a range of progressive flood risk reduction policies and programs designed to
minimize development in high-risk flood zones and integrate climate resilience into land-use planning.
Senate Bill 379 (Jackson, Chapter 608, Statutes of 2015), passed in 2015, mandates that all cities and
counties in the state incorporate climate adaptation and resilience strategies into their general plans;
alternatively, this requirement can be fulfilled through the adoption of a Local Hazard Mitigation Plan
(LHMP).?° Complementing this, Assembly Bill 2140 (Hancock, Chapter 739, Statutes of 2006) offers
jurisdictions incentives to integrate their LHMPs into the Safety Element of their General Plans by making
them eligible for additional state funding.*'

The Central Valley Flood Protection Plan (CVFPP) stands as a cornerstone of California’s regional flood
management strategy. Among its provisions is the Urban Level of Protection (ULOP) standard, which
requires that urban areas in designated flood hazard zones achieve a 200-year level of flood protection.?*2?
Additionally, the CVFPP emphasizes multi-benefit flood mitigation projects that support ecosystem
restoration, recreation, and agricultural viability.?* On the coast, the California Coastal Act and the
California Coastal Commission play a crucial role in reducing flood risks. These entities require new
developments to minimize exposure to flooding and compel local jurisdictions to align their planning
documents with the state's guidance. The state requires that all new coastal development be planned,
sited, and designed to be resilient to future sea level rise, without relying on future armoring, and in a
manner that protects public resources and natural shoreline processes.? Another innovative statewide
approach is Flood-MAR (Managed Aquifer Recharge), a strategy that diverts floodwaters to agricultural and
managed natural lands for groundwater recharge, enhancing both water supply and flood resilience.?
Finally, projects like the Napa “Living River” exemplify California’s commitment to integrating gray
infrastructure with nature-based solutions and strategic land-use planning. These state-funded projects
demonstrate how flood protection can be effectively combined with environmental restoration and
community co-benefits.?’

However, to fully assess the benefits of these, and similar policies within California across all scales of
government, the connection between the introduction of flood risk reduction policies and any subsequent
changes in development patterns for each focus area was analyzed. This section provides the overall
context for each focus area, including land use and development patterns, flood-prone areas identified by
FEMA and Fathom data, and historical parcel-based development trends where available. The analysis
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establishes each focus area’s geography, topography, primary watershed(s), and flood hazard, followed by
a broad discussion of development history, supported by data on the distribution of designated land uses,
and the share of land area that is developed. Data is presented comparatively for the overall focus area and
within the FEMA 100-year, Fathom 100-year, and Fathom 500-year floodplains. A closer look into the data
for each focus areais included in Appendix A. This contextual analysis provides a baseline understanding
of how development within each focus area occurred in relation to flood-prone areas and indicates at a
high level how and where future development might occur.

To further refine the understanding of the interplay between land use and flood risk, the development
trends identified within each focus area were used to analyze how land-use policies, flood mitigation plans,
and risk reduction strategies have influenced increasing development within flood-prone areas. The
patterns of growth and decline highlighted within each focus area were linked to the implementation of
relevant land-use policies and community infrastructure plans. State-, county-, and local-level approaches
to managing floodplain development were assessed to consider these impacts across all scales of
government and to build a thorough understanding of successful approaches to dissuade continued high-
risk development. In addition, this section explores approaches applied by other states related to reducing
development in flood-prone areas and identifying successful components that may potentially be
replicated within California.
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3.1 Antelope Valley Subbasin (Los Angeles County)

The Antelope Valley Subbasin (Antelope-Fremont Valleys HUC8 Watershed) within Los Angeles County is a
region in the western Mojave Desert, north of the San Gabriel and Sierra Pelona Mountains and Southeast
of the Tehachapi Mountains. The elevated desert terrain of the valley is primarily at risk of flash flooding
from intense storms and mountain runoff following undefined and meandering paths of alluvial fans along
the valley floor.?® FEMA and Fathom’s 100-year floodplain maps cover 10% and 11% of the Antelope Valley
within Los Angeles County, respectively, while Fathom’s 500-year floodplain extends to cover 16% of land
area, as detailed in Table 1 and shown in Figure 3. This focus area includes 151 FEMA FIRM panels” with
effective dates of 2008 (95%), 2010 (3%), and 2021 (2%).

Table 1. Antelope Valley Subbasin (Los Angeles County): Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500 FEMA 100 Developed Land (NLCD)
(mi?) Area (mi?) % Area (mi?) % Area (mi?) % Area (mi?) %
1,218 133 11% 198 16% 120 10% 69 6%

Land Use and Development Context

The valley contains two principal cities, Lancaster and Palmdale, and several unincorporated communities.
While early development served the valley’s agriculture industry, the primary industries driving economic
and population growth since the mid-20" century have been aviation, aerospace, and defense.?® More
recently, Antelope Valley has seen growth in logistics operations and manufacturing industries, along with
significant production of large-scale solar photovoltaic (PV) projects such as Antelope Valley Solar Ranch
One and wind turbines such as Tehachapi Pass wind farm.

During the early 1980s, the region began to experience unprecedented growth, boosted by defense
spending and spikes in greater Los Angeles home prices. Between the 1980 and 2010 census counts, the
population of Antelope Valley grew from approximately 60,000 residents to 485,000, driven primarily by
aerospace industry employment and affordable housing for Los Angeles commuters.?® These trends are
reflected in Figure 4 and Figure 5, with data indicating how much of the valley’s growth during these periods
occurred within the FEMA and Fathom floodplains.

As shown in Figure 6, approximately 65% percent of the Antelope Valley’s land area within Los Angeles
County is designated for low or medium density residential uses. Within the FEMA 100-year floodplain,
86% of land is designated for low or medium density residential uses, and another 9% for industrial uses as
shown in Figure 7. Despite these land-use designations indicating a high level of potential development in
the floodplain, NLCD data in Figure 8 shows only 6% of land in the watershed is considered ‘developed,
and only 2% developed within the FEMA 100-year floodplain.

“FEMA FIRM panels (Flood Insurance Rate Map panels)are flood risk maps that make up a larger geographic area and are used to
delineate a community's special hazard areas, flood risk zones, and base flood elevations.
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Floodplain Management Context

The Los Angeles County Department of Public Works (LACDPW) manages floodplain areas for
unincorporated regions within Los Angeles County, including portions of the Antelope Valley. LACDPW
enforces Title 11 of the county code, which outlines minimum development standards in flood zones such
as freeboard and floodproofing requirements. This code has been maintained for decades and was
updated in 2017.3° While LACDPW oversees unincorporated areas, the incorporated cities of Palmdale and
Lancaster manage their flood-related policies through their own local ordinances.

Los Angeles County has been a participant in the National Flood Insurance Program (NFIP) since 1980.%
Title 11, also known as the Floodway Ordinance, regulates development in flood-prone areas. Titles 26
through 33 of the county’s building codes establish flood resilience standards for structures. Additionally,
Title 22—the Zoning Code—allows for the issuance of conditional use permits for construction in flood risk
zones. The City of Palmdale regulates floodplain development through its Municipal Code Chapter 15.28,
which outlines elevation and other building requirements in line with NFIP standards. Palmdale also
published its LHMP in 2021. Meanwhile, the City of Lancaster generally defers to county and state building
standards when managing floodplain development.

Damaging flood events in the 1970s and 1980s led to development of the Antelope Valley Comprehensive
Plan of Flood Control and Water Conservation and the Palmdale Drainage Master Plan. However, both
these plans emphasize the use of engineered solutions to reduce vulnerability of development in proximity
to flood-prone areas, rather than land-use guidance to locate development away from flood-prone areas.

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 13



Figure 3. Floodplains within Antelope Valley Subbasin (Los Angeles County)

\
| -
9
L
%
o
ey TP
b’
a . “ .
jlihousand[@aks] N -
s )

Nefienel (Ferest

7 FEMA Flood Zones (100 year) -
4 LA County

I Fathom 500yr - LA County

[ Fathom 100yr - LA County

[] Antelope Valley Watershed
Major Highways

Map Data Sources: FEMA National Flood Hazard
Layer Database; Fathom Global Flood Map 3.0;
California State Geoportal; USGS

San P\gncisco

A 0 10 20
| ] 1 ] ] ] ] ]

40 Miles
|

Location: Antelope Valley

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK

14



Policy Analysis

The Antelope Valley’s alluvial fan flooding typology did not have an associated risk analysis methodology
until the 1980s, with early models first incorporated into FEMA guidelines in 1985.3%3% Following the
County’s participation in the NFIP, restrictive development requirements within FEMA’s newly designated
flood areas appear to have contributed to a marked decline in development in FEMA flood areas. While
the 1980s development boom peaked in 1990 for the focus area overall, development in FEMA flood areas
began declining as early as 1985. The number of annual parcels developed in FEMA flood areas dropped
from a peak of 98 parcels in 1985 to 19 parcels in 1990, further decreasing to one parcel by 1996, as
shown in Figure 4. While development in FEMA flood zones rose again to 25 annual parcels during the
housing boom in the early 2000s, it has remained in single digits since 2007.

While subject to NFIP regulations, land-use designations allow for residential uses throughout much of
the Antelope Valley subbasin focus area, facilitating low-density sprawl into some flood-prone areas. As
shown in Figure 9, some larger suburban and rural communities (e.g., Sun Village and Antelope Acres [see
Appendix A]) have been developed in flood-prone areas identified by Fathom flood modeling, which has
not been integrated into policy guidance or decision-making.

Overall, most urban development in the focus area has grown outward from Palmdale and Lancaster,
avoiding flood-prone areas. The overlay of development data, allowed land-use data, and policy context
indicates the success of Los Angeles County’s floodplain management ordinances in restricting and
discouraging development in FEMA-designated flood areas.

Figure 4. Antelope Valley Subbasin (Los Angeles County): Number of Parcels Developed within a FEMA or Fathom
Floodplain: 1950-2024
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Figure 5. Antelope Valley Subbasin (Los Angeles County): Floodplain Parcel Development as Share of Overall Parcel
Development by Year
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Figure 6. Antelope Valley Subbasin (Los Angeles County): General Plan Land Use as Percent of Subbasin Land Area
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Figure 7. Antelope Valley Subbasin (Los Angeles County): General Plan Land Use as Percent of Subbasin Flood Zones
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Figure 8. Antelope Valley Subbasin (Los Angeles County): NLCD Developed Land Percentages
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Figure 9. Assessor Parcels by Year Built within Antelope Valley Subbasin (Los Angeles County)
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3.2 Whitewater River Subbasin (Riverside County)

The Whitewater River Subbasin (Whitewater River HUC8 Watershed) encompasses the Coachella Valley, a
desert basin in western Riverside County located between the Santa Rosa and San Jacinto Mountains to
the south and the Little San Bernardino Mountains to the east. The valley floor is low-lying, with sea-level
desert terrain at risk of flash flooding from intense desert storms and drainage from surrounding mountain
peaks of over 11,000 feet.* Alluvial fans formed from past flooding spread across the basin, creating
unpredictable flooding conditions in some developed areas. The Coachella Valley experienced extreme
flooding throughout its formative years, and in recent years, with flash flooding from Tropical Strom Hilary
causing extensive damage in 2023.%¢ However, FEMA’s 100-year floodplain map covers just 8% of the
subbasin, and Fathom’s 100-year and 500-year floodplain maps cover just 1% and 2% of the subbasin,
respectively, as detailed in Table 2 and shown in Figure 10. This focus area includes 162 FEMA FIRM
panels with effective dates of 2008 (76%), 2012 (1%), 2017 (11%), 2018 (10%), 2022 (1%), and 2024 (1%).

Table 2. Whitewater River Subbasin (Riverside County): Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500 FEMA 100 Developed Land (NLCD)

(mi?) Area (mi?) % Area (mi?) % Area (mi?) % Area (mi?) %

1,328 16 1% 32 2% 105 8% 152 11%

Land Use and Development Context

The watershed contains the cities of Cathedral City, Palm Springs, Rancho Mirage, Palm Desert, Indian
Wells, Indio, La Quinta, and Coachella. Early development and agriculture in the region were facilitated by
construction of irrigation infrastructure, enabling settlement and establishment of date palm groves and
row crop agriculture to the eastern Coachella Valley. Tourism emerged as a major economic driver in the
early 1900s. Already popular as a resort destination and winter retreat, the region experienced consistent
growth from the 1960s onward, driven by demand for resorts, retirement communities, golf courses, and
additional housing for agricultural and hospitality workers and seasonal visitors. A major driver of more
recent residential development is demand for affordable housing for low-wage farm workers, with new
housing development led primarily by Coachella Valley’s Housing Catalyst Fund. Beyond residential
development, a substantial amount of land in the northwest valley is devoted to energy production
through wind turbines in the San Gorgonio Pass Wind Farm. The region’s relatively consistent
development trends are reflected in Figure 11 and Figure 12, with data indicating how much of the
watershed’s growth during these periods occurred within the FEMA and Fathom floodplains.

As shown in Figure 13, approximately 15% of the watershed’s land area is designated for residential uses.
Within the FEMA 100-year floodplain, approximately 34% of land is designated residential uses, and
another 10% for commercial and industrial uses as shown in Figure 14. The share of residentially
designated land is somewhat higher within the floodplains. NLCD data in Figure 15 shows that in both the
watershed as a whole and the FEMA 100-year floodplain, approximately 12% of land is considered
“developed,” whereas nearly 30% of land in the Fathom 500-year floodplain is “developed”. This indicates
that Fathom modeling is capturing a substantial amount of long-term flood risk for developed areas not
previously considered at risk under FEMA mapping.
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Floodplain Management Context

The Whitewater River Subbasin is home to multiple jurisdictions with NFIP-compliant strategies for
managing development within FEMA-designated floodplains. Countywide and municipal ordinances
throughout the focus area also discourage or prohibit development in mapped floodways. In addition to
utilizing FEMA-defined SFHAs and state-level flood zones as defined by the California Department of
Water Resources, Riverside County maps its own flood hazard zones and enforces Ordinance 458 for new
construction in unincorporated areas that fall within the SFHA or other flood hazard boundaries.*”3#

The Coachella Valley Water District drives much of the region’s floodplain policy and operations: it runs
the valley-wide stormwater system, requires developers to prepare flood control plans under Ordinance
1234.2, and enforces special permitting for development in the flood hazard areas consistent with
Riverside County Ordinance 458.%° Regional planning efforts—such as the Western Coachella Valley Area
Plan and the Coachella Valley Association of Governments’ Flood and Blowsand Risk Assessment and
Improvement Plan—identify flood-risk areas and propose conceptual mitigation strategies.*>*’
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Figure 10. Floodplains within Whitewater River Subbasin (Riverside County)
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Policy Analysis

Development trends in the Whitewater River subbasin indicate an overall trend of NFIP compliance
through mitigation measures and engineered solutions rather than discouragement of floodplain
development through land-use planning or highly restrictive development requirements. While a relatively
low amount of the focus area’s total development is located within FEMA-designated flood-prone areas,
these areas have seen a relatively steady share of the focus area’s overall development over time.

While FEMA flood areas accounted for the highest share of overall developmentin 1973 (15%), assessor
datain Figure 11 does not indicate that the adoption of Ordinance 458 and participation in the NFIP in the
late 1970s and early 1980s marked a major shift away from development in the FEMA flood areas. Rather,
development in flood areas increased in the late 1980s, and again during the next major housing boom in
2007, when over 600 parcels were developed in FEMA flood areas, accounting for 11% of overall
development that year.

While subject to NFIP regulations, land-use designations allow for a mix of residential, commercial, and
industrial uses throughout the focus area and within flood-prone areas. As shown in Figure 16, several
residential communities have been developed in FEMA-designated flood areas, including Garnet and
Thousand Palms (both unincorporated areas within County jurisdiction), and a small development just
east of Desert Palms (within City of Indio). A sizable residential area of Palm Springs also falls within a
500-year flood zone identified by Fathom flood modeling, which has not been integrated into policy
guidance or decision-making.

The City of Desert Hot Springs provides a positive example of a jurisdiction that has largely restrained
development from sprawling into surrounding FEMA flood areas through zoning, designating an Open
Space - Conservation zone along much of its western boundary, interspersed with an extremely low-

density “Residential Rural Desert” zone designation allowing only 1 dwelling unit per 5 acres.

Figure 11. Whitewater River Subbasin (Riverside County): Number of Parcels Developed within a FEMA or Fathom
Floodplain: 1950-2024
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Figure 12. Whitewater River Subbasin (Riverside County): Floodplain Parcel Development as Share of Overall Parcel
Development by Year
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Figure 13. Whitewater River Subbasin (Riverside County): General Plan Land Use as Percent of Subbasin Land Area
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Figure 14. Whitewater River Subbasin (Riverside County): General Plan Land Use as Percent of Subbasin Flood Zones
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Figure 15. Whitewater River Subbasin (Riverside County): NLCD Developed Land Percentages
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Figure 16. Assessor Parcels by Year Built within Whitewater River Subbasin (Riverside County)
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3.3 SanJacinto Subbasin (Riverside County) Floodplain and Land-
Use Context

The San Jacinto Subbasin (San Jacinto HUC8 Watershed) encompasses diverse terrain between the Santa
Ana Mountains to the west and San Jacinto Mountains to the east, including multiple lakes, low-relief
valleys, foothills, mountains, and urbanized areas. Seasonal rainfall and snowmelt from the mountains
feed into streams and rivers, including the San Jacinto River, which flows into Lake Elsinore, a large,
natural freshwater lake surrounded by a suburban city of the same name. During intense storm events the
watershed is susceptible to flash flooding, lacustrine flooding, and riverine flooding surrounding Lake
Elsinore, Canyon Lake, San Jacinto River, the Perris Valley Storm Drain, and Salt Creek.**The FEMA 100-
year floodplain and Fathom 500-year floodplain each cover approximately 8% of the watershed’s total
land area, with the Fathom 100-year floodplain covering only 6%, as detailed in Table 3 and shown in
Figure 17. This focus area includes 125 FEMA FIRM panels with effective dates of 2008 (72%), 2009 (6%),
2012 (6%), 2014 (9%), 2017 (5%), and 2024 (2%).

Table 3. San Jacinto Subbasin (Riverside County): Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500 FEMA 100 Developed Land (NLCD)
(mi?) Area (mi?) % Area (mi?) % Area (mi?) % Area (mi?) %
763 44 6% 60 8% 59 8% 114 15%

Land Use and Development Context

Major cities within the watershed include Menifee, Hemet, Perris, Lake Elsinore, and San Jacinto.
Historically, the development of this region was driven by agriculture and water infrastructure, including
construction of the Hemet Dam in the late 19th century to support irrigation. Over time, the introduction
of railroads and highways facilitated growth in the region, as its affordable land attracted suburban
development.*® Figure 18 shows major spikes in floodplain development around 1990 and the early 2000s,
reflecting establishment of master planned communities and other large-scale residential projects for
retirees and commuter populations. Today, the region is characterized by a mix of suburban communities,
recreational areas, and industries such as action sports tourism, logistics, retail, and light manufacturing.
Planned mixed-use projects and lifestyle centers in Menifee and Lake Elsinore reflect ongoing population
growth, demand for commuter communities, and trends toward diversified amenities and employment
opportunities.**°

Figure 19 shows that slightly under half of the land within the watershed is desighated for open
space/public lands, while about 33% of total land is designated for residential use. Planned Development
(a designation allowing larger projects typically including a mix of residential, commercial, or industrial
uses) accounts for 19% of land in the FEMA 100-year floodplain, as shown in Figure 20. The share of land
designated for open space/public land and residential uses is somewhat lower within the floodplains.
NLCD data in Figure 21 shows that 15% of land in the watershed is considered “developed”. Compared to
just 8% of land in the FEMA 100-year floodplain, roughly 22% of land in the Fathom 500-year floodplain is
“developed,” indicating that Fathom modeling is capturing a substantial amount of long-term flood risk for
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developed areas not previously considered at risk under FEMA mapping. Supporting this assumption,
Figure 18 and Figure 22 indicate that a relatively small share of development occurred in the FEMA 100-
year floodplain until approximately 2010, while the Fathom 100-year and 500-year floodplains saw major
spikes in line with regional trends. Since 2010, development in all three floodplains has increased, with a
consistently higher share of development in the FEMA Floodplain than at any previous point.
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Figure 17. Floodplains within San Jacinto Subbasin (Riverside County)
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Floodplain Management Context

Floodplain management in the San Jacinto Subbasin involves coordination among Riverside County,
multiple incorporated jurisdictions, and regional flood agencies. City of Lake Elsinore provides a
representative example of how development in flood-prone areas is managed. The City’s Flood Damage
Prevention Code (Chapter 15.64), first adopted in 2001 and updated in 2017, aligns with NFIP
requirements and mandates special permits for development within mapped FEMA flood zones. Although
development is not categorically prohibited in these areas, the code requires elevation, floodproofing, and
site-specific mitigation measures for proposed projects. These mapped flood zones are also referenced
within the General Plan Safety Element.*®

Lake Elsinore’s 2017 LHMP outlines priority flood risk mitigation strategies, including drainage
improvements, flood hazard identification, and emergency preparedness measures. Participation in the
NFIP and Community Rating System (CRS) provides additional incentives for incorporating flood risk
reduction into planning decisions. However, differences between Riverside County’s Ordinance No. 458
(especially regarding freeboard requirements) and the City’s permitting standards introduce

inconsistencies that may affect floodplain development outcomes.*>4¢

Policy Analysis

Development patterns in the San Jacinto Subbasin illustrate how housing demand and regional growth
pressures can outpace the constraints of existing floodplain policy frameworks. Parcel level analyses in
Figure 18 and Figure 22 show that before 2010, development was more heavily concentrated within the
Fathom 500-year floodplain than the FEMA 100-year floodplain, indicating success of FEMA-based policy
to discourage development. After 2010, however, development increased across all flood zones, including
a significant rise within FEMA designated areas, indicating increased exposure despite existing regulatory
tools."

Existing floodplain policies (including Lake Elsinore’s Flood Damage Prevention Code, requirements for
special permits within flood hazard areas, the city’s LHMP, and Riverside County’s Ordinance No. 458)
create a baseline regulatory framework but do not explicitly discourage development in higher risk areas
identified through long-term flood models, as long as they meet Flood Damage Prevention Criteria. In
comparison, areas like Antelope Valley may require flood-control infrastructure to be built prior to
consideration for development. As a result, growth continues along the 115 corridor and within cities such
as Menifee, Hemet, Perris, and Lake Elsinore including in areas adjacent to waterways and drainage
systems that have historically flooded (Figure 23). Planned mixed-use developments and lifestyle centers
further reflect the region’s continuing development trajectory. 54344

Looking ahead, long-term resilience will depend on stronger integration of state and federal flood risk
standards into local land-use controls. This may include expanding nature-based flood management
strategies such as riparian restoration and groundwater recharge focused floodplain projects,
strengthening subdivision review requirements, and improving regional coordination to support
consistent standards across city and county jurisdictions. As population growth continues, especially in
high demand communities surrounding Lake Elsinore, proactive measures will be needed to prevent
further encroachment into areas with both current and future flood vulnerability, 3643444546
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Figure 18. San Jacinto Subbasin (Riverside County): Number of Parcels Developed within a FEMA or Fathom

Floodplain: 1950-2024
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Figure 19. San Jacinto Subbasin (Riverside County): General Plan Land Use as Percent of Subbasin Land Area
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Figure 20. San Jacinto Subbasin (Riverside County): General Plan Land Use as Percent of Subbasin Flood Zones
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Figure 21. San Jacinto Subbasin (Riverside County): NLCD Developed Land Percentages

25%

20%

15%
10%
0%

Watershed Fathom 500 Fathom 100 FEMA 100

m Developed, High Intensity = Developed, Low Intensity =~ mDeveloped, Medium Intensity

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 31



Figure 22. San Jacinto Subbasin (Riverside County): Floodplain Parcel Development as Share of Overall Parcel

Development by Year
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Figure 23. Assessor Parcels by Year Built within San Jacinto Subbasin (Riverside County)
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3.4 Sacramento County Floodplain and Land-Use Context

Sacramento County occupies one of the most flood-prone geographies in the northern Central Valley,
sitting at the confluence of the Sacramento, American, and Cosumnes rivers, which together generate
significant riverine flood risk for the region. The landscape consists of expansive agricultural lowlands,
basin floor urban development, and the Sacramento-San Joaquin Delta system, all intersected by a
complex network of levees. As detailed in Table 4 and shown in Figure 24, approximately 37% of the
county lies within FEMA’s 100-year floodplain, while the Fathom 500-year floodplain accounts for 32% of
land area and the Fathom 100-year floodplain accounts for 13%, demonstrating widespread exposure
across both frequent and infrequent flood scenarios.'®* This focus area encompasses 563 FEMA FIRM
panels with effective dates of 2008 (7%), 2009 (12%), 2010 (7%), 2012 (31%), 2015 (9%), 2016 (16%), 2017
(1%), 2018 (11%), and 2024 (6%).

Table 4. Sacramento County: Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500

Area (mi?) %

Developed Land (NLCD)

Area (mi?) %

317 32% 260 26%

Land Use and Development Context

The county’s long-term development trajectory reflects its role as California’s state capital and a major
employment hub. Government services, healthcare, logistics, and more recently technology sectors have
driven sustained economic growth, contributing to steady immigration and suburban expansion following
World War Il. As interstate and state highway systems (including I-80, Highway 50, and Highway 99)
connected the region to broader markets, outward suburban growth extended into areas with substantial
flood exposure. Residential communities expanded into fringe locations such as North Sacramento, Elk
Grove, and Rancho Cordova, despite persistent vulnerability tied to the basin’s hydrology and flood
management constraints.*®

Countywide land-use patterns displayed in Figure 25 show that approximately 47% of Sacramento County
is designated for agricultural use, with residential uses comprising roughly 25%. Within FEMA’s 100-year
floodplain, agricultural and open space designations together cover nearly 85% of the area, while
residential uses constitute only about 5%, as shown in Figure 26. Developed land patterns documented in
Figure 27 indicate that although roughly 26% of the county is developed overall, only 8% of the FEMA
100-year floodplain is developed, compared with 22% of the Fathom 500-year floodplain. Parcel level
development trends illustrated in Figure 28 and Figure 29 show that from 1950 through at least the early
2000s, the Fathom 500-year floodplain consistently absorbed more development than FEMA desighated
areas, indicating long term reliance on levee based protection rather than avoidance of high-risk flood
ZoneS.14’15’18
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Figure 24. Floodplains within Sacramento County
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Floodplain Management Context

Sacramento County’s floodplain management framework is shaped heavily by its position within the
CVFPP planning area and by the ULOP requirement mandating 200-year flood protection for development
in urban and urbanizing areas. The Natomas Basin serves as the county’s most prominent example of
evolving flood risk oversight. In 2006, significant deficiencies in the Natomas levee system were identified,
prompting the U.S. Army Corps of Engineers to withdraw levee certification. In 2008, FEMA redesignated
the basin as Zone AE, placing it within the 100-year floodplain and triggering a mandatory building
moratorium that halted nearly all new construction and required flood insurance for existing
development.*95°

The Natomas Levee Improvement Program, initiated in 2007 and advanced by the U.S. Army Corps of
Engineers’ 2010 Post Authorization Change Report, led to major structural upgrades to increase flood
protection. Subsequent congressional authorization in 2014 accelerated these improvements, enabling
FEMA to reclassify the basin as Zone A99, a transitional designation indicating substantial progress
toward meeting required flood protection standards. While development was allowed to resume under
the A99 designation, it did so only under strict conditions, including levee setbacks, elevated finished
floor requirements, mandatory flood insurance, and the imposition of annual building permit caps until
full certification is achieved.%0%",525354.23

Outside Natomas, Sacramento County enforces additional flood risk restrictions through the American
River Parkway Floodplain Zone, which prohibits structural development along the American River corridor.
Local jurisdictions also integrate ULOP requirements into their general plan safety elements, mandating
that major subdivisions demonstrate 200-year flood protection prior to approval. Together, these federal,
state, and local controls create a multilayered regulatory framework that tightly links land-use decisions
with flood risk conditions and evolving infrastructure performance.***

Policy Analysis

Development patterns within Sacramento County illustrate the safe development paradox: as structural
flood protection improves, development continues to expand into areas that remain hazard prone. Parcel
level analyses in Figure 28 and Figure 29 show that prior to FEMA’s 2008 remapping of the Natomas Basin,
development was disproportionately concentrated within the Fathom 500-year floodplain rather than
within the mapped FEMA 100-year floodplain. Following FEMA’s redesignation of Natomas as Zone AE,
development increased, demonstrating the strong influence of federal flood hazard boundaries on local
land-use decisions (Figure 30)."%%

When FEMA redesignated Natomas as Zone A99, development resumed but under stricter mitigation
requirements, illustrating how policy changes can shape both the pace and pattern of growth. Despite
strong tools such as ULOP compliance, the American River Parkway floodway restrictions, and
development caps tied to flood protection progress, Sacramento County lacks comprehensive policies
discouraging new construction within the broader 500-year floodplain, where historic development has
been substantial. Additionally, although agricultural lands dominate the floodplain, these designations do
not establish long term protection from conversion, leaving them vulnerable to future development

pressure.’®®
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Reducing exposure to high-risk development will require complementary strategies that pair structural
flood protection efforts with stronger land-use controls, including agricultural conservation easements,
expanded open space zoning, floodplain restoration, and multi-benefit landscape management. While
the Natomas Basin demonstrates that significant policy intervention can occur in response to acute risk,
proactive planning will be essential as climate change intensifies flood hazards, increases hydrologic
variability, and broadens areas of exposure across Sacramento County.49:50:51:52.53,54,23

Figure 25. Sacramento County: General Plan Land Use as Percent of Countywide Land Area

m Agricultural
Medium density residential
Open space and public lands
Low density residential
Low density commercial

m High density residential

m Industrial

m High density commercial
Other - Not Determined

m Mixed use
Urban reserve

m Planned development
Water
Very low density residential

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 37



Figure 26. Sacramento County: General Plan Land Use as Percent of Countywide Flood Zones
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Figure 27. Sacramento County: NLCD Developed Land Percentages
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Figure 28. Sacramento County: Number of Parcels Developed within a FEMA or Fathom Floodplain: 1950-2024
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Figure 29. Sacramento County: Floodplain Parcel Development as Share of Overall Parcel Development by Year
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Figure 30. Assessor Parcels by Year Built within Sacramento County
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3.5 Merced County Floodplain and Land-Use Context

Merced County is part of the Upper San Joaquin River Basin within the San Joaquin Valley, a flat basin
located between the Sierra Nevada mountains to the east and Coast Ranges to the west. The county
contains the Merced River Watershed, which spans from the Sierra Nevada foothills to the valley floor. The
region’s relatively flat topography contributes to its susceptibility to riverine flooding from the Merced
River and its tributaries, such as Bear Creek and Black Rascal Creek, which are prone to overflowing,
especially during high precipitation events or rapid snowmelt.% In 2023, multiple atmospheric rivers
caused flooding of homes, businesses, and agricultural lands throughout the San Joaquin Valley,
highlighting its vulnerability to flooding.*® As detailed in Table 5 and shown in Figure 31, the Fathom 500-
year floodplain covers 40% of Merced County’s total land area, while the FEMA and Fathom 100-year
floodplains cover 27% and 26% of total land area, respectively. This focus area encompasses 271 FEMA
FIRM panels with effective dates of 2008 (69%), 2009 (28%), and 2021 (3%).

Table 5. Merced County: Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500

(mi?) Area (mi?) % Area (mi?) %

Developed Land (NLCD)

Area (mi?) %

1,979 510 26% 787 40% 70 4%

Land Use and Development Context

Merced’s agricultural and urban development has historically been driven by its proximity to fertile land
and strategic location along the Central Pacific Railroad, which facilitated trade and migration. In the 20th
century, the establishment of the Merced Irrigation District and the construction of Exchequer Dam
enabled large-scale irrigation, transforming the region’s capacity for agricultural production.®” The
county’s economy, while still rooted in agriculture, is diversifying with the expansion of education,
healthcare, and logistics sectors. The opening of the University of California, Merced in 2005 has spurred
a new wave of urban growth, attracting students, faculty, and related industries. The region’s relative
affordability compared to the San Francisco Bay Area has also contributed to increased residential
demand. The City of Merced’s Vision 2030 General Plan reflects a shift toward accommodating this
growth through planned urban expansion, often into previously agricultural lands.®®

Figure 32 shows that the vast majority (95%) of Merced County’s land is designated for agricultural use,
while only 3% of total land is designated for residential use. Similarly, approximately 95% of land is
designated for Agricultural use within each of the FEMA and Fathom floodplains, as shown in Figure 33.

NLCD data in Table 5 and Figure 34 shows that under 4% of land in the County is considered ‘developed,
with similarly low proportions of land in each of the FEMA and Fathom floodplains (between 3-5% for all).
This data reflects that the County is still largely agricultural and undeveloped, despite recent and planned
urban expansion within and surrounding the City of Merced.
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Figure 31. Floodplains within Merced County
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Floodplain Management Context

Historically, floodplain management in the City of Merced was primarily focused on structural and
regulatory compliance tools, including adherence to NFIP standards, elevation of finish floors above base
flood elevation, and freeboard requirements. These tools, codified locally through the city’s Flood
Damage Prevention Ordinance (Merced Municipal Code Title 17.48), allowed development to proceed
within SFHAs as long as minimum construction standards were met.** Beginning in the late 2000’s and
accelerating after the adoption of the Central Valley Flood Protection Act (Senate Bill 5) and the
establishment of the ULOP standard, Merced’s floodplain management strategy began shifting toward
integrating flood risk consideration into broader land-use planning decisions. Both of these policies
required local governments to evaluate whether proposed land-use designations, densities, and
subdivision patterns could feasibly achieve a 200-year level of flood protection, as established in ULOP
standard, rather than relying solely on elevation or floodproofing at the parcel level.*

This shift became more apparent in the city’s Vision 2030 General Plan, which highlighted the intent to
deter future development from high-risk flood areas by incorporating state flood mandates, updated flood
hazard mapping, and stronger policy direction to avoid increased development in areas that are not able
to meet long-term flood protection standards.>® More recently, the city’s update to their LHMP explicitly
calls for mitigation actions that link land-use planning and flood risk reduction and emphasizes reducing
exposure by discouraging new development in high-risk flood zones and prioritizing open space and
floodplain preservation.®°

This paradigm shift in management strategies was supported in practice by the development of the Black
Rascal Creek Flood Control Project in 2017. Designed to attenuate peak flows associated with up to 200-
year storm events by storing water on the landscape via a detention basin and wetland complex, rather
than conveying the water downstream. This innovative approach converted high risk land previously zoned
for development into vital flood risk infrastructure, effectively reducing downstream flood impacts and
reinforcing the importance of floodplains as essential components of flood resilience. '

Policy Analysis

For Merced County, parcel-based “year built” data was not available, and an in-depth development-based
analysis of development within the Fathom 500-year floodplain was not possible at the time of this report.
However, qualitative research provided an overview of historical development trends in the City of Merced
in relation to the FEMA 100-year and 500-year floodplains.

The city was incorporated in the late 1880’s, and as population began to increase in part due to the gold
rush, residential developments began to localize around the Central Pacific Railroad line and along the
banks of Bear Creek. Over the next century, the City of Merced saw steady growth and development of
commercial properties and additional residential lots between the creek and railroad system. By this
point, a majority of the City of Merced had been developed in the floodplain of Bear Creek and in the
1950’s, a major flood event inundated much of the city. As flood risk is driven mostly by riverine influence
from Bear Creek during excessive rainfall and extreme weather events, including its tributaries Black
Rascal Creek and Fahrens Creek, the city established an urban growth boundary in 1980, directing growth
away from high-risk flood zones and encouraging new developments towards the north and south.5®
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Following this, the General Plan continued to promote the north-south growth pattern, establishing future
development patterns around Lake Yosemite and areas around the University of California, Merced to
limit expansion in flood-prone areas and unincorporated lands subject to repeated inundation.% This
strategic growth pattern was further reinforced through the city’s LHMP, which identified extensive
portions of the City of Merced within FEMA’s 100-year floodplain and prioritized actions that would reduce
future exposure, including the preservation of open space for multi-purpose regional flood detention
(such as the Black Rascal Creek project) and natural floodwater storage.®® Integrating flood risk into long-
range land-use planning and encouraging growth towards safer corridors, the City of Merced has
progressively shifted development away from high risk areas while also using designated open space to
accommodate flood flows and protect existing and future development.

Figure 32. Merced County: General Plan Land Use as Percent of Countywide Land Area
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Figure 33. Merced County: General Plan Land Use as Percent of Countywide Flood Zones
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Figure 34. Merced County: NLCD Developed Land Percentages
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3.6 Santa Clara County Floodplain and Land-Use Context

Santa Clara County encompasses a diverse land use and floodplain context shaped by its varied
topography and watershed systems. The northern portion of the county, including San José and other
Silicon Valley cities, drains into the San Francisco Bay via the Guadalupe and Coyote watersheds, while
the southern portion, including Gilroy and Morgan Hill, drains southward into the Pajaro River watershed.
This analysis focuses on floodplain development trends in the southern portion of the County, particularly
Gilroy, which is located within the Uvas-Llagas sub-watershed of the larger Pajaro River Watershed. Gilroy
is situated on a valley floor between the Santa Cruz Mountains to the west and the Diablo Range to the
east. This topography contributes to localized flood risks, particularly during periods of heavy rainfall
when runoff from the surrounding hills overwhelms creeks like Uvas and Llagas.®* 5 €567

As detailed in Table 6 and shown in Figure 35, a relatively small share of Santa Clara County falls within
floodplains, with just 7% and 8% of total land area covered by the FEMA 100-year and Fathom 500-year
floodplains, respectively. This focus area includes 398 FEMA FIRM panels with effective dates of 2008
(8%), 2009 (68%), 2012 (20%), 2014 (3%), and 2019 (1%).

Table 6. Santa Clara County: Area within Floodplain Boundaries and Developed Land

Total Area Fathom 100 Fathom 500 FEMA 100 Developed Land (NLCD)
(mi?) Area (mi?) % Area (mi?) % Area (mi?) % Area (mi?) %
1,304 56 4% 102 8% 93 7% 263 20%
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Figure 35. Floodplains within Santa Clara County
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Land Use and Development Context

Gilroy’s development history is rooted in agriculture, with large-scale cultivation beginning in the late 19"
century. Over time, the city evolved from a rural farming hub into a suburban community, with residential
and commercial development expanding onto former agricultural lands. Today, Gilroy and the broader
South County region are experiencing steady population growth and economic diversification, with freeway
access to Silicon Valley attracting commuters seeking more affordable housing options. Industry has also
expanded from agriculture to include light manufacturing, retail, and tourism, adding to commercial,
industrial, and residential development pressure. As a planned stop on the proposed California High Speed

Rail line, demand for further development is likely to increase in the coming decades.®®%°

Figure 36 shows that 77% of land in the County is designated for Agricultural and Open Space/Public Land
uses, while roughly 12% of total land is designated for residential use. Within the FEMA 100-year floodplain,
Agriculture and Open Space make up 70% of land area, compared to 85% in the Fathom 100-year
floodplain. Residential, commercial, and industrial land uses make up the highest share of land in the
Fathom 500-year floodplain, as shown in Figure 37.

NLCD data in Figure 38 shows that 20% of land in the County is considered ‘developed, while nearly double
that percentage (38%) of land in the Fathom 500-year floodplain is ‘developed’. While less than 10% of land
in the Fathom 100-year floodplain is ‘developed’, 28% is ‘developed’ within the FEMA 100-year floodplain.

Floodplain Management Context

Historically, floodplain management for the city has been fragmented across multiple jurisdictions. At a
regional level, the Santa Clara Valley Water District (Valley Water) manages broader flood risk across Santa
Clara County. Taking a watershed-scale approach, Valley Water is responsible for planning, constructing,
and maintaining major flood control infrastructure, such as channel improvements, reservoirs, levees, and
conveyance capacity, along Uvas Creek, Llagas Creek, and associated tributaries, the primary drivers of
flood risk in the City of Gilroy.70 As flood risk is managed beyond the authority of Gilroy, the scope of
projects are often unable to capture localized flood hazards, leaving mitigation of these risks up to
municipal ordinances.

Locally, the City of Gilroy enforces NFIP criteria through the 1998 Floodplain Ordinance (Ordinance No. 98-
17) until the adoption of the Floodplain Management Ordinance (Chapter 27E) in 2017. While both policies
recognize the risk of inundation when developing in a floodplain, they do not explicitly restrict development
from occurring, as long as the floodproofing and freeboard requirements are satisfied.””” In addition, the
city also authorizes and plans for land use in their General Plan, originally adopted in 1968 and most
recently amended in 2020 as the 2040 General Plan. The evolution of this land-use plan has shifted from
viewing flood risk as a technical constraint to recognizing its role in maintaining growth potential. The 2040
General Plan designates open space, which includes floodways, as areas where development is
undesirable and encourages leaving current agricultural and recreational lands undeveloped, but does not
necessarily aim to increase open space designations to reduce flood risk to new development. In addition,
the General Plan incorporates the Urban Growth Boundary voted in by residents in 2016, which does
constrain regional sprawl, but does not explicitly exclude flood-prone areas. While flood risk is integrated
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into land-use policies, these policies emphasize mitigation through structural upgrades, elevation, and
floodproofing rather than avoiding the risk altogether.””*

This de-coupling of land-use regulations with flood risk reduction strategies has limited the adoption of
land-use policies targeted at reducing the exposure of development to flood hazards. In addition, with the
perceived protection provided by regional flood control infrastructure, the City of Gilroy has focused more
on engineered solutions rather than land use avoidance.

Policy Analysis

Similar to Merced, parcel-based “year built” data was not available for Santa Clara County, and an in-depth
review of development within both the FEMA and Fathom floodplains was not possible at the time of this
report. Qualitative research provided an overview of historical development trends in relation to flood-
focused land-use policies.

While the land-use policies that shape development in Gilroy do not prohibit development in mapped
floodplains, they have indirectly influenced development towards designated urbanized areas and away
from large tracts of existing agricultural land along Uvas Creek and Llagas Creek. The 2040 General Plan, in
support of the Urban Growth Boundary, prioritizes high-density growth within the existing city footprint and
planned growth areas that reinforces an inward growth model reducing pressure on existing open space
areas. Furthermore, the designation of agricultural lands and floodplains as open space has helped
preserve their ability to effectively convey floodwaters, even though these designations are framed more as
land use compatibility measures as opposed to flood risk avoidance policies. However, the absence of
explicit flood-risk-based land-use policies focusing on avoidance of flood-prone areas means that
development trends remain closely tied to the assumption of protection from regional flood control
infrastructure and compliance-based mitigation, contributing to patterns where land-use policy manages
exposure indirectly rather than deliberately avoiding flood-prone areas.
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Figure 36. Santa Clara County: Zoned Land Use as Percent of Countywide Land Area
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Figure 37. Santa Clara County: Zoned Land Use as Percent of Countywide Flood Zones

Open space and public lands
Agricultural

High density residential
Low density commercial
Industrial

Low density residential
Medium density residential
High density commercial
Mixed Use

Planned development
Other - Not Determined
Water

l F-ﬂrllﬂnrl"

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

mFathom 500 mFathom 100 ®mFEMA 100

90%  100%

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 50



Figure 38. Santa Clara County: NLCD Developed Land Percentages
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4. Nature Forward Sustainable Development
Strategies

nature-based solutions will be central to California’s long-term flood resilience strategy. While they can be
designed and implemented to manage floodwaters to reduce risk, they provide multiple additional
benefits, including habitat restoration, groundwater recharge, and climate adaptation, benefits that have
increasingly opened the door to state and federal funding opportunities. Still, nature-based projects face
hurdles. Their performance can be difficult to model, they often require ongoing upkeep to function as
intended, and their wide range of ecological and social benefits remain challenging to quantify within
standard cost-benefit frameworks. 757577

California’s rising flood risks, whether along the river systems of the Central Valley, the tidal and
storm-driven hazards of the Bay Area and outer coast, or the flash-flooding that affects inland urban
corridors, underscore the need for approaches that work with, rather than against, natural processes.
Utilizing nature-based solutions to restore or enhance existing landscapes to absorb, slow, or redirect
floodwaters can reduce impacts on people and infrastructure. In doing so, they offer co-benefits: improved
water quality and capture potential, carbon sequestration, expanded recreational access, job creation, and
healthier surrounding communities, often paired with lower long-term maintenance costs.””-’879:8°

The diversity of California’s landscapes shapes the form these strategies take. In riverine systems,
reconnecting rivers to their natural floodplains and restoring riparian corridors allows high flows to spill
safely into designated flood zones, relieving pressure on levees and reducing risks to upstream and
downstream communities. Along the coast, wetland and marsh restoration creates a natural buffer that
absorbs storm surge and rising sea levels, limits erosion, and provides storage that protects nearby
neighborhoods from rising tides. In densely built inland areas, green infrastructure, such as permeable
pavement, bioswales, and expanded tree canopy, helps manage stormwater where it falls, reducing the
severity of flash-flood events. Rural and agricultural regions introduce another set of opportunities, using
land management and rangeland conservation practices to retain water, improve soil health, and slow

runoff across broad landscapes.’®7%#%

nature-based solutions already play an important role in reducing flood risks across California, and their
relevance will only grow as climate pressures intensify. While initiatives such as the state’s Natural and
Working Lands Climate Smart Strategy, 30x30 conservation goal, and nature-based solutions climate
targets signal a growing commitment, much more progress is needed to match the pace of changing
conditions.”®®# |ntegrating nature-based approaches more deeply into statewide, regional, and local
policy frameworks and addressing the underlying drivers of escalating flood risk will be essential to
expanding their use. Doing so will help position California to weather the mounting challenges of a warming
climate and reduce exposure to the severe flood hazards facing communities today and in the decades
ahead.
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4.1 Nature-Based Flood Risk Reduction Strategies

California’s land use and flood management framework offers a strong foundation for integrating nature-
based solutions into strategies that reduce flood risk while avoiding new development in high-hazard areas.
Rather than relying primarily on structural defenses, the state has increasingly emphasized land-use
planning, floodplain protection, and landscape-scale restoration as complementary risk-reduction tools.
Executive Order N-82-20 formalized this approach by directing state agencies to align land use,
infrastructure investment, and natural resource management to reduce climate risk, explicitly prioritizing
natural and working lands as protective assets.? By framing resilience as a cross-sector responsibility, the
order enables local governments to embed floodplain protection and ecosystem restoration into general
plans, zoning, and capital planning without treating nature-based solutions as discretionary or secondary
measures.

At the state level, guidance from the Office of Land Use and Climate Innovation encourages local
governments to use general plans, conservation elements, and hazard mitigation policies to steer growth
away from flood-prone areas while preserving floodplains as multifunctional landscapes that provide
storage, conveyance, and ecological benefits. Research shows that communities can effectively limit
floodplain development through the consistent application of routine land-use tools, such as zoning,
subdivision controls, and infrastructure siting, rather than relying on novel or extraordinary regulations.®
FEMA guidance for local communities explicitly identifies land-use planning, open space preservation, and
hazard mitigation planning as key pathways for implementing nature-based solutions that reduce flood risk
while avoiding new exposure.® California’s flood management institutions, particularly in the Central
Valley, reinforce this linkage by promoting agricultural land conservation, setback levees, and floodplain
restoration as strategies that simultaneously expand flood capacity and discourage urban expansion into
high-risk areas.®

These policy frameworks are reflected in regional and local land-use strategies across the state, as seen in
the focus area discussions in Section 3. In Sacramento County, the requirement that new development
achieve 200-year flood protection has functioned as a growth-management tool, steering development
away from high-risk flood zones while supporting large-scale habitat restoration and agricultural land
transitions that buffer flood flows. Similar patterns appear in the San Joaquin Valley and the City of Merced,
where floodplain restoration and agricultural land preservation support flood risk reduction, groundwater
recharge, and limits on development into hazard zones. In Southern California, floodplain preservation and
natural channel management along systems such as the Whitewater River and the San Jacinto watershed
rely on land-use controls that maintain open space in active flood corridors, allowing natural processes to
dissipate floodwaters rather than concentrating risk downstream.

Across these diverse landscapes, the effectiveness of nature-based solutions depends on sustained
coordination across land-use planning, flood management, conservation, and funding programs. State and
federal funding mechanisms increasingly recognize nature-based projects as eligible investments, helping
overcome historic biases toward gray infrastructure.®” Nonetheless, challenges remain, including
governance complexity, fragmented land ownership, limited local capacity, and the lack of standardized
performance metrics for nature-based solutions. Even so, California’s experience demonstrates that
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embedding floodplain avoidance and nature-based solutions into land-use policy can meaningfully reduce
flood risk while delivering ecological and social co-benefits. Treating floodplains, wetlands, and working
lands as essential infrastructure and aligning development decisions accordingly will be critical to
managing flood risk as climate pressures intensify.5®

4.2 Strategies Across the United States Applicable to California

Several U.S. states have demonstrated that land-use-based avoidance of development within FEMA-
mapped floodplains is an effective strategy for reducing flood risk. The following examples highlight how
state enabling legislation and locally implemented zoning, environmental overlays, and growth
management policies have been used to limit or redirect development away from high-risk floodplain
areas.

Massachusetts employs a layered land-use framework that effectively limits development within FEMA-
designated floodplains by combining state-level environmental regulation with locally enforced zoning
controls. Central to this approach is the Massachusetts Wetlands Protection Act, which restricts
development in riverfront areas, bordering vegetated wetlands, and floodplains by requiring avoidance and
minimization of impacts as a condition of permitting, often rendering new development in FEMA SFHAs
infeasible.® This statutory baseline is reinforced by widespread municipal adoption of Floodplain Overlay
Districts based on the state’s Model Floodplain Bylaw, which frequently prohibits new residential
development in floodways and imposes elevation, density, and use limitations in the 100-year floodplain
that exceed NFIP minimum standards.?® Together, these tools shift local land-use decisions toward
avoidance rather than accommodation by constraining developable land supply in flood-prone areas while
maintaining NFIP eligibility.

New Jersey demonstrates how consistent application of routine municipal land-use tools can substantially
reduce floodplain development without relying on novel regulatory mechanisms. A recent study shows that
the majority of New Jersey municipalities placed little to no new housing in FEMA-mapped floodplains
between 2001 and 2019, largely through zoning ordinances, subdivision controls, environmental overlays,
and redevelopment standards that restrict density or prohibit development in flood hazard areas.®® These
local actions are supported by strong state coordination through the New Jersey Department of
Environmental Protection, Executive Order 89, and the Statewide Climate Change Resilience Strategy,
which emphasize climate-informed land-use planning and explicitly discourage expansion of development
in high-risk floodplain areas.*® Rather than promoting engineered flood protection, New Jersey’s approach
relies on regulatory consistency, administrative capacity, and alignment between floodplain management
and local planning frameworks.

Washington State limits floodplain development through a combination of state-mandated growth
management, shoreline regulation, and locally implemented critical areas ordinances that prioritize
avoidance over structural mitigation. Under the Growth Management Act, counties and cities are required
to designate frequently flooded areas as critical areas and adopt development regulations that reduce
exposure to flood hazards, often prohibiting or severely limiting new residential development within FEMA-
mapped floodplains.®” These regulatory requirements are reinforced by the Shoreline Management Act,

THE FUTURE OF FLOODPLAINS: RESTORING NATURE, REDUCING RISK 54



which restricts new development along rivers and coastal areas and prioritizes ecological protection and
hazard reduction, resulting in conservative land-use designations in flood-prone zones.*? In parallel,
Washington’s Floodplains by Design program provides a complementary incentive-based approach by
funding large-scale, multi-benefit floodplain projects that restore floodplain function, reconnect rivers to
floodplains, and reduce flood risk while explicitly discouraging new development in high-risk areas. By
coupling land-use restrictions with state investment in floodplain restoration and agricultural land
protection, Floodplains by Design helps shift local planning away from floodplain urbanization and toward
long-term risk reduction and resilience.*

Across Massachusetts, New Jersey, and Washington, a consistent lesson emerges: flood risk reduction is
most effective when land-use policy prioritizes avoidance of development in FEMA floodplains rather than
reliance on floodproofing or engineered protection. These states demonstrate that avoidance can be
achieved using existing land use tools, such as floodplain overlay zones, critical areas ordinances,
environmental permitting, and growth management requirements, when those tools are implemented
consistently and supported by state-level guidance and coordination.®*®® For California, these examples
underscore the limitations of approaches that enable continued development within or adjacent to
mapped floodplains, contributing to the “safe development paradox” identified in national analyses.?
California could leverage these lessons by strengthening alignment between General Plans, zoning codes,
housing elements, and flood hazard data to more explicitly discourage urban expansion in FEMA SFHAs,
while pairing avoidance policies with incentives for infill development, strategic retreat, and nature-based
floodplain restoration.

5. Recommendations to Reduce High-Risk Developmentin
California

The following recommendations are informed by the successes and limitations of policies analyzed for the
six focus areas, lessons from strategies adopted elsewhere in California and the United States, and
industry best practices in land-use planning and preservation. These recommendations are intended to
help jurisdictions across California manage and redirect growth to appropriate areas, balancing state
requirements for housing production and local economic development priorities with the human,
environmental, and economic risks of expanding development into floodplains. The recommendations fall
into five primary categories:

e Improving Maps

e Land-use Screens

e General Plan Policy and Zoning Regulations

e Conservation Agreements and Policy Incentives

e Strategic Land Acquisition
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5.1 Improving Maps

FEMA flood maps remain the standard for evaluating flood risk at the policy level as they remain one of the
only publicly available sources for assessing flood risk. Although FEMA is required to assess and revise
flood maps every 5 years, regulatory and bureaucratic hurdles mean that new maps take an average of 7
years to complete and are dependent on support from the current executive administration. As a result,
75% of FEMA flood maps are older than five years and less than 50% accurately reflect flood risk.%
Additionally, FEMA maps only consider riverine and coastal flooding, whereas pluvial and sea level rise
flooding increasingly put communities at risk. Existing maps also do not accurately reflect changing flood
dynamics, as climate change brings more frequent and severe extreme precipitation events. Municipalities
relying on outdated or inaccurate information are likely to make land-use decisions without a
comprehensive understanding of flood risk, which can lead to unexpected losses. For example, 40% of
claims to the National Flood Insurance Program between 2017 and 2019 were outside official 1-in-100-year
flood hazard zones or occurred in areas that FEMA had not yet mapped. There is a critical need to develop
forward looking, comprehensive flood maps that can be regularly updated to ensure that municipalities are
using the best available data to determine flood risk. California’s Department of Water Resources is
currently developing the Best Available Maps (BAM)?” - flood maps that are more comprehensive and
forward-looking and are explicitly intended for land-use planning and risk awareness. Beginning in 2024-
2025, they have also begun piloting Climate Risk-Informed Flood Mapping  that incorporates future
climate scenarios. While these do not replace FEMA maps for regulatory or insurance purposes, they
could—in partnership with the California Governor’s Office of Emergency Services (CalOES)—inform
eligibility for FEMA hazard mitigation funding through inclusion in guidelines for both the State Hazard
Mitigation Plan and Local Hazard Mitigation Plans.

Key Benefits:

e Enablesjurisdictions to integrate accurate flood risk projections into land-use planning, keeping
people out of harm’s way and creating opportunities for open space and nature-based solutions.

e Decreases unexpected losses from multiple types of flooding and from more frequent and severe
flooding events associated with climate change.

Key Considerations and Limitations:

e Updating flood maps can be time and resource intensive. However, these costs would likely be
offset by avoided damages.

e Changes to existing flood zones are likely to receive political pushback due to mandatory flood
insurance requirements for homeowners with federally backed mortgages, as well as reduced
property values and opportunities for development.
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5.2 Land-use Screens

Land-use screens are a data-driven way to guide development to safer, more sustainable places. By using
the best available models and maps to identify high risk flood hazard areas, land-use screens are able to
exclude these areas from consideration for new development, thereby reducing community exposure to
future disasters, lowering long term public safety and infrastructure costs, and avoiding placing
households in locations that may become uninsurable or repeatedly damaged.

Many high-risk climate flood zones overlap with biologically rich lands, meaning that protecting people
from hazards often simultaneously protects ecosystems and wildlife habitat. By flagging natural and
working lands, wildlife movement corridors, wetlands, and high-value agricultural soils, screens help avoid
development in landscapes essential for biodiversity, food production, and carbon sequestration. By
mapping these constrained lands, land-use screens can help planners steer growth toward areas that are
safer for people and more compatible with long-term community resilience and sustainability.

Regions like Fresno have already successfully applied land-use screens to distribute housing allocations
more safely and sustainably. In their Regional Housing Needs Assessment methodology, the Fresno
Council of Governments identified vacant sites in 100-year flood zones and other hazard areas that were
then removed from housing capacity, ensuring new development would not increase the number of
residents exposed to future harm.

Key Benefits:

e Allows jurisdictions to integrate flood risk considerations into housing allocation methodologies,
ensuring that local jurisdictions meet housing needs without increasing hazard exposure.

e Decreases long-term infrastructure maintenance and emergency response costs by steering
development away from areas that will require expensive future protection, repair, or disaster
response.

e Supports ecological conservation and climate resilience by flagging high hazard floodplains that
overlap with biologically rich or environmentally sensitive areas.

Key Considerations and Limitations:

o [Effective land-use screens rely on the quality and resolution of flood maps, hazard models, and
ecological datasets which, if incomplete or outdated, may result in ineffective screens.

e Jurisdictions may worry about meeting state housing mandates, especially if a region faces housing
shortages or affordability pressures, which could result in tension about where growth should be
redirected.

5.3 General Plan Policy and Zoning Regulations

General Plan policy and zoning regulations are effective tools for proactively directing long-term growth in
safe and sustainable ways, focusing development in areas of low flood risk while preserving natural
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floodplains. In addition to designating areas at high risk of flooding for open space, agriculture, and other
low-intensity land uses, planners should also ensure that their zoning code facilitates infill development in
areas with low exposure to flooding, allowing densities that are sufficient to meet the area’s housing
demand and fulfill state-allocated regional housing targets.

For California jurisdictions, the zoning code implements the vision and policy guidance set forth in the
General Plan. In addition to the designation of broad land-use categories or “place types” in the Land Use
Element, the General Plan’s Safety, Housing, Open Space, and Conservation Elements contribute to
jurisdictions’ documentation of climate hazards, establishment of a long-term growth strategy, and
identification of sites for housing, conservation areas, recreational open space, and urban growth
boundaries. Flood risk should be factored into the process of updating each of these Elements, including
the inventory of suitable sites for housing development (as required for the Housing Element), and
inclusion of policies to preserve and expand parkland, open space, and natural resources, and discourage
conversion of agricultural land for other uses.

Zoning for flood-prone areas should also account for local context by considering specific allowed uses
and development standards that may manage appropriate forms of development. For example, Rural
Residential Zones can allow for very low-density development associated with livestock farming or other
land uses requiring on-site residence, while establishing development standards to reduce vulnerability of
structures in those areas.

Key Benefits:

o Allows jurisdictions to integrate floodplain avoidance into an overall growth strategy that redirects
development to safer areas and integrates climate resilience with regional housing, transportation,
and economic development goals.

o Allows jurisdictions to apply regulations broadly across areas with similar typologies, while tailoring
regulations for local context.

e Zoning can incorporate complementary incentives such as density bonuses or streamlined
permitting to encourage development in low-risk areas appropriate for growth.

Key Considerations and Limitations:

e Updates to General Plans and Zoning codes can be time-intensive, resource-intensive, and
politically contentious processes, delaying the implementation of floodplain protection measures.

e ‘Top-down’ policy changes restricting allowed land uses and development potential for privately
owned land are often met with pushback and political pressure from landowners and developers.

e long-range planning processes are required to address a multitude of issues, and the significance of
flood risk may be underestimated among competing priorities.

e Zoningregulations can be amended or overturned, meaning they do not guarantee long-term
protection of floodplains.
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5.4 Conservation Agreements and Incentives

For flood-prone private lands that would contribute to broader conservation networks, but may otherwise
be considered desirable for future development, jurisdictions should consider conservation agreements as
a strategy to restrict development while allowing owners to retain ownership and use of their property.
Conservation agreements, such as conservation easements, are voluntary legal agreements that are a
cost-effective alternative to land acquisition, enabling jurisdictions to protect floodplains without
purchasing land outright. Easements can also be applied to targeted portions of properties, such as buffer
zones along rivers that allow for periodic flooding.

Conservation agreements can be facilitated or complemented by other policy incentives and tools, such as
tax benefits, grants, zoning bonuses, and transfer of development rights to encourage landowners to
participate in floodplain preservation and management efforts while allowing them to successfully pursue
worthwhile development opportunities in low-risk areas. Jurisdictions can collaborate with conservation
organizations and land trusts to help facilitate and fund agreements and maximize the benefits of land
protected under conservation agreements. Conservation easement programs such as TNC’s Natural
Floodplain Protection Program (NFPP) along the Santa Clara River prioritize preventing future structural
flood control projects by preserving floodplain capacity through agricultural conservation easements in the
500-year floodplain. Lands targeted for voluntary easements in this program is based on hydrologic
modeling of downstream flood reduction benefits, not just habitat value, addressing the safe development
paradox head-on.

Key Benefits:

e Conservation agreements are less expensive than fee simple acquisitions.
e Conservation easements provide long-term or perpetual restrictions on development in floodplains.

e Easements can provide highly targeted conservation approaches to larger properties with variations
in flood risk.

e |Landowners retain ownership and use of their land, reducing resistance to participation.

Key Considerations and Limitations:

e Conservation agreements rely on landowner willingness, which may limit the areas that can be
protected.

e These agreements are typically applied on a parcel-by-parcel basis, which may not address regional
floodplain management needs.

e Protected lands require long-term monitoring and enforcement to ensure compliance with
easement terms.
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5.5 Strategic Land Acquisition

Jurisdictions should consider strategic land acquisition for flood-prone private lands with similar
characteristics to those suitable for conservation agreements, that are most critical for integration within
broader floodplain management strategies and conservation networks under management by public
agencies or land trusts. Acquisition ensures that flood-prone areas remain undeveloped, preserving their
natural flood control functions and reducing flood risk to downstream communities. Acquired lands can be
maintained or repurposed for open space, recreation, agriculture, or habitat restoration, contributing to
sustainable land use and climate resilience. While costly, acquisitions can be funded by state or federal
matching grants, state bond measures, local dedicated sales taxes, development fees, or land trusts.

Key Benefits:

e Acquired land is permanently removed from development consideration, guaranteeing long-term
floodplain preservation and natural flood control functions.

e Ownership and management by public agencies or land trusts can enable coordinated large-scale
floodplain conservation efforts.

e Acquired lands can be repurposed for multi-benefit uses.
Key Considerations and Limitations:

e land acquisition requires significant upfront investment.

e Acquisitions are typically made on a parcel-by-parcel basis, which may not address regional
floodplain management needs.

e Acquisitions also rely on landowner willingness, and acquisition processes can be complex, slow,
and resource intensive.

e |ong-term stewardship costs can be expensive, covering everything from Operations and
Maintenance to Resource Management and Legal and Liability issues.
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General Plan Land Use - Antelope Valley Watershed in LA County
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General Plan Land Use - Whitewater River Watershed in Riverside County
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General Plan Land Use - Whitewater River Watershed in Riverside County

| ! ;
;

FEMA Flood Zones (100 year) -
v/ Riverside County

w Fathom 100yr - Riverside
" County

Fathom 500yr - Riverside
- County

& = § Riverside County
Major Highways
General Plan Land Use

~ ) J / 8+ Dwelling Units/Acre
- 0.5 to 7 Dwelling Units/Acre
) 3 3 2 to 20 Acres/Dwelling Unit
i A b 20+ Acres/Dwelling Unit
/ ppe % % High density commercial
Pg Rrina - S~ / / Low density commercial
a 1 : -. Mixed use of residential and
( w commercial
\j‘_ I Industrial
. I Agricultural
Open space and public lands
Mirado) Urban reserve
Planned development
el hedrall - Water
D J A Sg Other - Not Determined
B = O
\ e (RS
1 . \v_- 4 R &%
Pa e Deepwell 8
.‘ ¢
AL o -
} . Rimro Missfen Gills ErnargLno _Palms
. - 5 b fountaj 3
c”" % a o) N g
' o0 Ry IS R . IR Y
= Little San
a Bernardino
Andrea G Rauntains
111
; , ifee
£ )\
bta
Ra age
- -______________\___1"‘-_______
Map Data Sources: FEMA National Flood Hazard Layer Database; Fathom i i .
N Global Flood Map 3.0; California State Geoportal; USGS Location: Riverside County -
ESRI Basemap and Hybrid Reference Layer Sources: ESRI, Tom Tom, = z _
. Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Whltewat_"er Rlver WaterShed
0 1.25 2.5 5 Miles Community, Esti, USGS Palm Springs




Parcels Within Whitewater River Watershed in Riverside County

FEMA Flood Zones (100 year) -

Riverside County

Fathom 100yr - Riverside
County

Fathom 500yr - Riverside
= County

Major Highways
Riverside County Parcels

Year Built
1846 - 1949
1950 - 1969
1970 - 1987
1988 - 2009
2010 - 2014

[ 2015 - 2019
I 2020 - 2025

-
- | feeseRrdino Tureniyn)
. Hountaind 3
L] :- =
= Little San
Bernardino
= Wauntains

Map Data Sources: FEMA National Flood Hazard Layer Database; Fathom Global ) ) )
Flood Map 3.0; California State Geoportal; USGS; Riverside County Assessor Location: RIVErSIde COLInty -

N
ESRI Basemap and Hybrid Reference Layer Sources: ESRI, Tom Tom, Garmin, = . _
. FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community, Whltewater Rlver WaterShed

0 1.25 2.5 5 Miles Esri, USGS Desert Hot Springs




Parcels Within Whitewater River Watershed in Riverside County
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General Plan Land Use - San Jacinto Watershed in Riverside County

| FEMA Flood Zones (100 year) -

// ) f k;,.@w;a‘% S v/ Riverside County
/ |

| Fathom 100yr - Riverside
! County

5 Fathom 500yr - Riverside
// | - County

San Jacinto Watershed
= ! Riverside County

|
m Major Highways

Y ]

4 General Plan Land Use
8+ Dwelling Units/Acre

0.5 to 7 Dwelling Units/Acre
= i 2 to 20 Acres/Dwelling Unit
i —— 20+ Acres/Dwelling Unit

High density commercial

W a8 N 7 Wy = Low density commercial
< AT ' . = Mixed use of residential and
commercial

Industrial

Agricultural

Open space and public lands
Urban reserve

Planned development

Water

Other - Not Determined

io
i e i o e

= T Y RiverSida =
o :
_Banning

prona

Q0875 ft
» 5

Map Data Sources: FEMA National Flood Hazard Layer Database; Fathom ) ) )
N Global Flood Map 3.0; California State Geoportal; USGS Location: Riverside County -
ESRI Basemap and Hybrid Reference Layer Sources: ESRI, Tom Tom, H _
) Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User San JaCIntO WaterShed Lake
0 1.25 2.5 5 Miles Community, Esti, USGS Elsinore




General Plan Land Use - San Jacinto Watershed in Riverside County
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General Plan Land Use - San Jacinto Watershed in Riverside County
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Parcels Within San Jacinto Watershed in Riverside County
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Parcels Within San Jacinto Watershed in Riverside County

\
Willdlerness Perk
Gali :
EL‘
[ S
A\
¥
l} ’
W\ cadlValleyRrs
e /aR B 3
o ™
=
L
N

77 FEMA Flood Zones (100 year) -

Riverside County

Fathom 100yr - Riverside
County

Fathom 500yr - Riverside
] County

San Jacinto Watershed
Major Highways

Riverside County Parcels

Year Built
1846 - 1949
1950 - 1969
1970 - 1987
1988 - 2009
2010 - 2014

P 2015 - 2019
B 2020 - 2025

Map Data Sources: FEMA National Flood Hazard Layer Database; Fathom Global
Flood Map 3.0; California State Geoportal; USGS; Riverside County Assessor
ESRI Basemap and Hybrid Reference Layer Sources: ESRI, Tom Tom, Garmin,
FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community,
Esri, USGS

Location: Riverside County -
San Jacinto Watershed - Val
Verde



Parcels Within San Jacinto Watershed in Riverside County
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General Plan Land Use in Merced County
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General Plan Land Use in Santa Clara County
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