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ABSTRACT 
 
Floodplain Managers must consider many sources of uncertainty in their planning efforts, including: 
hydrologic, hydraulic, and geotechnical.  In addition, to these well-established sources of uncertainty, are 
the effects of climate change.  There is not a scientific consensus on the specific, anticipated effects of 
climate change, but these effects could be any or all of the following: rise in sea level, shift in the form 
precipitation from snow to more rainfall, change in intensity and/or duration of precipitation events.  Each 
of these effects would produce its own unique set of additional challenges for floodplain managers.  
 
Efforts have been undertaken at the Federal and State levels of government to develop programs that 
require consideration of climate change in floodplain management, e.g., the recently issued executive 
order establishing a Federal flood risk management standard and the State's Urban Levee Design Criteria 
(ULDC). At the regional level, these programs have been applied, along with other considerations, to plan 
improvements to the flood management system that are robust and resilient to climate change and the 
other sources of uncertainty. 
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Overview

• Regional planning efforts

• Risk-based flood management criteria

• Climate change and uncertainty

• System planning and system improvements 
engineering to address climate change 
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Regional Planning Efforts

• Regional flood planning groups

• Six regions identified by State in Central Valley 
Flood Protection Plan (CVFPP): 

– Upper/Mid-Sacramento River

– Feather River

– Lower Sacramento River/Delta North

– Lower San Joaquin River/Delta South

– Mid-San Joaquin River

– Upper San Joaquin River
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Regional Planning Efforts

• Each region produced management 
plans indicating prioritized flood 
projects and their costs/benefits.

• DWR will incorporate feasible 
components of the regional plans in 
the 2017 Central Valley Flood 
Protection Plan (CVFPP) update that 
are consistent with the State 
Systemwide Investment Approach as 
defined in 2012 CVFPP.
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Risk-Based Flood Management Criteria

Federal Emergency 
Management Agency 
(FEMA) National Flood 
Insurance Program

100-year

State Urban Levee Design 
Criteria (ULDC)

200-year

Executive Order #13690 for 
Federal Flood Risk 
Management Standard 

500-year
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State Urban Levee 
Design Criteria (ULDC)

• ULDC provides the engineering 
criteria for determining the 
Design Water Surface Elevation 
(DWSE) along leveed and 
unleveed streams, and for 
design, evaluation, and 
operation and maintenance 
(O&M) of levees and floodwalls

• FEMA vs. USACE approach for 
design water surface elevations
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State Urban Levee Design Criteria (ULDC)
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Executive Order No. 13690

• Establishing a Federal Flood Risk 
Management Standard and a process 
for further soliciting and considering 
stakeholder input

• One of three approaches to determine 
flood elevations: 

– climate-informed science approach

– adding 2-3 feet of elevation to the 100-
year floodplain

– 500-year floodplain
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Estimating Infrequent Floods

• Record length

• Interpolation 
versus 
extrapolation

• What is the 
“credible limit of 
extrapolation”?
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Estimating Infrequent Floods

• Federal Guidelines: Bulletin 17B

• Software: HEC-SSP

• Provides systematic means to estimate flood 
flow frequency (procedure and software)

• Ease of application potentially numbs user to 
“credible limit of extrapolation”
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Historical Floods

American River at Fair Oaks
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Historical Floods

Yuba-Feather Confluence

1-in-100 year Flow: 186 kcfs

1-in-100 year Flow: 360 kcfs

1-in-200 year Flow: 236 kcfs

1-in-200 year Flow: 420 kcfs

* Flood of Record

Sources: USACE, 2011 (left) & DWR, 2013 (right)

Comparison of Major Historical Flood Events to 
Hypothetical 1-in-100 &1-in-200 Year Flows
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Water Year

American River at Fair Oaks

Folsom Reservoir 
Begins Operation

Source: Sacramento and San Joaquin Comprehensive Study

Data Availability and Perspective
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ULDC Application

Considerations:

• Levees

• Debris Loading

• Superelevation

• Sea Level Rise

• Updated Hydrology / 
Hydraulic Model

• Climate Change
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ULDC Consideration: Levees

• All urban levees assumed to have a 
minimum top elevation of the median 
200-year water surface elevation plus 3 
feet.

• All non-urban State-Federal Project 
levees assumed to have a minimum 
crown elevation equal to the authorized 
USACE design profiles. 
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ULDC Consideration: Debris Loading

• “Bridges with less than 3 feet of 
clearance above the DWSE may 
experience extraordinary debris 
loading that must be evaluated 
in addition to typical pier/bent 
debris loading.” 

• For the 200-year water surface 
elevation with sea level rise, 23 
bridges were classified as 
typical and 18 as extraordinary. 
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ULDC Consideration: Superelevation

• Tilting of the water 
surface that occurs 
on the outside of a 
river bend. 

• The ULDC notes 
that “on the 
outside of a bend, 
the superelevation
needs to be added 
to the DWSE.”
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ULDC Consideration: Sea Level Rise

• “The effects of sea level 
rise are to be estimated 
and addressed for the 
duration during which a 
finding that the urban 
level of flood protection 
exists may be valid.” 

• Proposed to be 20 years

17



ULDC Consideration: Updated Hydrology / 
Hydraulic Model

• Is new hydrology information available? 

Central Valley Hydrology Study (CVHS)

• New hydraulic models? 

Central Valley Floodplain Evaluation and Delineation (CVFED)

• Will adoption of these affect results? 

18



ULDC Consideration: Climate Change

• Based on the potential for underestimating the DWSE, the civil 
engineer should consider increasing the DWSE to account for the 
potential increases in water surface associated with climate change, 
updated hydrology, updated hydraulic models, and sea level rise. 

• To the extent that the hydrology being used does not explicitly take 
into consideration climate change, the decision to increase the 
DWSE, and the actual amount to increase it by, should be based on a 
sensitivity analysis of the reach specific variables. 

• Civil engineers can consider the potential for increases in the DWSE 
and address it in a range of ways from not incorporating any change 
to adding 1 foot or more. 

• The benefits of increasing the DWSE include providing a higher level 
of flood protection and minimizing the need to modify flood 
management structures in the future should the DWSE increase. 19



Climate Change – Expected Changes in Temperature 
and Precipitation
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Climate Change – Hydrologic Analysis

• Changes in temperature,
precipitation

• Ability to resolve spatial 
and temporal scales 
necessary to estimate 
floods

Source: J. Anderson, “Climate Change 
Approaches”  from DWR Climate 

Change Technical Advisory Group21



Climate Change – Predicted Effects on Flooding

• In addition to increased coastal flooding resulting from sea level rise, severity of 
noncoastal flooding will also increase in the future. 

• The current suite of climate models is not designed to project extreme precipitation 
events that cause flooding. However, there is some agreement among climate experts 
that the climatological conditions which drive extreme precipitation events will become 
more common, increasing the likelihood of extreme weather events. 

• Rising snowlines will also increase the surface area in watersheds receiving precipitation 
as rain instead of snow (DWR 2008).

Source: DWR Climate Change Handbook for Regional Water Planning22



Climate Change – Treatment in Flood Management 
Planning

• Climate change treated as a source of uncertainty in regional flood 
management planning.

• Potential effects of climate change in Central California:

• rise in sea level

• increase in rain vs. snow

• change in intensity and duration of precipitation events

• Response: 

• build a flexible, robust system that can adapt to these changes
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Feather River Regional Flood Management Plan

• Urban Levee Improvements:
• Marysville – 300 year +

• RD 784 – 200 year +

• Yuba City – 200 year +

• Components:

• Oroville Dam Surcharge storage 

• Reoperation of Thermalito

• Low Level Outlets at New Bullards Bar Dam

• Flood-Coordinated Operations & Forecast-Based Operations

• Transitory Storage – RD 784 Horseshoe Levee
24



Lower Sacramento River / Delta North 
Regional Flood Management Plan

• System Improvement Objectives:

• Decrease water surface elevations in project area

• Provide capacity for ecosystem restoration

• Promote agricultural sustainability

• Improve flood conveyance of the Yolo Bypass 
within existing footprint

• Expansion of Sacramento Bypass
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Upper Yolo Bypass 
Footprint Components

A. Thin vegetation

B. Remove spoil mound

C. Remove Yolo short line 
railroad bridge

D. Lower County Road 22

E. Add weir into Deep Water Ship 
Channel

F. Add flood barrier in Deep 
Water Ship Channel

A,B

D

C

E

F
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Other Efforts – Folsom Dam

Folsom Dam Joint-Federal Project (JFP)

• $962-million cooperative effort between the 
U.S. Army Corps of Engineers and the U.S. 
Bureau of Reclamation, that serves as one 
piece of a larger plan to help the Sacramento 
region achieve a 1-in-200-year level of 
protection

• The JFP is primarily the construction of an 
auxiliary spillway, consisting of: 

1. A control structure containing six submerged 
tainter gates; 

2. A 3,000 foot long spillway chute and a stilling 
basin that acts as an energy dissipator;

3. An 1,100 foot long approach channel. 
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Summary

• Regional floodplain management planning includes improvements in operations, 
maintenance, and infrastructure to offset potential increases in flood risk due to 
climate change

• Other sources of uncertainty and provisions for design robustness are considered 
in assessing need for explicit modifications to design criteria in response to climate 
change

• Ongoing infrastructure improvements and flood management programs and 
planning efforts in the Central Valley are already adding to the flood management 
system’s resiliency to climate change
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