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Outline of Today’s Topics

• Disaster Cycle Phases & Mitigation Mapping

• Different Flood Study Assumptions & Dam Inundation Mapping

• Prioritizing Activities During Tight Fiscal Times



Disaster Cycle Phases for Large Scale Flood 

Events

Mitigation (Pre-Disaster):

Capacity Building Activities

Response (Disaster)

Recovery (Post-Disaster):

Assessment Activities(2)(3)

Mitigation (Pre-Disaster):

Assessment Activities

Recovery (Post-Disaster):

Repair & Rehabilitation Activities

Mitigation (Pre-Disaster):

Implementation Activities

Decades to Months Before Disaster Days to Weeks Months to 2-3 Years(1)

1. FEMA Public Assistance Recovery projects should take only 18 months to complete.

2. Previous PA projects trigger Loss Avoidance Studies (an additional assessment) for future disasters.

3. Recovery also triggers a Joint Mitigation Strategy which eventually leads to future mitigation funding.

Maps Prepared

Maps Prepared

Maps Prepared

Mitigation Maps represent what might happen for a 

hypothetical condition, based on many assumptions 

(they take years to produce).

Response Maps represent what might happen for a very 

specific event, based on near-term data (they are often 

hastily produced).

Recovery Maps observations of what just happened.

GENERAL MAP RULES:

More people involved in preparing a map, the longer it 

takes to complete.

All maps will be “conditional”, so its important to know 

exactly what specific question a map is being used to 

address.



Flood Mitigation Activities

Mitigation

• Move water away from people –or – move people away from water

• Large-scale construction to land use (zoning, easements, etc)

Response

• Limited to keeping people away from water

Recovery

• Housing requires highly specialized support services

• Flood insurance is one of the quickest economic recovery mechanisms

• Rehabilitation and repair can be costly, but sometimes offers new opportunities for 

improvements as well



Flood Study Assumptions

Table

Properties

(1)

Flood study categories

FEMA floodplain mapping

(2)

DWR floodplain mapping

(3)

DWR design (per ULDC)

(4)

Levee “certification” by others 

for FEMA1

(5)

Real-time analysis for 

emergency response

(6)

Operations and maintenance, 

SRFCP2

(7)

Operations and maintenance, 

SJRFCP

(8)

Operations and maintenance, 

estuary

(9)

DWR feasibility study

(10)

Study objective To provide more accurate flood 

hazard data for the purpose of 

rating flood insurance costs, for 

community-level floodplain 

management, and to generally 

protect life and property from 

floods.

To provide more accurate flood 

hazard information with the 

objective of protecting property 

and life from potential flood 

hazards.

Find that urban level of flood 

protection exists.

Non-federal - evaluate for 

compliance with FEMA 

minimum standards 

(44CFR65.10).

Provide reliable information 

about conditions that will occur 

in the immediate future (within 

hours to days) so that decisions 

can be made by public and 

public officials regarding actions 

to be taken to protect lives and 

property

Determine and prioritize 

maintenance activities. Ensure 

project works has sufficient 

conveyance to meet design flow 

at or below the design stage.

Identify one or more properties 

(dimension, alignment, etc.) 

modifications to or design of 

facilities that are part of 

SJRFCP so that improvements 

or enhancements can be made.

(1) Determine the stage-

frequency relationship used to 

establish FEMA Hazard 

Mitigation Plan (HMP) 100-yr 

WSE for Delta levees. (2) 

Estimate avg. velocity in ship 

channels & levee repair sites.  

(3) Quantifying the hydraulic 

impacts of upstream 

improvement projects.

Identify and evaluate 

alternatives to solve water 

resource problems and justify 

selection of a State interest plan 

based primarily on maximizing 

net benefits but also on other 

criteria and State policy 

considerations.

Without-project condition Used as the basis for 

determining if an unallowable 

rise in flood elevation has 

occurred as the result of 

construction in the floodplain or 

floodway. See CLOMR process 

details.

n/a. n/a. n/a. n/a. Not applicable; however, if 

approaches or egress channels 

adjacent to the improved 

channel  or floodway impacts 

the proper functioning of the 

project work, it is considered to 

have a maintenance deficiency 

(CFR 33 208.10 (g) (vi)).

n/a. Current Delta WSE based on 

1992 USACE-SPK Delta stage-

frequency calculations which 

are based on DWR Bulletins 23 

and 130 and WDL.  NOTE: 

Existing WSE do not account 

for partial tidal epochs, SLR, or 

local subsidence / uplift.

Current and future loading, 

exposure, and vulnerability 

conditions in watershed, absent 

proposed project, but with other 

authorized projects for which 

funds are appropriated “brought 

on line” as scheduled. (See 

below for description of future 

condition.)

Initial reservoir storage, non-

flood control reservoirs

Generally at the discretion of 

the FEMA region and engineer 

performing the study. 

Use full pool, unless validated 

by FEMA, USACE, and DWR 

for a different condition.

Not specified. Therefore, follow 

Corps design.

Conditions are as per FEMA 

effective hydrology study (non-

Federal).

As observed. Not applicable; however, if 

approaches or egress channels 

adjacent to the improved 

channel  or floodway impacts 

the proper functioning of the 

project work, it is considered to 

have a maintenance deficiency 

(CFR 33 208.10 (g) (vi)).

Typically conservative storage 

condition to minimize likelihood 

of exceedence of design 

capacity. This may include—for 

example—assumption of full 

pool upstream.

n/a. “Most likely” initial storage 

condition unless analysis of 

historical pool levels shows 

significant difference.

Initial reservoir storage, flood 

control reservoirs

Only designated flood storage 

available.

Only designated flood storage 

available.

Not specified. Therefore, follow 

Corps design.

Conditions are as per FEMA 

effective hydrology; commonly 

based on Corps studies (non-

Federal).

As observed. Reservoir releases are reflected 

in the Design Stage (floodplain 

elevation).  Note: any changes 

in the reservoir operations since 

1955 have not been updated in 

the design parameters for the 

project work.  In accordance to 

the 1953 MOU, only design 

criteria is evaluated to 

determine there are any 

potential maintenance 

deficiency.

Only designated flood storage 

available.

n/a. Only designated flood storage 

available unless analysis of 

historical pool levels shows 

significant difference.

Flow diversion operation Any human intervention in flood 

events at a large scale must be 

defined in an adopted operation 

and maintenance manual with 

specific stated responsibilities 

by name or title in it. This would 

apply for dams, levees, and 

other structures. Small-scale 

human intervention, such as 

sandbagging or selected levee 

breaks, would not typically be 

credited in an analysis as 

impacting the flood.

All weir structures are used 

based on standard operational 

criteria.

Not specified. Therefore, follow 

Corps design.

Included if incorporated into 

effective hydrology.

As observed or  as scheduled 

by diversion facility operators.

Based on the structures’ Design 

Rating Curve and the Design 

Stage (floodplain elevation).

Based on the structures’ Design 

Rating Curve and the Design 

Stage (floodplain elevation).

SWP, CVP, and CCWD 

historical and planned 

operations included in 

hydrodynamic simulations 

including South Delta, monthly 

average seepage from Delta 

channels to islands/tracts based 

on DWR Delta Island 

Consumptive Use model data, 

monthly average irrigation 

diversions may be excluded 

from flood studies (diversions 

often halted during high turbity

& high rainfall events).

Most likely operation, following 

operation manual.

Flood flow diversions are 

included in models. Operation 

of gated or controlled diversions 

should be simulated following 

approved operation policies. 

Water supply diversions are 

included if those diversions 

commonly divert water during 

high flows. The method 

(volume, timing) of diversion 

simulated should be consistent 

with historical operation during 

floods.

Channel maintenance Actual maintenance as 

observed. 44 CFR requires 

maintenance of channel by 

community, but does not spell 

out specific standards.

Actual maintenance as 

observed.

Actual maintenance as 

observed, adjusted as 

appropriate for likely future 

maintenance.

Actual maintenance as 

observed.

Actual maintenance as 

observed in calibration, but 

assumption of no change in 

operational study.

Actual maintenance as 

observed.

Actual maintenance as 

observed.

Actual maintenance as 

observed.

Most likely maintenance for 

future, considering finance and 

authority of maintaining agency.

Characterization of 

uncertainty

Accounted for with freeboard.  

Guidelines and specifications 

and procedure memos do allow 

for modest consideration of risk 

and uncertainty analysis in 

reducing required freeboard. 

See 44CFR65.10.  Does not 

fully implement Corps R&U 

analysis as of yet, but allows 

something reasonably similar.

Three different characterization 

of uncertainties are: 1) 

floodplain assessment for 

adjacent areas protected by 

levees based on freeboard or 

levee reliability data; 2) 

independent levee failure 

applications for both left and 

right levees; and 3) downstream 

flow delivery based on top of 

levee capacities.

1. Accounted for with freeboard, 

or

2. Described with statistical 

model of uncertainty of loading.

Accounted for with freeboard or 

with analysis of uncertainty.

No explicit characterization; 

best estimates made. 

Uncertainty implicitly accounted 

for by forecasters and 

emergency responders.

N/A - Design Stage is primarily 

based on the historical 

performance.

No explicit characterization; 

best estimates made.

No standard. Described with statistical 

models of uncertainty about 

loading, exposure, and 

vulnerability.

Upstream and regional levee 

performance

Historically, has not considered 

upstream levee performance 

explicitly. As a general rule, 

FEMA studies should reflect the 

most likely scenario, and a 

middle ground, neither too 

conservative nor too optimistic.

Levees perform without failure, 

with weir flow over top of levee 

when capacity exceeded.

Levees perform without failure, 

with weir flow over top of levee 

when capacity exceeded.

FEMA supports the approach of 

levees performing without 

failure, with weir flow over top of 

levee when capacity exceeded. 

But it is not specifically 

required.

As observed at or shortly before 

the time of calibration, but no 

change is assumed in 

operational forecast.

Levees perform without failure 

and weir flow over top of levee 

when capacity is exceeded.

Levees perform without failure 

and weir flow over top of levee 

when capacity is exceeded.

Infinite levee assumption is 

often used.  NOTE: CVFPP is 

developing new USACE RMA-2 

model with weir flow over top of 

levee when capacity exceeded.

For analyzing economic 

feasibility, “most likely” 

performance, considering levee 

fragility, etc. Upstream 

performance assumptions 

should be consistent with 

downstream performance 

assumptions.

(Beyond economic feasibility 

analysis, analysis of level of 

protection [and changes to level 

of protection] based on the 

assumption that levees 

upstream and downstream act 

like weirs should be reported to 

inform better the decision about 

whether a project is acceptable 

from other perspectives.)

Downstream levee 

performance

Historically, has not considered 

downstream levee performance 

explicitly.  As a general rule, 

FEMA studies should reflect the 

most likely scenario, and a 

middle ground, neither too 

conservative nor too optimistic.

Downstream levee performance 

considered an independent 

evaluation unless within the 

same reach impacted by 

downstream hydraulic 

evaluations.

Levees perform without failure, 

with weir flow.

To date, has not been 

incorporated into FEMA 

requirement.

As observed at or shortly before 

the time of calibration, but no 

change is assumed in 

operational forecast.

Levees perform without failure 

and weir flow over top of levee 

when capacity is exceeded.

Levees perform without failure 

and weir flow over top of levee 

when capacity is exceeded.

n/a. For analyzing economic 

feasibility, “most likely” 

performance, considering levee 

fragility, etc. Downstream 

performance assumptions 

should be consistent with 

upstream performance 

assumptions.

(Beyond economic feasibility 

analysis, analysis of level of 

protection [and changes to level 

of protection] based on the 

assumption that levees 

upstream and downstream act 

like weirs should be reported to 

inform better the decision about 

whether a project is acceptable 

from other perspectives.)

Tidal downstream boundary 

condition

Mean High High Water 

(MHHW) typically. Again, the 

assumptions should be neither 

conservative nor overly 

optimistic.

Use concurrent stage for each 

storm location and frequency 

event evaluated.

Not specified. Therefore, follow 

Corps design.

Consistent with FEMA 

requirements

n/a for most of areas since 

hydrologic (not hydraulic) 

routing is used for analysis. At 

some tidally-influenced 

locations, forecast and 

antecedent conditions, including 

wind speed, direction, and 

outflow, are used to modify 

astronomical tide forecasts.

Based on the current channel 

conditions, but evaluated based 

on the Design Flow and Stage 

(floodplain elevation).

Based on the current channel 

conditions, but evaluated based 

on the Design Flow and Stage 

(floodplain elevation).

No standard, though several 

approaches are in development 

with USACE-SPK.

Use coincident frequency 

analysis.

Future loading FEMA studies must by 

regulation represent existing 

conditions at this time, but it is 

permissible to perform future 

conditions analysis based on a 

wide range of options and 

publish that on FEMA maps as 

Shaded X zone in lieu of a 500-

yr floodplain.

Not considered now but the 

floodplain models are designed 

to accommodate any changes 

in future loading.

Account for discharge changes 

due to climate change, stage 

changes due to sea level rise, 

and changes in system 

maintenance activities.

Conditions are as per FEMA 

effective hydrology and typically 

don't consider future loading.

n/a. Account for discharge changes 

due to climate change, stage 

changes due to sea level rise, 

and changes in system 

maintenance activities.

Account for discharge changes 

due to climate change, stage 

changes due to sea level rise, 

and changes in system 

maintenance activities.

DWR planning studies require 

downstream tidal boundary 

based on DWR’s SLR 

estimates.  NOTE: DWR 

studies do not consider local 

subsidence / uplift & tidal epoch 

trends on stage.

To date no design study has 

incorporated SLR.

Account for discharge changes 

due to climate change, stage 

changes due to sea level rise.

Future exposure and 

vulnerability

Not explicitly considered in 

FEMA flood mapping, but 

widely considered in FEMA 

flood mitigation planning and 

HAZUS analysis.

n/a. n/a. Does not assess future 

exposure and vulnerability.

n/a. n/a. n/a. n/a.

Development in the Delta 

primary zone is managed by the 

DPC and unlikely.

Impacts to future out of Delta 

exports due to Delta levee 

reliability considered in various 

planning studies.

“Most likely” future conditions in 

watershed, absent project; 

future development consistent 

with NFIP requirements; future 

development limited to local-

government approved 

development plans.

Feasibility study must consider 

O&M and include O&M-related 

impacts and future exposure 

and vulnerability.

• There is no (and should not be) “silver bullet” or one 

type of analysis to cover all needs

• Recognizing that different flood risk assessments have 

very different purposes, DWR created a flood study 

assumptions table in 2010 / 2011

• Included DWR, USACE, and FEMA standard practices (at 

the time)

• Purpose was to help differentiate between different types 

of studies and maps

• More common types of studies on left, newer types of 

studies on left



Flood Study Assumptions Table

Properties

(1)

Flood study categories

FEMA floodplain mapping

(2)

DWR floodplain mapping

(3)

DWR design (per ULDC)

(4)

Levee “certification” by others 

for FEMA1

(5)

Real-time analysis for 

emergency response

(6)

Operations and maintenance, 

SRFCP2

(7)

Operations and maintenance, 

SJRFCP

(8)

Operations and maintenance, 

estuary

(9)

DWR feasibility study

(10)

Study objective To provide more accurate 

flood hazard data for the 

purpose of rating flood 

insurance costs, for 

community-level floodplain 

management, and to generally 

protect life and property from 

floods.

To provide more accurate 

flood hazard information with 

the objective of protecting 

property and life from potential 

flood hazards.

Find that urban level of flood 

protection exists.

Non-federal - evaluate for 

compliance with FEMA 

minimum standards 

(44CFR65.10).

Provide reliable information 

about conditions that will occur 

in the immediate future (within 

hours to days) so that 

decisions can be made by 

public and public officials 

regarding actions to be taken 

to protect lives and property

Determine and prioritize 

maintenance activities. Ensure 

project works has sufficient 

conveyance to meet design 

flow at or below the design 

stage.

Identify one or more properties 

(dimension, alignment, etc.) 

modifications to or design of 

facilities that are part of 

SJRFCP so that improvements 

or enhancements can be 

made.

(1) Determine the stage-

frequency relationship used to 

establish FEMA Hazard 

Mitigation Plan (HMP) 100-yr 

WSE for Delta levees. (2) 

Estimate avg. velocity in ship 

channels & levee repair sites.  

(3) Quantifying the hydraulic 

impacts of upstream 

improvement projects.

Identify and evaluate 

alternatives to solve water 

resource problems and justify 

selection of a State interest 

plan based primarily on 

maximizing net benefits but 

also on other criteria and State 

policy considerations.

Without-project condition Used as the basis for 

determining if an unallowable 

rise in flood elevation has 

occurred as the result of 

construction in the floodplain 

or floodway. See CLOMR 

process details.

n/a. n/a. n/a. n/a. Not applicable; however, if 

approaches or egress 

channels adjacent to the 

improved channel  or floodway 

impacts the proper functioning 

of the project work, it is 

considered to have a 

maintenance deficiency (CFR 

33 208.10 (g) (vi)).

n/a. Current Delta WSE based on 

1992 USACE-SPK Delta 

stage-frequency calculations 

which are based on DWR 

Bulletins 23 and 130 and WDL.  

NOTE: Existing WSE do not 

account for partial tidal 

epochs, SLR, or local 

subsidence / uplift.

Current and future loading, 

exposure, and vulnerability 

conditions in watershed, 

absent proposed project, but 

with other authorized projects 

for which funds are 

appropriated “brought on line” 

as scheduled. (See below for 

description of future condition.)

Initial reservoir storage, non-

flood control reservoirs

Generally at the discretion of 

the FEMA region and engineer 

performing the study. 

Use full pool, unless validated 

by FEMA, USACE, and DWR 

for a different condition.

Not specified. Therefore, follow 

Corps design.

Conditions are as per FEMA 

effective hydrology study (non-

Federal).

As observed. Not applicable; however, if 

approaches or egress 

channels adjacent to the 

improved channel  or floodway 

impacts the proper functioning 

of the project work, it is 

considered to have a 

maintenance deficiency (CFR 

33 208.10 (g) (vi)).

Typically conservative storage 

condition to minimize likelihood 

of exceedence of design 

capacity. This may include—

for example—assumption of 

full pool upstream.

n/a. “Most likely” initial storage 

condition unless analysis of 

historical pool levels shows 

significant difference.



Flood Study Assumptions Table Properties

• Study objective

• Without project condition

• Initial storage, non-flood control reservoirs

• Initial storage, flood control reservoirs

• Flow diversion operation

• Channel maintenance

• Characterization of uncertainty

• Upstream and regional levee performance

• Downstream levee performance

• Tidal downstream boundary condition

• Future loading

• Future exposure and vulnerability



Flood Study Assumptions Table Flood 

Study Categories
• FEMA floodplain mapping

• DWR floodplain mapping

• DWR design (per ULDC)

• Levee certification (by others for FEMA)

• Real-time analysis for emergency response

• Operations and maintenance (for SRFCP)

• Operations and maintenance (for SJRFCP)

• Operations and maintenance (for estuaries)

• DWR feasibility study



Dam Inundation Maps

• Dams in California are either regulated by the Federal Government or since 1929 DWR’s Division of Safety of 

Dams (DSOD)

• DSOD regulates over 1,200 dams, most of which have limited financial capability

• Prior to 2017 there were no regulations for state-regulated dam owners to prepare inundation maps

• SB92 was enacted to require dam owners prepare inundation maps, for DWR to review for accuracy, to inform 

newly required Emergency Action Plans (EAPs)

• EAPs are reviewed by Cal OES, and are intended for emergency responders – FEMA already provides FIRMs that 

are useful for local land use planning

• Communities are also required to update their hazard mitigation plans once every 5-years to maintain 

eligibility for Federal Major Disaster funding

• The State relies on local general plans and hazard mitigation plans for understanding local land use planning and 

high level approaches for managing potential hazards

• Given that existing processes (FIRMs) cover structures like levees and generally lower flow conditions, the CA 

Legislature designed SB92 mapping requires to focus on non-routine dam emergency scenarios

• The CA Legislature also took into consideration the limited resources of most state-regulated dam owners when 

reviewing the SB92 mapping standards – the goal was to have similar information in different dam maps in order to 

allow State and Federal emergency responders to quickly review dam inundation maps



Scenario: Money Is Limited – How to 

Prioritize Flood Mitigation Activities?

• Establish some principles or a hierarchy of activities

• Don’t make too many exceptions … this undermines 

having principles

• Look at previous downturn prioritization efforts

• Be prepared to shut down and walk away from some 

activities (including important ones)

• Purposefully plan on everything taking much 

longer than you’d like and are used to taking!

• Not everybody gets a “vote” in what will be 

continued and what will be placed on hold or shut 

down



Example of State Prioritized Activities

1. Maintain a Statewide Emergency Response (ER) coordination capacity

2. Continue to maintain existing flood defense systems (i.e. mow & inspect 

levees, keep pipes, gates, and pumps working)

3. Dedicate some staff resources to updating flood inundation maps and 

reviewing resources like FEMA’s Flood Insurance Studies (FIS)

4. Refocus planning efforts to cataloguing: (a) extreme flood events – the 

nature of the storm, the ER and finally the consequences, (b) the growing 

backlog of projects, and (c) the existing condition of the system  NOTE: 

this is where too many climate change scenarios will overwhelm your 

messaging!

5. DOWNSIZE / SLOW efforts to start new projects  this will be incredibly 

unpopular (even within State agencies)

6. Move research staff and efforts into more operational support (for priorities 

1 and 2), perhaps testing dashboards

7. Don’t focus on “cost savings” or administrative reorgs or new internal 

processes  there will be time for this later



Key Points

• Avoid overthinking the problem

• Understand that research and studies should really focus on a very 

specific question or need … there is no one size fits all answer

• Recognize that the public, politicians, and your peers will still want to shoe 

horn existing products into a one size fits all answer … don’t fight this, just 

remind them and stay on your key message “this can be used for ONLY 

this, I can address that later”

• Building expiration dates into plans and data is as important as to 

replacing and repairing physical projects

• Priorities will shift, but activities that are put on hold can be resumed in the 

future


