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Our Floodprone Nation- Getting Worse!
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Photo Credit: Caltrans

3.5 million miles of streams rivers and 
coastlines in the United States (1.2 
million miles mapped)

8.7 million properties at risk from 
flooding in SFHA (per FEMA)

Annual flood losses roughly doubling 
per decade - now $20+ billion/yr.



Our Floodprone Nation – Getting Worse!
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From First Street Foundation:

17.7 million properties similar risk from 
flooding in SFHA + non-mapped + pluvial 
areas (per First Street Foundation)

New precipitation model shows 1-in-100 
year flooding can now be expected every 
8 years in some areas



Changing Market Conditions
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Flood Protection in Current Building Codes



Federal Emergency Management Agency

What level of flood protection is addressed in current building codes?
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Federal Emergency Management Agency

What level of flood protection is addressed in current building codes?
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Federal Emergency Management Agency

What level of flood protection is addressed in current building codes?
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International Building Code

(Since 2006 uses ASCE 24)

Flood 

Design 

Class1

Minimum Flood 

Elevation (Zone A)

1, 2, and 

3*

BFE + 1 foot or DFE, 

whichever is higher

4

BFE + 2 feet or DFE, 

or the 500-year, 

whichever is higher
An example of increases in flood damage 

over time due to changes in flood conditions.



Moving towards higher minimum return periods or risk-

based consensus standard

• Freeboard provides varying levels of protection 

within the floodplain

• Freeboard could provide protection to the 

1,000-year flood or just over the 100-year flood 

depending on the area

• A Return Period based approach is more 

consistent protection

• Calculations should reflect flood heights as well 

as other changing factors (e.g., velocity or wave 

heights)

500 yr

500 yr

100 yr

100 yr

6 

inches

3 feet

Floodplain 1

Floodplain 2

1 ft of freeboard

1 ft of 

freeboard

Riverine Example
• Useful life of the building – it’s longer than the mortgage

• Non-Residential Expected Service Life* 51.6 – 87.2 years 
• Residential Expected Service Life** 61 years



Federal Emergency Management Agency

▪ Understand impact of increased/future flood conditions  

 Sea Level Rise 

 Coastal Erosion

 Subsidence

 Increased Development/ Increased Runoff

 Increase or Changes in Precipitation Rates 

▪ Interpret flood data and approximate a future flood protection level

▪ Explain to clients the potential increase in flood risk and how incorporating increased flood 

protection serves the clients interests

▪ Incorporate the future conditions into the minimum elevation and flood load calculations  

We need to incorporate Future Conditions into Flood Design
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Project Lifespan 

becomes a key 

factor



What Just Happened? 



Federal Emergency Management Agency

▪ Rewrites Chapter 5 Flood Loads - as a Supplement to ASCE 7-22

▪ Changes the approach of determining flood loads from an Allowable Stress 

Design (ASD) to a Strength Design or Load Resistance Factor Design (LRFD)

▪ Makes flood consistent with minimum consensus wind and seismic design 

standards that have higher return periods

▪ Changes to:

 Minimum Design Requirements (uses formulas & risk-based scaling factors)

 Hydrostatic / Hydrodynamic Loads (velocity, scour, design stillwater elevation)

 Wave Loads

 Debris Loads

 Flood Load Cases / Load Combinations / Stability Checks 

ASCE 7-22  Supplement 2 Minimum Design Loads & Criteria for Buildings and 

Structures – FREE DOWNLOAD @ ascelibrary.org  Published May 25, 2023
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Federal Emergency Management Agency

▪ Risk Categories similar to Flood Design Class in ASCE 24

▪ Applies to all buildings and structures in the delineated 500-year floodplain 

(horizontal extent)

▪ Sea Level Rise is included. The minimum rate of relative sea level change shall 

be the historic rate of rise over 50-year period rather than projected future rise.

 Does not prohibit considering increased rise

 Sea-Level Change Curve Calculator (army.mil)

▪ The Relative Sea Level Rise during the project lifecycle of the structure shall be 

added to the design stillwater flood elevation and then wave heights calculated 

to derive a design flood elevation

▪ Erosion calculated for 50-year minimum project lifecycle

ASCE 7 Flood Supplement - Updated Design Flood Relates to Risk Category
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https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html


ASCE 7-22 FS Risk Categories and Design Mean Recurrence Intervals

Risk 

Category

MRI

(year)

Annual 

Exceedance 

Probability (AEP)

CMRI

Gulf of Mexico 

Coastal Sites1

CMRI

All Other 

Coastal 

Sites1

CMRI

Great Lakes 

Sites2

CMRI

Riverine 

Sites

I 100 1.00% 1.00 1.00 1.00 1.00

II 500 0.20% 1.35 1.25 1.15 1.35

III 750 0.13% 1.45 1.35 1.20 1.45

IV 1,000 0.10% 1.50 1.40 1.25 1.50

1 Gulf Coast site scale factors are for coastlines of TX, LA, MS, AL and FL west of 80.75 deg W. All other coastlines taken as Other.  
2 If flood loading is being considered on other lakes, the scale factors for riverine sites shall be used. 

Design Requirements apply to buildings in the 
500-yr floodplain where designated

SWELMRI  = CMRI (SWEL100 – Zdatum) + Zdatum Equation 1 [ASCE 7-22-S3 Eq. 5.3-2]

Calculation of higher MRI is based on ratios (CMRI) 

applied to the 100-year stillwater flood depth*



ASCE 7-22 FS Flood Elevation Calcs
• Calculation of stillwater flood depth (df)

• df = (SWELMRI - Ge) + ΔSLR

• Stillwater flood depth is used in the calculation of:

• Hydrostatic loads

• Determination of floodwater velocity

• Determination of hydrodynamic loads

• May be applicable for wave height calculation

• Wave load calculations

• Debris impact calculations for certain building types

Soi l reactions



ASCE 7 Flood Supplement –Chapter 5
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https://ascelibrary.org/doi/10.1061/9780784415788.sup2 

• Supplement 2 approved by ASCE, published as part of ASCE 22 May 23, 2022

• Available for free online

https://ascelibrary.org/doi/10.1061/9780784415788.sup2
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Existing
(ASCE 7-22)

Changes
(ASCE 7-22 Supplement 2)



Chapter 5 Revisions (Supplement 2)

September 6, 2023 National Institute of Building Sciences
18

Increase the flood hazard area from 100-year to 500-year for all RC II, 

III, and IV structures

Mean Sea Level

100 yr

New area subjected to ASCE 7 Chapter 5 Supplement 2

Area not 

subjected to 

ASCE 7

100 yr (SFHA)

500 yr



Chapter 5 Revisions (Supplement 2)
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• Incorporate a risk-based approach where flood hazard is tied to structure risk category

 RC I  100-year RC II 500-year RC III 750-year RC IV 1000-year

Note:  ASCE 7 Chapter 5 does not prescribe elevation requirements for structures.  ASCE 24 does that.



Mean Sea Level

Area subjected to ASCE 7 Chapter 5 Supplement

Area not 

subjected 

to ASCE 7 

Chapter 5

500 yr

500 yr

Add the effects of Relative Sea Level Rise

500 yr + RSRL

RC II

Chapter 5 Revisions (Supplement 2)
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Future- Climate Change 
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Chapter 5 Revisions (Supplement 2)
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Revisions provide requirements and guidance for Hazards, Loads, Load Cases, Reliability 

Analysis 

• Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

• Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

• Load Cases

o Combinations of 

loads

o Stability check

• Reliability Analysis

o Consistency with 

Chapter 2



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 

Chapter 2

5.3 DESIGN REQUIREMENTS

5.3.1 Flood Hazard Area.

For Risk Category II, III, and IV structures, the Flood Hazard Area shall be the 500-year floodplain 

designated as the Special Flood Hazard Area and the Shaded X-Zone.  For Risk Category I structures, 

the Flood Hazard Area shall be the 100-year floodplain designated as the Special Flood Hazard Area.

Intention to extend the design requirements out to the 500-year floodplain for RC II, III, and IV 

structures



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 

Chapter 2

5.3.3 Design Stillwater Flood Depth.

The design stillwater flood depth, df, in ft (m) shall be determined in accordance with Equation 5.3-1:

df = (SWELMRI - Ge) + DSLR  (5.3-1)

where 

SWELMRI = stillwater elevation corresponding to the risk category and MRI defined in Table 5.3-1 provided by a flood hazard study adopted by the 

Authority Having Jurisdiction in ft (m). Where the stillwater elevation for a given MRI is not provided in the flood hazard study, the 100-year stillwater 

elevation shall be scaled to the required MRI per Section 5.3.3.1.

Ge = elevation of grade at the building or other structure inclusive of effects of erosion in ft (m), per Section 5.3.5.

DSLR = relative sea level change for coastal sites in ft (m), see Section 5.3.4.  DSLR shall not be taken as less than 0.



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 

Chapter 2

5.3.3.1 Stillwater Elevation Determination When MRI Data Not Available.

Where MRI data is not available, SWELMRI shall be determined according to Equation 5.3-2 

SWELMRI = CMRI (SWEL100 – Zdatum)+Zdatum         (5.3-2)

where 

SWEL100 = stillwater elevation for the 100-year MRI provided by a flood hazard study adopted by the Authority Having Jurisdiction in ft (m). 

CMRI = flood scale factor associated with the MRI from Table 5.3-1 for different locations.

Zdatum = elevation of mean water level based on local datum, in ft (m). For riverine sites, Zdatum shall be taken as the annual high-water level. Zdatum shall 

be permitted to be taken as zero for coastal sites. Values for SWEL100, SWELMRI, and Ge shall all reference the same local datum.

v
Risk 

Category

MRI

(year)

Annual 

Exceedanc

e 

Probability 

(AEP)

CMRI

Gulf of 

Mexico 

Coastal 

Sites1

CMRI

All Other 

Coastal 

Sites1

CMRI 

Great 

Lakes 

Sites2

CMRI

Riverine 

Sites

I 100 1.00% 1.00 1.00 1.00 1.00

II 500 0.20% 1.35 1.25 1.15 1.35

III 750 0.13% 1.45 1.35 1.20 1.45

IV 1,000 0.10% 1.50 1.40 1.25 1.50

Intention is to use modern flood 

information as it becomes 

available.  



Requirement to Consider Sea Level Rise Based 

on Historic Rates
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 

Chapter 2

5.3.4 Effects of Relative Sea Level Change.

The effects of relative sea level change shall be included in the calculation of flood conditions and flood loads for sites whose 

flooding comes from coastal sources.  A project lifecycle of not less than 50 years shall be used for this quantification.  The 

minimum rate of relative sea level change shall be the historically recorded sea level change rate for the site over a 50-year period. 

The increase in relative sea level during the project lifecycle of the structure shall be added to the design stillwater flood elevation 

as required by Section 5.3.3.

Figure shows how designer can get the necessary 

sea level rise information for project site

Historic rate does not 

include climate projections
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Combination of Loads
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 

Chapter 2

5.5 FLOOD LOAD CASES

The flood load (Fa) used in the Chapter 2 load combinations shall include the following 

flood load cases in the applicable directions:

For coastal flooding:

 

1. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 

loads (5.4.3) and debris impact loads (5.4.5)

2. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 

loads (5.4.3) and wave loads (5.4.4)

For riverine flooding:

1. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 

loads (5.4.3) and debris impact loads (5.4.5)

5.5.1 Stability for Uplift.

5.5.2 Stability for Sliding.

Clear requirement on how 

individual loads must be 

combined

Overall flood load Fa is used in 

Chapter 2.

Stability checks are often done 

in practice, but existing 

standard does not include this.



Summary
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Complete revision to Chapter 5

• Increase the flood hazard area from 100-year to 500-year for all RC II, III, and IV structures

• Incorporate a risk-based approach where flood hazard is tied to structure risk category

 RC I  100-year RC II 500-yearRC III 750-year RC IV 1000-year

• Hazards:  Flood depth, velocity, wave, scour and debris hazards

• Loads:  Provides hydrostatic, hydrodynamic, wave, and debris impact loads 

• Load cases: Combination of flood loads and stability checks, consistency w/ Chapter 2

Implementation 

• Understand how proposed changes would affect engineering design and impact related standards

• Document analytical work and case studies for future cycles and for engineering practice



Federal Emergency Management Agency

ASCE 7 informs 
ASCE 24

• ASCE 24-14: Flood Resistant 
Design and Construction, last 
updated in 2014, informed by 
ASCE 7-10 (published in 2010)

• ASCE 7-10 mostly considers 
base flood elevation and 
freeboard. It’s less rigorous 
and less risk-informed than 
ASCE 7-22 Supplement 2.

• ASCE is working quickly to 
incorporate ASCE 7-22 into 
ASCE 24. A new version of 
ASCE 24 is expected to be 
published in fall 2024.

29
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From ASCE Standard to ICC Code Adoption

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

International 

Building Code

(3-year cycle)

ASCE 7

(6-year 

cycle)

2
0

2
4

2
0

2
7

2022 2028

2
0

3
0

7-22
Supplement 2

Flood loads

ASCE 24

Flood

resistant

design & 

construction



FEMA's Role

▪ Provides Support to:

 Communities

 Design Community

 Other Agencies

▪ Through:

 Funding/Flood Insurance

 Hazard Data Products

 Guidance Publications

 Technical Assistance

▪ Hazard & Design Data Is Key!

National Institute of Building Sciences 31



Federal Contribution
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• Data from the US Army Corps of Engineers contributed to 

the 𝐶𝑀𝑅𝐼 factor in ASCE 7 Chapter 5 Flood Loads

• Research, Data, Studies from USGS, NIST, NOAA, FEMA 

• Participation in ASCE Standards Committees

• Integration of flood resistant design and construction 

requirements in consensus codes and standards

• Guidance on flood code provisions

• FEMA currently evolving flood hazard data from binary to 

graduated risk

Source - ASCE Standard 7-22 Minimum Design Loads and Associated Criteria for 

Buildings and Other Structures SUPPLEMENT 2



Future of Flood Risk Data (FFRD)



Future of Flood Risk Data (FFRD) Initiative: Objectives

Shift from binary to 

probabilistic analysis

1
Empower private and 

SLTT stakeholders

3

Modernize data management 

and delivery

2
Drive risk-informed 

actions

4
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• 1D Modeling

• Fluvial flooding only

• Event-based analyses

• 2D Modeling

• Fluvial and pluvial flooding

• Probabilistic analyses

Analysis 

Framework

Annual Exceedance Probability (AEP)
10% 1% 0.1% 0.01%

P
re

c
ip

it
a

ti
o

n
 (

in
)

100%

Inland/Riverine Flooding Examples
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Some of the Features, Benefits, and Uses of FFRD

Produces multiple flood 

hazard outputs for each 

modeled scenario, including 

depth, velocity, duration, etc.

Analyzes a wider range of flood 

scenarios across many different 

probabilities (frequent to 

extreme; well beyond the 500-yr)

Identifies multiple 

flood hazard sources in 

the same analysis

Generates retrievable hazard 

data at any site of interest and 

can support credible site or 

structure-level evaluations

A B

A

1.0

6.5%

B

1.0

3.2%

1.6

1.5 1.7

I

(100-yr)

ASCE Risk Categories

II

(500-yr)

III

(750-yr)

IV

(1,000-yr)

I

(100-yr)

ASCE Risk Categories

II

(500-yr)

III

(750-yr)

IV

(1,000-yr)
3.4

3.8

4.3



Prototype – Compare Conditions at Multiple Sites

Note: Images are draft and may not 

reflect a final depiction of the prototype National Institute of Building Sciences 39



Developing Guidance on Supplement with 

Examples

September 6, 2023 National Institute of Building Sciences
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Federal Emergency Management Agency

Remain engaged in advancing flood-resilient standards

41

Coming Attractions:  ASCE 7-28

ASCE 7-28 Future Conditions Subcommittee goals;
▪ Current loads based on historical data, which may not 

represent future conditions well with respect to climate 
related loads in particular

▪ Propose a new chapter for ASCE 7-28 (chapter 36)
▪ Written in mandatory language for potential (voluntary) 
 adoption by jurisdictions/projects
▪ Address Flood, Snow, Rain, Ice, & Wind
▪ Starting point for us: “preparing for a 3 deg C world” and its 

impacts on loads
▪ Use climate models rather than analysis of historical data
▪ Modifies environmental loads for those who wish/required to 

include them. 
▪ Will be dependent on Design Life/Risk Category of the building

Pathways to Resilient Communities (1).pdf (asce.org)

https://www.asce.org/-/media/asce-images-and-files/advocacy/documents/pathways-to-resilient-communities-asce-toolkit.pdf


National Initiative to Advance Building Codes 

(NIABC) Priorities

https://www.fema.gov/sites/default/files

/documents/fema_niabc-progress-

report_122022.pdf

National Institute of Building Sciences 42



NIABC: A Brief History  

Mitigation Framework Leadership Group

• FACT SHEET: Biden-Harris Administration Launches 

Initiative to Modernize Building Codes, Improve 

Climate Resilience, and Reduce Energy Costs 

released June 1, 2022.

• Building Codes Task Force formed under the 

Mitigation Framework Leadership Group to advance 

the 5 Key Priorities and 3 Key Activities in year one.  

• Agency implementation plans developed to 

implement and advance the NIABC.

• Progress Report delivered to the White House 

Council on Environmental Quality and Climate Policy 

Office.

• NIABC Infographic developed to share national 

progress. 

43

Key Priorities

Improve Climate Resilience

Reduce Energy Costs

Prioritize Underserved 

Communities

Create Good Jobs

Modernize Building Codes
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NIABC Challenges and Year Two Priorities



Federal Emergency Management Agency

▪ Advancing Flood Resilient Building Design

▪ Incorporating Future Conditions into Flood Design

▪ Future of Flood Risk Data (FFRD)

▪ Codes and Standards

Advancing Flood-Resilient Standards, Design and Construction

47

Questions?

FEMA Flood/Wind Building Science Helpline:

FEMA-BuildingScienceHelp@fema.dhs.gov

866-927-2104

http://www.fema.gov/building-science

mailto:FEMA-BuildingScienceHelp@fema.dhs.gov
https://urldefense.com/v3/__http:/www.fema.gov/building-science__;!!ETWISUBM!wpL-0CR1MfhlUy0ZnJ1FXE5Qcsjt82umGD1Sct-SzHz8Og22j-Vy6SXFeih3Z8bkQKvJvyOZQPwPhCL8rMIwlnbH2ZjvZUdMdwTvS88Mvg$
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