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Design for Flood Resilience

Part 1 Floodplain Management and

-lood Resistant Design
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WELCOME

THOMAS HUGHES
Director, EM Mitigation, Insurance, and
Resilient Communities Office, PY
PA Emergency Management Agency (PEMA)

(Former PA State Hazard Mitigation Officer)



Learning Objectives

ldentify the risks associated with
different types of flooding

Explain the advantages of
2 watershed management based on
future conditions

Describe flood resistant design
3 measures for buildings and
Infrastructure
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Design for Flood Resilience

ldentify the risks associated

l.eal‘ning Obj@ﬂiva 13 with different types of flooding
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Design for Flood Resilience

Flood Risks in the U.S.

Riverine Coastal Shallow Alluvial
(“Inland”) (“Uncertain flow")
e Stream overbank e \Wave action e Surface runoff e Flash floods/distant
flooding e Storm surge & e Urban drainage storms
e Dam or levee erosion overflow e Movable

failure streambeds
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Design for Flood Resilience

Flood-related Risks

Inundation
of inland or tidal waters

Rapid Accumulation
of runoff

Mudflow

on normally dry land

Collapse/Subsidence
of land resulting from erosion, waves, or water
currents exceeding normal cycles that result in

flood




Combined Flood Risks

river flooding

& mudslides '
Suﬁg?;i'r?g?Od!ng & region-wide /

sewer
dam breach seepage & overflow property loss

basement flooding floodway levee breach

. impoundment oS
EQ-EL ! ; Q !! . surge

<{— COASTAL FLOODING
<= INLAND FLOODING (RIVERINE FLOODING) —>
SHALLOW FLOODING —>

ALLUVIAL FAN / UNCERTAIN FLOW FLOODING —>

© Watson, D. and M. Adams, Design for Flooding (2011)




Large issues...

-

Flash floods - the #1 weather-related killer in the United States



FLOODED
TURN AROUND

7% Turn Around
- Don’t Drown

~.Small Steps



Precipitation Trends

Observed Changes in the Frequency and Severity of Heavy Precipitation Events

a) Total precipitation on Five-year maximum c) Annual maximum
heaviest 1% of days .‘ daily precipitation o daily precipitation

Change (%)

il

0 10 20 30 40

Fifth National Climate Assessment.
https;//nca2023.globalchange.gov/chapter/2#fig-2-7
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Flash Flood Warning Frequency
2007-2014
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Map (2014) by Dennis Mersereau - http.//thevane.gawker.com/maps-which-parts-of-
the-u-s-see-flash-floods-most-often-



http://thevane.gawker.com/maps-which-parts-of-the-u-s-see-flash-floods-most-often-
http://thevane.gawker.com/maps-which-parts-of-the-u-s-see-flash-floods-most-often-

Coastal Storm Trends
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Historical Hurricane Tracks -
https.//coast.noaa.gov/hurricanes
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Map of the Principal Aquifers of the United States
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principal-aquifers-united-states



#4618
Sep. 10, 2021

Hurricane lda
$243.8M obligated

#4408
Nov. 27, 2018
Severe storms & flooding

$88.65M obligated

M I, Femybms Cheer DCodesdennr @' e rimih

il #4292
=l Oct. 20-21, 2016

== Roads & bridges
$4.2M obligated

Disaster Declarations for Pennsylvania | FEMA.gov

www.fema.gov/disasters/qgrid/state-tribal-government

#4149

Jun. 26-Jul.12, 2013
Severe storms,
Tornadoes & flooding

$25M obligated

#4099
Oct. 26-Nov. 8, 2012
Hurricane Sandy

$12.8M obligated

#4030

Sep. 03 Oct. 15, 2011
Tropical Storm Lee
4 542 residences
(only 25% insured)
$250M obligated


http://r.search.yahoo.com/_ylt=A0LEVi6i9q1Y3dcAMHonnIlQ;_ylu=X3oDMTEybjU5a2V1BGNvbG8DYmYxBHBvcwMyBHZ0aWQDQjM0NDhfMQRzZWMDc3I-/RV=2/RE=1487824674/RO=10/RU=https:/www.fema.gov/disasters/grid/state-tribal-government/44/RK=0/RS=5oJNS6SC1zv8r_VY0DqIKeNDJcg-
http://www.fema.gov/disasters/grid/state-tribal-government

©INHMA Increasing Severity and Cost - U.S.

Billion-Dollar Weather and Climate Disasters in 2022

@ DroughtHeatwave &g Flooding ) Hail © Hurricane (g Severe Weather @) Tornado Outbreak @) Wildfire <) Winter Storm/Cold Wave

North-central @ North-central North-central @ North-central and
severe weather hail storms hail storms eastern severe weather
May 11-12 May 9 May 19 July 22-24

Central @ ne @ Central and eastern winter
\ storm and cold wave
3

severe weather December 21-26

June 7-8
Central derecho
June 13

Western and central drought @——— Vil /. Kentucky and

Missouri flooding
July 26-28

0 Southeastern
i tornado outbreak
Western wildfires 27/ A0

spring-fall | aen @® Hurricane Nicole
November 10-11

and heatwave 2022

Southern and central ® Hurr |
severe weather urricane lan

¥ ) o September 28-30
Wyt Southern Southern _ _
Texas hail storms severe weather tornado outbreak o —@ Hurricane Fiona

February 21-22 April 11-13 March 30 September 17-18

This map denotes the approximate location for each of the 18 separate billion-dollar weather and climate disasters that impacted the United States in 2022.

Fifth National Climate Assessment.
https.//nca2023.globalchange.gov/chapter/2#fig-2-6




Increasing Severity and Cost - U.S.

United States Billion-Dollar Disaster Events 1980-2024 (CPI-Adjusted)
. Hiooging nd o e e Count i e " :

sfar 2
. FRIIEEN no

https.//www.ncei.noaa.gov/access/metadata/landing-
paqge/bin/iso?id=gov.noaa.nodc:0209268



https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:0209268
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:0209268

\.) N I I MA Number of reported deaths by decade Reported economic losses by decade (in USS$ billion)

1,476.2

666,877
1

556,175 -

328,672 328,461

Increasing Severity
and Cost - Global

184,436
305.5

- - 1839 . .
. [ ==-_ 1]

1970-1979 1980-1989 1990-1999 2000-2009 2010-2019 1970-1979 1980-1989 1990-1999 2000-2009 2010-2019

@ Drought ® Extreme temperature @Flood @Glacial lake outburst ® Landslide ® Storm @ Wildfire

Hazards overview

Globally, flood-related disasters were the most prevalent. In terms of the impact, tropical cyclones were the
leading cause of reported human and economic losses between 1970 and 2021.

Reported disasters Reported deaths Reported economic losses in US$

1% 1% s
5%
E% 32% 4%

3%
16% ‘ %
—
. R

br 3

.

45% 35% 38%
® Avalanche ® Cold wave ® Drought ® Extra-tropical storm Flood (general flood, flash flood, riverine flood, coastal flood) ® Forest fire
General storm @ Hail Heat wave ® Land fire (Brush, Bush, Pasture) ® Landslide ® Lightning/Thunderstorms @ Mudslide Wor/d Econo NiC Foru N
et conditons IR KRy DR —— https.//www.weforum.org/agenda/2023/06/extreme-

weather-economic-costs-death-numbers/
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Case Study:
Milton, PA

Northumberlanao

Ccounty
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URS, Looking to the Future: Alternatives for Reducing Flood-Related
Damage in Historic Communities Milton, Pennsylvania (2002)

The crest ofthe 1972 flood inM iiton

1889

1894

1936

1972

1975

1996

Spring flood

Spring flood +29 ft. crest
Heavy spring rain, snow melt
Jun. Hurr. Agnes +35 ft. crest
Sept. flood (>25% loss)

Jan. flood w/ snow/ice/thaw



=8 E’/ .

Y | 1 . 28 A kayaker explores Milton during the
i g e (B Y AN IR i 1894 flood.

;‘. e
19C0115D
W < IpAg
/28/2007;,

v e R : i)
P Ul o 2 R T ) [ e RS ‘-{‘\

g E¥ "V o AR ! R e Y |
i i oy [ ! ~-'-W—@42097C01150
_ =g g iy
5 eff. 7/16/2008

ke o A

x 35
[y

G

S —
H oo

-

-

3 &

N

MAP: msc.fema.gov/portal/search
PHOTOS: [1] Milton Historical Society [2] Donald Watson



http://msc.fema.gov/portal/search




Elevation of more than a few feet can
significantly alter the historic scale.

Uniform elevation of a block can help to
maintain a historic scale.

URS Corp., Looking to the Future: Alternatives for Reducing Flood-Related
Damage in Historic Communities Milton, Pennsylvania (2002)

- Acquisition & Demolition

- Relocation

. Levees & floodwalls

. Stream channel alteration

- Watershed management
. Green infrastructure

- Building Elevation

- Wet floodproofing

- Dry floodproofing

- Mitigation Reconstruction

. Raised streets/dry access
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Design for Flood Resilience

Learning Objective 2
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Explain the advantages of watershed
management based on future conditions



WATERSHED

© Watson, D. and M. Ada



Characteristics of a Floodplain

Floodplain
Flood Fringe Flood Fringe

Floodwa

Any land area susceptible to being inundated
by floodwaters from any source.

© Watson, D. and M. Adams, Design for Flooding (2011)



©INHMA

Building in the Floodplain

FLOODPLAIN WHERE/HOW

CONDITIONS TO BUILD
; should

benefit

© Watson, D. and M. Adams, Design for Flooding (2011)



Think like a watershed!

- ™
- '

reservoir

£

s’ PROTECT

B low-impact development
~“alluvial plain
farmland protection S haaraie

mianders buffers
& wetlands

_environmental
landfill e

“rainwater ! |12 .;‘-_;']
harvestlng'- e
: _— e _‘—,J

REGONNECT

A porous, paving . J,

AN
FLS
ot

ot eescape

. N J = =~ 5 - 1 Ve
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cisterns_._ z

bioswale

) ' shellfish beds
salt marsh lwmg Shoreline

© Watson, D. and M. Adams, Design for Flooding (2011)
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Design for Flood Resilience

ASFPM’s No Adverse Impact

« No Adverse Impact establishes standards
and practices so that actions of one
property owner are not allowed to
adversely affect the rights of other
property owners
o |ncreased flood peaks

Increased flood stages

Higher flood velocities

Increased erosion and sedimentation, or

Other impacts the community considers
Important

]

]

]

]
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Community Rating
System (CRS)

Voluntary incentive program that recognizes and

encourages community floodplain management practices
that exceed the minimum requirements of the NFIP

OMEB No. 1660-0022
Expres: March 31, 2020

National Flood Insurance Program
Community Rating System

Flood Insurance rates are discounted to reflect
the reduced flood risk resulting from the

e ?
e , Coordinator’s
community's efforts that address three goals:
o Reduce and avoid flood damage to
iNsurable property Manual

o Strengthen and support the insurance
aspects of the NFIP

o Foster comprehensive floodplain
mManagement

FIA-15/2017




DINHMA Naturally Resilient Communities

Naturally Resilient Communities https://nrcsolutions.org/mapping-planning-regulation-enhanced-floodplain-mapping



https://nrcsolutions.org/mapping-planning-regulation-enhanced-floodplain-mapping

Brock Environmental Center
PHOTO: © Prakash Patel courtesy SmithGroupJJR Architects
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Design for Flood Resilience

Learning Objective 3:

Describe flood resistant design measures
for buildings and infrastructure



Flood Design Variables

= Source of flooding
«  Flood depth

»  Flood velocity

«  Flood duration

= Rate of rise and fall
= Wave effects

s Flood-borne debris

= Scour & erosion

)

FLOODING v£$

SOURCE & '\

RISE & FALL WAVE EFFECTS

I DEBRIS

VELOCITY

L ~_p» EROSION

\Y
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FLOOD HAZARD INFORMATION

SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT
THE INFORMATION DEPICTED ON THIS MAP AND SUPPORTING
DOCUMENTATION ARE ALSO AVAILABLE IN DIGITAL FORMAT AT

HTTP://MSC.FEMA.GOV
| ‘ Without Base Flood Elevation (BFE)
- A
"

Zone AV, A99
With BFE or Depth Zone AE. AQ, A, VE. AR

Regulatory Floodway

_ 0.2% Annual Chance Flood Hazard, Areas

of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile Zone x

m Future Conditions 1% Annual
5 Chance Flood Hazard Zone X
g,' Area with Reduced Flood Risk due to Levee

J Zone X
OTHER AREAS OF o
FLOOD HAZARD W "4 Area with Flood Risk due to Levee Zone O

SPECIAL FLOOD
HAZARD AREAS

m Area of Minimal Flood Hazard Zone x

OTHER .
AREAS 'ﬂ Area of Undetermined Flood Hazard Zone D

GENERAL Channel, Culvert, or Storm Sewer
STR‘JCTURES U T N T T Lﬂee. Dike, or HOOdW&"

& —222 Cross Sections with 1% Annual Chance
T —2= water Surface Elevation
8 Coastal Transect
——ese—. Coastal Transect Baseline
—— e = Profile Baseline
Hydrographic Feature

e f13~a~ Base Flood Elevation Line (BFE)
OTHER | === Limit of Study
FEATURES | = Jurisdiction Boundary
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2000 A V. 40D
and does not represent an authositatve With BFE or Depth —175  water Surface Elevation

perty location
yon Regulatory FIOOGWRY Zune AE AD, AH. VE. AR (- — — Coastal Transect
e i3 BSE Flood Elevation Line (BFE)

Selected FloodMap Boundary S LImiit of Study
& 0.2% Annual Chance Flood Hazard, Areas
Digital Data Avadable of 1% annual chance flood with average Jurisdiction Boundary
depth less than one foot or with drainage s e Comstal Transoct Baseline
No Oigtal Duts Avalinbie areas of less than one square mile Zose x OTHER |= ——— Profile Baseline

MAP PANELS Unmapped % N Future Conditions 1% Annual FEATURES Hydrographic Feature
‘ Chance Flood Hazard Zene X

' Approximate location based on user mput Without Base Flood Elevation (BFE) Cross Sections with 1% Annual Chance

PSR Area of tinimal Fiood Hazard Jom x © o Area with Reduced Flood Risk due to GENERAL | ===== Channel, Cutvert, or Storm Sewer
OTHERAREASOF | =~  Levee. See Notes. Zsoe s STRUCTURES | 1151111 Levee, Dike, or Floodwall

FLOOD HAZARD |” 4 ' Area with Flood Risk due o Levee 2ane 0

Ares of Undetermined Flood Mazard Zane 0
Otherwise Protectad Area

OTHER AREAS |bo\ Coastal Barrier Resource System Area




FEMA Flood Maps

Enter address, place, or coordinates
Click map and menu for “Dynamic Map” or “Map Image”

will appear
One page FIRMette will be generated from the options

DYNAMIC MAP MAP IMAGE Changes to this FIRM @

@ @ — Amendments (20)
PIRM PANEL —J Revalidations (3)

PRINT MAP/
FIRMette



https://msc.fema.gov/portal/home

©INHMA

e |fthe FEMA FIRM website is not
working properly, consider using
your state specific FIRM website

e For example, Pennsylvania has a
great FIRM resource center

afloodrisk.psu.edu/home




Design for Flood Resilience

National
Flood
Insurance

Introduction

e The NFIP was created as a result of the passage of
the National Flood Insurance Act of 1968.

e Congress enacted the NFIP In response to:
o Lack of availability of private insurance

o |Increases in federal disaster assistance due to
floods.

e The NFIP Is a federal program, managed by FEMA,
and has three components:

o To provide flood insurance
o To improve floodplain management

o To develop maps of flood hazard zones.

https://ksa-insurance.com/blog/nfip-changes



Design for Flood Resilience

National
Flood
Insurance

Statistics:

e Structures built to meet of exceed NFIP minimum
floodplain management standards incur at
mMinimum 65% less flood damage on average

e NFIP saves $2.4B in avoided losses each year

e NFIP has saved $100B in avoided losses over the
past 40 years



DNHMA

Roles and Responsibilities




Design for Flood Resilience

National
Flood
Insurance

e Appliesto structures in a Special Flood Hazard Area
(SFHA)

e |.and value is excluded from this determination
e |f substantially damaged, owners may:

o Elevate structure
o Relocate or demolish structure
o Flood proof a non-residential structure



©INHMA

- Primarily intended for use in
Federal Insurance Rates

Maps (FIRMs)

BASE FLOOD » Based on historical flood data
ELEVATION  WAVE CREST

- Not a sufficiently accurate
indicator of future flood risk

Additional analysis of
local and future probable
conditions is required

@ Donald Watson DISASTER
RISK REDUCTION

Ambassador Curriculum
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e Be sure to check building codes, Notices
of Funding Opportunities (NOFO), and
local ordinances in addition to FIRM for Design for Flood Resilience
BFE levels

e Building codes can go above and Base FIOOd

beyond BFE levels in the FIRM and must

e followed Elevation (BFE)

e NOFOs can often have valuable
INformation that can influence decision
mMaking on design for flood mitigation

Continued
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e Provide guidance for complying with the
NFIP’s building performance requirements
contained in the US Code of Federal Design for Flood Resilience
Regulations

@
e Great for homeowners, insurance agents, NFIP TQChIIIQal

building professionals, and designers

®
e Example: Technical Bulletin 1, Openings in Blllletllls

Foundation Walls and Walls of Enclosures
(2020)

e NFIP Technical Bulletins



https://www.fema.gov/emergency-managers/risk-management/building-science/national-flood-insurance-technical-bulletins

©INHMA

Design for Flood Resilience

Probability Table

PROBABILITY OF NATURAL HAZARD EVENT FOR VARIOUS PERIODS OF TIME

Frequency — Recurrence Interval

Length of Period
(Years) 10-Year 25-Year 50-Year 100-Year 500-Year 700-Year

10%
65%

88%
93%
96%
99+%
99.94+%
99.99+%

FEMA P-55 Coastal Construction Manual 4th edition (2011)



http://www.fema.gov/media-library/assets/documents/3293

©INHMA

Design for Flood Resilience

Design Flood Elevation (DFE)

e The regulatory flood elevation established
by State authorities & adopted by local
jurisdictions

DESIGN FLOOD
ELEVATION (DFE)

e May equal or exceed NFIP requirements
for BFE, cannot be less

e May be higher than the BFE by adding
height, called "freeboard," to represent

Safety Factor above the BFE




Design for Flood Resilience

Flood Resistant Design

e Old ASCE 24 Flood Resistant
Designh and Construction

o L e Published by the America
Design and . . . .
Construction Society of Civil Engineers

(ASCE)

e The NFIP and International
Building Codes reference
ASCE 24 as the standard

e Costs $135.00 on website

https://ascelibrary.org/doi/10.1061/9780784485781#.~:text=Flood%20Resistant%20Design%20and%20Construction%2C%20ASCE%2FSE|1%2024%2D24,regulati
0ons%20in%20flood%20hazard%?20areas.
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Design for Flood Resilience

Flood Resistant Design

T T T [1]
T T T [ 1]
'II-I-I--Il'

W 2=0 B

1 - Foundation is intact 4 - Utilities are intact & operational
2 - Envelope is impact resistant 5 - Building is safe and accessible
3 - Lowest FI. is above DFE 6 - Breakaway elements (as needed)

© Watson, D. and M. Adams, Design for Flooding (2011) DISASTER
RISK REDUCTION

Ambassador Curriculum



Selecting Appropriate Homeowner's Guide

O ©® @
Flood Mitigation
Mitigation Measures for to Retrofitting ® ® O o
FlOOdeOIle Structures Six Ways to Protect Your Home From Flooding EXIStI ng RQSIdentla I

FEMA 551 / March 2007 FEMA P-312, 3" Edition / June 2014

¥, FEMA FEMA

FEMA 551 FEMA P-312

FEMA 55] Selecting Appropriate Mitigation Measures for Floodprone Structures (2007), FEMA P-312
Homeowner's Guide to Retrofitting (2014)



https://www.fema.gov/sites/default/files/2020-08/fema_551.pdf
https://www.fema.gov/sites/default/files/2020-08/FEMA_P-312.pdf
https://www.fema.gov/sites/default/files/2020-08/FEMA_P-312.pdf

©INHMA

Floodwall is reinforced and anchored

to withstand flood load ._\\\ Barrier SYStem

Levge IS compacted \ ¥ .
fill with 1:2 or 1:3 Building a floodwall or levee

slope (for stability) )
| around the home to restrain
floodwaters.

Sump pump removes seepage Backflow valve prevents
and internal drainage sewer and drain backup

Home Elevation Cacvios Sadomant

(such as utilities and
electrical circuits)

Raising a home so that the lowest moved above Sor et O mobls

flood level
items (such as a car)

floor or lowest horizontal member . i bo slcred inides

Openings on each — ™ the home and moved

is at or above the regulated tlood e s i
level hydrostatic pressure

Figures from: FEMA P-312 Homeowner's Guide to Retrofitting (2014)



https://www.fema.gov/sites/default/files/2020-08/FEMA_P-312.pdf

Maximum protection level is 3 feet (including freeboard)

Dry Floodproofing

Sealing the home to prevent
floodwaters from entering.

Shields for opening

i Backflow valve prevents sewer External coating or covering
and drain backup impervious to floodwater

Lowest floor elevation Openings allow floodwaters
al or above DFE To enter garage

Attached garage )

Wet Floodproofing

Making portions of the home
resistant to flood damage and
allowing water to enter during —

. materials below
flooding.

the DFE

Openings allow floodwaters
10 enter enclosed area
below floor (such as a
basement or cramispace)

Foundation wall —

Figures from: FEMA P-312 Homeowner's Guide to Retrofitting (2014)



https://www.fema.gov/sites/default/files/2020-08/FEMA_P-312.pdf

Flood Mitigation
Existing Commercial

mechanical & electrical removable flood gates
equipment raised for service bays and doors
emergency

lower portion above BFE
PO alarm system back-up egress /

of window permanently generator access
closed with masonry

Protecting Building
Utility Systems From
Flood Damage

Principles and Practices for the Design and Construction of
FAood Resistant Building Utility Systems

FEMA P-348, Edition 2 / February 2017

foundation
underpinned

to resist flotation sump pump  waterproof coating backflow valve on fuel tanks
on wall exterior sanitary sewer line located above DFE

I

FEMA P-348

FEMA P-348 Protecting Building Utility Systems from Flood Damage (2017)



https://www.fema.gov/sites/default/files/2020-07/fema_p-348_protecting_building_utility_systems_from_flood_damage_2017.pdf

|
~INHMA Case Study: Critical Facilities

Minot Water Treatment Plant

e Installation of a 14-foot
floodwall

e Avoids physical damage to
potable water treatment
facilities and large electrical
equipment

e Completed in 2017

Minot Water Treatment Plant, Minot, ND
Photography per Houston Engineering, Inc

FEMA — Hazard Mitigation Assistance Portfolio: Minot Water Treatment Plant Floodwall



https://www.houstoneng.com/project/minot-water-treatment-plant-flood-protection/
https://www.fema.gov/sites/default/files/documents/fema_mitigation-action-portfolio-support-document.pdf

Case Study: Historic Structure
Lanphear’s Stable, RI

e Lanphear’s Stable is a historical livery
constructed in 1885

e Pre-mitigation the flood risk level for this
property was approximately 8-9 ft above
the existing grade

Photography of Marinas
Watch Hill Harbor

e The building was elevated, the lowest level
wet floodproofed, and utilities elevated.

e Through combination of flood mitigation
measures the historic character and
features were preserved while making the
building more resilient.

Guidelines on Flood Adaptation for Rehabilitating Historic Buildings — Case Study 4



https://marinas.com/view/harbor/vwt6w_Watch_Hill_Harbor_Watch_Hill_RI_United_States
https://www.nps.gov/orgs/1739/upload/flood-adaptation-guidelines-2021.pdf

©INHMA

Design for Future Conditions

Flood Risk with full buildout +climate impacts

Flood Risk with projected climate impacts
Flood Risk with full buildout

FEMA Revised Flood Risk mapping

Prior FEMA 100-year floodplain

STREAM
CHANNEL

Christopher P. Jones (2009) Flood Resistance of the Building Envelope National Institute of Building Sciences

http:

www.wbdgq.org/resources/env_flood.ph



http://www.wbdg.org/resources/env_flood.php/

Nature-Based Solutions

Figure from: Zhou, K., Kong, F., Yin, H. et al. Urban flood risk management needs nature-based solutions: a coupled social-ecological

system perspective. npj Urban Sustain 4, 25 (2024).

FEMA - Building Community Resilience With Nature-Based Solutions (2021)



https://www.fema.gov/sites/default/files/documents/fema_riskmap-nature-based-solutions-guide_2021.pdf
https://www.nature.com/articles/s42949-024-00162-z
https://www.nature.com/articles/s42949-024-00162-z
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Waggonner & Ball, Greater New Orleans Urban Water Plan: Greater
New Orleans Regional Economic Development. http://livingwithwater.com



http://livingwithwater.com/
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Seaside Village, Bridgeport CT

US HUD Rebuild By Design Resilient Bridgeport Waggonner & Ball Architects

http://resilientbridgeport.com



http://resilientbridgeport.com/
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Future Flood Risk

Change in flood risk over the next 30 years
Decreasing risk W (ncreasing risk

Overall risk change from 2021-2051, by county.
(Change in percentiles within U.S.)

d

First Street Foundation, The 3r National Risk Assessment (2021)



https://assets.firststreet.org/uploads/2021/09/The-3rd-National-Risk-Assessment-Infrastructure-on-the-Brink.pdf

RESOURCES




ASFPM - No Adverse Impact Guides

Education Educationand Case Studics
and Outreach  Oureach Tooks
for Floodplain

The NAI Mitigarion & }fir'f;:wn
%pmh tw  Floodplsin Too

xdplain Management
Mansgement
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ASFPM (2009) No Adverse Impact How-To Guides Association of State Flood Plain Managers
/www.floods.org/NoAdverselmpact/NAL White_Paper.pdf



http://www.floods.org/NoAdverseImpact/NAI_White_Paper.pdf

WINHMA

Building Community

Resilience With

Nature-Based
Solutions:

FHOTO: Peogle evyoring 0 Srednaiace at sonset

MARCH 2023

Building Community Resilience with Nature-Based Solutions: Strateqies for Success



https://www.fema.gov/sites/default/files/documents/fema_nature-based-solutions-guide-2-strategies-success_2023.pdf

©INHMA

&2 FEMA

Building Community
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Nature-Based
Solutions: A Guide for
Local Communities

JUNE 2021 RiSkMAP

Increasing Reslierce Together

Building Community Resilience with Nature-Based Solutions: A Guide for Local Communities



https://www.fema.gov/sites/default/files/documents/fema_nature-based-solutions-guide-2-strategies-success_2023.pdf

©INHMA
FEMA 480 Floodplain Management

National Flood Insurance Program (NFIP)
Floodplain Management
Requirements

A Study Guide and Desk Reference for Local Officials

FEMA 480

FEMA 480 Unit O, p. O-3
A. INTRODUCTION

The responsibility for reducing
flood losses is shared by all units of
government—local,  state and
federal —and the private sector.

Fulfilling this responsibility de-
pends on having the knowledge and
skills to plan and implement needed
floodplain management measures.
The fundamental floodplain man-
agement program that most others

are built on i1s the National Flood
Insurance Program (NFIP).

https;//www.fema.gov/sites/default/files/documents/fema-480_floodplain-management-study-guide_local-officials.pdf



User’s Guide
to Technical Bulletins

Developed in Accordance
with the National Flood Insurance Program

NFIP Technical Bulletin O / January 2021

¥ FEMA

Representative titles

1. User's Guide to Technical Bulletins
2. Openings in Walls of Enclosures

3. Flood Damage-Resistant Materials
4. Non-Residential Floodproofing

5. Elevator Installation

6. Free-of-Obstruction Requirements

https://www.fema.gov/emergency-managers/risk-management/building-science/national-flood-insurance-technical-bulletins



https://www.fema.gov/emergency-managers/risk-management/building-science/national-flood-insurance-technical-bulletins
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DONALD WATSON MICHELE ADAMS

Donald Watson, FAIA

EarthRise design

~.

DESIGN forh e, EarthriseO0T@SBCglobal.net

FLOODING

ARCHITECTURE, LANDSCAPE, and URBAN DESIGN
for RESIUENCE 1o CUMATE CHANGE



mailto:Earthrise001@SBCglobal.net

Learning Objectives
Review

ldentify the risks associated with different
types of flooding

Explain the advantages of watershed
management based on future conditions

Describe flood resistant design measures for
buildings and infrastructure
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THANK YOU
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