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ABOUT US

The Pennsylvania Association of State 
Floodplain Managers is a statewide 
organization of floodplain managers, 
engineers, planners, local, state and federal 
officials, and water resource professionals 
whose purpose is to:

• Promote public awareness of integrated 
floodplain management;

• Promote a liaison and to encourage the 
exchange of ideas and information among 
individuals and groups concerned with 
floodplain management

• Inform concerned individuals and groups of 
pending floodplain management legislation, 
regulation, and related matters in order to 
advance the effective implementation of 
floodplain management



MEMBERSHIP

A PAFPM membership gives you access 
to training, workshops, newsletter, 
conferences, and networking 
opportunities.

Memberships are valid for 1 year 
(July 1 - June 30)

Contact us at flood@pafpm.org with 
questions about membership.

mailto:flood@pafpm.org


NEWS

Resiliency the New 
Sustainability Webinars:
Wednesdays in September 2020 @ noon
Next Wednesday: “Adapting the Camden-
Philadelphia Region for a Resilient 2050+ 
through WEDG® (Waterfront Edge Design 
Guidelines)”
Registration @ PAFPM.org

PAFPM- Floodplain 
Management Training:
March 16/17th
Harrisburg, PA
SAVE THE DATE



HOUSEKEEPING

PAFPM Webinars:

• Attendees will be muted during presentations
• Presentations will be approx. 1 hour, 30mins for Q&A
• Use the Q&A box during the presentation
• Certificates will be emailed to attendees
• If you encounter any issues during the webinar email us 

at flood@pafpm.org
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RIVERINE

DAM/LEVEE

INCREASED RAINFALL

HURRICANES/TROPICAL STORMS

Types of flooding in PA



SEA LEVEL 
RISE

URBAN/INFRASTRUCTURE

LAKE

TIDAL

Types of flooding in PA



Flood Resiliency in the News

https://www.nytimes.com/2020/08/26/climate/flooding-relocation-managed-retreat.html
https://www.beaumontenterprise.com/news/article/Laura-close-call-puts-resiliency-on-the-public-15520744.php
https://www.thecity.nyc/2020/8/4/21355163/isaias-power-outages-blackout-trees-superstorm-sandy
https://southernmarylandchronicle.com/2020/06/02/experts-states-should-focus-on-flood-resiliency-projects-despite-pandemic/


PRESENTERS
Matt Fuchs
Officer, Flood-Prepared Communities
Pew Chartable Trusts
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Climate Resilience Consultant 
ICF



Pew Flood-Prepared 
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Pennsylvania flood risk 

and mitigation





Mitigation Saves 



Mitigation Gains Traction 

• Recent increases in federal investments

• Policy changes to incentivize mitigation

• Governor and state legislative mandates 



Mitigation Matters: 
Policy Solutions to 
Reduce Flood Risk



13 state and local 
examples of policy 
spurring flood mitigation 
activities
When it comes to mitigation, 
there’s no one-size-fits-all 
solution



3 Categories

• Existing Revenue

• New Revenue

• Regulations



State and local governments 

are making long-term 

commitments to support flood 

mitigation efforts by establishing 

programs that draw from their 

annual budgets, such as grant 

and rebate programs, or by 

offering tax credits to help fund 

projects. 

Policy Solution 1: Existing 
Revenue 

Arkansas * South Holland, IL * Vermont * Washington * Wisconsin



Arkansas tax credit

• Problem: Wetland loss and related flooding

• Policy solution: Tax credit to landowners for 
preserving or creating wetlands

• Outcome: Over 4.5 million in tax credits 
approved for projects to protect or create 
wetlands and riparian zones

Vermont’s Fund Helps Communities 

Become More Flood Ready

Illinois Village Offers Rebates for 

Flood Mitigation Projects



South Holland Rebates

• Problem: Inadequate stormwater system and 
flooding to community and homes

• Policy solution: Rebate program for residents to 
make their homes more resilient

• Outcome: Village rebates more than $800,000 
for $2.9 million in flood-proofing projects



Arkansas tax credit

• Problem: Wetland loss and related flooding

• Policy solution: Tax credit to landowners for 
preserving or creating wetlands

• Outcome: Over 4.5 million in tax credits 
approved for projects to protect or create 
wetlands and riparian zones

Vermont’s Fund Helps Communities 

Become More Flood Ready

Illinois Village Offers Rebates for 

Flood Mitigation Projects
Washington Partnership Fosters Collaboration 

for Floodplain Restoration



Washington Grants

• Problem: Disconnected strategies for addressing 
flooding

• Policy solution: State grant program that covers 
entire watersheds, prompting more collaboration 

• Outcome: $115 million awarded to improve flood 
resilience



This includes leveraging 

bonds and tax 

collections, establishing 

state revolving loan 

funds, and combining 

state funding with 

financial assistance from 

the federal government.

Policy Solution 2: New 
Revenue

Indiana * Iowa * Maryland * Minnesota   



South Holland Rebates

• Problem: Inadequate stormwater system and 
flooding to community and homes

• Policy solution: Rebate program for residents to 
make their homes more resilient

• Outcome: Village rebates more than $800,000 
for $2.9 million in flood-proofing projects

Iowa Flood Mitigation Program Leads to $1.4 

Billion in Projects



Iowa Flood Mitigation Program

• Problem: Devastating floods caused $10 billion 
in damage

• Policy solution: Resiliency program draws from 
sales tax revenue and funds from local and 
federal government

• Outcome: Ten mitigation projects funded with a 
total of $1.4 billion



Iowa Flood Mitigation Program

• Problem: Devastating floods caused $10 billion 
in damage

• Policy solution: Resiliency program draws from 
sales tax revenue and funds from local and 
federal government

• Outcome: Ten mitigation projects funded with a 
total of $1.4 billion

Minnesota Bonds



Minnesota Bonds for Resilient 

Infrastructure

• Problem: Flooding and aging infrastructure 
cause costly road and bridge closures

• Policy solution: $50 million in bonds supports a 
flood mitigation program

• Outcome: From 2011 to 2016, 34 mitigation 
projects make roadways and bridges more 
resilient



These strategies include 

updating city zoning ordinances 

to account for sea-level rise, 

encouraging landowners to opt 

for natural solutions to prevent 

erosion when possible, acting 

to ensure that building in a 

flood plain doesn’t lead to flood 

problems for other properties, 

and limiting the amount and 

type of development in flood 

plains.

Policy Solution 3: Regulations

Brevard, NC * Fort Collins, CO * Maryland * Milwaukee * Norfolk, VA



Iowa Flood Mitigation Program

• Problem: Devastating floods caused $10 billion 
in damage

• Policy solution: Resiliency program draws from 
sales tax revenue and funds from local and 
federal government

• Outcome: Ten mitigation projects funded with a 
total of $1.4 billion

Brevard N.C. No Adverse Impact



Brevard NC No Adverse Impact

• Problem: Flooding in 2004 damages 16,000 
homes

• Policy Solution: City requires new 
developments or structural improvements to 
avoid increased flood risk for property owners 
downstream

• Outcome: Residents receive lower flood 
insurance premiums due to lower risk



Minnesota Bonds for Resilient 

Infrastructure

• Problem: Flooding and aging infrastructure 
cause costly road and bridge closures

• Policy solution: $50 million in bonds supports a 
flood mitigation program

• Outcome: From 2011 to 2016, 34 mitigation 
projects make roadways and bridges more 
resilient

Norfolk Resilient Zoning



Norfolk Revises Zoning Ordinance to 

Improve Flood Resilience

• Problem: Sea-level rise is increasing flood 
vulnerability

• Policy solution: New zoning requires more 
mitigation measures in flood-prone areas

• Outcome: Development is encouraged in 
less-risky areas



Lessons learned 
• Invest in planning – and understand 

the risks 

• Use cost-effective options

• Tap into natural solutions

• Communicate the benefits

• Make policy change part of recovery



Invest in planning—and understand the 
risks 

Examples:

Washington

Minnesota

South Holland



Use cost-effective options

Examples:

Fort Collins

Indiana

Norfolk



Tap into natural solutions

Examples:

Maryland

Milwaukee

Washington



Communicate the benefits

Examples:

Arkansas

South Holland

Iowa



Make policy change part of recovery

Examples:

Vermont

Norfolk



Continue the Conversation

Matt Fuchs

Flood-Prepared Communities

mfuchs@pewtrusts.org

mailto:llightbody@pewtrusts.org


Thank you



icf.com

we are
Angela Wong

Climate Resilience Consultant

ICF

Flood Resiliency under a Changing 
Climate: Sea Level Rise Considerations in 
Infrastructure Design
PA Association of State Floodplain Managers

Webinar Series

September 2, 2020
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Overview

▪Why consider changing climatic conditions?

▪Case study: Sea level rise analysis

▪ Project overview

▪ Key resiliency concepts & application

▪ Resiliency strategies

▪Existing tools and resources to consider sea level rise

▪Q&A



Why consider changing climate 
conditions?
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Flood Risk is Increasing in Pennsylvania

4
Image Source: FloodFactor.com

Past climate conditions can no longer serve as indicators of future conditions.



Flooding under a Changing Climate

Precipitation changes

• Changes to rainfall intensity

• Heavier rainfall can also overwhelm 

drainage

Inland flooding

• Changes to frequency and severity 

of inland flooding

Image Source: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II 5



Flooding under a Changing Climate

Sea level rise and 

storm surge
Coastal flooding

• More frequent nuisance 

flooding

• Permanent inundation in 

low-lying coastal areas

• More expansive flooding 

during coastal storms

6

Image Source: US Army Corp of Engineers Sea Level Change Calculator
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Floodplain Management under a Changing 
Climate

Changes to floodplain extent & frequency and severity of flood events

▪Secondary impacts from climate change
• Increased erosion

• Elevated groundwater levels 

• Etc.

▪Consequences

▪ Safety of populations

▪ Increased damage from extreme events

▪ Reduced service and performance of built assets over time

▪ Etc.

Image Source: Ready PA



Case Study
Sea Level Rise Analysis for the 

Delaware Avenue Extension Project in Philadelphia
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Project background

▪Planning is underway for a proposed 

roadway extension through a 

brownfield site 

▪City of Philadelphia engaged with 

PennDOT to analyze potential flooding 

under future sea level rise scenarios 

▪Analysis funded by U.S. EPA Land 

Revitalization Program

▪Recommendations by ICF and SGA

▪ Recommendations do not reflect opinions of the City, 

PennDOT, or EPA
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Brownfields site 
overview

▪ Lower Frankford Creek 

Watershed Brownfields Area-

Wide Plan (2015) developed 

to explore reuse

▪Proposed roadway:

▪ Runs along tidal Delaware River 

▪ Bridge crosses over Old Frankford 

Creek

Image Source: Lower Frankford Creek Watershed Brownfields Area-Wide Plan 
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Existing 
conditions

▪Portions of proposed 

roadway site and adjacent 

areas are in the floodplain

Image Source: Lower Frankford Creek Watershed Brownfields Area-Wide Plan 



12

Future conditions

Assessment of exposure to 

future flood events with sea 

level rise:

▪Daily high tide flooding 

▪Chronic flooding 

▪ Flooding occurring 26 times per year

▪ 10% annual chance flood

▪ 4% annual chance flood

▪ 1% annual chance flood 
Image Source: Lower Frankford Creek Watershed Brownfields Area-Wide Plan 
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Background: Sea level rise projections

Select sea level rise projections 

based on:

Design 
Life

Risk 
Tolerance



Background: Key resiliency concept

Design life

▪Based on anticipated duration of 

performance of an asset

▪ Consider actual expected service lifetime of the 

asset

▪ Assets often remain in service beyond their 

expected design lives

▪Bounds timeframe for analysis of 

potential impacts and resiliency 

needs

Useful life Examples

0-20 years • Asphalt pavement

• Temporary building structures

20-50 years • Electrical, HVAC, and mechanical 

components

• Outdoor recreational facilities

50-80 years • Most buildings

• Retaining walls

80+ years • Bridges and tunnels

• Subgrade sewer infrastructure

14



Background: Key resiliency concept

Risk tolerance

▪Risks to goals for level of service

▪Selection addresses the uncertainty 

about how much sea levels will rise

▪Dependent on: 

▪ Greenhouse gas emission scenarios

▪ Climate projection distribution percentiles

▪Selection is ultimately based on 

criticality of asset and/or maintaining 

the risk tolerance of the agency or 

city 

15



Application: Key resiliency concepts

Delaware Ave 

Extension 

Component

Estimated 

Design Life

Sea Level Rise at 

Design Horizon 

Year 

(from 2018 base year)

Likelihood of 

Exceedance 

(under high emissions scenario)

Roadway 30 years 1.1 feet by 2050 50%

Bridge 100+ years 3.1+ feet by 2100+ 50%

16
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Findings: Future potential flooding

▪ 2050: More extensive and severe flooding during storm events

▪ 2100: Potential for daily high tide flooding and chronic flooding

High Tide 

Flooding 

(MHHW)

Chronic 

Flooding

10% Annual 

Chance 

Storm

4% Annual 

Chance Storm

1% Annual 

Chance Storm

Today 

(2018)

2050 

(1.1 ft sea 

level rise)

2100 

(3.1 ft sea 

level rise)



100-year 
inundation
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Chronic
inundation
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Daily
inundation
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Depth of chronic inundation

21
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Findings: Additional sea level rise impacts

▪Coastal erosion 

▪Groundwater elevation

▪ Reduced ability to capture and store freshwater flows during precipitation events

– Increases potential for inland flooding 

– Compound risk with increase in severity and frequency of extreme precipitation events from climate 

change

▪ Increase in the frequency and elevation of subgrade saturation 

– Damage to infrastructure

– Increases the possibility of mobilizing hazardous materials at brownfield site



Adaptive Management

▪Design for flexibility in order to manage uncertainty around future conditions 

▪ Assets with longer lifespans are more likely to experience different conditions than those for which they 

were designed

23



Potential resiliency strategies: Asset-level

Protect

▪Elevate roadway to account for sea 

level rise

▪Design for future loads associated 

with higher storm surge water levels 

▪Consider changes in design of 

drainage and water conveyance 

structures

▪Design for flexibility for additional 

protection

Accommodate 

▪Plan proactively for operations 

during flood events of increasing 

frequency

▪Design proactively for continued 

performance

▪Allocate resources for future flood 

events of increasing frequency

24



Potential resiliency strategies: Broader scale

▪Protect coastal edges from 

increased erosion due to sea level 

rise

▪Elevate adjacent riverfront parks

▪Coordinate flood protection with 

other infrastructure actors

▪Disclose future flood risk to ensure 

resilient redevelopment of broader 

site

25
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Recommended next steps

▪Evaluate resiliency strategies and incorporate into design

▪Coordinate resilience planning and design with owners of interdependent 

infrastructure

▪Hydrologic and hydraulic analysis that accounts for sea level rise 

The design stage of a new asset is an ideal opportunity to incorporate 

resiliency strategies into project development



Existing resources to 
consider sea level rise 

27
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Q&A
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Thank you!

Angela Wong
Climate Resilience Consultant
angela.wong@icf.com

30



QUESTIONS

Visit our webpage @
PAFPM.ORG

We’ll post this presentation as well as 
information regarding our other upcoming 
events, newsletters, and resources. 

Thank-you for joining us today!

Sponsored by:




