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City of Virginia Beach

Fast Facts

• Largest City in Virginia
• Population: 440k

• Growth from 1970s-
1990s

• 4 military bases

• Tourism and Defense 
Economy 

• Top-ranked US city

Norfolk



Environmental, Land Use, Economic Diversity



SLR and Recurrent Flooding

Last 50 years = ~0.9 ft increase in Hampton Roads



Acceleration and Future Trends

Boon et al. 2018



Flood 
Complaints



Moody’s Questionnaire to VB

• Does the existing/future CIP include spending 
for mitigation or resiliency? 

• Has your governing body discussed the capital 
or financial implications of rising sea levels? 

• Has there been an estimate on potential impacts 
from rising sea levels or flooding?

• Please discuss how flooding has impacted the city’s
budget and may impact future budgets? 

• Have there been any zoning /long-term planning adjustments downtown and along 
the waterfront to mitigate future flooding impacts?

• What is management’s current view on the potential impact/vulnerabilities in your 
community from rising sea levels and a heightened risk of extreme weather events?



Virginia Beach SLR Study

Goal: 
Produce information and strategies that will enable Virginia Beach to establish long-
term resilience to sea level rise and associated recurrent flooding

Objectives: 

• Establish a full understanding of flood risk and anticipated changes over planning 
and infrastructure time horizons

• Develop risk-informed strategies, including engineered protection and policy to 
reduce short and long-term impacts

• Produce City-wide and watershed “action plans” for strategy implementation

• Engage in public outreach process to advance resilience initiatives 



Comprehensive SLR Study Approach



Risk communication to stakeholders



Hazard and Risk Assessment

Hazard and Risk-driven Decision-Making

Today2040s2070s



Risk Metric – Annualized Losses
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Frequency Impact

Loss 

Expectancy 

(Millions)

Annual 

Event 

Probability

Annualized 

Loss 

(Millions)

Very High Low $52 10% $5.2

High Moderate-Low $133 4% $5.3 

Moderate Moderate $240 2% $4.8 

Low Severe $414 1% $4.1 

Very Low Catastrophic $1,558 0.2% $3.1 

Total: $22.6

• Expected monetary loss for any given year

• Based on event analysis, examined probabilities



Projected Changes in Flood Loss
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Strategic 
Growth
Areas

50-yr recurrence interval flood, 3 ft SLR Scenario
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“Action Areas” for flood risk 
management

87% of City’s Risk

Percent of Total Loss

Focus 

Area
Today In 50 years

1 40% 15%

2 11% 12%

3 11% 6%

4 18% 18%

5 0% 22%

6 8% 9%



Structural Strategies

• Identify
• Hydraulic Pathways Resulting in Inland Flooding

• Suitable Locations for Flood Risk Reduction Benefits  

• Develop
• Flood Risk Reduction Alternatives 

at 3 Levels:

• Evaluate
• Multi-disciplinary Qualitative Analysis of Alternatives

• Numerical Modeling Evaluation – benefits and impacts  

• Produce
• Recommendations for Implementation

Global

Reach

Site/Parcel
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City-wide Structural
Alternatives

• 13 perimeter and interior 
conceptual solutions

• Largest = 68k linear
feet of structures 

• 31 flood gates/surge barriers

• Hard/soft costs range $1-4B

• MIKE21/Flood Evaluation 
(rainfall/surge)

• Final selection based on 
mutli-criteria feasibility, 
benefit/cost
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Considerations for Natural Systems
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Planning and Policy Goals
1. Plan for a future with more frequent and intense flooding 

2. Enhance the flood resilience of critical infrastructure and 
invest in capital improvements to reduce community flood risk

3. Enhance the flood resilience of buildings and neighborhoods 

4. Protect and enhance the local economy

5. Preserve and enhance natural flood buffers and open space

6. Limit new development and redevelopment in harm’s way

7. Improve City coordination and responsiveness to community 
flood concerns

8. Advocate for changes in state and federal law and policy to 
support local resilience initiatives



Reduce Residual Risk/Protect Residents

What Level of Flood Insurance Policy Penetration are we Trying to Achieve?

Virginia Beach Penetration Goals

1. 25% Increase in Policy Count city-

wide

2. Full policy penetration in high-risk 

areas

3. 50% Increase in Content Policy 

Count within the renter population

Penetration Statistics

1. Across NFIP – “good penetration” is 

~50%

2. City - existing ~36%



Example Strategy/Action Items



Stormwater Master Plan
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• Higher coastal water levels diminish stormwater system performance

• Key exchanges to:

• Tailwater boundary 
conditions

• Existing and future 
precipitation inputs

• Key exchanges from: 

• Discharge into
MIKE21/MIKE Flood

• Pump sizing

• Combined flood 
representation

• Combined loss and 
benefit cost estimates



Design Standard Foundational Research

• Rainfall/surge correlation
• >50% of rainfall events occur during elevated 

water levels

• Joint-probability of rainfall/storm 
surge

• Concurrent rainfall/surge design values

• Regional Precipitation Trends
• Heavy rainfall increasing

• Future precipitation conditions
• Potential 20% increase in design rain

• Probable maximum event 
precipitation

• Design “check storm” 



Stormwater Design Standards



Public Engagement
Action Oriented Stakeholder Engagement for a Resilient Tomorrow



Public Input Tolerance of Flood Issues

Preferred Planning and Management Strategies

Tolerable

Not Tolerable

Preserve open space

Higher building standards

Floodproofing

Buy-out at risk structures

Flood warning systems

Other



Starting to make a difference?



Takeaways

• Risk conflation efficiently served multiple stakeholders 

• Limitations of FEMA Flood Insurance Study model

• Solutions must address changing coastal and rainfall 
flooding

• Public/Stakeholder engagement effective at raising 
awareness 

• Coordination, coordination, coordination
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Questions? 
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