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    Primary Research Question 

Do the benefits of floodplain 
protection outweigh the costs? 

Benefits 
• Reduction of flood damages 
• Lower recovery costs 
• Increased health and safety 
• Enhanced ecosystem services 
• Social benefits 
 
 
 
 

Costs 
• Possible loss of economic 

opportunity 
• Possible reduced tax base 
• Floodplain restoration cost 
• Increased building costs to 

flood-proof structures 
• Recovery of structures 

remaining in the floodplain 
• Demolitions 



    Hypotheses 

1. The benefits of floodplain protection outweigh 
the costs over the long term because a 
complete accounting includes high-value 
ecosystem services. 
 

2. Floodplain protection reduces future flood 
damages, improves public safety, and enhances 
water quality because the most at risk parcels 
are not developed. 
 



    Project Location 



    Floodplain Management Areas 

1. FEMA floodway and floodplains. 
2. Revised floodplains. 
3. Post-restoration floodplains. 
4. Downtown district. 
5. River corridor. 
6. Buffers. 
7. Critical elevation for flooding. 

 
 



    Floodplain Management Areas 



Source:  Slide 

provided by Earth 

Economics, 2013 



June 18, 2013 



    Build-out Analysis 



    Floodplain Management Regulations 

Waterbury, VT 
• 1 foot of freeboard above the 

BFE for houses 
• 2 feet of freeboard or flood-

proofing for non-residential 
buildings 

• Basements are not allowed 
within the SFHA 

• No filling can take place in the 
floodway unless an engineering 
analysis is performed to confirm 
no change in flood levels 

 
 

Willsboro, NY 
• Flood protection elevation 1 

foot above the 100-year flood 
• Lowest floor above the flood 

protection elevation 
• Utilities in non-residential 

buildings above the flood 
protection elevation 



    VT Draft Floodplain Rules (Act 138) 

1. Ensure compliance with National Flood Insurance Program floodplain management 

criteria; 

2. Exceed NFIP criteria by: 

a.  Prohibiting new encroachments in the River Corridor; 

b.  Requiring the lowest floor of residential structures to be elevated at least two feet 

above the published base flood elevation (BFE); 

c.  Requiring the lowest floor of non-residential structures be elevated at least two feet 

above BFE or be dry-flood-proofed to at least 2 feet above BFE; 

d.  Requiring new and substantially improved critical facilities in the flood hazard area 

regulated under the rule  to be elevated or dry floodproofed to the 500-year flood 

elevation or  2 feet above BFE, whichever is higher; 

e.  Prohibiting storage of new toxic, flammable, or hazardous materials in the flood 

hazard area and river corridor (replacement fuel tanks needed to serve existing 

development are allowed provided they meet anchoring and elevation requirements); 

f. Requiring a No Adverse Impact (NAI) analysis and certification for development in 

flood hazard areas outside of the floodway, demonstrating no increase in flood 

elevations, velocities, or decrease in flood hazard area storage volume 

 

3.  The rule waives the NAI certification requirement for infill and redevelopment in 

Designated Centers(downtowns,village centers, etc) and farm production areas, in an 

effort to discourage encroachment along open floodplains,  so long as other applicable 

floodplain management criteria are adhered to and the development does not encroach 

closer to the river than pre-existing development; 



    Hydrology 

Source: Collins, 2009 and 

Armstrong et al., 2011 
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Winooski River Waterbury Study

  Hydraulics – Winooski River 

Model length ~ 

33,000 feet 



    Consider Floodplain Restoration 



    Damage Modeling – HAZUS (and BCA) 

Model Inputs 
• 2000 census data and information on structures and 

infrastructure (Default) 
• Input flood levels, floodplain limits, and DEMS 

(Hydraulics and topography) 
• Values of infrastructure and buildings (Town records) 
• Detail high-value buildings and essential facilities 

(Town records) 
• Relate ground to first floor elevation (Field data) 

 



    Damage Modeling – HAZUS (and BCA) 
Accuracy 

• HAZUS provides estimates for large areas while BCA 
provides more accurate estimates for specific 
buildings 

• Range of uncertainty is factor of 2 with good 
inventories of built environment , demographics, and 
economics 

• Census block analysis. The methodology has been 
tested against actual events and provided a credible 
estimate of aggregated losses, but less accurate 
estimates of local partial damages. 

• Results presented in 2006 dollars.  Plan to make 
spreadsheet and perform net present value to get 
values to 2014 and 2114. 



    Damage Modeling – HAZUS (and BCA) 

 

Primary Use 
• Provide a baseline damage level to which proposed 

solutions may be compared 
• Evaluate the cost-effectiveness of various proposals 

to mitigate flooding risk 
• Using HAZUS-MH results as a comparison point, 

rather than an absolute value, will eliminate concerns 
regarding uncertainty 




