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In recent years New Hampshire has experienced three major flood events in 
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The New Orleans Hurricane Protection System: What Went Wrong 
and Why-- 10 Lessons Learned from Katrina by the ASCE 

Hurricane Katrina External Review Panel and the USACE 
Interagency Performance Evaluation Task Force

1. Failure to think globally and act locally-We must account for climate 
change

2. Failure to absorb new knowledge
3. Failure to understand, manage, and communicate risk-Need to take 

rigorous risk based approach, 
4. Failure to build quality in
5. Failure to build in resilience
6. Failure to provide redundancy 
7. Failure to see that the sum of many parts does not equal a system
8. The buck couldn’t find a place to stop--Poor organization, lack of 

accountability
9. Beware of interfaces: materials and jurisdiction
10. Follow the money-People responsible for design and construction had no 

control of the monies.



Primary Causes of Runoff Increase

• Land Use Changes Increase in 
impervious cover

• Changes in storm depth, 
duration, and 
frequency Increased rainfall 
depth and runoff volume

SOLUTIONS

• Land use management strategies 
to mitigate runoff volumes
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Presentation Overview

1. Monitoring of System Level Hydrology

2. Modeling of Site Level Hydrology for an LID 
Subdivision

3. Watershed Scale Evaluation of Culvert 
Vulnerability in the Oyster River Watershed

4. Watershed-Scale Assessment of Climate 
Change and Land Use Impacts upon 100-Yr 
Floodplain in the Lamprey River



System Level Hydrology



 Site Level Hydrology



Estimated
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Annual groundwater recharge from 
storms of 7.5 cm or smaller

88.7

79.4

88.8
77.8

68.2

81.9

99% of storms < 75mm =3in



Watershed Scale Evaluation of Culvert 
Vulnerability in the Oyster River Watershed

• Study examined culvert 
vulnerability 

• In context of Land-Use and 
Climate Change

• Evaluated Impacts of Current 
Zoning Vs LID 



Scenarios Considered



Current Zoning Build-Out

LID Build-Out



Culvert Capacity under different Land-use 
Scenarios without Climate Change

Climate Change Scenario:

     Number of undersized 
culverts for current 
conditions, build-out, 
and build-out with LID



Project Objectives: 

• Assess flood risk associated with combined land use and 

climate change scenarios in the Lamprey River watershed. 

• Produce maps at the municipal scale of the 100-year flood risk 

boundaries and river discharge at specific locations. 

• Develop associated products to support land use decision-

making in communities.  

• Serve as a model for other watersheds across New England. 

Watershed-Scale Assessment of Climate Change and 
Land Use Impacts upon 100-Yr Floodplain in the 

Lamprey River

Why focus on the 100 year flood? 



Boston: The 100-Year Coastal Flood in 2100 

(Higher-Emissions Scenario; 16 inches of SLR) 



Current Newmarket 100 Year Floodplain 



Historic Data and 

Development of Hydrologic 

and Floodplain Model 

Land Use and Watershed 

Characterization and 

Development of Runoff 
Model 



Lamprey River 100 Year Flood Risk Project 
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Questions?


