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Why river barriers?
Dams and culverts provide benefits at the cost of others

Transportation
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• Degrading infrastructure
• Growing climate-related stress
• Expensive decisions

Why river barriers?



Potentially many pending 
decisions in Maine:

• >750 dams
• >45,000 culverts

Coordinating these decisions can 
lead to better overall outcomes

Why river barriers?

YOU ARE HERE



Examples from Maine

Coordinated barrier decisions:

• Four dams removed and many modified 
from 1999-2016:
• Mainstem dams removed

• Fish passage installation

• Turbine power capacity improvements

• Result:

• +5.1 million sea-run fish

• No net loss in hydropower capacity
YOU ARE HERE

(Opperman et al. 2011)



Explore coordinated barrier decisions and trade-offs among:
• Ecosystem connectivity
• Transportation network
• Cost of decisions
• Dam utilities

Potential partnerships for barrier 
Removal

A framework for quantitative 
stakeholder negotiation

Outline



Credit:
Think Blue Maine

Multi-objective approach

Sea-run Fish Accessible Habitat (km2)

Maine has too many barriers to 
try all decision combinations

Genetic algorithm to identify 
frontier (NSGAII, Deb 2002)
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Production possibility Frontier:
Scenarios that maximize fish habitat
for different minimized cost levels



Cost-benefit: barrier decisions for river restoration

Current

$5M decision

$10M decision

$15M decision

$50M decision

• Potential for dramatic restoration

• Other trade-offs of river restoration?

Penobscot Watershed, Maine



Pooling resources: 
different priorities, same decisions

• Culvert replacement to:
• Connect freshwater habitat

• Env. NGOs, agencies

• Improve infrastructure resilience
• Dept. transportation, municipalities, 

private owners

• Trade-off analysis identifies 
potential overlapping interests



Pooling resources for ecology and infrastructure

• >180 culverts with significant 
overlapping priority

• But coordinating these decisions for 
habitat connectivity will also impact 
dam utilitiesPenobscot Watershed, Maine



Trade-offs: cost, habitat, infrastructure, dam utilities

• Trade-offs among 4 criteria:
• Smaller individual gains

• Greater overall gains

• Opportunities to negotiate within 
estimated budget
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$50M budget



Conclusions

• Coordinated decisions: 
• Efficient trade-offs, greater overall gains at lower cost

• More stakeholders, varied/conflicting preferences

• Provides a shortlist of decisions based on varied preferences

• Requires:
• Substantial, modern geospatial datasets and computational techniques

• Inclusive stakeholder engagement practices

• An interface to combine the two
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Data/model sources

• Barriers
• New England Dams Database. Available online: http://ddc-dams.sr.unh.edu (accessed 1 September 2018)
• Maine Department of Transportation Public Map Viewer. Available online: https://www1.maine.gov/mdot/mapviewer/
• The Nature Conservancy, Publicly Sharable Culvert Database.

• Fish
• McKerrow, A. 2004. Atlantic states marine fisheries commission.
• Abbott, A. 2006. Maine Atlantic salmon habitat atlas.
• Houston, B., S. Lary, K. Chadbourne, and B. Charry. 2007. Geographic distribution of diadromous fish in Maine.
• Martin, E. H., and C. D. Apse. 2011. Northeast aquatic connectivity: an assessment of dams on northeastern rivers.
• Abbot, A. 2016. Alewife ponds.

• Cost
• Blachly B, Uchida E (2018) Estimating the marginal cost of dam removal. Environ Nat Resour Econ Work Pap 2. Available at: 

http://digitalcommons.uri.edu/enre_working_papers/2/%0A.
• NEEFC. (2011). A Financial Impact Assessment of LD 1725 : Stream Crossings. Economics and Finance, 5.
• USFS. (2017). Cost Estimating Guide for Road Construction. Retrieved from http://www.fs.fed.us/r1/projects

• Hydropower
• FERC (2016), complete list of active and exempt licenses. Available online: https://www.ferc.gov/industries/hydropower/gen-

info/licensing.asp (accessed on 1 September 2016)
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