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Dams impact ecosystems
Societal benefits vs ecological degradation

- IRRIGATION
- ENERGY
- WATER SUPPLY
- FLOOD CONTROL
- RECREATION, NAVIGATION, FISH FARMING, (…)

HABITAT LOSS/DEGRADATION:
- CONNECTIVITY LOSS
- FLOW ALTERATION
- TEMPERATURE & CHEMISTRY ALTERATION
- SEDIMENTS & NUTRIENTS RETENTION

http://theboardman.org

Migratory fish species



Barbarossa et al., 2020, PNAS

Low HighFragmentation

100% 0%Connectivity Index (CI)

Amazon
Congo

Mekong

Fragmentation impacts on 10,000 freshwater fishes
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Strategic planning of future dams
Forgone environmental benefits of uncoordinated dam 
planning

Flecker et al., 2022, Science

Forgone 
environmental 
benefits



Aim of this study
Strategic restoration-development for sustainable 
hydropower

• Scenarios that consider

• Strategic planning

• + Retroffiting dams with fishways 

• + Removal of most impactful dams

• Multi-objective optimization: 
fish habitat frag vs energy production

• Distribution of fish species:
Species-specific connectivity index

Barbarossa & Schmitt, in review
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Considering species distribution is key
Example of species distribution in the Mekong

Barbodes rhombeus

Pangasiondon gigas

source: aquaticrepublic.com

source: wwf.panda.org

→ CI = 100%

→ CI = 100%



Considering species distribution is key
Example of species distribution in the Mekong

Barbodes rhombeus

Pangasiondon gigas

source: aquaticrepublic.com

source: wwf.panda.org

→ CI = 60%

→ CI = 100%



A note about pareto frontiers

www.cs.cornell.edu



Missed opportunities in the Lower Mekong
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Missed opportunities in the Lower Mekong
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Missed opportunities in the Lower Mekong
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• Dams that are not in the optimal portfolios 
and are lower than 50m are retrofitted with 
bypass/ladder

• Probability to cross the barrier for fishway: 
30% (10-50% Conf. Int.)

strategig plan.

+ retrofitting

Fishways retrofitting + strategic planning
Retrofitting 7 existing dams with fish passages increase 
connectivity from 54 to 59% (56-63%)

Barbarossa & Schmitt, in review

https://theconstructor.org
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• Dams that are not in the optimal 
portfolios are removed

• We assume that after removal 
longitudinal connectivity is restored

strategig plan.

+ retrofitting

+ removal

Removal + retrofitting + strategic planning
Removing 10 most impactful dams restores connectivity

Barbarossa & Schmitt, in review

https://damremoval.eu/

SPR0



Remarks

• Strategic restoration-development as a new paradigm to break locked-in 
opportunities for sustainable hydropower development
• Strategic planning alone insufficient
• Retrofitting with fishways only small benefits
• Removal effective in restoring connectivity

• However,
• Removal is a very expensive process, happening in US and EU mostly
• Estimation of barrier passability in the presence of a bypass system is very uncertain
• No accounting for local governance and transboundary issues

• Our approach to understand opportunities for:
• Biodiversity-inclusive hydropower expansion
• Coordinated dam removal and fishways installation



Thank you!

Valerio Barbarossa 
v.barbarossa@cml.leidenuniv.nl
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