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The Rhine
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One river, many functions
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River coastal linkages
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River groundwater linkages
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Managing floods and droughts

▪ Bullet point one

▪ Bullet point two
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Natural River management

▪ Low interference management of rivers

▪ Respecting river functions and peoples’ 
dependencies on these at a basin scale

▪ Optimize river use

▪ Reduce river related risks (droughts and 
floods)

▪ Respecting natural dynamics and flow of 
fresh water, sediment and nutrients
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River long profile
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River flood peak

https://www.doctorabel.us/hydrology/flood-routing.html

https://web.mst.edu/~rogersda/umrcourses/ge301/Evolving%20Laws%20for%20Flood%20damage%20Litigation.html



Upstream

▪ Land-use management

• Reforestation (with native vegetation)

• Terracing

Can reduce up to 50% of peak run off
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Iacob et al. 2014

Sepa 2015
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River flood peak

https://www.doctorabel.us/hydrology/flood-routing.html

https://web.mst.edu/~rogersda/umrcourses/ge301/Evolving%20Laws%20for%20Flood%20damage%20Litigation.html



Midstream and downstream

▪ Flood zoning

▪ Reconnecting flood plains

▪ (Re)meandering

▪ Conserving vegetation
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Difficult and requires space
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River flood extent



Zoning
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http://mekong.riverawarenesskit.com/html/1.12.4c_methods_rehabilitation.html



Room for the River
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(Re)meandering
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Conserving vegetation
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Cimanuk –Garut city alternatives
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Cimanuk –Garut city alternatives
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CBA including additional benefits of NBS, lifespan 
60 years 

Minimum CBA, lifespan 30 years 

 

 
 
 
 

 

 

S1 S2a S2b

Investment costs

Dike construction 8 9,6 9,6

Land acquisition 1,2 1,2 21,2

Maintenance 5,7 6,9 6,9

Park construction 10,0

Total costs 14,9 17,7 47,7

Effects

Flood risk reduction (project 

area) 22,1 22,1 22,1

Flood risk impact long-term 

(2050-2080) 1,3 2,6 2,6

Flood risk reduction up & 

downstream -7,4 7,4 7,4

Flood risk reduction up & 

downstream (2050-2080) -1,3 1,3 1,3

Flexibility flood risk stategy - + +

Tourism/ recreation 5,3

Property value 2,5

Health 0 0 +

Livelihoods 0 0 +

Maintenance costs 

downstream embankments - 0 0

Total benefits 14,8 33,4 41,1

ENPV (at DR 6%) 0,7 11,5 -10,2

EIRR 6% 14% 4%

S1 S2a S2b

Investment costs

Dike construction 8,0 9,6 9,6

Land acquisition 1,2 1,2 21,2

Maintenance 5,7 6,9 6,9

Park construction 10,0

Total costs 14,9 17,7 47,7

Effects

Flood risk reduction 

(project area) 22,1 22,1 22,1

ENPV (at DR 6%) 5,9 3,2 -26,8

EIRR 12% 9% -2%

EIRR 12%    9%    -2%

EIRR     6%    14%    4%

Option grey green

Option grey green



Not all green projects require space
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Conclusions

▪ NBS become more valuable when adopting a longer-
term and larger-scale view and when including co-
benefits

▪ NBS requires a better understanding of the natural 
system, hence a longer planning and pre-feasibility 
phase

▪ NBS sometimes requires more space, but NBS on 
smaller scales also exists

▪ NBS results in more cost-effective long-term solutions 
for flood risk and drought problems
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Recommendations

▪ Inclusion of NBS in flood risk management and 
engineering guidelines

▪ Mapping available policies and incentives to 
accelerate NBS implementation and acceptance

▪ Starting some example projects

▪ Including NBS and natural system understanding in 
trainings and curriculum for engineers

▪ Cross institutional and departmental collaboration to 
facilitate NBS implementation and maintenance
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