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Present Practice of Coastal Flood Risk ManagementPresent Practice of Coastal Flood Risk Management
Flood Risk Through Flood Risk Through Storm Storm SurgesSurges ––Elbe Elbe EstuaryEstuary

Potentially Flooded Area

150.000  inhabitants
60.000  jobs

11 bill. € damage

130.000  inhabitants
50.000  jobs

9 bill. € damage

180.000  inhabitants
140.000  jobs
10 bill. € damage

26.000  inhabitants
10.000  jobs

1 bill. € damage
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Present Practice of Coastal Flood Risk ManagementPresent Practice of Coastal Flood Risk Management
Flood Risk Flood Risk Management Management through Hydraulic Structures through Hydraulic Structures 

In the urban areas protected by flood defence structures …

Live more than 180.000 citizens

are more than 140.000 jobs

Is the damage  more than 10 bill. €
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Dike/Polder

Land Fill 
(Living Mounds)

Present Practice of Coastal Flood Risk ManagementPresent Practice of Coastal Flood Risk Management
Flood RiskFlood Risk ManagementManagement through Hydraulic Structuresthrough Hydraulic Structures
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Dykes before 1962

Crest hight 5,70 m aboveSL

12,10 m

Crest hight 7,20 m above SL

42,70 m

Dykes after 1962

Present dyke profile

53,50 m

Crest hight 8,0 m to 8,50 m above SL

Present Practice of Coastal Flood Risk ManagementPresent Practice of Coastal Flood Risk Management
HamburgHamburg’’s flood defence strategy rising the Dikess flood defence strategy rising the Dikes
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Present Practice of Coastal Flood Risk ManagementPresent Practice of Coastal Flood Risk Management
RaisingRaising ofof Flood DefenceFlood Defence Walls Walls -- WhereWhere to to gogo??
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Higher Temperatures Higher Temperatures 
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Melting Ice
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
More StormsMore Storms
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Rising Sea LevelRising Sea Level

Scenario study Scenario study 
for for German German 
North North Sea Sea 
CoastlineCoastline

Predicted Rise Predicted Rise 
of Storm of Storm Surge  Surge  
forfor 20702070--21002100
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Rising Sea LevelRising Sea Level

Scenario study for Scenario study for 
German North German North Sea Sea 
CoastlineCoastline

Predicted Predicted Total Total Sea Sea 
Level Level RiseRise
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Impact Impact Study Study on Elbe Island Wilhelmsburg/Hamburgon Elbe Island Wilhelmsburg/Hamburg

Northsea

Hamburg

Wilhelmsburg
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Domnestic Homes

Industrial and Commercial Area

Industrial and 
Commerial Area

Waste Deposit

14Dagmar Goltermann

Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
ElbeElbe--Island Wilhelmsburg Island Wilhelmsburg -- Centre of Urban Centre of Urban DevelopmentDevelopment
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[m aSL]
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
ElbeElbe--Island Wilhelmsburg Island Wilhelmsburg -- TopographyTopography

Topographic 
conditions
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St. Pauli: 7,30 m 

Bunthaus: 7,46 m 

Design flood of the levees

16Dagmar Goltermann
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Impact of Climate Change on the Marine Hydrology of North Impact of Climate Change on the Marine Hydrology of North 
Sea Sea ElbeElbe--Island Wilhelmsburg Island Wilhelmsburg -- Levee System
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Flooding begins 
when water stage is

f=0 at crest height

f=25 25 cm below 
crest height  
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Scenario StudyScenario Study forfor WilhelmsburgWilhelmsburg
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Scenario Study forScenario Study for WilhelmsburgWilhelmsburg

Design Flood in 2030
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~ 785

Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Scenario Study forScenario Study for WilhelmsburgWilhelmsburg

Design Flood in 2085
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Critical Review of Present Practice Levee-Effect

Lessons Learnt from Lessons Learnt from Storm Storm SurgeSurge
16./17.02.1962 in Hamburg:16./17.02.1962 in Hamburg:

Hundreds of Dikes breachedHundreds of Dikes breached
Instantaneous Flooding of wide Instantaneous Flooding of wide 
parts of the Cityparts of the City
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Critical Review of Present Practice Levee-Effect

Lessons Learnt from Lessons Learnt from Storm Storm SurgeSurge 16./17.02.1962 in Hamburg:16./17.02.1962 in Hamburg:

Emergency Emergency Services Services were not able were not able to to get citizens get citizens out in timeout in time
Buildings close Buildings close to to the broken dikes were destroyedthe broken dikes were destroyed

People believe to be safe behind 
the levees. No flood risk at all!
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Consequence of insufficient resiliency

Lessons Learnt from Storm Surge Lessons Learnt from Storm Surge 
16./17.02.1962 in Hamburg:16./17.02.1962 in Hamburg:

People had to leave because of People had to leave because of 
no water, no electricity and no heatingno water, no electricity and no heating

Empty Districts are threatened by Empty Districts are threatened by 
burglary burglary 

bbb
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Consequence of insufficient resiliency

Lessons Learnt from KatrinaLessons Learnt from Katrina and Elbeand Elbe--FloodFlood::

Logistic Logistic and and technical requirements fortechnical requirements for
safe evacuationsafe evacuation of a large of a large number number of of citiziens citiziens 
are nearly not are nearly not to to fulfillfulfill
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Consequence of insufficient resiliency

Lessons Learnt from KatrinaLessons Learnt from Katrina and Elbeand Elbe--FloodFlood::

Escape Ways are blockedEscape Ways are blocked
People do People do not want not want to to leaveleave
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Impact of Climate Change on the Marine Hydrology of North Sea Impact of Climate Change on the Marine Hydrology of North Sea 
Consequence of insufficient resiliency
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Concept for the Development of Concept for the Development of 
a Flood Resilient Citya Flood Resilient City

Integration of
risk awareness, 
preparedness, 
hazard response and 
recovery

to a safety chain - the 4A‘s
(Ashley et al, 2007)

Not a fixed set of tangible measures, 
but a process of transfer

Focus on Flood Preparedness
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Cascading Flood Compartment Method (CFC) as Cascading Flood Compartment Method (CFC) as 
Part of a Flood Resilience StrategyPart of a Flood Resilience Strategy

Failure Response strategy 
To contain the flood migration in case of levee overtopping

with the objective

• to gain time for 
emergency response

• to reduce the 
consequences of 
flooding of the 
Hinterland
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a a a

cascading flood compartments

c1 c2 c3 h 

hinterland

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Guidelines for the design of the compartments leveesGuidelines for the design of the compartments levees

Less robustness of the compartment levees  is possible

Compartment levees are considerably lower than main levee 
2nd and 3rd compartment lines: intensive use of dismountable walls 
Main levee must be resistant to overflow

Basic Concept: Hazard Response and not Flood Defense!
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Guidelines for the design of the compartments leveesGuidelines for the design of the compartments levees

Overflow resistant main leveeOverflow resistant main levee
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Guidelines for the design of the compartments leveesGuidelines for the design of the compartments levees

Overflow resistant main leveeOverflow resistant main levee
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Binding of stones withBinding of stones with

POLYURETHANE

Composite Composite 

ElastomericElastomeric RevetmentRevetment

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Guidelines for the design of the compartments leveesGuidelines for the design of the compartments levees

Construction technique
ElastoCoast
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Overflow Resistant LeveeOverflow Resistant Levee

Submerged Levee Side

Composite ElastoCoast with Soil-Vegetation cover

Filter Zone

Flow Direction

Concrete Bar
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Copyright: Hochwasserschutzzentrale Köln

Making use of dismountable walls and 
gates to close gaps between houses 
and along roads and walls

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
Compartment LeveesCompartment Levees
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risk = probability times exposure

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
NecessaryNecessary Adaptation of Adaptation of the Built Environmentthe Built Environment

Without resilience With CFC-strategy

probability
of flooding

1 2 3 outside

flood risk

exposure

compartment layer
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
NecessaryNecessary Adaptation of Adaptation of the Built Environmentthe Built Environment

Main levee line

adaptation to flooding by 
dry- and wet-proofing

adaptation to flooding by floatable 
buildings and buildings on piles

Terrestrial buildings Amphibious buildings
Inner dike line of 

flood  compartment
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
1st 1st CompartmentCompartment –– Floating Floating HomesHomes



37

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
1st 1st CompartmentCompartment –– Amphibian HomesAmphibian Homes
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Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
2nd 2nd CompartmentCompartment –– DryDry--Proofing Proofing of of BuildingsBuildings



39

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
2nd 2nd CompartmentCompartment –– WetWet--Proofing Proofing of of BuildingsBuildings

WetWet--Proofing StrategyProofing Strategy
Move all supply elements to the top of Move all supply elements to the top of 
the buildingthe building

Provide temporary escape waysProvide temporary escape ways

Burner

Cat Walk

Pumping Sump

Electrical appliances

Hazard

Flood Stage



40

Cascading Flood Compartment Method (CFC)Cascading Flood Compartment Method (CFC)
2nd 2nd CompartmentCompartment –– DryDry-- andand WetWet--ProofingProofing

CFCCFC--StrategyStrategy

No intensive use of 
1st floor

Combination of 
mobile walls and cat 
walks
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Nord: 7,1 Mio m³

Ost: 6,0 Mio m³

Süd: 1,4 Mio m³

West: 1,7 Mio m³

Mitte: 1,0 Mio m³

optional V= 6,5 Mio m³

V= 0,4 Mio m³

V= 7,3 Mio m³

V= 2,4 Mio m³

V= 0,9 Mio m³

Levees are arranged to a 
system of cascading flood 
compartments

Application and Assessment of the CFC-method to City of Hamburg 
Elbe-Island of Wilhelmsburg/Hamburg
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Average water depth: 
1,69 m

Total Storage 
capacity:               
15,1 Mio m³
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Application and Assessment of the CFCApplication and Assessment of the CFC--method to City of Hamburg method to City of Hamburg 
ElbeElbe--Island of Wilhelmsburg/HamburgIsland of Wilhelmsburg/Hamburg
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Application and Assessment of the CFC-method to City of Hamburg 
Elbe-Island of Wilhelmsburg/Hamburg

2
2
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Application and Assessment of the CFC-method to City of Hamburg 
Elbe-Island of Wilhelmsburg/Hamburg
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Application and Assessment of the CFC-method to City of Hamburg 
Efficiency Analysis - Comparison of Costs

30 Million Euro

-

Construction of 
compartment levees,
Dry- and Wet-Proofing of 
Houses

CFC-Strategy

Conventional Method

90 Million EuroTotal Costs

60 Million EuroAdaptation of Levees to 
overflow resistance

140 Million EuroLevee Rising by 80 cm

Monetary Efficiency by 50 Million Euro!!



46

Conclusions

CFC-Method should be part of this resilience stragegy

Climate Change requires a new flood risk policy behind the levees 

The probability of flooding has to be taken into account

Transfer to flood resiliency  requested: The safety chain concepts of the 4A’s

They can compensate the rising risk due to climate change

They are cheaper than rising the levees

They keep alive the risk awareness at the residents

Create win-win situation by stimulating new forms of living at water  

Flexible to adapt to changes of the climate projections


