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2. Impact of Climate Change on the Marine Hydrology of the North Sea
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Present Practice of Coastal Flood Risk Management
Flood Risk Through Storm Surges —Elbe Estuary

S 130.000 inhabitants =l o b d
4] 50.000 jobs o -l —
%] 9 bill. € damage ' Lagende: ]
- " el Y S P e ———
. g ¥ , T s g ndiesn
Potentiall) g Jo YA 7T | — ke S
- i | ] | ' [ Y T epe———" -
x"*-i — Ul v {'-\...(/I\.-J' Biad | dusd 1954
§ | = {- {nﬁ-n
, WAL 1 | o b
150.000 inhabitants .‘-h 4 :
60.000 jobs ™ y
e 11 bill. € damage
Ny i oy
\ L 2
T—rnl
iy E-'.,_.;t i
180.000 inhabitants -
R TOLe, B 140.000 jobs .| 26.000 inhabitants
10 bill. € damage 10.000 jobs B
s — 1 bill. € damage




Present Practice of Coastal Flood Risk Management

— . AN | T !
In the urban areas protected by flood defence structures ...

Flood Risk Management througml_ig&ructures
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Present Practice of Coastal Flood Risk Management
Flood Risk Management thro ic. Structures

ated V5 ]

HHThw

o




Present Practice of Coastal Flood Risk Management

Hamburg's flood defence strategy rising.the Dikes

Dykes before 1962

Crest hight 5,70 m aboveSL

12,10 m

Dykes after 1962

Present dyke profile

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

- e

53,50 m

Crest hight 7,20 m above SL




Present Practlce of Coastal Flood Risk Management
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Impact of Climate Change on the Marine Hydrology of North Sea

Higher Temperatures

Frojected global mean terperature,
2000-2100, calculated according to

o
1

different IPCC scenarios (dotted lines)
and total range of results (grey).

=
1

Reconstructed terrperature.
Data from tree rings, corals and
ice cores (blua), smoothed data

Lei)
1

Departures in emperatures (C) from the 19861 1o 19920 average

black) and b
(black) and error range (grey) Recordad data from
2 - thermometers (red).
1
n [T}
14
-2 - - - - - - T 1 1 T T - r r r - - - - - -
1000 1100 1200 1300 1400 1500 1800 1700 1800 1900 2000 2100

Source: Mann et al., 1999 (last 1 000 years); IPCC, 2001a (projection for the next 100 years).




Impact of Climate Change on the Marine Hydrology of North Sea

wltmg Ice
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Source: H. Basemann, 2004.







Impact of Climate Change on the Marine Hydrology of North Sea

Rising Sea Level
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Figure 4-1: Changes of the inter-annual mean of the 99.5™ percentile™ of storm surge heights in metres,
projected for 2070-2104 in the A2 scepario, as simulated by TRIMGEO as response to CLM winds.
Courtesy of Katja Woth.
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Impact of Climate Change on the Marine Hydrology of North Sea
_Rising Sea Level
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Impact of Climate Change on the Marine Hydrology of North Sea

_Impact Study on Elbe Island Wilhelmsburg/Hamburg
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Impact of Climate Change on the Marine Hydrology of North

Design flood of the levees
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Impact of Climate Change on the Marine Hydrology of North Sea
Scenario Study for Wilhelmsburg
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Impact of Climate Change on the Marine Hydrology of North Sea

ScenarWlmsburg
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Impact of Climate Change on the Marine Hydrology of North Sea

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

Critical Review of Present Practice Levee-Effect
e T
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parts of the Clty
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Impact of Climate Change on the Marine Hydrology of North Sea

Critical Review of PreseWee Effect

People believe to be safe behind
the levees. No flood risk at all!

mme
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mer ency Services were not able to get citizens out m time
S Bunldmgs close to the broken dlkes were destroyed
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Impact of Climate Change on the Marine Hydrology of North Sea

e Consequen weSi liency

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

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

Empty Districts are threatened by
burglary




Impact of Climate Change on the Marine Hydrology of North Sea

ConsequenWesiliency

Lessons Learnt from Katrina and Elbe-Flood:

Logistic and technical requirements for
safe evacuation of a large number of citiziens
are nearly not to fulfill




Impact of Climate Change on the Marine Hydrology of North Sea

Consequence-Wesiliency
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Lessons Learnt from Katrina and Elbe-Flood:

Escape Ways are blocked
People do not want to leave




Impact of Climate Change on the Marine Hydrology of North Sea

Consequenc&Wesmency
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Concept for the Development of

~aFlood Resilient City

FRM Type of measure NS Responses Effect

Information

I n teg ratl 0 n Of Inundation Maps Emergent

Flood Risk maps

JELSCHEENES S, RUmaRIOSOUTES o - Communicato N
prepared n eSS, A1: Awareness of flood risk Face-to-face learning effectively
Web-bhased leaming Emergent
hazard response and Training
Collabarative platf
recovery e
. . Land use control Flood risk adapted land use Adaptation of
to a safety chain - the 4A‘'s AZ: Avoidance of the risk BUiling requlations Emergent  land use to flood

Building codes risk
nning ardinance

Flood Resistant buildings
Wet-proofing

Flood preparedness Floatable buildings
Ory-proofing Minimization of

A3: Alleviation of the effects Cascading flood compartment exposure

Not a fixed set of tangible measures, of the flood Evosion resistant dkes

Svetem of inner abatement lines
but a process of transfer Financial Preomredness

Insurance of residual risk Emergent
Reserve funds

Emergency Response:

where possible

(Ashley et al, 2007)

Emergent

Emergent

Evacuation and rescue plans Traditional
Hazard forc. & warning semvice.

Focus on Flood Preparedness Control emergency operations

. Traditional
Contingency measures

Providence of emergency
response staff
Emergency infrastructure
Allocation of temporary
containment structures
(dismountable flood barriers, Traditianal
sandbags, pumps)
Telecommunications netwark
Transportat. & evacuation facilities
Recovery:

Digaster recovery plans

Traditional Support of
Ad: Assistance in the event recovery

of difficulties

Emergent



Cascading Flood Compartment Method (CFC) as

Part of a Flood Resilience Strategy
.

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

with the objective

e to gain time for
emergency response

e to reduce the
consequernces of
flooding of the
Hinterland

27




Cascading Flood Compartment Method (CFC)

.-Gmdellnes for the design m‘Wts levees

Basic Concept: Hazard Response and not Flood Defense!

Less robustness of the compartment levees is possible

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

hinterland

h

- cascading flood compartments —
cl c2 c3
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River and {oadal Engineering ————

=\, Overflow resistant main levee
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Cascading Flood Compartment Method (CFC)
_Guidelines for the design of the compartments levees

Overflow resistant main levee
~

omposite ElastoCoast with Soil-Yegetation cover

‘-’ ']

s
e

(LR

S,

e
O s
otafeletebels



Cascading Flood Compartment Method (CFC)

uidelines for the design of-thWts levees

LT

L Fo a Polyurethan

Construction technique
ElastoCoast

= Binding of stones with

POLYURETHANE

= Composite

Elastomeric Revetment




Cascading Flood Compartment Method (CFC)

Overilow Resistant Levee

Concrete Bar

Flow Direction g

Composite ElastoCoast

Submerged Levee Side

Filter Zone

k4
R Geogewebe




Cascading Flood Compartment Method (CFC)

t Levees

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

opyright: Hochwasserschutzzentrale Koln



Cascading Flood Compartment Method (CFC)

' Necessary AdaptatlorFWronment

risk = probability times exposure

Without resilience With CEC-strategy
compartment layer

1 2 3 outside

probability
of flooding

exposure

flood risk

I-f[
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Cascading Flood Compartment Method (CFC)

Necessary Adaptation of the Built Environment

Terrestrial buildings Amphibious buildings

Inner dike line of

flood compartmen Main levee line

dry- and wet-proofing buildings and buildings on piles

I adaptation to flooding by I adaptation to flooding by floatable




Cascading Flood Compartment Method (CFC)

1st Compw Homes




Cascading Flood Compartment Method (CFC)

1st CompartW Homes




Cascading Flood Compartment Method (CFC)

2nd Compartment —-DrWuildings




Cascading Flood Compartment Method (CFC)

2nd Compartment —-Wuildings

Wet-Proofing Strategy

Move all supply elements to the top of
the building

Provide temporary escape ways

Cat Walk
Steg

IJ — — o
| Flood Stage

|
Lichtschacht krmmur - = =]
Pumping Sump



Cascading Flood Compartment Method (CFC)

2nd Compartment = Dry- and Wet-Proofing

e

CFC-Strategy

No intensive use of
1st floor

Combination of
mobile walls and cat
walks




~Application and Assessment of the CFC-method to City of Hamburg

Elbe-Island of WiIheImsburg_/Hamburg

i e

Levees are arranged to a . E
system of cascading flood o Nord: 7,1 Mio m
compartments

West: 1,7 Mio m3

u Ost: 6,0 Mio m3

V= 17,3 Mio m3

Sid: 1,4 Mio m3




App_li_cation and Assessment of the CFC-method to City of Hamburg

Elbe-Island of Wilhelmsburg/Hamburg

i i

e 1

Average water depth:
1,69 m

Total Storage
capacity:
15,1 Mio ms
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- . Application and Assessment of the CFC-method to City of Hamburg

Elbe-Island of Wilhelmsburg/Hamburg

Egbsuung_slmannkanalehp

mehrgeschossige Woknbauten
Pishibauten
Sehwim m ende H Sussr




. Appllcatlon and Assessment of the CFC-method to City of Hamburg

Elbe-Island oﬁW—lamburg




- - Application and Assessment of the CFC-method to City of Hamburg

il B Efficiency Analysis --Comparison.of Costs

Conventional Method Levee Rising by 80 cm 140 Million Euro

CFC-Strategy Adaptation of Levees to 60 Million Euro
overflow resistance

Construction of 30 Million Euro
compartment levees,

Dry- and Wet-Proofing of | .
Houses

Total Costs 90 Million Euro

Monetary Efficiency by 50 Million Euro!!



. Conclusions
|

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

CFC-Method should be part of this resilience stragegy

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



