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Study Area: German Part of the Baltic Sea
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KLIMZUG — Project RADOST (2009 — 2014)

ui Focus Areas [

)

~ Focus Topics

' coastal Protection
. Tourism/Beach Management WARNOW
@ water Management/Agriculture _ PEENE

. Ports/Maritime Economy
. Conservation and Land Use
. Renewable Energies

__ W0

Main Goal (Coastal Protection)

» Develop Adaptation Strategies for Coastal Protection
on a Local Scale

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Coastal Protection RAdOst Key Questions (2009)

» How may the hydrodynamic conditions develop?

» Do we have to be prepared for changed morphological
development? If yes, where?

» Are actual strategies sustainable?

» Do actual coastal protection constructions allow sustainable
strategies? Where do we have to react at first?

» How will we protect our coasts in 20507

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Baltic Sea Coast (German Part)

Szczecin,
14.05.2014
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Coastal Erosion in Mecklenburg-Vorpommern (100a)
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Baltic Sea Flood Prone Areas
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Baltic Sea: Typical Coastal Protection Measures

Coastal Flooding

07/08/2005
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Climate Change and Consequences for
Coastal Protection and Structures

Oceanographic Conditions Hydrodynamic Conditions

@ Changes of Wind Conditions @ Changes of Wave Conditions
@ Average Wind Conditions @ Average Wave Climate
@ Strong Winds and Storm Events @ Extreme Wave Conditions

@ Changes of Water Levels @ Changes of Currents

@ Mean Sea Level

@ Average Flow Velocities
@ Extreme Water Levels

@ Extreme Flow Velocities

Loads on Structures, Design Conditions,
Sediment Transport, ...
Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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RadOst - Szenarios 2100 — Offshore Conditions

Szenario Water Levels Wave Heights Coastal Flooding

,moderate” +30cm no significant changes

,average" + 5 % Energy
Average Wave Heights + 5%
. i 0,
,high® +90cm | Storm Wave Heights +15%, | 10 ¢4 Energy
significant changes in
wave directions
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RAdOSst Scenarios — Nearshore Conditions

1200
—SLR 0.0m
1000 o
—SLR 0.3m
300 SLR0.6m —
600 iR —SLR O.9m -

200

—— e
;

increase of wave height [%]

O [ I I
0 1 2 3 4
actual water depth [m]

Loads on Structures, Design Conditions,
Sediment Transport, ...
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Increase of Wave Heights at a Construction (d,=2.0m)

Influence of SLR
(Godas Approach)
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Consequences for the Coast - Summary

Changes of Water Levels and Wave Conditions

causes

» Consequences for the Coastlin erland
» Higher Loads on Co

> Reductlo | 1on Protection and Flood-

Reduction of Safety in Erosion- and Flood-Protection
assumption consequently needs an

Adaptation of Coastal Protection Measures and Concets to Climate Change

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a 15
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Influence of Sea Level Rise on Dikes and other Flood Defences

Increase | Flood Water Wave

of MSL | Level relative Overtopping
(m) to MSL (m) Rates (I/s/m)
0.0 1.5 2.5
0.3 1.5 7.3
0.5 1.5 14.7

Eurotop-Manual _

I:> Flood Protection Constructions will become unsafe in the future

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate L
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T

Increase of Wave Heights at a Revetment (d,=2.0m)
Influence on Block Size (Example Hudson Approach)

0.3 m +15 % 152 %
0.6 m +30 % 220 %
0.9 m +45 % 305 %

All other values constant!
p-g-H®

W = Ko o/ — 12 - cot(a)

|:> Revetments wili be unsafe: adaptation to SLR is essential!

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
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Increase of Wave Heights at a Breakwater (d,=15.0m)
Influence on Block Size (Example Hudson Approach)

0.3m 0%-2% 5%
0.6 m 0%-4% 10 %
0.9m 0%-6% 20 %

All other values constant!
p-g-H’

W = K Gor /o — D - cot@)

I:> Adaptation to SLR is negligible!

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
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Protection of Sandy Coasts - Sediment Transport

longshore
sediment
transp.

l waves I ‘considered
direction of
i | transport Sy
S
Sx 1 | o2
{*1 X2 Coastline t=0
T = =X

Coastline t>0

__l Control section i—-— ifo2 > sx1

breaker zone

offshore
transport

.. Erosion

South Baltic

Accretion

L.————— Control section ——————»

“Stablecoast” : 8 = Sy “Dynamic" equilibrium, erosion
(dynamic equilibrium) balanced acc. to
. — changing water levels

@ Eroding coast S"z g S’H — changing wave climate
ds >0 — interactions with
dx sediments
Accretion : sz < S,(1
ds ‘)
dx <0
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14.05.2014
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Reaction of a Coastal Profile on Sea Level Rise
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I:> Dynamic Equilibrium Profile
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Reaction of a Coastal Profile on Sea Level Rise
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I:> Dynamic Equilibrium Profile
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Reaction of a Coastal Profile on Sea Level Rise
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I:> Dynamic Equilibrium Profile
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Reaction of Sandy Coasts to Sea Level Rise
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Coastal Dunes and Dune Erosion

2,6
2,4
< 2,2
S 2,0
1,8
16
e 1,4
1,2
1,0

Rate

Erosion

-o—-Dune Erosion Rate

Dune

— Linear (Dune Erosion Rate)

0,0 0,3 0,6 0,9
Sea Level Rise Ax (m)

® Decrease of the Dune width

. _ Adaptation is necessar
=» Dune Erosion increases significantly! :> P y
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Influences on the Long-Shore Sediment Transport

I:> Changes of Wave Directions and/or Current Directions

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Changes of the Wave Heights (Warneminde)

1,5

Reference Period ¢— M C20 (1960-1991)
L M A1B (2020-2050)
1 A1B (2070-2100)
M B1 (2020-2050)
0,5

M B1 2070-2100)
l ih m Climate Change Scenario
0 ':]_. e oem -

-0,5

Diffence in occurence probability [%0]

-1,5

[0.25,0.5) [0.75,1) [1.25,1.5) [1.75,2) [2.25,2.5) [2.75,3) [3.25,3.5) [3.75,4) [4.25,4.5) [4.75,5)
[0,0.25) [0.5,0.75) [1,1.25) [1.5,1.75) [2,2.25) [2.5,2.75) [3,3.25) [3.5,3.75) [4,4.25) [4.5,4.75)

Wavwe height [m]

Increase of average significant wave heights up to 4%
IZ> (details: see Dreier et al. Tuesday 9.30am)

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a o8
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Changes of the Wave Direction (Warnemtunde)

4

1
[ BN

Difference in occurence probability [%]
|_\

1
N

—

Szczecin,
14.05.2014

B C20 (1960-1991)=—> Reference Period
B A1B (2020-2050)
[ A1B (2070-2100)
M B1 (2020-2050)
B B1 2070-2100)

Climate Change Scenario

m

N NE E SE S SW W NW no direction

Wawe direction

Change of mean wave direction of up to 5° in westerly directions
(details: see Dreier et al. Tuesday 9.30am)
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Long-shore sediment capacities — Location Warnemunde Baltic
Sea

130,000 180.000
163701
Direction of Transport 160.000 P 160.000
transport from East to West transport from West to East
140,000 140.000
A1B_1_szno2100 230415 T 120000 116771 120.000
E
-‘E' 100,000 100.000
o
8
b=
A1B_1_szno2050 213407 g 8000 80,000
5 60000 60.000
=
40.000 40.000
C20_3_ref 196 169
20.000 20.000
-100.000 -50.000 0 50.000 100000 150000 200.000 250.000 5 0

) C20_3_ref ANB_1_sznoZ050 AMB_1_szno2100
transport capacity [m®yr]

|:> Change of directional transport capacities of up to +20%
Change of net transport capacities of up to +40%

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate £L



WA Z=ERBAU South Baltic

chnische Universitit Hamburg-Harburg River and Coastal Engineering

Consequences for the Coast - Summary

Changes of Water Levels and Wave Conditions

causes

» Consequences for the Coastline, Surf Zone, Beach and Hinterland
» Higher Loads on Coastal Protection Measures

> Reduction of Protection Level of Erosion Protection and Flood-
Protection

Reduction of Security in Erosion and Flood Protection
consequently needs an

Adaptation of Coastal Protection Measures and Concets to Climate Change

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a 31
14.05.2014 Changing Climate
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Policies and Strategies

In general, five policies of coastal protection have been developed and
applied in coastal engineering. These policies are:

» Do nothing y/
. @“/
» Managed realignment -
> Hold the line = f—\\/o‘ﬁ/
> Move seaward g/
> Limited intervention ﬁﬁ/
Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

o2
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Adaptation of Strategies Example: Flood Protection Dunes

Actual Situation

Seeward shift of the Coast
Necessity of Heightening
A

j‘h"‘m' Design High Water Level (DWL) W DWL 2050 i
A { \" Actual mean water level A Actual mean water level
[ i’
SRR k4
Dune Beach Groines Dune Beach Groines
do nothing Limited Action
Limited functionality of Cﬁastal Protection Measure
- B
R ~ w DWL 2050 c0Am sabiicay W DWL 2050 v
A ; \‘\ Actual mean water level A i( \\ Actual mean water level
e i \ :
Retreat of Ad diﬁ;nal Retreat of
CoastLine W"“"- Protection Coasttine ' ”"”w-
Dune Beach ¢————— Groines Dune Beach ¢ Groines
Hold the Line Managed re-alignment + limited action
+0,4m = "‘\""”'DWL 2= +0,4m
A Actual mean water level 3 \\ \\ Actual mean water level
| Additional®] '\
Protection T __‘llwllmmmmm
gl u||||— -------------- ':"_'“‘_‘"_q_ -
Dune Beach Groines Dune Beach Groines
Szczecin, Effectiveness of Coastal and Flood Protection Structures in a 33
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Adaptation of Strategies Example: Dikes |

Actual Situation Hold the Line Limited Action

do nothing Seeward shift of the Coast Managed re-alignment + limited action

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Adaptation of Strategies Example: Dikes I

Hold the Line Hold the Line Seeward shift of the Coast

Hold the Line Seeward shift of the Coast Seeward shift of the Coast

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Adaptation of Strategles Example: Beach Walls

Seeward shlft of the Coast

Actual Situation

Actual DWL

Actual MSL

s | s

Limited Action

Future DWL
Z>Actual DWL

Future MSL - o Future MSL
Acutal MSL

L

Future MSL e =2y Future MSL
Actual MSL Actual MSL

e sew e ] e
No use

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
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Adaptation of Strategies Example: Revetments

Actual Situation Seeward shift of the Coast

Future DWL
_ g Actual DWL - 3 v Actual DWL

b A
Future MSL

Future DWL
Actual DWL o b Actual DWL
v 8 4

Future MSL
Actual MSL

Future DWL

Actual DWL Chilianl

Actual DWL
Future MSL Future MSL

Actual MSL » Actual MSL

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
14.05.2014 Changing Climate
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Climate Change and Coastal Protection — Baltic Sea

Selected Conclusions

» Climate Change will have direct and indirect effects on Coastal Areas
» Water levels will increase
» Wave heights will increase (selected situations
» Wave directions may change
» Frequency and intensity of st

Adaptation strategies
a nt transport for Structures

» Increase in probability of failure of structures
> Increase in flooded area
> Increase of water level in flooded area

Higher risks in
Coastal Areas

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate e
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Climate Change and Coastal Protection — Baltic Sea

Selected Conclusions (adaptation)

» Adaptation measures may alter general features of the coast
» Heavily protected coast with hard structures instead of sandy coast
» Devastation of beaches in front of dikes and other (hard) structures
» Retreat from coastal areas and / or
» Change of use of coastal areas

> |If the general features of the coast need to be preserved

» Cross section of the coast must follow the water level within the
complete active zone of the beach

» Working with ,beach‘-nourishment, sand re-fill / replenishment (soft
structures) is necessary for coastal protection of sandy coasts

» Classical protection-structures may support the development and give a
local protection

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate 39
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Coastal Protection RAdOst Key Questions

» How may the hydrodynamic conditions develop?

» Do we have to be prepared for change

» How will we protect our coasts in 20507

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate <
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Measured Sea Level Rise Baltic Sea (Gauge wismar)

Sea level rise at Wismar
7.50 — ! T

Sea level rise: 30cm/100a

7.00

6.50

6.00

E

0] |

=

<!

o}

£ 5.00

=
4.50
4.00
3.50 _ A ]
200 Lt : ; : .-

1960 1970 1980 1990 2000
Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate a4



TUHH WAZ=ERBAU South Baltic

Technische Universitat Hamburg-Harburg River and Coastal Engineering

Actual rates of Sea Level Rise M-V

- Warnemiinde
~ 3.0 mm/a

Greifswg d
® 2.5 m

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a
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Accelerated Sea Level Rise

1,0

08

0,6

0,4

Meeresspiegelanstieg in m

02

Szczecin,
14.05.2014

South Baltic

Ll L] L} L L}
500 Estimates | Instrumental record Projections
of the past | of the future
400 I )
5 -
— Satellitenmessungen
Linearer Trend
44 I IPCC-Szenarien
= Unsicherheitsbereich der
E, 9 IZI IPCC-Szenarien
= 3

0,0 L= | | | | | | | |
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

1 L l 1

1950 2000 2050 2100
Year

2005
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Future Sea Level Rise (2050 / 2100)

- Observed SLR Ort 2050 | 2100
(actual figures) :
(measurements) Wismar (1958 -2006) 0.12m | 0.27m
Warnemitinde (1958 -2006)

Greifswald (1975 -2006

A1FI (m)

2050 0.07-019 | 012-0.35 | 0.12-0.40

2100 019-051 | 019-055| 015-043 | 0.27-0.77 | 0.27 -0.88

|:> Implications for Coastal Protection

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a

14.05.2014 Changing Climate ar
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Changes of the Wave Heights (Warneminde)

1,5

Reference Period ¢— M C20 (1960-1991)
L M A1B (2020-2050)
1 A1B (2070-2100)
M B1 (2020-2050)
0,5

M B1 2070-2100)
l ih m Klimawandelszenarien
O ':]_. e eorew =

-0,5

Diffence in occurence probability [%0]

-1,5

[0.25,0.5) [0.75,1) [1.25,1.5) [1.75,2) [2.25,2.5) [2.75,3) [3.25,3.5) [3.75,4) [4.25,4.5) [4.75,5)
[0,0.25) [0.5,0.75) [1,1.25) [1.5,1.75) [2,2.25) [2.5,2.75) [3,3.25) [3.5,3.75) [4,4.25) [4.5,4.75)

Wavwe height [m]

I:> Increase of average significant wave heights up to 4%
(details: see Schlamkow et al. Friday 11.20)

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a 48
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Changes of the Wave Direction (Warnemtunde)
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|:> Change of mean wave direction of up to 5° in westerly directions

Szczecin,
14.05.2014

(details: see Schlamkow et al. Friday 11.20)
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Storms and Storm Surges

Source: Norddeutsches Klimaburo
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Changes of Extreme Wave Heights by up to 15%
:5 (details: see Schlamkow et al. Friday 11.20)
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Changes of Climate and Hydrodynamics and Consequences

Average wave Sedi tt R
heights and ' ediment transpor
and morphology

directions
Cross-shore sediment
Water levels, transport
Wind velocities
and - directions Long-shore sediment
transport

Extreme wave ' Design parameter for
heights coastal structures

Dikes (wave run up
and overtopping)

Revetments (wave
loads)

Szczecin, Effectiveness of Coastal and Flood Protection Structures in a 51
14.05.2014 Changing Climate



WA=ERBAU South Baltic

rische Universitat Hamburg-Harburg River and Coastal Engineering

Increase of Wave Heights at a Foot of a Construction (d,=2.0m)

Influence of SLR
(Godas Approach)
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Increase of Wave Run-Up Height at Dykes
Influence of SLR
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Climate Change and Risks
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Influence of SLR on Fragility Curves (without adaptation of loads)
» Impact — Failure function (fragility curve)
> Failure probability of a construction as a function of impact / load
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Climate Change and Risks

South Baltic

Influence of SLR on Fragility Curves (with adaptation of loads)

» Impact — Failure function (fragility curve)

» Falilure probability of a construction as a function of impact / load
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