GLOBAL
CENTER ON
ADAPTATION

Knowledge Exchange on Building an Adaptive Coastal City

Climate Risk Assessments to Improve Climate
Resilience in Coastal City

11th January 2024, 12:00 CET, Virtual




Table

e Rotterdam Climate Resilience (Arnoud Molenaar)

¢ Flood risk assessment methods and tools with case studies of Vlissingen, NL and
Shanghai, CN (Ke Qian)

e NBbS for resilient coastal development (Pelle Bagesun)

e C(limate adaptation in Copenhagen (Lykke Leonardsen)



ﬂ*;;E,,SZfLRATEéY _

Arnoud Molenaar <IN GLOBAL
Chief Resilience Officer, City of Rotterdam DTSR CENTER ON

£ @RresilientRdam 7 ADAPTATION

www.resilientrotterdam.nl




WIKIPEDIA

City
Area :

Inhabitants:
Nationalities:
Municipal Budget:

Rotterdam Resilient Port City

320 km2
650.000

175

4 billion Euro’s

Port
Area:

Length of port area:
Direct employment:

105 km2 (50 km2 commercial sites)
45 km.
over 70,000 jobs
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TIMELINE ROTTERDAMS’ TRANSITION-PROCESS

TOWARDS A (CLIMATE) RESILIENT DELTA CITY
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STRUCTURED AND PROGRAMMATIC
APPROACH - DATA DRIVEN

Begaanbaarheid wegen bij extreme neerslag
i Begaanbaarheid wegen bij hevige regenbui / bij heftige bui (50 mm in 1 uur)
Maximale (50 mmin 1 uur] ® zekenhu 0.5 - 20-30
Onbegaanbare hoofd- en ontsluitings- erennuls o hem
@) wegen > 15 om water op de weg) Brandweerkazerhes N 5-10cm  EE 30-40cm
Onbegaanbare overige wegen @ politiebureaus B 10-15cm WM 40-50cm
(>15 cm water op de weg) Productiecentra / opslag BN 15-20cm  EE >50cm
=== Hoofdwegen (< 15 cm water op de wey geneesmiddelen: groothandel
een | p de weg) @ infarmaceutische / medische
=== Overige wegen (< 15 cm water op de weg) producten, winkels in medische
Rijkswegen (niet meegenomen vanwege ontbreken / drogisterijproducten en
regenwaterafvoersysteem in rekenmodel) apotheken

overstromingsdiepte binnendijks

= Primaire keringen
— Regionale keringen

Water

T Mizesertiering
DISTRICT MAPS (39)

VULNERABILITY AND
VARIABLES (25)

OPPORTUNITY
CITY MAPS

www.rotterdamsweerwoord.nl/professionals




PROGRAM FRAMEWORK ROTTERDAM WEATHERWISE 2030

I CLIMATE ADAPTATION MENTATION OPPORTUNITIES

Energy- / Mobility- /
biodiversity Transition

ASSESSMENT FRAMEWORK

WEATHERWISE
PRIORITIES 2030
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MULTI BENEFIT SOLUTIONS

DT




TN —~ T

ATER SQUARE BENTHEMPLEIN...

= "

e - i
% m-. Itk -
ey . < ‘—-—W, 3

P, =D .l B -\




WATER SQUARE BENTHEMPLEIN




RESILIENT

i

=
N

|
"

T

ool Vil

|

v

ra
O
2
LL
-
>
m
LL
O
Z
=
=
2
LL
14
=
<
=
I
O







... SEA LEVEL RISE - CLIMATE RESILIENCE BY DESIGN...
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RESILIENT
ROTTERDAM

1: NEW ECO-HABITATS
REUSE OF SEDIMENTS

: WAVE REDUCTION
BETTER WATER QUALITY
EDUCATION, LEISURE
AND SOCIAL COHESION

g b wWN

Huidize sitnatie Toekomstize sitnatie

Current Future
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EXAMPLES OF CLIMATE RESILIENCE BY DESIGN

WATER AS LEVERAGE

“

MULTI BENEFIT SOLUTIONS
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COVID: Resilient Recovery! The BIG7: Rijnhaven

[}
= .

Artisttmpression: Barcode architects

GLOBAL
) CENTERON
/¥ ADAPTATION




ReUse: Hofbogen (BIG7project)




DESIGN COMPETITIONS + FUTURE SCENARIOS
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COMPETITION

... TAKING INTO ACOUNT >3M SEA LEVEL RISE
... ABOUT RETHINKING THE DELTA



AFRICA

Accra, Ghana

Addis Ababa, Ethiopia
Cape Town, South Africa
Dakar, Senegal

Durban, South Africa
Kigali, Rwanda

Lagos, Nigeria

Luxor, Egypt

Nairobi, Kenya
Paynesville, Liberia

EUROPE AND THE
MIDDLEEAST

Amman, Jordan
Athens, Greece
Barcelona, Spain

Belfast, UK.

Belgrade, Serbia

Bristol, U.K.

Byblos, Lebanon
Glasgow, U.K.

Greater Manchester, UK.
Lisbon, Portugal

London, U.K.

Milan, Italy

Paris, France

Ramallah, Palestine
Rome, Italy

Rotterdam, The Netherlands
Thilisi, Georgia

Tel Aviv-Yafo, Israel

The Hague, The Netherlands
Thessaloniki, Greece
Vejle, Denmark

ASIA PACIFIC

Bangkok, Thailand

Can Tho, Vietham
Chennai, India
Christchurch, New Zealand
Da Nang, Vietham
Deyang, China
Huangshi, China
Jakarta, Indonesia
Kyoto, Japan

Mandalay, Myanmar
Melaka, Malaysia
Melbourne, Australia
Pune, India

Semarang, Indonesia
Seoul, South Korea
Singapore

Surat, India

Sydney, Australia
Toyama, Japan
Wellington, New Zealand

LATIN AMERICA AND
THE CARIBBEAN

Buenos Aires, Argentina
Cali, Colombia

Colima, Mexico
Guadalajara, Mexico
Ciudad Juarez, Mexico
Medellin, Colombia
Mexico City, Mexico
Monterrey, Mexico
Montevideo, Uruguay
Panama City, Panama
Porto Alegre, Brazil
Quito, Ecuador

Rio de Janeiro, Brazil
Salvador, Brazil

San Juan, Puerto Rico
Santa Fe, Argentina
Santiago Metropolitan Area, Chile

Santiago de los Caballeros, Dominican Republic

NORTH AMERICA

Atlanta, U.S.
Berkeley, U.S.
Boston, U.S.
Boulder, U.S.
Calgary, Canada

Chicago, U.S.

Dallas, U.S.

ElPaso, U.S.

Greater Miami & the Beaches,
u.s.

Honolulu, U.S.
Houston, U.S.

Los Angeles, U.S.
Louisville, U.S.
Minneapolis, U.S.
Montreal, Canada
Nashville, U.S.

New Orleans, U.S.
New York, U.S.
Norfolk, U.S.
Oakland, U.S.
Pittsburgh, U.S.

San Francisco, U.S.
Seattle, U.S.

St. Louis, U.S.
Toronto, Canada
Tulsa, U.S.
Vancouver, Canada
Washington, D.

Resilient Cities
Network

A new global initiative



INTEGRATED/HOLISTIC APPROACH NEEDED!

DATA DRIVEN

ON ALL LEVELS WE HAVE TO BRAKE DOWN SILO’S

CREATE OWNERSHIP AMONGST KEY STAKEHOLDERS

BASED ON ACTIVE PARTICIPATION OF RESIDENTS

MULTI BENEFIT SOLUTIONS ARE NEEDED

COLLABORATE EN EXCHANGE WITH OTHER DELTA CITIES

ROTTERDAM

WEATIEER

ol

www.rotterdamsweerwoord.nl/professionals

RESILIENT

ROTTERDAM

www.resilientrotterdam.nl

Resilient Rotterdam Strategy 2022-2027



http://www.resilientrotterdam.nl/
https://s3.eu-central-1.amazonaws.com/storage.resilientrotterdam.nl/storage/2022/09/09093215/Resilient-Rotterdam-Strategy-2022-2027.pdf

IHS IHS, institute for housing and
Making cities work urban development studies of
Erasmus University Rotterdam

Webinar of ‘Climate Risk Assessments to Improve Climate
Resilience in Coastal City’

- flood risk assessment methods and tools with case studies of Vlissingen, NL
and Shanghai, CN

11 January 2024
Dr. Qian Ke
(ke@ihs.nl)
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Making cities work

Outline

e Climate risk assessment methods and tools

e Case study

e Reflection and discussion



Making cities work

Risk assessment (JXIF&1H)

* Quantitative approach
(EHTTE)
* Qualitative approach

(BERIE)

Quantitative approaches

/~ Quantitative Risk Assessment \ f

Hazard scenarios

Vulnsrabiity
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Making cities work

Qualitative analysis —an example of risk matrix

— M-/ \ \ VAN, g == >
(EETTNT- W A PF /2
Likelihood
5 - Very likely
T €——— |MPACT —>
4 - Likely
I|- Rating
E Hoh () 0-3 Low
L 4-6 Medium 3-
IEI Medium (2) —_ :" i Moderately
o N likely
o 10-16 Very High
D
l Medium (2) High (3) 2 - Unlikely
1 -Very
unlikely

1 - Negligible

10
8
6 9 12 15
4 6 8 10
2 3 4 5
2 - Minor 3 - Moderate 4 - Severe 5 - Critical

) . , ) . b L )
Risk matrix retrieved from Strengthening risk ré'ﬁ%?vms for humanitarian planning,

UNDRR (2022)



https://www.undrr.org/publication/strengthening-risk-analysis-humanitarian-planning

Making cities work

Quantitive analysis (JB=

e Risk assessment

e Calculation of occurrence probability (ITE/X],
« Damage assessment (IFH/X]

* Exposure assessment (ZEEIFH)
* Vulnerability assessment (Bg55 14134 )

ST

RELLZ Oy T
SSEATHRL)

$547)

ERYABENE)

RISK

HAZARD EXPOSURE VULNERABILITY
RPS | RPS ] iculture
RP10 ] RP10 | Ecosystems
RP... | RP... =
RP500 RP500 Non-residential

Flood characteristics: Elements at risk: Susceptibility
*  Water depth *  Agriculture indicators
*  Velocity *  Ecosystems *  Flood warning
*  Debris *  Humans *  Speed of onset
*  Floodplain *  Residential *  Building structure
*  Probability *  Non-residential *  Mobility

Source: GIS
Hydrological

=
.

Source: GIS
Hydrological and
cadastre studies

Stoge damoge functions

Source: adapted from Erdlenbruch et al. 2008, Messner and Meyer 2005

element
ical unit

Total

Risk measures:

* Expected Annual
Damage

* Damage-probability
c




Making cities work

Input (I A\ZHE) o

e historical records
1

08 -
Statistical models
. r=p ] 08
/ -kaéﬁ];+1:;§i Hydrological models Vulnerability 04
KK JHEE Hydro-dynamic models 02
0
0 2 4
* D-FLOW FM Wetsr dopth (m)
* Delft3D
" Sobek Hazard
W-FLOW

Probabilistic toolkit

IEEREE (AQ, 15
25%, RIS RAEF)



Making cities work

Hazard modelling
- KPS REFHGER

=iy
- ZEFmRbE (BX) , S
XE=#, BR, BFM, LUKHERSS]
ISR, SREUNEIERES
FHESHR, BRSNS HIKE
MY, RARESHERKE

LU

Tropical cyclone

Rainfall Storm surge

overtopping

water level discharge

river discharge

Failure of river Failure of sea
embankment dike

Failure of urban
drainage

Overland flooding
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Making cities work

Flood simulation in NL

An example to show the routing process of flood simulation due to dike breach in the Netherlands



Making cities work

Damage modelling (KERF1FH)

- Exposure (JRFEE: BB AFEFU=ZFIR20E)
ject maps aximum damages
1. Flood model - > flood maps
2. Land use map -> maximum € #

damage A /
3. Damage functions ‘ = 7
4. Damage map l

Water depth map Damage Functions Damage map

Hazard ([EETEE: /8 f
EE, smAEIRK
iN)

1
08 -
06 -
04
02

0

Water depth (m)

Vulnerability (A&55 TSEE@%&HWKI%'5%?59&&55’\]9&?)



Making cities work

Total risk (FJFEXIBEHIZAIITR)

 Combine many different events into maps (or aggregate damages) for different exceedance probabilities

* Take the integral to get the expected annual damage

* In practice calculate the area under the graph.

60

Rare flood, lots of damage

a

Risk = JDamage(p)dp

Damage
[0, }

S PN

requent flood, little damage

Probability




Making cities work

Evaluation of climate adaptation options

* To appraise and prioritjze climate adaptation options (I HFET
FolEN SR HIIEHE)
» To optimize the allocation of resources (UL RIREL)

How much should be invested in which adaptation option(s) é %

and at what time to create the highest benefit at reasonable Benefit

costs and within the available budget? Cost
(T EENMHEBRTRENVEERIR, ETARERKE
F—MEIERAIE)




Making cities work

Example of compound flooding

TYPHOON@/
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Coastal flooding

I 2100: 1-2M I
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Making cities work

Case study

* Vlissingen, The Netherlands

* Shanghai, China



Making cities work

Climate change in the Netherlands

~

Wet periods
Ten-day precipitation tota :
\ AR A
Ry Dry periods
o ry y:% : Ly ) *x \\\\\\\\\‘ +7 to +30%
nter: +8% to +24% e S -~ = - Potential evaporation
pm— T
A Annual precipitation

From -5% to +6%

. 4

S~ &

Sea level at Dutch coast
+35 10 +85 cm

b

QA River discharges

River Rhine average in winter: +12% to +27%
:Y:';‘;:?gua' DM River Rhine average in summer: -41% to +1%
River Rhine extremely high discharges:

4 to gqo times more often

Source: KNMI 2014
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Making cities work

An example in Vlissingen, NL




Making cities work

Adaptation measures (&N EIEHE)

* Increase height of dikes

(InsEIIEEEE)

e Redirect and store the flood
water

(HIKB [ FRUARZE)

The challenge for Vlissingen is to defend its urban area from flood water by red}rezﬁng and storing the flood water.



Making cities work
B,

Vlissingen case study — two options

— N = r 4 > s
%-“\‘ I'\.. N \% S - > 3 1 /r,.‘“\‘
[ 25205 \ i |

W

Blv. Bankert

ew construction

til water level Demolition & Reconstruction

Significant Wave
Height
g5m  105m &

g i ...
Spatial design scenarios: the Vlissings Model Spatial design scenarios: the Overtopping Sump Model

— 9m g ;
T S o
W W o

6,9m




Making cities work

Flood simulation

08-Feb-1993 13:30:00

186.5 — 0.01
0.009
186 -
0.008
g
&
- 0007 £
1855 — @
&
&
- o006 o
1 3
=3 2
= £
& 185 - -0.005 o
._g
5
3
= - -0.004

Water depth at pressure points

184.5 -
0.003
0.002
184 -
0.001
1835 I I | | | | I I | N
591 5915 592 5925 593 5935 594 594.5 595 595.5

x coordinate (km) —

An example to show the flood simulation in vlisingen case,
shown by the dynamics of inundation depth
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"éi;%}][]‘,%gxﬁgtri = 11% [ —FHEXIEAY

SJ1E7N B VI . .
baseline d|ke helghten (+3m) Evjzlater storage area I S S I n ge n Ca S e

Design

LT

CBA (cost-benefit analysis)

K& %IE] economic efficiency

MR- ER T3 A

I+ 4:3¥Xy?;

Damage

Qe



Making cities work

Result of damage assessment

Scenarios Baseline Strength dikes |Accept by storing water
Total damage [million euro] 53 0 8.4

Total fatality [person] 2 0 0

Total affected people [person] 805 0 42




Making cities work

CBA — (economic) benefit

baseline |Vlissingen model [Overtopping sump

Total damage 93 million 0|8,4million
Total fatality [person] 2 0 0
Total affected people [person] 805 0 42
valweoflife 1 lomiion ______ ]
investment to avoid one affected person | Ofmiion |
EAD [euro/year] 4755 0 2940

Benefit [euro/year] 4755 1815

Probability * damage = 1/10,000* damage value

=

assumption

Avoided EAD = damage (baseline) - damage(adapation)




Making cities work

CBA - cost

* |nitial investment

* QOperation cost
* Repair and maintenance cost

Table 1 Overview cost estimates the Netherlands (Kok, et al, 2008)
Dike (Millions € per km) Dike heightening (per m)
9 —10.8 (rural) (Kok et al., 2008)
18 — 21.6 (urban) (Kok et al., 2008)
4 — 11 (rural) (Eijgenraam, 2006)
6.9 (rural) (Fugro and Arcadis, 2006)
13.8 (urban) (Arcadis and Fugro, 2006)

2.3 — 6.7 (Stive, pers. comm., 2009)
3 (Kok et al., 2008)

2.85 (Arcadis and Fugro, 2006)

3.72 (Foreshore nourishments) (RWS, 2009)
e 7.55 (Beach nourishments) (RWS, 2009)
Maintenance 0.1 M€/km flood defence/year (AFPM, 2006)

Beach Nourishment (€ per
m® material)




Making cities work

2afns

Shanghai System Analysis

Branches
River flow direction

—
== Ppotential flood threats
Pudong Int. airport

A Legend
\m ¢ Main River

Main ports

A Downtown

@®  Hydrologic stations
@  Water gates

Planning
storm surge barrier

~— —SQ "o anoCw

| —————)

indication arrow

Huangpu River
Suzhou Creek
Yunzao Bang
Chuanyang Canal, -
Dazhi Canal
Jinghui Canal
Dianpu River
Xje tang

Taipu River
Yuansic Jing
Damao Gang
Dianshan Lake

1

I



IHS

Making cities work

Schematization of Shanghai macro-water system

Urban area

Rain water Rain water

Sewer pig

Huangpu River

Sewer pipes

DIETIHEN
Lake
PW JZ MSD

7y A ; A
‘ Taipu River > Huangpu River

A
Yangtze
> Estuary & East

China Sea

Tai
Lake
Taipu gate \ \
East China Sea & Hangzhou Bay

A hydrological station




Making cities work

Climate model (S{&f=2EY)

e Hadley Centre model HadGEM2-ES (EEISESKF/OHIISIEIREY)
e two 20-year time slices
* Present time: 1981-2000 (L:A1981-2000F{E ARG =

: I;Jt_‘u_remprojec;ion(ZOSO-2099) under the RCP8.5 forcing scenario (FESIEZHY,
B HEER FARR20FAISIEEINT S XEIES )

e 4km resolution of HadGEM?2-ES simulation model created 111 and 103
typhoon events in the zgt/_period and future periods, respectivel)_/ (shown
I

in next slide). (*Eﬂéa%mzz G EAYEIAY11137 & XIFNAR K 20507 [B]ER
A91035X1)




Making cities work

Simulated typhoon tracks: past and future

Typhoon tracks (future period)
105 events

Typhoon tracks (past period

111 events

35°N 35°N

30°N 30°N

Latitude
Latitude

25°N 25°N

130°E 110°E 120°E 130°E
Longitude

110°E 120°E
Longitude

Trajectories of the modelled typhoons in the past period 1980-2000 and under the RCP8.5 climate scenario in

the future period of 2080-2099 (& X422 K
* red star represents the location of Shanghai city ( FLffi 2CEMF 7T X 35D
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[}
=z
S 0 WsK cX
s 4 . 4 .
o ulated simulated
o -10 3|+ moasured ] 3|+ moasured b ]
2 e g ;
5 X 5
30 § 1 g 1 2
o2 K}
of T 0 ° 0
30°N .40 'E‘ 5 5 R
® 5 s
) —_ $4 R S . “
2 50 g = o - v o, e 4
T o 2 I 2 Y
(7]
60 © 3 L ' 3 L L
15/08/1997 17/08/1997 19/08/1997 21/08/1997 15/08/1997 17/08/1997 19/08/1997 21/08/1997
-70 Date
LCG
25°N -80 3} —simulated| ]
z * measured
=) -90 = 2
=) £ £
o s 51
-100 = =
S & =
120°E H :
Longitude ° 50
2 2
H g
32°N
-5 2- S T =1 -2
.S x .
3 ‘ . 3 ‘ ‘ LAY
15/08/1997 17/08/1997 19/08/1997 21/08/1997 15/08/1997 17/08/1997 19/08/1997 21/08/1997
" -10 Date Date
s —_ XYs THD
e 4 . . 4 y ,
ey .
s o 31°N £ imulated simulated 3
s ° = measured * measured
s, 3 i o 3 3
= i -
S e E £
-
y @ = =
° H H
=z = ]
o 20 g 3
< . K K]
° 30°N 4 2
@ Q
w ® ©
N 2z z
-25
r s
3 | | 3 | .
3 : hear : 30 15/08/1997 17/08/1997 19/08/1997 21/08/1997 15/08/1997 1710811997 19/08/1997 21/08/1997
= = 120°E 121°E 122°E 123°E 124°E Date Date
120°0'0"E 125°0'0"E Longitude

(a) (b) Validation: red lines indicate the model results , black points

oEX SRR (a)$§§2|m1‘§ (b)*ﬁ@%% indicate measurements (ZGUFZ5ER)
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Making cities work

Climate change - Sea lelvel rise (SLR) and
climatology change

180 4 e=———=RCP 8.5
| =——Rcpas
=———=RCP 2.6

—
o
o

Sea level rise projections (mm)

0 - T T T T T T T T
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

Ke, Q., Yin, J., Bricker, J.D. et al. An integrated framework of coastal flood modelling under the failures of sea dikes: a case
study in Shanghai. Nat Hazards 109, 671-703 (2021). https://doi.org/10.1007/s11069-021-04853-z

SARTH SEEGETE L FAARAEE IR



https://doi.org/10.1007/s11069-021-04853-z

Making cities work

Typhoon-induced rainfall simulation

(2 X5 [ECRYBERRZS B3/ U= )

Typhoon worst case1 Rainfall rate

70
40 1997-08-18 23:00:00 60
A
&35 50 ¢
o
> =
= 40 £
5 30 3
=z s
o 30 =
©
© €
w25 20
-
10
20+
| | | | | | 0
105 110 115 120 125 130 135 140

Longitude Easting (°) ->



Making cities work

Storm surge simulation (JX|5&

Typhoon 27v36 Surge

TR )

34 - N
| 1
33 1997-08-14 06:00:00
i

32~ ka\«jy\\s
A = 0.5
~31F 3
R T
[e)] /J—x\éﬁ; = ?:‘
S 30 T N £
5 e 10 %
ﬁ 29 - =5 . »

A
E -
2 AL
=28+ e
_| g e -0.5
"
27+ s
5
26 - j - 1
ot
25 I | S L ey i I I |
116 117 118 119 120 121 122 123 124 125 126

Longitude Easting (°) ->



Making cities work

Overland flood model (uJK,ﬁ} @I‘E’ )

* Delft3D-FM

* Grid cell resolution ~ 300m;
* Topography: DTM
* manning’s roughness coefficient: 0.06 sm1/3

 driven by overtopping and breach
discharges at the grid cells corresponding

to the sea dike (EIE/E/KFDHIES S
EIJI/ \Zk)

domain of overland flood model with triangular and curvilinear grid cells

TREL AR MR AL



Making cities work

Flood maps

* Maximum overtopping discharge rates
(m3/s/m) along the coast
e Scenario (a): Breaching occurred during

two cases (out of five) in past climate

e Scenario (d): all five typhoons cause large -

breach sections

f4 +RSLR

—breach
J._vf\'\\ - ",w-{“\ g —0<q<=0.05(m3/s/m)
§ 3 § oo \\ S —0.05<q<=0.1(m3/s/m) .-
7 Jo ~ JD 7 4 P
1 \é Bi-f‘\ . 2 }LBS NS ¢ 4 Yes (= —0.1<q<=0.15(m3/s/m)| |
T A BN e S . & 3 —0.15<g<0.2(m3/s/m) |
Japm— R we G PD " i e ‘;«-. o 3 Ny p
Toe 2 2 e " 2 o ¢ 3
Ly b by S I il s 0 i
! : ‘ ) (ot
PRI g EX \ P T \ w M e~
; i L J RN \ )y
7 s . ol N 5 Ay s o
L [ ;
p5 « P p5 +RSLR f5 ™ L2 2 f5 +RSLR

Sceﬁaﬁo(a) Scenario (b) Sceﬁaﬁo(c) Scenario (d) a

water depth (m)



Making cities work

1D drainage by SOBEK (&F#xemumism)
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Making cities work

Reflection and discussion

* An integrated framework of coastal flood modelling for areas with coastal dikes considering
the combined effects of SLR, land subsidence and increasing TC intensity should be
developed (iEEMEVSXRE, XEFREFHKEIREAFESEEL) |, while it
requires multiple data and quality of data also matters (S{EZMYEGE. SXEGE. K&
&, BhRiERIEUERES T IMXEIHEER)

« TC climatology change and RSLR increases the flood hazard to which coastal cities will be
exposed in the future. RSLR is likely to have larger effect than TC climatology change on
dike breach length along the Shanghai coast (LA AFMENEEE _ EHF IS XEEERK
RIENNARSFHKXES, EXS B FE a9 EREX)



Thank you! Questions?
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About Sweco:
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Europe’s leading architecture
and engineering consultancy

+ Gunnar Nordstrom &SN TIENEIEES
R F 19585 ZSweco,

+ Founded in 1958, Sweco is based on Gunnar Nordstrém's vision
of a combined architecture and engineering company.
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« The ideais to bring different perspectives together to solve the
challenges of our time.
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INTERNATIONAL
UNION FOR
CONSERVATION
OF NATURE

SED s

\nfrastructure

Nature-based
Solutions

3- Restored

D Flooded Area x Restored mangroves
[B] Foodwan ¥ Restored forest

10

levels and increased precipitation.

SWECO %

COASTAL CITY X — THE SUSTAINABLE CITY BY THE SEA

Click on the symbols to find out how your city can adapt to rising sea

SWECO %

mdnal

Drinking water

In Sweden, we have good access to fresh water in our lakes, streams and
groundwater reservoirs. The challenge for the future is to maintain a good
quality of water, which means protecting water sources from pollution,
saltwater intrusion and harmful microorganisms.

s The purification processes may need to be upgraded

* Waterworks need to be protected against flooding from watercourses
and rising seas

« Strategic planning can be used to secure and improve the drinking

water suiili |

11

12

1/10/2024
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Water quality e Wastewater
B3 The water quality in our seas, lakes and streams can be affected by s P B Wastewater treatment plants and sewer systems may need to
5 increased precipitation and rising sea levels. Even the water quality , be protected against rising water levels in seas, lakes and
) at beaches close to urban areas may be affected. \ Ve "2  streams or worsening beach erosion '

We can prepare by taking action to improve water quality and N .
studying the effects on aquatic ecosystems. By integrating water Measures can be taken to reduce the risk of flooding and

quality into development and urban planning, solutions with dqwntime on the pipeline network in connection with heavy
multiple positive effects can be created at optimized costs. -— el rainfall.

There is potential to make better use of the energy and nutrient

I content of wastewater. l

13 14

SWECO %

[ndnal

SWECO %

-

Stormwater Rivers and streams

Runoff from impervious surfaces can be more than ten times
higher than from natural areas. To reduce the risk of flooding and
improve water quality, stormwater can be delayed and treated
locally.

Many coastal cities have bodies of water that run through or
near the city. Models can be used to assess flood risks and the
effects of measures in waterways.

Changed precipitation patterns can lead to increased water

The amount of stormwater may increase with climate change. X 7o
flow, while the watercourse can be affected by rising lake or sea

Inurban planning and development, it is important to designate levels.
locations that are suitable for delaying, purifying and discharging
stormwater (Combined Green and Grey Infrastructure). By seeing the watercourse as a natural solution (NBS) to
I iroblems and access in urban ilannini, added value is created. l

15 16



SWECO %

Beaches and lakes close to the city are a great asset for the
people in the city. Safe water quality for bathing is a
prerequisite for these. Beaches are also unique habitats for
plant and animal life and have increased the city's

= ; """ attractiveness and tourist revenue. Sandy beaches and dune
| ¥ "'V | landscapes can also provide important protection against
| %

Fay"e X flooding (NBS) and should be maintained for that purpose
- through sustainable beach management.

Ports are vulnerable to rising sea levels and extreme weather events. Both
in commercial ports and converted areas, quays may need to be raised
and reinforced to protect against rising sea levels.

Dredging and handling of dredged sediments affect water and the
environment.

Measures can be taken to reduce the use of fossil energy in port
operations and minimize the negative impact of port operations on water
quality.

SWECO %

Energy

In a sustainable city, energy comes from renewable energy
sources. In coastal cities, water can be an energy resource, for
example in hydropower, wave power, offshore wind, geoenergy,
ocean cooling and fuel extraction from algae.

Each city has a different potential for these energy sources.
Negative effects must be managed so that they are minimized.

Energy production can be taken into account in spatial planning
in order to move closer to a sustainable city.

—

SWECO %

[ndnal

Urban planning

Water is often a great asset in the cityscape, but at the
same time it can pose a threat to the city. Water must be
allowed to take up space and should be treated as a
resource and an opportunity - instead of a problem.

Water issues and climate impact should be integrated at an
early stage in the planning process.

How do you make the water visible in the city?

19

—
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Urban Development

Climate change can lead to increased risks from urban
development. It should be decided in a well-thought-out way what
ground levels are acceptable for the development of new areas.
Well-thought-out plans for protection and measures against
increased precipitation, rising sea levels and rising groundwater
levels should be developed.

In the case of new development, you also have the best
opportunities to choose sustainable solutions right from the start.

Legislation

Climate adaptation often means that work is carried out in
water, such as dredging, construction of protection against
flooding or erosion, land drainage or construction/alteration of
facilities in water areas.

These works require a permit and often an EIA.

In the event of flooding, claims for damages sometimes arise
and then extensive work is often required to investigate the

SWECO %

»

Sustainable waste management practices are fundamental
for society to function well and people to feel good. Waste
management is no longer seen as an end station, but our
residual products are treated as a resource. Nevertheless,
some waste will continue to need to be taken out of the
cycle and stored in safe landfills.

Landfilling and storage can be affected by rising sea and
groundwater levels, as well as erosion and heavy rainfall.

23

question of iuilt. l

22

SWECO %

mdnal

In the urban environment, there are often elements of natural
environments and parks that are an important component in the
city being an attractive place to live and work in.

There is great potential here where you can take advantage of
nature's own solutions for, for example, flood and erosion
protection as well as water quality improvement. These are so-

These environments are often squeezed in new developments and

risk being flooded or eroded into the sea in the future. I

24
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The Rapid Climate Risk Assessment (RCRA)
1. Climate Hazard Assessment
¢ Determine the relevant climate hazards in a city
¢ Select relevant climate indicators

*  Analyze historical trends and events and future projections for
the hazards
¢ Hazard maps
2. Climate Impact Assessment
e Assess the different impacts
e Prioritize the identified impacts with city stakeholders
3. Climate Risk Assessment .

¢ Identify key climate risks
¢ Summarize and communicate key climate risks
« Validation with local stakeholders

SWECO %

The Rapid Climate Risk Assessment (RCRA)

Hotspot hazard map - Example
Quezon City, Philippines

90N ehHe*REsRNA

SWECO %

SymbioCity Approach

1. Define and organize the process

2. Diagnose current conditions

3. Specify objectives, indicators and targets
4. Develop alternative proposals

5. Analyse impacts based on objectives

6. Implementation and follow up

WeNEHe*REsGNA
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SWECO ﬁ

Sweco has had an extensive and cross-sectoral The city is built in and around water with artificial
assignment in the planning of a new eco-city for 1.2 lagoons and an extensive canal system, like a modern
million inhabitants, designed according to the Venice.

SymbioCity concept developed by Sweco and Sida,
which means that sustainable systems are
implemented from the start.

The coastal protection is designed as an embankment to
the sea after the Dutch model and with large gates similar
to the Thames barrier in London. The embankments also
The location of the city is a low-lying area of land create recreational areas with attractive views of both the
that must be protected from extreme high tides. sea and the city.

) ) ) o sweco%
Action plan for protection against rising sea

levels on the Falsterbo Peninsula

The peninsula Falsterbonéset in southern
Sweden is mostly located at levels below +3
m.

Sweco has developed an action plan that is
divided into three stages until the year 2100.

Measures proposed:
« Beach replenishment

¢ levees
« Reinforcement of natural embankments

'The total value of the peninsula's real estate
amounts to SEK 60 billion."
Hans Hanson, professor LTH

wowneHeoew

31

SWECO%
Stormwater strategy for Stockholm Royal Seaport

Stockholm Royal Seaport is one of Europe's most extensive
urban development areas.

Atotal of 10,000 new homes and 30,000 new workplaces are
planned, which will be combined with a modern port and
other strategic infrastructure.

Stormwater management must be adapted to a changing
climate, be used for irrigation of vegetation and contribute
to biodiversity and aesthetic courtyard environments.

The result was large plant beds with a specially mixed soil
with both good permeability and good water retention.

30

\ SWECO%
Port of Gothenburg

Over the years, Sweco has carried out a large number of assignments at the Port of Gothenburg, which
is the largest port in Scandinavia.

The port has a clear environmental profile
and has been awarded the prestigious Energy
Globe Award in 2011 and the Sustainable
Shipping Award in 2011.

Examples of environmental initiatives:
.

 Electrical connection of vessels at the
quayside

« Eco-labelled electricity

» Gas recovery during ship loading

 Rail shuttles with electric trains for freight
transport

« Sustained and safe disposal of
contaminated dredged material

32
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Project management and coordination, testing
of offshore wind power

SWECO %

Blekinge Offshore AB plans to build a wind
farm, Blekinge Offshore, with a maximum of
700 wind turbines in Hang Bay.

Sweco has led and coordinated the review
process, which has entailed:

« Consultation paper and conduct of
consultations

« ElAincl. associated specialist
investigations

« Complete permit application

« Response to comments received from
authorities and other interested parties

33

Climate risk assessment as baseline for future
urban planning, Karlshamn

Sweco has interpreted climate

predictions and analysed possible
consequences for important societal (=
functions such as: Bt

» Changes in stormwater volumes
Increased overflow in the sewer
system

» Risk of water scarcity

» Flooding of essential services

» The substrate allows
development to take place safely "Long-term planning is flexible planning.”

for rising sea and groundwater Sebastian Irminger-Street, project manager
levels as well as extreme rainfall.

W0PCHOP*REBGT

34
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City of Copenhagen

The City of Copenhagen
- Denmarks biggest municipality




City of Copenhagen

Climate change

« 30% more rain over the next 100 years
* More frequent and heavyer cloudburst

* 1 meter higher sealevel in 100 years

Global surface warming (°C)
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City of Copenhagen

Risk asessmen

dust

Risk map for flooding caused by rain in 2110
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Risk map for storm surges from the seain 2110



City of Copenhagen

The adaptation plan

Risk for flooding

1.200

Sea level Rain
1.000
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Cost

400
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Copenhagen
Carbon Neutral

- by 2025

COPENHAGEN
CLIMATE ADAPTATION
'PLAN
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City of Copenhagen

Time line of adaptation proces in Copenhagen

December 2012 November 2015

Political decision for
implementation

Plan approved by

Plan approved by City Council

City Council

Preparation af plan for
each water catchment area

Copenhagen
Carbon Neutral
by 2025

THE CITY OF COPENHAGEN
CLOUDBURST MANAGEMENT PLAN 2012

COPENHAGEN
CLIMATE ADAPTATION
PLAN




City of Copenhagen

5 types of solutions

1. Cloudburst boulevards - transporting water

2. Pipestransportation under ground  — o

3. Retention boulevards - delaying water

4.  Central delays - for storing water

5. Green roads - transport and delay of water on small roads

=t



City of Copenhagen

City of
Copenhagen

Climate adaptation
planing

Surface projects

Coordination of
projects

Greening

UHI and other climate
issues

==

1

-

Il

Copenhagen
Carbon Neutral

. by 2025

COPENHAGEN
CLIMATE ADAPTATION
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City of Copenhagen

Cobenefits of adaptation

Recreational value

Biodiversity

Meeting places

Improved microclimate (UH|

Synergy with urban renewal

Architecture

Attractive city

Rainwater recycling
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Retention and infiltration of rainwater at the square
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Cloudburst project at Taas



Cloudburst project at Husum Vange

Retention of rainwater in the park
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Cloudburst project at Skt. Kjelds Plads

Retention, infiltration and transport of rainwater



- Cloudburst project at Karens Minde

Retention of rainwater in green area S R N .
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Cloudburst project at Enghave park

Retention of rainwater in the park
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Clcudburst pro]ect ats jagade

~Eight sunken gardens with differentthemes - to | volume of 1,500 m3



Cloudburst proféét at Remiseparken
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Storm surge
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City of Copenhagen

Storm surge

* 1000 years storm surge
* From south

« 3,76 meters at Avedgre

20
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City of Copenhagen

Storms in the Baltic

* Storm from the north - presses water into
the Baltic

* Storm from the South/East pushes water
out of the Baltic

« Dangerous combination:

* A storm from the North, and a wind
change to the South/East.

%

<

KATTEGAT

P B

OSTERSOEN

e

0 2

NORDS@EN

Vand presses fra Nordseen
og ind | Kattegat.

KATTEGAT

Vand presses ned igennem
de danske baiter.

Store mangder vand
presses op | Ostersean.

3

OSTERSOEN

Nar stormen fra nord
opharer vil vandet der or
presset op | ©Osterseen lebe
tibage mod danske farvande.




City of Copenhagen

The challenge - today and in the future (2100)

Stormflod fra syd Stormfiod fra syd
Kalveboderne +4,25 m DVROO Kalveboderne +5,0 m DVRSO

Bl o orsvemmesesuctredelse Bl © o semmrmbesuctredelse




City of Copenhagen

Main solution: An external barrier

VESTAMAGERDIGET
(er anlagt)

»

| ULLERUPDIGET /%
(under projektering) © e




City of Copenhagen

PN

s u m m I n u < B Need for protection >
. (in City of Copenhagen)
I Vestamager dike

(constructed)

5] B Ullerup dike

Storm Surge Plan politically adopted -
the 22"d of June 2017 | A,

AMAGER

STRANDPAR

* Main strategy: outer protection scheme
* Protection-level: 1000-year storm surge in 2100.

* Protection schemes against storm surges from south
(now) - based on socioeconomic calculations

* Project running in 2020 focusing on storm surges

from south '




Lynetteholmen

Storm flood protection as part of urban development




City of Copenhagen

Lynetteholmen - securing the
northern part

« Storm surge management plan - securing the city
with an outer protection

* Lynetteholmen is an artificial island and part of this
protection. Size 2.8 km?

« Construction started at the end of 2021 - and continue
until 2070. A flood gate will be added at some point
* Purpose:

— Contributes to securing northern Copenhagen
from a storm surge

— New urban development - up to 35.000 new residents.
— Soil deposit

— Can contribute to financing investments in ring road
and more metro




City of Copenhagen

The historical perspective

The development of the edges of Copenhagen

BEFASTET KANT INDUSTRIEL KANT POSTINDUSTRIEL KANT NATURBASERET KLIMASIKRET KANT



City of Copenhagen

Nature based solutions

TOPKOTE AF STRAND +2.5m
v

KLIMASIKRINCSKOTE PA
TERRAN +4 m

HAVSPEJL +04 m
A 4

AR 2070

« Topkote af kysten kan reduceres til koter varierende fra +2,5 m til +3,7 m afthangig
af kysttypen og med et bagland pa +4,0m

« Kebenhavn far bynaer natur med hej biodiversitet og stor rekreativ veerdi.

« Stranden og den landskabelige klimasikring skaber og sikrer adgang til @resund.

« Den nye bydel far mulighed for landskabelige kvaliteter og naturvaerdi allerede i
anlzgsperioden, hvor jordopfyldning stadig pagar.

TOPKOTE AF STRAND + 4,0 m
KLIMASIKRINGSKQTE PA v
TERRAN +4 m

HAVSPEJL +1.7 m

AR 2200

« Topkote af kysten kan forhgjes til +4,0 m og med et bagland pa +4,0 m

« Kghenhavn far bynaer natur med hgj biodiversitet og stor rekreativ vaerdi.

< Stranden og den landskabelige klimasikring skaber og sikrer adgang til @resund.

< Den nye bydel far mulighed for landskabelige kvaliteter og naturveerdi allerede i
anlaegsperioden, hvor jordopfyldning stadig pagar.



City of Copenhagen

ChallengeS' Construction issues:
°

Possibleremoval
of waste water

Transport issues?
¥ treatment plant

Metro line
Transport issues?

Urban development New coastal ring
- 35.000 new road

residents

Construction issues:
Polluted soil

Environmental
removed from

Issues:
inflow of water Construction issues: seabed

Environmental : )
issues: in Copenhagen Transport of soil

Impact on flow harbour for construction
in @resund of island



City of Copenhagen

Southern Protection

* Much greater risk than storm surge from north.

« Damages can reach 4.5 billion Euro

« Joint project between Copenhagen and
neighbouring municipalities

— New flood mapping and scale of storm surges from the south.
Calculation of socioeconomic consequences of storm surge
protection Composition of contributory models of financing
related to a southern protection scheme.

— Screening of potential solutions for storm surge barriers,
including potential location for solution (Natura 2000 area)




City of Copenhagen

Potential solutions
(first screening)

» Solutions stretches from being very
technical to more nature-based, fx:

— Dikes and gates
— Oran array of islands (south) and a gate

* Only first screening!

 Located in a nature protection area
(Natura 2000)




City of Copenhagen

Socioeconomic analysis

Analysis included: direct losses + indirect losses

* Infrastructure companies:
— Physical damages on infrastructure
— Operating losses

 Road users:

— Inconvenience of delays (for flight passengers, road users,
travelers in public transportation)

» Others (owners of buildings, electricity
infrastructure etc.)
— Physical damages on buildings and infrastructure
— Rehousing
— lliness

— Operating losses




City of Copenhagen

Forward-looking approach:
Integrated solution - involves 5 municipalities

NLAGTE DIGER

BRONDBY OG HVIDOVRI




City of Copenhagen

Lessons learned and needs

Multidisciplinary collaboration is essential

Projects have a high complexity

Challenges existing practices - and existing legislation

Need for innovative solutions

Knowledge of hydraulic connections between projects
is crucial to the framing of each project

Urban space potential depend on knowledge of water
management.
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