e | o o S W ST S
]'j"fte Nauta Deltarge=ss=. T o i Ty o, e, Sy e
o M A v f@ﬁjzm%@aﬁnﬁ e e |

a4 £ Lﬁw v ;

- X '-’. i .S ‘ . ~ wa




| » Deltares
The Dutch Water Research Institute 75Eg /KFITHZE % ;

Deltares is an independent and internationally
operating research and specialist
consultancy institute, incorporating advanced
expertise on water and infrastructure.
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Deltares is at the forefront in the development,
distribution and application of expert knowledge
and software for safe and sustainable
development and preservation.
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The Dutch Water Research Institute 1&g /K F[IHZEFE

Specialist advise (EzgZ:% Knowledge sharing (Rl
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Collaborative approach for the design of

resilient cities BT ERFTHNEESFR

EEEHB IR
Adaptation Support Tool

BT E R

Clrcle - The clockwork that makes modern society tick




BEMES1E R Context for Adaptation

f1%%4t Climate change:

« [EMREIE X Increase rainfall intensity
- SBRIEE Increase in temperature

« BFEHAS Sea level rise

- (§2218%) (Increase in drought)

AQFEREMNMBTIERE
Continuous population growth and urbanization
- T ih{EA/MREEE Land use change leading to
o BEROHEREM
Reduced infiltration and increased runoff
o YR EXRFES M0
Increased urban heat island effect
« ZEKEHK Increased water demand
« ZAMET T TN Land subsidence in delta cities

AENECA XN B MRETRIET => #HE

Cities designed for current or past conditions => retrofitting



FIEHEE - MSEREYE

Climate adaptation — Stakeholder engagement

m A1k A {k Maximizing:
- itJK Flooding - BEE% / mhEE
- EAFE 5] Heat stress Livability / urban regeneration
- # 2 Drought - {#EEERE Health potential
- E[FEEMNSER R Sustainable
economic development

ARTHTRRIXERSLE TRSFRMERE

In existing cities climate adaptation involves many stakeholders:

Filan - W EREE, JoKBEKERF. @AM, REEEtE EERRE.
BELEER FF

e.g. urban planners, drainage departments, road department, landscape
designers, project developers, housing corporations, etc.

#ERE = FI R HHEE RN — 5

Co-creation as part of stakeholder engagement

AT



HEEBI TR 2.0 -

= Adaptation Support Tool 2.0

Ditches

2 8

SEREITE

Ast Project Utrecht

-

Bioswale (with
drainage)

@ & 8

LEARN MORE CHOOSE

Hollow roads

2

P
LEARN MORE CHOOSE

LEARN MORE CHOOSE

Adding trees to
streetscape

2 8

LEARN MORE CHOOSE

Water square

LEARN MORE CHOOSE

Urban agriculture

2 0

LEARN MORE CHOOSE

Porous pavements

2 8

Decentral
Separator for road
runoff treatment

&

—

Results =i

Climate

Storage capacity:

Heat reduction:

Return time factor:

Evapotranspiration:
L

Groundwater recharge:

Cool areas:

Water quality

Nutrient reduction:

Adsorbing pollutants:

Pathogens reduction:

Cost

Construction:

Maintenance:




EIESHBIT R 2.0 - 10FEEEREAE

'r'.v‘#

8 Surface drain

basin @ Infiltration ® Green open space
(wet pond) recreation field

e £
e

@ Detention basin
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@ Urban forest @ Intensive green @ Adding trees in @ Extensive green

i W
® Elevate existing @ Replacing leaking

roof streetscape roof (dry pond) houses storm sewer
§$# ¥ o2 e
¢ ¢ e .
o $elal

Ve
7 ’/’/m/ 0 T //// :

© Urban agriculture @ Adding turf grass @ Water square @ shallow O Increase O Rainwater storage @ Living wall © Amend soil

in streetscape infiltration measures stormwater sewer below building
system
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© Retention soil or €@ Pumping station © Blue roof ® Pervious @ Infiltration boxes
aggregate filter (increased capacity) pavement

- ¥

o —
DL 0

© Floating wetland © Cooling with
water element wetland

.. Bioswale (with drainage)

Pluvial flooding Drought Heatstress

A bioswale is a ditch with vegetation, a parcus bottom and helow that a layer of
gravel, packed in geotextile with an infiltration pipe/drainpipe. It allows rainwater
storage, infiltration and transport while helping to enhance hiodiversity and quality
of life.

Far more information click here




ADAPTATION MEASURES — MANY OPTIONS & fEHE Ry 5e =

~
s |

Paradlgm shlft %ﬁél’ﬁ%g 2)

- From fighting against water to living with water

HEEEK [T EYE I A7

- From civil engineering to nature based solutions

LT REEZ AT 702

AT ALL SCALES g@@#




Grey solutions Hybrid solutions Blue-green sol:tions
less space, dike ————  ,.0e space, no dike

inflexible, extra investment —} flexible and cost-effective

Ne measures p— - Water-storing roafs (15 cm) Permaable paving road and square
Max, warer dopth per pisol [m] Max. water depth per pixel [m] AAme. waler Sepih per pieel [in]
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W B ARARNRRIRGE - BWRETH

Urban Nature Based solutions — Sponge cities

W EAARNBRAEZEEREASHERHBATFHENEEHER
Urban Nature-based solutions (NBS) refers to the sustainable management and use of nature
(e.g. Green Infrastructure) for tackling societal challenges.

- BHHIRIZERE Effective in climate adaptation
- AN EUFEE Additional benefits
- A¥BRMNEE Adding function to green

BEGSRREMERETEBRA A

In practice both soft and hard engineering solutions.

Ecosystem based solutions
Hybrid solutions

SOFT ENGINEERING HARD ENGINEERING



REgHZPiD - BRE - SEHMIR

Utrecht Center — Fair area

FIxfERAE - Bia™h + BRES
Stakeholders: Municipality + Fair

oA Bk, RUEEENERAETIEE M
Ambition: Most green, climate resilient P
and healthy urban area

EfEEE TE QAR SEIRR BT RENE
A=7E

AST used to collaboratively explore
potential adaptation measures

E®  RfEghxh, RBRET EBEE
Funding: City of Utrecht, Fair, EU
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Trial allotment

Background

Croeselaan




BB K AR IS IR 1%

Change the water flow to increase resilience

Precipitation
420 mm

38% Evaporation 18% Transpiration
163 mm 78 mm
/B "4
A |
a8
N |
| o ‘ um
\Y d|
43% Runoff N |
184 mm |\
IJ surface water || runoff 15% Surface 3% Capillary
Infiltration Rise
sewer runoff a4 i 13 fril
GW level
0.244 m+NAP

Infiltration 8% Groundwater Recharge
34 mm




ADAPTATION SUPPORT TOOL & 5738 L E

Ranked list Map window Total score
of measures of measures
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Legend of
implemented
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ADAPTATION SUPPORT TOOL BiEH:TIETHE

Project Area

Project Area I

Project Area I §

Green roofs with drainage de ‘

Green roofs with drainage I

Green roofs with drainage | Green shores and riverbanks ‘

Green shores and riverba l

Green shores and riverba |

Park or urban forest I

Increase area of surface \ I ngh Urban density

|
|
[
|
} Adding trees in streetscar
|
[
|

Increase area of surface wat ‘

Adding trees in streetscape

Increase area of surface \ I Green development

Maximizing benefits

I Park or urban forest ‘
I Extra intensive green roof

Adding trees in streetscap I

Water squares

Extra intensive green rool I StOI’age ca paCity:
Water squares | 1 2,1 94m3

Rainwater tank I

caraintensve areen oo | StOFAQE capacity:
Water squares I 1 5,600m3

Porous pavement I

\

\

| Storage capacity:
Porous pavement J 1 9,528m3

|

\

l Urban agriculture

(
|
=
l |
|
|
[
|

Extensive green roof
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Porous pavement I
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Rainwater tank




RAEEH TRETSHERE - 858

Collaboratlve planning with AST - Experience

&8 Advantages:
HEFERAEX

Co-creation really works

Y EHREIS RN T I FERAE B FF

Leading to designs that are supported by the stakeholders
A BRI F A FH B A RI AL 5 15 LU BA RE

Positions of the different stakeholders can become very clear
R EER R

Solutions are location specific

=1 e El R E R E T TR RYHOGE A0 1t B B

Discussions are focused on opportunities and benefits of specific interventions




B EE B T B ETE4E;

(Problem
analysis

- Exposure
- Risk

- DflowFM,
Heatstress
9 model, ...

\

30 september 2019

i ;
Exploring
adaptation

: options

- AST

™\

S8l — AST in the adaptation process

(Detailed effect

—

analysis of
adaptation
measures

- DflowFM,
Heatstress

\model, ...




Circle

BE/K S BB BB Es Y 2 K 5 RS

Cascading domino effects of floods on critical infrastructures

“BIEERE e —ERE - RABERGHN—ET ... B4 AMRVEZREALETRE - 8FF -
ZE ~ KB EELEER - “Eﬁﬁ%@;ﬁ%&%&%ﬁﬁﬁiﬁ%ﬁ%%ﬁfﬁ AR BREEE

‘Critical Infrastructure’ means an asset, system or part thereof [...] which is essential for the
maintenance of vital societal functions, health, safety, security, economic or social well-being of
people, and the disruption or destruction of which would have a significant impact in a Member
State as a result of the failure to maintain those functions.

|| | TTITS.
a7
ﬂ "ﬁi];i_mﬂi;s
e [
ERAOR - BUNEEE (20084F) : 2008412H 8H (EXEERREE Il ENZastihiE<) (2008M114/EC {5<)

Source: European Commission (2008): Council Directive 2008/114/EC of 8 December 2008 “on the identification and designation of European critical infrastructures and the
assessment of the need to improve their protection.



Circle — /KRR SEABEE MERY 2 K55 = HERUE

Cascading domino effects of floods on critical infrastructures

FEEEFIZETET - iR RS AR GO - DU PR TR &S
& o FrRliEE ) ~ B8 ~ BRI/ 240 T B SRR s Y T B a2 T BRI 28BN
TRAREE 2 BEGETMEURRR -

Over the past decades, the increasing frequency and intensity of extreme climatic events
have impacted the society in unimaginable ways. Particularly the interruptions of critical
Infrastructures such as electricity, communication, drinking water or transport systems lead
to enormous, often long-lasting societal impacts including fatalities and economic losses.

Circlexi ] 2 AH B -2 W e Bl S B i e it 2t < [E TR ELAH G fRRE I BRl % o BIIEAE & RHH %]
BEENENL T o WA] DU S el R e N R B (A T TR SRS MR A bt

Clrcle helps stakeholders to understand the complex and interdependent relations between
critical infrastructure systems. These relations, or causal links, can be investigated and
visualized even within the context of a relatively data poor environment.
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Thailand floods 2011




R S R 2
What do all events have in common?

- 2N BEXR
small impact, large consequences

«  HULIKTAZ E e E s E
urban centres are heavily affected

« ANBEFHEBE -G RE - HERE RVHNEEHHYEEER
there are events with a single cause, but most failure is a
combination of causes

- Embankment breach along regional water system

[ 8K AR iR
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Fe] 4 :wﬂffﬁ-Waterland
19164E 7 S 3R
Amsterdam-Waterland
The 1916 flooding
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Clrcle - Critical Infrastructure: Relations and Consequences for Life and Environment
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Clrcle case study - Cascading-effects in Waterland 1916 - 2016
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Overstromingsdiepte
[ Joam
- 0,0-02m
- 02-05m
[ R
-. 1,0-2,0m
- >2,0m

4.5 &

Two dike breaches
cause Waterland to
flood entirely within
36 hours.

Kilometers

Deltares

Enabling Delta Life 7—
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Large Power Outage Amsterdam 2015

"ﬁ%ﬂ “" ;'\“ K‘Vo‘mﬁ‘r AN

A

situatie vrijdag
27 maart 2015, _)
10.45 uur ;

[l Globaal gebied
stroomstoring

Stroomstoring
door defect in
hoogspannings-
station Diemen

schakelstation
- 380 kV Tennet
220 kV Tennet |
150 kV Regionale A~ |
netbedrijven NN

bron: tennet
ANP



Circle £ | Online — ¥#t&BH Open to the Community

@ Clrcle Home

Clrcle - Critical Infrastr'g#

Understand connections. SUmu]aiecmrtner ips.

e

- ‘ E\  \( A http://circle.deltares.org




JERiz1LHyCircle Non-digital Clrcle




=R Circle contributes to:

= ek AL A
Awareness and overview

AR HERI T TE)

Planning Decision making Prioritizing actions




a4t Summary

¢ NP KR L

‘Small impacts, large consequences’ events are difficult to identify (where, how, etc.)

« PMRDE I A REBRER SR M A A T

We have little or no experience in Cl failure

« SAESE - B

climate change — extreme patterns?
o SN AT R 1A B 1R R A Y B T £ A
likelihood to fail increases with increasing complexity
© RARIOF - RS haN AR SR L E TR LRI B B E T %
In the next 30 years more infrastructure will be build than built from the beginning of
industrialization

+ ERIVE R ACE s IEE

Awareness can lead to increased resilience

ETEFEENSERYERTR (ORAMEGHE - AR ETEERA)
Perfect tool for disaster management and planning il LW%“Q

(“if you fail to plan, you plan to fail”) g; ﬁ.
pid
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(in close cooperation with NTUT, NCHC and FondUS.inc.)
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