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@ Water Resilience, Shocks & Stresses



|AHR % ARUP

Understanding Water Resilience at Scale

Water Resilience is the capacity of the water system
- including the human, social, political, economic, physical and
natural assets - to anticipate, absorb, adapt, respond to, and
learn from shocks and stresses, in order to protect public health
and wellbeing, the natural environment and minimise economic

disruption.

CWRF 2018

THINK SYSTEMS
COPE
SURVIVE
THRIVE
CATCHMENT SCALE
GOVERNANCE
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__________ Themelshocks

Floods & Storms

Climate Drought
Heat Wave

Fire (Third Party)

Terrorism / Hoax

Cyber Attack / Data Fraud
Security Related Incidents Vandalism

False Positive Alarm

Poisoning (Third Party)

Water Contamination

Brexit

Economic Change Recession
Fraud

Infrastructure Failure
Fire / Explosion
b Operational Deaths / Drownings
Asset Related Incidents Poisoning & Pollution
W Infectious Diseases
35 : Natural Disasters
: Nuclear Incident

Third Party Service Failure
Civil Unrest A
Supply Chain Failure 3 ' '
Staff§tﬂk‘es» & Industrial D|Sputes
tage

————
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T emelsess

Changing Rainfall Patterns
Regional Water Stress

Sea Level Rise / Coastal Erosion
Resource Scarcity

Water Act
Water Quality Regulations
Legis|ative Cha Nnge Abstraction Licenses Change
Change in Land Use
Sentencing Council Guidelines

Climate

Unmanageable Inflation

Economic Change Increased Cost of Borrowing
Macro Industry Change

Demographic Change / Economic

Development

Trend of Urbanism / Urban Creep
Customers Population Change

Migration

Increased Water Demand Per Capita

Willingness to pay

WOV s

—
|

LA

A

Long term deterioration
Loss of asset knowledge

Asset Systems

\J

Skills Shortages
Employment Costs
Energy & Comms Costs

Supply Chain

n
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Classifying shocks and

Terrorist Attack
Civil Unrest
Extreme Vandalism
Hoax Calls

Demographic Change
Urban Creep
Migration

Skills Shortages
Lifestyle Change
Shortage of Skilled
Labour

Cyber Attacks

Power Outages
Asset Failure
Telecommunication
Failure

Data fraud/theft
Dam Failure

Asset Failure

Power Cuts

False Positive Alarms

Leakage
Aging Infrastructure

Water Supply
Contamination
Temperature Extremes
Infectious Diseases
Environmental Pollution
Fire Events

Nuclear Incident
Flooding

Storms

Energy Price Change
Industrial Disputes
Supply Chain Failure

Recession

Resource Scarcity
Fuel Supply and Costs
Increased Cost of
Borrowing

Climate Change
Drought

Land Use Change
Coastal Erosion
Invasive Species
Sea Level Rise

License and Consent
Change

Macro Industry Change
Changing Regulation
and Policy

Political Change eg
Brexit

ARUP
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Analysing shocks and stresses

Likelihood of Occurrence

High

Flooding @ Brexit

Agricplutral Change
»

Cyber Attack @

Regulatory Change %

Land Use Change

Power Cuts @ &

Asset Deterioration
L]
— Increase in Energy Costs

Extreme Vandalism @

Climate Change ® ~ Rising Sea Levels
Skill§ Shortages # L
Trunk Main Hailure .

| — Recession
Moderate Shortage of Unskilled _ Demographic Change — 4 / High L
Lab r

our Power Shortfge ®
River Pollution @
Change in Water Use # Crypto Outbreak @ _ Telecommunications
Hoax @ Drought @ @ Failure

Foot and Mouth @

=

(=]
|

Civil Unrest @

D Fail
Industrial Dispute @ am Failure @

Fire @  Epidemic @
Terrorism Event — @

Muclear Accident —

Severity of Impact

@ Shock ® Stresses

ARUP
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£v City Water Resilience Approach
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£EY ARUP

It is collaborative

Supported by:

€ ROCKEFELLER
& FOUNDATION

Project Partners:

ARUP

Steering Group:

=

|

@worp  UMASS ARUP

BANK AMHERST

$§ THE RESILIENCE SHIFT

i e ET,ES ‘ CJ AGWA

§4§ THE RESILIENCE SHIFT 100 ( mestuer ) cirice f FOUNDATION
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Understanding Water Resilience at Scale

Principles of the City Water Resilience Approach

Inclusive and transparent Brings together different perspectives from water
and city stakeholders and encourages collective e
action -
Systems-based Takes account of inter-dependencies with other
systems
Holistic Includes leadership and strategy, planning and

finance, infrastructure and ecosystems and
personal, household and community resilience

Action-oriented Encourages the ownership, development and

progression of actions to improve water

resilience Seegr,
Scalable and global Scalable from towns through to mega cities and

applicable to a global context
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Across the water cycle and at catchment scale

Water / Ecosystem

resources Y = f services Buildings and Integrated

public realm ‘ water cycle

Demand 5 Asset
M management management

Planning and

Catchment L demgn‘

management Ri d
ivers an

SN 3 3 ) 1 il waterways o I
y Tl | L6 % sy (4 ¥ <y '
B\ infrastructure NS0~ Wy : v dy, ) 4 Y

: /
Urban retrofit l y Resilient
: infrastructure

&, 43 ‘:v‘ S 7
lg‘ ) fr ; iy ‘ 'f( W Coasts

Smart ) AN

v S ) |
infrastructure / )
v S

o

. Specialist Services

. Catchmant interventions

PIONEERED BY THE
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Timeline of resilience tools and approaches

2012 2013 2014 2015 2016 2017 2018 2019

City Climate
Hazard Taxonomy

4 City
Water
Resilience
.\ Approach "

RO MED

Demonstrating Climate Change . i y—

Adaptation of Interconnected 9 ied il C — | — | [ —

Water Infrastructure. — ] - T —
Wl WAtz =< ER RESILIENT C/TIES PROGRAM  |=—— —
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City Water Resilience Approach
Pilots:

Population
3.7m
21.3m
4.0m
5.9m
323k
WAVE?2
Thessaloniki, Rotterdam
Greater Manchester

GREATER MIAMI
& THE BEACHES
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Development of the City Water Resilience Framework

1577 56 12 City Water Resilience
Framework

factors sub-goals goals

L]
L ..
[ X ]
®* o
oo o —
%e
L
]
[ X ]
62 qualitative indicators
Literature Review 40 quantitative indicators
Fieldwork Leadership & Strategy

Planning & Finance

Database of Factors Infrastructure & Ecosystems

Health & Wellbeing
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The 5 Steps of the City Water Resilience Approach

City Water Resilience Approach City Water Resilience Framework OurWater Governance Tool
Leadership & Strategy
Planning & Finance
Infrastructure & Ecosystems

Health & Wellbeing
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Step 1: Understand the system — governance mapping

OurWater Governance Tool
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Step 1: Understand the system — fieldwork highlights MIAMI

Key Shocks and Stresses

Ecosystem/water quality
degradation

Hurricanes

Ageing/failure infrastructure
Flooding (all types)
Governance and planning

Factors of resilience

Data management / Modelling
Emergency response
Robustness of funding

Land management issues
Integration between agencies




57 ARUP

Understanding Water Resilience at Scale

Step 1: Understand the system — fieldwork highlights CAPE TOWN

Key Shocks and Stresses

* Drought
* Flooding
* Fire

* Inadequate hygiene and sanitation
*  Ecosystem loss
* Risk of over-abstraction or pollution of groundwater

1;:\:3“ Factors of resilience
0 * Interconnected infrastructure

—— * Technological solutions for demand management
: “‘h@eff;‘ * (Citizen and community engagement
N e * Business support

- * Transfer of Stormwater Dept to Water and Sanitation Dept

e«@gf * Conflicting messages from government
i * Governance — clarity of roles and responsibilities

* Impact of public engagement on global perception

* Limited data, particularly around groundwater

* Limited regulation and enforcement re groundwater pollution.
* Lack of funding at a National level for bulk water provision

* Social inequality
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Step 2: Assess urban water resilience

sub-goal son —— o ,;',l\
W fomseni et ey :
indicator # 23 —
e e
indicator name i oy ater, Uclum qui bea il Ipisquas quia voles eat. Aximpos corro dit eum

cuiliciet undicil et fuga. Od quissimolo eaguam, consequae.

warey v

5 OPTIMAL ' 1 POOR

“he Indicaror fully The Indicator mosty The Iadicator The Indicaror mosty The irdicotor does not  The indicotor is not
ruflests current rutlects vandibioes surmewhat neflechs duws not rufhecd at all refect currurt rebevant ba the cily.
conditlens i the ety In the oty Minimal conditions In the city corditicns n the sanctans In tao clty

N impravemsnl is impeomsenent i Some improvemwent is cily. Signifiean:

required required ragalres, Improwomant is
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Assess urban water resilience

Step 2
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Greater Miami and Beaches

Cape Town

Water Resilience Profile

Water Resilience Profile
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Step 3&4: Develop & implement an action plan

N S Includes initiatives like:

* Develop data and information platforms

* Resilience capability building for practitioners and
decision-makers

* Improved transparency of data for the public on water
issues and engagement with community champions and
groups

* Improving Gl policies and governance structures and
developing pilot projects

* Improved coordination through convening organisation /
catchment groups

*  Source water protection using engagement with
agriculture, improved canal management and wetland
restoration
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Why Blue Green Infrastructure?
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Why Blue and Green Infrastructure?

“Urban wetland and permeable ..
| surfaces provide flood resilience”

OF TREES ON STORM WATER'RUNOEF

i J‘wu ”r'h‘
m Hat: ;Wﬁy}
HERRERA ENVIRONMENTAL CONSULT )-'1*“

AT

‘URBAN GREEN CAN

SLOW DOWN & REDUCE ¢

STORM WATER RUNOFF
BY UP TO 8%’
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Why Blue and Green Infrastructure?

¢

M T, MACKENZIE A, WYATT/J/HEWITT A\ EFFECTS OF GREEN
INFRASTRUCTURE FOR {MPROVEMENT OF AIR QUALITY IN URBAN -
STREET CANYONS — ENVIRONMENT, -SCIENCE + TECHNOLOGY (2012)
\

\

Urban que + green streets cut
poIIutlon & clean the environment”

i e T T
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Why Blue and Green Infrastructure?

*PEOPLE IN GREENER & &F

AREAS REPORTED L F

LOWER LEVELS OF : | B~ ‘ .

STRESS AND HIGHER o - h I ‘
=4 DEGREES OF LIFE A7, '
A SATISFAGTION & contactwith nature lowers stress

# levels and improves life satisfaction” |
N o '—‘“UNI\{JERSITY_HE-‘AI?H " o000 |
OLDS OVEREZVYEARS
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Why Blue and Green Infrastructure
better microclimates

Understanding Water Resilience at Scale
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Why Blue and Green Infrastructure?

R gréen + blue environment
stlmulates better phy5|cal health"

P P et
g

ENVIRONMENTS WERE
3.3 TIMES MORE LIKELY
TO TAKE FREQUENT
PHYSICAL EXERCISE’

FORESTR'\Y&MM SSION UK (2010) ‘THE CASE FOR TREES IN
DEVELOP THE URBAN ENVIRONMENT
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¥ Shanghai Blue Green Masterplan
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¥R

Objectives

Urban Drainage
Management

Flood Control

Pollution Control




IAHR ﬁ
Understanding Water Resilience at Scale ARUP

Planning strategy: Systems-led

B

Governance éi@%ﬁtﬂiﬁﬁﬁ
Green Infrastructure

R

Blue Infrastructure K@gﬁ Hjiﬁﬁﬁ

Grey Infrastructure
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Drivers and Challenges

L L -
M kIsear’

HhEASIR SR EHNTY b Al b fERIFOEX Z|BEMIR
Topography Urbanisation Tidal Rivers Rainfall & Typhoons Ageing Infrastructure

EZNCVEEC LEINIEES =KL by (=i B
Environmental Pollution Polluted Rivers High Water Table Lack of Capacity Combined Systems
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Learning from others: Case Studies

on

Q@ BEoELH Relevant
O B—aE%t Somewhat relevant
O gaEstt  Not relevant

Boston,
USA

Chicago, USA

Copenhagen,
Denmark

Hong Kong,
China

London,
UK

Miami,
USA

New Orleans
USA

New York City,

USA

Philadelphia,
USA

10

Rotterdam,
Netherlands

11

Sydney,
Australia

12

Tokyo,
Japan

13

Washington
DC, USA

@0 0O®® e 0000 @ @ s

00 0000000 DD DO | mx
@ 0 C®@®O00C® 00 ® @ O iem
CO@®@eeee®e e 00 O e|m
®e 000000000 0 mn
© 0 8000000 00 D O
@ 00O @000 ODPEO 00|
0@ 0000 ®@®O0 00 0|0 |swm=
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2201 i
Case Study: Philadelphia
Green City - Clean Waters

/\ ##% Challenges 4r2% Ratings
HEKRGEERE, SEEFERANT )
16021 CHIRZAIRANTX ~ Population OO0
WE 2RIl m B E R IEER, 22 , ,
T TRKESEREE, Population density ‘OO
Overloading of sewer network leading to 16 billion Elevation @O0
gallons of raw sewage being discharged to rivers

Il
i/lnannL;/afg’rmer creeks have been filled, turned into Location @O0

sewers or paved streets.
Climate

@ O

@ Solutions
Temperature

@O0

SEEMIRE RAGEEMIKE, 1585% Average annual
AR (RIS EBE rainfall

@O0

RO A AR RE R LAEERTK.

Rainfall intensity

00O

Green infrastructure: Employing green infrastructure to
hold 85% of storm water at surface

New canals and open drainage channels to store water.
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Case Study: Copenhagen
‘Cloudburst Management Plan’ T e R

A\ i Challenges | 9o Raings

ABDHOKREZ G :
g;ﬁ%éﬁﬂiﬁﬂgﬂ’ﬂﬁ‘éﬂﬂ%ﬁﬁwﬁ#ﬁﬂ%ﬁﬁ Pappuliia 00O

Population density @O
The majority of sewerage system is combined.

The sewerage system lacks sufficient capacity to handle Elevation OOO

extreme rainfall events.
Location (0@

Climate .OO
SGeEE: ATHINEREEMISHE, 000

> — o
3,300 I/s flow capacity \
AR s ST S, = -

#Ei Solutions

ZIRE S MEFRIERILX, Temperature
AR/ E AR BN REE Average annual
%é}‘[‘, Los rainfall OOO
i}é%iﬁi; 'L‘I'iﬁk'ﬂiﬁ 'ﬁ“éﬂﬂ{ﬁmi&fh Rainfall intensity OOO

Green infrastructure: To complement the grey
infrastructure, a multi-functional retention basin in a lake
which adapts to flooding.

New deep/shallow underground storage: Cloudburst pipes
and creation of a by-pass tunnel under Sankt Jgrgens Sg.

Flood conveyance; design of urban streets to convey flows 40,000m*
safely retention
capacity

Flood Zone

7,000m
retention
capacity

Flood Event
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=0: FERRE
Case Study: New Orleans _
Urban Water Plan (post Katrina) |

A Cratenges | H%Raings

M EERFRZHKEE DR .
guj\] Population OOO
ﬂ'l_’,—FZK;:FW\ Eﬁiﬁkﬁi B§ Population density (OO

Flooding from drainage systems due to lack of

capacity and resilience. Elevation QOO
Excessive groundwater extraction leading to sinking
Location .OO

of city
@ Solutions Climate @O0

KT DCARBEHIM  vwee | OO0
WA R AR,
RS . I (FEERK Average annual OO
’g) AI; J.Lﬂi’; rainfall

Z?@%Eﬂj nﬁﬂ_’; Mlﬁ*tﬁfiﬁﬁﬂ( Rainfall intensity ’OO
HFTRITHER.

Urban Water Plan: an integrated vision and plan for
redevelopment of the city.

Improved waterway: optimised canals (circulating
network), constructed wetlands.

Green infrastructure: new design guidelines to manage

rainwater at source. “
Layered Planning Process

Workng from the ground up 1o determine
how to inlegrate the nalural fiows

of the landscape into infrastructure X
networks and the physical shape of our Vision i B Implementation- =
oommunibes =

Inhabitation & Land Cover

Infrastructure Networks

Soil, Waler & Biodiversily
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=6 R

Case Study: Rotterdam
Temporary Flood Storage in

the Public Realm

/\ #kik Challenges

HEKRFERZ AR AR EARY
A6, AIRASRZEE. X
T EFHE.

The sewer system lack capacity to handle larger
rainfall events. The fluvial system lacks capacity.
The city is below sea level.

45i%:  Solutions

SRS IEREETR, B
SRS,

RN ] RO RIS
IR A=l R E Rk
$RH0% BB MATSRIEAS .

Green infrastructure: to delay the run-off supplemented
by multi-functional retention basin and cycle lanes.
Underground storage beneath sport fields and
recreational areas: Also used water storage in existing
building voids:

New shallow underground storage and increased
pumping capacity.

Population

Population density

Elevation ‘OO
Location .OO
Climate ‘OO

Temperature OOO
Average annual ‘OO

rainfall

Rainfall intensity OOO

§
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5 AMRXIEL
Shanghai VS New York City
Climatic Similarities

Ay i
New York Shanghai

o ST PE EN1140mm o ZAEFHIRENEL191mm
o EERBERERONTY, FEEDEIAESH, THHWER o DIFEMERNEMRG0NETASHEIR. O HIMERS, &

%, HAFH10%.
o B H M EN198.12mm (20114F) , IREHBEWREA

159.258mm (19844F)

A4ER114.9%,

A LAY
g 3159
M 200
o1
= P 3133 e g
- = ] g
w0 5w _ 1 s
s s o 10
W
Ye-am
) ‘ s Y v I I I I
am ) -8 -8 =§ ®mA EF ~B £ \B +A  +—B +=B
19611990 ETHY LI R BIETRE JEET I TANT ST TS 1l EE uls
=[E Z S)oEPERR 4 SPER= .
LFiSREmE

B—USDA-NRCS e RS E——
( DBt aminHE T
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Case Study: New York City
Green Infrastructure

Hunters Point South
One of the most ambitious waterfront projects

Implementation at Scale in New York City history
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100 YEAR FLOOD
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Case Study: New York City
Design Guidelines - Urban Bioswales
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Analysis: City Characterisation

BEE, KE- TRESK/ES
BX EsEEEX
High density, low-rise — CBD / dense urban Medium-rise
historic urban fabric high rise residential blocks

e * ® i
‘J".‘ # >
PP A

Industrial

Rivers Campus

i
A [ s .ﬂ‘
|1 A )
. Sl 9
o S o 3
* [

High-rise residential
blocks in parkland

s> 3R

FET APt

Brownfield

BRI
ie=l
Parkland and
green-blue open space

Low-density
residential

ek TR

Major highways

KIZEuS

Rail infrastructure
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Machine Learning

Trainable parass

34,305,611
on-traimable params: o

Train on 4813 sasples, validate on 1204 sasples

19915 418e8/step - 10333 0.7702 - acc: 0.7361 - val_loss: 0.5291 - val_acc: 9.6023
20025 436ms/3tep « 10851 0.4172 -« acc: 0.8460 - val_loss: 0,489 - val_acc: 0.8189
19948 a1ame/step - 1088 03002 - a¢C: 08876 - val_loss: 0.4288 - val_acc: 0.9488
14965 J09ms/step - 1oas: 0.2597 - acc: 0.9088 - val_loss: 0.3856 - val_acc: 0.8729
13045 270w step - Joss: 0.2008 - A< 0.9210 - val_loss: 0.3170 - val_acc: 98920
4513/4813 1300 270ms/step - 1oss: 0.18%6 - accr 0.9337 . val _loss: 0,337 - val_acc: 0.8862

1204/1204 [+~ 2675 iden/step
[INFO] 1643+9.3357, Mcuracy: 88,6213%

Confusion matrix
Wbrownfieldfs? 1 0 1 0 0 0 3 0 0 0 i
0 10_brown:
x 11_highways | ! - o 8 a2 aliells] v ‘ol e
2/11_highways Ihdjow| > ©0 10 0 0 0 1 0 0 0 O
2 210
i 2hdchd) 2 12 0 3 4 01501 0
S Imedrest 4 3 1 1 MW 8 6 5 0 0 0 180
€ 2_hda_cbd
) e Deresgarden| © © 1 6 2 24 0 1 0 0 © 150
f“—”"-“‘ Sidres|© 0 1 0 2 3 & 0 0 0 0 120
10 4_hr_res_garden Gindustrial} 6 6 1 6 1 o oo o o %0
Bparks{© 2 0 0 0 1 0 0 S8 0 0O F
owaterj 1 1 0 0 0 0 0 2 108 o
1 1 = 0
14 €_industrial o2 o o o oot 1 0 00
‘0

16'7_canpus

: LT
RS2 % df ©r

~Predicted label

19

20 9 _vater
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T T RSB RS

Analysis: City Characterisation Summary
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MRS : GEEE. &6, BekkeaEixh
Integrating , Green, Blue and Infrastructure

TS B E R X D AT R B IR
NSHTHE, LIHERLLEE, HpaE:
© UERE: MCGENBRERTTIEIRE

HfsEFS
C L BANETHHGRE, BHES
RO :

© e BETH—SER, IS
. gﬁg BT AR EREFD

Our stormwater masterplan integrates elements across

all four systems:

+  Governance: implementation of the most cost-
effective and feasible controls, including the
refurbishment of the existing assets and network
Green: source control across the city with initial
focus on public
Blue: optimising the network and assets, based on
further modelling
New grey: tunnels and and decentralised storage
based on the outcomes of the prioritisation
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Summary Takeaway
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Summary lakeaway ﬁ

Think Systems

Catchment not City Scale

Governance is key

Evolve your approach

Learn as you go

Consider all potential Shocks and Stresses
Cope + Survive + Thrive

Don’t be daunted by scale or complexity
Think blue and green — not just grey

10_C0 Sl Ol > CaRiD g



