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1. Understand the definition of resilience.

2. Understand the shocks and stresses affecting the water system.

3. Explore methodologies that have been used by cities and utilities to improve their water resilience.
4. Explore case studies of implemented resilience programmes.

5. Understand the common resilience challenges that cities and utilities experience.
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Why is water resilience important?
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Water is essential to the resilience of human and environmental systems

Cities
Alex Maclean

#

Environment
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large cities are already
facing water stress

Global water consumption has

doubled
every 20
years.

That's twice the rate of
population growth."

Lost water through leaks
or unbilled usage in 2013:

30%

Average American city

~53%

Mew Delhi

38%

Most developing nations

By 2030, If efficiency does
naot improve, worldwide
water demand will
outstrip supply by™

40%

+55%

Water demand
increase by 2050

Many Pacific Island
nations are

less than
5m above
sea level

thousands of inhabitants
are at risk

It iz estimated that between

1.6 and
2.4 billion

people live in river basins
that experience water
scarcity.*

3.2 million m3

The amount of water

the 100 largest cities

in the world transfer
approximately 5,700km
through artificial channels
per day.®




Change in Precipitation by the end of 215t Century

Change in
precipitation
(Inches per year)

Image: Modified from NOAA GFDL CM2.1 model in conjunction with a high-emissions scenario, 2014 ﬁ RU P



Regulatory drivers

America’s Water Water Act 2014
Infrastructure Act (AWIA)
2018
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What do we mean by resilience?
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The capacity of cities (individuals, communities, institutions,
businesses and systems) to survive, adapt, and thrive no
matter what kinds of chronic stresses and acute shocks they

experience

City Resilience: Rockefeller Foundation, 2013

Resilience is the ability to cope with, and recover from,
disruption, and anticipate trends and variability in order to
maintain services for people and protect the natural
environment, now and in the future.

Ofwat 2015
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System-wide or multi-system impacts
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25 feet sea level rise

12 feet sea level rise

5 feet sea level rise



World Economic Forum 2019
Risk landscape

Top 10 risks in terms of

Likelihood

Top 10 risks in terms of

Impact

[0 Extreme weather events

Weapons of mass destruction

[

g

Failure of climate-change mitigation and adaptation

)
)

~
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Failure of climate-change mitigation and adaptation

o

Matural disasters

)

N
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Extreme weather events

Data fraud or theft

Cyber-attacks

[

Man-made environmental disasters

~—

Large-scale involuntary migration

Biodiversity loss and ecosystem collapse

[

Water crises

~——
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Asset bubbles in a major economy

N

-

Water crises

~

-

Matural disasters

Biodiversity loss and ecosystem collapse
Cyber-attacks
Critical information infrastructure breakdown

Man-made environmental disasters

S
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Spread of infectious diseases ]

Categories

’ Economic

’ Environmental

. Technological
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Resilience Tools and Approaches
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Timeline of Resilience Tools and Approaches

2012 2013 2014 2015

City Climate
Hazard Taxonomy

RO M@

‘A City Water "
Resilience
Approach

Demonstrating Climate Change . — —

Adaptation of Interconnected =N rhakiRe oflfxpac R = E = |

Water Infrastructure. — = e
RESILIENT CITIES PROGRAM  |—— —

ARUP



Welsh Water Resilience
Framework and W2050

Review emerging legislatio
and guidance and global
resilience best practice
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20950 Work with
framework

Cardiff
University to
horizon scan
A for future
shocks and
stresses

500

s
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Apply framework
to Welsh Water

Exemplar
Resilience
Performance
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Development of Welsh Water
2050 for consultation
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Update of Welsh Water 2050
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Development PR19
Business Plan
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Finance and Risk
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Benefits for 3.1 million customers and ARUP

the environment



Vision

garn she trust of customers every g
y

Welsh Water 2050 Gustomer Promise

en\/'\ronment for future ge) )
13 O cair bills for everyone 6 :‘a”ons 5
© Mission bette, > R,
tainable w;
a sus ater Servje

of ) ; %,
e (\be\oes strategic respong os e, @, %,

Customers
and communities

Drinking water 07 Working with customers
. and communities
pafeguardinglclcan 08 Ensuring affordability of

drinking water through

catchment management services delivered to customers Future trends
q Supporting customers in .
Co-creation AT VERE (7 ell vulnerable circumstances Demographic change

Improving the reliability Addressing our ‘worst Climate change

with tomer of drinking water supply A
customers systems SERCES CESIES Changes in customer

Protecting our critical Empl.oyer G X expectations

water supply assets Leading edge customer service Changes to the structure of the
. Achieving acceptable Smart water system economy

Customer sentiment water quality for all management Environmental change

Customer research customers | 3
Customer engagement Towards a lead Protecting essential
free Wales infrastructure

Policy and regulatory change
Protecting public health

Customer challenge group

Environment

Supporting ecosystems and
biodiversity

Using nature to reduce flood
risk and pollution

Cleaner rivers and beaches
Protecting our critical
wastewater assets

Promoting a circular
economy and combatting
climate change

Welsh context T
Well-being of Future & Global best practice

Generations Act

City Resilience Index
Water Strategy for Wales

OECD Resilient Citi
State of Natural Resources ) Welsh Water ) e.SI en .I. es
Report Resili Cabinet Office Resilience
esilience Framework

Environment Wales
Act (2016)
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Benefits for Customers and

Environment

Represents investment of £4.5 - 9bn over next 30 years

1. Safeguarding clean
drinking water through
catchment management

water for all
3. Improving the
reliability of drinking

2. Enough

18, Prometing
a circular
economy and
combatting
climate change

= —water supply systems

our critical water
supply assets

17.F

our critical

wastewater
assets

5. Achieving
acceptable water
quality for all

16. Cleaner customers

rivers and
beaches

6. Towards
alead free
Wales

15. Using
nature to
reduce flood
risk and
pollution

14. Supporting
st d 7. Working with

customers and
communities

and
biodiversity <

B. Ensuring affordability
© of services delivered to
custamers

13. Smart
water system
management

8. Supporting
customers in vuinerable
circumstances

12. Leading
edge customer
service

10, Addressing
our ‘worst served’
customers

11. Employer
of choice

-eS
m\\‘
Customers and co™"

000000

Safeguarding clean drinking water through catchment

management
* Improved protection of raw water quality for between 1.1 million and 2.6 million

customers
* Wider benefits for communities and the environment e.g. improved biodiversity,

environmental stewardship and recreation opportunities
Improving the reliability of drinking water supply systems

* Create a resilience grid system that allows greater flexibility to supply 1.2 million customers
* Reduce the number of customers that are reliant on a single source of supply from 340,000
to 22,000

Working with customers and communities

* Our customers will play an increased role in shaping our work and we will encourage our
customers to take part in collaborating and co-creating our strategies and projects

Ensuring affordability of services delivered to customers

* Continue to deliver water services to customers that are affordable for households

Cleaner rivers and beaches
* Make our contribution to achieve ‘good’ status amongst all rivers constituting between
1,000 and 1,500 km of rivers in Wales

Promoting a circular economy and combatting climate change

* By being energy neutral, we will have reduced our carbon emissions by over 80%
e increase our deployment of energy efficient treatment processes and assets
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Resilience in the Round
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Figure 3: Water resilience framework

Serving 41 million customers in the UK
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Table 5: Definition of the maturity assessment scoring scale

Resilience in the Round

The company has a best practice approach to this goal with
cutting edge actions and responses currently in progress.
There is significant horizon scanning for future changes and
clear methods to including these within plans and strategies.
Regular reviews and updates are part of business as usual.

Global
good
practice

The company has created a response and actions to meet
this goal which is being applied in practice across the
company. The company is focused on proactive actions to
prevent issues before they arise.

The company set a clear goal around this and has developed
a response. This response has yet to be widely actioned,
though some pilots may have been undertaken.

The company is aware of the need for this goal but has not
yet been formally adopted into process, plans, strategies and
operational activities. There has been very limited response
to these gaps. In general the company reacts only to issues

framework that arise as they arise

The company has not determined this as a goal. There are
significant gaps in understanding, processes, plans,

Figure 4: Maturily assessment approach strategies and operational activities to achieve this goal.

Maturity Summary 1 2 3 4 5
Unaware Aware Response Response Leading

developed actioned

Water resource management planning and drought planning has been undertaken for the _—_

long-term and integrated into business planning to ensure that the company can meet their
supply obligations and facilitate sustainable growth. Plans are produced collaboratively with
the EA and regional planning groups to ensure best value for customers with respect to
cross-company, regional and national supply options. The approach looks at a full range of
hazards based on a robust evidence base. Water resource management planning looks
beyond the statutory 25 years into the future and develops adaptive pathways for delivering
in the long-term.

Current and Ongoing Activities

Planned for AMP7 and beyond

ARUP



Yorkshire Water Systems Resilience Assessment

YORKSHIRE WATER Review programme
RESILIENCE SYSTEMS outcomes and
Improvemnents to
Operational | Corporate Financial resllience
Y
Assess systems Apply Improvement
Interdependencles programme
'
"IN DEVELOPMENT |
| A | v
I I
£ Horz | Assess Impact on the | Aszoss maturity Business planning
i ch; nﬁ_:; | six capitals | of systems processes
| |
WATER RESILIENCE | | ;
i | |
+ | |
Continuous
review of shodks | |
and stresses | |
. Quantified impact of Score resllience Shape activities
NEAZATAS & [l our resilience acoss the [l maturity against ;:m S
@ l T | s capitaks | BS 65000 scle
| | ry
Customer and L |
stakeholder
engagament
Report findings Evaluate risk and
through resilience resillence appetite
dashboard
.
Corporate risk and Risk and resillence
resllience processes reporting
Kentification of
resllience prioritles
{low probability,
The methodology and findings of our new framework high Impact events,
to quantify the resilience of our business and services % stress testing)
AUGUST 2018 YorkshireWater
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Yorkshire Water Systems Resilience Assessment

WATER RESOURCES AND COLLECTION
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LEVEL 5:

OPTIMISING . 1989
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@ 2020

PREDICTABLE . 2025
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City Water Resilience Approach

/

An approach that allows a city to:
* Develop a collective understanding of their water system
and the shocks and stresses they face;

* Diagnose their water resilience vulnerabilities, and

* Develop a collective action plan to improve their urban water resilience

\md support the user through implementation, monitoring and evaluation./
ARUP




There are a large number of stakeholders involved in the water cycle...

NATIONAL MIAMI-DADE
PARK :
SERVICE COUNTY

RESTORING
AMERICA'S
EVERGLADES

/\/\ | A/\/\ | B EAC H Resilient Utility

Coalition ‘

J R
orida South Florida

MIAMI ~ HEALTH  Aoriculiural Foundation



Principles of the City Water Resilience Approach

Inclusive and transparent Brings together different perspectives from
water and city stakeholders and encourages
collective 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

Scalable and global Scalable from towns through to mega cities and

applicable to a global context

ARUP



A Collaborative Approach

Supported by:

€ Fookerpie §4§ THE RESILIENCE SHIFT

Project Partners:

ARUP 3IW! )ho=co
et e i
Steering Group:
THE o
M° kit ARUP E Bt
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Co-Creating the City Water Resilience Approach

Hull, United Kingdom

Manchester, United Kingdom Rotterdam, Holland

Miami, USA }‘
Thessaloniki, Greece .\
Amman, Jordan

/.

Mexico City, Mexico

/Q

Cape Town, South Africa

GREATER MIAMI
& THE BEACHES CAPE TOWN



Engaging with City Stakeholders

Fieldwork in eight cities with d|rect engagement of \
more than e

esiliencia Hidrica Urbana




Resilience Programmes in the Cities
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Development of the City Water Resilience Framework

1577 56 12 City Water Resilience
Framework

factors sub-goals goals

62 qualitative indicators
40 quantitative indicators
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City Water Resilience Approach

City Water Resilience Approach City Water Resilience Framework OurWater Governance Tool
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Step 1: Understand the system

Natural Fe:

doter Mt
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Critical
Infrastructure

Artificial Features
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Step 2: Assess urban water resilience

12
|
- \ oisesuns cong BGOAL: IMENSION; i \
sub-goal ) . 2 T | N 12
— - ooy [T —— e ——
. g - womdwte
indicator # S e e
INDICATOR
INDICATOR: | U 0 ‘be .I‘ . . I t. A . d.t
——#ll population has sustainable access to safe drinking water. | T g OO oL
quilciet undicil et fuga. Od quissimolo eaquam, consequae.

indicator name

GUIDING CRITERIA | GUIDING QUESTIONS:

‘GUIDING CRITERIA / GUIDING QUESTIONS:

ris defined based on the free

guiding criteria

the dwefling 10 the water

NoTES:

5 OPTIMAL 1 POOR

The indicator fully The indicator mestly The indicator The indicator mostly The indicator does not  The indicator is not
reflects current reflects conditions somewhat reflects does not reflect at all reflect current relevant to the city.
conditions in the city.  in the city. Minimal conditions in the city.  conditions in the conditions in the city.
No imp 1t is impr is Some improvement is <ity. Significant
required. required. required. improvement is

required.
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Assess the urban water resilience

Step 2

ARUP

Greater Miami and Beaches Water Resilience Profile

Cape Town Water Resilience Profile



Develop an action plan

Step 3
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ROOT CAUSES

OPPORTUNITY

INTERVENTIONS
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Step 3: Develop an action plan — Cape Town and Miami actions

Vewelop a PEUSION SOPPORT SYSTEM
b enable CFFECTIVE MANAGENENT S
OPTIMSATION of resovrce .

analytical

0 : - framewsiks
~P_ A\l

—Onopnoe
) o -»

px ol

- 10" -
1T ResuR(ES AT s
& ANALYTIAL é@; &‘k)’
SOFTIARE HR iﬂfﬂshanrg
» Chall ; 1tuti 171
» Challenge: Water and C allenge Institutionalizing
, , resilience
environmental data for evidence-
Ch GOVERNANCE STROCTUEES ' . :
5 "'H:E kgt i ol based decisions. » Action: Establish a One Water
- taasition. {rom GEEY INFEASTRUCTURE . Knowledge Platform to improve
BLUE-GEEEN  Infiastivdune / hybnd Systems » Action: Create an open-data capacity and knowledge sharing
portal to improve data around resilience, including
accessibility and sharing online training, seminars, and
between key stakeholders to case studies for
support sound decision-making water stakeholders.
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Common resilience challenges and principles of
resilient solutions

ARUP



Common resilience challenges

Coordination
between water
stakeholders

Data-driven
decision in times
of disaster and in

long-term
planning

Community
engagement
including those in
vulnerable
circumstances

Protection of
surface water and
ground water

Long term
resilience planning
and making the
case for resilience
investment

Incorporating the
principles of water
sensitive design

ARUP



Principles of resilient solutions

From

An eventual imperative

* Understand organisational outcomes for the long term shocked into action

* Horizon scan to identify future shocks and stresses To

|

A progressive move to a

resilient future evolving H/ Trigger point

e Use data from past experiences as well as scenario planning at key trigger points a S
to inform future decisions B

i.

* Adaptive planning to respond to changing circumstances

e Understand interdependencies with other systems People and cultural
change

* Consider a multi-layered approach to improve resilience, e.g.
5Rs

* Multi-stakeholder engagement to create a shared ownership
in planning and implementation

* Integration into organisational BAU through e.g. asset
management

ARUP




Thank you! Any questions?

louise.ellis@arup.com
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