
Louise Ellis, Associate

November 2019

Improving the resilience of 
water systems



Objectives

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.



Why is water resilience important?



water is vital

Photo: Edward Burtynsky



Water is essential to the resilience of human and environmental systems

Agriculture Cities

EnvironmentEnergy

Alex Maclean



The expanded nexus



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

Change in Precipitation by the end of 21st Century

Change in 
precipitation
(Inches per year)



Regulatory drivers

America’s Water 
Infrastructure Act (AWIA) 

2018

Water Act 2014



What do we mean by resilience?



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



Resilience

• Uncertainty

• Low likelihood, high consequence shocks or long-term chronic stresses

• System-wide or multi-system impacts

5 feet sea level rise 12 feet sea level rise 25 feet sea level rise



World Economic Forum 2019 
Risk landscape



Drivers of Resilience: Flooding

Shock: Flooding
Stress: Climate change



Shock: Drought
Stress: Climate Change



Shock: Asset failure
Stress: Ageing infrastructure



Shock: Civil Unrest



Stress: Technological change



Stress: Demographic change



Stress: Recession



Stress: Macro-Industrial Change



Resilience Tools and Approaches



Timeline of Resilience Tools and Approaches

2012 201720152013 2014 2016

Welsh 
Water

2018 2019

City Water 
Resilience 
Approach



Welsh Water Resilience 
Framework and W2050

Public and 
stakeholder 
consultation

Development of Welsh Water 
2050 for consultation

Update of Welsh Water 2050

Develop exemplar resilience 
framework

Review emerging legislation 
and guidance and global 
resilience best practice



Work with 
Cardiff 
University to 
horizon scan 
for future 
shocks and 
stressesApply framework 

to Welsh Water 

Development PR19 
Business Plan

Benefits for 3.1 million customers and 
the environment

Winner in the 
Finance and Risk 

Category



Welsh Water 2050



Benefits for Customers and 
Environment
Represents investment of £4.5 - 9bn over next 30 years 

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

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

Ensuring affordability of services delivered to customers
• Continue to deliver water services to customers that are affordable for households

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

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%
• increase our deployment of energy efficient treatment processes and assets



Resilience in the Round

Serving 41 million customers in the UK 



Resilience in the Round



Yorkshire Water Systems Resilience Assessment



Yorkshire Water Systems Resilience Assessment



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 
and support the user through implementation, monitoring and evaluation. 

Objective

City Water Resilience Approach



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



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

Principles of the City Water Resilience Approach



Supported by:

Project Partners:

Steering Group:

A Collaborative Approach



CITY WATER RESILIENCE
FRAMEWORK ASSESSMENT TOOL

Co-Creating the City Water Resilience Approach



Fieldwork Overview Fieldwork in eight cities with direct engagement of 
more than

700 people 

Engaging with City Stakeholders



Resilience Programmes in the Cities



1577
factors

56
sub-goals

12
goals

City Water Resilience
Framework

62 qualitative indicators
40 quantitative indicators

Development of the City Water Resilience Framework



City Water Resilience Approach

City Water Resilience FrameworkCity Water Resilience Approach OurWater Governance Tool



Implementation



Step 1: Understand the system

OurWater Governance Tool



Step 2: Assess urban water resilience



Step 2: Assess the urban water resilience

Cape Town Water Resilience Profile Greater Miami and Beaches Water Resilience Profile



Step 3: Develop an action plan



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

 Challenge: Water and 
environmental data for evidence-
based decisions.

 Action: Create an open-data 
portal to improve data 
accessibility and sharing 
between key stakeholders to 
support sound decision-making

 Challenge: Institutionalizing 
resilience

 Action: Establish a One Water 
Knowledge Platform to improve 
capacity and knowledge sharing 
around resilience, including 
online training, seminars, and 
case studies for 
water stakeholders.



Common resilience challenges and principles of 
resilient solutions



Common resilience challenges

Coordination 
between water 

stakeholders

Community 
engagement 

including those in 
vulnerable 

circumstances

Long term 
resilience planning 

and making the 
case for resilience 

investment

Data-driven 
decision in times 
of disaster and in 

long-term 
planning

Protection of 
surface water and 

ground water

Incorporating the 
principles of water 

sensitive design



Principles of resilient solutions

• Understand organisational outcomes for the long term

• Horizon scan to identify future shocks and stresses

• Use data from past experiences as well as scenario planning 
to inform future decisions

• Adaptive planning to respond to changing circumstances

• Understand interdependencies with other systems

• 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



Thank you! Any questions?

louise.ellis@arup.com
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