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EXECUT IVE
S UMMARY
The City Water Resilience Approach (CWRA) helps
cities build the capacity of urban water systems
to endure, adapt and transform in the face of new
challenges for the benefit of all city residents. It
has been developed to guide decisions by a range
of stakeholders including government, private
sector, academic and civil society actors. Ultimately,
the approach will inform how water programmes
and projects are planned, designed, delivered and
operated to improve outcomes to individuals relying
on safe water systems for their health and wellbeing.
Phase 1 of the project defined an approach that
allows cities to measure the resilience of their urban
water system. The approach is developed based
on a review of relevant literature and assessment
of the resources currently available to cities for
building water resilience. This preliminary research
is described in this report.
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PURPOSE OF THIS DOCUMENT
The desktop study report summarises the
outputs of the first two stages of work. The
report has informed the development of the
CWRA and contributed to the sub-goals and
goals included in the City Water Resilience
(CWRF). The goal of the study was to:
••

••

Describe the role of governance and
attributes of governance that can be
incorporated to improve water resilience.

••

Map key stakeholders in urban water
systems.

••

Identify existing approaches, tools and
framework that are currently used by cities
to build water resilience.

Identify global water trends to understand
the spectrum of risk to urban water systems.

••

Define the term urban water resilience.

••

Explore the relationship between cities,
basins and urban water system boundaries.

••

Conceptualise the factors of urban water
resilience.

Desktop study approach

Inputs
Literature on global water trends
Global data sets

Keyword database searches
Existing resilience literature

Processes

Outputs

Identify global water trends

Shocks and stresses forming a global water risk
landscape
Definition of urban water resilience

Define urban water resilience

Mapping of basin and city boundaries
Literature review of water governance
structures

Define boundaries of CRWF

Definition of city water basin and framework
boundaries
Inform basin function mapping guidance
Summary guidance approaches

Keyword database searches
Existing resilience literature
Review if urban water resilience examples
from practice
Existing resilience frameworks

Conceptualize characteristics of urban water
resilience

Characteristics of urban water resilience

Review existing frameworks and approaches

Components of succesfull assessment
frameworks

Map key stakeholders in urban water system

List relevant stakeholders highlighting their
roles, responsibilities and inter-relations

Map urban water characteristics and
framework components onto existing CWRF

Gap analysis CWRF

Update CWRF

Updated CWRF

E XE C U T I V E S U M M A RY

T HE IMPE RAT IVE

OBJE CT IVES

With over 2 billion new urban residents
anticipated globally by 2050, there is a clear
demand for new approaches for providing
essential services to city residents (United
Nations Department of Economic and Social
Affairs, 2018). At the same time, global water
crises—from drought to flooding—are the biggest
threats facing the planet over the next decade.
With one-third of the world’s population living
in water-stressed areas and 10% of the world’s
population in low-elevation coastal zones, the
increase in the frequency of extreme weather
events due to climate change will impact
communities globally.

The main objective of the desktop study is to
leverage knowledge, data and lessons learnt from
previous work to maximise the value that can be
achieved through this project. The aims are:

The scale and complexity of these impacts
present both a conceptual challenge—to
understand and measure a concept as
complicated and fundamental as resilience—and
a practical one, requiring long-term coordination
across multiple stakeholders to undertaken
meaningful action in cities.
In response to this need, Arup, working with the
Stockholm International Water Institute (SIWI)
and with support from the Resilience Shift and
the Rockefeller Foundation, embarked on a
project to develop the City Water Resilience
Approach (CWRA), to provide a common
understanding of the factors of a resilient urban
water systems. The project seeks to leverage the
influence of cities within their basin to act as a
convening force - bringing stakeholders together
from across the basin to make more resilient
decisions and deliver better outcomes.

••

Identify global water trends to understand
the spectrum of risk that urban water
systems face, or might face in the future.

••

Define the term urban water resilience.

••

Explore the relationship between city
governance boundaries and basin
boundaries and determine the boundary for
the CWRF. Define the term ‘city water basin’
to describe these boundaries.

••

Conceptualise the factors of urban water
resilience. This will form the basis of the
indicators for the CWRF.

••

Understand how governance helps in
enhancing capacity to build water resilience;

••

Map key stakeholders in urban water
systems. This will advise us of who should be
involved in the development and application
of CWRF in cities.

••

Review existing governance approaches used
in urban water systems.

••

Identify the components of a successful
resilience framework. This will define the
structure of CWRF.

••

Update the City Water Resilience
Framework, which will form the basis for the
fieldwork stage with partner cities.
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P RO J EC T S C O P E

D OC UM ENT S UM M ARY

KEY FINDINGS

Phase 1 of the CWRA project developed an
approach that allows cities to measure the
resilience of their urban systems and prioritise
actions and investment to improve their urban
water resilience based on this understanding.
The decisions that the CWRA drives may form
the basis of urban water strategies and plans.

This literature review has been instrumental to
providing inputs into the development of the
CWRA and by including these attributes into the
goals and sub-goals of the CWRF. This document
summarises:

The desktop study identifies macro-level waterrelated shocks, stresses and future trends.
It finds that, at a global level, there is a good
understanding of shocks and stresses that urban
water systems face, as outlined through reports
such as the World Economic Forum Global Risk
Reports and tools such as the World Resources
Institute’s Aqueduct Global Maps.

In Phase 1, the development of the CWRA was
based on a robust evidence base comprising a
literature review, and direct engagement with
eight global cities. The project stages are as
follows:
1.

Theory

This stage involved leveraging knowledge, data
and lessons learnt from previous work (such as
The Bellagio Initiative, Resilience: A Literature
Review and the Lloyd’s Register Foundation:
Resilience Shift) and undertaking a review of new
literature and data to inform the development of
the CWRA. This stage is reported here.
2.

Gap Analysis

This stage involved undertaking a gap analysis
using the findings of the literature review to
identify where the gaps in our understanding are
to inform fieldwork. This stage is reported here.
3.

••

The approach to the desktop study

••

Global shocks, stresses and future trends
that have been identified

••

Definitions of urban water resilience and city
water basin

••

Resilience factors of urban water systems;

••

Key stakeholders involved in the urban water
system and governance approaches used in
urban water systems

••

The components of a successful resilience
framework that have been identified as
assisting decision making

••

The role of governance and attributes of
governance that can be incorporated to
improve water resilience

••

Gaps identified in existing literature that will
be focused on during the fieldwork stage.

In comparison, at a city-level there is less
understanding of the shocks and stresses
individual cities face. Cities are exposed to the
same global risks, but the scale of these shocks
and stresses and their potential impact can vary
widely depending on the location of the city and
its social, economic and environmental makeup. Understanding these shocks, stresses and
future trends is necessary to improve city water
resilience and should form an early part of the
City Water Resilience Framework.
Shocks and stresses are often understood as one
element comprising risk, often expressed as the
product of exposure, hazard and vulnerability.
••

Shocks are defined as “external short-term
deviations from long-term trends, deviations
that have substantial negative effects on
people’s current state of well-being, level of
assets, livelihoods, or safety, or their ability
to withstand future shocks” (Zseleczky and
Yosef, 2014).

••

Stresses are “long-term pressures that
undermine the stability of a system (i.e.
political, security, economic, social or
environmental) and increase vulnerability
within it” (Bujones et al., 2013).

Fieldwork

This stage involved engaging with partner cities
to collect data to fill in the gaps identified by
the gap analysis. City engagement involved
workshops, focus groups and interviews as
well as data collection. This stage is described
in the City Water Resilience Approach report
document.
4. Data Analysis and Validation
This stage entailed incorporating results from
fieldwork and literature review into a version of
the CWRA that could be disseminated publicly,
and featuring a suite of resources, including the
CWRF and other tools that will facilitate the
CWRA process.

A long list of 23 shocks, 60 stresses, and 28
trends has been compiled from literature
focussed on resilience, governance, water risk,
agriculture, energy, industry sectors, insurance
and disaster relief in particular. The shocks
and stresses that appeared more commonly
throughout the literature are listed in “Table 1:
Common shocks and stresses”.
The literature review highlights the need to
understand interdependencies, including the

potential for cascading failure and compounding
nature of shocks and stresses on water systems.
The report also emphasises the importance
of exploring the ‘city water basin’ as perceived
by different stakeholders, to illustrate
interdependencies within the water system
and between the water system and other urban
systems. Recent activities from organisations
such as the World Bank, Nature Conservancy
and the insurance sector, all indicate a growing
recognition of the need to understand
interdependencies.
Efforts to model potential water risk to
economic and urban activity and ecosystems
are improving; however, the datasets and
models being employed are generally at national
or even regional scale. The complexities and
particularities of individual cities and their
water systems – and their interdependencies
– render such models limited and are liable to
underestimate the potential impacts of water
risk.
Governance is a critical element in building
resilience. The capacity of the ecosystem to
manage risks and cope with changes is largely
determined and shaped by human action
and governance systems and the discussion
on resilience will be incomplete without
understanding the capacity of governance
to adapt and deal with uncertainties. Water
governance refers to the set of rules, practices,
and processes through which decisions for the
management of water resources and services
are taken and implemented, and decision-makers
are held accountable (OECD, 2018). It describes
the political, social, economic and administrative
systems in place that influence water use and
management (SIWI, 2015)—essentially, who gets
what water, when and how, and who has the right
to water and related services, and their benefits
(Allan, 2001). A review of the literature suggests
that effective water governance presents a
transformative opportunity to convert risk to
resilience, poverty to well-being, and degraded
ecosystems to vibrant ones.
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Table 1: Common shocks and stresses

SHOC K C ATE GO RY

SHOCK

STR ESS

S H OCK CATEG ORY

S H OCK

S TRES S

Social

Massive and rapid spread of disease

Politico-legal

Profound social instability

Water borne disease - flood, inadequate
infrastructure, poor sanitation

Large scale terrorist attacks

Vector-borne disease

Weapons of mass destruction

Animal diseases

Interstate conflicts with regional
consequences

Non-communicable diseases
Lack of hygiene & sanitation

Failure of rule of law, corruption, political
deadlock, etc.

State collapse or crisis (e.g. civil conflict,
military coup, failed states, etc.)

Poor healthcare

Failure of urban planning

Air pollution

Limited regulation / compliance

Failure of regional or global governance
Failure of national governance
State collapse or crisis (e.g. civil conflict,
military coup, failed states, etc.)

Crop water footprint
Crop failure - floods / droughts / pests

Aging infrastructure
Building collapse

Industrial disputes

Poor housing

Education & skilled labour

Traffic congestion

High structural unemployment or
underemployment

Water course transport & trade limited reduced flows, pollution, siltation

Social unrest
Community cohesion
Public perception & social license
Loss of cultural heritage
Large-scale involuntary migration

Earthquake

Water scarcity

Tsunami

Water stress

Volcanic eruption

Habitat loss

Geomagnetic storms / space weather

Alien invasive species

Wildfire

Agricultural nutrient pollution

Landslides

Industrial / man-made pollution

Fluvial / Pluvial / Coastal Flood

Land contamination

Drought

Over exploitation / Groundwater depletion

Cost of borrowing
Change in economic structure

Thunderstorm / Hurricane / Cyclones /
Tornado

Loss of ecosystem services: Amenity value of
ecosystem

Asset bubbles in major economy

Blizzard

Unmanageable inflation

Heatwave

Failure of climate-change mitigation and
adaptation

Deflation in major economy

Cold wave

Supply chain failure
Embedded / virtual water

Power outage

Energy supply to water systems

Large scale cyber attack

Energy dependency on water (cooling, hydro
etc.)

Massive data theft / fraud

Environmental

Cost of water

Fiscal crises in key economies

Technological

Failure / shortfall of critical infrastructure

Food insecurity

Child / youth vulnerability

Economic

Infrastructural

Crop water footprint

Hoax calls, hacking etc.
Illicit trade
Extreme vandalism
Breakdown of critical communications
infrastructure
Adverse consequences technological
advances
Artificial Intelligence, Geo-Engineering,
Synthetic Biology
Energy crisis
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DEF I NI T I O NS O F UR BAN
WAT ER RES I L I EN C E
The concept of resilience has been explored
more in the general context of cities than it has
for water specifically. The City Resilience Index
(CRI), developed by Arup with support from the
Rockefeller Foundation, helped advance the
concept of urban resilience worldwide. The CRI
defines city resilience as “the capacity of cities to
function, so that the people living and working
in cities – particularly the poor and vulnerable
– survive and thrive no matter what stresses or
shocks they encounter.” This definition considers
urban resilience as a function of specific systems
that make up the city, and notes that water is one
of many critical urban systems (Arup, 2014).

••

Fluvial, pluvial, coastal and groundwater
flood risk

••

Ecosystem health of watercourses that flow
through the city and coastal waters that
surround the city.

The concept of resilience is newer to the water
sector. Globally, it is primarily used in relation
to flood and drought resilience. However, there
are examples of a broader conceptualisation of
resilience emerging in places—for example, in the
introduction of a duty placed on water companies
in the United Kingdom to consider their
corporate, operational and financial resilience
(Ofwat, 2017).

••

Provide safe, clean drinking water to people

••

Provide sanitation to protect public health

••

Connect people through water-based
transport

••

Protect people and their possessions from
flooding, and

••

Protect the natural environment from
pollution and degradation.

The following elements were considered central
in defining urban water resilience:
1) Characteristics: Resilience is considered to be
a characteristic of a system—that is, a capacity,
ability or property—and these characteristics
associated with resilience can be broken down
into four capacities:
••

Anticipate and absorb potential disruption

••

Adapt to or accommodate changes within or
around the system due to disruption

••

Respond to and recover as quickly as
possible after a disruption

••

Learn and improve after the event to
improve for future disruptions.

2) Boundaries: In defining the extent of the
urban water system it is important to consider
the following elements:
••

The hydrological basin(s) that impact city
water supply

3) Components of urban water system: The
components of the urban water system include
all assets encompassed by the six capitals:
human, social, political, economic, physical and
natural (Arup, 2014). These assets are vital for
the functions of a resilient urban water system.
4) Functions: The primary functions of urban
water systems are:

E XE C U T I V E S U M M A RY

CHARACT E RIST ICS
OF U RBAN WAT E R
RE SILIE NCE

BOU NDARIES OF URBA N
WAT E R SYS T EM S

More than 50 sources were reviewed to
understand the factors that impact the resilience
of cities and water systems. These sources
include academic literature, government and
regulatory reports, and guidance from nongovernment, non-profit or policy institutions.
From this research, a database of 750 resilience
factors has been created. Factors are defined
as elements contributing to the urban water
system’s ability to prepare, recover, and adapt
in the face of shocks or stresses. The factors
broadly fall into three typologies:

Boundaries of the urban system—for example,
city boundaries—often do not align with the basin
boundaries of the water system and therefore
the water utility may not have control over the
water system. In this desktop study, the city
water basin has been defined as:

1.

Asset-based factors (e.g. a resilient urban
water system is designed to flood-resilience
standards)

2.

Practices or process-based factors (e.g. a
resilient urban water system involves the
engagement of multiple stakeholders)

3.

Attributes or qualities (e.g. a resilience urban
water system is flexible and redundant)
(Arup, 2014).

Factors were analysed and grouped into the
following key themes:

Based on these elements, we define urban water
resilience in two ways. The first definition is
adapted from the definition of city resilience
from the City Resilience Index and is intended for
use with non-technical stakeholders.

••

Reactive vs. proactive action

••

Qualities of resilience

••

Community role in resilience

••

Effective regulation

Urban water resilience is the capacity of the urban
water system to function, so that the people living
and working in cities – particularly the poor and
vulnerable – survive and thrive no matter what
stresses and shocks they encounter.

••

Data and forecasting

••

Financial resilience

••

Solution design

••

Active management of assets

The second definition is based on our analysis
above and is intended for use with technical
stakeholders.

••

Interdependencies between critical systems

••

Emergency preparedness and response

••

Contribution of the environment.

Urban water resilience the capacity of the urban
water system, including the human, social, political,
economic, physical and natural assets, to anticipate,
adapt, respond to, and learn from shocks and
stresses, in order to protect public health, wellbeing and the natural environment, and minimise
economic disruption.

During the early stages of the literature review,
governance was identified as a critical high-level
factor of resilience deserving separate and more
extensive study. Consequently, water governance
is called out as its own section within the report.

The extent of the basin(s) which impact on the
city’s water supply including the upstream and
groundwater basins and desalination sources;
fluvial, pluvial, coastal and groundwater flood
risk and erosion; and the ecosystem health of the
watercourses that flow through the city and coastal
waters that surround the city.
The actors within the water cycle often work
in silos. For example, there may be individual
organisations overseeing agriculture, water
supply, sewerage, drainage, fluvial defences,
coastal defences, industrial water demand, and
hydroelectric power, etc. Some of these actors
may undertake actions without awareness of the
impacts on the water cycle and it can be difficult
to drive change in one area of the water cycle for
benefit in another area. For instance, catchment
management by agriculture or forestry to
benefit the water industry is still at pilot-project
scale in many areas due to limited agreement
on the appropriate incentives that should be
provided by water companies. Understanding the
governance of water systems at a basin-scale and
improving collaboration between the actors in
the water cycle can be used to improve resilience.
Defining the water system extents will be
a fundamental first step in undertaking a
resilience assessment for city. This will have two
components: defining the basin(s) upon which the
city depends, and establishing the individuals and
organisations that have jurisdiction over different
elements of the water cycle and mapping
these governance relationships. Basin function
mapping guidance will support cities in defining
their city water basin from a holistic water
cycle perspective including the hydrological
boundaries and governance arrangements.
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G OV ERN A NC E

EX IS TING R ES OURC E S

The capacity of the ecosystem to manage risks
and cope with changes is largely shaped by
human action and governance systems (Walker
et al. 2006; Rechkemmer and Falkenhayn
2009). Therefore discussions of resilience
would be incomplete without understanding the
capacity of governance to adapt and deal with
uncertainties (Tai, 2015).

Twenty-nine resources for assessing resilience
in the context of cities or water systems were
reviewed. These have been grouped into
three themes to differentiate between 1)
frameworks, 2) the approaches, methodologies
or implementation programmes that are often
used to implement them, and 3) tools that are
used during its implementation. In this context,
approaches or implementation programmes
describe processes, methods or activities which
typically serves to solve a specific problem.
Approaches are realized through the use
of various resources, including conceptual
frameworks and tools. Frameworks refer to
overarching systems of ideas or concepts that
are used to assess or understand an issue. Finally,
once the broad objectives have been defined,
tools are used to facilitate the specific tasks
required to achieve necessary results.

Water governance is the set of rules, practices,
and processes through which decisions for the
management of water resources and services
are taken and implemented, and decision-makers
are held accountable (OECD, 2018). It refers to
the political, social, economic and administrative
systems in place that influence water use and
management (SIWI, 2015)—essentially, who gets
what water, when and how, and who has the right
to water and related services, and their benefits
(Allan, 2001). Effective water governance
presents a transformative opportunity to convert
risk to resilience, poverty to well-being, and
degraded ecosystems to vibrant ones.
The resilience literature provides evidence that
supports governance attributes as important
factors in helping to improve and enhance
capacity to manage resilience. The governance
attributes highlighted in this report are the ones
that appear most frequently in the resilience
literature. Governance attributes are the
contributing factors in enhancing the institutional
(decision-making process, institutional
flexibility), social capital (trust, network and
leadership) and individual capacity (drawing
from experiences towards innovative solutions,
self-organizing, knowledge generation, learning)
further contributing towards resilience building.
These include polycentric and multi-layered,
coordination and collaboration, participation,
deliberation, equity and inclusiveness,
accountability and transparency, and adaptive
capacity (Armitage, 2006; Djalante et al, 2011;
Lebel et al, 2006; Fraser and Kirbyshire, 2017;
OECD, 2018; Plummer et al., 2014; Tai, 2015;
Tanner et.al, 2009).

In order to identify the gaps in existing resources,
the literature review mapped frameworks,
approaches and tools in current use. Whilst
the literature review showed a few good
examples where a framework is supported by
an implementation methodology, none of these
related to urban water resilience, and very few
referenced specific tools. This finding highlights a
clear gap in water resilience understanding that
the City Water Resilience Approach is able to fill.
Specifically, a city water resilience framework
with an associated useful, robust and engaging
implementation methodology is required, ideally
with links to successful existing tools for scoping
and decision-making.

E XE C U T I V E S U M M A RY

Frameworks

Approaches

Many of the existing water frameworks share a
common objective in the creation of a diagnosis
framework that assesses the resilience of water
systems in cities and benchmark and rank
cities based on their performance. Most of the
frameworks reviewed feature two levels of
measurement. The first level are often referred
to as “goals” and the second level as “indicators”
(analogous to “sub-goals” in the CWRF). In some
frameworks, goals are collected under broader
“dimensions”.

A key conclusion from the desktop study is
the need for approaches that look beyond
the diagnosis stage to options generation,
prioritisation and implementation.

The “goals” capture what the system should
strive towards to become more resilient and
the “indicators” tell us how the resilience of
the system can be observed and can be used to
assess the resilience of the system. They describe
the wide range of assets, behaviours, systems
and practices that contribute to the resilience
goals, and relate to day-to-day functions of the
system (Arup, 2014). The frameworks that are
developed in more detail typically have five to
nine goals with about four to five indicators
within each goal.
The level of detail provided by indicators
vary, with some indicators describing highlevel objectives and others oriented to more
specific objectives. All frameworks use either
quantitative or qualitative indicators, with few
if any frameworks combining the use of both
indicator types. Many of the frameworks focus
on either measurable aspects of resilience, for
example, infrastructure provision, or they focus
on the softer aspects, for example, governance,
health, and well-being.
Generally, the focus of many of these frameworks
is ensuring sufficient supply of water and
therefore, the resilience of sewerage and
drainage are often not included. Alongside
this, the themes of resilient financing and
governance of urban water systems receive less
focus outside those frameworks that focus on
governance, for example, the OECD Principles of
Water Governance and the Water Governance
Assessment Framework.

This highlights a clear gap that the City Water
Resilience Approach aims to address. A city
water resilience assessment framework, with
an associated useful, robust and engaging
implementation methodology is required, ideally
with links to successful existing tools for scoping
and decision-making.
Tools
Many of the tools reviewed were found to
be either outdated, too complex or too time
consuming for general use. Three good examples
that the CWRA can draw on are:
••

The Decision Tree Framework;

••

The Infrastructure Prioritization Framework;
and

••

Prioritization Lenses Tools (City Strength,
Resilient Cities Programme).

The assessment has been unable to find examples
of scoping and design tools that allow the user
to define the extent of the urban water system
and the stakeholders that operate across it. The
research team see this as a fundamental first step
in building the resilience of the system as a whole.
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The frameworks, methodologies and tools
identified in the literature have been
mapped in the adjacent figure. The titles
in blue make specific reference to water in
the literature, whereas the titles in black
are more general.

A P P L I C AT I O N TO THE
C W RA
The desktop study confirmed the demand
for specific resources to build resilience in
cities, while also validating the need for a
broad approach or implementation process to
guide the use of specific tools or frameworks.
The study identified few approaches for city
water improvements, none of which is linked
to an assessment lens or index. The absence
of approaches linked to existing frameworks
highlights a clear gap that the project should
aim to address. As a result, it was concluded that
the CWRA (approach) and CWRF (framework)
should be developed concurrently for application
in cities during Phase 1 and subsequent project
phases.
The review also suggested that the resulting
approach should look beyond the diagnosis
stage to options generation, prioritisation and
implementation if it will deliver on its objective to
support cities in making decisions. Demand for
such an approach guided the project throughout
Phase 1, including during fieldwork and postfieldwork data processing.
Another key result from the review was
the reaffirmation of the need for robust
consideration of resilient water governance as
a foundational theme in building the approach,
and incorporation into the CWRF. For instance,
updated versions of the CWRA propose steps,
activities and tools that build wide participation
and inclusiveness, collaboration, deliberation,
accountability and transparency.
The desk review suggested key factors of
resilience that were deemed necessary for
guiding the CWRA and for inclusion in the CWRF.
Later versions of the CWRF “lens” included
factors of resilience suggested by literature
review findings, as goals or sub-goals that define
water resilience.

Sustainable Cities Water Index
(Arcadis)

Principles on Water
Governance (OECD)

Welsh Water
Resilience Framework
(Welsh Water)

Principles for
Waterwise Cities
(IWA)

Frameworks
Water Sensitive
Cities index
(WSCI)
City Blueprint Approach
(KWR)

Assessing Water
Governance (WGF)

Infrastructure
Prioritization
Framework (WB)

Design with Water
(Arup)

CRI
(Arup)
100RC

Rotterdam Exchange Lessons
Learnt (100RC)

Water Sensitive
Cities index
(WSCI)

Decision Tree Framework
(PA, CB)
100RC Soping
& Design Tool

SWITCH

Approaches

City Strength Resilience
(WB)
Hazur (Opticits)

Creating Sustainable Water
Future for Cities (Arcadis)

Basins of
the Future (IWA)

Tools

City Water Economics
(SWITCH)

Water Demand Management
Options (SWITCH)

City Water Information System
(SWITCH)
City Water Balance
(SWITCH)

Systematic Approach fo
Social Inclusion (SWITCH)

Prioritization lLenses
Tools (CSRCP)
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1

UR BAN WAT E R
RES ILIENCE
Defining resilience is a critical first step in developing an
approach to building urban water resilience. Water resource
management involves a large numbers of actors and multiple
nested, overlapping, and interconnected urban systems. It guides
economic growth, is driven by local politics and managed through
relationships between and within government and a range of local
partners.
This chapter describes some key considerations for assessing
water resilience in urban settings.
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Cape Town, a
CWRA partner city

URBAN WATER RESILIENCE

The concept of resilience emerged in the
1970s and was originally understood as the
capacity of a system or agent to maintain or
recover functionality in the event of disruption
or disturbance. Over the years, the number of
studies focusing on the concept of resilience
has increased dramatically, along with growing
demand for practical guidance on resilience in
environmental management, urban planning,
climate adaptation and disaster risk reduction
(Sellberg et al., 2018).
Resilience theory was first introduced by C.S.
Holling (1973), whose paper ‘Resilience and
Stability of Ecological Systems’ used the term
to describe the ability of an ecological system
to absorb changes of state variables, driving
variables, and parameters, and one that still
persists. More recently, Butler et al. (2014)
defines resilience as ‘the degree to which the
system minimizes the level of service failure
magnitude and duration over its design life
when subject to exceptional conditions’. Analysis
from Folke et al. (2010) further states that an
effective response to addressing and adapting
to changes in ecosystems services depends on
the understanding of the ecological changes and
their interactions with society.
The concept of resilience is understood
differently according to discipline. For instance,
one school of thought focuses on a system’s
process of returning to an equilibrium state,
following disturbance (as explored by Davoudi,
2012). In literature that promotes the concept
of ‘engineering resilience’, this return was to
the previous equilibrium state, i.e. restoration
of business as usual (Holling, 1973). In

contrast, concepts of ‘ecological resilience’
recognise that a return to equilibrium should
not necessarily mean a return to a previous
state. Instead ecological resilience proposes
that, in restoring functionality within a system,
a new equilibrium can be established which in
turn renders the system better able to manage
disruption in the future. Evolutionary resilience
views resilience as a process of evolution or
transformation and recognising that systems
are in a permanent state of change, even when
they are not challenged by disturbances and
exogenous events. Such views of resilience as
a transformative process accept uncertainty
and change as a behavioural feature of systems
and environments, rather than promoting the
prediction and prevention of hazard events.
Resilience in the context of social-ecological
system (SES) refers to the system’s capacity
to face uncertainties and yet remain within
critical thresholds (Folke et al., 2010). Resilience
theory defines SES as an integrated complex
adaptive system (Berks, 2017) in which social
(human) and ecological (biophysical) subsystems,
each with multiple levels, are intertwined and
interdependent (Folke et al., 2010; Folke et al.,
2006; Berks et al., 2017). This growing interest
in complex systems and interactions between
their social and ecological components helped
strengthen the resilience discourse. This capacity
is achieved by fostering learning and adaptation
(Wang et al., 2009; Carpenter et al., 2001),
self-organizing, understanding and evaluating
complex socio-ecological interactions across
scales (Gunderson and Holling, 2002). Compared
to other resilience theories, especially referring
to engineering and ecology systems, SESs

D E FI N I TI ONS OF RES I LI ENC E
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IPCC (2012) describes resilience as “the ability of a system and
its component parts to anticipate, absorb, accommodate, or
recover from the effects of a hazardous event in a timely and
efficient manner, including through ensuring the preservation,
restoration, or improvement of its essential basic structures and
functions”.
UNISDR (2009) defines resilience as “the ability of a system,
community or society exposed to hazards to resist, absorb,
accommodate to and recover from the efforts of a hazard in a
timely and efficient manner”.
According to the Stockholm Resilience Centre, “resilience is
the capacity of a system, be it an individual, a forest, a city or an
economy, to deal with change and continue to develop. It is about
how humans and nature can use shocks and disturbances like a
financial crisis or climate change to spur renewal and innovative
thinking”.
The City Resilience Index (CRI) defines urban resilience as
“the capacity of cities to function so that the people living and
working in cities-particularly the poor and vulnerable – survive
and thrive no matter what stresses or shocks they encounter”.
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explicitly address adaptability (system’s ability
to adapt to gradual change) and transformability
(the capacity to create a fundamentally new
system) (Bruijin et al., 2017). Meanwhile,
engineering resilience refers to how fast a
system can return to a steady state in situations
of disturbance, and ecological resilience is a
system’s ability to cope with such disturbance
allowing a natural development and change
(Folke, 2006; Bruijin et al, 2017).
Though the topic has been covered extensively in
theoretical studies, works on resilience practice
are rare. Among those limited studies that are
available, Meerow and Stults (2016) study on
urban climate resilience shows that there is a
gap in resilience characteristics illustrated in
theories and how practitioners or decisionmakers perceive its practical applicability. Kerner
and Thomas (2014) argue that the system’s
stakeholders must first understand the local
social-ecological system and coordinate and
cooperate to work comprehensively in the
system to build resilience. They discuss three key
dimensions to this work: understanding whether
the current system structure and resources can
survive a challenge (Stability), options to respond
to uncertainties (Adaptive Capacity), and if there
are factors that help or hinder that response
(Readiness) (Kerner and Thomas, 2014).

DR IV E R S FO R TH E
CO NSIDE R ATIO N O F WAT ER
R E SILIE N CE IN CITIES
Over the past 10 years, growing appreciation
of the diversity and scale of urban hazards,
the complexity of cities, and the uncertainty
associated with climate change, globalisation
and urbanisation has emphasised the important
of moving beyond risk management to building
resilience. The push for resilience is especially
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relevant to the water sector. Global water crises,
from drought to flooding, are the biggest threat
facing the planet over the next decade, with onethird of the world’s population currently living
in water-stressed areas and10% of the global
population living in low-elevation coastal zones.
Resilience has been explored more in the context
of cities than it has for water, specifically. The
City Resilience Index (CRI), developed by Arup
with support from the Rockefeller Foundation,
helped advance the concept of urban resilience
worldwide. Arup defined city resilience as “the
capacity of cities to function, so that the people
living and working in cities—particularly the poor
and vulnerable—survive and thrive no matter
what stresses or shocks they encounter.” This
definition considers urban resilience as a function
of specific systems that make up the city, and
notes that water is one of many critical urban
systems (Arup, 2014).
The concept of resilience is newer to the water
sector. Globally, it is primarily used in relation
to flood and drought resilience. However, there
are examples of a broader conceptualisation
of resilience emerging in places—for example
the introduction of a duty placed on water
companies in the United Kingdom to consider
their corporate, operational and financial
resilience (Ofwat, 2017). Typically, the water
sector adopts standard resilience definitions
for water purposes. For instance, the Welsh
Water Resilience Framework defines resilience
in the water sector (adapted from the City
Resilience Index, 2014), as ‘the capacity of
individuals, communities, institutions, businesses,
and systems to survive, adapt, and grow no
matter what kinds of chronic stresses and acute
shocks they experience’. The UK Water Services
Regulatory Authority (Ofwat) mainly considers
climate change, increasing water consumption
and population growth as the major stresses in

Defining city water resilience during a workshop
in Kingston upon Hull, United Kingdom

the UK water industry, and defines resilience
as ‘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’
(Cousins et al, 2017).
Water resource management practices
increasingly focus on resilient and adaptive
thinking and practices (Butler et al. 2016). The
WHO 2030 vision focuses on water supply and
sanitation resilience in face of climate change,
while IPCC 2001 emphasizes on the importance
of resilience of water resources and the UNWater 2010 notes that improved and sustainable
water management needs resilience system
with stronger institutions and infrastructural
investments. Resilience in the context of water
resources management can be defined as the
ability of transition from the current situation
where many of the world’s urban poor suffer
from dysfunctional urban water services to an
improved state, characterized by increased and
more equitable access to water, better treatment

of wastewater, and better quality (Johannessen
and Wamsler, 2017).
Still, water resources management, namely,
Integrated Water Resources Management
(IWRM) along with the adaptive management
approaches, have largely failed to prioritize
resilience thinking and planning. Akamani
(2016) notes that IWRM brings in the aspect of
cross-scale and cross-sector coordination and
integration in water resources management but
with limited emphasis on learning to cope with
uncertainties and change. Adaptive management
addresses a learning element but not the
human dimension such as stakeholder values,
interest and decision-making process. Moreover,
conventional water resource management
approaches treat social systems and ecosystems
as distinct entities, and to a large extent this has
resulted in failure to achieve effective, equitable
and sustainable outcomes (Bohensky, 2006).
Instead, it is crucial to understand and address
both biophysical and social (human) components.
Resilience discussion around SESs give this wider
and comprehensive picture.
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Table 2: A comparison of the definitions of resilience in the context of water, infrastructure and city systems.

C IT I E S

IN F R ASTR U CTU R E

WATER

City resilience is described as “the capacity
of cities to function, so that the people
living and working in cities – particularly
the poor and vulnerable – survive and
thrive no matter what stresses or shocks
they encounter.” Definition from the City
Resilience Index (Arup, 2014).

“Infrastructure resilience is the ability to
reduce the magnitude and/or duration
of disruptive events. The effectiveness
of a resilient infrastructure or enterprise
depends upon its ability to anticipate,
absorb, adapt to, and/or rapidly recover from
a potentially disruptive event.” Definition
of infrastructure resilience from the US
National Infrastructure Advisory Council
(National Infrastructure Advisory Council,
2009).

“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”
Definition of resilience from the Ofwat
Resilience Task and Finish Group (Ofwat,
2015).

“Resilience is the ability of a system,
community or society exposed to hazards to
resist, absorb, accommodate to and recover
from the effects of a hazard in a timely and
efficient manner, including through the
preservation and restoration of its essential
basic structures and functions.” Definition
of resilience from United Nations Office for
Disaster Risk Reduction (UNSDR, 2017).

“Resilience is the ability of assets, networks
and systems to anticipate, absorb, adapt to
and / or rapidly recover from a disruptive
event”. Definition of resilience from
Cabinet Office report on ‘Keeping the
Country Running, Natural Hazards and
Infrastructure’ (UK Cabinet Office, 2011).

“Resilience is the ability to anticipate, adapt,
respond and flourish in the face of a range
of shocks and stresses to the water sector
in order to maintain services for people and
protect the natural environment now and
in the future.” Definition of resilience in the
water context of the water sector, developed
by Arup for the Lloyd’s Register Foundation,
The Resilience Shift ‘Resilience in the Water
Sector’ Scoping Study (Arup, 2017).

Urban resilience is "the capacity of a city to
face devastating event reducing damage at a
minimum" (Campanella, 2006).

Resilience is “the emergent property, or
attribute, that some systems have which
allows them to withstand, respond and/or
adapt to a vast range of disruptive events.”
Arup for the Lloyd’s Register Foundation,
Joint Programme for Resilience Engineering
(Arup, 2017).

“‘Resilience is the capacity of individuals,
communities, institutions, businesses,
and systems to survive, adapt, and grow
no matter what kinds of chronic stresses
and acute shocks they experience.” Arup’s
definition of resilience in the context of
Welsh Water, a UK water and sewerage
company (Arup, 2016).
‘Resilience is the ability of a system to
undergo change without changing state’.
(Sydney Coast Council Group et al, 2013).

U RBA N WAT E R RE S I L I E NC E

CHAR ACT E R I Z I NG UR BAN
WAT E R R E SI L I E NCE

Based on existing definitions and in light of
the CWRA’s objective of helping cities build
water resilience, two definitions of urban water
resilience have been adopted.
The first definition is adapted from the definition
of city resilience from the CRI. This high-level
definition is intended for use with non-technical
stakeholders.

Functions of urban water systems
The characteristics of resilience are a response
to disruptors, which can be divided into acute
shocks, which are sudden disruptive events and
chronic stresses, which weaken the function of
the organisation or system long-term. Stresses
are also often felt as shocks when they reach a
tipping point.

Urban water resilience is the capacity of the urban
water system to function, so that the people living
and working in cities – particularly the poor and
vulnerable – survive and thrive no matter what
stresses and shocks they encounter.

The impacts of these shocks and stresses on the
system are felt on people and the environment,
the end-users of the system. The primary
functions of urban water systems are:
••

Provide safe, clean drinking water to people

A second definition may be used with more
technical audiences:

••

Provide sanitation to protect public health

••

Connect people through water-based
transport

••

Protect people and their possessions from
flooding, and

••

Protect the natural environment from
pollution and degradation.

Urban water resilience the capacity of the urban
water system, including the human, social, political,
economic, physical and natural assets, to anticipate,
adapt, respond to, and learn from shocks and
stresses, in order to protect public health, wellbeing and the natural environment, and minimise
economic disruption.
Characteristics of resilience
Resilience is considered a characteristic of a
system, i.e. a capacity, ability or property. The
characteristics that are associated with resilience
can be broken down into four abilities or
characteristics:
••

Anticipate and absorb potential disruption;

••

Adapt to or accommodate changes within or
around the system due to disruption;

••

Respond to and recover as quickly as
possible after a disruption; and

••

Learn and improve after the event to
improve for future disruptions.

If an urban water system is impacted by one
of the shocks or stresses, then the impact
is experienced by people and the natural
environment.
Components of urban water system
An urban water resilience framework cannot
solely focus on the resilience of the physical
assets in the system, but should also include
other assets such as those described by the
six capitals: human, social, political, economic,
physical and natural (Arup, 2014):
••

Human (Sanderson, 2000; Lowe &
Shilderman, 2001; McLeod, 2001; Mayunga,
2007): assets held at the individual level,
such as knowledge.

••

Social (Sanderson, 2000; Lowe & Shilderman,
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FACTO R S CO NT R I B UT I NG TO
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2001; McLeod, 2001; Mayunga, 2007):
assets which are linked to people, but held
collectively rather than by the individual, for
example, community spirit and education.
••

Political (McLeod, 2001): institutional
assets, which correspond to multiple scales
of political activity. Political assets include
codes and standards, laws and policies.

••

Economic (Mayunga, 2007) or Financial
(Sanderson, 2000; Lowe & Shilderman,
2001; McLeod, 2001): financial assets
from household level up to city level (and
beyond). Examples include jobs and incomes,
municipal budgets and investments, and
banks and lending schemes.

••

••

Physical (Sanderson, 2000; Lowe &
Shilderman, 2001; McLeod, 2001; Mayunga,
2007): typically man-made tangible or ‘hard’
assets, such as infrastructure, buildings,
and technology or machinery. Such assets
tend to operate within networks, which
may be present in particular communities
or districts, or stretching throughout (or
beyond) an entire city.
Natural (Lowe & Shilderman, 2001;
Mayunga, 2007) or Environmental
(McLeod, 2001): again, tangible or ‘hard’
assets, but natural rather than man-made.
These natural assets tend to exist within
ecosystems. Examples include water (i.e.
rivers, reservoirs etc.), air, and environmental
habitats (including trees and vegetation, and
topographical features).

Boundaries of urban water systems
Cities draw upon larger catchment areas
extending beyond administrative boundaries,
connected to one or more water basins that
cross cities, states or even national boundaries
(Bahri, 2012) beyond the city’s control. This often
leads to spatial-scale misalignment between the
boundaries of urban water governance and the
wider water systems on which the water system
depends.
For some cities, this boundary can be further
complicated if the city spans multiple basins and
—in some large basins—the presence of multiple
cities or even countries in a basin . Similarly, some
cities are linked to basins in which they do not
reside by man-made features such as large water
mains and aqueducts.

More than 50 sources were reviewed to
understand the factors that impact the resilience
of cities and water systems. These sources
include academic literature, government and
regulatory reports, and guidance from nongovernment, non-profit or policy institutions.
From this research, a database of 750 resilience
factors was created. Factors are defined as
assets, systems, practices or procedures that
contributed positively or negatively to the urban
water system’s ability to prepare, recover, and
adapt in the face of shocks or stresses. The
factors broadly fall into three typologies:
1.

2.

Practices or process-based factors (for
example, a resilient urban water system
involves the engagement of multiple
stakeholders)

3.

Attributes or qualities (for example, a
resilient urban water system has flexibility
and redundancy so that the system can
respond to a shock) (Arup, 2014)

The boundary of our system needs to consider
the extent of:
••

Upstream and groundwater sources that
impact on the city’s water supply (these may
be many hundreds of miles away).

••

Fluvial, pluvial, coastal and groundwater
flood risk and erosion.

••

Ecosystem health of the watercourses that
flow through the city and coastal waters that
surround the city.

The ‘city water basin’ is defined as:
The extent of the basin(s) which impact on the
city’s water supply including the upstream and
groundwater basin(s) and desalination sources;
fluvial, pluvial, coastal and groundwater flood
risk and erosion; and the ecosystem health of the
watercourses that flow through the city and coastal
waters that surround the city.

Asset-based factors (for example, a resilient
urban water system has properties at risk
of flooding designed to flood-resilience
standards)

Governance was identified as one of the main
themes that drives resilience. Strong and
visionary leadership, and the ability to set
goals and initiate actions were identified as key
necessities for improving resilience, as was the
need for long-term vision extending beyond
the electoral cycles, and the development of a
resilience strategy to act as a catalyst for bringing
stakeholders together across the system. These
and other findings on governance are discussed
in detail later in this report.
Factors of resilience identified in the literature
were grouped to form key themes:
Reactive vs. proactive: Two types of factors
were observed: proactive and reactive factors.

Proactive factors are ones that cities put in place
before a shock occurs or before stresses become
severe. They help to reduce the probability of
disruption or the severity of its impact. For
example, an integrated planning policy that
includes flood risk will reduce the damage from
a flood to a city. Reactive factors are things that
help a city to respond to disruption, for example,
evacuation routes and shelters.
Qualities: Qualities were identified that
describe the ways of working across all aspects
of a resilient urban water system. The qualities
identified included: being adaptive, reflective,
local or decentralised, diverse, redundant, agile
robust, resourceful, flexible and connected.
Community role in resilience: The community
is key to improving resilience. Community
awareness of risks can improve preparedness,
public participation in risk reduction and a
better-planned response. In New York city,
the ‘Know Your Zone’ campaign encourages
communities to understand which storm surge
zone they are located in; provides templates
and advice for communities to make their
own contingency plan, and identifies sources
of information in the event of a storm surge.
In addition, communities need to play a role
in decision-making around resilience so that
there is both awareness and acceptability
around the resilience improvements proposed.
Increasingly communities are also playing a role
in the ownership, operation and maintenance
of resilience interventions, particularly, flood
protection and green infrastructure, leveraging
existing local skills and experience for day-to-day
management. Collaboration with local partners
and community groups can be used to build
community awareness and ownership.
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Multi-stakeholder governance and
collaboration: Integrated water management
requires engagement with multiple stakeholders.
Bringing stakeholders together to connect
their agendas and opportunities across multiple
disciplines and sectors can help stakeholders see
beyond their individual portfolios and support
projects with clear gains for their organisation
within a larger set of benefits. Two-day
“Resilience Garage” workshops have been used
by the 100 RC Network to harness the collective
wisdom of experts across a variety of fields in
both the private and public sector. The outcomes
from these has proven invaluable to problem
definition, identifying linkages across disciplines,
identifying unseen hurdles, and providing
direction that leads to pragmatic approaches and
solutions.
It is often necessary to formalise these
arrangements in a multi-stakeholder governance
structure with a clear leader. One successful
example is in Surat, where the Surat Municipal
Corporation (SMC) established the Surat Climate
Change Trust, a multi-stakeholder body including
representatives from the SMC, the Chamber
of Commerce, the State Government, the
Gujarat State Disaster Management Authority,
elected representatives, the Citizens’ Council,
Technology and Medical Colleges, the Centre for
Social Studies and more.
Effective regulation: Effective regulation
including spatial planning, building regulations,
and water rights are all effective measures for
encouraging prevention of the impacts of shocks
and stresses.
Information: Fully understanding the city’s
water-related risks is the first step to identifying
the best solutions to address them. Gathering
this information requires future forecasting
and anticipation of long-term change as well
as understanding the current urban water

system including understanding the baseline of
infrastructure systems and the environment,
including missing or fragile links and the
consequences of failure of these systems. This
information is crucial to develop a clear definition
of the problem.
Scenario planning helps cities, sectors and
industries to assess potential future impacts. For
example, the Nature Conservancy has developed
a Climate Wizard tool, which brings together
climate projections to help understand potential
future impacts on the ecological conditions of
water resources. The UK Tomorrow’s Railway
and Climate Change Adaptation program
generated by the Rail Safety Standards Board
also evaluates climate related stresses under a
range of potential emissions scenarios across the
whole rail sector.
The rise in the utilisation of big data and open
data sharing increases the ability of industries to
understand current conditions and better predict
future events. Examples include Yorkshire
Water’s provision of open data to Data Mill
North, the Flowbru network in Brussels and
PETA in Jakarta.
Financial resilience: Cities rarely have financial
plans in place to protect critical assets against
shocks before they occur, and in the aftermath
of such events, cities must determine what is
damaged, how it will be fixed, who can fix it and
how to fund these repairs, which can take months
or years, during which the city is experiencing
economic interruption. It is clear that there is a
need for financial incentives and mechanisms to
encourage funding for resilience.
In building financial resilience, city governments,
insurance companies and businesses all have
a role to play. City governments should have
financial contingency plans in place. Effective
insurance premiums should reward risk
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reduction measures, be linked to communitylevel risk reduction and property-level risk
reduction, be required for property in flood
zones, be structured to ensure a high penetration
rate, provide a price signal to discourage building
in high risk locations, and be equitable, with
subsidies for those unable to afford risk-based
pricing. In addition, market insurance for the
middle class and upper class helps to concentrate
public resources on the poor. Businesses can
ensure that they have resilience and recovery
plans in place to minimise economic interruption.
Solution design: Solution design should be
comprehensive and include not only hardengineered solutions but also softer approaches
such as community engagement, regulatory
mechanisms, incentivisation and adaptive
engineering solutions, as appropriate. Integrated
and holistic solutions should also be considered
to address multiple challenges simultaneously.
For example, the Benthemplein Water Square
in Rotterdam, Netherlands offers a variety of
places to linger, play sports and host events when
dry, but during heavy rainfall, three basins in
the square retain run off from rooftops and the
square to add redundancy to the overall system.
Resilient engineering in the urban water
system is not just about providing prevention
or protection, but it is also about adaptation.
Examples of adaptive engineering in the context
of urban water systems include the design of
floating buildings, such as the solar-powered
Floating Pavilion in Rijnhaven, Rotterdam, part
of a larger concept to build floating sustainable
districts. Adaptive engineering may also include
managed abandonment, designing for climate
change, the inclusion of redundancy in designs
and modular construction, which allows for
extension in the future or replacement if
damaged.

Active management of assets: Active
management of assets, including life cycle asset
care, and understanding asset information, (e.g.
location, condition), is important to ensure the
continuity of asset function and the provision of
critical services. Smart infrastructure can assist
service providers to build a sophisticated picture
of water network performance and can enable
networks to respond intelligently to changes
in environment to improve performance. For
example, in Israel, the data analytics company
TaKaDu gathers information from sensors and
meters located in a water company’s network to
analyse network performance. In many countries
including the United Kingdom and Australia,
smart electricity meters are increasingly being
implemented at local scales.
Interdependencies between urban
systems: Urban systems including water,
telecommunications and energy are
interdependent, which can result in cascade
failures across the urban systems. For example,
a power outage could cause the failure of a
pumping station and flooding. Higher levels of
cooperation and integration is needed between
utilities providers with a focus on integrated
planning and maintenance. The City of San
Francisco has convened a Lifelines Council with
senior representatives of the local and regional
‘lifelines’ providers, to understand inter-system
dependencies to enhance planning, restoration
and reconstruction; share information about
recovery plans, projects and priorities; and
establish coordination processes for lifeline
restoration and recovery following a major
disaster event. The consideration of interdependencies could be expanded to consider the
impact of supply-chains on resilience of urban
water systems.
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SHOCKS AND STRESSES
Emergency preparedness and response: Cities
cannot be expected to protect themselves
against all shocks and stresses. Therefore, an
integral part of their resilience is the ability to
response effectively to shocks to the urban water
system. This involves having contingency plans in
place, adequate warning systems, and emergency
response capability.
Understanding the role of the environment
in resilience: The natural environment can
play a role in improving the resilience of
urban water systems by harnessing its natural
resilience properties, for example, through
green infrastructure, integrated catchment
management and natural flood management.
Green infrastructure programs, such as those
implemented by New York City’s Department of
Environmental Protection (DEP), can transform
impervious roofs, streets and public realm such
as car parks, into spaces that absorb stormwater
and improve water quality through water
retention and attenuation.

This section reviews current perception of
shocks and stresses and trends that impact the
urban water system with particular focus on
those relevant to the city water basin.

G LO BAL
At a global level, there is a good understanding
of shocks and stresses that urban water systems
face, described in reports such as the World
Economic Forum Global Risk Reports and in
tools such and the World Resources Institute
Aqueduct Global Maps.
In the past decade, water-related risks have
featured prominently in global risk discussion.
Indeed, water crises has been one of the top
three perceived global risks in terms of impact
over the last six years as assessed by the World
Economic Forum (World Economic Forum,
2017). Related risks, such as natural disasters or
extreme weather also feature prominently.
Population growth, urbanisation and climate
change are commonly listed as the root causes of
many of the shocks and stress to water systems
in much of the literature reviewed for this report
(UNESCO, 2016; Munia, 2016, Hering, 2015).

CI T I E S
At a city level, there is less understanding of
the shocks and stresses that individual cities
face. “Cities are drivers of stewardship for
hundreds of miles around them. They shape
the landscape, and in doing so end up defining
a route of development for both themselves
and their neighbours in rural areas. Water
managers should extend their definition of water
infrastructure to include the entire river systems
and watersheds that their cities depend on, and

incorporate investment in those watersheds as
part of their normal tool kit of securing water for
people” (McDonald & Shemie, 2014).
Cities are exposed to the global risks described
earlier, but the scale of these shocks and stresses
and their potential impact can vary widely
depending on the location of the city and its
make-up (social, economic and environmental).
There is a general lack of data at a city scale to
enable quantification of the shocks, stresses, and
trends faced by cities.
Understanding these shocks, stresses and future
trends in the first phase in improving city water
resilience.

WAT E R E CO S YSTE M S
To date, mainstream thinking on the relationship
between cities and water ecosystems has been
often limited to the sustainability agenda—
for example, the topics of climate change,
abstractions and pollution. This is changing,
however, as recent studies have also considered
wider resilience issues as it is increasingly
recognised that ecosystems and societies are
intrinsically linked (CGIAR, 2014; SSEE, 2014).
Human actions, demands and land-use choices
affect the services that water ecosystems
provide, including provisioning services like water
for consumptive use or regulatory services such
as buffering, storage and filtration. Conversely,
the availability and distribution of ecosystems
drive societal choices and can enhance or limit
livelihood options (CGIAR, 2014).
An estimated 1.7 billion people living in the
world’s largest cities depend on water flowing
from source watersheds sometimes located
hundreds, if not thousands, of kilometres
away (WWF, 2018). By the middle of this
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Table 3: Trends relevant to urban water systems

KEY G ROUPS

TREND S RELEVANT TO URBAN S YST E M S

Climate change

Rising sea levels
Changing temperatures
Rainfall variation (spatially and temporally)

century, many urban source watersheds will be
overtapped. To develop resilience, cities will need
to play an active role in protecting the water
sources on which people and nature depend.
“Source watersheds are a nexus for action for
those working to build resilient cities, improve
water security, drive sustainable development
and create a stable climate” (Abell, R., et al, 2017).

DE F INITIO N S O F SHOC K S ,
STR E SSE S AN D TR E NDS
The concept of shocks, stresses and trends, in
the context of resilience can usefully be framed
through the risk equation typically expressed in
risk engineering as a function of exposure and
vulnerability of an asset or system to a hazard:
Risk = Hazard x Exposure x Vulnerability
This equation provides a convenient means
of approaching discussion on the factors that
contribute to risk accumulation.
Various trends – the changing patterns of risk
accumulation - can influence any or all three
aspects of the risk equation. For example:
1.

Climate change is a complex trend
influencing spatial and temporal variation in
weather patterns, and therefore changing
the hazard faced by cities.

2.

Increasing urbanisation may further increase
exposure within cities.

3.

Improvements to infrastructure planning,
for example, consideration of floodplains
in planning restrictions may reduce
vulnerability.

Shocks and stresses – considered risks – typically
refer to hazards, but can also take the form of
exposure or vulnerability. For example, flooding
in a city may be a function of:

••

••

••

Extreme weather such as heavy rainfall that
results in increased run-off and flooding - a
‘hazard’.

Societal and demographic change and urbanisation

Changing population size
Ageing population
Urbanisation – both increasing and decreasing

Urbanisation – the concentration of
populations and economies in cities – would
be considered a stress that increases
exposure to, for example, flooding.

Improved water access

Failures of governance – for example
through a lack of urban planning – may
increase vulnerability to the flooding,
particularly for the poor.

Gender imbalance

There is some discussion on the differences
between shocks and stresses. In Arup’s City
Resilience Index (CRI), the following definitions
were identified:
Shocks have been defined as “external short-term
deviations from long-term trends, deviations
that have substantial negative effects on people’s
current state of well-being, level of assets,
livelihoods, or safety, or their ability to withstand
future shocks” (Zseleczky and Yosef, 2014).
In contrast, stresses are long-term pressures
(e.g. degradation of natural resources,
urbanization, political instability or diminishing
social capital) that undermine the stability of a
system (i.e. political, security, economic, social or
environmental) and increase vulnerability within
it (Bujones et al., 2013).
It is important to recognise the limitations of
using the ‘risk equation’ to approach the concept
of resilience as this may imply that resilience is in
effect the inverse of vulnerability (Arup, 2014).
This potentially limits the focus of resilience
to the reducing of vulnerability of assets and
systems. Such an approach does not sufficiently
recognise the interdependencies between
systems; the fact that interventions to improve
resilience of one system, may negatively impact
the resilience of an interdependent system.

Improved sanitation
Increasing water consciousness by consumers and associated social license to
operate.
Rising income and wealth disparity
Rising chronic diseases
Growing consumption in emerging economies

Economic change

Cost and price of water
Water trading

Infrastructure design and technological advancement

Increasing use of redundant design in infrastructure systems
Growing water re-use and recycling, new water
Increasing smart infrastructure
Rising cyber dependency
Increasing waterless design
Novel water sources, for example, fog harvesting
Changing energy supply mix, for example, increasing use of biofuels, reducing use
of coal
Growing potential for energy recovery from pressure water networks or
wastewater systems
Increasing demand for water – industry, agriculture, energy

Changing governance & strategy

Increasing polarization of societies
Changing landscape of international governance
Changing water utility ownership / operation models
Changing role of insurance sector – micro-finance, safety nets, incentivising
Resilience
Source water protection and water fund development
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Wastewater tariff changes during 2016-2017 (Arup, GWI, Water Leaders, 2017)

U R BAN WATE R TR E NDS
The identification of trends is particularly
relevant when approaching the potential of
resilient systems to adapt, absorb and restore in
the face of change. Identified trends have been
organised into key groups.

coming decades, the level of urbanization
is expected to increase in all regions, with
Africa and Asia urbanizing faster than the
rest and are projected to reach 56 and 64
per cent urban by mid-century, respectively.
••

Future increases in the world’s urban
population are also expected to be highly
concentrated in just a few countries. Taken
together, China, India and Nigeria are
projected to account for 37 per cent of the
increase of nearly 2.5 billion people in the
urban population by 2050. Between 2014
and 2050, the urban areas are expected to
grow by 404 million people in India, 292
million in China and 212 million in Nigeria.

••

By 2050, rising population and incomes are
expected to result in a 70% increase in global
demand for agricultural production. From a
2009 baseline, this will need to be a 100%
increase in low- and middle-income countries
(FAO, 2011).

C L I MAT E C H AN G E

Risk is likely to change as a result of climate
change: According to the Intergovernmental
Panel on Climate Change (IPCC), “a changing
climate leads to changes in the frequency,
intensity, spatial extent, duration, and timing of
extreme weather and climate events” (IPCC,
2012).
There is considerable uncertainty around
changes in the distribution of rainfall across
and between dry and wet regions. Inter-annual
variability in particular is expected to pose a
large threat in some of the world’s driest regions
(Abell, R., et al, 2017).
S O C I E TAL AN D D E MO G R A P HI C
C H AN G E

The UN’s World Urbanisation Prospects Report
(United Nations, Department of Economic
and Social Affairs, Population Division, 2014)
highlights current trends in urbanisation:
••

By 2050, 66 per cent of the world’s
population is projected to be urban. Levels of
urbanization vary greatly across regions. In
2014, high levels of urbanization, at or above
80 per cent, characterized Latin America
and the Caribbean and Northern America.
Europe, with 73 per cent of its population
living in urban areas, is expected to be over
80 per cent urban by 2050. Africa and Asia,
in contrast, remain mostly rural, with 40
per cent and 48 per cent of their respective
populations living in urban areas. Over the

In coming years, population growth and
continuing urbanization will bring a 50 - 70%
rise in urban water demand (WRG2030, 2009).
Many areas with the highest growth rates are
also areas which also suffer from water stress,
indicating that even greater water deficiency
will be experienced. This will be fuelled by
growing urban populations as well as lifestyles
and consumption patterns that are more water
intensive. For example, with growing wealth,
over the last few decades there has been a
general shift of diet and food consumption
towards livestock products, mainly in developing
countries where consumption of meat is growing
at an annual rate of 5-6%, and dairy products by
3-4% (FAO, 2015).
There is some indication of a link between
population decline and exposure to shocks.
According to the United Nations, World
Urbanisation Prospects, “economic contraction

and natural disasters have contributed to
population loss in some cities. In the United
States, for example, Buffalo and Detroit each
experienced net losses of population between
2000 and 2014, concurrent with a loss of
industry and jobs in those cities, while New
Orleans experienced population decline in the
wake of the 2005 Hurricane Katrina” (United
Nations, 2014).
Many developed countries are experiencing
ageing populations. Ageing populations have
been showed to have increased water demand. In
addition, with a rise in the use of pharmaceuticals,
there will be increased pharmaceuticals
contaminants in wastewater.
ECONOMIC CH ANG E

Cost and price of water
The relatively cheap price of water has long
been recognised as driver for unsustainable
water use and exploitation. However, there
is a growing trend of water price increases to

address increasing water stress. During the
year 2016-2017, annual growth in utility water
and wastewater tariffs worldwide has reached
the highest rate recorded by Global Water
Intelligence (GWI) since 2014, with a 3.9% rise
more than two times the global inflation rate.
“The motives behind each individual increase
are driven by local concerns but there are
recurring themes across the planet, from the
need to pass on rising power costs, to drive water
conservation to mitigate the effects of droughts”
(Arup, GWI, Water Leaders, 2017).
Water trading
Water trading is seen as a necessary
complementary market-driven action to correct
under-valuation of water. Water trading schemes
are a promising approach that allows for the
sale of water to higher-valued uses. However,
“despite their potentially large beneﬁts, marketbased instruments such as prices and tradeable
permits are often greatly feared because of
anxieties about elite capture, denial of services
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to the poor, and complex social values regarding
water” (Damania, et al., 2017).
Water funds
Development of integrated land and water
policy has historically been limited to postindustrial economies where the protection of
rights of use and reduction of environmental
impacts has been regulated (for example, the
European Water Framework Directive adopted
in 2000). However, elsewhere, land and water
management has been decoupled by different
sectors based on their own priorities. Although
basin planning carried out in the 1970s and
1980s has provided a good base, this has not
generally been integrated with land use planning
and management (FAO, 2011).
Water funds will play a major role in improving
the situation. The development and expansion
of water funds is identified by The Nature
Conservancy as a fundamental step to improving
urban water resilience. However, the success on
water funds relies on collaborative governance
and advocacy by a wide range of stakeholders.
Abel et al. notes that companies can meet
multiple company-wide commitments such as
water stewardship, climate change and human
health and well-being through investment in
water funds. As the companies are the driving
force behind cities’ economies, they are have
a large role to place in advocating for policy
changes that support long-term implementation
and financing of source water protection.
However, development of water funds is
currently limited, and notably there appears to
be limited activity in some of the most water
stressed regions (Africa and Asia).
Insurance
The cascading nature of risk accumulation,

compounding trends, means that traditional
risk assessment and mitigation is increasingly
insufficient – uninsured losses are enormous
and crippling for economies and society. The
role of the insurance industry is also important
to provide ultimate back up to cities and their
citizens. Developments in the insurance industry
include:
••

Improving models, tools, and metrics to
improve risk quantification at an appropriate
scale;

••

Encouraging the design of resilient assets,
for example through the development of
common building codes;

••

Incentivising investment, for example, linking
credit ratings to quantified resilience ratings;
and

••

Incentivising resilience through risk-based
insurance premiums.

Many urbanised countries such as the United
States and the United Kingdom have had
significant public and government debate on the
fitness for purpose of national flood insurance
schemes. There is a growing trend for insurance
to be reduced, privatise, or risk transferred to
asset owners through increased deductibles or
withholding of insurance.
I NF R ASTR U CTU R E AND
TECHNOLOGI CAL ADVANCE M E N T

Technological advancement within the water
sector is increasingly widespread. Novel
water sources such as desalination, RWH and
fog-capture is in place or planned for some
of the most stressed water locations. Smart
infrastructure improves efficiency of water
service delivery and can provide early warning
prior to infrastructure failure. Development in
waterless design is a key research investment for
many water intensive industries.

U RBA N WAT E R RE S I L I E NC E

Water re-use & recycling

Water consciousness and social license

A common approach to water reuse is a method
known as ‘fit-for-purpose’ (FfP) and entails
treating wastewater to quality standards
acceptable for a particular use, for example,
in cleaning, toilet flushing and laundry. Water
quality standards for these uses can usually be
lower than water standards for direct human
consumption. FfP is most economical where the
point of reuse is close to the point of production
and therefore lends itself to adoption in cities.

Increasing access to open source data as well
as the power of social media to galvanise public
opinion is a trend whereby public sentiment can
quickly influence actions of even the largest firms
and governments.

Wider ecosystem benefits can also be realised
by water reuse. By using treated and partially
treated water freshwater, abstractions can be
reduced, minimising water stress and reducing
the impact on aquatic ecosystems and recharging
depleted aquifers.
Nutrient removal & harvesting
Nutrients including phosphorous and nitrogen
can also now be economically recovered from
wastewater by transforming sewage into
organically based fertiliser. Urine collection
and use may also likely become an ecological
wastewater practise as it contains 88% of the
nitrogen and 66% of the phosphorous found
in human waste – essential components in
fertilisers. Given it is anticipated that mineral
phosphorous will become scarce in the coming
decades, its recovery from wastewater may
eventually become the most economical option.

As media and public awareness of water issues
increases, companies and governments will
come under greater pressure to demonstrate
appropriate management of water resources.
“Where such actions are not enough to
guarantee a social license to operate for example
where a company’s operations rely on a poorly
managed water resource – the company may
need to become involved in supporting better
public policy for water management. Ultimately,
if and when companies start to suffer from
absolute water shortages, and may not be
able to influence or bring about better water
management, businesses may face closure or
relocation due to environmental rather than
purely financial constraints” (WWF, 2009).
Energy
There are a number of inter-dependencies
between the energy and water sectors. Trends
in the energy sector therefore have the potential
to impact water resources management
significantly. For example:
••

Increasing use of biofuels competing directly
with agriculture for food for irrigation water.

••

Reducing acceptance of thermal power
stations (for example, coal) will reduce water
demands for cooling.
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U RBA N WAT ER S H OC KS
A ND S T RES S ES
Shocks and stresses described below and in Table
4 appeared frequently in the literature.
Shock – Extreme weather
The risk of sewer, riverine and coastal flooding is
expected to increase due to more intense storms,
sea level rise and increased frequency of storms.
There may also be risks to water and energy
infrastructure, including critical assets such as
dams and reservoirs and water supply assets,
which impact urban water resilience (Welsh
Water, 2017).
Although the apparent destructive force
resulting from floods often captures the
attention of policy makers and researchers, the
economic impact from extended dry shocks,
which are “spatially diffuse, harder to identify
and more complicated to comprehend,” can be
significantly worse. Research by the World Bank
on Latin American indicate that income losses
from dry shocks are two to four times greater
than those of wet shocks (Damania, et al., 2017).
Potential urban migration is generally assumed,
however, impact on health from reduced water
supply and sanitation during periods of droughts
as well as impact on reduced energy supply on
industry have also been observed in research
(Damania, et al., 2017).
Risk from natural hazards is notably affected
by socio-economic drivers, (such as population
growth, urbanisation and aging infrastructure),
which modify exposure and vulnerability. In
some parts of the world, these drivers are more
significant than changes in natural hazards
themselves (GFDRR, 2016).
As part of recent efforts to project changes in
risk in the future under scenarios of climate
change and socioeconomic development,
Jongman, Ward, and Aerts assessed and

quantified changes in population and assets
exposed to 100-year flood events between 1970
and 2050. Combining the flood hazard maps
developed for the UN Global Assessment Report
on Disaster Risk Reduction with projections of
changes in population and GDP, they found that
socioeconomic development alone is projected to
drive an increase in the global economic exposure
to flooding between 2010 and 2050 by a factor
of three.

and legislations fail to ensure reliable, secure and
equitable supply of water to users)” (FAO, 2011).

flows has the potential to compound numerous
water related stresses.

In regions such as the Middle East, Northern
Africa and Central Asia water withdrawal
currently exceeds ‘critical’ thresholds, defined
as rates that exceed 40%. Additionally, Iit is now
estimated that more than 40% of the world’s
rural population lives in river basins that are
physically water scarce” (FAO, 2011).

Stress – Groundwater depletion

For most regions of the world, growth of
population and assets in flood-prone areas is
found to be higher than overall growth, with the
trend particularly strong in sub-Saharan Africa
and South-East Asia. (Jongman, Ward, & Aerts,
2012) (GFDRR, 2014).

In locations of severe scarcity, further water use
intensification will require transfer from other
existing users, including the environment. As
described below, reduction of environmental

The fact that socio-economic changes such as
urbanisation are happening at a faster rate than
the natural return period of natural disasters
makes comparative analysis for decision making
more difficult.

Table 4: Shocks summary table

S H OCK CATEG ORY

S H OCK

Health & Sanitation

Massive and rapid spread of disease

Natural Hazards

Earthquake
Tsunami
Volcanic eruption

Stress – Sea level rise and coastal erosion
A global mean sea level rise of 0.3-2.5m is
possible during the 21st century (NOAA, 2017).
This will lead to an increase in coastal erosion
and flooding. Moreover, when combined with the
effects of storm surges and population growth
in coastal cities, the impacts f flooding on people
and property will be increased (Welsh Water,
2017).

The Food and Agriculture Organization
of the United Nations (FAO) argues that
while groundwater is a critical resource for
communities around the world, groundwater
abstraction “has proved almost impossible
to regulate. As a result, locally intensive
groundwater withdrawals are exceeding rates of
natural replenishment in key cereal-producing
locations – in high-, middle- and low-income
countries. Because of the dependence of many

Geomagnetic storms / space weather
Wildfire
Landslides
Extreme Weather

Fluvial / Pluvial / Coastal Flood
Drought
Thunderstorm / Hurricane/cyclones / Tornado
Blizzard
Heat wave
Cold wave

Stress – Water scarcity and water stress
According to the Food and Agriculture
Organization of the United Nations (FAO), “water
scarcity has three dimensions: physical (when the
available supply does not satisfy the demand),
infrastructural (when the infrastructure in place
does not allow for satisfaction of water demand
by all users) and institutional (when institutions

Energy

Power outage

Technology & Cyber

Large scale cyber attack
Massive data theft / fraud

Economic Instability

Energy price shock
Failre of major financial mechanism or institution

Conflict

Profound social instability
Large scale terrorist attacks
Weapons of mass destruction
Interstate conflicts with regional consequences
State collapse or crisis (e.g. civil conflict, military coup, failed states, etc.)
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Table 4: Shocks summary table (continued)

SH O C K C AT E GO RY

SHOCK

S H OCK CATEG ORY

S H OCK

Disease

Water borne disease - flood, inadequate infrastructure, poor sanita-tion

Industry & energy

Industrial disputes

Vector-borne disease

Supply chain failure

Animal diseases

Embedded / virtual water

Non-communicable diseases
Sanitation & health

Education & employment

Lack of hygiene & sanitation
Poor healthcare

Education & skilled labour
High structural unemployment or underemployment

Community

Air pollution

Child / youth vulnerability
Social unrest
Community cohesion

Food supply

Crop water footprint

Public perception & social license

Crop failure - floods / droughts / pests

Loss of cultural heritage

Crop water footprint

Migration

Large-scale involuntary migration

Crime & cyber crime

Hoax calls, hacking etc.

Food insecurity
Water shortage

Water scarcity

Illicit trade

Water stress
Energy

Energy supply to water systems
Energy dependency on water (cooling, hydro etc.)

Environmental Degrada-tion

Habitat loss
Alien invasive species
Agricultural nutrient pollution
Industrial / man-made pollution
Land contamination
Over exploitation / Groundwater depletion

Major biodiversity loss and ecosystem collapse

Loss of ecosystem services: Amenity value of ecosystem

Infrastructure provision

Failure / shortfall of critical infrastructure
Aging infrastructure
Building collapse
Poor housing
Traffic congestion

Transport

Water course transport & trade limited - reduced flows, pollution, siltation

Cyber & technology

Breakdown of critical communications infrastructure
Adverse consequences technological advances
Artificial Intelligence, Geo-Engineering, Synthetic Biology

Finance

Cost of water
Cost of borrowing

Economic change & instability

Change in economic structure
Asset bubbles in major economy
Un-manageable inflation
Deflation in major economy
Fiscal crises in key economies

Extreme Vandalism
Climate change mitigation

Failure of climate-change mitigation and adaptation

Governance & regulation

Failure of regional or global governance
Failure of national governance
State collapse or crisis (e.g. civil conflict, military coup, failed states, etc.)
Failure of rule of law, corruption, political deadlock, etc.
Failure of urban planning
Limited regulation / compliance
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Open wastewater in informal
settlement (SuSanA secretariat)

worsening impediment to urban water resilience.
Sixty percent of worldwide water consumption
is lost through leakages. Inadequate water
treatment processes result increased discharge
of untreated wastewater to the environment. Old
pipes, pump stations, treatment plants are more
vulnerable to damage during times of shocks
such as floods and storms as well as natural
hazards. The stress of aging infrastructure is
compounded by any reduction in ecosystem
services (for example, through destruction
of watersheds and forested areas) by placing
further burden on infrastructure for storage,
flood protection, treatment, etc.
key food production areas on groundwater,
declining aquifer levels and continued
abstraction of non-renewable groundwater
present a growing risk to local and global food
production” (FAO, 2011).
Groundwater is an essential and increasingly
imperilled source of irrigation water. Its use in
irrigation is increasing both in absolute terms
and as a percentage of total irrigation. Globally,
about 43% of the water used for irrigation comes
from groundwater. Irrigation is the single largest
user of groundwater in water scarce regions.
An estimated 20% of the Earth’s groundwater
basins or aquifers are being over-exploited, many
of them in regions of significant agricultural
importance.
However, due to the complexity of ground
water modelling, quantification of groundwater
systems at a city level is difficult and despite the
number of cities and economies that are highly
dependent on groundwater, its sustainability
and resilience is rarely quantified. “We focus our
analysis on surface water quality and quantity,
and while we account for the importance of
groundwater in urban water supplies, we do
not evaluate the sustainability of groundwater
sources” (McDonald & Shemie, 2014).

Shock – Reduced water quality

Shock – Cyber attack or vandalism

In areas that experience more intense storms due
to climate change, water quality will be impacted
by increases in sediment, suspended solids,
pesticide and nutrient load due to increased
pollutant mobilisation.

The increased use of digital technology exposes
urban water systems to cyber threats, both for
water and sewage assets as well as customer
management systems (for example, customer
billing) (Welsh Water, 2017). In 2011, hackers
used a cyber attack to repeatedly turn on and
off a water pump in a water treatment works in
Illinois, US causing the pump to fail. There are
also risks of vandalism and terrorism (including
contamination).

Those areas with longer, hotter, drier periods
may see reduced dilution of pollutants in
watercourse due to reduced rainfall and
increased incidences of algae blooms due to
increased temperatures (Semenza and Menne,
2009; Verwey et al., 2010).
Stress – Aging infrastructure and
infrastructure investment
The legacy of industrialisation and urbanisation in
developed countries led to the rapid construction
of water supply and sewerage in infrastructure
in the late 19th and 20th century. A growing
number of physical assets constructed during
this period are expected to reach or exceed their
design life within the next decade. This may result
in significantly reduced performance or failure
(Welsh Water, 2017).
Aging infrastructure is a continuing and

Stress – Access to water and sanitation
Despite significant gains in improved access
to water and sanitation globally, city water
trends such as urbanisation, unplanned and
unregulated urban sprawl, particularly in lowincome communities, contributes to significant
risk accumulation in terms of water supply and
sanitation.
The governance of water utilities themselves can
also impede provision of full access, particularly
to low-income sector where affordability is a
challenge.
(Governance of water and sanitation supply

industries is a key driver for improving access.
“There are three overarching priorities to
improving service delivery: designing contracts
with water utilities (whether public or private)
that are incentive compatible; increasing
competition during entry into the market; and
improving access to credit and ﬁnance for
infrastructure investments.” (Damania, et al.,
2017)) – Move down to resilience factors.
Stress – Energy
The shocks and stresses of both water and
energy are interdependent, as each is needed for
extracting, processing and transporting the other.
For instance, power plants are key infrastructure
assets with potential for enormous losses if
impacted by flooding.
Droughts pose a risk to network reliability and
energy security if access to sufficient quantities
of water is inhibited and thermal (fossil fuel and
nuclear) power plants are forced to restrict or
halt output. Water levels dropping near or below
water intake structures at fossil fuel or nuclear
power plants may curtail or halt operations,
threatening the reliability and security of the
overall electricity network. Over-extracting from
aquifers may also lead to overall lower levels of
available water for operational use.
If conventional local sources of water are scarce,
then water must be either imported from
neighbouring watersheds or desalinated. Each
of these processes requires significantly more
energy than if water can be sustainably sourced
locally.
Energy policy influencing the energy mix has
a direct impact on water consumption. In the
International Energy Agency’s (IEA) ‘World
Energy Outlook 2012’, by 2035 water demand
for energy use, including for both withdrawal and
consumption, is forecast to increase by 35% on
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Eutrophication
in Manilla,
Phillipines
(Robert Verzo)

2010 levels.
There are also stressors exhibited by the energy
industry on water which may lead to water stress,
reduced quality or and a general degradation
of water ecosystems. For example, there is a
risk of contaminating drinking water supplies
by extracting oil and natural gas, particularly
by hydraulic fracturing (or “fracking”) (Osborn,
2011).
Some estimates suggest that global energy
demand is set to grow by around 37% by 2040
(Anglian Water et al., 2015) putting upwards
pressure on prices. When combined with
geopolitical uncertainties in the oil and gas
markets, the expectation that there is likely to be
considerable volatility in the market for energy in
the future, with electricity potentially becoming
expensive and less secure.
The relationship between water and energy is
complex because there are many compounding
factors. For example, water is used in extracting
oil and natural gas, and in power station cooling
systems. Greenhouse gas emissions from burning
fossil fuels in these processes contributes to
climate change which can lead to drought and
flooding, and potentially exacerbate ecosystem
pressures like water scarcity.
Stress – Food crisis
Like any commodity in a market, food is a function
of demand and supply. One of the drivers of
demand is population growth; more mouths
to feed means more food has to be produced.
Another driver is changing diet.
Overall, agricultural output is being affected
by these trends, not only in absolute livestock
production terms, but also for feeding supplies
for livestock with crops like cereals and oilseeds.
On a per calorie output basis, agricultural

economies that provide for a meat-based diet
require more energy, land and water resources
than a system providing for a lacto-vegetarian
one (Pimental, 2003).
The result of a growing population coupled with
an urban changing diet is compounding, meaning
that the growth in demand for energy, land and
water resources is dramatically.
Conventional agricultural practices are often
incapable of meeting this growing demand and so
have innovated with new techniques. However,
these new techniques impact ecosystems. For
example, employing intensive irrigation methods
to increase supply to farmland in already dry
regions increases water stress. Expanding
land take to farm greater numbers of livestock
exacerbates climate change and its impacts
like flooding. Artificial fertiliser runoff, used to
increase crop yields, leads to eutrophication in
water bodies and biodiversity loss.
Meeting the growing and changing demand for
food globally will have a detrimental effect on our
ecosystems. Food consumed in cities, which are
often far removed from rural farmland, results in
environmental degradation elsewhere, though
these impacts, like droughts, water scarcity and
flooding can be seen in urban areas equally.
Common practice of increasing food supply
by expanding the land area under cultivation
– extensification , developing water resources,
increasing fertiliser use not only becomes less
sustainable as suitable land grows scarcer , but
also potentially results in maladaptation whereby
a dependence on water sensitive crops in arid
areas compounds stresses of worsening water
scarcity and stress and increases vulnerability to
dry shocks. (Damania, et al., 2017).
There are cascading climatic effects relating
to agriculture. Farmers often expand crop land

to mitigate declining yields caused by rainfall
shocks. Up to 60% of expanding crop lands is
thought to account for rainfall variability, which
is at the expense of surrounding habitats. This
accelerates climate change as felled trees are
not only burned, leading directly to increased
greenhouse gas emissions, but are then of
course unable to absorb carbon dioxide from the
atmosphere during photosynthesis. Additionally,
when heavy rains then occur floods are more
likely and severe, prompting farmers to clear an
even greater area for crop land (Damania, et al.,
2017).
Individual stakeholders such as the energy
industry, agriculture, and businesses have
generally exercised a ‘tragedy of the commons’
approach to their practises which has resulted in
the degradation of many of our ecosystems. It is
the role of government to regulate the stressors
that human activity exhibit and curtail the
negative associated consequences.

Stress – Ecosystem degradation
An ecosystem is the interaction of living and
non-living things in a given area. The resting or
undisturbed state of an ecosystem is described
as when “a state of dynamic equilibrium within
a community of organisms in which genetic,
species and ecosystem diversity remain relatively
stable, subject to gradual changes through
natural succession” (WWF, 2017).
Watersheds are the sources of freshwater
– receiving rainfall, generating stream flow
and groundwater recharge. They provide
fundamental storage and treatment buffers
Many human activities exert stress on
ecosystems and disturb this equilibrium, leading
to ecosystem degradation. This can have a
negative impact on the services they provide.
New research suggests that natural ecosystems
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Sphere of control,
influence and
context

Sphere of control, influence and context

SPHERE OF CONTROL

should be incorporated as important means of
protection against floods, for both river flooding
and coastal flooding (GFDRR, 2014).
Stress - Nutrient pollution
Future changes in agriculture are locationspecific, however, globally it is predicted
that there will be greater intensification and
extensification of agriculture resulting in
increased use of pesticides and fertilisers (Welsh
Water, 2017).
Agricultural practices that result in fertiliser
runoff can increase nitrate and phosphate levels
in water bodies. Land management practices
like stock management and tree felling can also
impact nutrients in raw water. Both lead to
eutrophication, algae bloom and result in overall
biodiversity loss When not treated properly
industrial and municipal waste can cause similar
effects, or even directly damage the health of
organisms when heavy metals like lead and
mercury are emitted.

for hydroelectric power can cause the channel
downstream to become “sediment-starved” and
may not be able to provide habitats for certain
organisms or spawning fish. The highly silted
reservoir behind the dam may face issues caused
by too much sediment, including changes in
aquatic life, a reduction in the water’s oxygen
level and, if agricultural or urban runoff has also
contributed, algal blooms.
Damming rivers and altering other land use
changes can alter hydro-morphology, leading
to habitat loss of even non-water aquatic
ecosystems. Resource exploitation and
unsustainable levels of water extraction can
have the same effect, meaning stressors on
water systems can have a detrimental impact on
terrestrial habitats.

Stress - Damming and Riverine Flows
Another human-related stressor disrupting
water ecosystems is altering the natural
sediment transport pattern. Damming rivers

SPHERE OF INFLUENCE
Significant and direct impact but
outside the control of the sector

SPHERE OF CONTEXT
Natural & socio-economic factors
- Demography, History, Culture,
Economy, Geography

The stressors discussed here are driven largely
by human demand for food, water and electricity.
As the global population increases so will demand
for these resources.

Stress - Environmental pollution
There are emerging contaminants such as human
pharmaceuticals and hormones, veterinary
medicines, nano-materials, personal care
products and recreational drugs in wastewater
due to an ageing population, increasing
cleanliness, lifestyle choices and increased use
of pharmaceuticals. Urban wastewater is a key
pathway for emerging contaminants to enter
watercourses and the water supply system. For
example, the synthetic estrogenic hormone EE2
has been linked to the presence of intersex fish in
UK rivers (Harris et al. 2011).

Core to urban water sector

Stress - Risk to business risks
The potential business risk to downstream
commodity, food and manufacturing businesses
resulting from watershed degradation is
resulting in increasing action to influence
watershed protection. Ceres notes “Companies
should develop water risk mitigation plans that
incorporate targeted investments to improve
the conditions of the most at-risk watersheds on
which their facilities and supply chains depend.”
Due to the increasingly ubiquitous nature of
water risk, attempts to manage this risk are
through hedging and geographic diversification
are reducing in effectiveness and companies,
and their investors, are increasingly recognising
the need to engage directly with watershed
management. However, only a few companies

have developed collaborative watershed
protection plans in high water risk regions as well
as plans that extend beyond their the watersheds
associated with their direct operations to
include those of key manufacturing suppliers or
agricultural sourcing regions (Ceres, 2015).
Some companies are paying higher prices for
products grown using sustainable farming
approaches (Ceres, 2015).

The spheres of control, influence and context provides a
critical thinking around different governance functions,
institutions and actors responsible for those in managing
the systems and other systems that are interdependent
and interlinked. This approach helps in identifying the
stakeholders that have primary roles and responsibilities
for a particular governance function in the urban water
sector (sphere of control), along with the stakeholders that
do not have the mandate and control over that function
in the sector but may directly or indirectly impact the
sector’s performance (sphere of influence) and are equally
important. The outer sphere (sphere of context) describes
the broader and long-term structural factors such as
demography, history, culture, economy and geography. The
spheres of control and influence, will be context specific,
may vary greatly from one city to the next, based on the
stakeholders involved in the process. This critical thinking
around the spheres provides the necessary guidance to
bring all the relevant stakeholder to the discussion, which
is crucial towards meeting an effective outcome that may
otherwise be ignored or go unseen.
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STAKEHOLDERS
Water is valued in various ways, including as
“a merit good, a public good, an exhaustible
resource, a private good (sometimes), and,
during its conveyance, a natural monopoly…
These conflicting attributes result in conflict
between policy makers, environmentalists,
economists, water experts etc.” (Damania, et
al., 2017) Because different stakeholders use
water in different—sometimes competing—ways,
coordination across stakeholders is critical so
that water systems can meet multiple objectives.
However, actors working within the water
cycle often work in silos (e.g. there may be
individual organisations overseeing agriculture,
water supply, sewerage, drainage, industrial
water demand, etc.). Some of these actors may
undertake actions without awareness of the
impacts on the water cycle, and it can be difficult
to drive change in one area of the water cycle
for benefit in another. For example, catchment
management by agriculture or forestry to benefit
the water industry is still at pilot-project scale
in many areas due to limited agreement on
the appropriate incentives provided by water
companies. Understanding the governance of
water systems at a basin-scale and improving
collaboration between the actors in the water
cycle can be used to improve resilience.

CI T Y BA S I N- S CA L E
S TA K EH O L DERS
The “expanded water nexus” coined by the World
Bank recognises inter-linkages between: water
for food, energy, cities and the environment
(World Bank, 2016). The consideration of water
risk and trends by the stakeholders of these
primary groups is developed in the sections
below. In addition, consideration is given also

specifically to other key stakeholders which
operate across the expanded water nexus:
business, insurance, and pro-poor, and disaster
recovery.
ENERGY STAKE HOLDE R S

Renewable power sources like wind and solar
PV use very little for energy generation but
water is used for extracting, processing and
transporting the raw materials that ultimately
go into manufacturing turbines and solar panels.
Hydroelectric plants use dams or reservoirs of
water to generate electricity.
Power plants withdraw or consume large
volumes of water for steam cooling from nearby
lakes, rivers and aquifers, and similarly the fuel
extraction and production sector use large
quantities of water for the drilling and mining of
oil, natural gas, coal and uranium.
Without access to sufficient quantities of water
from conventional local sources it must instead
be imported or desalinated, which consumes
more energy and comes at greater cost (Wen,
2017). In liberalised energy markets these extra
costs are passed onto consumers at higher
prices, however, energy security is implicated by
water scarcity where alternative water sources
are not readily or economically available and
generation must be reduced.
F OOD & I NDU STRY STAKEHOLDERS

Agriculture currently uses 11% of the world’s
land surface for crop production, and accounts
for 70% of all water withdrawn from aquifers,
streams and lakes. In some countries, agricultural
water use exceeds 90% of total withdrawn water
(FAO, 2011).
With increasing stress due to climate change,
population growth and increasing withdrawal
for agriculture, industry and municipal use, the

agricultural industry’s exposure to water risk is
increasing significantly.
In their report, Feeding Ourselves Thirsty: How
the Food Sector is Managing Global Water Risks
(Ceres, 2015), Ceres identify corporate water
risk exposure as a function of three variables:
water dependence, water security, response.
The report goes on to identify five key risk drivers
affecting the security of the food sector as well as
the resulting business and financial impact.
Business and financial impacts of key water risk
drivers (Ceres, 2015).
The report sites various examples where major
international firms have suffered significant
financial losses or operational setbacks due
to, for example, extended droughts, or local
resistance to groundwater development.
ECOS YS TEM S TAKEH OLD ERS

Environmental groups, rural communities,
and upstream land custodians, however, may
be thought of as the natural stakeholder for
ecosystems.
Stakeholder motivation will vary between
groups dependent on the services provided by
the ecosystem that are made use of. Ecosystem
services are commonly classed as: cultural,
provisioning, regulating and supporting, of which
the uses available to individuals may include:
Cultural (Recreational, sport, tourism, spiritual,
historical, science, educational, therapeutic.
Provisioning (Food, crops, raw materials, water,
medicinal resources).
There is increasingly a recognition of the
need to change water governance, including
regulation and financial incentives, to engage
with ecosystem stakeholders and improve source
water management.

INS URANCE S TAK E H O L DE R S

“The rising costs of disasters is a growing concern
for the public sector and the insurance industry
alike” (Arup, 2017). The Lloyd’s City Risk Index
found that $4.6 trillion of the projected GDP of
301 of the world’s largest cities is at risk from
18 threats over the next decade. The threats
assessed include flood, drought, tsunami and
crop failure; all direct water risks.
The insurance industry has a key role to play in
incentivising the adoption of resilient approaches
to city development; both in response to weather
shocks, but also water stresses. Similarly, the
growth of micro-insurance and safety nets will
play a role in supporting rural communities and
the urban-poor adapt and respond to risks.
CITIZENS AND CO M M UN IT IE S

The livelihoods of communities that make up
the fabric of cities are directly impacts by water
through access to water supply, sanitation
provision, flood risk etc. The poor and women are
disproportionately affected.
Women are more likely than men to be
responsible for household tasks like cooking,
cleaning, and caring for the young, elderly or sick
(UNESCO, Water, Megacities & Global Change,
2016). Young girls also often collect water for
the family. When access to water is limited, these
tasks can become extremely challenging and
time-consuming and women and girls may lose
out on income from paid employment or time
available to study, perpetuating a cycle of social
and economic disadvantage.
Economically disadvantaged people are also
disproportionally affected by poor urban
water systems. Supply shortages, substandard
maintenance and high cost means that slum
dwellers often rely on un-sewered communal
toilets or use open spaces. These practices
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KEY
STAKEHOLDERS

WATER
CYCLE GOVERNANCE
Stakeholder
CAPE
TOWN
Mapping
in Cape
Town, South
Africa

Clouds and vapour

Agri Western Cape

SA Department of
Agriculture, Forestry
and Fisheries

Cape Nature

City of Cape Town

SA Department of
Energy

SA Department of
Environmental Affairs

Eskom

Kogelberg Biosphere
Reserve

Overberg District
Municipality

Overberg Water
Board

SA Department of
Public Works

Trans-Caledon
Tunnel Authority

SA Department of
Water and Sanitation

West Coast District
Municipality

Western Cape
Government

Precipitation

Catchment Areas

Evaporation

• Drakenstein
• Stellenbosch
• Swartland
• Berg River
• Saldchng
• Threewaterskloof

Transport and Urban
Development Authority

Surface water
run off

Private Landowners

Western Cape Water

Hydropower

are known to spread diseases like diarrhoea
and typhoid, key drivers of infant mortality in
developing countries (UNDP, 2006).Going to
the toilet is especially problematic for women
and girls living in slums because of the personal
security risks when finding a secluded area at
night and for hygiene reasons (UNESCO, 2017).
People living in slums are also more likely to pay
a much greater price for water (UNDP, 2006),
as urban slum dwellers are less likely to be
connected to the water network and often have
to buy from intermediaries, including standpipe
operators, water vendors and tanker truck
operators.
UT IL IT IE S

Utilities form the connections between water
resource and water use. In varying capacities,
they are responsible for capturing, sorting,
conveying, treating and distributing water from
various sources to various users.
Utilities have to respond to upstream challenges
such as variable supply and increasing pollution
as well as downstream challenges such as
increasing demand both spatially and in terms of
demand.

Private dams and
reservoirs

ROLES A ND
RES PONS I BI LI T I ES

• Steenbras
pumped storage
• Palmiet pumped
storage

Private Storage

Flooding
Stormwater
Drainage

Agricultural Water Commission
Transport and Urban Development
Authority

Infiltration

Department of Defence

CCT (Local) dams

Other Municipalities

• Wemmershoek
• Upper and Lower
Steenbras
• Steenbras Lower

Retention /
Detention
Aquifers

Municipalities
Irrigation boards
Water usage association

Different elements of the water cycle are
often managed across a fragmented landscape
of governance and regulation. With the
stakeholders outlined above having varying
degrees of power and influence over decisions
that are made across the water cycle.
An example of this is presented here in relation
to the Miami and Cape Town. The adjacent figure
shows a representation of the local water cycle
in flow chart form, including which parts of the
water cycle the water utility, the environmental
regulator and local authorities have jurisdiction
over respectively. When combined with various
other stakeholders across the basin the transport
agencies, internal drainage boards and private
owners, one can begin to build a picture of the
complexity of the landscape.
For a more detailed discussion of governance
roles, see Chapter 2: Governance for Water
Resilience.

Atlantis Aquifer

Agriculture
National Govenment

\

Agricultural Water Commission

TMG Aquifer

98%

Rivers & Estuaries

Collection points

Non Governmental Organisations
Zandvlei RA

2%

Cape Flats Aquifer
Cape Town Water
Imports / Exports

Food / Drink
(including bottled
water)

Wetlands

Water treatment
works
Minister for Water

Service Reservoirs

Treated effluent
reuse

Grey
water
reuse

Informal boreholes

Communities
Households

Sanitation in informal
settlements e.g.

Pumping stations

• Flush toilets
• Chemical toilets
• Portable flush toilets
• Pit toilets

Consumers
Water for fire

Private Businesses

Desalination

Brine

- Residential
- Commercial
- Industrial

Public Private Partnerships

Waste water
treatment works

Sewage system

Pre-treatment
works

City of Cape Town
Department of Drinking Water and
Sanitation
Department of Environmental Affairs

Pumped marine
outfalls

Rate Payers Association

City of Cape Town
Department of Environmental Affairs

WATER CYCLE
GOVERNANCE
MIAMI

Atlantic Ocean

STAKEHOLDERS
Florida Department
of Health

State of Florida

Miami-Dade
County

US Department of
Homeland Security

US Environmental
Protection Agency

South Florida
Water Management
District

Florida Public
Service Commission

US Army Corps of
Engineers

Florida Department
of Environmental
Protection

US Coast Guard

Florida Power &
Light

KEY
Natural Features

Critical
Infrastructure

Artificial Features

Consumers

Clouds & Vapour
Evaporation
Precipitation

Condensation

Wetlands

Surface water
runoff
Tourism
Agriculture
Tourism
Fishing

Evaporation

Ownership models of utilities – their governance
and financing – are fundamentally different
between private and public utilities.

Rainwater
Harvesting

Percolation

DWS (National) dams
• Theewaterskloof
• Voëlvlei
• Berg River
• Palmiet River

Storm water
drainage (green)
French Drains

County Public Works
Department of Environmental
Resources Management

County Public Works
Department of Environmental
Resources Management

Tertiary canals

Secondary canals

Everglades

Lake Okeechobee
(reservoir)

National Parks Authority
Florida Fish & Wildlife Conservation
Commission
USACE
SFWMD

Storm water
treatment areas

Florida Keys Aquaduct
Authority
State Department of
Health
US EPA
County RER
SFWMD

Primary canals

Storm water
drainage (grey)
Florida Department of Transportation
County Public Works

Biscayne Aquifer

Wellfield
Abstraction
Agriculture

WASD
City Governments
EPA
State Department of Health
Private Treatment Works
DERM

Property-level
booster pumps

Pumping
Florida Keys Aquaduct Authority
State Department of Health
US EPA
County RER
SFWMD
WASD
Farmers
State Department of Health
Private Abstractors

Rock Mining

Turkey Point
Nuclear Power
Station

Cooling canals
Wastewater
treatment plants

Energy
Septic Tanks &
Leachfields
PSC
FPC
Nuclear Regulation Commission
DEP
DERN/AER
WASD

Infiltration and
inflow
Biscayne National
Park
National Parks Authority

WASD
DEP

Recovery

Potable water
supply system

Sewerage network

Atlantic Ocean and
Gulf of Mexico

Floridan Aquifer

Water treatment
works

Industrial users

Domestic users

Rock Mines

Percolation

Boulder zone

Aquaculture

Stakeholder
Mapping in
Miami, United
States
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GOVER NA N CE
FO R WAT E R
RES ILIENCE
Governance is a critical and overarching factor in building the
resilience of urban water systems.
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GOVERNANCE FOR WATER
RESILIENCE
This chapter addresses the question on ‘how
governance can help enhance resilience’.
Resilience approaches are increasingly
becoming a new paradigm of smart planning and
management (Moraci et al., 2018). Resilience
can be broadly understood as the capacity and
ability of a system to adapt, transform and persist
in situations of disturbance, external challenges
and change. The concept of resilience has been
developed, researched and applied differently
in different context and fields of study (Djalante,
2011), across disciplines of engineering,
environment, ecology, and socio-ecological
systems (SESs). It first gained momentum in the
fields of ecology (Holling, 1973), and physics
and psychology in the 1970s (Macmillan and
Kernaghan, 2014) and has continued to feature
in other areas of studies such as in theories of
SESs in post-2000s (Carpenter et al., 2001;
Walker, 2004; Walker et al., 2006; Folke et al.,
2002; Folke et al., 2005; Folke, 2006; Lebel et al.,
2006; Djalante, et al., 2011; Djalante, 2012).

how can governance help achieve resilience,
governance contributing to enhancing capacity
to manage resilience. Through a “snowball
method,” where literature search results from
the first phase directed to the second stage
search, the following themes were explored:
governance attributes and resilience, good
governance and resilience, adaptive governance
and resilience, adaptive governance theories and
resilience, adaptive management and resilience,
polycentric governance and resilience, multi-level
governance and resilience.

ME T H O D O LO GY F O R G OVER NANCE
REV I E W

Selected articles were then assimilated in an
excel table, organized in terms of an article title,
authors, abstracts, keywords, scale (international,
national, regional, local), key insights and
discussion points on governance and resilience,
key arguments on attributes and resilience,
and case studies. The data table and the initial
phase of review includes only the interpretation
of results and discussion extracted from the
key articles developing an excel database for
reference. This review only focuses on the
theoretical understanding of governance and
resilience, with limited coverage of practical
implementation, measuring and assessing
resilience. Few empirical evidences are presented
to discuss the attributes of governance and how
it enhances resilience building.

Literature was collected between May and
November 2018 from a series of database
searches, including Google Scholar, Research
Gate, open access journals in JSTOR, Ecology
and Society, Taylor and Francis Online, and
Sustainability. Some references have also
been used from the Desk Review Study report
of CWRA (2018) to understand resilience
concept. The research topics searches included
concepts and definitions of resilience, linkages of
governance and resilience, and how governance
can help achieve and enhance resilience. The
keyword searches were done in two phases:
the first phase included general searches of
resilience and governance, the concept of
resilience, linkages of governance and resilience,

The review includes literature that is
electronically available and in English and does
not include works published in other languages.
No time limitations were applied to the literature
searches. The total number of literatures
collected range from 100-120, but about 60
articles were selected and screened for the
review. The inclusion and exclusion criteria were
applied first to article abstract, title and keywords
and then to the full papers.

FOCUS ING ON RES ILIENCE

Global platforms have started acknowledging
the need to shift focus to resilience thinking
and planning. One such initiative is the Global
Resilience Partnership (GRP), partnering
several institutions/organizations, which are the
Permanent Interstate Committee for drought
control in the Sahel (CLISS), Department for
International Development (DFID), Global
Environment Facility (GEF), Global Facility for
Disaster Reduction and Recovery (GFDRR),
Rockefeller Foundation, Sida, Stockholm
Resilience Centre, Stockholm University, the
Intergovernmental Authority on Development
(IGAD), UNDP and USAID. Resilience thinking
is also reflected in the global frameworks
developed post-2015 such as the Sustainable
Development Goals (SDGs), the Sendai
Framework for Disaster Risk Reduction, and
Paris Agreement under the United Nations
Framework Convention on Climate Change
(UNFCCC) and the World Humanitarian Summit.
The 2030 Agenda for Sustainable Development
features resilience in two goals and eight targets
linked to poverty, built infrastructure and
human settlements, agricultural production and
vulnerability to climate extremes and disasters.
This is a marked shift from the Millennium
Development Goals (MDGs) which did not
feature resilience at all. Resilience gives a new
dimension to the way one understands and
pursue sustainability of complex social-economic
systems (SESs) (Tai, 2014).
Resilience is an integral part of sustainability.
Although resilience and sustainability are closely
linked, there are some distinctions between the
two that have been identified by scholars. Both
refer to the state of a system, focusing on its
persistence under a normal operating condition
and in response to disaster (Marchese et al,
2018). But where sustainability refers to an
analytical framework to guide actions across

different organizational levels related to how
systems operate and interacts with environment,
resilience prioritizes the processes associated
with pursuing sustainability (Tai, 2014).
G OVERNANCE FO R WAT E R R E SIL IE N C E

Interventions to make systems resilient requires
understanding of the governance dimension
(Rechkemmer and Falkenhayn, 2009), including,
for instance: what a system needs to do and how
to improve its capacity to adapt to changes in
complex systems, who is responsible to make the
system resilient, what should be made resilient
and for whom, who takes those decisions
and how are these decisions made, and who
participates in the decision making.
Governance is critical because the capacity of
an ecosystem to manage risks and cope with
changes is largely determined and shaped by
human action and governance systems (Walker
et al. 2006, Rechkemmer and Falkenhayn
2009). Therefore discussions around resilience
will be incomplete without understanding the
capacity of governance to adapt and deal with
uncertainties (Tai, 2015).
Water governance is the set of rules, practices,
and processes through which decisions for the
management of water resources and services
are taken and implemented, and decision-makers
are held accountable (OECD, 2018). It refers to
the political, social, economic and administrative
systems in place that influence water use and
management (SIWI, 2015)—essentially, who gets
what water, when and how, and who has the right
to water and related services, and their benefits
(Allan, 2001). Effective water governance
presents a transformative opportunity to convert
risk to resilience, poverty to well-being, and
degraded ecosystems to vibrant ones.

56

57

C I T Y WAT ER RESILIEN C E APP ROACH

More generally, the term ‘governance’ is used in
resilience literature to describe laws, policies,
regulations, decision-making process and
institutional arrangement involved in governing
(Cosens and Williams 2012, Folke et al. 2005).
From the business perspective, governance
has been identified as a key strategy to meet
organizational resilience. Lampel et al. (2014)
provide a good example which brings in the interlinkages between the two. The authors explain
that when organizations face adverse economic
conditions or financial stress, governance is
key to enhancing organizational capability and
building resilience (Lampel et al. 2014).
Governance is a more inclusive concept than
‘government’ (Hill, 2013), which reflects the
process by which society shares power, shapes
individual and collective action (Ostrom 2008a.,
Young, 1992), and emerges out of interactions
among different actors, social network and
institutions (Lebel et al. 2006). Lebel et al.
(2006) further illustrate that governance can
occur through formal institutionalized ways as
well as through subtle norms of interactions
or indirect ways of influencing decisions
where actors contest decisions and determine
access to resources. It is evident that most
of the governance discourses emphasize
the interactions between different actorsgovernance of markets and governance of
society.
Significant scholarship exists describing ideal
governance qualities or principles. Ostrom’s
(2005, 2008b) common pool resource
theory illustrates the self-governance design
principles which are needed to make systems
and institutions ‘robust’ and enduring. These
principles are (1) clearly defined boundaries of
resources and individuals who are authorized
to use it, (2) proportional equivalence between
benefits and costs, (3) collective-choice

arrangements, (4) monitoring system, (5)
authorizing and graduated sanctions, (6) local
and regional mechanisms to resolve conflicts
over natural resources, (7) minimal recognition
of rights to organize i.e. recognising functional
and creative efforts by local and (8) nested
enterprises i.e. creating a multiple-layer,
polycentric system that can be dynamic, adaptive,
and effective over time. Other scholarship,
such as Rhodes’ governance interpretation,
includes six different forms of governance: a
minimal state, corporate governance, new public
management, good governance, socio-cybernetic
system and self-organizing networks. Harrison
(2003) discusses good governance in context of
complexity, institution and resilience emphasises
that understanding the role of institutions
(integrating knowledge) in both social and
ecological resilience is central to move towards
sustainability and resilience.
The United Nations principles of good water
governance advocate for legitimacy and
voice (participation, consensus, informed
decisions), the performance of institutions
and processes (responsiveness, effectiveness,
and efficiency), accountability (accountability
and transparency), fairness (equity, rule
of law, conflict management). The OECD
(2011) water governance principles notes
that water resource management is often
hindered due to governance gaps i.e. gaps in
policy, administration, coordination, funding,
information, and accountability. The water
governance principles promoted by OECD are
based on three key dimensions i.e. effectiveness,
efficiency, and trust and engagement that
provides with twelve water governance
principles which guides governments to identify
these gaps and design and implement effective,
efficient, and inclusive water policies. These
twelve principles illustrate the need for having a
clear roles and responsibilities, appropriate scale

GOV E RNA NC E FO R WAT E R RE S I L I E NC E

within basin systems, policy coherence, capacity,
data and information, financing, regulatory
framework, innovative governance, integrity and
transparency, stakeholder engagement trade-offs
across users, rural, urban areas and generation,
and monitoring and evaluation (OECD, 2018).
Different forms of governance have been applied
by scholars over time, from ‘old’ governance
which involves convention, state-centric, and a
clear hierarchical problem-solving approach, to
‘good’ with attributes of openness, efficiency, rule
of law, justice, transparency, accountability, broad
participation, decentralization and deliberation.
There are also other layers of governance which
have appeared in the theoretical studies such as
‘new’ governance (society-centric, market-based
rationality, economic incentives, multi-level,
multi-actor arrangement, CSR approaches, codes
of conduct) (Steurer, 2011), and the version
of governance that is most widely discussed
in resilience literature which is ‘adaptive
governance’.
ADAPTIVE G OVERNANCE AND
RES ILIENCE

Many resilience scholars promote adaptive
governance as a model and strategy to enhance
the capacity for adaptability, transformability
and flexibility of SESs, towards building resilience
and dealing with uncertainties and complexities
(Dietz et al, 2003; Ostrom and Janssen, 2005;
Folke et al, 2005; Armitage et al, 2007; Akamani,
2016; Berks et al, 2017). The concept of adaptive
governance emerged as a result of managing
complexities and uncertainties in SESs (Berks
et al., 2017). The Stockholm Resilience Centre
considers adaptive governance to be “an
evolving research framework for analysing the
social, institutional, economic and ecological
foundations of multilevel governance modes that
are successful in building resilience for the vast

challenges posed by global change and coupled
complex adaptive SES” (Stockholm Resilience
Centre, 2010).
The use of the term ‘adaptive governance’ first
appeared in the works of Dietz et al. (2003),
and has been followed by later studies (Ostrom
and Janssen, 2005; Folke et al., 2005; Armitage
et al., 2007; Akamani, 2016), arguing that
adaptive governance enhances the resilience and
flexibility of management systems to cope with
uncertainties. Arnold et al. (2017) emphasizes
that the role of adaptive governance is not just
about managing resources and environment but
also having the ability to adapt to changes.
The foundation of adaptive governance can be
traced back to the earlier works on resilience
linked to management theories (Holling,
1978, 1986, 1992; Walker, 2002; Gunderson
and Holling, 2002) which were adopted to
understand and manage complex systems in face
of uncertainties. Holling’s (1986) four-phased
‘adaptive cycle’, that describes the dynamics of
change and connectivity in the complex adaptive
system, determined by three key elements.
These determinants are 1) potential (determines
alternative options for future), 2) connectedness
or control (determines the degree to which
a system can control and degree of flexibility
or rigidity of such controls) and 3) resilience
or also called ‘adaptive capacity’ (determines
vulnerability to unexpected shocks and that can
exceed or break that control). Holling’s later
studies (2001) and ones with his colleagues
Gunderson (2001, 2002) and Allen (2010)
describes that this cycle can happen at a wide
range of scale with cross-scale interactions
among the various levels of the SESs. This
cross-scale structure is described by them as
‘Panarchy’, which represents a hierarchical
structure where natural systems and humans
are interlinked and nested one within each other
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across space and time scales in the adaptive
cycle of growth, accumulation, restructuring, and
renewal (Holling and Gunderson, 2001., Allen
and Holling, 2010).
The adaptive cycle concept has been applied in
the follow-up works on the resilience of SESs,
linking it to adaptive governance (Ostrom
and Janssen, 2005; Dixon and Stringer, 2015;
Cosens and Williams, 2012). In these later
studies, scholars identified that although
adaptive management is an important approach
to managing uncertainties, there is a huge
gap between the theories and its practical
applicability (Cosens and Williams, 2012).
To bridge this gap towards effective
implementation of management approaches,
scholars have begun to emphasize a need to
focus on the decision-making processes linked
to the management actions along with ensuring
that it fosters legitimacy. Legitimacy, here is
defined by Cosen and Williams (2012) as public
acceptance or persuasiveness of the basis for
a governmental action which brings in more
flexibility to the systems driving an experimental
approach to resource management in face of
uncertainties (ibid). In implementing adaptive
management, the authors talk about three
sources of legitimacy: (1) result-based (decisions
are based on evidences and scientific results), (2)
order-based (adherence by the decision-making
institutions to rules which are clear, stable and
accessible to public, (3) deliberative (derived
from public dialogues and public participation in
decision making processes) (ibid). Explaining this
context, they cite the example of the Colombia
River treaty, highlighting how including scientific
expertise to identify measurable goals, along with
identifying the trade-offs in decision making,
integrating social and economic concerns in its
efforts, and connecting local knowledge and
input to national decisions and responses at the

international level has helped achieve a better
management approach for the river basin (ibid).
Through social legitimacy—integrating
scientific accuracy with the social component—
management approaches that deal with
uncertainties can be enhanced. These are
achieved through understanding the process of
governance (Cosen and Williams, 2012., Cosen
and Stow, 2014). Additionally, governance helps
in understanding the ecosystem dynamics,
bringing in an element of feedback where
resilience is enhanced both with natural systems
adaptive capabilities and the ability of a social
system to respond to an ecological problem by
seeking to restore the ecosystem (Cosens, 2010).
GOVER NANCE ATTR I B U TE S F OR
R E SI LI ENCE

Barriers to effective governance of water
resources “include lack of incentives for
stakeholders, institutional fragmentation, lack
of political will and leadership, high transaction
costs of involving multiple stakeholders in the
governance process, and lack of financial vehicles
that allow for major funding flows” (Abell, R., et al,
2017).
In addressing these barriers, Butler et al. (2017)
highlights that the performance of a resilient, or
sustainable system must be distinguished from
the properties that enable this performance
to be achieved. Governance attributes are the
properties that enable desired performance. The
attributes discussed here are derived from both
‘good’ governance and ‘adaptive’ governance.
Governance attributes are contributing factors
in enhancing the institutional (decision-making
process, institutional flexibility), social capital
(trust, network and leadership) and individual
capacity (drawing from experiences towards
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innovative solutions, self-organizing, knowledge
generation, learning) further contributing
towards resilience building. These include
polycentric and multi-layered, coordination
and collaboration, participation, deliberation,
equity and inclusiveness, accountability and
transparency, and adaptive capacity (Armitage,
2006., Djalante et al, 2011, Lebel et al, 2006.,
Fraser and Kirbyshire 2017, OECD 2018,
Plummer et al., 2014, Tai, 2015., Tanner et.al,
2009).
Resilience literature provides evidence that
supports governance attributes as important
factors in helping to improve and enhance
capacity to manage resilience. In one of the
studies (Plummer et al. 2014), using the Delphi
research tool, the authors attempt to find the
linkages between governance attributes and
managing resilience. Plummer et al. (2014)
describes the most preferred list of attributes as
adaptive, polycentric, inclusive and maintaining
strong leadership. The governance attributes
highlighted in this paper are those that appear
most frequently in the resilience literature.
Multi-layered or polycentric: In the
current resilience discourse, multi-layered or
polycentric decision-making is advocated as
one of the institutional arrangements that is
better equipped to address complexities. Such
arrangements provide a platform for sharing
of responsibilities, and the ability to plan and
make decisions at the appropriate level when
needed. It has been argued that such systems are
more flexible, better placed to handle complex
issues, cope and identify gaps at the local levels
in comparison to the traditional mono-centric
unit (Cosens and Williams, 2012., Huitema et al,
2014., Djalante et al. 2011, Lebel et al. 2006).
Lebel et al. (2006) and Cosens et al. (2018)
share that such institutions improve the fit
between knowledge, action and socio-ecological

Discussion on definition of polycentric and multi-level
governance:
There is no set definition for the term ‘polycentric’, as it has
been used across inter disciplinary context, such as in public
administration discourse, and commons scholars on governance
of natural resources. Polycentric or ‘Polycentrism’ was introduced
as a concept in the context of metropolitan governance, describing
it as a form of organization or system which has multiple
organizations, centres of decision-making and at different
governance scale, with each of them having a certain degree of
autonomy (Dorsch and Flachsland, 2017, Ostrom, 2008a, Lebel
et al., 2006). Such arrangements may not necessarily stand in
hierarchical order but have a certain level of independence and
inter-dependence between institutions at various level (Lebel et
al., 20006, Cole, 2011, Huitema et al., 2014). Polycentric systems
are also termed as multi-layered. More recently Ostrom referring
polycentric system in climate policy literature has reviewed the
definition as ‘“A polycentric system exists when multiple public
and private organizations at multiple scales jointly affect collective
benefits and costs’ (Cole, 2011).
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context which enables society to respond more
adaptively at an appropriate level and scale.
Arnold et al. (2017) discusses that a polycentric
and modular adaptive governance, which is
connected through multi-stakeholder and
multi-government networks, has the robust
opportunity for participation and collaboration.
For instance, local knowledge can inform
local actions, enhancing the capacity of local
governance and institutions to deal with the
social and ecological concerns of that location.
Illustrating this point, Aoki (2016), Fraser and
Kirbyshire (2017), cite an example of how
polycentric and multi-layered approach led to
a positive resilience outcome and helped both
the government and local communities in Japan
to response and recover from the 2011 Great
East Japan Earthquake and Tsunami disaster.
The authors describe how when one of the
towns fell short of manpower to deal with the
disaster, the governance system entered into a
polycentric arrangement where the municipal
governments across the country (with support
from the national government) formed a
semi-autonomous collaborative partnership
at multiple levels with each other to provide
emergency supplies, manpower and public
services. This partnership included the national
authorities along with private companies, NGOs
and civil society organizations (CSOs). The
national government also provided the required
administrative authority, autonomy, and financial
support, that helped the municipalities to adapt
and successfully implement post-recovery and
reconstruction activities.
Many scholars caution that a polycentric
approach requires close coordination and
collaboration, communication amongst
stakeholders, and a clear understanding of the
roles and responsibilities of the stakeholders
(Armitage, 2006; Olsson et al, 2014; Huitema

et al, 2014; Dryzek and Pickering, 2017;
Young, 2002). Young (2002) Armitage (2006),
Dryzek and Pickering (2017) highlights that the
applicability of such governance systems needs to
be carefully deconstructed, and depends on the
type of problem, context, and specific time and
space. In the case of Japan, an effective outcome
to resilience was possible because there was a
clear sharing of responsibility and coordination
between the national government, sub-national
government and municipalities. Whereas in many
cases having a polycentric arrangement might
not be enough, such as detailed in the example
of a massive hydrofluoric acid and gas leak in the
industrial city of Gumi in South Korea, where
due to lack of communication and collaboration,
weak capacity at local level, and overlapping and
unclear responsibilities between stakeholders
hindered and delayed the response procedures
and in post- recovery, affecting millions of life
(Fraser and Kirbyshire, 2017).
Polycentric or multi-layered institutional
arrangement should be complemented by
other factors such as enabling conditions
of deliberation and learnings, clarity on
stakeholders’ roles and responsibilities,
forums and platforms to engage stakeholders,
coordinated approach and frequent
communication and for cross-scale linkages and
having a redundant process (Olsson et al., 2014;
Huitema et al., 2014; Dryzek and Pickering
2017).
Coordination and collaboration: This
governance attribute shapes stronger
partnerships, networks, towards building
trust and facilitates better flexibility, promotes
shared understanding among stakeholders,
increases collaboration and coordination, helps
in coping and addresses disasters and challenges
better and faster (Tanner et al., 2009; Fraser
and Kirbyshire, 2017; Brien et al. 2012; Renn
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2016). Coordination and collaboration across
stakeholders—within government agencies
across sectors; across different levels-national,
regional and local; and between government and
the non-government institutions and actors—
helps in pooling of knowledge from multiple
participants, coordination in planning and
policies, and understanding their perspectives
on different ecosystem services and risk
can improve effectiveness and efficiency of
any interventions, implementing monitoring
and evaluation function becomes easier
(Djalante, 2011). Djalante et al. (2011), notes
the example of the 1995 Kobe earthquake in
Japan, where a community that had a stronger
community ties and collaboration resulted in
effective implementation of the rehabilitation
programmes, reconstruction processes and
other activities post-disaster. A neighbouring
community that had weak community links, faced
the challenge of implementing the relief activities
on a timely manner and was not able to provide
support to all its inhabitants.

Discussion on definition of collaboration and coordination:

In another case, the Ecovida Agroecology
networks in Brazil, helped achieve a
sustainable and resilient farming system
through collaboration and coordination among
stakeholder and active public participation
(Gonçalves et al., n.d.). The network has helped
build trust among the stakeholders through an
inclusive process of participation through its
“Participatory Guarantee System” (PGS) that
promotes coordination and collaboration among
local consumers and producers in Southern
Brazil as an alternative to the international thirdparty certification system model with expensive
external controls.

Participation is where relevant stakeholders, and at appropriate
levels, and across sectors and scales, meaningfully contribute and
actively participate in the decision-making, so that authorities
can make informed choices with respect to needs of citizens.
Participation enables and integrates local consultation in
decision-making process. Participation should meet key criteria,
as discussed by Arnstein’s “ladder on citizen participation” that
brings in different levels of participation from non-participation
to tokenism (informing, consultation, placation) to citizen control
(partnership, delegation and citizen control). Fung (2006) ’cube of
democracy’ discusses three key dimensions of participation which
are participant selection, communicative mode, and extent of
influence yields a three-dimensional space. Akhmouch and Clavreul
(2016) refers to participation as the involvement of individuals and
groups in the design, implementation and evaluation of a project or
plan, and relates inclusive participation to engagement that brings
in different views, inputs and intentions together in the decisionmaking process.

Participation: From the above example of Brazil,
it is evident that an equitable and inclusive
participation enables and integrates local
consultation in decision-making processes and

It is closely linked to collaboration, which is defined as a process
where a group of stakeholders, both government and nongovernment or individuals and communities pool their knowledge
and resources to address challenges (Lebel et al. 2006).
Coordinated and Collaborative governance is bringing together
stakeholders, across different levels, sectors along with both public
and private stakeholders in an integrated, coordinated manner
in collective forums with public agencies to engage in consensusoriented decision making. Ansell and Gash (2008) stresses that
collaboration emerges from growth of knowledge and institutional
capacity i.e. when knowledge is generated and distributed with
institutional set ups becoming more complex and interdepended,
demand for collaboration is

Discussion on definition of participation:
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facilitates generation and sharing of critical
information among concerned stakeholders,
along with stronger networks which could help to
adapt and recover from disaster better and faster
(Djalante et al., 2011; Djalante, 2012; Lebel et al.
2006; Tai, 2015, Schauppenlehner-Kloyber and
Penker 2016, Johannessen and Wamsler 2017).
Folk et al. (2005) notes that with focus on
participation, the essential role of actors needs
to be recognized in this context (e.g., leadership,
trust building, vision, and meaning); at what
level and scale, along with their social relations
(e.g., actor groups, knowledge systems, social
memory). Others are of the view that building
awareness and capacity of stakeholders,
recognizing power relations between local
communities and government bureaucracy
as prerequisites to meaningful participation
(Armitage 2006). Cook et al. (2011) note that if
such participation processes are not managed
efficiently, effectively and in a timely manner, it
can slow down the adaptation efforts.
Deliberation: Although deliberation is an integral
part of participation, it primarily focuses on the
process towards a meaningful participation.
Deliberation helps in bringing together different
perceptions, opinions, and integrating different
forms and sources of knowledge in one platform
to reach a consensus. This could further
contribute in enhancing the prospects for the
recognition of local and traditional ecological
knowledge in adaptive governance processes
along with the path for social learning and
trust building among stakeholders (Reed et al.
2010; Akamani and Wilson 2011). Akamani
(2016) shares that public deliberation informs
scientific analysis and towards effective and
collective decision-making. With debate, dissent,
mediation and negotiation, cross-learning
and sharing of knowledge leads to innovative
solutions and learnings which are among the key

characteristics of resilience
Participation builds the trust, deliberation
and shared understanding needed to mobilize
and self-organize (Lebel et al., 2006). The
example of Kristianstad Water Realm in
Sweden cited by Lebel et al. (2006) is a good
case study showcasing how deliberation helps
in improving capacities for resilience building.
The management of Kristianstad water
reserve, and the wetlands along with flood risk
reduction through resilience management in
planning involved a bottom-up process of public
participation and deliberation. This process
took several years to build trust among the
stakeholders, bringing together new actors and
increasing knowledge on the local systems and
environments through deliberation strategies a,
awareness campaigns.
Equity and inclusiveness has featured in
resilience literature as a key attribute towards
building trust, facilitating better flexibility,
promoting shared understanding among
stakeholders, increased collaboration and
diversified participation, which further helps
in meeting resilience (Tanner et al. 2009;
Fraser and Kirbyshire, 2017; Brien et al.,
2012; Renn, 2016). UNESCAP (2015) shared
that developing a resilient city will require an
inclusive governance mechanism which includes
environmental, economic and social dimensions,
and representation of all stakeholders.
Related to the water sector, authors recommend
that adopting a systematic and inclusive
approach to water governance is likely to result
in better returns to the time and resources
invested, and better prepared to handle risk
and challenges effectively (Akhmouch and
Clavreul, 2016; OECD, 2011). Ison and Wallis
(2017) refer to inclusiveness in IWRM that
helps connect the systems achieving a greater
variety of participation, particularly from people

GOV E RNA NC E FO R WAT E R RE S I L I E NC E

Discussion on definition of deliberation:
A platform for open communication, discussion, reflection process
and deepening understanding among the stakeholders, with
debate, dissent, mediation and negotiation, which can happen
at both formal and informal levels (Lebel et al. 2006, Tai 2015,
Armitage 2008, Berks et al. 2005). Hordijk et al. (2014) shares
that in collaborative management, learning through deliberation
implies that actors are exposed to differing values, have to
analyze and debate alternatives and create a common ground
for collective action’. Tan et al. (2012) refers to deliberation to
‘the interaction between decision makers and the public for the
debate overpotential decision options, for example, agreement
on decision-making criteria, assistance in developing alternate
options, and identification of a preferred option’.

Discussion on definition of accountability and transparency:
Governance and resilience literatures have largely focused on the
issue of legitimacy and accountability in its discussion (Folke et al.,
2005; Lebel et al., 2006; Tai, 2015; Tanner et al., 2009; Brien et
al. 2012; Armitage, 2008; Armitage, 2006; Fraser and Kirbyshire,
2017; Johannessen and Wamsler, 2017). Accountability is
where authorities are obliged to share information and explain
decisions, with public scrutiny and citizens have the opportunity
to get feedbacks and challenge decisions (Grillos 2014, Hegger
2016, Bundschuh-Rieseneder 2008). Accountability refers to the
mechanisms through which duty bearers, elected officials and
service providers report to rights holders and other stakeholders
within the service delivery framework (Jiménez et al, 2018).
Transparency is availability of information to public, with clarity
on government rules and regulations and decision making
(Bundschuh-Rieseneder, 2008). UNDP (2013) defines it as
‘The level of openness of governance processes and access to
information. It also refers to the extent that public decision-making
processes and outcomes are open to scrutiny by citizens, the
media, and others.

from local scale interest. Urban water systems
involve multiple scales and actors. Therefore
having an improved governance arrangement
with inclusive participation and multi-stakeholder
engagement will enable knowledge sharing,
creating awareness and learning and adapting
(Johannessen and Wamsler, 2017). In the context
of improved resilience to flood in cities, Bosher
et al. (2009) focus on having an inclusive strategy
for urban resilience involving key stakeholders to
be more holistic and effective.
Accountability and transparency: Lebel et
al. (2006) and Armitage (2008) identify that
accountable authorities pursue just distributions
of benefits and involuntary risks and enhance
the adaptive capacity of vulnerable groups
and society as a whole. Systems that allow for
accountability, autonomy and flexibility along
with strong multi-level and multi-actor networks
can help achieve resilience through improved
credibility and legitimacy, building trust amongst
the stakeholders. (Fraser, 2017; Akhmouch and
Clavreul, 2016). Djalante et al. 2011, however,
argue that in a flexible arrangement, determine
and measuring accountability can be challenging.
In the context of water services, Karar and Mata
(2015) mention that accountability will have
to be brought in with the development of laws,
policies, institutions, administrative procedures
and mechanisms. For instance, accountability can
be weak if certain measures such as sanctions,
anti-corruption is absent (UNDP, 2013).In
resilience literature, discussion around upward
and downward accountability has highlighted
that communities and local authorities are found
accountable to higher central authorities but that
downward accountabilities are often weak (Lebel
et al, 2006).
Accountability can be achieved through
transparency, monitoring, legal recourse,
engaging and having free media. Transparency
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and accountability are improved by access to
reliable information, and clarity on roles and
responsibilities (Scott and America 2016).
Transparency helps build greater trust among
stakeholders, and enhances the ability to
coordinate well during emergency and disasters.
Adaptive Capacity (learn, adapt and selforganize) describes the capacity to cope with
different forms of shocks and stresses and
uncertainties, and the ability of a system to
self-organize, learn, respond, experiment and
use adaptive management strategies. These
abilities can be built through an effective process
discussed above under each of the governance
attributes.
Self-organization is the ability of a system
to maintain and re-create its identify by
safeguarding itself from the impacts of other
systems (Holling, 2001; Lebel et al, 2006). The
ability to adapt increases a system’s capacity to
pursue action over time, evaluating it and tackling
new objectives or when context changes (Lebel
et al, 2006). To cope with uncertainties and
non-linearities, there is a need for flexibility and
openness to learning. The system must also be
prepared with adequate capacity to identify and
evaluate changes, and detect hard-to-reverse
thresholds in a timely fashion, to learn, adapt and
take new measures (ibid).
Key elements contributing to adaptive capacity
are that the system is capable of self-organizing
through formal and informal networks in
response to change. Additionally, there must
be functioning institutions and platform for
learning, innovation and knowledge sharing
between actors, mechanisms and platforms to
facilitate collective learning at regional or local
level, and mechanisms that promotes awareness
raising campaigns among stakeholders around
resilience issues. The existence of community or
stakeholder networks that facilitates and help
self-organizing collective actions is also needed.

AP P LI CATI ON TO WATE R R ESI LI ENCE

If one or more attributes are absent or weak, this
can result in governance bottlenecks or gaps.
The path to achieving resilience through the
implementation of the governance attributes is
not always easy and involve challenges such as
existing policy, political dynamics in a country,
inherited practices, and our own limitations to
predict what will happen (Ménard, Jimenez and
Tropp, 2018). No single system of governance
guarantees to cope successfully with complexities
and uncertainties. While much of the existing
literature on governance for resilience adopts a
pro-democratic stance, there is a need to further
investigate the influence of regime types or on
trade-offs of open or closed political systems
in resilience building (Fraser and Kirbyshire,
2017). Additionally, apart from the governance
attributes discussed here, there is a need to
explore other governance attributes which are
not discussed in the resilience literature, to seek
its relevance to resilience building, for instance
process management, effectiveness, efficiency.
For instance, while explaining effectiveness, one
can describe it as the relationship between inputs
on one hand and results as the outcome (UNDP,
2013).
The governance attributes presented here
from both “adaptive” and “good governance”
have proved to be important to improving
the processes and enabling systems to selforganize, learn, be adaptive, and innovative.
Adaptive governance can contribute to resilience
building, maintaining good governance and
building social capacity in face of uncertainties
and internal or external pressures (Hall, 2014;
Akamani, 2016). In one way, good governance is
a building block for adaptive governance (Sam et
al. 2015). Although multiple resilience scholars
have emphasized the adaptive governance
approach to manage resilience in SES in face of
uncertainties, there is limited available literature
that decodes the relationship between ‘good’
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and ‘adaptive’ governance in the context of
resilience. Chaffin et al. (2014) in its literature
review on adaptive governance and resilience
emphasizes on the need for in-depth research to
understand the relationship between these two.
Further research is needed to understand the
differences, complementarities and opportunities
for integration between “good” and “adaptive”
governance, and whether the overlapping
attributes between the two need a separate
inquiry or if good governance is enough to build
resilience.
CH ANG ING G OVERNANCE ROLES

Traditionally, water governance has managed by
public entities. However, this is changing as the
increasing role of industry, as well as growing
community and other stakeholder action groups.
Under the UN Global Compact, the CEO Water
Mandate 2016-2018 seeks to “accelerate the
transition of corporate water stewardship
from an emerging field led primarily by large
multi-national companies and global NGOs to
a mainstream practice accessible to companies
of all sizes and stages of maturity, with informed
and empowered advocates for sustainable water
management across all sectors and geographies”
(CEO Water Mandate, n.d.).
Recent literature indicates a growing trend in
source water protection in upstream urban
water basins. Where companies have recognised
water security risks, they are increasingly acting
pro-actively to engage with upstream basin
stakeholders and supply chains (Ceres, 2015;
CDP, 2017; Orr, Cartwright, and Tickner, 2009).
Source water protection is identified as one key
role of governance, achieved through measures
such as targeted land protection, re-vegetation,
riparian and wetland restoration, agricultural and
ranching best management practices, fire risk
management, and road management, to leverage

the potential for source watersheds as a “nexus
of value and action” in tackling:
••

Water security;

••

Climate change mitigation and adaptation;

••

Human health and well-being;

••

Biodiversity conservation (Abell, R., et al,
2017).
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3

GAP ANA LYSI S
Based on an analysis of existing literature, the project team
identified gaps in the knowledge and resources dedicated to
understanding city water resilience. This section addresses those
gaps and identifies opportunities for the CWRA to contribute to
global knowledge on critical subjects.
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SHOCKS & STRESSES: GAPS

EXISTING RESOURCES FOR
RESILIENCE

City-scale data

Resources for building city water resilience
include frameworks, methodologies and tools,
with very few examples providing a combination
of framework (the guiding north star); a practical,
easy to follow, end-to-end approach; and the
tools to support aspects of the decision-making.

Although there is a good understanding of shocks
and stresses that urban water systems face at
the global level, there is less understanding of the
shocks and stresses individual cities face. Cities
are exposed to the same global risks, but the scale
of these shocks and stresses and the potential
impact can vary widely depending on the location
of the city and its makeup (social, economic and
environmental). Understanding these shocks
and stresses and their potential impacts on cityspecific level should form an early part of the
City Water Resilience Framework. This has been
previously undertaken in workshops for the City
Resilience Framework using shocks and stresses
cards to rank the likelihood and in workshops for
the Welsh Water Resilience Framework using a
graph of likelihood verses consequences.
Interdependencies
The interdependence of systems and sectors
depending on water is well known. However,
even when considering the water-energyfood nexus, assessing the implications of the
interdependence quickly becomes complicated.
More recently, the wider implication of the
interdependency of water related sectors has
come into focus, in particular on the ‘expanded
water nexus’ incorporating cities and the
environments.
Although the extent of water related risk
is growing, there appears to be limited
consideration in the literature of the growing
complexity of interdependencies between
systems and the potential for shocks and
stresses to cascade and compound in terms
of impact within and between systems. Some
recent activities indicate a growing recognition
of the need to understand interdependencies,
however: the World Bank exploring pathways
from precipitation shocks to city growth and

prosperity, Nature Conservancy building
understanding around value proposition of
source water protection, and the insurance
sector developing the concept of a resilience
shift.
In light this analysis, an important early stage
of water resilience approaches is analysis
of the basin function mapping to explore
the ‘water basin’ as perceived by different
stakeholders in different cities. By assessing
the various perceived ‘water basins’ of different
stakeholders and systems it may be possible to
conceive the overall urban water basin, which
illustrates the interdependency of systems.
Within this assessment, it will be necessary
to test how shocks, stresses, and trends can
act across numerous systems and impact
different stakeholders in different ways. Such
an understanding is likely to be a fundamental
pre-requisite when considering the CWRA value
proposition.

The literature review shows few examples
where a framework is supported by an approach
or process for implementation, none of which
relate to urban water resilience. Additionally,
except from SWITCH, there is no water related
framework or methodology that references
specific tools. This highlights a clear gap in
water resilience understanding that the CWRA
can fill by providing a robust and engaging
implementation methodology with links to
successful existing frameworks and tools for
scoping and decision-making.

APPROACHE S

Social and economic shocks and stresses
Much of the literature reviewed focusses on key
shocks, stresses and trends related to climate,
water availability, and water consumption.
However, there appeared to be limited specific
coverage in the literature reviewed of the
impacts on urban water systems of some of the
wider social and economic shocks and stresses
that were identified in, for example, Arup’s City
Resilience work. These include:
••

Social instability and community cohesion

••

Failures of governance

••

Changes in economic structure, inflation/
deflation

••

Education and employment

••

Crime (cyber and traditional)

A total of 10 approaches (i.e. methodologies)
were reviewed. As with the frameworks and
indexes, these were subdivided in two categories:
water related programmes (6), and the city
resilience programmes (4).
Most of the approaches reviewed were not
associated with specific frameworks or tools.
For example, while SWITCH can be considered
the most well researched and influential
methodology, enabling cities to upgrade water
systems into a better conditions in the future, this
methodology does not have its own framework.
Another relevant approach reviewed was the
“Design with Water” methodology. This approach
has a “partnership delivery” methodology, where
the drivers and development needs of all of
the partners are aligned and a shared case for
investment and action is built.

The desktop study suggests that administrative
boundaries often do not align with the basin
boundaries of the water system and therefore
local water utilities may not have control over
all relevant elements of the water system.
Additionally, different elements of the water
cycle are often managed across a fragmented
landscape of governance and regulation.
In this light, approaches are needed that clearly
define, and take a holistic view of the urban water
system. This task can be broken down further
into two parts: defining the basin(s) upon which
the city depends and establishing and engaging
with the individuals and organisations that
have jurisdiction over different elements of the
water cycle in these basins. Accordingly, basin
function mapping has been identified as a critical
component in building a methodology that
supports cities in defining their city water basin
from a holistic water cycle perspective, including
the hydrological boundaries and governance
arrangements.
An analysis of the 100 Resilient Cities
Methodology, City Strength Resilient Cities
Programmes, City Resilience Proof Tool and
SWITCH methodologies suggest commonalities
between approaches (see Table 5), which often
include an initial initiation stage with launch
or agenda setting workshops and stakeholder
mapping. The second stage includes collection
of the data required and the identification of key
shocks and stresses. The third stage involves
the completion of a resilience assessment,
development of a resilience strategy and the
prioritisation of investment and actions. The
final stage includes strategy implementation,
and monitoring, and evaluation. This analysis
will be used in the partner city engagement
stage to create a draft methodology for the
implementation of the City Water Resilience
Framework with more detailed stages.
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Table 5: The table shows a comparison between different methodology steps for the 100RC methodology, City Strength Resilient Cities Programme
and the SWITCH methodology. The cells filled with the same colour are considered to have similar or comparable methodology steps.

F RA M EWO RK S
A total of 14 frameworks were reviewed. These
were subdivided into two different categories:
water related frameworks (8) and city resilience
frameworks (6). The review focused on the
content and structure of the water-related
frameworks and the structure of the city
frameworks to develop a full understanding
of resilience frameworks, as well as the
water-related content to include in the goals
and indicators of the City Water Resilience
Framework.
Each framework was reviewed from the
perspective of their:
••

Objectives and outcomes

••

Goals and indicators

••

Applicability and implementation

••

Successes and limitations

Objectives and outcomes
Many of the water frameworks share a common
objective: the creation of a diagnosis framework
that assesses the resilience of water systems
in cities and benchmark and rank cities based
on their performance. However, few of the
frameworks are intended to be used to inform
responses and improve decision-making around
urban water resilience.
Goals and indicators
The frameworks reviewed typically featured two
levels of measurement, the first often referred
to as “goals” and the second level as “indicators”.
In some frameworks, for example, the City
Resilience Index (Arup, 2014), the goals are often
gathered under broader “dimensions”.

The “goals” capture what the system should
strive towards in order to become more resilient
and the “indicators” tell us how the resilience of
the system can be observed and can be used to
assess the resilience of the system. They describe
the wide range of assets, behaviours, systems and
practices that contribute to the resilience goals,
and relate to day-to-day functions of the system
(Arup, 2014). The frameworks that are developed
in more detail have five to nine goals with about
four to five indicators within each goal.
The level of detail of the indicators vary, some
indicators are high level, and others are more
detailed with supporting maturity matrices
or metrics used to support the assessment of
the system. All of the frameworks use either
quantitative or qualitative indicators, with no
frameworks combining the use of both indicators.
As a result, many of the frameworks focus on
either measurable aspects of resilience, for
example, infrastructure provision, or they focus
on the softer aspects, for example, governance
and health and wellbeing. Combining quantitative
and qualitative assessments in the City Water
Resilience Framework will result in a more
holistic assessment. Though many of the existing
frameworks aim to take a holistic view of the
urban water system, there are some common
themes that are overlooked.
To identify gaps, the team mapped 50 goals and
148 indicators described in seven frameworks,
against the dimensions and goals defined in the
first draft of the CWRF (see Table 6). There are
no existing frameworks or indices that cover the
city water resilience from a holistic perspective,
and at a city basin level. Generally, the focus of
many of these frameworks is ensuring sufficient
supply of water and, therefore, the resilience of
sewerage and drainage are often not included.
Alongside this, the themes of resilient financing
and governance of urban water systems receive

1 0 0 R ES ILIEN T CIT IES
MET HODOLOGY

CIT Y ST R EN G T H R ES ILIEN T
CIT IES PROG R A MME

CIT Y R ES ILIEN CE
PROOFIN G TOOL

0. Initiation

2. Launch workshop

1. Getting started

Establishment of CRO and team

Invite workshop participants

Agenda Setting Workshop

Prepare workshop materials

Evaluate needs, opportunities and
context

Conduct the workshop

Gathering of Basic information

SWITC H

Stakeholder mapping
Formal agreement
2. Engagement
Presentation of the tool
Nomination of at least two focal
points within the local government
Definition of roles and
responsibilities of local government
and UN Habitat

1. Engage, assess and synthesize

1. Pre-diagnostic data review

3. Diagnosis

1. Baseline assessment

Build a team and plan for success

Review existing studies, reports and plans

Creation of the CRPT

Map and engage stakeholders

Map the stakehold-ers

Diagnosis through data

2. Visioning, objectives, targets
& indicators

Assess city systems and risks

Identify Preliminary Shocks and Stresses

Preliminary Resilience Assessment

Prepare the briefing note

Phase 2 approach

Train the launch team

3. Interviews and field visits
Participate in field visits
Conduct interviews on sectorial issues

2. Innovate, partner and design

4. Prioritization

4. Informed actions

Discovery areas diagnostic

Assess resilience through multiple lenses

Prioritized steps

Cross-discovery areas analysis

Bringing the lenses together

Creation of a Resilience Action Plan

Opportunity assessment

Prioritize actions and investments

Prioritize short, medium and long
term strategies

5. Discussion and next steps

Assignment of actions

Wrap-up meeting with city leadership

Integration of actions into existing
government policies and plans

Strategy hierarchy
Resilience strategy

Make the findings public
Set the path for future engagement

Monitor impact

3. Strategy implementation

5. Taking it further

Institutionalization

Work with local governments to
leverage funds

Mutual priority initiatives
Annual action plans

3. Scenario building & strategy
development

4. Development of an action
plan and implementation

Share their experience and
expertise with partner cities
through the UN Habitat network.

5. Monitoring & evaluation
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Table 6: A comparison between an early draft of the
CWRF and existing frameworks to identify gaps.

DRA FT CW RF

••

••

••

City Blueprint® Framework, which has
been implemented in 60 municipalities
and regions in more than 30 countries and
continues to be tested in more cities;
Water Sensitive City Index, which has been
implemented in 12 cities in Australia and 3
cities internationally; and

••

••

Sustainable Water City Index, which has
been applied to 50 cities in 31 countries.

Different approaches are used to complete
each assessment. For the City Blueprint®
Framework, the city appoints a coordinator to
collect the information for the questionnaires.
For the Water Sensitive City Index, the indicators
are benchmarked via a workshop between the
accredited consultant and knowledgeable city
representatives from a range of interests and
sectors. The workshop process takes participants
through a three-step method for scoring
each indicator: (1) live polling, (2) interactive
discussion, (3) reach consensus amongst the
participants on the score to be assigned. It is
not clear the process behind the assessment
approach for the Sustainable Water City Index.
Successes and limitations

••

Well-research and detailed indicators
that provide a very comprehensive base
assessment of the water situation in a city.
The method for calculating indicators is well

A balance of hard engineering and
softer approaches such as governance,
collaboration, working with the environment,
and financial incentives incorporated into
the goals. The Principles of Waterwise Cities
framework is a good example of this.
Provision of a variety of visuals of results, for
example, graphs and visualisations to assist
with engagement around the approach. The
Water Sensitive Cities Index also has an
online tool, where results can be updated to
reflect different scenarios and benchmark
against other cities.

City
Blueprint
Framework

Governance
Capacity
Framework

Trends &
Pressures
Framework

Water
Sensitive
Cities Index

Sustainable
Cities Water
Index

Design
With
Water

Principles
for WaterWise
Cities

Total

Wastewater services

6

0

0

0

1

0

1

8

Access to treated water

2

0

0

2

4

1

2

11

Quality of receving water body

0

0

1

2

0

0

2

5

Sanitation & hygiene

2

0

2

1

3

0

0

8

Non-revenue water

1

0

0

0

0

0

0

1

Water services cost recovery

1

1

0

1

2

0

0

5

Water utility access to finances

0

3

1

0

1

0

0

5

Citizen engagement

2

6

0

8

0

1

2

19

Age of infrastructure

2

1

0

1

0

0

0

4

Green infrastructure

2

0

1

4

1

5

3

16

Flood resilience

1

0

4

1

2

1

1

10

Ecological health of water bodies

1

0

4

2

1

0

0

8

Governance

2

12

1

5

0

0

2

22

Regulation

0

0

0

0

0

0

1

1

Strategic investment planning

0

4

1

5

1

0

3

14

Investment strategies

0

0

0

1

1

1

0

3

NA

3

0

3

1

0

1

0

8

Total

25

27

18

34

17

10

17

148

Some of the key limitations across the
frameworks are:
••

••

Some of the key successes across the
frameworks are:
••

The ability to combine different indicators
and assign a weighting to different indicators
to compare different scenarios. The Water
Sensitive Cities Index has this functionality.

Goal

Health & Wellbeing

There are three water-related frameworks that
have been implemented in cities:

Widespread global implementation of the
framework. This both ensures the framework
is robust for different shocks, stresses,
governance structures and geographies and
also ensures that there are a critical mass of
case studies to draw on.

CWRF

Economy & Society

Applicability and Implementation

••

CWRF

Infrastructure &
Ecosystems

explained with data sources provided to
assist with the completion of the different
assessments. The City Blueprint Approach is
a good example of successful indicators.

less focus outside those frameworks that focus
on governance, for example, the OECD Principles
of Water Governance and the Water Governance
Assessment Framework.

EXIST IN G FRA M EWORK S: # OF G OALS / I N DI C ATOR S AL I G N E D W I TH C W R F G OA L S

Dimension

Governance &
Strategy

72

••

overlooked. There appeared to be limited
specific coverage of the impacts on urban
water systems of some of the wider social
and economic shocks and stresses.

A focus on either quantitative indicators
(for example, the City Blueprint Approach)
or qualitative indicators (for example, the
Water Sensitive Cities Index).
Many of the frameworks focus on water
supply and do not take a holistic approach
including drainage and sewerage,
governance, security and finance.
Though many of the frameworks aim to take
a holistic view of the urban water system,
there are some common themes that are

TOOLS
Many of the tools reviewed were found to
be either outdated, too complex or too time
consuming for general use. However, three good
examples identified are:
••

The Decision Tree Framework

••

The Infrastructure Prioritization Framework

••

Prioritization Lenses Tools (CSRCP)

Our review found no examples of scoping and
design tools that allow the user to define the
system boundary of an urban water system at
basin scale or identify key stakeholders. The
research team see this as a fundamental first step
in building the resilience of the system as a whole.
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••

The Resilience Shift: Resilience in the Water
Sector;

••

Welsh Water Utility Resilience Framework;

••

Rotterdam Water Handbook.

S HO C KS & S T R E S S E S

The project team identified trends that impact on
water resilience in cities from a range of sources
including:

RE FE RE NC E S

••

World Bank’s Water Scarce Cities,
Unchartered Waters, Shock Waves, and High
and Dry Reports.

2. Keyword database searches using site such as
JSTOR and Google Scholar using the terms:

Keyword database searches, using sites such as
JSTOR and Google Scholar with the following
keywords was undertaken:

••

Urban resilience + water

••

Cities + resilience + water

••

Arup’s Drivers of Change: Water cards;

••

Arup’s City Resilience Index shocks and
stresses cards;

••

Urban resilience + water;

••

Basin + cities + resilience

••

Cities + resilience + water;

••

Catchment + cities + resilience

••

World Economic Forum Global Risk Reports
between 2005-2017;

••

Basin + cities + resilience;

••

Resilience Challenges defined by the 100
Resilient Cities network;

••

Catchment + cities + resilience

3. Review of urban water resilience examples
from practice:

••

Review of humanitarian disasters since 2000
for city-based disasters that impacted the
urban water system;

FACTOR S OF R ESI LI E NCE F OR URBAN
WATER SYSTE M S

••

World Bank global data sets;

••

Aqueduct global water risk maps;

The resilience factors of urban water resilience
were identified from three main sources:

••

Aqueduct global flood risk maps;

1. Leverage existing work:

••

Natural disaster hotspots;

••

City Resilience Framework and Index;

••

Poverty impact of disaster;

••

IWA Waterwise Cities;

••

Eutrophication and hypoxia map data set;

••

City Blueprints;

••

100 Resilient Cities challenges map; and

••

OECD Principles of Water Governance;

••

Food and Agriculture Organization of the
United Nations AQUASTAT.

••

The Bellagio Initiative, Resilience: A
Literature Review;

Shocks and stresses cards will be produced to
use in workshops with the pilot cities.

••

The Resilience Shift: Resilience in the Water
Sector;

••

Welsh Water Utility Resilience Framework;

••

Sendai Framework for Disaster Risk
Reduction;

••

DE F IN I T I O N S F O R “U R BAN WATE R
R E S IL IE N C E ”

••

City Resilience Framework and Index;

••

IWA Waterwise Cities;

••

City Blueprints;

••

OECD Principles of Water Governance;

••

The Bellagio Initiative, Resilience: A
Literature Review;

••

••

A review of urban disasters that impacted
the urban water system. From this list,
a diverse selection of cities are selected
looking at their size, water governance
structure, shocks and stresses that they are
facing, level of development and how the city
responded in the face of the shock or stress.
The examples are analysed to draw out the
resilience factors, which will be collated in a
database. Meta-analysis will be undertaken
of the factors to group them into themes,
forming the basis of the CWRF.

RES ILIENCE FRAMEWORKS ,
APPROACH ES AND TOOLS

••

Assessing water governance (WGF)

••

Basins of the future programme (IWA)

••

City Blueprint® approach (KWR)

••

City resilience Index (Arup)

••

City Resilience Proofing Tool engagement
strategy (UN Habitat)

••

City Strength Resilient Cities Programme
(World bank /GFDRR)

••

City Water Balance – CWB (SWITCH)

••

City Water Economics - CWE (SWITCH)

••

City Water Information System - CWIS
(SWITCH)

••

Creating Sustainable Water Future for Cities
(Arcadis)

••

Design with water approach (Arup)

••

Guiding questions on Water and Sanitation
(CSRCP)

••

Hazur approach (Opticits)

••

Principles for Water-Wise Cities Framework
(IWA)

••

Principles on water governance (OECD)

••

Prioritization Lenses Tools (CSRCP)

••

Sustainable Cities Water Index (Arcadis)

••

SWITCH Transition Manual (SWITCH)

Based on the literature review, criteria to be
achieved in the CWRA include:

••

The decision tree framework (Patrick A. Ray,
Casey M. Brown, 2015)

••

Applicable globally to cities of varying scales,
climates, stages of development, governance
structures etc.

••

The infrastructure prioritization framework.
(World Bank PPP Group, 2016)

••

Enables assessment of current performance;

••

Water Demand Management Options
(SWITCH)

Arup Future of Urban Water & Design with
Water;

••

Assists with identification and prioritisation
of future actions and investment.

••

Water Governance Assessment Framework
(WGF)

••

University of Exeter Safe & Sure: A new
paradigm for water management;

••

Water Management & Multi-Benefit
Solutions (Rotterdam Exchange, 100RC)

••

C40 Climate Risk and Adaptation
Framework and Taxonomy;

To ensure that the CWRA takes the best
approach to fulfilling these criteria, a review of
existing resources was undertaken. The review
focused specifically on frameworks, and reviewed
the following:

••

Water Sensitive Cities Index (Australian
Government)

••

Rotterdam Water Handbook; and

••

Welsh Water Resilience Framework (Welsh
Water)

••

100 Resilient Cities methodology (100RC)
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