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1. Introduction
Changes to the world’s climate are forecast to occur during this century because of global warming.
These changes may lead to altered infectious disease incidence and the spread of diseases outside of their
historical regions. ESR is running a research programme on the impact of climate change on infectious
diseases in New Zealand. Part of this work includes developing tools to help users of the research,
including district health boards and local authorities, respond and adapt to the consequences of climate
change for infectious disease. The research includes a component on drinking-water supplies.

1.1 Why was this handbook prepared?
Drinking water can be a pathway for the transmission of infectious disease. Drinking-water treatment
processes remove the microorganisms that cause disease from the water. Microorganism removal is
made more difficult by droughts and floods, which are expected to become more frequent and intense
in New Zealand with climate change. To help small communities and their water suppliers adapt to these
challenges, ESR’s research programme has included the development of a Vulnerability Assessment Tool
for assessing the vulnerability of water supplies to climate change. This handbook explains how to use
this Vulnerability Assessment Tool.
Key points
• T he Vulnerability Assessment Tool described in this handbook is part of a research programme on
the impact of climate change on infectious diseases in New Zealand.
• W
 ater supplies can transmit pathogens that cause infectious diseases, and the effects of climate
change may increase the likelihood of this happening.
• T he handbook should help small communities and their water suppliers to reduce the likelihood of
their supply being adversely affected by climate change.

1.2 What is this handbook about?
Key point
• T he handbook provides guidance for the user on assessing the vulnerability of their drinking-water
supply to climate change.
This handbook describes a Vulnerability Assessment Tool. The tool helps the user to:
• a ssess the vulnerability of their community to being without wholesome water (water that is safe and
pleasant to drink) because of heavy rain or droughts
• understand

the characteristics of their water supply and community that are contributing to the
vulnerability
• decide what actions to take to reduce the vulnerability of their community’s water supply.

1.3 Who should use this handbook
Key point
• T his handbook is for those who are responsible for ensuring communities have access to
wholesome water during weather or climatic episodes.
Water suppliers serving small communities, or small communities themselves, will find the guidance in this
handbook useful to help ensure community members have access to wholesome water during heavy rain
or drought that may arise from climate change.
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1.4 How to use the handbook
Key points
• T he handbook contains introductory material and guidance on how to assess vulnerability at two
levels.
• T he handbook’s appendices contain quick reference guides to the two levels of assessment,
information to help do the more detailed assessment (Level 2 Vulnerability Assessment), and a
worked example showing a Level 2 Vulnerability Assessment.
This section explains the structure of the handbook and the type of help each part provides.
Figure 1 shows the handbook’s structure and how the parts of the handbook link to each other.
The first three sections of the handbook contain introductory material to give the user an overview of the
Vulnerability Assessment Tool, what it is intended to do, and how it does it.
The handbook describes two levels at which a water supply’s vulnerability to climate change can be
assessed.
The Level 1 Vulnerability Assessment (Section 4) is a simple assessment, which the user should be able to
complete relatively quickly. It may be helpful to users who have a good understanding of the community’s
drinking-water supply and the likelihood of its failure during adverse weather episodes. For these users, a
Level 1 Vulnerability Assessment provides a standardised approach for assessing the vulnerability of their
supply, based on their knowledge.
The Level 2 Vulnerability Assessment (Section 5) uses the method used in the Level 1 assessment, but it
looks in more detail at the reasons why a community’s reticulated water supply may fail. This gives a more
robust vulnerability assessment. Supporting Information contained in Appendix B will help the user with
the Level 2 Vulnerability Assessment, however, users not wishing to do a Level 2 Vulnerability Assessment
may still find this information useful in understanding how to reduce the vulnerability of their water supply.
The Quick Reference Guide (Appendix A) contains abbreviated instructions to remind the user how to do a
Level 1 or a Level 2 Vulnerability Assessment.
The worked example (Appendix C) helps users understand how to do a Level 2 Vulnerability Assessment,
and Appendix D contains advice on how to modify the spreadsheet available on the HAIFA website, which
can be reached through www.esr.cri.nz, when doing a Level 2 Vulnerability Assessment.

2

3

E pisode is used in this handbook to refer to extreme weather or climatic phenomena, specifically heavy rain and drought, that may result from
climate change and variation.
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Figure 1: The handbook’s structure
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The blue arrows show the suggested order in which the user should read the material. The yellow
arrows show additional material contained in the appendices that either support the Level 2 Vulnerability
Assessment or help the user in doing the assessment.
While it has been the aim to make the information contained within the tool as comprehensive as
possible, users are welcome to submit omissions to the author (chris.nokes@esr.cri.nz) for their inclusion in
future editions of the tool.

1.5 Definitions – key terms/concepts
This section provides definitions for terms and concepts used in the field of climate change, where they
are relevant to the Vulnerability Assessment Tool. These definitions are based on those given by the
Intergovernmental Panel on Climate Change4 (IPCC, 2007). It also defines terms used specifically for
the Vulnerability Assessment Tool, and where necessary, it explains how more widely-used terms are
interpreted for the purposes of the Vulnerability Assessment Tool.
Adaptation: initiatives and measures to reduce the vulnerability of natural and human systems against
actual or expected climate change effects (IPCC, 2007).
Adaptive capacity: the ability of a system to adjust to climate change (including climate variability
and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the
consequences (IPCC, 2007). For the Vulnerability Assessment Tool, adaptive capacity is interpreted as the
ability to implement the adaptations to minimise vulnerability.
Direct consequence: an event directly caused by exposure. It leads to an indirect consequence or an
impact on the water supply, or both. A direct consequence does not specifically affect the water supply. It
occurs in the environment and, as a result, may affect systems other than water supplies.
Episode: extreme weather or climatic phenomena, specifically heavy rain and drought, that may result
from climate change and variation.

IPCC, 2007, Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 2007M.L. Parry,
O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson (eds), Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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Event: an occurrence triggered directly or indirectly by exposure. Such occurrences are categorised as
direct consequences, indirect consequences or impacts.
Exposure: for the Vulnerability Assessment Tool, exposure refers to heavy rain and drought, which puts
stress on a community and its water supply.
Impact: an event caused by a direct or indirect consequence, or both, which contributes directly to one
of two results – the community not having water at the tap, or there being water at the tap, but it being
unsafe or too unpleasant to drink. Impacts are events that affect only the water supply.
Indirect consequence: an event caused by a direct consequence. It leads to an impact on the water
supply. An indirect consequence does not specifically affect the water supply. It occurs in the environment
and, as a result, may affect systems other than water supplies.
Likelihood Assessment Diagram: a diagram showing how events that may affect a water supply are
linked (as cause and effect) to help determine the Outcome Likelihood.
No-regrets approach: for the Vulnerability Assessment Tool, an approach that will benefit a community’s
water supply irrespective of whether the anticipated effects of climate change occur or not.
Outcome Likelihood: the likelihood that a reticulated water supply will fail.
Result: one of two possible end effects that exposure may have on a water supply – the community not
having water at the tap, or there being water at the tap, but it being unsafe or too unpleasant to drink.
Sensitivity: sensitivity is the degree to which a system is affected, either adversely or beneficially, by
climate variability or change (IPCC, 2007).
Supporting Information: a compilation of information which describes for each event the characteristics
of a water supply and its surroundings that will influence the likelihood of the event, and the steps
(adaptations) the water supplier or community can take to reduce the likelihood of the event.
Vulnerability: the degree to which a system is susceptible to, and unable to cope with, adverse effects
of climate change, including climate variability and extremes (IPCC, 2007).
Vulnerability Assessment Tool: a tool providing guidance to qualitatively assess the vulnerability of a
community’s water supply to the effects of climate change, using a process and information to support
this process. It is the subject of this handbook.

1.5

Community water supply vulnerability and climate change

This section introduces the factors that the Vulnerability Assessment Tool takes into account when
determining a community water supply’s vulnerability to drought and heavy rain. Examples of the ways
in which a water supply can be affected by climate change are given. Factors, other than failure of the
reticulated water supply, that can influence the likelihood of community members being without water
are discussed.
Key points
• W
 ater suppliers can encounter difficulties with the quality and quantity of water as the result of
heavy rain and drought.
• T he vulnerability of the water supply to climate change can be reduced by identifying the “chains”
of events that led to the difficulties, and breaking the “chains” by actions to reduce the likelihood
of each event.
• P reparing for the possibility of water supply failure through adaptation, reduces a community’s
vulnerability.
• A community’s capacity to adapt is a factor that determines its vulnerability.
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Water supplies can be adversely affected by too much rain and too little rain, both of which can create
problems with water quality and water quantity. The likelihood of a water supply and its community
experiencing problems with water quality and quantity can be reduced by identifying the “chain” of
events that could lead to these problems and, where possible, taking steps to break the chain.
The six examples that follow show how a series of factors and events, arising from weather or climate
episodes, can lead to water problems for a community. With each example, possible, actions (though not
a comprehensive list) that could be taken to break the “chain” causing the problem are given. Examples
A–C show how water quality problems may arise. Examples D–F show how a water supply may develop
difficulties providing a community with sufficient water.

Example A

Possible steps breaking the “chain”
to water that is unsafe to drink

Heavy rain washes soil particles and
microorganisms from farmland into
rivers and streams

Plant vegetation along waterways to
reduce concentrations of particles and
microorganisms

Cloudy water containing
microorganisms reaches a water
treatment plant

Close down the intake when source
water quality is too poor

Treatment plant has no means of
removing the particles (causing the
coudiness) from the water, which
reduces the effectiveness of the
disinfectant.

Up-grade the treatment plant to
remove particles

Result: water is unsafe to drink

Example B

Drought reduces volumes of water in
the water supply source, which increase
nutrient concentrations

Increased nutrient concentrations,
sunshine and warmth produce a bloom
of cyanobacteria

Possible steps breaking the “chain”
to water that is unsafe to drink

Change land-use practices to limit
nutrient input into water before
the drought

Find another suitable source of water

Up-grade the treatment plant to
include processes to remove toxins
Water treatment plant is not
equipped to remove toxins
Contingency plan to provide tankered
water if toxins cannot be removed
from the water
Result: water is unsafe to drink

Vulnerability Assessment Tool Handbook
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Example C

Heavy rain scours soil off the top of
an aquifer from which a water
supply draws water

Possible steps breaking the “chain”
to water that is unsafe to drink

Find another suitable source of water
that is unlikely to suffer scouring

Microorganisms from surrounding land
are washed into the exposed aquifer

Treatment plant has chlorination only in
place, providing no protection against
some types of microorganism

Up-grade the treatment plant to
provide an improved disinfection system

Result: water is unsafe to drink

Example D

Drought reduces flow in rivers
and streams

Community’s water demand exceeds
the rate at which water can be
abstracted from its water source

Possible steps breaking the “chain”
to water that is unsafe to drink

Encourage water conservation,
e.g., installation of greywater systems
for non-potable use

The installation of water tanks
for storm-water harvesting

Plan for mandatory water restrictions
Result: water is unsafe to drink

Vulnerability Assessment Tool Handbook
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Example E

Possible steps breaking the “chain”
to water unavailable at the tap

Prolonged rain causing a landslide

Carry out earthworks to reduce the
likelihood of landslide

Power pylons carrying electricity to a
community’s water treatment plant
are knocked over by the slide causing
power failure

Pre-route reticulated power line

The community water treatment plant
has no backup power supply

Install on-site power generator

The treatment plant cannot produce
water, and water cannot be pumped
from the reservoir to the community

Result: water unavailable at the tap

Example F

Heavy rain increases river flow

River bedload (stones and boulders on
the river bed) is moved by the flow

Possible steps breaking the “chain”
to water unavailable at the tap

The water treatment plant’s intakes
are unprotected

Build protection around in the intakes

Intakes are damaged by moving bedload
and water cannot be abstracted
(withdrawn) through them

Result: water unavailable at the tap
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With the gradual progress of climate change, the frequency of weather and climatic episodes is expected
to increase. As a result, communities and their water suppliers will need to adapt to reduce the likelihood
of community members being without wholesome water. To adapt, the water supplier and/or community
must identify the characteristics of their water supply likely to make it vulnerable and to take steps to
minimise the effects of these characteristics (see Examples A–F).
For the purposes of the Vulnerability Assessment Tool, a “community’s water supply” extends beyond the
reticulation network to include the community’s members. They play an important role in determining
whether climate change will result in their being without water. A water supplier and community that
has adapted to meet the challenges created by climate change will reduce the chances of their reticulated
water supply failing. However, there may be times when unexpected events happen, and the community
is without a reticulated supply of wholesome water. Under these circumstances, the community has to
have adapted so it can rely on its own resources.
Examples of how a community can adapt to deal with reticulated water supply failure
• Storage of drinking water sufficient to last households at least three days.
• Collection and storage of rainwater.
• C
 ommunity holds meetings to help its members understand how climate change-related episodes
may affect their water supply.
• C
 ommunity holds meetings to help households plan for water supply failure – what will have to be
done, who will do it and how.
• Community identifies roles and responsibilities should the water supply fail.
• Households store bleach for water disinfection or have gas-powered facilities for boiling water.
While adapting to protect the reticulated water supply against failure is a community’s first line of
defence, adapting must extend beyond the water supply to the community itself. This will further reduce
its vulnerability.
There is one further component that influences a water supply’s vulnerability – its capacity to adapt.
Although a community or its water suppler may identify the adaptations it needs to make, unless it is able
to put these adaptations in place, it cannot reduce its vulnerability.
Examples of factors that may affect a community’s capacity to adapt
• Finance
• Access to technology5
• Leadership
• Motivation
In summary, a community’s water supply is vulnerable to climatic and weather episodes if:
• it is likely that people in the community will be without wholesome water, and
• the community has a limited ability to adapt to prevent this happening.

5

The term “technology” is used here in a broad sense to include western technology and indigenous technologies or practices.
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2.	The Vulnerability Assessment Tool
development
This section explains the Vulnerability Assessment Tool’s development – the concepts supporting it and
briefly the development process.
Key points
• W
 ater suppliers and Maori communities were included in the development of the Vulnerability
Assessment Tool.
• T he vulnerability of a community’s water supply depends on its level of exposure to weather or
climatic episodes, its sensitivity to these episodes, and its capacity to adapt to climate change.
• T he Vulnerability Assessment Tool uses a risk-based approach to assessing vulnerability, by estimating
event likelihoods.
• Important reasons for taking this approach are that:
		

– it draws on the experience of communities and their water suppliers that relates to the effects
of extreme weather on their water supply

		

– it is a “no regrets” approach

		

– in assessing vulnerability in this way, the user also obtains information to help them minimise
vulnerability.

The starting point for developing the Vulnerability Assessment Tool was the relationship between exposure,
sensitivity, adaptive capacity and vulnerability described by Klein (2004)6 and depicted in Figure 2.
lairetam yrotcudortnI
)3 - 1 snoitceS(

lairetam yrotcudortnI

)3 - 1 sn
oitcvulnerability
eS(
Figure 2: Factors contributing
to
1 leveL
tnemssessA ytilibarenluV
)4 noitceS(

Exposure

Sensitivity

2 leveL
tnemssessA ytilibarenluV
)5 noitceS(

1e
ledvie
LG ecnerefeR kciuQ
u
Impact
tnemssessA ytili)bAarxeid
nn
lueVppA(
)4 noitceS(
ediuG ecnerefeR kciuQ
Vulnerability
)A xidneppA(
2 leveL

elpmaxE dekroW
)C xidneppA(

noitamtrn
oe
fn
roy
ptp
mIsg
sensistA
iluibSarenluV
)B xidneppA(

Adaptive capacity

)5 noitceS(

ytilibarenluV eht gniyfidoM
teehsdaerps margaiD tnemssessA

)D xidn
(
The vulnerability
ofepapAsystem
increases with increased exposure, or increased sensitivity to the exposure.
On the other hand, the vulnerability of the system decreases as the system’s capacity to adapt increases.

elpmaxE dekroW

noitamrofnI gnitroppuS

)C xidworks
neppA(best as a disinfectant)B
xidnethe
ppA(water being treated is clear. Consequently,
Example: Chlorine
when
water treatment plants that have to treat river water that may become cloudy during rain usually
include a treatment process
such as filtration, to improve the clarity of the water
ytilbefore
ibarenludisinfection,
V eht gniyfidoM
teehsdaA
erpwater
s margsupply
aiD tnem
ssesscannot
A
before the chlorine is added.
that
improve the clarity of the water will be
)D xidneppA(
sensitive to exposure from rain episodes
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The sensitivity of the supply can be reduced by including a filtration step in the treatment – a type
of adaptation. However, the water supply cannot adapt in this way if the community (or water
supplier) cannot afford the treatment upgrade. The ability to afford the filtration process reflects the
community’s (or the water supplier’s) adaptive capacity. If this capacity is low (e.g. the upgrade
cannot be afforded), it will contribute to the supply’s vulnerability.
Klein R JT, 2004, Vulnerability Indices – an academic perspective. Expert Meeting: Developing a Method for Addressing Vulnerability to Climate Change
and Climate Change Impact Management: To Index or Not To Index? Bonn, Germany, 26 January 2004

6
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A risk-based approach was chosen to develop the Vulnerability Assessment Tool from Figure 2. In
practice, this means that for the Level 2 Vulnerability Assessment, a chain of possible events leading from
the exposure (e.g. heavy rain) to the possibility of members of the community being without wholesome
water are identified. The likelihood of each event is then assessed based on the characteristics of the
supply and what steps (adaptations) have already been taken to reduce the likelihood of the event. From
this, the likelihood of the community being without wholesome water can be qualitatively determined.
This likelihood, together with an assessment of the community’s adaptive capacity, provides an indication
of the supply’s vulnerability.
Taking this approach has several advantages.
• It makes use of methodology closely related to the risk assessment/risk management methodology
which is familiar to water suppliers through their preparation of public health risk management plans.
• O
 nly broad descriptions of the consequences of climate change/variability are required, not detailed
modelling.
• It draws on past experience of weather-related events as the basis for assessing vulnerability.
• It is a ‘no regrets’ approach in that it identifies water supply weaknesses and the actions that are
important for the water supply to function during weather and climate episodes, irrespective of the
extent of climate change.
• It is relatively straight-forward.
• A
 ssessing a water supply’s vulnerability directly provides information about what needs to be done to
minimise the supply’s vulnerability.
To help the user make the assessment, tables of Supporting Information are provided in Appendix B.
These tables list the characteristics of a water supply that may make events caused by climate or weather
more likely. The tables also list adaptations the water supplier or community can undertake to reduce the
likelihood of these events.
Input to Vulnerability Assessment Tool development was sought from small communities in Northland and
water suppliers in several locations within New Zealand. From these discussions came the idea of two
levels of vulnerability assessment and additional adaptations for inclusion in the Supporting Information
tables.
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3.	Vulnerability Assessment Tool
– an Overview
Here, the components of the Vulnerability Assessment Tool are described. These will help the user assess
the vulnerability of their community to being without wholesome water.
Key points
• T he Vulnerability Assessment Tool provides a process for vulnerability assessment and supporting
information to use with the process.
• T he result of the vulnerability assessment is a Vulnerability Index value – a qualitative indicator of
the level of vulnerability.
• T he supporting information lists features of a community’s water supply that may make it
vulnerable to climate change, and actions to reduce this vulnerability.
The Vulnerability Assessment Tool assesses vulnerability by determining:
• the likelihood that people in the community will be without wholesome water, and
• the community’s ability to adapt to prevent this happening.
To do this, the tool provides:
• a process to guide the user in assessing the vulnerability of their community’s water supply
• Supporting Information to use in combination with the process.
The Vulnerability Assessment Tool generates a Vulnerability Index value. The Vulnerability Index indicates
the vulnerability of the community to being without wholesome water. The higher the Vulnerability Index
value, the greater the estimated vulnerability of the community to being without wholesome water.
In addition to determining the Vulnerability Index, communities will find out valuable information about
their water supplies, for example:
• what aspects of their water supply make it vulnerable
• what actions they can take to reduce the vulnerability.
The Vulnerability Assessment Tool offers two levels at which the user can make an assessment.
Level 1 Vulnerability Assessment
This is the simpler level. It allows rapid vulnerability assessment but provides only a little information
about the factors affecting the vulnerability of the water supply. For users who already have a good
understanding of the reasons for the vulnerability of their water supply, this level of assessment alone may
be satisfactory.
Level 2 Vulnerability Assessment
This takes more time than the Level 1 Vulnerability Assessment, but yields more information to help the
user understand why people in the community may be without wholesome water. It identifies events that
may result from heavy rain or drought, what will make them more likely, and actions that can be taken to
make them less likely or to minimise their impact. Users who, having used the Vulnerability Assessment
Tool at Level 1, want to understand more to reduce their supply’s vulnerability should also use the Level 2
Vulnerability Assessment.

Vulnerability Assessment Tool Handbook
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4. Level 1 Vulnerability Assessment
4.1

The approach

This section briefly explains the approach of the Level 1 Vulnerability Assessment.
Key points
• T he first step in making the vulnerability assessment is to estimate the Outcome Likelihood – that is,
the likelihood that members of the community may be without wholesome water.
• A
 value for the Vulnerability Index is obtained by combining the result of the first step with an
assessment of the community’s ability to adapt.
Three components are required to assess a community water supply’s vulnerability (Refer to the gold boxes
in Figure 3).
• The likelihood that the reticulated water supply will fail (Box 1 of Figure 3).
• T he effectiveness of the community’s existing adaptations to ensure people have access to drinking
water should the supply fail (Box 2).
• T he ability of the community to put adaptations in place (in the water supply and in the community)
(Box 3).
Figure 3: Components needed to obtain a Vulnerability Index value

1

Likelihood of failure of the
reticulated water supply
4

Outcome Likelihood
- Likelihood of community members
being without wholesome water

2

Effectiveness of existing
community adaptations

5

3

Vulnerability index

Community’s ability to adapt

Two steps make up the process for working through Figure 3 to achieve a Vulnerability Index value.
STEP 1: Assessing the Outcome Likelihood
This step uses information represented by Boxes 1 and 2 to find a value for the Outcome Likelihood
represented by Box 4.
During heavy rains or drought the reticulated water supply may fail. Failure means that either no water
comes out of the tap, or that water is available, but it is unwholesome because it is unsafe or unpleasant
to drink.
Steps (adaptations) can be taken to reduce the likelihood of supply failure (Box 1). Being prepared for the
possibility of reticulated supply failure is also part of the way communities will have to adapt to climate
change. The effectiveness of this second type of adaptation is represented by Box 2 of Figure 3.
The Outcome Likelihood is different from the likelihood of the water supply failing, because it takes
account of steps that community members have taken, either individually or together, to ensure they have
water, even if the reticulated supply fails. Evaluating Box 4 requires no inputs other than those from Boxes
1 and 2.
Vulnerability Assessment Tool Handbook
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STEP 2: Determining a Vulnerability Index value
The third input of data is represented by Box 3, which assesses the ability of the community to adapt. A
community with the necessary resources will be better able to adapt to meet the challenges to their water
supply created by climate change.
Bringing the result of the assessment in Box 4 together with the assessment in Box 3 to produces a
Vulnerability Index value.
Note: Numbers are not needed in the assessment.  All of the input information (Boxes 1, 2 and 3) and
the derived information (Boxes 4 and 5) is qualitative.  Boxes 1–4 have a three-point scale of “Low”,
“Moderate” “High” or “Poor”, “Fair” “Good”.  The Vulnerability Index scale is expanded to five points:
“Very Low”, “Low”, “Moderate”, High” and “Very High”.

4.2

Doing the assessment

This section explains how to do a Level 1 Vulnerability Assessment. A Quick Reference sheet for the
Level 1 Vulnerability Assessment is available in Appendix A.
Key points
• Two charts are used in the Level 1 Vulnerability Assessment.
• C
 hart A provides criteria to allow the user to assign qualitative values to the likelihood that the
reticulated water supply will fail, the effectiveness of community adaptations and the community’s
ability to adapt.
• C
 hart B uses the values from Chart A to produce a Vulnerability Index value, ranging from very low
to very high.
Two charts are used in the Level 1 Vulnerability Assessment. Chart A helps the user assign qualitative
values to Boxes 1, 2 and 3 in Figure 3. Chart B uses the values obtained from Chart A to determine a
Vulnerability Index value. Chart B shows the user how to obtain a value for Box 4 from Boxes 1 and 2,
and then, by combining this result with that for Box 3, it provides a value for Box 5 – the Vulnerability
Index.
The next two sections explain in detail how to use the two charts.

4.2.1	Using Chart A
Chart A shows how to assign a value to each of Boxes 1, 2 and 3 in Figure 3. The scale for each box is
illustrated as a column with a “traffic light” colour scheme. The scheme runs from red through yellow to
green. At the red end of the scale vulnerability will tend to increase, while at the green end vulnerability
will tend to decrease.
To the left of each column are descriptions of the criteria that must be met to assign the accompanying
value in the column.
Box 1 – Likelihood of reticulated water supply failure
a. Low
A “Low” value should be assigned to Box 1 if either of the following is true:
		

i. the characteristics of the supply make its failure unlikely

		

ii. steps have been taken (adaptations) to make supply failure unlikely.

The user should select this value for Box 1, if they think there is nothing about the supply that will cause
its failure during heavy rain or drought.
b. M
 oderate
This value should be assigned to Box 1 if the user is uncertain about assigning a value of “Low” and
the criteria for a value of “High” are not met.
Vulnerability Assessment Tool Handbook
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c. H
 igh
If there has been water supply failure before, that is, no water was available or the water was unsafe or
unpleasant to drink, and nothing was done to stop this happening again, this value should be assigned
to Box 1.
CHART A
1

Likelihood of
Reticulated Supply Failure

Supply characteristics
make failure unlikely
OR
Adaptions make
failure unlikely

All other
situations

Failure has
happened before,
and nothing was
done to stop it
happening again

LOW

MODERATE

HIGH

2

Community
Adaptations Effectiveness

Community
members store
enough water to
last at least 3 days
AND
Water supplier has
contingency plans
OR
Community
members store
enough water to
last at least 3 days
AND
Neighbours are
organised to help
each other

Community
members store
enough water to
last at least 3 days

Community
members do NOT
store enough
water to last 3
days

GOOD

FAIR

3

Ability to
Adapt

The Community:
• is aware of the
possible effects
of climate change
and preparing for
these is a priority
• has leadership
• members support
each other in
emergencies
• has members
with skills/training
and time to plan
and prepare
adaptations
• has access
to funds for
preparing
adaptations

The Community:
• is aware of the
possible effects
of climate change
and preparing for
these is a priority
• has leadership
• members support
each other in
emergencies
• has members
with skills/training
and time to plan
and prepare
adaptations
• Does NOT have
access to funds
for preparing
adaptations

POOR

All other situations

HIGH

MODERATE

LOW
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CHART B
1

Likelihood of
Reticulated
Supply Failure

LOW

2

Community
Adaptations
Effectiveness

GOOD

4

3

5

Outcome
Likelihood

Ability to
Adapt

LOW

HIGH

VULNERABILITY
INDEX

VERY
LOW

LOW

FAIR

MODERATE

MODERATE

HIGH

HIGH

POOR

HIGH

LOW

VERY
HIGH

Box 2 – Effectiveness of community adaptations
A community may take several steps to help it deal with failure of the water supply. Some of these are
listed in Table A 1 Supporting Information – Community Adaptations in Appendix B. To help decide which
value to assign to Box 2, the most important aspects of preparation are included in the following criteria.
a. Poor
The most basic step community members can take to reduce the likelihood of being without drinking
water is to have enough stored to last households at least three days7. If community members are not
doing this, Box 2 should be assigned a value of “Poor”.
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b. Fair
The effectiveness of a community’s adaptations should be assigned a value of “Fair” if community
members are storing water, but the community has done nothing else in preparation.
c. Good
A “Good” value should be assigned to Box 2 if either of the following is true:
i. community members have stored water AND the water supplier has contingency plans in place
to ensure water can be rapidly (within three days) provided to the community if the reticulated
supply fails
OR
ii. community members have stored water AND the community has organised itself to make sure
neighbours will help each other, so that, where possible, those with water (e.g. those with
their own tanks) are able to help those without.
Box 3 – Community’s ability to adapt
Assessing a community’s ability to adapt is difficult. The following lists some of the important factors that
influence the ability to adapt:
Material
• Finance
• Education/training
• Access to technology
• Human resources
Social
• Leadership
• Motivation/priority
• Awareness/knowledge
• Community cohesion
What seems likely to be the more important criteria (as decided by the user) are used to determine the
value to be given to Box 3.
a. Low
This value should be assigned to Box 3 if the criteria for neither “Moderate” nor “High” are met.
b. Moderate
Box 3 should be assigned a value of “Moderate” if the community cannot access funds to put adaptations
in place, but it
• is aware of the possible effects of climate change and preparing for these is a priority
• has leadership
• has members who support each other in emergencies
• has members with the skills/training and time to plan and prepare adaptations.
c. High
This value is assigned to Box 3, if the community has the internal strengths listed under “moderate”,
that is,
• is aware of the possible effects of climate change and preparing for these is a priority
• has leadership
• has members who support each other in emergencies
In Box 2 and Chart A, criteria require the storage of sufficient water to last a household at least three days. Three days is a guide only. If experience
shows that a community may be without a reticulated water supply for longer, perhaps because of its remoteness, this guideline period should be
increased accordingly
Vulnerability Assessment Tool Handbook
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• has members with the skills/training and time to plan and prepare adaptations, AND
• it can access funding that will help with adapting.
The above criteria for Chart A are guidelines only. If the user considers the criteria given are unsuitable
for their circumstances, they should assign the value they think appropriate. In selecting the value, they
should bear in mind that the usefulness of the Vulnerability Assessment Tool to them is limited by the
integrity with which the values are assigned.
The following discussion about Chart B describes how to use the values assigned using Chart A.

4.2.2	Using Chart B
Chart B shows how the values selected from Chart A are combined to give the result for Box 4 (the
Outcome Likelihood – the likelihood of community members being without wholesome water) and
eventually the Vulnerability Index. The same “traffic light” scale is used except that the Vulnerability Index
scale is expanded to grade into black beyond red, and blue beyond green.
The steps for using Chart B are as follows:
STEP 1:	Mark the values for each of Boxes 1, 2 and 3 obtained from Chart A at the correct positions in
Boxes 1, 2 and 3 of Chart B.
STEP 2:	Starting with the value marked in Box 1 (Likelihood of Reticulated Supply Failure) follow the line
that leads to the value marked in Box 2 (Community Adaptations Effectiveness). This line will be
one of three types: solid, dashed or dotted.
STEP 3:	Determine the Outcome Likelihood (Box 4) by following the type of line that brought you to Box
2, that is, following the solid, dashed or dotted line.
Example: If the value for Box 1 is “Low” and the value for Box 2 is “Fair”, you will follow a solid line
from Box 1 to Box 2. To move from Box 2 to Box 4, follow the solid line again. The only solid line
from Box 2 to Box 4 leads to a value of “Low” in Box 4.
STEP 4:	Starting from Box 4, follow one of the lines that leads to the value marked in Box 3 (Ability to
Adapt).
STEP 5:	Determine the Vulnerability Index (Box 5) by following the type of line that brought you to Box 3,
that is, following the solid, dashed or dotted line.
Example: Continuing from the example above, the value for Box 4 is “Low”, and the value you have
already marked in Box 3 is “Low”. You will follow a solid line to move from Box 4 to Box 3. To move
from Box 3 to Box 5, follow the solid line again. The only solid line from Box 3 to Box 5 leads to a
value of “Moderate” which is the Vulnerability Index.
This completes the Level 1 Vulnerability Assessment of a community’s water supply.
If this level of assessment meets the user’s requirements, there is no further need of the Vulnerability
Assessment Tool. However, the assignment of a value for Box 1 in the Level 1 Vulnerability Assessment
does not consider the detail of factors that will affect the likelihood of water supply failure.
Users may wish to consider a Level 2 Vulnerability Assessment if they are unfamiliar with water supplies,
or they wish to check to ensure they have not overlooked events that could happen in their supply
because of heavy rain or drought.
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5. Level 2 Vulnerability Assessment
5.1

A more detailed assessment of reticulated supply failure

This section describes, in general terms, how the Vulnerability Assessment Tool assesses the likelihood of
reticulated water supply failure.
Key points
• C
 harts A and B are also used in a Level 2 Vulnerability Assessment, but the evaluation of the
likelihood of reticulated water supply failure is objective and more detailed than in the Level 1
Vulnerability Assessment.
• T o evaluate the likelihood of reticulated water supply failure, events after the exposure (rain or
drought) that may lead to the failure are identified.
• A
 Level 2 Vulnerability Assessment will help the user understand the factors that may lead to the
failure of their reticulated water supply.
Similar to the Level 1 Vulnerability Assessment, the Level 2 Vulnerability Assessment uses Charts A and
B. The difference is in the assessment of the likelihood of the reticulated supply failure. Apart from the
case in which supply failure has happened before (high likelihood), the allocation of a low or moderate
likelihood is a subjective decision made by the user. In the Level 2 Vulnerability Assessment an objective
systematic process is used to achieve an overall value for the likelihood of reticulated supply failure.
The Level 2 Vulnerability Assessment requires more information to evaluate the likelihood of reticulated
supply failure (Box 1 in Figure 3), but no additional information for Boxes 2 and 3. A Level 2 Vulnerability
Assessment should help the user understand which factors are contributing to the vulnerability of their
water supply, and what steps (adaptations) may help them reduce the effects of these factors.
Figure 4 shows, in general terms, the chain of events that can lead from an exposure (heavy rain or
drought) to failure of the reticulated water supply. The events represented by Boxes A, B and C that may
happen in a supply must be identified. The Level 2 Vulnerability Assessment helps the user do this.
Two types of diagram are needed to assess the likelihood of reticulated water supply failure, these are
called Likelihood Assessment Diagrams. These are described, and the way to use them explained, in the
next two sections.
Figure 4: Diagram showing the types of event that may result from exposure to
heavy rain or drought
Exposure

A

General
Environment

Water
Supply

Direct Consequences
B

C

Indirect Consequences

Impacts
Results
(no water or unwholesome water)
Reticulated water supply failure
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5.2

Likelihood Assessment Diagrams

This section describes Likelihood Assessment Diagrams and explains their purpose.
Key points
• There are two Likelihood Assessment Diagrams – one for heavy rain and the other for drought.
• T he Likelihood Assessment Diagrams identify possible events that may occur following exposure of
the water supply to heavy rain or drought, and how these events are linked.
• T he Likelihood Assessment Diagrams are the starting points for assessing the likelihood of water
supply failure for the Level 2 Vulnerability Assessment.
Figure 4 shows that exposure leads to reticulated water supply failure through Boxes A, B and C. To
assess the likelihood of water supply failure, the possible events contained within these boxes must first
be identified for each water supply’s situation. Likelihood Assessment Diagrams assist the user in
providing the information for the three boxes. The Likelihood Assessment Diagram for heavy rain is
shown in Figure 5 and that for drought in Figure 6.
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Figure 5: Likelihood assessment diagram for heavy rain showing possible events
resulting from heavy rain and how they are linked
Reticulated water
supply failure

Likelihood Assessment Diagram for Heavy Rain
A

Direct Consequences

B

Indirect Consequences

C

Impacts

Results
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Figure 6: Likelihood assessment diagram for drought showing possible events
resulting from drought and how they are linked
Reticulated water
supply failure

Likelihood Assessment Diagram for Drought
A

B

Direct Consequences

Indirect Consequences

C

Impacts

Results

Likelihood Assessment Diagrams:
• identify the possible events that may occur after the exposure to heavy rain or drought
• show how these events link to each other.
Example: The Likelihood Assessment Diagram for drought shows (follow the arrows) that lower
C
water levels can increase nutrient concentrations in the water, which may cause algal blooms. These
in turn may lead to algal toxins and substances causing unpleasant tastes and odours in the water
supplied to the community.
Events are recorded in the Likelihood Assessment Diagrams as two boxes – one containing the label for
the event and the second for recording its likelihood (attached at the right-hand end of the event box).
Each event has only one box for recording likelihood except for “Flooding” and “Reticulated Power
Supply failure”. In both cases, the likelihood of the event may be different in different areas of the supply.
A separate likelihood box is provided to record the likelihood of events for each different part of the
supply that might be affected.
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Events in the Likelihood Assessment Diagrams are listed under three columns corresponding to Boxes A, B
and C of Figure 4, and there is one final column containing the possible Results.
The events in Figure 5 and Figure 6 are grouped into those that could lead to one of two possible Results:
• the water supply cannot provide any water at all to household taps
• water can be provided to houses, but the water is unsafe or unpleasant to drink – unwholesome water.
By determining the likelihood of each event that leads to these two results, the user can assess the
likelihood of the reticulated water supply failure. The diagram needed to work out these likelihoods and
how to use it are the subjects of the next section.
Note: Water supplies and their physical settings vary.  Consequently, not all the events in the Likelihood
Assessment Diagrams will necessarily apply to each water supply.  Furthermore, some events may be
applicable that have not been included in the diagrams.  We shall return to what to do if that is the case
later (Section 6).  

5.3

Assessing event likelihood using the decision diagram

This section explains how the decision diagram, which works in conjunction with the Likelihood
Assessment Diagrams, is used.
Key points
• T he decision diagram is used with the Likelihood Assessment Diagrams, and Supporting
Information tables in Appendix B, to determine the likelihood of events contained within the
Likelihood Assessment Diagrams.
• T he decision diagram provides a set of rules for using information about the water supply to assign
likelihoods to the events that may occur in the supply following either heavy rain or drought.
By itself, a Likelihood Assessment Diagram only shows which events may occur and how they are linked to
other events. It provides no information that helps in determining an event’s likelihood.
To assess the likelihood of each event, three pieces of information are needed:
• t he factors making the event more likely and those making it less likely (shown in Table A 2 (Supporting
Information – Heavy Rain) and Table A 3 (Supporting Information – Drought) in Appendix B. Each event
included in the Likelihood Assessment Diagrams for heavy rain and drought is also contained in the
corresponding Supporting Information table.
• the links between events (shown in Figure 5 and Figure 6 – the Likelihood Assessment Diagrams)
• g
 uidance as to how a) and b) fit together to give the event’s likelihood (shown in Figure 7 – the
decision diagram).
The Supporting Information tables have two columns, one recording characteristics of the supply that may
make each event more likely, and the second column containing possible adaptations, that is, steps that
can be taken to make the event less likely. For some events, characteristics that may make the event more
likely could not be identified, and similarly for adaptations.
Note: Even if users do not wish to carry out a vulnerability assessment, they may find these tables useful
for understanding their supply’s vulnerability to extreme weather and what they might do to reduce this
vulnerability.
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Figure 7: Decision diagram to assess the likelihood of an event

1

Start

Likelihood
Does any supply
characteristic make
this event unlikely in
this supply?

Y

LOW

N
2

Have any steps
been taken that
would make the
event unlikely?

Y

N
Y = Yes
N = No

3

N
4

Has the event
happened before?

Y

N

Do any direct
causes of the event
have a MODERATE
or HIGH likelihood?

Y

MODERATE

HIGH

For each event, the decision diagram (Figure 7) should be worked through (from START) to yield the
event’s likelihood in the grey box on the right. The notes below help with interpreting the questions in
the decision diagram’s boxes.
Box 1

Does any supply characteristic make this event unlikely for this supply?

It may not be the case for all events, but for some, a characteristic of the water supply or its setting, may
make an event unlikely or impossible.
Example: Landslides are unlikely to affect a supply that is on level ground, and flooding is unlikely to
affect a water supply located on high ground, although knowledge of the specific water supply and
historical episodes and events may be necessary to be sure of this.
Example: A reticulated network that is gravity-fed will not rely on pumps that could be disabled by a
power supply failure.
The Supporting Information tables list supply characteristics that increase the likelihood of an event. The
reverse of some, but not all, of these characteristics will make an event unlikely, as the examples above
show. The characteristics that can be reversed, and result in the event being unlikely, are denoted in the
tables as shown in this example.
Example: This event will not occur on level ground
If a supply has at least one of these characteristics, answer “Yes” to the question in Box 1.
If the user considers there is a characteristic of their supply that is not noted in the table, but will make the
event unlikely, they should add this characteristic to the table, and answer “Yes” to the question in Box 1.
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Box 2

Have any steps been taken that would make the event unlikely?

This question refers to adaptations that may have been put in place to reduce the likelihood of the event.
Many of the adaptations listed can contribute to reducing the likelihood of an event, but by themselves
will not make the event unlikely. However, there are some adaptations that alone are sufficient to make
the event unlikely. It is this second type of adaptation that is referred to in Box 2. These adaptations are
denoted as shown in this example.
Example:
• Build earthworks to stabilise slopes
If a supply has at least one of these characteristics answer “Yes” to the question in Box 2.
Box 3

Has the event happened before?

Local knowledge will be needed to answer this question. If the event has happened before and no
steps were taken to make it unlikely that it would happen again, the answer to the question is “Yes”. If
steps have been taken to make it unlikely to happen again, these will have been noted in answering the
question in Box 2, and Box 3 should not be reached.
Box 4

Do any direct causes of the event have a MODERATE or HIGH likelihood?

This question takes account of how the event will be affected by the likelihoods of events that could
cause it.
Example: If a water treatment plant intake is not protected by grills (or some other adaptation), logs
or other floating debris in the source water could block the intake. However, if the likelihood of logs
being in the source water is low, because there is only pasture in the catchment, for instance, then the
likelihood of the intake becoming blocked is also low.
The Likelihood Assessment Diagram helps to answer this question because the arrows show the causes of
each event. The answer to the question is “Yes” if any of the arrows that point to the event come from a
box with a Moderate or High likelihood recorded in it.
Example: Figure 8 shows a section of the Likelihood Assessment Diagram for heavy rain. It shows
that “Reticulated power supply failure” can result from either “Flooding” or “Landslide”. These are
the only two events that have arrows pointing to the “Reticulated power supply failure” box. In this
case, the question in Box 4 (Figure 7) would refer to the likelihood of these two events. “Increased
flow in the river” is not considered because it is only an indirect cause; its arrow does not point to
the “Reticulated power supply failure” event because it affects “Reticulated power supply failure”
through “Flooding”.
Figure 8 shows that the likelihood of “Reticulated power supply failure” affecting the intake pumps
and treatment plant operation is Moderate in both cases. A Moderate likelihood can only be reached
through Box 4 in the decision diagram (Figure 7). The answer to the question in Box 4 would
have been “Yes”, because at least one of the events causing “Reticulated power supply failure”
(“Landslide”) has a Moderate likelihood. If the “Landslide” likelihood had been Low, as well as
“Flooding” having a low likelihood, the likelihood of “Reticulated power supply failure” would have
been Low.
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Figure 8: Section of the heavy rain Likelihood Assessment Diagram to help
explain why all causes of an event need to be taken into account

5.4

Doing the assessment

This section provides step-by-step instructions for obtaining a Vulnerability Index value for a water supply
using a Level 2 Vulnerability Assessment.
Key points
• T he Level 2 Vulnerability Assessment uses Charts A and B from the Level 1 Vulnerability
Assessment, except that the value for Box 1 in Chart B – the likelihood of reticulated water supply
failure – is obtained by a more robust method using the diagrams and tables described previously in
this section.
• T he likelihoods of the events following exposure (to rain or drought) are used to determine the
likelihood of reticulated water supply failure.
Doing the Level 2 Vulnerability Assessment requires the Likelihood Assessment Diagram (Figure 5 or
Figure 6) and the decision diagram (Figure 7) to be used together, through the following steps.
STEP 1: Select the required Likelihood Assessment Diagram
• Use the diagram in Figure 5 when vulnerability with respect to heavy rain is assessed, and Figure 6
when vulnerability to drought is assessed.
STEP 2: Identify those events that clearly do not apply to your water supply
• Look over the diagram and put a cross through events that definitely do not apply to your supply.
Example: There are some events that may affect a groundwater supply that do not need to be
considered for a supply drawing water from a stream.
• If in doubt whether an event applies to your supply, leave it in. If it is unnecessary, this will become
evident later in the assessment process.
Having decided which events need to be considered, their likelihoods are determined using the decision
diagram in Figure 7.
STEP 3: Assess event likelihoods
• Work from left to right across the Likelihood Assessment Diagram.
• At each event use the decision diagram (Figure 7) to determine the likelihood for that event.
• Record the likelihood (as “L”, “M” or “H”) in the box to the right of the event label.
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Tip: The process of completing the Likelihood Assessment Diagram can be streamlined by remembering
the following:
• A
 “High” likelihood can be assigned to an event (so avoiding the need to use Figure 7), if the event has
occurred before and nothing was done to stop it happening again.
• The likelihood of any event caused by a single event of “Low” likelihood will also be “Low”.
This process will eventually result in likelihoods being assigned to all Impacts.
STEP 4: Assess likelihoods for the Results
Each Impact leads to either of two Results: the “Water cannot be reticulated” box or the “Water can be
reticulated, but it is unsafe or unpleasant to drink” box, the purpose of this step is to assign a likelihood
to each box.
• Check the likelihoods of all the events leading to each Result.
• T ake the highest of these likelihoods as the likelihood for that Result and record it in the box to the
right of the Result label.
The Results likelihoods are used to determine the likelihood of water supply failure.
STEP 5: Assess the likelihood of reticulated water supply failure
There has been a failure of the water supply if either of the two Results, “water cannot be reticulated” or
“water can be reticulated, but it is unsafe or unpleasant to drink” occurs.
• Assign the higher likelihood of the two Results as the likelihood of water supply failure.
To help understand this process, a worked example is given in Appendix C. The worked example starts
with a description of the water supply and community, and on the basis of this description, the decision
diagram in Figure 7 is used to evaluate the likelihood of each event in the Likelihood Assessment Diagram
for heavy rain. A copy of the completed form is provided. A table explaining how each likelihood is
determined is also given.
STEP 6:	Use Charts A and B from the Level 1 Vulnerability Assessment to determine the community’s
vulnerability to being without water as the result of heavy rain or drought
The Level 2 Vulnerability Assessment is the same as the Level 1 Vulnerability Assessment except that a
more detailed evaluation of the likelihood of water supply failure (Steps 1–5 above) is undertaken.
• Determine values for Boxes 2 and 3 in Chart A using the criteria in the chart.
• M
 ark the results for Boxes 2 and 3 (from Chart A) on Chart B, and mark the result from Step 5 as the
value for Box 1 in Chart B.
• W
 ork through Chart B as described under the Level 1 Vulnerability Assessment to obtain a refined
Vulnerability Index.
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6. Helpful software
This section notes that an Excel spreadsheet is available as a template for the Likelihood Assessment
Diagrams for rain and drought.
Key points
• The spreadsheet can be used as a template for recording event likelihoods.
• S upporting information from Appendix B is incorporated into the spreadsheet. By positioning the
cursor over an event, the supporting information relevant to that event is displayed.
Excel spreadsheets with the Likelihood Assessment Diagrams for heavy rain and drought are available at
the HAIFA website, which can reached through www.esr.cri.nz
The spreadsheets do not contain calculations but are helpful because:
• they provide a template to record likelihood assessments
• e ach cell in the spreadsheet contains an event. It also contains a “Comment” which records the
associated supporting information. By positioning the cursor over the cell (no click is needed), the
comment is displayed. This eliminates having to search the appropriate hardcopy table
• further events can be added to the Likelihood Assessment Diagram, if necessary.

6.1

Modifying the Likelihood Assessment Diagram

The need to modify the Likelihood Assessment Diagram arises if events have been omitted and they need
to be added. Events included in the diagram that do not apply to a supply can simply be ignored.
A discussion of how to do this is in Appendix D.
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7.	The usefulness of vulnerability
assessment and the Vulnerability
Index
This section discusses the way in which a vulnerability assessment can be used to prioritise actions needed
to reduce a community water supply’s vulnerability to climate change.
Key points
• W
 orking backwards from the Vulnerability Index value obtained allows the factors that led to that
value to be identified.
• Understanding the likelihood of an event is important in prioritising work to minimise vulnerability.
The effects of the event, and the cost and difficulty of putting in place adaptations also need to be
considered. The tables within Appendix B contain information that should help identify what steps
can be taken.
• T he frequency and intensity of weather or climate episodes is expected to increase. Periodic (every
five or ten years) vulnerability reassessments will take account of the effects of these episodes on
water supply vulnerability.
A Vulnerability Index value helps in understanding the relative importance of steps to reduce the
vulnerability of the water supply.
Starting from the final Vulnerability Index value obtained using Chart B, and working backwards
shows how the input values in Boxes 1, 2 and 3 influence the Vulnerability Index value. For the Level 1
Vulnerability Assessment, examination of Chart A then shows the reasons for the scores in each of the
boxes. These reasons identify those aspects of the water supply that need to be addressed to help reduce
the supply’s vulnerability to climate change.
For a Level 2 Vulnerability Assessment, the values in Boxes 2 and 3 of Chart A are applicable, but more
detailed reasons for the score in Box 1 will be available. Events in the Likelihood Assessment Diagram
that have been assigned “High” likelihoods should be given priority when resources allow. Moreover,
addressing those events that are farthest to the left of the diagram should have the greatest effect in
reducing vulnerability because they will influence the likelihoods of more “downstream” events.
Having identified those events that should be addressed first, reference to the Supporting Information
tables will provide guidance on which adaptations should prove helpful. While understanding the
likelihood of an event will help in prioritising work to reduce vulnerability, other factors, such as the effects
it may cause, and the difficulty and cost of implementing adaptations, also need to be considered.
The frequency and intensity of weather and climatic episodes – more intense rain events, longer and more
severe droughts – is expected to increase as climate change and variability progresses. The increased
frequency is likely to affect the vulnerability of a community to being without water, because of the
reduced time available to recover physically, financially and psychologically. The increased intensity of
episodes may reduce the effectiveness of adaptations once found to be satisfactory.
The approach set out in this handbook for assessing vulnerability is based on a water supplier’s and/or a
community’s experience. It is a snapshot of present vulnerability. Characteristics of the supply making
it vulnerable now, will also make it vulnerable in the future unless they were addressed. However, the
approach makes it difficult to take account of future changes in the frequency and intensity of weather
and climatic episodes resulting from climate change. This limitation may be reduced by periodically
(perhaps every five or ten years) reassessing climate change vulnerability so that experience gained from
coping with these episodes can be incorporated into the new assessments.
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APPENDIX A: Quick Reference Guide
Level 1 Vulnerability Assessment
Overview
• T he Vulnerability Index for a supply can be found by selecting values for each of the gold Boxes 1, 2 and
3 in Chart A.
• Values from Chart A are transferred into Chart B to produce a Vulnerability Index value.
In Box 2 of Chart A, criteria require the storage of sufficient water to last a household at least three days.  
Three days is a guide only.  If experience shows that a community may be without a reticulated water supply
for longer, perhaps because of its remoteness, this guideline period should be increased accordingly.
CHART A
1

Likelihood of
Reticulated Supply Failure

Supply characteristics
make failure unlikely
OR
Adaptions make
failure unlikely

All other
situations

Failure has
happened before,
and nothing was
done to stop it
happening again

LOW

MODERATE

HIGH

2

Community
Adaptations Effectiveness

Community
members store
enough water to
last at least 3 days
AND
Water supplier has
contingency plans
OR
Community
members store
enough water to
last at least 3 days
AND
Neighbours are
organised to help
each other

Community
members store
enough water to
last at least 3 days

Community
members do NOT
store enough
water to last 3
days

GOOD

FAIR

POOR

3

Ability to Adapt
The Community:
• is aware of the
possible effects
of climate change
and preparing for
these is a priority
• has leadership
• members support
each other in
emergencies
• has members
with skills/training
and time to plan
and prepare
adaptations
• has access
to funds for
preparing
adaptations

The Community:
• is aware of the
possible effects
of climate change
and preparing for
these is a priority
• has leadership
• members support
each other in
emergencies
• has members
with skills/training
and time to plan
and prepare
adaptations
• Does NOT has
access to funds
for preparing
adaptations

All other situations

HIGH

MODERATE

LOW
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Chart A
Step 1. Decide on a value for Box 1 (low, moderate, or high) using the descriptions to the left of the column.
Step 2. Repeat this for Boxes 2 and 3.
Chart B
Step 3. Transfer the values selected in Chart A to Chart B.
Step 4. Starting from the value for Box 1 in Chart B follow the line that takes you to the value for Box 2.
Step 5. Follow the same type of line (solid, dashed or dotted) to the Outcome Likelihood (Box 4).
Step 6. Follow the line from the value determined in Box 4 to the value selected in Box 3.
Step 7. Follow the same type of line (solid, dashed or dotted) to the Vulnerability Index (Box 5).
See the following page for an example.
CHART B
1

Likelihood of
Reticulated
Supply Failure

LOW

2

Community
Adaptations
Effectiveness

GOOD

4

3

5

Outcome
Likelihood

Ability to
Adapt

LOW

HIGH

VULNERABILITY
INDEX

VERY
LOW

LOW

FAIR

MODERATE

MODERATE

HIGH

HIGH

POOR

HIGH

LOW
Vulnerability Assessment Tool Handbook

VERY
HIGH
30

EXAMPLE
The Vulnerability Index for this water supply is Moderate
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Level 2 Vulnerability Assessment
Overview
• T he Level 2 Vulnerability Assessment follows the same process as the Level 1 Vulnerability Assessment,
except that the evaluation of Box 1 is more detailed.
Determine the likelihood of the reticulated supply failure (value for Box 1 in Chart B)
Step 1. Select the Likelihood Assessment Diagram to be used (Heavy Rain or Drought – see below).
A full assessment of vulnerability to climate change will require both.

Reticulated water
supply failure

Likelihood Assessment Diagram for Drought
A

B

Direct Consequences

Indirect Consequences

C

Impacts

Results

C
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Reticulated water
supply failure

Likelihood Assessment Diagram for Heavy Rain
A

Direct Consequences

B

Indirect Consequences

C

Impacts

Results

Step 2. Determine whether any events need to be added to either diagram. If there are, follow the
suggestions in Appendix D of the handbook.
Step 3. Assess the likelihood of all applicable events contained in the Likelihood Assessment Diagram
using the figure below and the Supporting Information tables for heavy rain or drought in Appendix B
of this handbook. This will provide likelihood values for each of the Impacts shown in the Likelihood
Assessment Diagram.
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1

Start

Likelihood
Does any supply
characteristic make
this event unlikely
in this supply?

Y

LOW

N
2

Have any steps
been taken that
would make the
event unlikely?

Y

N
Y = Yes
N = No

3

N
4

Has the event
happened before?

Y

N

Do any direct
causes of the event
have a MODERATE
or HIGH likelihood?

Y

MODERATE

HIGH

Step 4. Determine likelihoods in the Likelihood Assessment Diagram for the two Results (the-boxes
labelled: “Water cannot be reticulated” and “Water can be reticulated, but it is unsafe or unpleasant
to drink”). The likelihood of each Result is determined from the highest likelihood of any of the events
(Impacts) to it.
Step 5. Determine the likelihood of reticulated water supply failure, which is the higher of the two Result
likelihoods determined in Step 4.
Determine the Vulnerability Index value
Step 6. Follow the process for determining the Vulnerability Index described for the Level 1 Vulnerability
Assessment, but use the likelihood of reticulated water supply failure determined in Step 5 as the value for
Box 1 of Chart B. A value for Box 1 in Chart A does not have to be determined.
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APPENDIX B: Supporting Information
Tables
This appendix contains Supporting Information Tables for:
• Community Adaptations (page 36)
• Heavy Rain (page 38)
• Drought (page 52)
NOTE:
• C
 haracteristics of the supply that will make a given event unlikely are denoted in the Supporting
Information Tables by two arrows and bold type, e.g. This event will not occur on level ground
• Adaptations that, alone, will make an event unlikely are denoted by two arrows and bold type, e.g.
• Build earthworks to stabilise slopes
Some of the adaptations listed in the tables are large-scale projects, such as re-routing reticulated power
lines. Such adaptations may presently seem impracticable. However, they are included in the tables,
because as climate change progresses, and its effects become more severe or frequent, adaptations that
are impracticable at the moment may need to be considered.
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Table A 1: Supporting Information – Community Adaptations
The Likelihood Assessment Diagrams for heavy rain events and drought show their impacts on the water
supply leading to two possible results:
1. water cannot be reticulated
2. water can be reticulated but it is unsafe or unpleasant to drink.
Either of these results means that the community cannot get wholesome drinking water from the tap,
and other sources of drinking water have to be found. Table A 1 identifies some of the actions that the
community, and other agencies, can take to help address situations in which the reticulated water
supply fails.
Supply characteristics
requiring community
adaptations

Possible adaptations

Water cannot be reticulated

Community
• is aware of the need to have sufficient water stored to allow each
person in the household three litres of water per day for at least three
days, as recommended by Civil Defence
• h
 olds community education programmes to prepare the community
for understanding how climate-related events may affect their water
supply and how they can prepare for this
• holds community meetings to:
-p
 lan for water supply failure – what may need to be done, who will
do it and how
- identify individuals and groups likely to need assistance if water is
unavailable (encouraging neighbours to understand each others’
needs),
- e stablish networks to ensure someone checks on the needs of the
vulnerable during an event
- identify roles and responsibilities during such events
-d
 iscuss and share information from past experiences to learn how
people adapted
- learn from what other communities are doing to prepare for the
failure of the water supply
• e ncourages shops/supermarkets to maintain a minimum stock of
bottled water
Water supplier/district council
• p
 rovides a tankered water service to distribution points within the
community
• bans or controls any water uses that are not critical for survival
• e ncourages the installation of rainwater tanks to provide an
emergency water supply for individual dwellings
• installs additional storage reservoirs throughout the distribution
system, on high ground if possible to allow gravity feed
• develops contingency plans for the event of water supply failure
Other agencies
• c oordinate joint planning among appropriate agencies – water
supplier, district health board, Civil Defence, marae committees, etc.
- this should include planning for recovery from the event, where
necessary, water monitoring programmes and monitoring community
health.
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Supply characteristics
requiring community
adaptations

Possible adaptations

Community
• encourages everyone to have gas-powered facilities for boiling water
• encourages everyone to have fresh bleach available for disinfection
Water can be reticulated but
it is unsafe or unpleasant to
drink

• t akes responsibility for ensuring that water at community services,
such as schools, is made safe for drinking
Water supplier/district council
• plans how it will tell the community when the water is unsafe
• t ells the community how it will be informed that water is unsafe to
drink, and what can be done at the household level to make it safe
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Table A 2: Supporting Information – Heavy Rain
Supply characteristics making the
event more likely

Possible adaptations

Direct Consequences
Direct Consequence:	Increased flow in rivers and streams
[Rainwater that does not soak into the ground runs over the surface and enters rivers and streams
where it increases their flow.]
Rural

Rural

• S loping land encourages run-off rather than
soakage into the ground

• R
 edirect run-off from farm tracks to more gently
sloping land

• L ack of vegetation increases run-off and
discourages soakage into the ground

• M
 aintain suitable vegetation in the catchment
to slow run-off

• L ow permeability soil encourages run-off rather
than soakage into the ground

• P lant strips along the banks of rivers/streams to
provide a buffer zone that slows run-off

Urban stormwater

• E ncourage farming practices that improve soil
structure so water soaks in more easily

• Urban stormwater discharges into the river/
stream

Urban stormwater

• L arge areas of hard surface increase stormwater
runoff

• R
 educe stormwater discharges by run-off
detention, infiltration or off-channel retention

Combined sewer and stormwater

• R
 eplace impervious materials with permeable
materials

• W
 astewater system capacity overwhelmed
during heavy rain and overflows into the river/
stream upstream of the water supply

Combined sewer and stormwater
• R
 educe stormwater flow into the wastewater
system by run-off detention, infiltration or offchannel retention
• S eparate stormwater and sewerage systems
so the wastewater system’s capacity is not
exceeded
• Increase the wastewater system’s capacity

Direct Consequence: Landslide
[Rainwater that soaks into the ground makes the soil, and the material under it, unstable which results
in slips when the ground is sloping.]
• Landslides have occurred in the area before

• Build earthworks to stabilise slopes

• Land is sloping, especially more than 45°

• Use drains to remove groundwater from
unstable slopes

• L ittle vegetation cover, perhaps because of overgrazing or deforestation (harvesting)
• Improve stock management practices, or forestry
activities, to improve vegetation cover
• Human activity has affected slope stability, e.g.
toe of slope removed
• Encourage farming practices that help stabilise
slopes, e.g. planting trees
• Leaking water, stormwater or wastewater run
under sloping ground
• Regularly survey mains for leaks and repair
This event will not occur on level ground
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Supply characteristics making the
event more likely

Possible adaptations

Direct Consequence:	Increased levels in lakes and reservoirs
[Rainwater that does not soak into the ground runs over the surface and rapidly enters lakes and
reservoirs where it increases the water level.]
General

General

• N
 o structures to control flow into, or out of, the • Install control structures
lake/reservoir
Rural
Rural
• Redirect run-off from farm tracks to more gently
• Sloping land encourages run-off rather than
sloping land
soakage into the ground
• Maintain suitable vegetation in the catchment
• Lack of vegetation increases run-off and
to slow run-off
discourages soakage into the ground
• Plant strips along the banks of rivers/streams to
• Low permeability soil encourages run-off rather
provide a buffer zone that slows run-off
than soakage into the ground
• Encourage farming practices that improve soil
structure so water soaks in more easily
Urban stormwater
• Urban stormwater discharges into the lake/
reservoir

Urban stormwater
• R
 educe stormwater discharges by run-off
detention, infiltration or off-channel retention

Direct Consequence:	Interference with wireless communications
[Rainfall between transmitters and receivers or storm fronts disrupts the communications signal – rain
fade.]
• A
 high frequency communications link is used
(the problem is prevalent at frequencies greater
than 11GHz)

• E nsure a backup link operating at a frequency
lower than 11 GHz is available

Direct Consequence:	Sediment carried into source water in run-off
[Water flowing over the ground carries silt and sand particles into the river/stream, lake/reservoir, aquifer
or wellhead.]
Surface water sources

Surface water sources

• S loping land encourages run-off rather than
soakage into the ground

• R
 edirect run-off from farm tracks to more gently
sloping land

• L ack of vegetation to slow run-off and
encourage soakage into the ground

• M
 aintain suitable vegetation in the catchment
to slow run-off

• L ow permeability soil encourages run-off rather
than permeation into the ground

• R
 educe or stop grazing where erodible soils are
being exposed

Groundwater sources

• P lant strips along the banks of rivers/streams to
provide a buffer zone that slows run-off

• W
 ellhead is positioned so that water runs
towards it across exposed soil
• P oorly designed wellhead that does not prevent
surface contamination entering well
This event is unlikely to occur where the
wellhead is well designed or up gradient of
surface contamination

• E ncourage farming practices that improve soil
structure so water soaks in more easily
Groundwater sources
• Ensure wellhead protection is well
designed, which includes:
- a watertight seal around the wellhead
- the air vent being above expected flood levels
- the concrete apron surrounding the well
extending down the well casing to seal against
surface run-in
• R
 estrict activities that may expose the soil or
remove it
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Supply characteristics making the
event more likely

Possible adaptations

Direct Consequence:	Rise in water table
[Rainwater that soaks into the ground increases the level of water under the ground.]
• A
 quifer is unconfined (there is no layer above it
that stops water soaking into it)
• S oil and the layers below it allow water to soak
easily into the ground rather than run-off over
the surface
This event will not occur if the aquifer is
confined (there is a layer above the water
that will not let water through it)
Direct Consequence:	Top soil layers scoured by water flow
[A sufficient flow of water over the ground’s surface scours away the soil and the underlying layers.]
• Sloping land increases run-off flow
• L ack of vegetation, or poor vegetation, makes
scouring easier
• Poor soil structure makes scouring easier
• A
 reas of well-worked soil, e.g. soil prepared for
planting, makes scouring easier

• M
 aintain suitable vegetation in the catchment
to slow run-off
• R
 educe or stop grazing where erodible soils are
being exposed
• E ncourage farming practices that improve soil
structure so water soaks in more easily
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Supply characteristics making the
event more likely

Possible adaptations

Direct Consequence:	Microbes carried into source water in run-off
[Water flowing over the ground picks up and carries microorganisms from animal manure, and other
sources, into the river/stream, lake/reservoir, aquifer or wellhead.]
Surface water sources
Rural

Surface water sources
Rural

• Stock graze close to water body

• R
 edirect run-off from farm tracks to more gently
sloping land

• S loping land encourages run-off rather than
soakage into the ground
• L ack of vegetation – run-off is not slowed and
encouraged to soak into the ground
• L ow permeability soil encourages run-off rather
than permeation into the ground
• High stock density on surrounding land
Urban stormwater
• Urban stormwater discharge upstream of the
water supply
Combined sewer and stormwater
• W
 astewater system capacity overwhelmed
during heavy rain and overflows into the river/
stream upstream of the water supply
Groundwater sources
• Stock grazing near the wellhead
• T hin soil layer provides little barrier to microbes
being carried into the ground with the water
• W
 ellhead is positioned so that water runs
towards it over land contaminated with animal
waste or biosolids (human waste)
• P oorly designed wellhead does not prevent
surface contamination entering well
This event is unlikely to occur where the
wellhead is well designed or up gradient of
surface contamination

• E nsure fences keep grazing stock a minimum
distance of 10 m from water bodies
• M
 aintain suitable vegetation in the catchment
to slow run-off
• R
 educe, or stop, grazing where erodible soils are
being exposed
• P lant strips along the banks of rivers/streams to
provide a buffer zone that slows run-off
• Limit stock density in areas close to water bodies
• E ncourage farming practices that improve soil
structure so water soaks in more easily
• P revent application of animal waste to land
within 10 m of water bodies
• P revent application of sewage solids to land
within 10 m of water bodies
Urban stormwater
• R
 educe stormwater discharges by run-off
detention, infiltration or off-channel retention
Combined sewer and stormwater
• R
 educe stormwater flow into the wastewater
system by run-off detention, infiltration or offchannel retention
• S eparate stormwater and sewerage systems
so the wastewater system’s capacity is not
exceeded
• Increase the wastewater system’s capacity
Groundwater sources
• Ensure wellhead protection is well
designed, which includes:
- a watertight seal around the wellhead
- the air vent being above expected flood levels
- the concrete apron surrounding the well
extending down the well casing to seal against
surface run-in
• P revent stock from coming within 10 m of the
wellhead

Vulnerability Assessment Tool Handbook

41

Supply characteristics making the
event more likely

Possible adaptations

Direct Consequence:	Chemicals carried into source water in run-off
[Water flowing over the ground carries any chemicals it comes in contact with into river/stream, lake/
reservoir, aquifer or wellhead.]
Surface water sources
• S loping land encourages run-off rather than
soakage into the ground
• L ack of vegetation to slow run-off and
encourage soakage into the ground
• L ow permeability soil that encourages run-off
rather than permeation into the ground
• A
 source of chemicals is located upstream from
the source water so chemicals are carried into
the source in run-off

General
• Do not use or store chemicals within 10 m
of the source water
Surface water sources
• R
 edirect run-off from farm tracks to more gently
sloping land
• M
 aintain suitable vegetation in the catchment
to slow run-off
• R
 educe or stop grazing where erodible soils are
being exposed

This event will not occur when sources of
chemicals are absent

• P lant strips along the banks of rivers/streams to
provide a buffer zone that slows run-off

Groundwater sources

• E ncourage farming practices that improve soil
structure so water soaks in more easily

• T hin soil layer provides little barrier to chemicals
being carried into the ground with water

Groundwater sources
• Ensure wellhead protection is well
• The water table is shallow
designed, which includes:
• Wellhead is positioned so that water runs across
- a watertight seal around the wellhead
the chemically contaminated area towards it
- the air vent being above expected flood levels
- the concrete apron surrounding the well
• Poorly designed wellhead that does not prevent
extending down the well casing to seal against
surface contamination entering well
surface run-in
• Chemicals that are uncontained (not on a
• Ensure chemicals within 2 km of the well/spring
sealed surface or within bunds) are within 2 km
are stored on sealed surfaces within bunds
of the well
• Remove old landfills
This event will not occur when sources of
• Ensure operating landfills are sealed
chemicals are absent
• Replace the soil layer where it has been removed
This event is very unlikely to occur where the
• Restrict activities that may disturb or reduce the
wellhead is well designed or up gradient of
soil layer
surface contamination
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequences
Indirect Consequence:	Increased debris load in river/stream
[The increased water flow in the river/stream picks up material that will float (e.g. trees) and carries it
downstream.]
• S ources of debris (e.g. trees) are near the
stream/river
• T he gradient encourages fast flows in the river/
stream

• M
 anage trees growing along river/stream banks
in the catchment (e.g. clear trees showing signs
of being about to collapse)
• Build traps to catch floating debris

This event will not occur if there are no
sources of debris up stream of the water
supply
Indirect Consequence:	Bedload moves in river/stream
[The increased water flow in the river/stream carries stones and boulders from the riverbed
downstream.]
• S tream bed contains coarse material – gravels
and boulders
• T he gradient encourages fast flows in the river/
stream
Indirect Consequence: Flooding
[Surface water bodies (rivers/lakes) cannot carry the extra volume of water, which spills over their banks
onto the surrounding land.]
• L and neighbouring the river/stream, or lake/
reservoir, is low-lying with little drainage

• Construct stop banks

• Streams/rivers do not have stop banks
This event will not occur on moderately or
steeply sloping land
Indirect Consequence:	Access road to treatment plant flooded
[The road to the treatment plant passes through an area in which the road may flood.]
• T he road passes through areas prone to
flooding

• Re-route the road to avoid areas where
flooding or washout is likely to occur

Indirect Consequence:	Access road to treatment plant is blocked
[The road to the treatment plant passes through an area where the land is unstable and a slip lies across
the road.]
• T he road passes through areas where landslides
may happen

• Re-route the road to avoid areas where
landslides are possible

This event is unlikely to occur where the
road does not pass through an area prone to
landslides
Indirect Consequence:	Bridges damaged
[The increased flow of water collapses parts of bridges, or sweeps away bridge approaches.]
• B
 ridge is poorly sited (e.g. in a stretch of the
river where there may be high flows)
• B
 ridge is poorly designed or poorly constructed
(e.g. not built high enough to allow for
increased river levels)

• Re-site the bridge
• Strengthen the bridge
• Undertake earthworks to protect approaches to
the bridge

• T he river carries large amounts of debris when
water levels are high
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequence:	Reticulated power supply failure
[The power poles or pylons carrying power lines to the community are washed away by flood water, or
knocked over by a landslide, cutting the mains power supply.]
Flooding
• Power lines run through flood-prone area
This event will not occur where the power
lines do not pass through an area prone to
flooding

Flooding
Re-route power lines
Landslide
Re-route power lines

Landslide
• Power lines run through areas were landslides
may occur
This event will not occur where the power
lines do not pass through an area prone to
landslides
Indirect Consequence:	Re-suspension of sediment from river/stream bed
[Material that would normally lie in the riverbed is picked up by the current and carried in the flowing
water.]
• Stream bed contains fine material
• R
 iver/stream flow increases substantially during
rain

• Reduce sediment input into the river/stream by:
- Reducing, or stopping, grazing where erodible
soils are being exposed
- Minimising land disturbance
- Planting strips along the banks of rivers/
streams to provide a buffer zone that slows
run- off

Indirect Consequence:	Sediment levels in source water increase
[Earth slides into the water body increasing the sediment levels.]
• W
 ater source is located in an area prone to
landslides
This event will not occur where the source is
not in an area prone to landslides
Indirect Consequence:	Particles from surface reach groundwater
[The soil protecting the aquifer from surface contamination is scoured away by the water flow or lost
due to a landslide, which allows clay and silt particles from the surface into the aquifer, OR, the water
table rises so that there is less protective material shielding it from surface contamination.]
Land scour or landslide reduces the protective
cover over the aquifer
• A
 quifer lies below land that is prone to
landslides or scouring
This event will not occur where the aquifer
is not in an area prone to landslides or swift
water flows during heavy rain
Water table is raised closer to the surface
• A
 quifer lies below porous layers that allow
water to soak easily into the ground
This event will not occur where the aquifer
from which the water supply draws its water
is confined (protected by an upper layer that
water cannot pass through)
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequence:	Re-suspension of microbes from river/stream bed
[Microorganisms that normally reside in the river/stream bed are picked up by the current and carried in
the flowing water.]
• R
 iver/stream is typically subject to faecal
contamination (e.g. run-off from grazed
pasture, or wastewater discharge)

• R
 educe sediment input into the river/stream by:
- Reducing, or stopping, grazing where erodible
soils are being exposed
- Minimising land disturbance
• Stream bed contains fine material that can be
- Maintaining strips along the banks of the
re-suspended carrying attached microbes with it
river/stream to provide a buffer zone to limit
• River/stream flow increases substantially during
sediment being carried into the river/stream
rain
• Reduce faecal contamination of the river/stream by:
- Keeping stock more than 10 m from rivers/
streams in the catchment
- Providing bridges for stock crossing water and
eliminating fords
- Preventing animal waste and biosolids (human
waste) being applied to land within 10 m of
water
- Minimising the discharge of animal effluent
(treated and untreated) or sewage to water
- Separating sewerage and stormwater systems
to avoid wastewater treatment plant’s capacity
being exceeded during heavy rain
Indirect Consequence:	Microbes from surface reach groundwater
[The soil protecting the aquifer from surface contamination is scoured away by the water flow or lost
due to a landslide, which allows microorganisms from the surface into the aquifer, OR, the water table
rises so that there is less protective material shielding it from surface contamination.]
Land scour or landslide reduces the protective
cover over the aquifer

Land scour or landslides reduce the protective
cover over the aquifer

• A
 quifer lies below land that is prone to
landslides or scouring

• M
 inimise stock numbers in areas where scouring
or landslides may occur above aquifers

• S tock graze up gradient of an area prone to
landslides or scouring so that water flow carries
microbes over the area

• P revent the application of manure and biosolids
in areas uphill of where scouring or landslides
may occur above aquifers

• M
 anure or biosolids (human waste) is applied to
Water table is raised closer to the surface
land uphill of this area
• Minimise stock numbers in the areas where
This event will not occur where the aquifer
water tables get close to the surface as the
is not in an area prone to landslides or swift
result of rain
water flows during heavy rain
• Prevent the application of manure and biosolids
in areas where water tables get close to the
Water table is raised closer to the surface
surface as the result of rain
• Aquifer lies below porous layers that allow
• Encourage farming practices that improve soil
water to soak easily into the ground carrying
quality and depth
microbes with it
• S tock graze uphill of an area with a shallow
water table so that water flow carries microbes
down to groundwater
• M
 anure or biosolids (human waste) is applied to
land up gradient of this area
This event will not occur where the aquifer
from which the water supply draws its water
is confined (protected by an upper layer that
water cannot pass through)
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequence:	Destratification of lake/reservoir
[During summer poor quality water can develop in the deeper levels of deep lakes or reservoirs. High
water inflows, or landslide, into the lake or reservoir can mix the poor quality water with good quality
water from shallower depths (destratification).]
• S mall volume of water body (more likely to
experience significant disturbance of any
stratification)
• Lake depth is more than 20 m

• C
 arry out routine regular artificial mixing of
the deep and shallow water layers so that poor
quality water does not get a chance to develop
at depth

This event will not occur in shallow lakes/
reservoirs
Indirect Consequence:	Chemicals enter groundwater
[The soil protecting the aquifer from surface contamination is scoured away by the water flow, which
allows any chemicals at the surface into the aquifer, OR, the water table rises so that there is less
protective material shielding it from surface contamination.]
Land scour or landslides reduce the protective
cover over the aquifer
• A
 quifer lies below land that is prone to
landslides or scouring
• A
 source of uncontained chemicals (not stored
on a sealed surface, or within bunds) lies up
gradient of an area prone to landslides or
scouring so that water flow carries chemicals
over the area

Land scour or landslides reduce the protective
cover over the aquifer
• Identify and remove, or properly contain,
chemicals that lie up gradient of areas
prone to scouring or landslides
Water table is raised closer to the surface
• Identify and remove, or properly contain,
chemicals that lie up gradient of areas with
shallow water tables

This event will not occur where the aquifer
is not in an area prone to landslides or swift
water flows during heavy rain
This event will not occur where sources of
chemicals are absent
Water table is raised closer to the surface
• A
 quifer lies below porous layers that allow
water to soak easily into the ground carrying
chemicals with it
• A
 source of uncontained chemicals (not stored
on a sealed surface, or within bunds) lies up
gradient of an area with a shallow water table
so that water flow carries chemicals down to
groundwater
This event will not occur where the aquifer
from which the water supply draws its water
is confined (protected by an upper layer that
water cannot pass through)
This event will not occur where sources of
chemical contaminants are absent
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Supply characteristics making the
event more likely

Possible adaptations

Impacts
Impact:	Raw water intake clogged
[The intake through which the treatment plant draws water is clogged by floating debris (e.g. trees) in
the source water so that the treatment plant is unable to draw water, or it can only draw at a reduced
rate.]
• No protective grating or grill

• Construct protective grills over intake ports

• D
 ebris is sucked in by high water velocity at the
intake

• M
 odify intake structure to provide more than
one intake port (this allows on-going operation
if one of the ports is destroyed/blocked, and
reduces the water velocity at each intake so that
debris is less likely to be sucked into the intake)

Impact:	Trunk main broken
[A bridge carrying a trunk main across a river, or its approaches, is damaged by increased river flow,
fracturing the trunk main to the community.]
• Bridge over a river carries a trunk main
This event will not occur if the trunk main is
not carried by a bridge

• Pass trunk main under the river
• Install isolation valves and hydrants either side
of the bridge so that a fire hose can be used to
by-pass the severed section of the main should
this occur
• P ass a second trunk main across a second bridge
(reduced likelihood of both mains being cut)

Impact:	Source water obstructed or diverted
[The flow of water in the river establishes a new course so that the treatment plant is without a water
source.]
• S ource water for the supply runs through a
landslide-prone area
• C
 ontours of the land lend themselves to the
possibility of obstruction or diversion

• Build earthworks to protect against
landslides or breaching of banks along
vulnerable stretches of the river

• River banks are easily eroded
This event is unlikely to occur where the area
is not prone to landslides, or where the river
banks are not prone to collapse or scouring
Impact:	Raw water intake damaged
[Bedload or floating debris carried by the river flow damages the intake structure so that the treatment
plant cannot draw water, or it can only draw at a reduced rate.]
• N
 o engineered protection against large floating
debris or shifting bedload

• Protect the intake using e.g. gabions or
rocks, to deflect the principal flow and with
it large floating debris or shifting bedload

Impact:	Infiltration gallery (riverbed) damaged
[The increased river flow scours gravels and stones overlying the infiltration gallery so that the slotted
pipes through which water is drawn have less covering material.]
• G
 allery is located in a reach of the river where
flow velocities are high (even in normal
conditions)
• G
 allery screen is too shallow in the riverbed
gravels

• Install the gallery where flow velocities are at
their lowest
• E nsure the gallery screen is well buried
(1–1.5 m)
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Supply characteristics making the
event more likely

Possible adaptations

Impact:	Intake pumps flooded
[The pumps that draw water from the source and pump it to the treatment plant are situated low
enough that the rising water level reaches them.]
• Intake pumps are positioned below flood level

• Raise pumps

This event will not occur where the intake
pumps are positioned well above flood levels

• Install submersible pumps

Impact:	Treatment plant flooded
[The treatment plant is situated low enough that the rising water level reaches it.]
• Treatment plant is sited in a flood-prone area

• Relocate treatment plant

This event will not occur where the treatment • Construct earthworks to protect the
plant is positioned well above flood levels
treatment plant from flooding
Impact: Network pumps flooded
[Pumps that circulate water through the network of pipes that carry water throughout the community
are flooded.]
• Pump stations are sited in flood prone areas
This event will not occur where the network
pumps are positioned well above flood levels

• Relocate vulnerable pump stations
• C
 onstruct earthworks to protect vulnerable
pump stations from flooding
• Improve drainage throughout the community

This event will not occur where a supply
does not require network pumps because of
gravity feed to the network
Impact:	Intake pumps disabled (power failure)
[The reticulated power supply to pumps drawing water from the source is cut.]
• Pumps rely solely on reticulated power supply

• Install onsite power generation

This event will not occur where on-site power
generators are in place
Impact:	Treatment plant disabled (power failure)
[The reticulated power supply to the treatment plant is cut.]
Entire plant operation requires power
• T reatment plant relies solely on reticulated
power supply

Entire plant operation requires power
• Install onsite power generation
Only telemetry requires power
• Install onsite power generation

This event will not occur where on-site power
generators are in place
• Install additional battery capacity
Only telemetry requires power
• Auxiliary battery backup is inadequate

• R
 educe telemetric monitoring to critical plant
parameters only by analogue telemetry (lower
power demand)

This event will not occur where on-site power
generators are in place
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Supply characteristics making the
event more likely

Possible adaptations

Impact: Network pumps disabled (power failure)
[The reticulated power supply to the pumps pressurising the water in the network is cut.]
• N
 etwork pumping stations rely solely on
reticulated power supply
This event will not occur where a backup
power source is available

• Install a backup power supply
• Site post-treatment reservoirs to allow the
reticulated network to be gravity fed

This event will not occur where a supply
does not require network pumps because of
gravity feed to the network
Impact: Treatment plant non-operational (inaccessible because of flooding or landslides)
[As a result of the access road to the treatment plant being cut off by floods or landslides, the operator
cannot get to the treatment plant to operate it, and chemical supplies cannot reach it.]
Operator unable to reach treatment plant
• Treatment plant is manually operated
Chemical supplies unable to reach treatment plant
• C
 hemical storage capacity is small which
requires frequent re-supply

Operator unable to reach treatment plant
• Install SCADA system, with radio
communication, to allow automated
operation and remote control
• M
 ake a boat available to provide access to the
treatment plant
Chemical supplies unable to reach treatment plant
• Install larger chemical storage capacity (taking
into account the “shelf-lives” of the chemicals)

Impact: Treatment plant damaged (landslides)
[The treatment plant, which is an area prone to landslides, is hit by a slip and damaged so that it cannot
operate.]
• T reatment plant is located in a landslide-prone
area

• Undertake earthworks to stabilise the
landslide-prone area

This event is unlikely to occur where the
treatment plant is not in an area prone to
landslides

• Relocate treatment plant to a site that is
not landslide-prone

Impact: Network damaged (landslide or scouring)
[The community is situated in an area that is prone to landslides or scouring, and a slip carries away part
of the piped network.]
• A
 portion of the reticulation network is located
in a landslide-prone area
This event is unlikely to occur where the
community is not in an area prone to
landslides or scouring

• Undertake earthworks to stabilise the area
against landslides
• A
 void further property development (and
extension of the network) in the area

Impact: Remote control within the water supply lost
[Rain fade interferes with wireless remote control or monitoring of the treatment plant or parts of the
reticulation network.]
• O
 peration of the treatment plant or parts of
the water supply network depends on wireless
communication

• M
 ake arrangements to be able to get an
operator to the remote site if this becomes
necessary
• S etup landline links to remote sites if rain fade is
found to be a frequent problem
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Supply characteristics making the
event more likely

Possible adaptations

Impact: Finished water turbid
[Water entering the reticulation network contains particles that make the water cloudy – this may be
slight or very marked.]
• T here are no treatment processes designed to
remove particles from the raw water
• T reatment processes do not adequately remove
particles, because
- treatment processes are not optimised to
match changing water quality
- filtration media are too shallow
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme
• Treatment plant is susceptible to power failure

• Monitor raw water turbidity and shut down
the intake when the turbidity reaches levels
the treatment plant cannot handle
• Install treatment to remove particles
• Improve particle removal by:
- installing automated control for treatment
processes
- ensuring filter media depths are adequate
- ensuring flow rates match treatment plant
design capacity, OR modifying treatment plant
to allow a higher flow rate
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance
• Install onsite power generation
• M
 onitor power supply and shut down treatment
plant intake when power fails

Impact: Finished water contains pathogens
[Water entering the reticulation network contains microorganisms that can cause sickness.]
• T here are no treatment processes designed to
remove particles from the raw water
• T reatment processes do not adequately remove
particles, because
- treatment processes are not optimised to
match changing water quality
- filtration media are too shallow
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme

• Monitor raw water turbidity and shut down
the intake when the turbidity reaches levels
the treatment plant cannot handle
• Install treatment to remove particles
• Improve particle removal by:
- installing automated control for treatment
processes
- ensuring filter media depths are adequate
- ensuring flow rates match the treatment
plant’s design capacity, OR modifying the
treatment plant to allow a higher flow rate
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance

• T here is no disinfection process at the treatment
• Improve disinfection by:
plant
- installing automated disinfection control based
• The disinfection process is inadequate, because
on the disinfectant residual
- the disinfectant dose (or ultraviolet light
- ensuring treatment plant operators are
intensity) is too low
adequately trained
- the disinfectant is used up too quickly by
- monitoring chemical supplies
reactions with contaminants in the water
- scheduling routine preventive maintenance
- the disinfectant is not in contact with the
• Install onsite power generation
water long enough
- the treatment plant operator is inexperienced • Monitor power supply and shut down treatment
plant intake when power fails
or inadequately trained
- disinfectant runs out because of poor planning
- disinfectant dosing fails because there is no
preventive maintenance programme
• Treatment plant is susceptible to power failure
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Supply characteristics making the
event more likely

Possible adaptations

Impact: Finished water contains chemical contaminants
[Water entering the reticulation network contains chemical contaminants – generally these would have
to be at high levels to present a health concern because of the relatively short period the community
will be exposed to them.]
• T he treatment processes do not remove
polluting chemicals, because:
- the processes are not designed for this
purpose
- the processes that can remove the polluting
chemicals have not been optimised
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme
• Treatment plant susceptible to power failure

• S hut down the treatment plant intake when
an increase in the concentration of chemical
contaminants is likely
• Improve removal of the polluting chemicals by:
- installing processes designed to remove the
chemicals
- optimising the processes that can remove the
chemicals provided this does not interfere with
the removal of microbiological contaminants
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance
• Install onsite power generation
• M
 onitor power supply and shut down treatment
plant intake when power fails
[NB.  Chemical contaminants may not be present in
the water all the time, which may make installing
a special treatment system difficult to justify.  It
is better to remove the source of the chemicals
so they are unlikely to enter the water in the first
place.]
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Table A 3: Supporting Information – Drought
Supply characteristics making the
event more likely

Possible adaptations

Direct Consequences
Direct Consequence:	Increased water demand
[Higher temperatures and drying winds increase the community’s demand for water for human
consumption, stock consumption, watering domestic gardens, crop and pasture irrigation, and possibly
fire-fighting.]
• Supply provides stock water
• Supply provides irrigation water
• C
 ommunity takes a great deal of pride in its
gardens
• D
 omestic gardens contain plants with high
water demand
• Consumers cannot reduce their water demand
• C
 onsumers are unaware of the need to reduce
their water demand
• C
 onsumers are unwilling to reduce their water
demand

• E nsure farmers have the information needed to
manage stock numbers (at an early stage in the
drought)
• E nsure farmers have information about making
most efficient use of irrigation water
• E ncourage the use of crop cultivars that are
more drought-resistant
• R
 evise development plans for the community to
avoid increased water demand as the result of
an increased population or increased industrial
or agricultural needs
• Implement controls on the use of irrigation
water
• Implement water use restrictions in the
community
• E ncourage landscaping of gardens and selection
of plant types that minimise water use
• E ducate consumers with high water demands in
the best practices for minimising water use
• M
 onitor water use to allow advanced warning
to be given to consumers of the need for
voluntary reductions in water use
• E ncourage consumers to collect rainwater for
non-potable use
• E ncourage consumers to recycle greywater for
non-potable use {NB: This should be done in
consultation with the district health board.}
• P repare and implement a plan specifying the
nature of mandatory water restrictions, and
how these restrictions will be introduced with
increasing drought severity, and ensure the
community is aware of it. {This should be done
as soon as possible if the need for compulsory
restrictions looks likely.}
• R
 eview plans for community development to
limit increases in water use from increased
population numbers or increased industry or
agriculture
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Supply characteristics making the
event more likely

Possible adaptations

Direct Consequence: Lower water levels or reduced flows
[Reduced rainfall and losses from evaporation result in less water running off the surface into rivers,
streams/lakes and reservoirs, reducing flows and levels.]
• T he river/stream or lake/reservoir is well exposed
to direct sunlight and drying winds increasing
evaporation
• T he ground has little or no incline, so water
is not encouraged run-off into surface water
bodies
• H
 ighly permeable soil encourages the water to
soak into the ground
• F orests in the catchment, and trees along the
banks, reduce the amount of water reaching
the water source
Direct Consequence: Lowered water table
[Reduced levels of rainfall and increased water losses from evaporation result in less water soaking into
the ground to reach aquifers, causing a drop in the water table.]
• The aquifer is shallow and unconfined

• Recharge the aquifer artificially

Direct Consequence:	Increased water temperature
[Reduced rainfall and longer exposure to sunlight increases the temperature of surface waters.]
• L arge areas of the water source are exposed to
direct sunlight
• Water levels are low

• P lant shade trees where possible to reduce the
area receiving direct sunlight (this may increase
water loss)

• Water flows are low
• Water is dark coloured
• River/stream sediments/rocks are dark coloured
• Water source is primarily fed by rain or run-off
Direct Consequence:	Increased concentration of chemicals in groundwater
[Chemicals from rocks, or from contaminated sites, dissolve into a smaller volume of water in the
aquifer, increasing their concentrations in the water.]
• T he aquifer has been recharged by irrigation
water from the same aquifer for many years
• T he bore is shallow (more likely to receive
chemicals from contaminated sites)

• D
 raw water from a greater depth if an
exploratory bore shows the water quality is
suitable
• Develop another water source

Direct Consequence: Fires in catchment
[Drying conditions and combustible materials (e.g. grass, plantations) support fires in the catchment.]
• V
 egetation in catchment dries readily and
becomes combustible
• Strong drying winds are common in the area

• Instigate fire bans in the district when necessary
• E nsure regular updates on fire hazards are
provided to the community and visitors
• E ncourage care in disposing of materials that
may ignite fires e.g. cigarette butts, glass bottles
• E ncourage land owners to keep grass either
well-mown or well-grazed in the catchment
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequences
Indirect Consequence:	Increased nutrient concentrations in source
[Flows or volumes in water sources are reduced which increases nutrient concentrations.]
• S loping land encourages run-off rather than
soakage into the ground

These actions will reduce nutrients running into the
source water before the drought

• L ack of vegetation increases run-off and
discourages soakage into the ground

• R
 edirect run-off from farm tracks to more gently
sloping land

• L ow permeability soil encourages run-off rather
than soakage into the ground

• E nsure fences keep grazing stock a minimum of
10 m from water bodies

• Stock grazing close to source water

• M
 aintain suitable vegetation in the catchment
to slow run-off

• High stock density
• A
 pplication of fertiliser, manure or sewage
solids close to the source water

• R
 educe, or stop, grazing where erodible soils are
being exposed
• P lant strips along the banks of rivers/streams to
provide a buffer zone that slows run-off
• Limit stock density in areas close to water bodies
• E ncourage farming practices that improve soil
structure so water soaks in more easily
• P revent application of animal waste to land
within 10 m of water bodies
• P revent application of sewage solids to land
within 10 m of water bodies

Indirect Consequence:	Increased microbial concentrations in source
[Rivers with lower water flows that receive discharges of wastewater (from farms, industry or sewerage
treatment plants) contain higher concentrations of microorganisms because of the smaller volume
diluting the wastewater.]
• Wastewater discharges upstream of intake
This event is unlikely to occur where
the source does not receive wastewater
discharges and there is too little run-off to
carry microbes from pastures

• Relocate wastewater treatment plant
discharge or water supply intake
• Improve efficacy of wastewater treatment to
minimise microbial pollution entering the source
water

Indirect Consequence:	Increased organic matter concentrations in source
[Rivers/streams or lakes/reservoirs with lower water flows/levels that receive run-off from catchments
with forest or bush have a raised concentration of natural organic matter (NOM) because of the smaller
volume in the water body to dilute the organic matter.]
• T here is forest or native bush in the catchment
close to the river/stream or lake/reservoir

• E ncourage farming practices that improve soil
structure so water soaks in more easily

• S loping land encourages run-off rather than
soakage into the ground
• L ack of vegetation increases run-off and
discourages soakage into the ground
• L ow permeability soil encourages run-off rather
than soakage into the ground
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Supply characteristics making the
event more likely

Possible adaptations

Indirect Consequence:	Seawater intrusion
[Reduced levels of water in aquifers lead to seawater intrusion into aquifers that extend under the sea,
OR the sea can extend farther up the lower reaches of rivers because of lower river levels.]
• The aquifer extends under the sea
• T oo much freshwater is drawn from the aquifer
so there is less pressure stopping seawater
moving into the aquifer

• R
 educe the amount of water being drawn from
the aquifer
• Recharge the aquifer with surface water

• T oo little freshwater enters the aquifer so there
is less pressure stopping seawater entering the
aquifer
This event will not occur where the well
draws water from a level above sea-level
This event will not occur where the aquifer
does not extend under the sea
Indirect Consequence: Firefighting chemicals released into catchment
[Chemicals are used to fight fires in the catchment.]
• T he rural fire authority with responsibility for the • Agree with the rural fire authority that, when
area has a management plan that allows it to
possible, fire control measures other than
use firefighting chemicals within 100 m of the
chemicals are used in areas that may affect the
source water
water source
This event will not occur where the rural fire
authority does not include the use of firefighting chemicals in its management plan
Indirect Consequence:	Algal blooms
[Increased nutrient concentrations, water temperature and increased sunlight encourage the growth of
algae (including cyanobacteria, also known as blue-green algae) in rivers/streams and lakes/reservoirs.]
• S ource water contains raised nutrient
concentrations
• Source water is slow-moving or stagnant
• Source water is warm
• Source water receives high levels of sunlight
• Clear water allows greater penetration of light

• Minimise nutrient concentrations in water
• E ncourage riparian planting of shade trees (this
may have to be balanced against water losses
through evapotranspiration by the trees if water
levels are low)
• Place barley straw in lakes/reservoirs
• Use copper sulphate to control algal growth at
its early stages in lakes/reservoirs (consult those
with responsibility for the lake/reservoir, or the
water supplier, first)

Indirect Consequence: Weed growth
[Increased nutrient concentrations and increased sunlight encourage weed growth in rivers/streams and
lakes/reservoirs.]
• S ource water contains raised nutrient
concentrations
• Clear water allows greater penetration of light
• Water body receives high levels of sunlight
• C
 ross-contamination of water bodies with
weeds introduced on machinery used in stream
channel maintenance

• Minimise nutrient concentrations in water
• C
 arefully clean machinery used in stream
channel maintenance
• M
 onitor source waters to assess when steps to
remove weed are required
• Introduce biological controls for weeds
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Supply characteristics making the
event more likely

Possible adaptations

Impacts
Impact:	Pumping draws chemical contaminants from the aquifer
[Chemical contaminant sources that were outside the original zone from which water was drawn from
the aquifer (zone of contribution), are now included in the zone of contribution because of the lowered
water table and increased pumping.]
• T here is a source of chemical contamination
near the well
This event will not occur where there are no
chemical contaminant sources in the vicinity
of the well

• Remove contamination sources that may
affect water quality when the zone of
contribution expands (there will be a delay
before this is effective as contaminants
gradually clear from the aquifer)
• Reduce the pumping rate to shrink the zone
from which water is drawn (if demand can
still be met)

Impact:	Treatment plant’s capacity exceeded
[The community’s demand for water is greater than the rate at which the treatment plant can produce
adequately treated water.]
• C
 ommunity’s population has increased
substantially since the treatment plant was
designed
• D
 omestic water usage has increased since the
treatment plant was designed
• C
 ommercial activities (agricultural and industrial)
with high water demands have increased in
the community since the treatment plant was
designed

• Upgrade the treatment plant to increase its
production capacity
• T ake steps to reduce water demand (see
Table A1 Community Adaptations)
• P ut water restrictions in place (see Table A1
Community Adaptations)

• C
 limate conditions have increased water
demand beyond that allowed for when the
treatment plant water designed
• T reatment plant is nearing, or has reached, the
end of its design life
Impact:	Source’s capacity exceeded
[The volume of water that has to be drawn from the source to meet the community’s demand, is
greater than the source can provide, or is greater than the resource consent will allow.]
• C
 apacity of the water source is insufficient
to cope with the (additional) demand during
drought
• T he resource consent to withdraw water
from the source cannot accommodate the
community’s demand for water during drought

• Identify and develop another water source
to augment or replace the existing source
• T ake steps to reduce water demand (see Table
A1 Community Adaptations)
• P ut water restrictions in place (see Table A1
Community Adaptations)
• S eek a revision of the resource consent
conditions if the water source remains physically
able to provide water, but the resource consent
is restricting the volume that can be abstracted.
{This should not be done unless the community
is attempting to reduce its water consumption.}
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Supply characteristics making the
event more likely

Possible adaptations

Impact:	Treatment plant unable to discharge wastewater
[Resource consent(s) prohibit(s) wastewater discharge from the treatment plant so that the treatment
plant is unable to operate.]
• T he treatment plant contains treatment
processes that generate wastewater (clarifiers
and filters) and discharges the wastewater to a
river or stream
• T he rate of wastewater discharge exceeds that
permitted by the resource consent, based on
the flow of the receiving river or stream

• Establish a system for discharging
wastewater to land
• Treat the wastewater to improve its
quality before discharge so that it can be
discharged to the river or stream during
low flow

Impact:	Unable to abstract water
[The water level in the river/stream, lake/reservoir or well is lower than the intake (surface water) or
screen (well).]
Surface waters

Surface waters

• T he water level has fallen below the intake level
and the intake is at a fixed height

• M
 odify intake to allow intake at lower water
levels

Groundwaters

Groundwaters

• T he water table has fallen below the lowest
screen level of the well

• W
 ithdraw the well casing and add screens at
lower depths if tests show water of satisfactory
quality is available at greater depths. The well
may need to be deepened
• D
 eepen the well to reach another, less
vulnerable aquifer

Impact:	Infiltration gallery (riverbed) clogged
[Biological growths on the river/stream bed are slowing or inhibiting water percolation through the
gravels into the gallery’s collection pipes.]
• A
 lgae or weeds grow in the river/stream bed,
either normally or as a result of drought

• R
 egularly scarify the river/stream bed to break
up algal mats or weeds
• Install booms and screens to trap weeds and
algae

Impact:	Intake screens clogged
[Biological growths develop on screens protecting the treatment plant’s intake, which slows or inhibits
intake of water.]
• A
 lgae or weeds grow in the water source, either • Regularly clean screens on intake ports
normally or as a result of drought
• Install booms and screens to trap weeds and
algae
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Supply characteristics making the
event more likely

Possible adaptations

Impact: Finished water contains pathogens
[Water entering the reticulation network contains microorganisms that can cause sickness.]
• T here are no treatment processes designed to
remove particles
• T reatment processes do not adequately remove
particles, because
- treatment processes are not optimised to
match changing water quality
- filtration media are too shallow
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme

• Install treatment to remove particles
• M
 onitor raw water turbidity and shut down
intake at elevated turbidity levels
• Improve particle removal by:
- installing automated control for treatment
processes
- ensuring filter media depths are adequate
- ensuring flow rates match treatment plant
design capacity, OR modifying treatment plant
to allow a higher flow rate
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance

• Install disinfection
• T here is no disinfection process at the treatment
• Improve disinfection by:
plant
- installing automated disinfection control based
• The disinfection process is inadequate, because
on the disinfectant residual
- the disinfectant dose (or ultraviolet light
- ensuring treatment plant operators are
intensity) is too low
adequately trained
- the disinfectant is used up too quickly by
- monitoring chemical supplies
reaction with contaminants in the water
- scheduling routine preventive maintenance
- the disinfectant is not in contact with the
• Install onsite power generation
water long enough
- the treatment plant operator is inexperienced
• Monitor power supply and shut down treatment
or inadequately trained
plant intake when power fails
- disinfectant runs out because of poor planning
- disinfectant dosing fails because there is no
preventive maintenance programme
• Treatment plant susceptible to power failure
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Supply characteristics making the
event more likely

Possible adaptations

Impact:	DBPs (disinfection by-products) in finished water
[Water entering the reticulation network contains undesirable chemicals formed by the reaction of
disinfectants with natural organic matter (NOM) in the water.]
• C
 hemical disinfectants are used to treat the
water
• T here are no processes at the treatment plant
capable of removing NOM from the raw water
• T reatment processes do not adequately remove
NOM from the water, because
- treatment processes are not optimised to
match changing water quality
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme
• Treatment plant susceptible to power failure
This event will not occur where chemical
disinfectants are not used to disinfect the
water

• Install membrane filtration to remove NOM
and use ultraviolet light as the primary
disinfectant, so that a lower dose of
residual chlorine can be used
• Monitor the NOM concentration in the
water (continuous ultraviolet absorbance
measurement) and shut down the intake
before NOM concentrations reach levels
that will form harmful levels of disinfection
by-products
• Improve NOM removal by:
- determining the best conditions for removing
NOM, while still ensuring satisfactory
disinfection
- installing automated control for treatment
processes
- ensuring flow rates match treatment plant
design capacity, OR modifying treatment plant
to allow a higher flow rate
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance
• Install onsite power generation
• M
 onitor power supply and shut down treatment
plant intake when power fails
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event more likely

Possible adaptations

Impact:	Algal toxins in finished water
[Water entering the reticulation network contains toxins formed by cyanobacteria (blue-green algae).]
• N
 o monitoring of the source water is
undertaken to watch for signs of algal bloom
development
• T here are no processes in the treatment plant
capable of removing toxin-containing cells from
the water, or removing or destroying toxins
• T reatment processes do not adequately remove
algal cells, because
- treatment processes are not optimised to
match changing water quality
- filtration media are too shallow
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme

• Shut down intake during algal blooms, and
operate on stored or tankered water
• Develop a secondary water source, not
susceptible to algal blooms
• Install processes capable of removing toxincontaining cells from the water
• Install processes capable of destroying or
removing toxins from the water
• Improve cell removal by:
- installing automated controls for treatment
processes
- ensuring filter media depths are adequate
- ensuring flow rates match treatment plant
design capacity, OR modifying treatment plant
to allow a higher flow rate
- ensuring the treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance

• T reatment processes do not adequately destroy
toxins, because
• Improve toxin destruction by:
- the oxidant dose is too low {the oxidant is
- installing automated oxidant control based on
often the disinfectant}
the oxidant residual
- the oxidant is used up too quickly by reaction
- ensuring treatment plant operators are
with contaminants in the water
adequately trained
- the oxidant is not in contact with the water
- monitoring chemical supplies
long enough
- scheduling routine preventive maintenance
- the treatment plant operator is inexperienced
• Improve toxin adsorption by:
or inadequately trained
- ensuring the flow through the treatment plant
- the oxidant runs out because of poor planning
matches the requirements of the adsorption
- the oxidant dosing fails because there is no
process
preventive maintenance programme
- ensure enough activated carbon is used in
• Treatment processes do not adequately adsorb
treatment
toxins, because
- regularly monitor the quality of the treated
- the water passes through the treatment plant
water to assess when the adsorbent is nearing
too quickly for the activated carbon to achieve
exhaustion
complete adsorption
• Install onsite power generation
- not enough activated carbon is used to
provide adequate adsorption
• Monitor power supply and shut down treatment
- the capacity for the activated carbon to adsorb
plant intake when power fails
more toxins is exhausted
• Treatment plant is susceptible to power failure
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Supply characteristics making the
event more likely

Possible adaptations

Impact:	Taste and odour compounds in finished water
[Water entering the reticulation network is tainted by substances produced by microorganisms in the
raw water that give the water an unpleasant taste or odour.]
• T here are no processes in the treatment plant
capable of removing algal cells from the water,
and removing or destroying taste and odour
compounds
• T reatment processes do not adequately remove
algal cells, because
- they are not optimised to match changing
water quality
- filtration media are too shallow
- water passes through the treatment plant too
quickly
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme

• Shut down intake during algal blooms, and
operate on stored or tankered water
• Develop a secondary water source, not
susceptible to algal blooms
• Install processes capable of removing algal cells
from the water, or destroying or removing taste
and odour compounds
• Improve cell removal by:
- installing automated control for treatment
processes
- ensuring filter media depths are adequate
- ensuring flow rates match treatment plant
design capacity, OR modifying treatment plant
to allow a higher flow rate
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance

• T reatment processes do not adequately destroy
taste and odour compounds, because
- the oxidant dose is too low {the oxidant is
• Improve taste and odour compound destruction
often the disinfectant}
by:
- the oxidant is used up too quickly by reaction
- installing automated oxidant control
with contaminants in the water
- ensuring treatment plant operators are
- the oxidant is not in contact with the water
adequately trained
long enough
- monitoring chemical supplies
- the treatment plant operator is inexperienced
- scheduling routine preventive maintenance
or inadequately trained
- the oxidant runs out because of poor planning • Improve taste and odour compound adsorption
by:
- the oxidant dosing fails because there is no
- ensuring the flow through the treatment plant
preventive maintenance programme
matches the requirements of the adsorption
- the taste and odour compounds are resistant
process
to oxidation
- ensuring enough activated carbon is used in
• Treatment processes do not adequately adsorb
treatment
taste and odour compounds, because
- regularly monitoring the quality of the treated
- the water passes through the treatment plant
water to assess when the adsorbent is nearing
too quickly for the activated carbon to achieve
exhaustion
complete adsorption
• Install onsite power generation
- not enough activated carbon is used to
provide adequate adsorption
• Monitor power supply and shut down treatment
- the capacity for the activated carbon to adsorb
plant intake when power fails
more toxins is exhausted
• Treatment plant is susceptible to power failure
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Supply characteristics making the
event more likely

Possible adaptations

Impact: Finished water contains chemical contaminants
[Water entering the reticulation network contains chemical contaminants – generally these would have
to be at high levels to present a health concern because of the relatively short period the community
will be exposed to them.]
• T he treatment processes do not remove the
polluting chemicals, because:
- they are not designed for this purpose
- the processes that can remove the polluting
chemicals have not been optimised
- the treatment plant operator is inexperienced
or inadequately trained
- treatment chemicals run out because of poor
planning
- chemical dosing fails because there is no
preventive maintenance programme
[Treatment processes may also form disinfection
by-products (chemical contaminants).  Since
these are not present in the water entering the
treatment plant, they are covered as a separate
impact (see page 59).]

• Blend with better quality water to reduce
high chemical concentrations
• S hut down the treatment plant intake when
an increase in the concentration of chemical
contaminants is likely
• Improve removal of the polluting chemicals by:
- installing processes designed to remove the
chemicals
- optimising the processes that can remove the
chemicals provided this does not interfere with
the removal of microbiological contaminants
- ensuring treatment plant operators are
adequately trained
- monitoring chemical supplies
- scheduling routine preventive maintenance
[NB.  Chemical contaminants may not be present in
the water all the time, which may make installing
a special treatment system difficult to justify.  It
is better to remove the source of the chemicals
so they are unlikely to enter the water in the first
place.]
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APPENDIX C: Worked example
of determining the likelihood of
reticulated water supply failure
Description of water supply and community — the following description provides the information needed
to determine the supply’s vulnerability.
1.

Brookville village draws water from a small river.

2.	The river winds through steep country, which has grass cover and is grazed mostly by sheep.
No agrichemicals are applied to the land, and there are no other sources of chemicals in the
catchment upstream of the water supply intake.
3.	There is no forested area in the catchment, so nothing can be carried into the river during heavy
rain to contribute to debris in the water.
4.	The river bed is covered with material ranging from pebbles to football-sized boulders (the
bedload).
5.	Past experience has shown that during very heavy rain, the river becomes turbid from run-off and
re-suspension of sediment. It is likely that microorganisms are also carried into the river with runoff and with the re-suspended sediment.
6.	The river’s flow can sweep pebbles and boulders down the bed, so to avoid damage the intake it
has been let into the river bank and a large boulder groyne built to protect it.
7.

The intake can flood as the water level rises and this has happened in the past.

8.	A landslide into the gulley which the river runs down, could block that branch of the river and
force it down another branch, leaving the supply without water.
9.	The treatment plant is sited on a flat area above the river making flooding unlikely. It is also well
away from areas that are slip-prone.
10.	The access road to the treatment plant runs along a hillside, well above possible flood levels, but
is vulnerable to slips.
11.
Wireless telemetry is not used to provide remote control or monitoring within the water supply.
12.	The treatment plant is on the same side of the river as Brookville so the trunk main from the
treatment plant to the village does not pass over a bridge.
13.	Electrical power is brought to the treatment plant, as well as the village, by a chain of power
poles running along the steep hilly country through which the river also runs. While it is very
unlikely that the poles could be swept away by the flooded river, the power lines run through an
area in which slips are possible. Although the power supply has not been lost to date, an on-site
generator has been installed at the treatment plant to ensure the plant and the intake pumps
have power should the reticulated supply fail.
14.	The only treatment is chlorination, and as there is no treatment process to remove particles from
the water, the water leaving the treatment plant can become turbid during heavy rain. When the
water is turbid, the efficiency of the chlorine is affected and faecal bacteria have been detected
in the water supplied to the community. No tests have ever been done for Cryptosporidium, but
because chlorine will not kill this organism, it has to be assumed that it could be in the water too.
15.

Tests for chemicals in the water have never been done.
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16.	After treatment, the water is pumped to a tank above Brookville. From there it is gravity fed into
the village.
17.	The village itself is on a small plateau well away from the danger of landslides and flooding from
the river.
18.	The community of Brookville is close-knit and they have held meetings to plan how best to deal
with flooding and how they will make sure that everybody will have water to drink in the event
of the water supply failing. A “buddy” system has been arranged to ensure that everybody will
be checked on by at least one neighbour in the event of a flood. As part of this planning, every
household has been encouraged to store at least three litres of water per person per day for three
days, and this appears to have been done.
The following table shows how the characteristics of the water supply, given above, are used with Figure
7 to assess the likelihood of each event given in the Likelihood Assessment Diagram for Heavy Rain.
Note: In the second column, the numbers refer to the boxes in Figure 7.
Possible event

Process of
Likelihood
assessing
likelihood using
Figure 7

Comments

Direct consequences
Increased flow in
the river

1g2g3gH

High

1) No characteristic of the supply makes this
unlikely; 2) No steps have been taken to control
the river flow; 3) River flows have increased in
the past.

Landslide

1g2g3g4gM

Moderate

1) Water permeates into the ground during
heavy rain, there is no supply characteristic that
will stop this;
2) No steps can be taken to stop this;
3) Landsides have not occurred before;
4) The event that causes landslides is rain,
which, because heavy rain is the weather event
being considered, is of high likelihood. However,
because landslides have not happened before,
the likelihood of the landslide is classed as
moderate.

Increased lake or
reservoir levels

N/A

There are no lakes or raw water reservoirs used
as the source for this supply, consequently, this
event is not applicable, and cannot contribute to
other events.

Interference
with wireless
communications

N/A

Wireless telemetry is not used in the supply.

High

1) Although the hillside is grassed, this
characteristic is insufficient to stop soil particles
being carried into the river;
2) There is no record of steps being taken to
stop this happening;
3) The river becomes turbid with heavy rain due
to run-off, so this event has happened before.

Rise in water table

N/A

This event is of concern only to supplies sourced
from groundwater and is not relevant to this
supply as it draws from a river.

Top layers of ground
scoured away by
flowing water

N/A

This event is of concern only to supplies sourced
from groundwater and is not relevant to this
supply as it draws from a river.

Sediment carried
into source water in
run-off

1g2g3gH
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Microbes are carried 1g2g3gH
into source water in
run-off

High

1) Although the hillside is grassed, this
characteristic is insufficient to prevent soil
particles and microbes being carried into the
river;
2) There is no record of steps being taken to
stop this happening;
3) The river becomes turbid with heavy rain due
to run-off and microbes will be present in the
run-off, so this event has happened before.

Chemicals carried
into source water in
run-off

Low

1) A characteristic of this supply is that chemicals
are not used or stored in the catchment, which
makes chemicals being carried into the river
unlikely.

1gL

Indirect consequences
Increased debris
load in the riverstream

1gL

Low

1) A characteristic of this supply is that there are
no trees and other vegetation growing in the
catchment that could contribute to large pieces
of floating debris, which makes debris in the
stream unlikely.

Bedload moved in
the river/stream bed

1g2g3gH

High

1) There are no supply characteristics that would
make this event unlikely;
2) No steps have been taken to prevent bedload
movement (the groyne and positioning of
the intake do not affect the likelihood of the
bedload moving, only its consequences);
3) There are records of bedload moving before.

Flooding

1g2g3gH
1gL
1gL
1gL

High
(intake)
Low (power)
Low
(treatment
plant)
Low
(reticulation)

The Likelihood Assessment Diagram (Figure
5) shows that flooding can have four effects.
Some of the areas affected may be less prone
to flooding than others. Consequently, the
likelihood has to be assessed for each.
Intake
1) No supply characteristic will make flooding in
the area of the intake unlikely;
2) No steps have been taken to make flooding in
this area unlikely;
3) The intake has been flooded in the past.
The power lines, the treatment plant and the
reticulation network all share the characteristic
of being in a position where flooding is unlikely.

Access road to the
treatment plant
flooded

1gL

Low

1) The road to the treatment plant is too high to
be flooded.

Access road blocked 1g2g3g4gM
by slip

Moderate

1) No supply characteristic is expected to make
this event unlikely;
2) No steps have been taken to reduce the
event’s likelihood;
3) There is no record of the access road being
blocked by slips in the past;
4) The likelihood of landslide is moderate.

Bridge carrying
trunk main
damaged

Low

1) The supply characteristic that makes this
unlikely is that the trunk main from the
treatment plant to the village does not pass over
the river on a bridge.

1gL
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Re-suspension of
sediment from the
river/stream bed

1g2g3gH

High

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken to make
re-suspension of the sediment unlikely;
3) The records show that re-suspension of
sediment occurs in heavy rain.

Sediment levels
in source water
increase

1g2g3g4gM

Moderate

1) No supply characteristic is expected to make
this event unlikely;
2) No steps can be taken to stop an increase in
sediment if there is a landslide into the source;
3) Despite the area being steep, no slips have
occurred in the past;
4) The likelihood of landslide is moderate.

N/A

This event is of concern to supplies that are
sourced from groundwater and is not relevant to
this supply as it draws from a river.

High

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken to stop
microbes being re-suspended from the river bed;
3) Past experience shows that the river becomes
turbid during heavy rain and that re-suspension
contributes to this. Microbes are to be expected
with the re-suspended sediment.

Microbes from
surface reach
groundwater

N/A

This event is of concern to supplies that are
sourced from groundwater and is not relevant to
this supply as it draws from a river.

Destratification of
lake or reservoir

N/A

This event is of concern to supplies that are
sourced from lakes or reservoirs and is not
relevant to this supply as it draws from a river.

Chemicals enter
groundwater

N/A

This event is of concern to supplies that are
sourced from groundwater and is not relevant to
this supply as it draws from a river.

Moderate
Moderate

The Likelihood Assessment Diagram (Figure
5) provides for power being required for the
operation for three aspects of supply operation
– the intake pumps, the treatment plant and
the network pumps. The description does
not indicate that power is reticulated to these
three parts of the supply by different routes,
consequently, the assessed likelihood applies to
the intake pumps and the treatment plant. The
reticulation network is gravity-fed, therefore the
question of power supply to the network pumps
is not applicable for this supply.
For the intake pumps and the treatment plant:
1) There are no characteristics of the supply that
would make reticulated power supply failure
unlikely (note that the on-site generator affects
the likelihood of electrical power to the water
supply, but does not reduce the likelihood of the
reticulated power supply failing);
2) No steps have been taken to make this event
unlikely;
3) The event has not occurred before;
4) There are two possible causes of reticulated
power supply failure – flooding and landslide.
Landslide is assessed as being of moderate
likelihood, therefore the likelihood of reticulated
power supply failure is moderate.

Particles from
surface reach
groundwater
Re-suspension of
microbes from the
river/stream bed

Reticulated power
supply failure

1g2g3gH

1g3g4gM
(Intake pumps)
1g3g4gM
(Treatment plant)
Network pumps

N/A
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Possible event

Process of
assessing
likelihood using
Figure 7

Likelihood

Comments

Raw water intake
clogged

1g2g3g4gL

Low

1) No supply characteristic associated with the
intake makes this event unlikely;
2) No steps have been taken that make the
event unlikely (the groyne protects against
bedload movement, not floating debris);
3) There is no record of the event having
happened before;
4) There is only one cause of this event, and its
likelihood is low.

Source water
obstructed or
diverted

1g2g3g4gM

Moderate

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken that
make the event unlikely; 3) Although the river
gulley could be blocked, there is no record of
it happening before; 4) There is only one cause
of this event (landslide), and its likelihood is
moderate.

Raw water intake
damaged

1g2gL

Low

1) No supply characteristic makes this event
unlikely; 2) Steps have been taken (construction
of groyne and letting the intake into the river
bank) that should make the event unlikely.

N/A

There is no riverbed infiltration gallery in this
supply, therefore this event is not a concern.

Impacts

Infiltration gallery
(riverbed) damaged
Intake pumps
flooded

1g2g3gH

High

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken to stop the
pumps being flooded; 3) Flooding of the intake
has happened in the past.

Treatment plant
flooded

1gL

Low

1) The supply characteristic of having the
treatment plant built on a plateau well above
the river makes flooding unlikely.

N/A

The distribution network is gravity-fed, making
network pumps unnecessary, therefore this
event is not relevant to the assessment.

Network pumps
flooded
Intake pumps
disabled

1g2gL

Low

1) No supply characteristic associated with the
intake pumps makes this event unlikely; 2) A
step has been taken (installation of an on-site
generator) to make this event unlikely.

Treatment plant
pumps disabled

1g2gL

Low

1) No supply characteristic associated with the
treatment plant makes this event unlikely; 2) A
step has been taken (installation of an on-site
generator) to make this event unlikely.

N/A

The distribution network is gravity fed, making
network pumps unnecessary, therefore this
event is not relevant to the assessment.

Network pumps
disabled
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Treatment plant
non-operational

1g2g3g4gM

Moderate

This event has two possible causes (the access
road to the treatment plant being either
flooded or blocked by landslide). Both have
to be considered when following the decision
diagram.
1) No supply characteristic associated with the
treatment plant makes this event unlikely (the
road location affects whether it will be flooded,
but road location is taken into account when
the likelihood of the access road flooding was
considered); 2) No steps have been taken to
reduce the likelihood of the treatment plant
being inaccessible due either to flooding or
landslides; 3) There is no record of the event
having happened before; 4) The likelihood of
the road being closed due to flooding is low, but
the likelihood of the road being blocked by a
landslide is moderate, therefore the likelihood is
moderate.

Treatment plant
damaged

1gL

Low

1) Landslide is the concern here. The
characteristic of the treatment plant that makes
this event unlikely is that the treatment plant is
sited away from landslide-prone areas.

Parts of the network 1gL
damaged

Low

1) Landslide is the concern here, but the supply
characteristic that makes this event unlikely is
that the reticulation network is sited away from
landslide-prone areas.

Trunk main broken

N/A

There are no bridges carrying trunk mains so this
event does not apply in this supply.

Finished water
turbid

1g2g3gH

High

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken (e.g.
installation of filters) to stop the particles in the
water getting into the reticulated water supply;
3) The records show that the finished water
(water leaving the treatment plant) can become
turbid during rain.

Finished water
contains pathogens

1g2g3gH

High

1) No supply characteristic makes this event
unlikely; 2) No steps (other than chlorine, which
is insufficient by itself) have been taken (e.g.
installation of filters to improve chlorination
effectiveness and remove microbes not killed
by chlorine) to make microbially-contaminated
water unlikely; 3) The records show that faecal
bacteria have been detected in the water
supplied to the community.

Finished water
contains chemical
contaminants

1g2g3g4gL

Low

1) No supply characteristic makes this event
unlikely; 2) No steps have been taken (e.g.
installation of treatment processes for removal
of chemicals) to remove chemicals from the
water; 3) There is no evidence showing that
there has been chemical contamination of
the water during rain events (as no tests were
done); 4) The likelihood of chemicals being
carried into the source water in run-off is low,
because chemicals are not used or stored in the
catchment.

Vulnerability Assessment Tool Handbook

68

The Likelihood Assessment Diagram is completed using the results of the above assessment. Completion
of the diagram as the assessment is being made will help in determining how the likelihood of events to
the right of the diagram is influenced by the likelihoods to the left.
Reticulated water
supply failure

Likelihood Assessment Diagram for Heavy Rain
A

Direct Consequences

B

Indirect Consequences

C

Impacts

Results

The likelihoods for the Results, “Water cannot be reticulated” and “Water can be reticulated, but is
unsafe or unpleasant to drink” are determined from the highest likelihoods of any of the events (Impacts)
leading to them. The overall “Reticulated water supply failure” likelihood is determined from the higher
of the two Results likelihoods.
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APPENDIX D: Modifying the Likelihood
Assessment Diagram spreadsheet
This appendix provides guidance on how to add new events to the Likelihood Assessment Diagram
spreadsheet template. Specific instructions cannot be provided because of the many possible
modifications that might be needed. The following points provide generic advice.
• To add new material to the diagram, at least one new row needs to be inserted.
• The spreadsheet is designed so that events classed as impacts occur only once in the sheet. When
adding a new impact, avoid duplicating it. The diagram is not flexible enough to also allow direct and
indirect consequences to appear only once, so in some instances these may need to be duplicated.
The following example shows how a new impact “X” which results from the direct consequence
“Landslide” is added to the diagram.
An example is given below of inserting a new impact, and then linking it either to an existing indirect
consequence or an existing direct consequence.
1. Portion of original likelihood assessment diagram
A
A

Direct Consequences
Direct Consequences

B
B

Indirect Consequences
Indirect Consequences

C
C

Impacts
Impacts

2. Likelihood assessment diagram with row inserted to allow for a new Impact labelled “X”. The position
of the new line has been chosen to allow “X” to link to the Direct consequence “Landslide”, or to the
Indirect consequence “Increase debris loas in the river/stream.
A
A

Direct Consequences
Direct Consequences

B
B

Indirect Consequences
Indirect Consequences

C
C

Impacts
Impacts
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3. Option 1 - link to the indirect consequence. The cell containing the indirect consequence and the cell
with its likelihood value need to be enlarged so that an arrow can be run from the indirect consequence
to “X”. Selcet this cell and the one above it. Use the Excel menu - Format - Cells - Allignment, then tick
“Merge cells”. Repeat this with the likelihood value cell, initially containing “L”. Selcet both cells and add
borders around both of them. Click on one of the arrows leading from Indirect consequences to Impacts,
use Ctrl C /Ctrl v to copy and reproduce the arrow, then click on the new arrow and move it into position.
A

A

B

Direct Consequences
Direct Consequences

B

Indirect Consequences
Indirect Consequences

C

C

Impacts
Impacts

Alternative
4. Option 2 - link to the direct consequence. The cell containing the Direct consequence needs to be
enlarged so that an arrow can be run from it to “X”. Select this cell and the one above it. Use the Excel
menu - Format - Cells - Alignment, then tick “Merge cells’.Click on one of the arrows leading from DIrect
consequences to Impacts, use Ctrl C /Ctrl v to copy and reproduce the arrow , then click on the new
arrow
and move it into position.
A
B
C
Direct Consequences

A

Direct Consequences

Indirect Consequences

B

Indirect Consequences

Impacts

C

Impacts

For the new impact, “X”, the user should determine what supply characteristics will make “X” more likely,
and what adaptations can be used to reduce its likelihood
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