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Executive Summary
This report is subject to, and must be read in conjunction with, the limitations set out in in section 1.5 and the
assumptions and qualifications contained throughout this report.
The climate change risk assessment (CCRA) involves understanding the risk and vulnerability of the proposal to
climate change, requiring quantification of specific climate change risks, and identification of specific adaptation
actions to be incorporated in the design of the proposal or within environmental management plans for the
proposal. The major concerns are an increase of the frequency and intensity of extreme weather events leading to
physical impacts to the proposal and stresses to the proposal associated with gradual climatic change.
Risks were identified and assessed using the risk matrix provided by AS 5334-2013 Climate change adaption for
settlements and infrastructure – A risk-based approach. This assesses the likelihood and consequence of risks in
order to classify them into four risk categories of varying severity: ‘extreme’ risk, ‘high’ risk, ‘medium’ risk or ‘low’
risk.
This report provides the methodology, limitations, and outcomes of this assessment. In summary, a total of 28
climate change risks were identified for the Fortune Agribusiness proposal, of which two (risk 001 bushfires and
risk 016 extreme rainfall) are relevant to the construction phase only. These include risks arising from the following
climate hazards:
–

Bushfires

–

Drought & Extreme Heat

–

Drought

–

Extreme Heat

–

Lightning

–

Extreme Rainfall &
Flooding

–

Extreme Weather events

Some risk such as those related to the construction phase are not relevant in 2050. Some risks increase overtime
with the changing climate.
Inherent risks were identified and assessed using AS5334’s likelihood and consequence risk matrix (through
Representative Concentration Pathways (RCPs 8.5 2030 and 2050)) for the baseline climate and extreme RCP
scenarios for 2030 and 2050 horizons, considering the 30-year lifespan of the proposal – in summary as follows:
Table ES.1

CCRA Inherent Risk Summary

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

Extreme (E)

0

0

0

High (H)

0

0

3

Medium (M)

17

19

20

Low (L)

11

9

3

Total

28

28

26

Adaptation measures were identified and recommended to be considered for implementation during detailed
design, construction, operation and/or future upgrades of the proposal. This led to the reduction of one medium
risk to low risk in the physical risk to the asset. Reduction of risk was achieved for one high risk to the function and
objective of the asset through drought and extreme heat impact. Considering these adaptation measures, the
residual risk profile resulted in the risks outlined in Table ES.2.

GHD | Fortune Agribusiness Funds Management Pty Ltd | 12580936 | Climate Change Risk Assessment

iii

Table ES.2

CCRA Residual Risk Summary

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

Extreme (E)

0

0

0

High (H)

0

0

0

Medium (M)

17

18

18

Low (L)

111

10

8

Total

28

28

26

A summary of the identified high risks is provided in Table ES-3. Further information on climate risk scenarios can
be found in Section 2.2 of the report. It is also noted that the proposal’s current risk profile is represented by the
inherent risk ratings.
CCRA Summary

M

Drought

Extreme weather
events

Increased crop water
demand due to
prolonged drought
conditions causes
salinity impacts on crop
productivity.
Hail, rain, and wind
damaging crops
leading to loss of yield.

M

M

M

M

M

Residual risk

2050 RCP 8.5

Frequency and
duration of drought and
extreme heat impacting
on availability of
required water for
irrigation scheme or
limiting yield.

Adaption responses

2030 RCP 8.5

Drought

Inherent risk ratings

2050 RCP 8.5

Impact

Current
climate

Climate hazard

2030 RCP 8.5

Table ES.3

H

Review of future crop
planning for more
water efficient
enterprises better
suited to changing
climate
Reduced production
of annual crops
during drought years
or reduced access to
water.
Removal of low
returning permanent
and annual plantings
in preparation or
change of commodity
to higher returning
crops.

M

M

H

Revise soil and water
management plan.
Revise crop areas,
types, species, and
variety for more
drought and heat
tolerant varieties

M

M

H

Site development
and crop selection
considering likelihood
of severe damage by
different weather
events.

M

M
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Definitions and acronyms
Term

Definition

Adaptation

Changes made in response to the likely threats and opportunities arising from climate variability and
climate change.

Adaptive
capacity

Ability of a system to respond to climate change to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

AR

Assessment Report

AWS

Automatic Weather Station

BAU

Business As Usual

BoM

Bureau of Meteorology

CSIRO

Commonwealth Science and Industrial Research Organisation

Climate scenario

Coherent, plausible description of a possible future state of the climate.

CO2

Carbon dioxide

Consequence

Outcomes of an event affecting objectives.

Control

Measure that is modifying a risk.

°C

Degrees Celsius (a commonly used temperature scale)

EMP

Environmental Management Plan

FFDI

Forest Fire Danger Index

ha

hectares

Impact

A threat or an opportunity that may arise as a result of either the weather or climate change both in the
short and long term and represents the fact that the issue is one that is constantly evolving.

IPCC

Intergovernmental Panel on Climate Change

Likelihood

Chance of something happening.

LGAs

Local government areas

NASA

National Aeronautics and Space Administration

NOAA

US National Oceanic and Atmospheric Administration

OEMP

Operational Environmental Management Plan

Ppm

Parts per million

Proposal site

Refers to the area that would be directly disturbed by construction of the proposal (for example, as a
result of ground disturbance and the construction of foundations for structures). It includes the location
of construction activities, compounds and work site, and the location of permanent operational
infrastructure.

RCP

Representative Concentration Pathway This is a greenhouse gas concentration trajectory adopted by
the Intergovernmental Panel on Climate Change

Residual risk

Risk remaining after risk treatment (this can contain unidentified risk and may be known as ‘retained
risk’).

Resilience

Adaptive capacity of an organisation in a complex and changing environment.

RFS

Rural Fire Service

Sensitivity

Degree to which a system is affected. Either adversely or beneficially, by climate-related stimuli.

Tolerance

The capacity to endure continued subjection to something such as a drug or environmental conditions
without adverse reaction.

Vulnerability (to
climate change)

Degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change
including climate variability and extremes.
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1.

Introduction

1.1

Overview

Fortune Agribusiness Fund Management Pty Ltd (FAFM) is proposing to develop an intensive horticultural
operation and community precinct at Singleton Station, located 380 kilometres north of Alice Springs in the
Western Davenport region of the Northern Territory of Australia (referred to as the ‘proposal’).
The proposal involves construction and operation of intensive, irrigated horticulture production and a community
precinct with infrastructure and facilities to support operation. The proposal site has immediate access to key
infrastructure such as power, road and rail.
The proposal site is located within Singleton Station, a 294,900 ha pastoral lease held under Perpetual Pastoral
Lease 1022 - NT portion 653. The site of the farm is about 7 kilometres to the west of the Stuart Highway, and the
nearest community is Ali Curung located about 35 kilometres south east of the proposal (Refer to Figure 1-1).
Singleton Station has been acquired by FAFM and is currently managed as a cattle farming operation. The site will
occupy less than 2% of Singleton Station.
The proposal is to be developed over four stages, and construction of the first stage is proposed to commence in
mid 2023. The proposal would be staged over 9 years, with the project in full production by around 2036.
The proposal’s objectives are to:
–

Develop a large fruit and vegetable farm, which will be a catalyst for a new economic development precinct.

–

Provide permanent employment for over 150 people and for around 1350 seasonal workers. This will include
opportunities for local Indigenous people.

–

Construct new farm infrastructure which will support collaboration and provide infrastructure to other
agricultural businesses and benefit the local community.

–

Provide a source of food for local communities to improve food security

–

Develop bushtucker gardens to provide additional produce to the local community which can be managed by
the local indigenous community, offering further training and employment opportunities

The proposal has been referred by FAFM to the NT Environmental Protection Authority (EPA) and is being
assessed in accordance with the Environmental Protection Act 2019 and Environmental Protection Regulation
2020.

1.2

Proposal outline

The key elements of the proposal are shown in Figure 1-2 and include:
–

Accommodation and services hub with facilities for permanent staff and families as well as seasonal workers

–

Packing and processing centres, including cold storage, workshop and machinery sheds

–

Power supply and telecommunications infrastructure.

–

Horticultural production comprising of two production blocks (containing smaller horticultural plots) and a
borefield area for bore pads and access tracks.

–

Internal access tracks and main road access to Stuart Highway

1.3

Purpose of this report

This Climate Change Risk Assessment has been prepared by GHD Pty Ltd (GHD) on behalf of the proponent,
Fortune Agribusiness Funds Management Pty Ltd (FAFM) to identify environmental risks associated with the
development and management of the Singleton Horticulture Operation (the Proposal).
This document identifies and characterises the potential environmental impacts associated with the Proposal to
address the requirements for environmental assessment and approval under both the Environment Protection Act
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2019 (Northern Territory) (EP Act) and Environment Protection and Biodiversity Conservation Act 1999
(Commonwealth) (EPBC Act).
The purpose of this report is to document the results of the assessment of the potential climate change related
impacts during the construction and operation of the Proposal. This report supports the Referral to the EPA for the
Proposal. The scope of the assessment includes:
–

Assessment of the potential climate change related impacts to the key elements of the proposed
development.

–

Determine suitable adaptation measures to minimise the impacts.

–

Prepare a report summarising the findings of the study.

1.4

Report structure

The report is comprised of the following sections:
–

Section 1 – Introduction: provides background information and an overview of the proposal and assessment

–

Section 2 – Assessing climate risk: summaries the climate change risk assessment approach

–

Section 3 – Methodology: summarises the steps undertaken in preparing the climate change risk
assessment in this report

–

Section 4 – Climate Data: summarises climate baseline data and projections

–

Section 5 –Climate Change Risk Assessment: discusses climate change risk to the construction and
operation of the proposal

–

Section 6 – Discussion of the Climate change risk results: discusses the results of the climate change
risk assessment

–

Section 7 Adaption measure: presents a summary of the climate change risk adaption measures

–

Section 8 Summary and Conclusion: presents a summary of the climate change risk assessment findings
and sets out the principal conclusions for the study.

1.5

Assumptions and limitations

1.5.1

Assumptions

The following assumptions and limitations apply to this Climate Change Risk Assessment (CCRA):
–

This assessment represent identified risks based on emerging design at the time of the risk assessment.

–

Analysis of climate change is based on best-available climate change projections at the time of assessment.
Combined with a historic measured climatic baseline at or near the proposal site, these are the best available
projections of likely future climatic conditions at the Proposal site – as such, they have inherent uncertainties
as to the likelihood of occurrence and intensity of events.

–

No detailed modelling or site assessments were performed for this assessment.

–

This assessment has been performed in consultation with the proposal personnel listed in Appendix B.

–

This assessment is based on current, publicly available climate science.

1.5.2

limitations

This report: has been prepared by GHD for Fortune Agribusiness Funds Management Pty Ltd and may only be
used and relied on by Fortune Agribusiness Funds Management Pty Ltd for the purpose agreed between GHD
and Fortune Agribusiness Funds Management Pty Ltd as set out in section 1.3 of this report.
GHD otherwise disclaims responsibility to any person other than Fortune Agribusiness Funds Management Pty Ltd
arising in connection with this report. GHD also excludes implied warranties and conditions, to the extent legally
permissible. The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.

GHD | Fortune Agribusiness Funds Management Pty Ltd | 12580936 | Climate Change Risk Assessment

2

The opinions, conclusions and any recommendations in this report are based on conditions encountered and
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this
report to account for events or changes occurring subsequent to the date that the report was prepared.
The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD
described in this report (refer section 1.5 of this report). GHD disclaims liability arising from any of the assumptions
being incorrect.
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2.

Assessing climate risks

This section is intended to assist the reader to understand the climate change context for this assessment,
including current practices and how to interpret climate change science in a risk assessment process.

2.1

Climate change context

There is a growing body of evidence that shows Australia’s climate has changed and continues to change
significantly, particularly driven by the work of the Commonwealth Scientific and Industrial Research Organisation
(CSIRO), and Bureau of Meteorology (BOM). The anthropogenic climate changes which have been seen and are
projected to occur place property, communities, and infrastructure assets at risk. This can manifest itself in several
ways, affecting physical asset life, life-cycle maintenance costs, operating costs and/or revenue. To add to the
uncertainty, potential impacts influenced by climate change could be realised in either the short term or decades
from today.
Infrastructure is designed to function and perform within the environment that it exists, and to respond to the
variable weather conditions for which it has been designed. State, national, and international design standards and
codes of practice exist to provide the parameters necessary to ensure the desired reliability and level of resilience
of various infrastructure components to extreme conditions.
The asset is subject to climate change uncertainty, from the risks posed to a physical asset by climate hazards
under the influence of climate change. For any asset to be resilient to the impacts of climate change, consideration
must be made to the climate hazards which are applicable to the asset type and broader context, including
periodic review to incorporate the latest climate science. The results of a climate change risk assessment at any
stage of a design promotes resilience and consideration of adaptation, either through designed adaptations or in
allowance for future adaptive capacity.

2.2

Publicly available climate data

The Intergovernmental Panel on Climate Change (IPCC) has developed four scenarios for global climate
projections that relate to how the world may respond to the challenge of a changing climate, the need to continue
to produce and use energy and resources, and the global greenhouse gas emissions that may occur. These
scenarios incorporate diverging tendencies based on alternative economic, globalisation and environmental
pathways. These have been modified through subsequent reports and renamed as Representative Concentration
Pathways (RCPs) in the IPCC’s Fifth Assessment Report. The IPCC recently released the Sixth Assessment
Report in late February 2022, it is anticipated that new datasets based on this report will be released over the
coming years.
The CSIRO and BOM released the Climate Change in Australia Technical Report in 2015, which links strongly to
findings of the IPCC Fifth Assessment Report, and updates the projections previously outlined in the 2007
Technical Report. The 2015 Technical Report uses over 40 global climate models to produce climate change
projections as they relate to IPCC RCP scenarios.
These RCPs are described according to levels of atmospheric concentration (in parts per million (ppm)) of carbon
dioxide (CO2), and may also be described by anomalies in global mean surface air temperatures for the period
2081-2100 relative to the average period 1986-2005, refer to Table 2.1 for a summary of the four RCPs scenarios.
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Table 2.1

Climate change emission scenario (Source: IPCC’s Fifth Assessment Report)

Global climate response

RCP scenario

Projected increase in global
surface temperature by 20812100

Strong immediate response, emissions
peak by 2020, with rapid decline in
emissions thereafter from global participation
and application of technologies

RCP 2.6, atmospheric concentration
of CO2 projected at approx. 420 ppm
by 2100

Mean projected increase 1.0°C
Anomaly range +0.3 to 1.7°C

Slower response, emissions peak around
2040, then decline

RCP 4.5, atmospheric concentration
of CO2 projected at approx. 540 ppm
by 2100

Mean projected increase 1.8°C
Anomaly range +1.1 to 2.6°C

Slow response, application of mitigation
strategies and technologies

RCP 6.0, atmospheric concentration
of CO2 projected at approx. 660 ppm
by 2100

Mean projected increase 2.2°C
Anomaly range +1.4 to 3.1°C

Little curbing of emissions, continuing
rapid rise throughout the 21st century

RCP 8.5, atmospheric concentration
of CO2 projected at approx. 940 ppm
by 2100 and continuing to increase

Mean projected increase 3.7°C
Anomaly range +2.6 to 4.8°C

Recent measurements (May 2021) of atmospheric concentration of CO2 are at approximately 419 parts per million
(ppm), up from being stable at about 280 ppm prior to the industrial revolution and increasing by approximately 2.5
ppm per year (NOAA, 2021).

Figure 2-1

CO2 concentrations - Proxy (indirect) measurements. Data source: Reconstruction from ice cores. (Credit: NOAA)

Global mean atmospheric temperatures have increased approximately 0.85 degrees Celsius (°C) compared to
pre-industrial levels (NASA, 2022). The year 2020 tied with 2016 for the hottest year on record since recordkeeping began in 1880 (source: NASA/GISS). Australia’s climate has warmed on average by 1.44 ± 0.24 °C since
national records began in 1910, leading to an increase in the frequency of extreme heat events (CSIRO, 2020).

Figure 2-2

Anomalies in annual mean sea surface temperature, and temperature over land, in the Australian region.
(Source: BoM)
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2.3

Climate change uncertainty

Although climate projections represent the presently accepted forefront of climate change science, there is still a
high level of uncertainty that exists regarding the climate changes that may eventuate. This uncertainty becomes
more pronounced as the timescale of the projection is extended. Several areas of uncertainty exist which influence
the accuracy of climate change projections, including:
–

–

–

Scenario uncertainty, due to the uncertain future emissions and concentrations of greenhouse gases and
aerosols, resulting from uncertainties regarding the current and future activities of humans – represented in
the different global climate responses per RCP scenario, as outlined in Table 2.1 above.
Climate response uncertainty, resulting from limitations to scientific understanding of the climate system
and its representation in climate models, and consequently how much the climate will change due to
increased atmospheric concentration of greenhouse gases. This includes natural variability uncertainty,
stemming from unperturbed variability in the climate system – in part acknowledged in the ‘anomaly range’ for
each RCP scenario in the 3rd column of Table 2.1 above.
Location specific uncertainties, regarding the assignment of probability distributions to regional climate
change projections, and projecting climate change at small spatial scales, particularly for coastal and
mountainous areas – partially addressed in this CCRA by using localised climate projections and localised
baseline data, to the extent possible, refer to Table 4.1.

2.4

Typical assessment method

Each climate risk to an asset is rated by identifying and assessing each of the following components:
–
–

–

The climate variable (rainfall, temperature, sea level, high-wind days, etc.), considered in terms of how its
patterns may change over time.
The impact of change of that climate variable or a collection of variables in so far as how it may affect the
integrity or reliability of some part or component of the infrastructure, or the asset as a whole, and how this
may affect the infrastructure operations or reliability overall.
The vulnerability of an asset, or the extent to which it may be able to cope with climate changes. It can be
determined through a consideration of:
•

The sensitivities of the asset components to various climate variables, and whether environmental
‘thresholds’ exist beyond which an asset may become damaged or operate ineffectively or inefficiently.

•

The possible extent of changes in the climate and the frequencies, durations, and severities of extreme
weather events; and

•

The ability of the asset to cope with those changes, and how adaptable the current controls are to
meeting new challenges.

Full details of the methodology to be used are provided in the following section.

GHD | Fortune Agribusiness Funds Management Pty Ltd | 12580936 | Climate Change Risk Assessment

8

3.

Methodology

This climate change risk assessment broadly follows a typical risk assessment process in line with the AS5334 2013 Climate Change Adaptation for settlements and infrastructure— A risk-based approach which in turn is
aligned with AS/NZS ISO 31000:2009 Risk Management – Principles and guidelines.
This assessment is specific to climate change and the risks to the Proposal posed by climate variables, and in
principle follows the same process as for any type of risk as shown on Figure 3-1 below.
•Establishing the context
Interaction at each
stage and iterative
cycles of:
– Communication and
consultation
– Monitoring and
review

•Risk identification
•Risk analysis

Risk
assessment

•Risk evaluation
•Risk treatment (adaptation)

Figure 3-1

Risk management process (adapted from AS5334:2013)

AS5334 also addresses the inevitability and implications of uncertainty of climate science - it is recognised that
decisions and adaptation planning processes should be flexible enough to cope with potential knowledge gaps.
Also, given the uncertainty of climate change projections and potential for considerable damage to assets, a
prudent and conservative approach is encouraged.
In addition, it is recognised that the whole CCRA should be revised in response to updated climate projections and
subsequent proposal phases, namely construction, operation and decommissioning of the proposal, as well as the
rehabilitation of the site.

3.1

Asset context

The types of infrastructure that are part of the Proposal were used to determine the applicable climate variables for
assessment, according to AS5334. Additional context including whether the proposal site is flood-prone or
bushfire-prone is also provided for context of the risks of the existing climate and environment. These additional
contexts are considered for their immediate relevance to the Proposal site.
The scope of the proposal includes construction and operation of an accommodation and services hub,
horticultural operations and bore fields, access tracks, and energy and communications infrastructure as described
in Section 1.1 and Section 0. These infrastructure components have an anticipated design life of 30 years, as per
Table 3.1 below.
Proposed components need only be assessed for climate change risk at the appropriate time slices (or future time
periods). As such, two timescales were considered for this assessment to assess climate change risk potentially
affecting the proposal over its lifetime. The time scales 2020-2039 and 2040-2059 allows the assessment to
consider both a short and medium-term scenario and to allow an appropriate assessment of all proposal
components.
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Table 3.1

Anticipated design life of Proposal elements

Component name

Design life

Accommodation and Services Hub

30 years

Horticultural Operations

30 years

Access tracks

30 years

Bore field

30 years

Energy (Electricity

30 years

3.2

Climate baseline data

Ali Curung Weather Station (15502) (Bureau of Meteorology, 2022) was selected as the most appropriate source
for the climate baseline data for this assessment, due to availability of historical data and proximity to the proposal
site. Ali Curung has a range of climate statistics available, including rainfall and temperature data across the whole
of the 19-year baseline period (1986-2005). This weather station is approximately 37 km south from the proposal
site, as shown in Figure 3-2.

Figure 3-2

Distance between the Proposal and 015502 AWS. (Source: Google Earth)

The climate change modelling from CSIRO has been developed based on a 19-year baseline period of 1986-2005;
therefore, in the selection of weather station data it is ideal to replicate this period for baseline data. The use of an
averaged baseline period allows climate to be more realistically captured to avoid representing weather
fluctuations as the average climate.
Both averages and extremes during this baseline period were captured and supplemented with additional data
outside the 1986-2005 period, and data from the broader region. Some climate variables were not recorded across
the whole baseline period. In some instances, where this occurs, all available years within this period were used to
represent the average baseline.
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3.2.1

Extremes of climate and natural or induced hazards

This section describes the vulnerability of the proposal to extremes of climate and natural or induced hazards. The
potential risks these hazards pose to the Proposal will be addressed through design, construction scheduling and
measures within the proposal’s environmental management plan (EMP). A risk assessment detailing the potential
threats to the construction, operation and decommissioning of the proposed proposal, as well as the rehabilitation
of the site as a result of climatic extremes and natural or induced hazards is provided in Section 5.

3.2.1.1

Bushfire

Climate change is influencing the frequency and severity of dangerous bushfire conditions in Australia, through
changing temperatures, environmental moisture, weather patterns and fuel conditions. In northern Australia,
bushfires typically occur during the dry season, which is generally throughout winter and spring (BoM, n.d.). During
this period, grasses are dead, and fuels have dried, and intense high-pressure systems in South Australia produce
strong southeast to northeast winds, which all increase bushfire risk (BoM, n.d.).
In the southern and central parts of the Northern Territory (NT), changes to fire frequency depend on rainfall
changes. Climate change will bring higher temperatures and lower rainfall, resulting in more extreme and severe
fire-weather conditions in the future (NESP ESCC, 2020). As illustrated in Figure 3-3, the Proposal area has seen
fewer dangerous fire days in summer, minimal change over winter, autumn and spring.

Figure 3-3

The number of fire weather days in the period 2000-2016 compared to 1983 – 1999. Dangerous days are those where
the Forest Fire Danger Index (FFDI) is greater than the 90th percentile at a given location. (Source: NESP ESCC 2020).

The McArthur Forest fire Danger Index (FFDI) is used to monitor fire weather, which is calculated using daily
temperature, wind speed, humidity and a drought factor (CSIRO and BoM 2015). Across Australia, the sum of all
daily FFDI values is expected to increase around 8% under RCP 8.5 by 2030 and around 25% under RCP 8.5 by
2090 (BOM and CSIRO, 2015b). No information was available for the FFDI for the 2050 and 2070 scenarios.
The risks that bushfires pose to the Proposal include:
–

Danger to operations and staff that are onsite during a bushfire.

–

Road closures due to fire risk causing loss of access.

–

Damages to infrastructure due to direct fire impacts, including extreme heat or winds.
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3.2.1.2

Drought

The BOM defines drought as “a prolonged, abnormally dry period when the amount of available water is
insufficient to meet our normal use” (BOM, 2019). Drought usually occurs throughout the NT; however, the
southern areas of the state are usually more drought-prone than the northern areas.
The Federation drought (1895 to 1902) was one of Australia worst droughts, with the majority of central and
eastern Australia suffering below-average to record-low rainfall (BOM, 2010). This event put immense pressure on
crops and livestock. Areas that relied on rivers for transport, agriculture, industry and recreation suffered
drastically. The NT also experienced drought from 2017-2020 (NESP ESCC, 2020).
The impacts of drought are likely to be more severe in the future as a result on changing temperatures, however,
there is difficulty in projecting how the frequency and duration of extreme meteorological drought may change.
Under a high-emissions pathway, the time spent in drought will increase by 2090 in the central and southern parts
of the territory (NESP ESCC, 2020).
The risks that droughts pose to the proposal include:
–

Drought impacting on the availability of required water for the irrigation scheme or limiting yield.

–

Increased water demand due to prolonged drought conditions causing salinity impacts on crop productivity.
For example, drought may lead to increasing the volume of water applied to mandarins at the expense of an
annual crop, and thus there may be some consequential salinity impact on our mandarin crop.

–

Extreme heat and drought leading the public interest in the operations in relation to environmental and social
impacts and water consumption leading to loss of license to operate.

3.2.1.3

Severe storms

Severe storms are localised events usually affecting smaller areas than tropical cyclones. A severe thunderstorm
is defined by the BOM as one which produces: hail with a diameter of 2 cm or more; wind gusts of 90 km/h or
more; flash floods, tornadoes, or any combination of these (BOM, 2018).
In relation to fire ignition, there is some indication that climate change could influence the risk of ignitions from dry
lightning (i.e., lightning that occurs without significant rainfall) while noting relatively large uncertainties in currently
available model representations of this phenomenon.
The risks that severe storms pose include:
–
–
–
–
–

Extreme weather events impacting access to the site.
Wind, rain and hail damaging crops leading to loss of yield.
Increased rainfall and strong wind causing erosion.
Severe storms causing power outages impacting control systems and damage to vulnerable assets.
Increased lightning causing damage to transmission towers leading to disruption to power supply and
damages to electrical equipment.

3.2.1.4

Floods

Floodplain modelling has not been developed for the area surrounding the Proposal site, as the region is not prone
to flood risk (NT Government, 2021). However, increased rainfall intensity will likely see an increase in flooding,
however minimal flood impacts are expected for the Proposal region (NESP ESCC, 2020). Hence, flood modelling
was conducted as part of the Proposal's Stormwater Assessment to enable climate change risk assessment for
flooding hazards.
Flooding during the construction and operational stages of the Proposal has the potential to:
–
–
–
–
–

Damage property and partially completed structures.
Place employees at risk, although very unlikely.
Increase erosion resulting in unstable foundation of construction, impact on fields and a reduction in water
quality, although very unlikely.
Hinder access to sites, causing delays and disruption.
Water damages post event to Proposal sites, infrastructure, and mechanical systems.
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3.3

Climate projection data

Both quantitative and qualitative data has been gathered to inform the assessment in line with the Australian
Government’s Climate Change Impacts and Risk Management – A Guide for Business and Government
(Australian Government, Department of the Environment and Heritage, 2006).
Detailed climate change projection data has been sourced for this assessment from CSIRO. Qualitative
information has been provided for the purposes of the risk assessment from CSIRO’s suite of tools and information
for climate change risk assessments.
For the quantitative CSIRO, and BOM data, the two following projection scenarios (as defined in Section 2.2) were
selected:
–

Near term, extreme scenario using 2030 and Representative Concentration Pathways (RCPs) 8.5

–

Medium term, extreme scenario using 2050 and RCP 8.5

Per the AS5334, these projections are current, authoritative, and credible. Each projection scenario represents an
average period, with 2030 representing the average for years 2020-2039 and 2050 representing years 2040-2059.
Regarding the assessment of risks to the physical infrastructure asset, as construction of the proposal will be
completed in the next nine years (subject to planning and approvals), the selection of CSIRO’s 2030 and 2050
projections allows the assessment to consider both a near-term and medium-term scenario and to allow an
appropriate assessment of all asset components, which range from 5 to 30/40 years.
In addition, the use of an extreme scenario based on RCP 8.5 allows a conservative estimation of risk, which
encourages the assets to be designed or considered with a worst case in mind so that risk is not downplayed,
acknowledging that scenarios may transpire earlier than projected.

3.4

Risk rating

Risk analysis involves estimating the likelihood and consequences associated with each of the described risks,
with the overall risk level acting as a function of those two parameters. The AS5334 Risk Matrix, including the
descriptors for consequence and likelihood, has been used for this assessment (provided in Appendix B).
The risk matrix is used to guide:
–

The allocation of consequences against service reliability, financial, environmental, social/cultural, and
regulatory objectives.

–

The determination of likelihood that a described event and the associated impact may arise.

–

The relative level of risk associated with an event that can then be used to prioritise its management.

The rating of risks is considerate of existing design controls, such as design criteria required from relevant
standards; examples include applicable Australian Standards and/or minimum design requirements. The risk was
rated based on experience with similar Projects and the specific Project context and in consultation with subject
matter experts in irrigation precinct design, hydrology, ecology, and Project management.
Baseline climate and projection data (CSIRO & BOM, 2015a) was used to inform the assessment of likelihood and
consequence for each impact.

3.5

Adaptation responses

Adaptation measures to address risks were identified and recommended for consideration in design, construction,
operation of the assets. All proposed adaptations were assessed with input from the proposal team and relevant
stakeholders. When identifying and selecting risks for inclusion, risk adaptations that could be implemented during
design and construction shall be prioritised, where they provide appropriate mitigation. Some risks, however, are
more appropriately mitigated during the operations or future stages. Details of this process, as well as the
adaptation strategy, are provided in Section 7. Risks were reassessed considering these potential adaptations, to
provide an indication of residual risk that may be achieved if these actions are performed.
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4.

Climate data

4.1

Climate baseline and projections

Baseline and projected values for climate variables near the proposal site is shown below in Table 4.1.
As per AS5334 the following climate variables are applicable for a climate change risk assessment to resource
development (agriculture), settlements, electricity generation and transmission, and water supply, irrigation and
drainage:
–

Temperature: Annual mean daily temperature, highest and minimum.

–

Rainfall: Annual mean rainfall, extreme rainfall (flooding) and hail.

–

Extreme conditions: Lightning and severe fire danger days per year.

–

Daily variables: Wind speed, relative humidity, mean solar exposure and soil moisture.

The selection of the above variables allows quantification of specific climate risks posed to the asset by relevant
climate variables. Baseline climate data for these variables over the 1986-2005 period at Ali Curung Weather
Station (NT) (015502) is provided to give an indication of the existing climate with the shift that is projected to
occur, along with some climate extremes also summarised in Section 3.2.1.
The key messages from the Rangelands cluster, which is applicable to the Ali Curung-Singleton region (in which
the Proposal area is located), are as follows:
–

Average temperatures will continue to increase (very high confidence).

–

The hottest days in the NT will be hotter and more frequent, and warm spells will be longer (very high
confidence).

–

Later in the century, wetter and drier conditions are possible, depending on greenhouse gas concentrations
(low confidence).

–

Heavy rainfall events are predicted to become more intense (high confidence), but how much more intense is
uncertain.

–

Frequency and intensity of droughts will change (low confidence), and time spent in drought will increase
(medium confidence).

–

Fire weather is predicted to become more frequent and harsher (high confidence).

–

Potential evaporation is predicted to increase (high confidence), but by how much is unclear (medium
confidence).
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Table 4.1

Detailed projection data for the Fortune Agribusiness Proposal

Variable

Current climate
Annual historical trend
Baseline
period

Climate variable

General
trend

Ali Curung Weather
Station (NT)
Mean maximum daily
temperature (°C) Annual

Temperature

Mean maximum daily
temperature (°C) Summer (DJF)

32.3

37.5

Near term,
extreme
scenario

Medium term,
extreme
scenario

Long term, extreme
scenario

2050, RCP 8.5

2070, RCP 8.5

+1.1 (0.8 to 1.6)

+2 (1.5 to 2.6)

+3.2 (2.3 to 4.2)

i.e. 33.4°C (33.1
to 33.9)

i.e. 32.3°C (32.3
to 32.3)

34.3°C (33.8 to 34.9)

+1.1 (0.7 to 1.6)

+2.2 (1.3 to 2.8)

+3.0 (1.9 to 4.4)

i.e. 38.5°C (38.2
to 39.1)

i.e. 37.5°C (37.5
to 37.5)

i.e. 39.7°C (38.8 to
40.3)

+1 (0.8 to 1.4)

+1.9 (1.6 to 2.4)

+3.0 (2.4 to 3.8)

i.e. 17.7°C (17.4
to 18)

i.e. 16.6°C (16.6
to 16.6)

i.e. 18.6°C (18.2 to
19.1)

2030, RCP 8.5

1988 to 2005

1988 to 2005

↑

↑

Source

1,2

1,2

Mean minimum daily
temperature (°C) Annual

16.6

1988 to 2005

↑

Days p.a. over 35 °C

133

1988 to 2005

↑

158.6 days

172.6 days

194.2 days

1,2

Days p.a. over 40 °C

29

1988 to 2005

↑

53.7 days

66.6 days

93.3 days

1,2

Highest temperature
for baseline 19862005 (°C)

45.0

+1.2 (0.8 to 1.7)

+2.4 (1.5 to 3.1)

+3.4 (2.1 to 4.5)

3

Discrete event

↑

i.e. 46.2°C (45.8
to 46.7)

i.e. 45°C (45 to
45)

i.e. 47.4°C (46.5 to
48.1)

29/1/1990

Highest temperature
for years on record
at AWS (°C)

2/1/2014

Days p.a. under 2°C

2.4

Lowest temperature
for baseline 19862005 (°C)

-2.5

Lowest temperature
for years on record
at AWS (°C)

46.1

n/a

1,2

n/a

Discrete event
1988 to 2005
Discrete event
23/6/1988
-2.5

↓
↑

0.2 days

0.6 days

0.2 days

1,2

+0.9 (0.6 to 1.3)

+1.6 (1.4 to 2.1)

+2.7 (1.9 to 3.3)

3

i.e. 1.6°C (-1.9 to 1.2)

i.e. -2.5°C (-2.5
to -2.5)

i.e. -0.9°C (-1.1 to 0.4)

n/a

n/a

Discrete event
23/6/1988
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Mean Rainfall (mm) Annual

327.8
1986 to 2005

Mean Rainfall (mm) Spring (SON)

64.8
1986 to 2005

Mean Rainfall (mm) Summer (DJF)

Rainfall

↓

9.1
1986 to 2005

Highest daily rainfall
event (mm) for
baseline 1986-2005

126.2
12/2/1997

Highest daily rainfall
(mm) for years on
record at AWS

132
21/1/1974

Maximum 1 day
rainfall for a 20-year
ARI event

n/a

Hail

↑

51
1986 to 2005

Mean Rainfall (mm) Winter (JJA)

↓

203
1986 to 2005

Mean Rainfall (mm) Autumn (MAM)

↑↓
Seasonal
variation

Discrete event

↑

-2.1% (-14.6 to
8.8)

-2.7% (-21.2 to 9.5)

i.e. 324.5 mm
(294.6 to 347.4)

i.e. 327.8 mm
(327.8 to 327.8)

i.e. 320.8mm (279.9
to 356.6)

-3.3% (-16.6 to
11.7)

-4.3% (-33.6 to
17.8)

-13% (-35 to 16.1)

i.e. 62.7 mm (54
to 72.4)

i.e. 64.8 mm
(64.8 to 64.8)

i.e. 62 mm (43 to
76.3)

+1.1% (-10.2 to
15)

-1.4% (-19.8 to
10.7)

+0.1% (-19.5 to 13.6)

i.e. 205.1mm
(182.4 to 233.5)

i.e. 203 mm
(203 to 203)

i.e. 200.3 mm (162.8
to 224.8)

+2.3% (-26.2 to
18.6)

+0.6% (-20.9 to
23.9)

+1.4% (-31 to 32.6)

i.e. 52.2 mm (37.6
to 60.5)

i.e. 51 mm (51
to 51)

i.e. 51.3 mm (40.3 to
63.1)

-6.6% (-24.2 to
11.7)

-12.6% (-30.3 to
12.7)

-17% (-43.8 to 10.5)

i.e. 8.5 mm (6.9 to
10.1)

i.e. 9.1 mm (9.1
to 9.1)

i.e. 7.9 mm (6.3 to
10.2)

+4.8% (-2.4 to
7.4)

+5% (-4.2 to
12.9)

+7.8% (-9.2 to 19.1)

i.e. 132.3 mm
(123.1 to 135.6)

i.e. 126.2 mm
(126.2 to 126.2)

i.e. 132.5mm (120.9
to 142.5)

1,2

1,2

1,2

1,2

1,2

3

n/a
Discrete event

n/a
+7.3% (0 to 11.9)

n/a
1.5 hail-producing
thunderstorms /year.
29 hail days in the
baseline period

↓

-1% (-10.1 to 6)

↑

+11.8% (3.5 to
23)
n/a

+12.7% (5.6 to 32.7)

3

8

1990 to 2007
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Extreme Events
Daily variables

Lightning

25 – 30 thunder days
per year

Severe fire danger
days per year

16.1

Evapotranspiration

n/a

Maximum wind gust
speed (km/h) for
baseline

n/a

Average 9am wind
speed (km/h)

13.8

Average 3pm wind
speed (km/h)

11.7

Average 9am relative
humidity (%)

41.2

Average 3pm relative
humidity

26.1

Mean daily solar
exposure (MJ/(m*m))

22.7

Soil moisture

n/a

5-6% increase per 1°C warming
1990-1999

↑

5-6% increase per
1°C warming

i.e. 7% to 8.4%
increase in
lightning frequency

i.e. 9% to 10.8%
increase in
lightning frequency

6,7

1988-2005

↑

19.3 to 31.8 days

19.3 to 31.8 days

22 to 71.8 days

4

+3% (1.2 to 4.2)

+5.2% (2.6 to 7.5)

8.7% (5.1 to 10.7)

1,2

1,2

n/a

n/a

1988 to 2005

1988 to 2005

1988 to 2005

1988 to 2005

↓

↓

↓

1990 to 2005

↓

n/a

↑

+0% (-1.4 to 0.9)

+0.3% (-1.3 to 1.4)

+0.2% (-2.2 to 1.5)

i.e. 11.7 km/h
(11.5 to 11.8)

i.e. 13.8 km/h
(13.6 to 14)

i.e. 13.8 km/h
(13.5 to 14)

+0% (-1.4 to 0.9)

+0.3% (-1.3 to 1.4)

+0.2% (-2.2 to 1.5)

i.e. 11.7 km/h
(11.5 to 11.8)

i.e. 11.7 km/h
(11.5 to 11.8)

i.e. 11.7 km/h
(11.4 to 11.9)

-0.6% (-1.9 to 0.9)

-1.1% (-3.3 to 0.8)

-1.5% (-6.6 to 0.8)

i.e. 41% (40.5 to
41.6)

i.e. 40.8% (39.9 to
41.6)

i.e. 40.6% (38.5 to
41.5)

-0.6% (-1.9 to 0.9)

-1.1% (-3.3 to 0.8)

-1.5% (-6.6 to 0.8)

i.e. 25.9% (25.6 to
26.3)

i.e. 25.8% (25.2 to
26.3)

i.e. 25.7% (24.4 to
26.3)

+0% (0 to 0)

-0.1% (-1.4 to 1.4)

-0.3% (-1.4 to 2.2)

i.e. 22.7 MJ/(m*m)
(22.7 to 22.7)

i.e. 22.7MJ/(m*m)
(22.4 to 23)

i.e. 22.6 MJ(m*m)
(22.4 to 23.2)

-0.3% (-1.3 to 1.2)

No data

-1% (-5.2 to 2.6)

1, 2

1, 2

1, 2

1, 2

1

Source references:
1. CSIRO BOM 2015, Climate Change in Australia Projections Cluster Report - Rangelands, Appendix Table 1b North Rangelands
2. CSIRO BOM 2015, Climate Change in Australia Summary Data Explorer, Rangelands Cluster Projections
3. CSIRO BOM 2015, Climate Change in Australia Extremes Data Explorer, Rangelands Cluster Projections
4. CSIRO BOM 2015, Climate Change in Australia Projections Cluster Report - Rangelands, Appendix Table 2
5. CSIRO BOM 2015, Climate Change in Australia Projections Cluster Report - Rangelands, Figure 4.4.2
6. State of NSW and Department of Environment, Climate Change and Water 2010, Impacts of Climate Change on Natural Hazards Profile, Sydney/Central Coast Region
7. IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. "
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This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document must not be relied upon. GHD reserves the right, at any time,
without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document.

5.

Risk assessment results

5.1

Risk Identification

The initial risk assessment included a desktop research study performed with consideration of the proposal
context, and baseline and projection data (including qualitative descriptions) for the future climate. Climate
change risks were identified under the following two categories:
1.

Direct -Physical Asset Risk

2.

Indirect - Risk to Function and objective to the asset

Table 5.3 presents an extract from the risk register as an example, the full draft register is provided in
Appendix C. As shown, risks are initially classified as ‘Physical Asset Risk’ or ‘Risk to function and objective
of the asset’. Then, risk register is split between the following main Proposal components:
–

Accommodation and Services Hub –

–

Horticultural operations

–

Energy (Electricity)

–

Access tracks

–

Operations

Bore field

–

Construction

The full risk assessment including likelihood and consequence ratings, planned controls, adaptation
measures, timing, and responsibility is provided in Appendix C.

5.1.1

Climate risk stakeholder workshop

In May 2022, a CCRA consultation and risk workshop was conducted with relevant stakeholders to inform
the CCRA. During the consultation and workshop, climate risks were presented and discussed with
stakeholders to help understand current controls, develop risk ratings, potential adaptations, and in turn
determine the residual risk ratings. These steps were completed in consultation to allow for discipline-specific
inputs to the risk register and ensure ratings are based on collaborative expertise.
The inherent risk rating for each risk is based on existing design controls, which are measures or design
criteria required from relevant standards. Beyond these, adaptation measures were proposed to eliminate or
reduce the likelihood or consequence of the identified risks and associated impacts. Adaptation measures
were identified for all stages of the proposal life cycle, including design, construction, and operation of the
proposal. Adaptations measures will be discussed further in Section 7.

5.2

Project risk profile

This section presents the results of the CCRA. In this section the inherent risks which consider planned
controls and the residual risk which consider the identified adaptation measures are discussed.

5.2.1

Inherent risk profile

Through the risk assessment process, two potential climate risks apply to the construction phase
(construction phase spread over ten years including the short-term climate projection 2030), and 28 potential
climate change risks were identified for the operational phase and assessed across the different climate
projections scenarios (i.e. 2030 RCP 8.5 and 2050 RCP 8.5) and adopted for the assessment.
Table 5.1 outlines the number of climate change risks identified for each of the climate scenarios (including
the baseline). The number of risks per risk rating level i.e., ‘Extreme’, ‘High’, ‘Medium’ and ‘Low’ are
included. In the medium-term worst-case scenarios i.e., 2050 RCP 8.5, there were no extreme risks, five
high risks, 18 medium risks, three low risks identified. A shift from low towards medium and high risks can be
observed between the two-time scales that were assessed of 2030 and 2050.
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Table 5.1

Inherent risk by category identified across each climate scenario

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

Extreme (E)

0

0

0

High (H)

0

0

3

Medium (M)

17

19

20

Low (L)

11

9

3

Total

28

28

26

A summary of the climate change risks identified, taking into consideration existing controls and the initial
assessment of consequence and likelihood is provided in Table 5.1. The risk assessment is organised
according to the appropriate climate variables used to assess the risks to this Proposal (refer to Section 3.2)
i.e., climate variables pertaining to rainfall, temperature, wind, soil, bushfire risk.
For each of the risks, planned controls were identified and confirmed in consultation with GHD technical
disciplines, Fortune Agribusiness and Southern Cross Farms (as detailed in Section 5.1.1). The planned
controls are also detailed in Table 5.3, and the full risk assessment is included Appendix C.
The risk ratings presented in the ‘Inherent risk ratings’ column of Table 5.3 and in Appendix C do not take
into consideration potential adaptation measures considered in Section 7.1 for the specific purpose of
understanding the unmitigated risk profile. It should be emphasised that Fortune Agribusiness’ current risk
profile is represented through the inherent risk ratings, and in order to increase the resilience of their
infrastructure to climate change, Fortune Agribusiness should implement the adaptation measures detailed in
Section 7 and in the ‘Potential adaptations for implementation’ column of Table 5.3.

5.2.2

Residual risk profile

Uncertainty surrounding the physical effects of climate change can influence adaptation planning for climate
risk, and it is recognised that decisions and planning processes should be flexible enough to cope with
potential knowledge gaps. Accordingly, progressive, and incremental implementation of changes and
adaptation measures based on climate monitoring is a suitably flexible way to meet these challenges.
Adaptation measures have been identified for various phases of the proposal i.e., design, construction, and
operation, which will potentially make the proposal less vulnerable to the effects of climate change (refer to
Table 5.3) for the summarised CCRA summary and Appendix C for the full CCRA).
Where the design life is short enough to assume upgrades before 2050 (i.e., a design life in the order of 5-30
years), this component has been risk assessed considering the predicted climate and likely impacts. Risks
were assessed using the risk matrix according to AS5334 (refer Appendix C).
In the residual risk profile, there were no extreme risk and high risk, 18 medium risks and 10 low risk 2030
RCP 8.5 scenarios and no extreme and high risks identified, 18 medium risks and 8 low risks for the 2050
RCP 8.5 (refer to Table 5.2).
Table 5.2

Residual risk by category identified across each climate scenario

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

Extreme (E)

0

0

0

High (H)

0

0

0

Medium (M)

17

18

18

Low (L)

11

10

8

Total

28

28

26
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Climate change risk register

Planned controls

Residual
risk

2050 RCP
8.5

Physical
risk impact
vs. risk to
function

Adaption responses

2050 RCP
8.5

Impact

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

2030 RCP
8.5

Table 5.3

Bushfires

1

2

3

4

Increased frequency and
severity of bushfires leading to
smoke generation, resulting in
health effects for construction
and operational workers and
health and safety incidents,
potential increase in ‘stop
work’ days, and subsequent
delays to construction program
or operation of the site.

Indirect –
Risk to
Function
and
objective of
the asset

Construction Environmental
Management Plan (CEMP) or Work
Health and Safety (WHS) shall
cover management procedures in
case of extreme weather events.

Increased frequency and
intensity of bushfires causing
direct damage to components,
causing reinstatement cost
and loss of service.

Direct –
Physical
Asset Risk

Ensure bushfire management plan
is in place for all Project
components and relevant structure
and buildings of high significance
and clearance of transport and
energy transmission corridors.

More frequent incidence of
bushfire events leading to
increasing insurance costs

Direct –
Physical
Asset Risk

Use fire rated materials were
required and maintain clearance to
avoid direct fired exposure to
structures.

Increase in the number and
severity of bushfires causes
damage to the power network,
affecting the power connection
to grid as well as supply to
essential equipment
(communication, cooling),
causing disruption to service
and replacement cost.

Direct Physical
Asset Risk

Lighting of fires for clearing of
vegetation or disposal of rubbish is
not permitted under any
circumstances.
When fires are accidentally started,
extinguish these immediately if
appropriate and safe to do.
Implement asset control zones and
control burns where required to
manage fuel loads around
development areas.

Regularly updated bushfire management
plans and implementation

L

L

L

Regularly update bushfire management
plans and implementation
M

M

M

M

M

M

M

M

M

Review and maintain use of fire rated
materials.
M

M

M

Regularly updated bushfire management
plans and implementation.

M

M

M
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Inherent risk
ratings
Impact

Direct –
Physical
Asset Risk

Include in Traffic Management Plan

5

Smoke affects visibility along
access roads, causing traffic
accidents, resulting in injury
and vehicle damage.

6

Bushfires moves onto the site
and blocks off access
roads/evacuation routes
resulting in staff being trapped
onsite causing in injury or loss
of life.

Direct –
Physical
Asset Risk

Bushfire management plant. Traffic
Management plan with minimum 3
roads between develop plots, Main
operational road on north and exit
to Jarra Jarra access road to the
south.

Frequency and duration of
drought and extreme heat
impacting on availability of
required water for irrigation
scheme or limiting yield.

Indirect –
Risk to
Function
and
objective of
the asset.

Water efficient design with irrigation
type (drip, sprinkler, etc.) optimised
for crop water requirements to
minimise waste of water. Irrigation
scheduling based on soil moisture
monitoring and plant/crop
monitoring, cover cropping,
mulching, wind breaks and other
methods employed to reduce water
loss during irrigation, selection of
crop/species type with lower water
demand for yield.
Reduce water use with hard pruning
of permanent plants and survival
watering, rather than irrigation for
production.

2030 RCP
8.5

2050 RCP
8.5

2030 RCP
8.5

2050 RCP
8.5

Planned controls

Residual
risk

Current
climate

Physical
risk impact
vs. risk to
function

Risk
ID

Adaption responses

L

L

M

L

L

M

M

M

M

M

H

Additional access roads and Traffic
Management plan - to be approved under
Land Clearing legislation.

M

M

M

M

L

L

Drought
7

8

Prolonged drought requires
additional abstraction of
groundwater leading to nonpermitted lowering of the
groundwater table that impacts
water availability and therefore
impacts on biodiversity, flora
and fauna.

Indirect Risk to
Function
and
objective of
the asset

Hydrogeological modelling to
identify appropriate borefield
location and spacing.
Monitoring triggers including
monitoring sites proximate to
Groundwater Dependent
Ecosystems (GDEs) and specify
limits to change at sites.

Review of future crop planning for more
water efficient enterprises better suited to
changing climate.
Reduced production of annual crops
during drought years or reduced access to
water.
Removal of low returning permanent and
annual plantings in preparation or change
of commodity to higher returning crops.

Reduced production of annual crops
during drought years or reduced access to
water.
L

L

M
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Inherent risk
ratings

2030 RCP
8.5

2050 RCP
8.5

Planned controls

2050 RCP
8.5

Physical
risk impact
vs. risk to
function

2030 RCP
8.5

Impact

Residual
risk

Current
climate

Risk
ID

Adaption responses

M

M

M

M

M

Locate sites between extraction
sites and GDEs in order to provide
early warning
Apply adaptive management plan
as described in the Notice of Intent
Indirect –
Risk to
Function
and
objective of
the asset.

Monitoring triggers including
monitoring sites proximate to GDEs
and specify limits to change at sites.
Locate sites between extraction
sites and GDEs in order to provide
early warning.
Apply adaptive management plan
as described in the Notice of Intent
Adjusting crop schedule as
required.

Indirect –
Risk to
Function
and
objective of
the asset.

Develop and implement soil and
water management plan

Direct –
Physical
Asset Risk

WHS management procedures
covered as part of Construction
WHS Plan.

11

Increased frequency, severity,
and duration of extreme
temperatures (days exceeding
35˚C) leading to adverse
health impacts for construction
and operational workers and
potential health and safety
incidents.

12

Extreme heat affects utility
performance (e.g. pumps,
condensers, HVAC (heating,
ventilation and air-

Direct –
Physical
Asset Risk

Prolonged drought leading to
exceeding permit for
groundwater abstraction that
will further lead to loss of crop
productivity
9

10

Increased water demand due
to prolonged drought
conditions causes salinity
impacts on crop productivity.

M

M

M

Revise soil and water management plan.
Revise crop areas, types, species, and
variety for more drought and heat tolerant
varieties

M

M

M

M

L

M

Extreme heat

M

Protect sensitive components from
heat through shading, airconditioning; where exposure

L

M

L

M

M

Regularly update WHS management plan
and procedures to adjust to conditions.
Operational work at night rather than heat
of the day.

Borefield capacity to be greater than peak
operational requirements in preparedness
for repairs and maintenance or reduced
pumping efficiency.
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13

14

15

Extreme heat and solar
radiation (UV) causing
services equipment
malfunction or early failure
causing replacement cost and
reduced design life.

L

L

L

L

M

M

cannot practically be prevented use
suitable materials.

Direct –
Physical
Asset Risk

Extreme heat impacts
generators operation causing
failure of electricity back up
supply.
Extreme heat and drought
leading the public interest in
the operations in relation to
environmental and social
impacts and water
consumption leading to loss of
social licence to operated

2050 RCP
8.5

conditioning) etc) causing
failure or inability to produce
designed temperatures,
resulting in service reliability
issues and increased costs.

Planned controls

Residual
risk

2030 RCP
8.5

Physical
risk impact
vs. risk to
function

Adaption responses

2050 RCP
8.5

Impact

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

Protect sensitive components from
heat and radiation, such as
shading, air-conditioning, where
exposure cannot practically be
prevented use suitable materials
Ensure all generator tanks and
diesel storage tanks have double
sinked walls as per AS standards
(AS1940) to protect against heat
and containment of any leaks.

Indirect –
Risk to
Function
and
objective of
the asset.

L

L

L

L

M

L

Obtain Aboriginal Areas Protection
Authority (AAPA) certificate and
comply with the conditions
associated with the AAPA certificate
and the Restricted Work Areas.

Use new types of materials and systems
when available that are more resilient to
radiation and more resilient to high heat
and or use more efficient cooling systems.

Consider locating the generators under
shade to prevent overheating.
Specify a range of operating temperatures
(including projected temperatures).
Compliance with conditions may be more
difficult in the future; relevant plans
including active and continuous
stakeholder engagement will grow in
relevance.

M

M

M

Extreme rainfall

16

Increased frequency, severity,
and duration of extreme
precipitation events leading to
unsuitable and unsafe
conditions for

Indirect –
Risk to
Function
and

Construction Environmental
Management Plan (CEMP) or Work
Health and Safety (WHS) shall
cover management procedures in
case of extreme weather events.

Regular revisions of management plans
M

M
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construction/operation to
proceed, resulting in an
increase in ‘stop work’ days
and subsequent delays to the
construction program and
operation.

objective of
the asset.

17

Increased rainfall from severe
storm events leading to a
higher frequency of floods
resulting in inundation of local
roads and complete loss of
access.

Direct –
Physical
Asset Risk

Ensuring enough storage for
harvested crops and supplies for
work force are available in case site
access is being lost contingency
planning.

18

Increased frequency and
severity rainfall results in
damage to unpaved road
surfaces resulting in increased
maintenance or temporary
loss of access.

Direct –
Physical
Asset Risk

Regular road maintenance and
implementation of protective
measures

Proximity to flood prone land
areas and high risk of floods
result in the loss of access to
assets and potential damage
to switching station building.

Direct –
Physical
Asset Risk

Structural design to consider site
conditions and flood studies.
Localised flood studies being
undertaken to inform design and
appropriate location of switching
station.
Location of planting of permanent
crops to take into consideration
flood risk from flood risk
assessment.
Conder Australian Rainfall and
Runoff 2019 Book 1 Chapter 6
Interim Climate Change Guidelines.

M

M

M

Selection of location and design of
bore field and well structures based
on flood modelling.

L

L

M

19

20

Increased frequency of
extreme rainfall leading to
increased frequency of in
flooding, increasing inundation

Direct –
Physical
Asset Risk

L

M

M

Update contingency plans.
Crop planting plan avoids planting during
the high-risk periods (December to
February)

2050 RCP
8.5

Planned controls

Residual
risk

2030 RCP
8.5

Physical
risk impact
vs. risk to
function

Adaption responses

2050 RCP
8.5

Impact

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

L

M

L

L

M

M

L

L

Improve protective measures where
needed to maintain access roads.
L

L

L

Consider elevating the building or watersensitive equipment to prevent damage (1
in 100-year storm event).
All piping, roofing, gutters and pits sized to
drain for a 1 in 50/100-year (as
appropriate) storm event, although where
the consequences of failure of the
stormwater system would be severe, the
system should be designed for a 1 in 100year storm event.
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2050 RCP
8.5

Planned controls

Residual
risk

2030 RCP
8.5

Physical
risk impact
vs. risk to
function

Adaption responses

2050 RCP
8.5

Impact

M

M

M

M

M

L

L

L

L

L

M

M

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

of bore field and maintenance
requirements.

21

Increased frequency of
extreme rainfall leads to more
frequent and more severe
flooding, increasing inundation
(flooding and ponding,
duration and depth) of crops
leading to oxygen deprivation
leading to damage of crops
(temperature, motion,
duration).

Direct –
Physical
Asset Risk

Identify location were flood events
causing harmful oxygen levels in
saturated soil between 48 -96 hours
are minimised. Conduct flood
modelling. As per current modelling
maximum duration of inundation is
30-40 hours and below.

Re-modelling of flood extent and
inundation time to allow for changes crop
location or drainage planning.

Extreme weather events

22

23

Frequency and duration of
extreme weather events
impacts on access to the
irrigation sites limiting
transport from and to the site
for e.g. materials, chemicals,
crops and seeds.

Direct –
Physical
Asset Risk

Hail, rain, and wind damaging
crops leading to loss of yield.

Direct Physical
Asset Risk

Regular road and corridor
maintenance to avoid impact

Planning irrigation plots with
appropriate wind, protection and
drainage.
Measures to protect plants from hail
during vulnerable stages

M

M

H

Emerging measures to protect crops.
Site development and crop selection
considering likelihood of severe damage
by different weather events.
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24

25

Extreme weather events
causing damage and spillage
or overflow of waste,
wastewater and hazardous
materials storages and
facilities causing
contamination of groundwater,
flora and fauna as well as
exposing operational
workforce and local
communities leading to health
impacts and breach of
regulation leading to fines.

Indirect –
Risk to
Function
and
objective of
the asset.

Records of inspections are to be
kept and made available upon
request.
Continually inspect and maintain
control measures throughout the
duration of works and particularly
following each incidence of rain.
Rearrange and reposition control
measures as required to maintain
their efficiency.
Remove all temporary control
measures following rehabilitation or
when otherwise no longer required.
Areas established during stage 1
land clearing will be used as trial
areas to establish effectiveness of
different short term and long-term
sediment and erosion control
measures and to inform further
stages of the Proposal.
All piping, roofing, gutters and pits
sized to drain for an appropriate
storm event (depending on
component), although where the
consequences of failure of the
stormwater system would be
severe, the system should be
designed for a 1 in 100-year storm
event.
Locations with contamination
hazards are designed with
protective measures to avoid
contamination.

2050 RCP
8.5

Direct Physical
Asset Risk

Planned controls

Residual
risk

2030 RCP
8.5

Increased frequency of strong
wind and extreme rainfall can
cause erosion leading to loss
of soil and impacting on
horticultural operation.

Physical
risk impact
vs. risk to
function

Adaption responses

2050 RCP
8.5

Impact

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

M

M

M

M

Review and adapt management plans and
implementations

M

M

M

Replacement of components with new
materials/systems.

M

M

M
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Table 5.4

Indirect –
Risk to
Function
and
objective of
the asset.

In case of network outage,
uninterruptible power supply (UPS)
is a backup power system that is
fast acting and has storage for a
short period of time. Diesel gen sets
are then used, supplying power.
The diesel storage tanks will be
located on sites.

Extreme storms (including
lightning, hail, wind and falling
debris) cause damage to
vulnerable assets (e.g.
accommodations and
services, switching station)
causing maintenance and
replacement costs and safety
issues.

Direct –
Physical
Asset Risk

All structures are designed taking
into account wind loading through
orientation of structures and
material choice. The transmission
line is designed as per AS7000.
Designers will follow wind loading
as per the standard.
All structures are designed in
accordance with AS1170.2 for the
respective structure importance
level and design life. The wind
speed adopted for structural
calculations is in accordance with
AS1170.2.

Increased lightning incidence
cause damage to the
transmission towers leading to
disruption to power supply and
potential malfunction or
destruction of the electrical
equipment.

Direct Physical
Asset Risk

Designers account for lightning
during design per AS1768, e.g.
lightning rods are a part of the
design.

L

M

M

M

M

M

2050 RCP
8.5

More severe and frequent
storms causing power
outages, affecting the control
systems operations and
causing power station
shutdown.

Planned controls

M

M

M

Ensure selected generators operate under
adverse circumstances (e.g., projected
high temperatures). Consider providing
shade/shelter to generators and diesel
tanks.

Consider higher wind loading parameters
during design (check projected data).
Confirm is standard considers climate
impacts.
Ensure facilities are designed to withstand
proper wind loads to mitigate any damage
or faults.
Design to projected wind loads to mitigate
any components coming loose.
Ensure sensitive equipment is protected
and building façade elements are
resistant.
Allow for increases (e.g. +30%) to thunder
days per climate change data when
performing lightning protection risk
assessment AS1768.

2050 RCP
8.5

27

Physical
risk impact
vs. risk to
function

Residual
risk

Adaption responses

2030 RCP
8.5

26

Impact

Current
climate

Risk
ID

2030 RCP
8.5

Inherent risk
ratings

M

M

M

M

M

M

Climate Change Risk Assessment Summary

Current rating

Total Low Risks

Residual rating

Present

2030

2050

2030

2050

11

9

3

10

8
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Current rating

Residual rating

Present

2030

2050

2030

2050

Total Medium Risks

17

19

20

18

18

Total High Risks

0

0

3

0

0

Total Extreme Risks

0

0

0

0

0

Total

28

28

26

28

26
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6.

Discussion of CCRA results

The outcomes of the CCRA (presented in Section 5) will assist the proposal team in understanding the
proposal’s potential vulnerabilities to the physical effects of climate change and its impacts to the function
and objective of the asset. This section discusses the results of the CCRA, specifically the proposal’s risk
profile and the adaptation measures in place to mitigate the principal risks identified.

6.1

Key risks

This section of the report will outline the key risks relevant to this proposal. In Section 6.1.1 we discuss direct
and indirect risks where indirect risks pose a more significant challenge as there is less control. Of the risks
identified in the CCRA, the principal risks and how they are to be appropriately mitigated are detailed below.

6.1.1

Direct and indirect risk

The direct and indirect risks have been identified for each climate hazard and scenario and are presented in
Table 5.3. Direct risks indicate outcomes which directly impact the infrastructure and are potentially
manageable with the appropriate measures set in place. On the other hand, indirect risks refer to risks that
may affect the assets indirectly and restrict the operator’s control.
Nineteen physical asset risks (direct risk) and nine risks to the function and objectives of the asset (indirect
risks) were found to be applicable to the proposal. Only one high direct risk was identified (described in
Section 6.1.2), others were found to be manageable with the appropriate planned controls and adaptation
measures in place and are therefore not elaborated. However as indirect risks are more challenging in
nature, they have been explained further in Section 6.1.3.

6.1.2

Principal physical risk to the assets

The high direct risk associated with the proposal include:
–

Risk 23: Extreme weather events: hail, rain, and wind damaging crops leading to loss of yield.

The risk is direct because the cause direct physical impact to assets. The risk can potentially be addressed
and reduced to a moderate risk rating by 2050 through implementation of adaptions measures.

6.1.3

Principal risk to function and objective of the assets

The high indirect risks associated with the proposal include:
–
–

Risk 7: Frequency and duration of drought and extreme heat impacting on availability of required water
for irrigation scheme or limiting yield.
Risk 10: Increased water demand due to prolonged drought conditions causes salinity impacts on crop
productivity.

These risks are indirect because they are caused by issues elsewhere that may affect the proposal’s
objective and function. All principal risks to the function and objective of the asset relate to drought impacts.
Risk 7 and 10 were able to be mitigated to a reduced risk rating of moderate by 2050 through implementation
of adaptation measures.

6.1.3.1

Drought and extreme heat

Under RCP 8.5 scenarios, mean annual rainfall is only decreasing marginally (1.1% by 2030 and 2% by
2050). However, extreme rainfall events are expected to increase and become more intense (see Section
4.1) and the time spent in drought is also predicted to increase.
In the inherent risk profile, two risks were identified as ‘high’ by 2050, both risks are associated with drought.
The risks all relate to different risk aspects associated with drought: drought impacting on yield and drought
conditions leading to increasing salinity.
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The current controls involve comprehensive modelling to improve the security and reliability of extractions for
downstream impacts, which considers the current and future climate, monitoring triggers, applying required
management plans, and obtaining an Aboriginal Areas Protection Authority (AAPA) certificate and complying
with the conditions associated with the AAPA certificate and the Restricted Work Areas. Key adaptation
measures are beyond the Proposal scope and require government response to regional water management.
Further details on the assessment can be found in Appendix C.
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7.

Adaption measures

This section outlines the proposed mitigation strategy to address the principal risks identified.

7.1

Identifying adaption measures

The inevitability of climate change impacts requires adaptation planning for climate risk, and it is recognized
that decisions and planning processes should be flexible enough to cope with potential knowledge gaps.
Accordingly, a key principle toward adapting to a future with an uncertain climate may be to adopt ‘adaptive
management’, i.e., implementing incremental changes and adaptation measures based on climate and
scientific monitoring and prescribed responses. Some adaptation options for infrastructure that may be
deemed appropriate in response to the most extreme climate projections may require large-scale
engineering or other works, the need for which will depend on the extent of climate change that transpires
over time, as opposed to the conditions that were modelled.
Planned and assumed controls, and adaptation measures for the identified risks were documented. In this
context, ‘planned controls’ represent Business as Usual (BAU) measures that have been identified as
standard considerations which will then be implemented in design, while ‘assumed planned controls’ are
those that will foreseeably form part of future design, construction, or operation considerations. Adaptation
measures on the other hand, represent measures above and beyond BAU incorporated specifically for the
climate change risk identified. Adaptation measures to address risks will be identified and should be
considered in design or to be adopted during the construction and operation of the Proposal.
As the three of the four principal risks are related to the function and objective of the asset, adaptation
measures may go beyond the possibilities in design as two drought related high risks were identified that are
expected to increase over time.
Adaptation was assessed as described in Section 3.5 and results are presented Table 7.1 below. Detailed
information on adaptations for identified risk are presented in Table 5.3 and Appendix C

7.2

Implementing adaption measures

The implementation of adaptation measures is to be recorded and tracked for traceability as the design
progresses. Residual risk ratings were calculated based on the adaptation measures identified. Results from
this residual risk assessment, and the subsequent levels of mitigation, are presented below in Table 7.1 for
physical risk and Table 7.2 for risk to function and objective of the asset. For direct physical asset risk,
adaption measures were identified, which reduced one high risk to medium and three medium risks to low
risk.
Further, adaption measures were identified for risks to function and objective of the assets, which enable
reduce one of the three high risks to medium. All other risk remains either high or medium. No low risks were
identified for indirect risks.
Table 7.1

Risk mitigation based on design and operational adaptations physical asset risk

Number of risks identified – medium-term scenario (2050)
Inherent risks

Risk rating

Risks with
mitigations
identified

Mitigated

Residual risk rating

Very High

-

-

-

-

High

1

1

1

-

Medium

15

15

4

12

Low

3

2

-

6

19

18

5

18

Total
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Table 7.2

Risk mitigation based on design and operational adaptations risk to function and objective of the asset

Number of risks identified – medium term scenario (2050)
Inherent risks

Risk rating

Risks with
mitigations
identified

Residual Risk
Rating

Mitigated

Very High

-

-

-

-

High

2

2

0

0

Medium

5

5

0

7

Low

0

-

-

-

7

6

1

7

Total

Additional adaptation responses should be considered at future stages of the proposal to allow for potential
continued climate risk mitigation. Per AS5334, continuous feedback loops of monitoring and review are
required, as well as communication and consultation with relevant stakeholders, to continue to effectively
manage risks.
Where risks are deemed to be at a tolerable level, adaptation is not required; however, this must be
reassessed over the life of the proposed asset, particularly if climate projections are updated by CSIRO. Any
future adaptation assessment should consider factors such as the effectiveness, cost, duration, and
feasibility of the adaptation option, in addition to the impacts to greenhouse gas emissions, the social and
environmental context and any implications for related risk profiles as a result of implementing the
adaptation.
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8.

Conclusion

A CCRA has been completed for the proposal in order to understand the local climate context and identify
risks of changing climate on the main assets in line with the Australian Standard AS5334. This assessment
identified the key characteristic of the future climate as follows:
–

Average temperatures will continue to increase in all seasons.

–

More hot days and warm spells are projected.

–

Even though mean annual rainfall is projected to decline, heavy rainfall intensity is projected to
increase. Uncertainty remains on overall trends of groundwater recharge events in the future as the
groundwater systems depends on high intensity rainfall events

–

More thunder days and bushfire events are projected.

Climate hazards for each asset have been identified and risk statements drafted through desktop research
and based on knowledge and experience from similar projects. Risks related to function and operation of
each asset are more pronounced than direct risk to the built assets.
Adaptations for principal risks were identified. To increase the resilience of the proposal to climate change,
the proponent should implement the proposed adaptation measures for as much as feasible and as early as
possible.
Table 8.1

Comparison of the number of risks identified per risk category for the inherent risk profile and residual risk
profile

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

High (H)

0

0

3

Medium (M)

16 (+1 construction)

18 (+1 construction)

20

Low (L)

10 (+1 construction)

8 (+1 construction)

3

Climate scenario

Baseline climate

2030 climate under
RCP 8.5 projections

2050 climate under
RCP 8.5 projections

High (H)

0

0

0

Medium (M)

16 (+1 construction)

17 (+1 construction)

18

Low (L)

10 (+1 construction)

9 (+1 construction)

8

It should be emphasised that the current risk profile is represented not through the residual risk ratings but
rather through the initial risk ratings and that to increase the resilience of the proposal to climate change, the
proponent should consider the adaptation measures detailed in Section 7.
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Appendix A
Consultation for CCRA

GHD | Fortune Agribusiness Funds Management Pty Ltd | 12580936 | Climate Change Risk Assessment

37

A-1

Consultation

This appendix is intended to provide details of consultation undertaken for this climate risk assessment to inform
the identification and assessment of climate risk and adaptation measures. Consultation has encompassed a
collaborative CCRA workshop with the broad Project team and relevant stakeholders, supplemented by ongoing
interaction with targeted disciplines.
Table A.1

Disciplines consulted for CCRA

Discipline/role

Representative

GHD personnel
Project Management

Cat Henry (Project Manager)

Climate Change Risk Assessment

Oliver Maennicke

Surface water resources and erosion control

Tyler Tinkler

Digital Intelligence

Tim Worth

Environment and water

Jo Stephens

Ecology

Heather North

Social Sustainability and Stakeholder Engagement

Chloe Sullivan

External stakeholders
Horticultural Development

Peter Morrish (Southern Cross Farms)

Client and project advisory

Peter Wood (Fortune Agribusiness)

Client and project advisory, data and modelling

Jin Zhang Zou (Fortune Agribusiness)
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Appendix B
AS5334‐2013 Risk matrix and
descriptors

GHD | Fortune Agribusiness Funds Management Pty Ltd | 12580936 | Climate Change Risk Assessment

39

RISK ASSESSMENT FRAMEWORK
RISK ASSESSMENT MATRICES
AdditionalguidanceonriskassessmentandtheuseofthesematricescanbefoundinSection7.3oftheAS5334Ͳ2013Standard
LIKELIHOOD

Long term risks

May occur in exceptional
Has a 10–30% chance of
Has a greater than 90% chance
circumstances, i.e. less than 10%
Has a 40–60% chance of
Has a 60–90% chance of
chance of occuring in the asset's occurring in the asset's lifetime if occurring in the asset's lifetime if
occurring within the asset's
of occurring within the asset's
lifetime period if the risk is not
lifetime if the risk is not mitigated lifetime if the risk is not mitigated
the risk is not mitigated
the risk is not mitigated
mitigated

Recurring or event risks

Has happened several times in
Has happened at least once in
the past year and in each of the
May have occurred once in the Has happened during the past 5
Has not occurred in the past 5
the past year and in each of the
previous 5 years
last 5 years
years
years but not in every year
previous 5 years
OR
OR
OR
OR
OR
Could occur several times per
Unlikely during the next 50 years May arise once in 25 to 50 years
May arise once in 25 years
May arise about once per year
year

CONSEQUENCE
FINANCIAL

FUNCTIONAL
Infrastructure service

Adaptive capacity1

Governance

Significant permanent damage and/or
complete loss of the infrastructure and
the infrastructure service. Loss of
infrastructure support and translocation of
service to other sites. Early renewal of
infrastructure by >90%

Capacity destroyed,
redesign required when
repairing or renewing
asset

Major policy shifts. Change to
legislative requirements. Full
change of management
control

Extensive infrastructure damage
requiring major repair. Major loss of
infrastructure service. Early renewal of
Infrastructure by 50–90%

Major loss in adaptive
capacity. Renewal or
repair would need new
design to improve
adaptive capacity

Notices issued by regulators
for corrective actions.
Changes required in
management. Senior
management responsibility
questionable

Limited infrastructure damage and loss of
service. Damage recoverable by
maintenance and minor repair. Early
renewal of Infrastructure by 20–50%.

Some change in adaptive
capacity. Renewal or
repair may need new
design to improve
adaptive capacity

Investigation by regulators.
Changes to management
actions required

Localised infrastructure service
disruption. No permanent damage. Some
minor restoration work required. Early
renewal of infrastructure by 10–20%.
Need for new/modified ancillary
equipment

Minor decrease to the
adaptive capacity of the
asset. Capacity easily
restored

No infrastructure
damage, little change to
service

No change to the
adaptive capacity

Social/cultural

Economy4

Asset Value2

DESCRIPTORS

Rare

Unlikely

Possible

Likely

Almost Certain

Major effect on the
local, regional and
state economies

Extreme financial loss
>40%

Catastrophic

Medium

High

Extreme

Extreme

Extreme

Serious effect on the
local economy
spreading to the
wider economy

Major financial loss
(>50-90%)

Major

Medium

Medium

High

High

Extreme

Moderate

Low

Medium

Medium

Medium

High

Environmental³

Very significant loss to the
Severe adverse human health
effects, leading to multiple events environment. May include localized
loss of species, habitats or
of total disability or fatalities. Total
ecosystems Extensive remedial
disruptions to employees,
action essential to prevent further
customers or neighbours.
Emergency response at a major degradation. Restoration likely to be
required
level

Permanent physical injuries and
fatalities may occur. Severe
disruptions to employees,
customers or neighbours.

Significant effect on the environment
and local ecosystems. Remedial
action likely to be required

Frequent disruptions to employees, Some damage to the environment,
customers or neighbours. Adverse including local ecosystems. Some
remedial action may be required
human health effects

High impact on the
local economy, with Moderate financial loss
(<10-50%)
some effect on the
wider economy

Short-term disruption to
employees, customers or
General concern raised by
regulators requiring response neighbours. Slight adverse human
health effects or general amenity
action
issues

Minimal effects on the natural
environment

Minor effect on the
broader economy
due to disruption of
service provided by
the asset

Additional operational
costs. Financial loss
small (<10%)

Minor

Low

Low

Low

Medium

Medium

No changes to management
required

No adverse effects on natural
environment

No effects on the
broader economy

Little financial loss or
increase in operating
expenses

Insignificant

Low

Low

Low

Low

Low

No adverse human health effects

Table notes:
1. Adaptive capacity relates to the ability of the infrastructure element to adapt/change/cope with change in the climate change variable.
2. Financial loss will be relative to the infrastructure element being considered (i.e. a single building, coastal town, rail system). Dollar values need to include replacement cost for the infrastructure item and financial loss/costs relating to the loss of the service provided by the infrastructure item.
3. While the term 'environment' can include both man-made and natural systems, in this Standard 'environment' is limited to the natural environment outside the asset being considered.
4. Economy refers to the local economy (e.g. town or region), the state economy of Australia as a whole. Significance of the measures will depend on the asset being considered.

NOTES ON ADAPTING TO A CHANGING CLIMATE
The risk assessment should inform the type of adaptation measure that may be most appropriate.
Principles for adapting

Appendix C
Climate risk register
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APPENDIX C

12580936 - Climate Change Risk Register

RESIDUAL RISK RATING (Post-

Risk

Likelihood

Consequence

Risk

Consequence

Likelihood

Risk

Consequence

Likelihood

Risk

Likelihood

Consequence

Risk

Likelihood

Consequence

MINOR
MINOR

L

MINOR

L

MODERATE

M

MINOR

M

MINOR

L

MODERATE

M

MINOR

L

MODERATE

M

MINOR

L

MAJOR

MODERATE MODERATE
MODERATE
MINOR
MAJOR
MAJOR
MODERATE
MODERATE
MAJOR
MODERATE

POSSIBLE

L

POSSIBLE

UNLIKELY
LIKELY

M

RARE

POSSIBLE
UNLIKELY

M

POSSIBLE

LIKELY
LIKELY

M

M

UNLIKELY POSSIBLE
UNLIKELY
RARE

L

LIKELY

UNLIKELY POSSIBLE

M

POSSIBLE

MODERATE

M

Consider locating the generators under shade to
prevent overheating.
Specify a range of operating temperatures
(including projected temperatures).
Compliance with conditions may be more difficult
in the future; relevant plans including active and
continuous stakeholder engagement will grow in
relevance.

M

UNLIKELY

M

Use new types of materials and systems when
available that are more resilient to radiation and
more resilient to high heat and or use more
efficient cooling systems.

L

POSSIBLE

MINOR

L

Borefield capacity to be greater than peak
operational requirements in preparedness for
repairs and maintenance or reduced pumping
efficiency.

M

LIKELY

MINOR

L

Regularly update WHS management plan and
procedures to adjust to conditions.
Operational work at night rather than heat of the
day.

M

UNLIKELY

LIKELY

M

Revise soil and water management plan.
Revise crop areas/types/species/variety for more
drought and heat tolerant varieties

M

M

UNLIKELY

MAJOR
MODERATE
MAJOR
MINOR

L

UNLIKELY

MODERATE

RARE
LIKELY
LIKELY
LIKELY

M

POSSIBLE

LIKELY

MINOR

UNLIKELY

MAJOR
MAJOR
MINOR
MINOR
MINOR
MINOR
MINOR

UNLIKELY
UNLIKELY

MODERATE MODERATE

POSSIBLE

MODERATE
MINOR
MAJOR

UNLIKELY
RARE

MODERATE

POSSIBLE

MODERATE

UNLIKELY
LIKELY

MODERATE

POSSIBLE
POSSIBLE
RARE

MINOR

UNLIKELY

MODERATE

UNLIKELY

MODERATE

POSSIBLE
POSSIBLE
UNLIKELY

MODERATE

POSSIBLE
UNLIKELY

MODERATE

MODERATE
MINOR
MODERATE
MAJOR

LIKELY

POSSIBLE

LIKELY

MODERATE MODERATE

MINOR
MODERATE
MODERATE
MODERATE

MAJOR

MAJOR

MAJOR

LIKELY

POSSIBLE

M

MODERATE

LIKELY

L

MINOR

MODERATE MODERATE

L

MINOR

POSSIBLE
UNLIKELY
POSSIBLE
POSSIBLE
UNLIKELY POSSIBLE
RARE
POSSIBLE
LIKELY

UNLIKELY

UNLIKELY

MINOR

UNLIKELY
UNLIKELY

MODERATE MODERATE

POSSIBLE
POSSIBLE

MODERATE
MINOR

UNLIKELY POSSIBLE

MAJOR
MAJOR

M

MINOR

Direct Physical Asset
Risk

M

UNLIKELY

●

Frequency and duration of extreme
Direct weather events impacts on access to Physical Asset
the irrigation sites limiting transport
Risk
from and to the site for e.g. materials,
chemicals, crops and seeds.

023

Identify location were flood events causing harmful oxygen
levels in saturated soil between 48 -96 hours are minimised.
Conduct flood modelling. As per current modelling maximum
duration of inundation is 30-40 hours and below.

L

MAJOR

Extreme
weather events

Direct Physical Asset
Risk

M

UNLIKELY

022

Increased frequency of extreme
rainfall leads to more frequent and
more severe flooding, increasing
inundation (flooding and ponding,
duration and depth) of crops leading
to oxygen deprivation leading to
damage of crops (temperature,
motion, duration).

L

Review of future crop planning for more water
efficient enterprises better suited to changing
climate
Reduced production of annual crops during
drought years or reduced access to water.
Removal of low returning permanent and annual
plantings in preparation or change of commodity to
higher returning crops.

M

Regular revision of management plans.

M

L

M

L

MINOR

L

M

MINOR

L

M

L

M

M

L

M

M

L

Update contingency plans
Crop planting plan avoids planting during the Dec
to Feb high risk periods

Improve protective measures where needed to
maintain access roads.

MODERATE

L

M

ALMOST CERTAIN

M

Location and design of borefield and well structures
●

L

M

L

Consider elevating the building or water-sensitive
equipment to prevent damage (1 in 100-year storm
event).
All piping, roofing, gutters and pits sized to drain
for a 1 in 50/100-year (as appropriate) storm
event, although where the consequences of failure
of the stormwater system would be severe, the
system should be designed for a 1 in 100-year
storm event.
Consider flooding scenarios

Re-modelling of flood extent and inundation time to
allow for changes crop location or drainage
planning

Regular road and corridor maintenance to avoid impact
●

●

●

Planning irrigation plots with appropriate wind, protection and
drainage.
Measures to protect plants from hail during vulnerable stages

Extreme
Hail, rain, and wind damaging crops
weather events leading to loss of yield.

Page 1 of 2

M

M

MAJOR

Extreme
rainfall

Inceased frequency of extreme rainfall Direct leading to increased frequency of
Physical Asset
flooding, increasing innundation of
Risk
borefiled and subsequent
maintenance requirements

M

MINOR

Structural design to consider site conditions and flood
studies. Localised flood studies being undertaken to inform
design and appropriate location of switching station.
Location of planting of permanent crops to take into
consideration flood risk from flood risk assessment
Conder Australian Rainfall and Runoff 2019 Book 1 Chapter
6 Interim Climate Change Guidelines.

M

MODERATE

Direct Physical Asset
Risk

M

MINOR

Regular road maintenance and implementation of protective
measures
●

L

H

POSSIBLE

Direct Physical Asset
Risk

L

M

POSSIBLE

●

L

M

LIKELY

Ensuring enough storage for harvested crops and supplies
for work force are available in case site access is being lost:
contingency planning

M

M

POSSIBLE

●

M

M

UNLIKELY

021

Extreme
rainfall

UNLIKELY

Construction Environmental Management Plan (CEMP) or
Work Health and Safety (WHS) shall cover management
procedures in case of extreme weather events.

●

020

M

M

L

MINOR

●

L

L

H

Additional access roads and Traffic Management
plan - to be approved under Land Clearing
legislation.

Reduced production of annual crops during
drought years or reduced access to water.
Revise adaptive management plan.

POSSIBLE

Increased frequency and severity
rainfall results in damage to unpaved
road surfaces resulting in increased
maintenance or temporary loss of
access.
Proximity to flood prone land areas
and high risk of floods result in the
loss of access to assets and potential
damage to switching station building.

Ensure all generator tanks and diesel storage
tanks have double sinked walls as per AS
standards (AS1940) to protect against heat and
containment of any leaks.
– obtain AAPA certificate and comply with the conditions
associated with the AAPA certificate and the Restricted Work
Areas

●

L

M

M

MINOR

Direct Extreme heat impacts generators
Physical Asset
operation causing failure of electricity Risk
back up supply.
Indirect - Risk
to Function
Leading the public interest in the
and objective
operations in relation to
of the asset
environmental and social impacts
and water consumption leading to
loss of social licence to operated
Indirect - Risk
to Function
Increased frequency, severity, and
and objective
duration of extreme precipitation
of the asset
events leading to unsuitable and
unsafe conditions for
construction/operation to proceed,
resulting in an increase in ‘stop work’
days and subsequent delays to the
construction program and operation.
Increased rainfall from severe storm Direct events leading to a higher frequency Physical Asset
of floods resulting in inundation of
Risk
local roads and complete loss of
access.

Protect sentive components from heat and radiation, such as
shading, air-conditioning; where exposure cannot be
practically be prevented use suitable materials

M

Regular update of traffic management plan

MODERATE

●

M

M

MODERATE

●

M

L

MINOR

●

L

L

Regularly updated bushfire management plans and
implementation.
M

MINOR

●

RATING FOR 2050
RCP 8.5
PROJECTION

L

M

Review and maintain use of fire rated materials.
M

MODERATE

●

Regularly update bushfire management plans and
implementation
M

MINOR

●

POSSIBLE

●

M

MODERATE

019

Extreme
rainfall
extreme
rainfall

●

M

MINOR

018

Direct Physical Asset
Risk

Protect sensitive components from heat through shading, airconditioning; where exposure cannot practically be prevented
use suitable materials.

MANAGEMENT OPTIONS

Potential mitigation measures

M

MAJOR

Extreme
rainfall

Direct Physical Asset
Risk

M

UNLIKELY

017

Extreme
rainfall

●

POSSIBLE

016

Extreme Heat
and Drought

●

LIKELY

015

Extreme heat

WHS management procedures covered as part of
Construction WHS Plan.

M

UNLIKELY

014

Extreme heat

●

UNLIKELY

013

Extreme heat

Indirect - Risk
to Function
and objective
of the asset
Direct Physical Asset
Risk

UNLIKELY

012

Extreme heat

Increased water demand due to
prolonged drought conditions causes
salinity impacts on crop productivity.
Increased frequency, severity, and
duration of extreme temperatures
(days exceeding 35˚C) leading to
adverse health impacts for
construction and operational workers
and potential health and safety
incidents.
Extreme heat affects utility
performance (e.g. pumps,
condensers, HVAC (heating,
ventilation and air-conditioning) etc)
causing failure or inability to produce
designed temperatures, resulting in
service reliability issues and increased
costs.
Extreme heat and solar radiation (UV)
causes services equipment
malfunction or early failure causing
replacement cost and reduced design
life.

MINOR

011

Drought
Drought

POSSIBLE

010

M

POSSIBLE

●

RARE

Indirect - Risk
to Function
and objective
of the asset

L

UNLIKELY

●

POSSIBLE

– Hydrogeological modelling to identify appropriate borefield
location and spacing
– Monitoring triggers incl. monitoring sites proximate to
GDEs and specify limits to change at sites
– Locate sites between extraction sites and GDEs in order to
provide early warning
– Apply adaptive management plan as described in the
Notice of Intent
- Stop ground water extraction to prevent exceeding
extraction license limts
– Hydrogeological modelling to identify appropriate borefield
location and spacing
– Monitoring triggers including monitoring sites proximate to
GDEs and specify limits to change at sites
– Locate sites between extraction sites and GDEs in order to
provide early warning
– Apply adaptive management plan as described in the
Notice of Intent
– Adjusting crop schedule as required
Stop ground water extraction to prevent exceeding extraction
license limts
Develop and implement soil and water management plant

adaptation)

RATING FOR 2030
RCP 8.5
PROJECTION

L

LIKELY

Indirect - Risk
to Function
and objective
of the asset

M

RARE

●

MODERATE

Water efficient design with irrigation type (drip, sprinkler, etc.)
optimised for crop water requirements to minimise waste of
water. Irrigation scheduling based on soil moisture
monitoring and plant/crop monitoring, cover cropping,
mulching, wind breaks and other methods employed to
reduce water loss during irrigation, selection of crop/species
type with lower water demand for yield.
Reduce water use with hard pruning of permanent plants and
survival watering, rather than irrigation for production.

POSSIBLE

Indirect - Risk
to Function
and objective
of the asset

M

MODERATE

●

MINOR

009

Bushfire mangement plant. Traffic Management plan with
minimum 3 roads between developed plots, Main operational
road on north and exit to Jarra Jarra access road to the
south.

L

MAJOR

●

●

UNLIKELY

Direct Physical Asset
Risk

●

POSSIBLE

Include in Traffic Management Plan
●

M

MODERATE

Direct Physical Asset
Risk

●

MINOR

●

Lighting of fires for clearing of vegetation or disposal of
rubbish is not permitted under any circumstances.
When fires are accidentally started, extinguish these
immediately if appropriate and safe to do.
Implement asset control zones and control burns where
required to manage fuel loads around development areas.

UNLIKELY

Prolonged drought requires additional
abstraction of groundwater leading to
non-permitted lowering of the
groundwater table that impacts water
availability and therfore impacts on
biodiversity, flora and fauna
Prolonged drought leading to
exceeding permit for groundwater
abstraction that will further lead to
loss of crop productivity

Construction

Direct Physical Asset
Risk

M

UNLIKELY

Drought

Use fire rated materials were required and maintain
clearance to avoid direct fire exposure to structures

POSSIBLE

●

MINOR

●

POSSIBLE

●

RARE

●

MINOR

●

M

UNLIKELY

Direct Physical Asset
Risk

Ensure bushfire management plan is in place for all project
components and relevant structure and buildings of high
significance and clearance of transport and energy
transmission corridors.

MODERATE

●

MODERATE

●

●

008

Operation

Energy
(Electricity)

Borefiled

Access tracks
●

MODERATE

007

Bushfires
Drought

Bushfires moves onto the site and
blocks off access roads/evacuation
routes resulting in staff being trapped
onsite causing injury or loss of life.
Frequency and duration of drought
and extreme heat impacting on
availability of required water for
irrigation scheme or limiting yield.

●

RARE

Bushfires

006

Smoke affects visibility along access
roads, causing traffic accidents,
resulting in injury and vehicle
damage.

●

MINOR

005

Direct Physical Asset
Risk

L

UNLIKELY

004

Bushfires
Bushfires

More frequent incidence of bushfire
events leading to increasing insurance
costs.
Increase in the number and severity of
bushfires causes damage to the
power network, affecting the power
connection to grid as well as supply to
essential equipment (communication,
cooling), causing disruption to service
and replacement cost.

●

RATING FOR 2050
RCP 8.5
PROJECTION

ADAPTATION RESPONSES

Regularly update bushfire management plans and
implementation

MODERATE

003

Construction Environmental Management Plan (CEMP) or
Work Health and Safety (WHS) shall cover management
procedures in case of extreme weather events.

MINOR

Bushfires

Increased frequency and intensity of
bushfires causing direct damage to
components, causing reinstatement
cost and loss of service.

Indirect - Risk
to Function
and objective
of the asset

Description of existing controls considered in design or
assumed to be planned for future stages

RATING FOR 2030
RCP 8.5
PROJECTION

UNLIKELY

002

Increased frequency and severity of
bushfires leading to smoke
generation, resulting in health effects
for construction and operational
workers and health and safety
incidents, potential increase in ‘stop
work’ days, and subsequent delays to
construction program or operation of
the site.

Direct or
Indirect

MAJOR

Bushfires

Description of impact

RATING FOR
BASELINE
CONDITIONS

PLANNED CONTROLS

UNLIKELY

001

Climate
hazard

COMPONENTS POTENTIALLY IMPACTED

Horticulatural
Operations

Risk ID

RISK TYPE

Acoomodation
and Services Hub

EXPOSURE AND VULNERABILITY

RISK ASSESSMENT

POSSIBLE

DESCRIPTION OF IMPACTS AND CONTROLS

H

Emerging measures to protect crops.
Site development and crop selection considering
likelihood of severe damage by different weather
events (i.e., what is most suseptible to hail or rain?
Are their alternatives?

APPENDIX C
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RESIDUAL RISK RATING (Post-
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Risk

Likelihood

Consequence

Risk

Consequence

RATING FOR 2050
RCP 8.5
PROJECTION

POSSIBLE

MODERATE

M

POSSIBLE

MODERATE

M

POSSIBLE

MODERATE

M

POSSIBLE

MODERATE

M

UNLIKELY

MODERATE

M

UNLIKELY

MODERATE

M

UNLIKELY

MODERATE

M

UNLIKELY

MODERATE

M

UNLIKELY

MODERATE

M

UNLIKELY

MODERATE

MODERATE

LIKELY

MODERATE

M

MODERATE
MAJOR

MODERATE

M

M

M

MODERATE

LIKELY
POSSIBLE

M

UNLIKELY

MODERATE

M

LIKELY

M

M

MODERATE

POSSIBLE
UNLIKELY

M

M

MAJOR

Designers account for lightning during design per AS1768,
e.g lightning rods are a part of the design.
●

Likelihood

Risk

Consequence

Likelihood

Risk

Likelihood

Consequence

Risk

Consequence

Likelihood
POSSIBLE

M

MODERATE

●

L

UNLIKELY

Direct Physical Asset
Risk

Increased lightning incidence cause
damage to the transmission towers
leading to disruption to power supply
and potential malfunction or
destruction of the electrical
equipment.

●

POSSIBLE

Lightining

●

MODERATE

Direct Physical Asset
Risk

In case of network outage, uninterruptible power supply
(UPS) is a backup power system that is fast acting and has
storage for a short period of time. Diesel gen sets are then
used, supplying power. The diesel storage tanks will be
located on sites.
All structures are designed taking into account wind loading
through orientation of structures and material choice. The
transmission line is designed as per AS7000. Designers will
follow wind loading as per the standard.
All structures are designed in accordance with AS1170.2 for
the respective structure importance level and design life. The
wind speed adopted for structural calculations is in
accordance with AS1170.2.

RARE

Extreme
Extreme storms (including lightning,
weather events hail, wind and falling debris) cause
damage to vulnerable assets (e.g.
accommodations and serivces,
switching station) causing
maintenance and replacement costs
and safety issues.

●

M

MODERATE

Indirect - Risk
to Function
and objective
of the asset

MANAGEMENT OPTIONS

M

Replacement of components with new
materials/systems

POSSIBLE

028

Extreme
More severe and frequent storms
weather events causing power outages, affecting the
control systems operations and
causing power station shutdown.

●

appropriate storm event (depending on component), although
where the consequences of failure of the stormwater system
would be severe, the system should be designed for a 1 in
100-year storm event.
Locations with contamination hazards are designed with
protective measures to avoid contamination.

adaptation)

RATING FOR 2030
RCP 8.5
PROJECTION

Potential mitigation measures

– Early installation of all drainage erosion and sediment
control measures.
– All erosion and sediment control measures are to be
installed and maintained in good working order.
– Any runoff from the site will comply with the requirements
of the DENR Guidelines and relevant legislation.
– daily site inspections shall consist of visual assessment of
erosion and sediment control structures to verify their
condition and effectiveness.
– Records of inspections are to be kept and made available
upon request.
– Continually inspect and maintain control measures
throughout
the duration
of and
works
and
particularly
following
All
piping, roofing,
gutters
pits
sized
to drain for
an

MAJOR

027

Indirect - Risk
to Function
and objective
of the asset

M

UNLIKELY

026

Extreme
Extreme weather events causing
weather events damage and spillage or overflow of
waste, wastewater and hazardous
materials storages and facilities
causing contamination of
groundwater, flora and fauna as well
as exposing operational workforce
and local communities leading to
health impacts and breach of
regulation leading to fines.

RATING FOR 2050
RCP 8.5
PROJECTION

ADAPTATION RESPONSES

Review and adapt management plans and
implementations

MODERATE

Undertake land and soil resource mapping at approx
1:25,000 scale to understand which areas are no -go areas
for development based on soils and landform characteristics,
including slope
In areas approved for clearing as per final clearing plan and
Approved Erosion and Sediment Control Plans will be
implemented during project development activities (and
during operations) that will comply with the following
requirements:
– Staged clearing to reduce areas of bare ground
– Maintenance of native vegetation strips in horticultural
areas
– Establishment of planted wind breaks around horticultural
plots
– Use of water sprays on major trafficked areas
– Clearing to occur only during suitable wind and weather
conditions
– Horticultural plots developed perpendicular to predominant
winds

●

025

Construction

Operation

Energy
(Electricity)

Borefiled

Direct Physical Asset
Risk

Description of existing controls considered in design or
assumed to be planned for future stages

RATING FOR 2030
RCP 8.5
PROJECTION

UNLIKELY

Extreme
Increased frequency of strong wind
weather events and extreme rainfall can cause
erosion leading to loss of soil and
impacting on horticultural operation

Direct or
Indirect

Access tracks

Description of impact

RATING FOR
BASELINE
CONDITIONS

PLANNED CONTROLS

MODERATE

024

Climate
hazard

COMPONENTS POTENTIALLY IMPACTED

Horticulatural
Operations

Risk ID

RISK TYPE

Acoomodation
and Services Hub

EXPOSURE AND VULNERABILITY

RISK ASSESSMENT

LIKELY

DESCRIPTION OF IMPACTS AND CONTROLS

M

Ensure selected generators operate under
adverse circumstances (e.g. projected high
temperatures). Consider providing
shade/shelter to generators and diesel tanks.
Consider higher wind loading parameters during
design (check projected data).
Confirm if standard considers climate impacts.
Ensure facilities are designed to withstand proper
wind loads to mitigate any damage or faults.
Design to projected wind loads to mitigate any
components coming loose.
Ensure sensitive equipment is protected and
building façade elements are resistant.
Allow for increases (e.g. +30%) to thunder days
per climate change data when performing lightning
protection risk assessment AS1768.
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