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1 EXECUTIVE SUMMARY 

This paper seeks to identify the climate change challenges being faced by Transport for NSW (TfNSW) in 

the operation and maintenance of transport infrastructure. In particular, this paper focuses on the 

management of existing transport assets that are affected by extreme climate events due to the changing 

climate. It considers opportunities to meet current and future extreme weather and climate challenges 

through improved decision making within the existing TfNSW asset management framework. 

Across Australia climate change projections indicate an increased frequency of extreme weather events 

including droughts, bushfire, and floods. Other changes such as the effect of warmer temperatures and sea 

level rise can also have ongoing effects on existing assets.  

TfNSW is a major transport infrastructure asset manager within NSW and is responsible for 18,000 km of 

State roads as well as other road, rail and water assets. While new transport infrastructure is often subject 

to design criteria requiring consideration of climate risk, many existing assets were developed under older 

standards at a time where climate concerns may not have been considered in the design and construction 

of the asset.  

Through interviews with individuals working within the asset management, climate and sustainability 

branches of TfNSW, it was apparent that TfNSW has a positive attitude towards climate resilience and, while 

it is a relatively emerging issue for many other asset management organisations, TfNSW has taken several 

initiatives in this space towards planning for the impacts of future climate.  

Interviewees raised common themes of culture and collaboration when asked to identify opportunities for 

improving the performance of existing assets in a changing climate. The opinions expressed by the 

volunteers who participated in this work are their own and do not necessarily represent the view of TfNSW 

or their organisation.  

Feedback around culture generally focussed on the culture of the organisation towards opportunities for 

improvement of climate resilience for existing assets. In addition, all individuals interviewed had varying 

perceptions of the definition of resilience and how this translated into their roles in asset management.  

A need to also focus on the end user outcomes (referred to as customer outcomes by TfNSW) was also 

identified in the interviews as a key theme. Customer outcomes consider the resilience of the transport 

network to climate changes but to also develop the customer awareness including the standard of resilience 

to climate and the reasonable level of service afforded by particular assets and the transport network.   

With regard to collaboration, the interviewees highlighted opportunities for improved internal collaboration 

to improve efficiencies in asset maintenance and find opportunities for incorporating climate resilience. 

Collaboration with asset managers external to TfNSW, such as local government, was also noted to be 

essential in particular with reference to decision making on the wider road network which could improve 

customer outcomes.  These thoughts echoed strategy documents such as TfNSW’s recently published 

Future Transport Strategy but indicate that strategic actions may not have yet fully filtered down to those 

with operation roles in asset management.  

The paper makes recommendations with reference to the commonly raised themes of culture and 

collaboration. Three recommendations of the paper seek to focus on further enhancing the culture of 
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considering climate resilience in existing assets and customer outcomes. A further two recommendations 

look to opportunities for improving both internal and external collaboration.  

While the focus of the paper is largely on the road network managed by TfNSW, the recommendations have 

been developed to also be adaptable to other transport assets within TfNSW such as rail, bus and metro and 

also to other asset managers such as local governments.  

 

  

1. Establish a clear 

understanding of resilience  

2. Implement a Culture Change 

Management Plan

3. Improve customer 

perceptions towards asset 

management for climate 

resilience

4. Encourage external 

stakeholder collaboration and 

data sharing

5. Consolidate programs of 

work with clear resilience 

outcomes

RECOMMENDATIONS 



2 .  I N T R O D U C T I O N
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2 INTRODUCTION  

This paper seeks to identify some of the climate change challenges being faced by Transport for NSW 

(TfNSW) in the operation and maintenance of transport infrastructure. In particular, the paper focuses on 

the management and maintenance of existing transport infrastructure assets affected by extreme climate 

events. It considers opportunities for improving decision making and customer outcomes within the existing 

TfNSW asset management framework to meet current and future extreme weather and climate challenges. 

 

2.1 TRANSPORT FOR NEW SOUTH WALES (TFNSW)  

TfNSW is the lead agency for the NSW Transport 

cluster and is responsible for strategy, planning, 

policy, regulation, and funding allocations for all 

modes of transport in NSW. 

The TfNSW asset portfolio has a value of over $161.4 

billion (2020-2021 Annual report) (TfNSW, 2021a). 

As asset managers, TfNSW are responsible for more 

than 18,000 km of State Roads, around 3,000 km of 

Regional and Local Roads and 9,400 km of track.  

The administration and management of State 

Roads is carried out and financed by TfNSW. 

Regional and Local Roads are typically 

administered, managed and financed by local 

government. Regional Roads perform an 

intermediate function between the main arterial 

network of State Roads and council controlled Local 

Roads. Due to their network significance, TfNSW 

provides financial assistance to local government 

for the management of Regional Roads. 

Maintenance and upgrades of TfNSW’s assets is managed differently depending on location. In Greater 

Sydney maintenance is typically undertaken by contracted Service Providers as part of the Sydney Road 

Asset Performance (SRAP) contracts. They are subject to contract agreements with performance targets for 

various items, including sustainability, customer, traffic flow and environmental requirements that 

incentivise investing in improving the network. In Regional and Outer Metropolitan (ROM) areas 

maintenance is typically delivered internally by TfNSW or under funding agreement with local councils 

through the Road Maintenance Council Contracts (RMCCs).   

Within TfNSW, responsibility for asset management and climate related activities is shared by a number of 

branches which are split based on strategic and functional levels and by asset type and by region (location). 

In 2020, TfNSW was awarded the Infrastructure Sustainability Council’s Organisational Leadership in 
Infrastructure Sustainability Award for the Public Sector. The award recognised TfNSW’s commitment to 

 
Figure 2-1: TfNSW asset base (adapted from (TfNSW, 2021b))  
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sustainable planning, procurement, delivery and operations. TfNSW was commended for mandating 

sustainability targets beyond minimum governance requirements including climate risk evaluation to 

improve the climate resilient of existing assets.  

TfNSW has eight sustainability focus areas which are aligned with the United Nations Sustainable 

Development Goals. Specific to the topic of this paper, the focus area of ‘Respond to climate change’ 
includes the aim to consider climate change risks in all decisions.  

 
Figure 2-2: TfNSW's sustainability focus areas (Source: (TfNSW, 2021c)) 

 

2.2 CLIMATE CHANGE AND EXTREME WEATHER EVENTS  

The Intergovernmental Panel on Climate Change (IPCC) 6th Assessment Report (IPCC, 2021) found that heat 

extremes have increased in Australia while cold extremes have decreased, and that these trends are 

projected to continue. There is a projected increase in frequency extreme rainfall events, while droughts 

may also increase due to a projected decrease in mean cool season rainfall.  

 
Figure 2-3: Climate projections for Australia (Source: (IPCC, 2022))  
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Frequency of extreme fire weather days has increased, and the intensity, frequency and duration of fire 

condition weather events are projected to increase further throughout Australia. In most areas, rainfall 

intensity is predicted to increase leading to more frequent and greater magnitude flood events. In much of 

NSW, longer drought periods are anticipated as the annual total precipitation decreases. While this means 

that smaller floods are less likely as infiltration is increased, rainfall intensity is increasing meaning more 

frequent large floods will occur. 

 

2.3 CLIMATE RESILIENCE 

Definitions of resilience commonly refer to an ability to 

withstand and the capacity to recover from an event or incident. 

Environmental and climate related definitions of resilience, 

such as those adopted by the United Nations Office for Disaster 

Risk Reduction (UNDRR) and Intergovernmental Panel on 

Climate Change (IPCC), also consider adaption to be a function 

of resilience.  

With a changing climate, the need to adapt is equally as 

important as the ability to withstand and recover from climate 

hazards. Without adaption, the long-term ability to withstand 

and recover is reduced.  

The UNDRR defines resilience as: 

“The ability of a system, community or society exposed to hazards to 

resist, absorb, accommodate, adapt to, transform and recover from the 

effects of a hazard in a timely and efficient manner, including through 

the preservation and restoration of its essential basic structures and 

functions through risk management.”  

 

  

 
Figure 2-4: Three principles of resilience  



3 .  E F F E C T  O F
C L I M A T E  O N
T R A N S P O R T
I N F R A S T R U C T U R E
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3 EFFECT OF CLIMATE ON TRANSPORT INFRASTRUCTURE 

3.1 CLIMATE EVENT IMPACTS ON EXISTING TRANSPORT NETWORKS 

Rainfall and flooding events in 2021 and 2022 caused widespread damage to transport infrastructure. Heavy 

rainfalls resulted in flooding, landslips, debris build up and blockage and damaged to pavement, rail, 

drainage and other associated infrastructure. Damage to transport infrastructure resulted in considerable 

delays and disruption across the network. As well as the physical damage to the transport network itself, 

the effect of these events on safe flood evacuation and risk to people was considerable. Across Australia 

some 40 people died over the double La Niña period between November 2021 to April 2022 (Coates, 2022).  

In March 2021 there were three deaths in NSW and a further 14 in the February to April 2022 flood period. 

Two-thirds of deaths were due to vehicles driving through and/or being engulfed by flood waters (Coates, 

2022).  

 
Figure 3-1: Activity at time of death during flood in Australia for Financial Year 2022 (Source: (Coates, 2022)) 

The March 2021 event saw severe flooding and landslips 

leading to considerable asset damage as well as significant 

disruption to the network, affecting freight routes and 

supplies and isolating communities across NSW and parts of 

Queensland.  Within NSW, TfNSW reported that 30 roads, 

four NSW TrainLink lines and two ferry services were 

significantly impacted (TfNSW, 2021a). Flooding or landslips 

caused closure of key road traffic routes including the 

Pacific, Newell, Oxley and Great Western Highways, 

Waterfall Way, Jenolan Caves Road and Bells Line of Road.   

In Greater Sydney, TfNSW’s road network was relied upon 
for large area evacuation such as in the Hawkesbury-Nepean 

area.  

Climate predictions indicate that extreme events will 

become more frequent, and it is therefore reasonable to 

Figure 3-2: Landslip on Jenolan Caves Road (Source: 

(TfNSW, 2022a) 
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assume that, without mitigation, the cost of maintenance of existing transport assets will increase. By 2050, 

the annual economic cost of natural disasters in Australia is expected to more than double; from an average 

of $18 billion per year to more than $39 billion per year. In New South Wales, the expected total economic 

costs of natural disasters are projected to increase from $5.1 billion in 2020-21 to between $15.8 billion and 

$17.2 billion (real 2019-20 dollars) per year by 2061 (NSW Treasury, 2021). 

In 2012/2014 approximately 1% of the TfNSW’s operating budget was spent on responding to and recovering 
from climate events. For rail infrastructure this has increased nearer to 5% in recent years, and it is 

anticipated a similar increase would have occurred for road infrastructure (TfNSW, pers.com). The direct 

cost of Sydney Trains from extreme weather events was estimated to be over $7 million per annum in 2015 

and direct costs to Sydney Trains represents about 1.4% of the average annual insured cost of natural 

disasters in NSW (excluding death and injury costs) (Sydney Trains, 2015). 

Flooding events during the 2020 to 2022 La Niña climate situation has led to increased industry, government 

and community discussion around flood risk management. However, risk from other climate hazards should 

not be forgotten. Bushfires in 2019 and 2022 impacted about 880 km of NSW’s road network (TfNSW, 

2022b). As well as the impact of the bushfires themselves, compound climate events can exacerbate the 

impacts of climate events on the transport network. Rainfall in March 2021 caused some 70 landslips along 

the Oxley Highway. Some of the same catchments had been affected by the bushfires in 2019. The landslips 

caused sections of the road to be closed entirely until July 2021 with some sections remaining open only as 

a single carriageway following this. At the Mount Seaview location where one of the worst landslips 

occurred, TfNSW estimate that all works to reinstate the road to pre-2021 flood conditions will be 

completed in 2024 meaning a three-year disruption to the highway was caused by this climate event causing 

significant disruption to customers, the community and for the economy (TfNSW, 2022c).  

As well as increase in frequency of climate events, gradual changes such as sea level rise and temperature 

warming will affect asset maintenance. Changing temperatures, for example, can affect the aging of 

bitumen resulting in cracked surfaces, increase in potholes and rapid reduction of the condition of the road 

surface and the effect of rising water tables, particularly in areas affected by salinity, can reduce the 

structural strength of pavements (AustRoads, 2004).  

The focus of this paper is on managing the effect of the projected increase in frequency and magnitude of 

climate event risks such as bushfire and flood. However, it is acknowledged as well as an increase in the 

frequency and intensity of extreme climate events, long-term climate change such as increased annual 

average temperatures, changing water tables and sea level rise will also occur and some discussions and 

recommendations in this paper are relevant to both climate events and ongoing climate changes.        

 

3.2 CLIMATE AND EXISTING ASSET MAINTENANCE  

In NSW, the NSW Government owns and manages around $365 billion in physical assets. More than $180 

billion of its assets are in major infrastructure such as roads and railway lines (Audit Office of NSW, 2021), 

about $160 billion of which is under the management of TfNSW.  

For transport infrastructure, climate resilience is often considered when developing new projects. For 

existing transport assets climate risks may not have been considered or known at the time of planning and 
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construction. With climate extremes increasing, this is likely to lead to an increase in asset management 

costs from more frequent damage. In NSW, research undertaken by AustRoads suggests that climate 

change could result in a 25% increase in maintenance and rehabilitation costs for roads estimated from 2000 

to 2100 (AustRoads, 2004).   

Asset managers need to consider not just physical damage to assets and their maintenance budgets, but 

also the performance of the asset and wider network considering customer outcomes. For transport asset 

managers, finding opportunities to build resilience into the existing network is challenging and a typically 

reactive response to climate events can result in missed opportunities to prepare and plan for future events. 

The full transport network cannot be futureproofed, and it is therefore important to identify priorities across 

the existing network for building in climate resilience. This raises the question:  

What can be done to improve customer outcomes and decision making 

within the existing TfNSW asset management framework in relation to 

climate resilience for existing assets? 

  



4 .  C U R R E N T
S T R A T E G Y  A N D
P R A C T I C E S  
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4 CURRENT STRATEGY AND PRACTICES  

4.1 AUSTRALIAN AND STATE STRATEGY AND POLICY 

The NSW State Infrastructure Strategy (INSW, 2022) makes a number of recommendations towards 

improving resilience of infrastructure to climate change.  With specific reference to transport infrastructure, 

recommendations include:  

 Adopt a whole-of-system approach to resilience; 

 Fund and deliver an investment program designed to improve the resilience of the State’s most 
vulnerable and critical assets (this includes incorporating ‘build-back better’ outcomes into asset 
management plans, investment policies and funding mechanisms); 

 Improve transport network response and recovery performance through service continuity 

planning, investment in evacuation and alternative routes, and infrastructure upgrades, guided by 

place-based strategies; and  

 Propose new funding models for ongoing and reliable investment in resilience infrastructure and 

asset hardening. 

The Strategy stresses the importance of identification of weak links and interdependencies in infrastructure 

systems, prioritisation of asset maintenance and upgrades and a need for collaboration and partnership with 

other asset owners. It identifies a need for evidence-based assessment of risk and vulnerabilities. The 

Hawkesbury-Nepean Valley Flood Risk Management Strategy (INSW, 2017) is an example of evidence-

based place-based resilience and includes outcomes for transport managers in relation to flood emergency 

evacuation and resilience. 

TPP 19-07 Asset Management Policy for the NSW Public Sector (NSW Treasury, 2019) provides a whole-of-

government framework to support agencies in realising value from their planned and existing assets. The 

policy sets out the core management practices that the NSW Government expects agencies to adopt to 

manage non-financial assets, in order to meet service delivery objectives effectively. With regard to decision 

making in transport asset management, the objectives require that asset management decisions must have 

regard to an appropriate balance of cost, risk and performance and must be made using a whole-of-life cycle 

approach.  

A key requirement of the Asset Management Policy for the NSW Public Sector is the preparation of Strategic 

Asset Management Plans (SAMPs). SAMPs provide a strategic overview of assets, risks and management 

systems to manage these. The policy does not explicitly detail any climate change or resilience related 

principles though it does prescribe that Asset Management Plans (AMPs) prepared by agencies including 

TfNSW should address resilience and vulnerability of assets to the impacts of climate change, natural 

disasters, and human-related threats and proposed mitigations and interventions.  
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4.2 TRANSPORT FOR NEW SOUTH WALES –  STRATEGIES AND PLANS  

4.2.1  STRATEGY AND FRAMEWORKS  

The Future Transport Strategy (TfNSW, 2022d) outlines the NSW Government’s vision for future planning, 
investment, and delivery of transport infrastructure.  It identifies impacts of climate change as a ‘megatrend’ 
noting that assessing existing transport networks for future vulnerability and meeting the costs of 

developing and implementing adaptation measures to existing and replacement assets are key challenges.  

The Strategy identifies 14 strategic directions with responses and actions. Strategic direction P5 seeks to 

ensure transport is resilient and adaptable including building and upgrading transport infrastructure for 

climate shock and stresses (P5.3). Within this, identifying and prioritising sections of the road and rail 

network for resilience (P5.3a) is identified as an essential action. Actions also include establishing a clear 

pipeline of maintenance projects to improve resilience with a focus on adaptability and building back better 

after disruption (P5.3b) and incorporating climate adaptation measures in the design and construction of 

new and replacement assets (P5.4d). The themes of building back better are consistent with the 

recommendations of the NSW State Infrastructure Strategy (INSW, 2022).  

Additional actions specific to transport resilience to climate change include working with other agencies 

(P5.2a), improving coordination of resilience outcomes (P5.2b), strengthening resilience (P5.2c) and 

identifying interdependencies (P5.2d). These actions echo the recommendations of the NSW State 

Infrastructure Strategy (INSW, 2022). The Future Transport Strategy also highlights that mapping networks 

for vulnerability to climate change (P56.4a) will be essential for considering climate change impacts in all 

TfNSW’s decisions (P5.4) and identifying and prioritising sections of the road and rail network for resilience 
(P5.3a).  

The TfNSW Asset Resilience Strategy (TfNSW, 2021d) is an internal document and TfNSW’s most targeted 
strategy towards climate change resilience. It recognises that asset resilience is an increasingly critical 

element of asset management. The Strategy adopts a definition of resilience as:  

“the ability to adapt to changing conditions and prepare for, withstand 
and rapidly recover from disruption.” 

The Strategy has interdependencies with other TfNSW and broader NSW Government policies, strategies 

and frameworks (refer Figure 4-1). Maintaining consistencies between these documents is important in an 

effective uniform approach towards climate resilience across the transport infrastructure sectors.  

The Asset Resilience Strategy provides direction to asset resilience planning activities. It includes specific 

objectives (refer Table 4-1) and is intended to directly inform and support future updates to strategic, 

tactical and operational Asset and Services Plans (ASPs) and Strategic Asset and Services Plans (SASPs) to 

include asset resilience actions. 
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Figure 4-1: Context of TfNSW's Asset Resilience Strategy and other policies and strategies (Source (TfNSW, 2021d)). 

 
Table 4-1: Objectives from TfNSW's Asset Resilience Strategy (adapted from (TfNSW, 2021d)). 

Planning 
Asset resilience planning, including prioritising high-risk areas and asset types for 

resilience enhancement treatments, based on predictive risk modelling and analysis 

Awareness and 

Competency 
Asset resilience awareness and competency, including training of relevant staff 

Whole of Life 
Whole of Life asset resilience considerations and outcomes by projects, including 

embedding resilience considerations into new asset planning and design from the start 

Monitoring and 

Early Warning 
Asset vulnerability and resilience monitoring and early warning systems and processes 

Maintenance 
Maintenance planning and action effectiveness, including improved resilience-based 

inspections, maintenance intervention, and reactive maintenance outcomes 

Emergency 

Response 

Emergency response planning and actions during and after a risk event, including review, 

design, and exercises to improve operations staff readiness to respond to, and recover 

from, risk events 

Service Outcomes 
Transport service outcomes for customer’s needs under a wide range of natural hazard 

and human-induced risk conditions 

Future Climate 

Projections 

Incorporation of future climate projections into asset management plans, and updating 

plans when new revised projections become available 

New and Existing 

Assets 
Focus on both new and existing assets, prioritising the most vulnerable and critical assets 

Centralised Data 

System 

A centralised data system that records extreme weather-related incidents across the 

whole transport network as well as any cross-correlations 

Consistent 

Approach 
A consistent approach to asset resilience management across the Transport cluster 
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The Strategy recognises the difference between the approaches to climate resilience at different levels in 

asset management. At a tactical level proactive planning and execution of resilience enhancement 

measures will be carried out on existing transport operational assets, with the intent of strengthening the 

resilience of those existing assets against predicted climate risks.  At an operational level reactive actions 

will be taken to respond to natural hazard and human-induced risk events to existing operational assets that 

were not foreseen, or where schedule and budget constraints had delayed earlier proactive asset resilience 

interventions. 

The Strategy seeks to encourage comprehensive asset resilience planning at the ASP and SASP level, 

including classification of individual asset system vulnerability. Asset Resilience Metrics are identified as 

measurable indicators of performance. Recommendations of supporting models and tools to be used by 

agencies to undertake detailed resilience planning are provided, including the Cross Dependency Initiative 

(XDI) tool which is discussed further in this paper (refer section 8.2.3).  

Potential lack of funding is identified in the Strategy as a constraint to achieving asset resilience objectives. 

It is recognised that funding for asset resilience action is a broad issue involving many parts of government 

beyond TfNSW, including NSW Treasury, Infrastructure NSW and Resilience NSW. This was also a finding 

of the NSW Auditor-General who found that prior to 2021 support provided by the Department of Planning, 

Industry and Environment (DPIE) to agencies for managing physical climate risks to their assets and services 

has been limited (Audit Office of NSW, 2021).  

TfNSW’s Asset Management Framework (TfNSW, 2021b) outlines how TfNSW fulfils the Asset 

Management Framework and SAMP requirements of TPP19-07 Asset Management Policy for the NSW 

Public Sector. It highlights the important connection between asset management, investment, and business 

decisions, and provides a foundational document that our divisions and agencies can align to while 

developing their asset management documents.  

The Framework includes information on resilience strategy by referring to the Asset Resilience Strategy 

(TfNSW, 2021d). In this context, resilience does not just relate to natural hazard risks (including climate 

change-related hazards) but to human-induced risks as well. TfNSW’s asset management objectives are 

generally focussed on traditional TfNSW performance indicators such as safety, performance, capacity, and 

movement and place, and do not explicitly mention climate change or resilience. 

4.2.2  POLICIES 

TfNSW’s Asset Management Policy (TfNSW, 2021e) focuses on themes such as ensuring a connected 

transport future and adopting a whole of lifecycle approach to asset planning that delivers fit for purpose, 

sustainable and reliable assets, whilst not explicitly mentioning climate change or resilience. The five 

objectives have a focus on achieving customer outcomes (refer Figure 4-2). Promoting a transparent and 

collaborative culture in relation to asset management is also explicitly identified within the Policy.  
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Figure 4-2: TfNSW’s objectives (Source: (TfNSW, 2021e)) 

TfNSW’s Transport Environment and Sustainability Policy (TfNSW, 2020) contains objectives relevant to 

asset management and climate resilience: 

 Resilience: embedding climate risk and resilience considerations into TfNSW’s activities; 

 Communication: communicating openly, responsively and empathetically with our customers, 

partners and stakeholders on environmental matters and performance; and 

 Social: recognising the social impacts and benefits of our activities. 

4.2.3  OTHER DOCUMENTS  

Further to the key strategy, policy and framework documents outlined above, TfNSW has also published 

standalone reports to highlight current performance and future vision around approaches to sustainability. 

The Transport Sustainability Report 2020-21 (TfNSW, 2021c) presents annual performance by TfNSW across 

a range of Sustainability Focus Areas (refer Figure 2-2). 

The extensive achievements for 2020-21 are predominantly related to new infrastructure projects. The main 

achievement identified in relation to existing assets is TfNSW’s involvement in the Cross Dependency 
Initiative (XDI) which is discussed later in this paper (refer to section 8.2.3). Overall, the Report places a 

greater emphasis on achieving climate change resilience in new projects compared to existing assets.  

 

4.3 RECENT INITIATIVES BY TFNSW 

TfNSW has a strong commitment to climate resilience, and this was echoed in the findings of this paper 

(refer section 6). While it is a relatively emerging issue for many other asset management organisations, 

TfNSW has taken several initiatives in this space towards planning for the impacts of future climate.  
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In recognition of the growing criticality of climate resilience for existing transport assets, TfNSW has 

undertaken several initiatives. These initiatives address recommendations of the strategy documents and 

consider climate resilience to the whole-of-network.  

Some key initiatives currently in progress or already completed by TfNSW include: 

 Development of the Future Transport Strategy and Asset Resilience Strategy -  

o In addition to higher level policies which have been recently updated (such as the Transport 

Environment and Sustainability Policy), these Strategies prepared in 2022 and 2021 

demonstrate TfNSW’s proactive approach to setting the vision and intent for how the 

organisation will address resilience (refer section 4.2). The Asset Resilience Strategy sets a 

strong and clear definition of resilience, and the Future Transport Strategy actively 

recognises the need to consider climate resilience of the transport networks in all decision 

making and the importance of collaboration with external asset owners for a network wide 

approach.  

 Update to road maintenance standards - 

o The move towards outcomes-based standards is a significant evolution in how TfNSW will 

maintain road assets. New standards will encourage a change from reactive and time-based 

maintenance to proactive and condition-based maintenance. The standards will also 

include new pre-event and post-event maintenance requirements for extreme climate 

events including floods and bushfires (refer section 7.2).  Outcomes based standards will 

allow for more flexibility in the approach towards maintenance and considerably improve 

the opportunities for building in climate resilience into existing transport assets.  

 Development of and participation in new data sharing platforms – 

o TfNSW have recently commenced development of the Network Resilience Planning Tool. 

The tool planned initially for internal use and incorporates asset and climate data to assist 

asset managers with prioritising asset management and climate resilience on a day-to-day 

basis. This will greatly improve efficiency in incorporating climate resilience into asset 

maintenance and in day-to-day thinking. Additionally, TfNSW are a major collaborator to 

the Cross Dependency Initiative (XDI) which includes partners across various NSW agencies 

and, within the Sydney area, other major asset owners. Both these tools are outlined in 

section 8.2.3. 

 Regional and Outer Metropolitan (ROM) division have recently established a Resilience Hub -  

o The Resilience Hub brings together dedicated resources to focus on incorporating climate 

resilience. This is a significant investment by TfNSW in creating dedicated resources to 

continue the strategic actions and focus on embedding climate resilience as part of ‘business 

as usual’ within TfNSW.  

The aim of the discussion and recommendations outlined in this paper are intended to build on the 

substantial work already in progress by TfNSW.  



5 .  I N D U S T R Y
P A R T I C I P A T I O N
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5 INDUSTRY PARTICIPATION 

Industry participation included consultation with individuals currently responsible for asset management, 

climate resilience and sustainability from seven branches within TfNSW. Workshops and interviews were 

undertaken with the volunteers to identify common themes when considering climate change challenges 

for TfNSW in their role as asset managers.  It is noted that the opinions of the volunteers are their own and 

do not necessarily represent the views of TfNSW.  

Additional consultation was undertaken with individuals from Greater Cities Commission, NSW Treasury 

(Office of Energy and Climate Change) and ConnectSydney who have had roles in climate risk management 

for infrastructure outside of TfNSW.  

 
Figure 5-1: Industry participation and assessment approach  

 

5.1 INITIAL WORKSHOPS 

An initial workshop session was attended by seven Executives and Directors of TfNSW each of whom are 

involved in either the asset management, sustainability or climate resilience sectors of TfNSW. At the 

preliminary scoping workshop held during May 2022, several typical challenges faced by TfNSW and other 

transport infrastructure asset managers were raised. Individuals generally felt that TfNSW were well 

positioned in considering climate resilience of existing assets but several challenges remain. Some of these 

challenges are currently being addressed by TfNSW. Individuals highlighted: 

 There is a need to focus on multiple climate events when considering asset resilience (bushfire, 

flood, extremes in temperature, landslides etc).  

 It will be challenging to implement a consistent standard of climate resilience across the whole NSW 

transport network. Several interviewees identified that, it is important to identify areas of the 

network most susceptible to climate change impacts and the best value approach to mitigating 

those identified risks and consideration of the entire network of existing transport would assist to 

identify priority areas where expenditure in upgrades or maintenance would return the most benefit 

both economically and to the communities. This is in keeping with the recommendations of Future 

Transport Strategy (refer section 4.2.1). 

 Though there is regular expenditure and regimes for maintenance, it was noted by some individuals, 

that expenditure on responding to extreme events has increased over the last 10 years and a reactive 

approach to maintenance specifically for climate resilience is often undertaken (i.e. climate event 

recovery). Some interviewees suggested that opportunities to be proactive and direct adaptation 

and resilience to those priority areas could provide better financial and community outcomes. 

 Typically the interviewees working at the strategic level highlighted that it may not be possible to 

design out all climate change impacts on existing infrastructure, however opportunities to improve 
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resilience such as reduced periods of road or rail closures, reduced maintenance and repair costs and 

improved safety of and damage to communities is important. 

 Some individuals suggested that the current approach to asset maintenance often requires like-for-

like maintenance, or in recovery repair situations a return to pre-damage condition. They felt that 

there can be little opportunity to improve an asset’s resilience to climate change at the same time 

and felt that the culture towards climate resilience of existing assets needs to change to enable a 

more proactive approach to building in climate resilience to asset maintenance practices.  

A follow-up meeting was held with key individuals to identify focus areas for the paper research and 

outcomes from which TfNSW and other transport asset owners could benefit. TfNSW has several well-

considered strategic documents in relation to climate and sustainability and therefore the discussions 

focused on finding what can be achieved within existing ‘Business as Usual’ to find ways to improve TfNSW’s 
ability to respond better to the impacts of climate change. 

   

5.2 INTERVIEWS AND WORKSHOPS  

Five interviews with a total of twelve TfNSW participants were conducted through August and September 

2022.  Interviews were held separately with people depending on their roles within TfNSW so that it was 

possible to identify where different departments had varying or similar opinions.  

 
Figure 5-2: Research participants from TfNSW   
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Table 5-1: Interview groups within TfNSW 

Branches Represented Responsibilities within TfNSW 
TfNSW 

Attendees 

1 

Environment & Sustainability Branch, Safety, 

Environment & Regulation Division (SER); and 

Sydney Trains  

Strategic consideration of climate 

resilience across TfNSW  4 

2 
Planning & Programs Branch, Regional & Outer 

Metropolitan Division 

Medium term transport planning, 

policy, environmental and customer 

outcomes and program prioritisation 

2 

3 
Planning & Programs Branch, Regional & Outer 

Metropolitan Division 

Medium term transport planning, 

policy, environmental and customer 

outcomes and program prioritisation 

2 

4 
Asset Management Branch, Safety, Environment & 

Regulation Division 
Asset management strategy and policy 2 

5 
Network & Assets Branch, Regional & Outer 

Metropolitan Division 
Existing asset maintenance  2 

 

The TfNSW interview discussions 

focused on challenges to improving 

climate resilience of existing assets, 

and opportunities for improved 

resilience of existing assets through 

the current TfNSW practices and 

frameworks.  

Further discussions were undertaken 

with individuals from Aurecon, 

Sydney Water, Greater Cities 

Commission and NSW Treasury 

(Office of Energy and Climate 

Change) which focussed mainly on 

the Cross Dependency Initiative 

platform (refer section 8.2.3) and 

general climate issues faced by asset 

managers. 

Consistent themes in the discussions 

were identified as outlined in section 

6.  

 

   Figure 5-4:  Interview Questions 



6 .  K E Y  T H E M E S
F R O M  A S S E T
M A N A G E M E N T
P R A C T I T I O N E R S
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6 KEY THEMES FROM ASSET MANAGEMENT PRACTITIONERS 

6.1 THEMES FROM INTERVIEWS  

The themes arising from each interview were identified to establish those common across different 

interviews and branches within TfNSW. A broad range of themes were raised. Notably different branches of 

TfNSW tended to have varying opinions and experiences. For example, those at a strategic level made more 

frequent mention of wider network solutions while those at the forefront of asset management noted 

standards and practices in limiting opportunities to improve asset resilience for climate change.   

The two most raised issues included an opportunity for culture change within TfNSW and collaboration with 

other asset owners (refer Figure 6-1). Underlying all areas of discussion was to focus on customer outcomes 

and find opportunities to improve customer outcomes through asset management works.   

 
Figure 6-1: Key themes from TfNSW interviews   
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Table 6-1: Summary of themes raised in TfNSW interview and through other industry participation 

Culture Change and 

understanding of resilience  

Whilst TfNSW has a strong focus and commitment to resilience, the 

understanding of resilience and how this applied to maintenance practices 

varied slightly between individuals. 

Some of the interviewees highlighted that organisational culture change 

towards incorporating climate resilience into everyday thinking could result in 

better long term and community and customer outcomes.  

It would appear that findings and recommendations of the Future Transport 

Strategy and Asset Resilience Strategy have not necessarily flowed into the 

ROM and Greater Sydney Asset and Services Plans yet due to both being recent 

strategies. 

Currently asset maintenance and disaster recovery projects are largely and 

understandably prioritised for safety and immediate need. There is less focus on 

prioritising asset management for climate resilience, although this is 

developing. 

Internal Collaboration 

 

TfNSW is large organisation, and this can mean opportunities for improving 

climate resilience of existing assets can be overlooked. Several of the individuals 

interviewed indicated that there is missed opportunity to enable different 

programs to work together to achieve more resilient outcomes. It should be 

noted this is, in part, due to how funding works for different programs. 

Data is available but not always easy to find or share in a large organisation. This 

is common amongst most large organisations and not a challenge only faced by 

TfNSW.  

Most individuals interviewed considered it essential that already ongoing 

collaboration in relation to climate resilience of existing assets be maintained 

and extended, with reference made to the importance of involvement of a 

range of people in decision making, with a mix of different knowledge and skills 

(for example, sustainability and climate experts, engineers, strategists, and 

people at function levels).  

Wider network solutions and 

external collaboration  

 

A common opinion of those interviewed was that wider network solutions 

should be considered for journey resilience rather than single asset resilience for 

better customer outcomes. This includes multi-modal solution and also use of 

transport assts managed by others.  

It was generally recognised, particularly by those at the strategic level, that 

understanding the climate resilience of alternative assets that may be outside of 

the TfNSW network, but could have better resilience to climate change may 

help improve customer outcomes and redistribute funding.  

Many felt that opportunities for considering the wider transport network are not 

always recognised due to multiple asset owners and lack of understanding of 

other’s assets. This challenge is also referenced in the NSW State Infrastructure 

Strategy (INSW, 2022). 

Data and tools 

 

Those working typically on reactive asset management felt that there is not 

much data on the Regional and Local Road network available to practitioners 

within TfNSW and shared data with other asset managers, such as local 

government (external collaboration) would improve decision making. 

Many indicated that while there is plenty of data, there is a general lack of 

accessible, consolidated, high quality, centrally stored data which is maintained 

and kept up to date. Improved data can provide the broader picture to asset 

planning.  
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The Network Resilience Planning tool currently being developed by TfNSW was 

also identified as a positive action towards improved data sharing and 

collaboration within TfNSW (refer section 8.2.30 below).  

Customer outcomes and 

community and stakeholder 

perceptions  

Customers’ perceptions of acceptable level of service affect the overall 

customer outcome and several individuals interviewed stressed that managing 

customer expectations though effective communication is critical to ensure 

customers understand upcoming events which may impact their travel 

reliability or safety.  

Where customers can be assisted to understand the need for periods of reduced 

service for longer term benefits, customer satisfaction is generally higher. 

Customers need to be supported to understand that some assets cannot be 

made completely climate resilient.  

Community involvement to assist in prioritising asset maintenance and 

incorporating climate resilience based on community needs (such as minimising 

isolation risks, ensuring access to hospitals etc) was also considered an 

important factor in asset resilience planning.  

Policy, standards and 

performance indicators   

 

Some interviewed individuals felt that there is limited ability to build back 

better within current approaches to maintenance and post-climate event 

recovery works. Often only like-for-like is allowed for and the need to recover 

quickly to return the asset to a useable state after damage from climate events 

can mean opportunities for incorporating climate resilience into works is lost. 

This was also echoed by people consulted outside of TfNSW acting in asset 

management roles for transport infrastructure.  

TfNSW are actively looking to improve this. New maintenance standards are 

being developed to respond to the increasing number of and intensity of climate 

change events which shift from time-based maintenance to condition-based 

maintenance (refer section 7.2).  

Funding and Procurement  

 

Those interviewed who work within the operation levels of TfNSW noted 

financial restrictions such as funding for maintenance often only allows for like-

for-like works and does not budget for improvement. 

The approach to considering climate change is improving, however some 

individuals commented that many past business cases did not adequately 

consider climate change and resilience. Interviewees suggested that climate 

resilience needs to be quantifiable, so it can be prioritised similar to other 

drivers such as safety and traffic capacity. The current approach results in new 

capital works projects and reactive maintenance projects being prioritised, 

however it is noted that this is something TfNSW are actively working on 

improving.  

Multi-modal solutions  A need for climate resilience to consider multi-modal solutions for climate 

resilience – for example road and rail, was also referenced by those involved at 

the more strategic level within TfNSW. 

 

6.2 CULTURE AND COLLABORATION –  COMMON THEMES  

All interviewees acknowledged that within TfNSW’s strategic approach for asset maintenance there is 

consideration for climate resilience. However, in nearly all interviews, a need to continually improve the 

culture towards a focus on climate resilience during asset maintenance was raised. Interviewees also raised 

opportunities for improvements in collaboration both internally and externally to allow for improved 
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decision making and ultimately improved customer outcomes. TfNSW participants frequently raised the 

need to further develop a culture where considering asset resilience to climate change becomes business as 

usual across both maintenance practices and the broader transport infrastructure portfolio. This is not to be 

unexpected as detailed strategies for climate resilience have only been recently completed and it takes 

some time for such strategic actions to be implemented throughout a large organisation.  

This paper therefore focusses on the themes of culture and collaboration and considers potential actions 

to improve culture and collaboration towards climate change management for existing assets.  



7 .  C U L T U R E
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7 CULTURE  

7.1 THE DEFINITION AND APPLICATION OF RESILIENCE  

TfNSW’s definition of resilience as per the Asset 

Resilience Strategy (TfNSW, 2021d) is strong and covers 

the three principles of resilience (refer section 2.3).  

Throughout the interview process some individuals 

indicated that, whilst there was a general understanding 

of resilience, they felt the understanding of climate 

resilience and how this applied to maintenance practices 

could be improved. The role of the individual tended to 

affect the understanding of the three principles of 

withstand, adapt and recover (refer Figure 2-4). Typically, 

those undertaking operational levels of asset 

management had a focus on maintaining assets as a like-

for-like with considerable focus on ‘recover’ following climate events. Less consideration was given to the 
‘adapt’ and ‘withstand’ principles. Those within strategic positions tended to consider all three principals 

with a focus on ‘adapt’ and ‘withstand’ to reduce time and costs spent on recovery and frequency of recovery 

works.  

Outcomes from the industry participation highlighted an opportunity to strengthen the alignment between 

those at the strategic level, the strategic documents and plans (refer section 4.2.1) and those in operational 

roles. Although those at an operational level have a remit to maintain level of service of the assets and 

minimise disruption to the transport network, opportunities for building climate resilience into asset 

management works could be optimised through a more comprehensive understanding of resilience. 

There is recognition in strategy documents such as the Future Transport Strategy (TfNSW, 2022) and 

TfNSW’s sustainability objectives (refer section 2.1) that climate should be considered in all decision making 

in relation to new and existing assets. As these overarching strategies have only recently been published, 

the objectives and actions are still filtering down to those at the operational level. 

 

7.2 CUSTOMER AND STAKEHOLDER PERCEPTIONS  

Another key theme of the interviews was managing the perception of the community (customers) towards 

climate resilience and asset maintenance. The relationship between impacted customers and TfNSW 

before, during and after climate change events is an important measure of the success of asset resilience 

practices. 

With regard to asset climate resilience, an example of the need for clear communication is the recently 

constructed replacement of Windsor Bridge. The new bridge opened in May 2022 and has improved 

evacuation times during flooding. However, many understood the bridge to be ‘flood proof’ (refer Figure 
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7-1) despite technical documents referring to the replacement bridge likely to be overtopped more 

frequently than the one in three year flood (SKM, 2021).  

 
Figure 7-1: Media headlines following 2021 and 2022 floods at Windsor Bridge indicating limited understanding of the 

community towards the actual climate resilience of the bridge    

Interviewees indicated that traditional maintenance practices involve predominantly calendar scheduled 

activities such as an annual maintenance regime. In recognition of the need to improve the climate resilience 

of existing assets, TfNSW are in the process of updating maintenance standards to outcome-based 

standards which include condition-based maintenance and event-based maintenance practices. Outcome 

based standards would drive actions such as clearing drainage features prior to a heavy rainfall event, closing 

the rail or reducing rail speeds prior to a heatwave and closing roads prior to likely flooding or landslides for 

example. 

This approach is a significant step and demonstrates TfNSW’s commitment to incorporating climate 

resilience into asset management. It has considerable benefits: 

 Outcome based standards which focus on a required outcome rather than specific action; 

 Improves overall level of service as reduces recovery times following climate events; 

 Prolongs life of asset by reducing climate event damage; 

 Reduces ongoing costs associated with repair and recovery after a climate event; 

 Reduces risk to TfNSW maintenance staff as they can act prior to, rather than during, a climate 

event; and 

 Increases level of safety for customers giving them more time to adjust their behaviour and detours 

them from hazardous areas. 

There is a chance that this change from reactive to proactive asset management could be perceived by the 

customer as being more disruptive than previous practices. However, the short-term response of the 

customer is outweighed by the overall benefits of this proactive approach. An example of where proactive 

asset maintenance behaviour is already generally well understood is hazard reduction burns prior to the 

bushfire season. Effective consultation with affected communities and customers can ease the transition of 

community perceptions towards asset maintenance in a similar way.   
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8 COLLABORATION  

8.1 COLLABORATION WITH OTHER ASSET MANAGERS  

The NSW State Infrastructure Strategy (INSW, 2022) and TfNSW’s Future Transport Strategy (TfNSW, 

2022d) both highlight the need to work with other agencies. Specifically, the Future Transport Strategy 

includes four actions under response P5.2 which seek to work with other agencies; to improve strategic 

oversight and coordination of resilience outcomes; to strengthen and embed resilience into network and 

place-based transport plans; and to identify infrastructure and service sector interdependencies and 

evaluate resilience outcomes to inform a coordinated approach to asset management, operational delivery 

and emergency response. 

The industry interviewee commented consistently that a whole-of-network approach which considers the 

transport network outside of TfNSW owned and managed assets would improve customer outcomes. A 

need to consider multi-modal solutions for improving network climate resilience was also identified as 

important in the longer term however, in the short-term interview participants identified the road transport 

network as an immediate area for focus where improvement could be incorporated within the existing 

TfNSW framework.   

One of the greatest opportunities for further collaboration with external parties raised by interviewees was 

the collaboration between TfNSW Regional and Outer Metropolitan (ROM) and local government. 

8.1.1  CONSIDERATION OF THE WIDER ROAD NETWORK  

While TfNSW are responsible mainly for State Roads, local governments are responsible for most Regional 

Roads and Local Roads. Local government is responsible for around 90% of the NSW road network by length 

(Local Government NSW, 2022). 

There is a large differential in the assets that are managed by TfNSW and local government; approximately 

18,000 km of road assets are under the care and control of TfNSW compared to approximately 195,000 km 

managed and owned by local government authorities. Further to this, it was highlighted by interviewees 

that not all relevant practitioners within TfNSW have visibility or access to the Local Government Road 

Network (LGRN) data, specifically regarding current road standards and condition and maintenance details.  

ROUTE SELECTION AND DETOURS  

With the increase in use of GPS routing, such as Google Maps, the LGRN is frequently used in day-to-day 

travel where a TfNSW state route exists. Google Maps travel advice for the route between Bathurst and 

Dubbo recommends that a driver exits the TfNSW owned Mitchell Highway (Route A32) to utilise the local 

government owned Burrendong Way to save three minutes of travel, refer Figure 8-1.   
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Figure 8-1: Route between Bathurst and Dubbo (Source: (Google, 2022a)) 

Whilst this recommendation is purely time based, it highlights the issue that TfNSW do not have control 

over which routes road users choose to utilise and can lead to users travelling on lower standard roads 

affecting customer safety and satisfaction outcomes. With an increased number of vehicles using a lower 

standard Local Road, a Local Road is likely to deteriorate faster. Improved information sharing and 

understanding of how the whole of the road network is utilised by customers could lead to better outcomes 

in funding distribution and network resilience to climate change.  

   
Figure 8-2 Mitchell Highway (left) and Burrendong Way (right) typical road conditions 
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When State Roads are affected by climate events, the interviewees noted that it is often preferred by TfNSW 

to divert traffic to other State Roads rather than Local Road alternatives. As raised in the interviews, there 

is not a great understanding within TfNSW of the LGRN, due not only to data sharing limitations but in some 

cases the lack of suitable and transferable data held by local authorities as asset managers. The reluctance 

to detour road users onto Local Roads is therefore largely due to the uncertainty of the condition and 

capacity of the local road. This can create inefficiency in detours, resulting in frustrated road users and poor 

customer outcomes.  

CLIMATE RESILIENCE OF STATE AND LOCAL ROADS 

Across NSW there are locations where a State Road may have a low resilience to climate and a nearby Local 

Road could provide a more climate resilient alternative route. One interviewee gave the example of 

Waterfall Way, a State Road and the preferred route for vehicles travelling west from the Pacific Highway 

at Raleigh towards Armidale. It is also marketed as a scenic tourist drive. Waterfall Way is susceptible to 

hazardous flooding and landslips and is frequently closed or reduced to one lane. In March 2021 there were 

five major and 12 minor landslips along the road making parts of the road impassable and damaging the 

road, road furniture and drainage assets. Further landslips in February 2022 also caused closures of sections 

the road.  

Following the 2022 February landslip, Melinda Pavey, the local member for Oxley, identified the need for 

alternative routes in this vicinity (The Macleay Argus, 2022). It was highlighted in the TfNSW interviews that 

North Bank Road, a Local Road located to the north of the Bellingen River, follows a similar path to Waterfall 

Way (refer Figure 8-5). North Bank Road is less susceptible to landslips and in the recent La Niña period 

floods was less affected by flooding than Waterfall Way.  

  
Figure 8-3: Flooding on Waterfall Way (source: (Nine News, 2022))  Figure 8-4: Waterfall Way under normal conditions (source: 

(Google, 2022b))  
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Bellingen Shire Council considers North Bank Road key to providing a resilient Local Road network and is 

currently spending $370,000 on road renewal works (Bellingen Shire Council, 2022). This is significantly less 

than the $87 million currently allocated to Waterfall Way from TfNSW (TfNSW, 2021f) for road safety 

improvements (excluding costs for flooding and landslip recovery). Although the areas of works on Waterfall 

Way covers a greater length of road, proportionally for the section near to North Bank Road the spending is 

greater on Waterfall Way.  

 
Figure 8-5: Proximity of State Road Waterfall Way and Local Road North Bank Road 

OPPORTUNITIES FOR IMPROVING CLIMATE RESILIENCE OF ASSETS THROUGH COLLABORATION  

There is often significantly more capital funding and maintenance investment for a State Road than a nearby 

Local Road, or alternative route; Waterfall Way and North Bank Road being an example of this. While 

upgrades to Waterfall Way are not just climate related (several safety improvements including widening, 

realignment and provision of overtaking opportunities) the funding is considerable compared to North Bank 

Road. Through enhancing the shared knowledge and collaboration between TfNSW and local government 

there may be opportunities to redistribute funding towards local roads which are required as key diversion 

routes during climate events. Having consideration for the whole-of-network benefits and constraints when 

making strategic funding and investment decisions could result in a more resilient road network not only for 

natural disasters, but for general safety and travel efficiencies.  

Collaboration between TfNSW and other asset owners is also useful in managing effective detours and 

limiting the impact on customers during climate events and through recovery. Improved effectiveness in the 

information and data sharing between TfNSW and local government would enable informed decisions 

during climate events and for overall network resilience strategies. With a developed understanding of the 

condition and climate resilience of non-TfNSW assets, TfNSW would be able to make more informed 

decisions on diversions from affected State Roads during climate events rather than a reliance on other 

State Roads. Improved customer outcomes would include reduced journey times for example and less 

impact on other State Roads.  

 

8.2 USE OF DATA TO SUPPORT COLLABORATION 

Effective collaboration relies on strong communication, defined responsibilities, and agreed outcomes. The 

accessibility of suitable data is also important to assist in informed decision making. Since 2018, TfNSW has 
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shown itself as a leader in digital technologies through its Digital Engineering Framework Program, which 

has transformed public sector digital capability and driven a step change in overall industry productivity 

(SAP, 2022). However, the issue of data sharing was raised frequently in the interviews as limiting 

opportunities for both internal collaboration and stakeholder collaboration.  

8.2.1  EXTERNAL DATA SHARING  

Considering the whole-of-network, a common theme from asset managers interviewed was the need for 

easily accessible, current and accurate data for the whole of the transport network including assets out of 

TfNSW’s remit. This is recognised in the Future Transport Strategy (TfNSW, 2022d) which recommends 

actions for mapping whole-of-network for vulnerability to climate change (action P56.4a). The industry 

participation identified that some tools exist but they are either not widely used or are limited by the 

datasets informing them (refer section 8.2.3). While data may exist or be developed for new transport 

infrastructure, for existing infrastructure the availability of suitable and accessible asset and climate data 

can be limited.  

Data useful for effective asset management is often held by and the responsibility of different asset 

managers or other external agencies and organisations and can be in different formats. For example, local 

government is generally responsible for floodplain mapping in NSW. These studies are normally focused on 

population centres and often provide limited information of value to the wider transport network between 

populated areas.  Although a single source of flood information is available in NSW through data platforms 

such as the NSW SES Flood Portal1, data is not in easily accessible GIS formats and often does not extend in 

sufficient detail across the full transport networks within NSW.  

Within TfNSW it is important to ensure that those responsible for managing assets for long term climate 

resilience and during climate events and subsequent recovery works have access to appropriate data to 

make informed decisions that are optimised for the whole of the network. Improved data sharing will lead 

to better customer outcomes through: 

 Improved understanding of the climate resilience of TfNSW’s transport network as well as the wider 
transport network; 

 Effective climate incident and road closure detours with reduced impact on journey times or other 

network assets; 

 Improved climate event evacuation planning and safety of people;  

 Prioritising of network maintenance and opportunities to build in climate resilience to existing 

assets; and 

 Re-distribution of funding for State, Regional and Local Roads considering event based and long-

term climate resilience.  

8.2.2  INTERNAL DATA SHARING  

Some interviewees felt there have been instances where projects at the same location are completed 

independently and therefore opportunities for incorporating climate resilient outcomes into works are 

 

1   NSW Flood Data Portal (NSW SES and NSW Government Department of Planning and Environment) 

https://flooddata.ses.nsw.gov.au/ 
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missed. An example given during an interview was that TfNSW would sometimes have two projects at the 

same location, although could be a number of years apart, aiming to achieve different outcomes (e.g. 

pavement rehabilitation versus safety improvements) that may be considered in isolation of each other. 

This is likely in part due to the complexity of the organisation and the overall size of the transport 

infrastructure portfolio, as well as the way in different funding sources are structured. One individual noted 

that the difference in timing of programs can make it difficult to align programs. For example, TfNSW's 

maintenance program typically has a ten year look ahead through the Asset & Services Plans, whilst many 

other recurrent programs, such as safety programs, work on an annual cycle. It is noted that this is a theme 

common with larger organisations and there is an opportunity for programs of works across functional areas 

to be combined and achieve greater resilience outcomes.  

8.2.3  TOOLS FOR DATA SHARING  

A number of tools exist for data sharing and two were focussed on as part of this paper being the two 

mentioned most through the TfNSW interviews and wider industry participation. TfNSW’s involvement in 
the Cross Dependency Initiative has been recognised as a key achievement towards TfNSW’s Sustainability 

Focus Areas and has benefit at a strategic level allowing collaboration with other asset managers outside of 

transport. The Network Resilience Planning tool, on the other hand, typically has a focus on transport assets 

within TfNSW.  

CROSS DEPENDENCY INITIATIVE PLATFORM 

The Cross Dependency Initiative (XDI) commenced in 2020 and is now managed by NSW Treasury 

(Department of Climate Change, Energy and the Environment) and developed through Climate Risk 

Engines. The XDI project involves partnering between agencies that own or operate critical infrastructure. 

TfNSW is a major collaborator along with Sydney Water, City of Sydney, NBN, energy providers and other 

asset owners. The XDI platform combines asset data from agencies and organisations involved and climate 

data from NSW and Australian Regional Climate Modelling (NARCliM 1.5). Projections used are expected to 

be updated in future iterations once the NSW Government NARCliM 2.0 climate data is released. 

 
Figure 8-6: Asset managers involved in the Cross Dependency Initiative. Extract from TfNSW website (TfNSW, 2022e)   

The XDI platform is intended to assist NSW government agencies and local government understand the 

impacts that climate change may have on their assets and infrastructure and the interdependencies 

between asset owners. The platform is designed to assist asset managers to collaborate and work together 

where risks may be shared so that affected providers can contribute to the cost of upgrading or replacing an 

asset creating considerable savings compared to adopting their own assets.  The XDI platform can be used 

as a baseline of climate related risk metrics that could take into consideration evolving climate change 

projections alongside specific asset data and provide qualitative outputs (Table 8-1).  
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Table 8-1: XDI tool outputs 

XDI Output Description 

Risk Valuation 

(Risk Cost) 

 Vulnerability, asset value and likelihood of damage from hazard each year 

 $ annual damage cost 

 Highlights financial exposure 

Relative Risk Quantification 

(Value at Risk) 

 Risk cost divided by the asset value 

 % of asset vulnerability 

 Allows comparison of risk when assets have different financial value 

Disruption 
 Likelihood (% chance in a year) the asset may be inoperable from climate 

related hazards 

Dependency  Likelihood (%) the asset may be inoperable due to dependency 

Based on the number and type of assets in any given area the XDI platform also estimates the average and 

total risk cost associated with repairing the asset due to damage from a selected climate event. The XDI tool 

provides visual and qualitative outputs highlighting climate risk over time and dependencies of assets and 

can be viewed for SA2 level2. When the data is further interrogated, and a specific asset is selected the user 

is able to view indicative information of any climate related hazard that may affect it and understand 

indicative values of the associated risk if the asset is affected.  

 
Figure 8-7: Change in climate risk to assets over time (XDI output) (supplied: NSW Treasury) 

A major advantage of the tool is the ability to include multiple assets from multiple asset users. In the 

context of asset management in TfNSW, this could assist in the decision-making process. For example, a 

decision may be made to prioritise improving the climate resilience of assets that may be critical routes to 

hospitals, evacuation centres and critical infrastructure such as power supply.  The tool has the ability to be 

updated but at present presents a fixed moment in time. The value of the XDI platform relies on the ability 

to frequently update asset and climate data. 

 

2 Statistical Areas Level 2 (SA2) are medium-sized general purpose areas built up from whole Statistical Areas Level 1. Their purpose 

is to represent a community that interacts together socially and economically. They are smaller than local government areas. 

https://www.abs.gov.au/statistics/standards/australian-statistical-geography-standard-asgs-edition-3/jul2021-jun2026/main-

structure-and-greater-capital-city-statistical-areas/statistical-area-level-2 
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The XDI tool is identified in TfNSW’s Asset Resilience Strategy (refer section 4.2.1) as a decision support 

model along with other tools. However, not all TfNSW interview participants in asset management 

operations were aware of the XDI platform and its capabilities. In 2021 the Audit Office of NSW found that 

some agencies have used the XDI platform to generate reports on their assets and some others are not 

aware of it. They identified that there is also a need to establish appropriate governance and data sharing 

protocols between participating agencies (Audit Office of NSW, 2021). 

NETWORK RESILIENCE PLANNING TOOL  

A need for data sharing through appropriate platforms was identified as part of the interviews. A recent 

initiative by TfNSW to address this issue is the development of the Network Resilience Planning Tool.  This 

is a significant positive step by TfNSW and shows their commitment to incorporating resilience into asset 

management. The tool has been developed and is being adopted by ROM for TfNSW’s use outside of the 

Greater Sydney area. It brings in several datasets from various sources to assist asset management planners 

and practitioners to incorporate resilience in their day-to-day activities and is a good example of a 

collaborative, online data sharing platform that encourages the incorporation of resilience.  It is different 

from the XDI platform in that it utilises more road-based data to assist decision making. For example, the 

Network Resilience Planning tool will have sub network ranking (importance of the route for general traffic 

and freight) to allow certain routes to be prioritised over others. 

The tool is intended to enable TfNSW to make informed decisions for prioritisation of asset management 

and understand impacts to assets considering various factors through a multi-criteria analysis approach. 

This is intended to allow ease of decision making at any point in time, however is dependent on having large, 

up to date data sets of network, asset and climate information.  

 
Figure 8-8: Data output from NRP tool (Source: Supplied TfNSW) 

As with all models it is essential that data sets are current, which presents a challenge due to the frequently 

changing attributes of the underlying data sets such as asset condition. Automation of data updates and 

prioritisation within the tool itself is essential to ensure the tool is used, and used consistently, by 

practitioners in decision making. 
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A potential future addition to the tool would be the addition of the Regional and Local Road network in 

collaboration with local government. This would support a whole-of-network approach rather than route-

based approach to climate resilience. The limited availability of suitable quality and appropriate formatted 

data for Regional and Local Roads and the overall length of Regional and Local Road network presents a 

significant challenge to realising this. 

8.2.4  INCORPORATING EXISTING TOOLS INTO CURRENT PRACTICE 

There is a significant opportunity to utilise tools such as the XDI platform and the Network Resilience 

Planning Tool to better inform and aid in planning for projects for asset maintenance and renewal targeted 

in areas where the effects of climate events are likely to be significant. Using the tools, assets that are of a 

high priority to the community and stakeholders and at high risk of climate effects can be prioritised. 

Combining data sets of both TfNSW internal and external asset managers can assist to align long term asset 

management objectives and better manage climate event disruptions over the wider network. 
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9 RECOMMENDATIONS  

Five recommendations have been made focussing on the themes of culture and collaboration, aiming to 

build on TfNSW’s already strong platform for incorporating climate resilience into asset management. Three 

recommendations of the paper seek to focus on further strengthening the culture towards climate resilience 

of existing assets. A further two recommendations look to opportunities for improving both internal and 

external collaboration. TfNSW are largely aware of the issues that have been highlighted in this paper, and 

these recommendations are made in the interest of summarising and advancing improvements to current 

practices and initiatives.  

While the focus of the paper is largely on the road network managed by TfNSW, the recommendations have 

been developed to also be relevant to other transport networks and to other asset managers.  

 

9.1 STRENGHTENING THE CULTURE TOWARDS IMPROVING CLIMATE 

RESILIENCE OF EXISTING ASSETS  

Through the interviews, some individuals felt the definition of resilience was understood slightly differently 

across the TfNSW branches. While some identified with the three principles of withstand, adapt and recover 

(refer Figure 2-4), the ‘adapt’ principle was not always considered and there was considerable focus on 

‘recover’ (refer section 7.2).  

Strategic documents note that climate should be considered in all decisions and raise the need to consider 

opportunities to improve climate resilience of existing assets through maintenance and post-climate-event 

recovery works (refer section 4). Despite documents such as the Future Transport Strategy (TfNSW, 2022d) 

identifying actions such as incorporating climate adaptation measures in the design and construction of 

replacement assets, the research and interviews undertaken for this paper identified a number of 

constraints in improving the climate resilience of assets as part of day-to-day maintenance practices: 

 Ability to incorporate climate change resilience into maintenance and recovery works can be limited 

through current procedures and funding for maintenance often only allows for a like-for-like without 

budget for improvement. 

 A need to return the asset to a serviceable state within time constraints may mean there is little time 

for considering improvement. 

 While Strategies and Plans seek to consider climate change in asset management and it is 

considered at the strategic and tactical levels within TfNSW, at the operational levels focus can 

sometimes be limited to quick response and recover to meet TfNSW customer outcome objectives.  

With reference to the later point, there would be benefit in encouraging a clear understanding of climate 

resilience. A culture change towards ensuring climate is considered in all day-to-day decisions and activities 

in line with TfNSW’s sustainability focus areas and goals (refer section 2.1) and documents such as the 

Transport Environment and Sustainability Policy (TfNSW, 2020) and Future Transport Strategy (TfNSW, 

2022d). It should be noted that these overarching strategies are recent strategies and are still filtering 

through to day-to-day activities, as would be expected. In addition, further opportunities to improve 

community perceptions towards asset maintenance and climate events and recovery works would assist in 

achieve customer satisfaction targets.  
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The three recommendations for enhancing culture towards incorporating climate change resilience into 

existing assets include: 

 Ensuring there is a clear understanding of resilience; 

 Development of a robust culture change management plan, building on the already strong platform 

and commitment within TfNSW towards climate resilience and ensuring this translates into 

‘business as usual’; and 

 improve customer perceptions of asset management for climate resilience.  

 

9.1.1  RECOMMENDATION ONE –  Establish a Clear Understanding of Resilience  

 

TfNSW’s Asset Resilience Strategy (TfNSW, 2021d) adopted a well-worded definition of resilience which 

considers adaptation to changing conditions as well as resilience to and recovery from disruption (refer 

section 4.2.1). Despite this definition, as an outcome from the interviews, it was notable that the 

understanding of resilience and how this applied to maintenance practices varied slightly across the 

branches within TfNSW; in some instances this being due to their strategic or operational focus (refer 

section 7.1). 

Some interviewees mentioned that the findings and recommendations of the Asset Resilience Strategy 

were still in the process of flowing into the ROM and Greater Sydney ASPs. Whilst both ASPs had 

commentary on resilience, the identification of interventions and incorporation of asset resilience to climate 

change could been strengthened. With the recent publication of the strategy and the ASP process 

continuing to mature within TfNSW, this is not unexpected as is the case with any new strategy in any 

organisation. 

A recommendation would be to strengthen the definition of asset resilience and how it applies to roads 

maintenance, whilst also ensuring the Asset Resilience Strategy flows into ASPs and maintenance practices. 

This would include ensuring the Asset Resilience Strategy is broadly distributed to asset managers and could 

include provision of worked examples showing the flow of findings from the Strategy into ASPs and 

maintenance practices. This finding would also flow into the development and implementation of a Culture 

Change Management Plan (recommendation two). 

 

Establish a Clear Understanding of Resilience 
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9.1.2  RECOMMENDATION TWO –  IMPLEMENT A CULTURE CHANGE MANAGEMENT PLAN 

 

A cultural shift in both government and private sector thinking is required to challenge historical practices, 

particularly with resilience becoming more of a focus in recent years. Further commentary to come out of 

the interviews with TfNSW participants was that, whilst resilience was widely recognised as a priority for the 

organisation, on occasion asset managers reverted to historical practices in terms of asset maintenance 

planning and implementation. This was suggested as being a result of both it being easier to not change, as 

well as a lack of guidance or flexibility and contracted agreements and/or standards. 

Asset Management Branch within TfNSW is currently converting existing asset management standards into 

outcome-based standards (refer section 7.2). This is significant step in demonstrating TfNSW’s commitment 
towards climate resilience and should assist in challenging asset managers to move away from historical 

practices. This would encourage adoption of innovative asset management practices that both incorporate 

resilience and a focus on outcomes. Further work to address culture would be beneficial, however, to ensure 

practices do not revert to historical approaches and build on the already strong foundation within TfNSW to 

incorporating climate resilience is considered in a ‘business as usual’ approach. 

A robust Culture Change Management Plan would be beneficial in assisting to ensure consideration of asset 

resilience to climate change is incorporated into day-to-day asset management planning and practices at all 

levels within TfNSW. It would also encourage those engaging with external stakeholders to make sure that 

asset resilience to climate change is considered. This Culture Change Management Plan could sit alongside 

the Asset Resilience Strategy and the change to outcomes based standards and could be incorporated as an 

overall Enterprise Resilience Program in ensuring asset resilience capability is strengthened across the 

business. This could include the provision of worked examples showing the flow of findings from the 

Strategy into ASPs and maintenance practices. 

The Culture Change Management Plan would outline a clear path to convert existing practices, where they 

are required to change, and ideas to a new culture incorporating resilience. It would be critical for the plan 

to address stakeholder engagement as well as change management methods including appropriate training 

and continuous improvement. 

Implement a Culture Change Management Plan 
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9.1.3  RECOMMENDATION THREE –  I M P R O V E  C U S T O M E R  P E R C E P T I O N S  T O W A R D S  A S S E T  M A N A G E M E N T  F O R  C L I M A T E  R E S I L I A N C E  

 

Whilst TfNSW has well defined frameworks for engaging with the community and stakeholders, 

engagement on routine maintenance type activities can be limited to simply notifying the community that 

TfNSW may be present on a particular road during a certain time period and the potential for noise and 

traffic impacts. 

In instances where TfNSW transitions to outcomes-based approaches to maintenance (refer section 7.2), 

there is a significant opportunity to engage with the community and stakeholders to inform them of this 

approach. In the example in section 7.2 (closing a road before a predicted large rainfall event), this would 

require a comprehensive communication strategy to explain the rationale to the public so that the proposed 

course of action is credible in the view of the community. It is important to inform the community of ‘The 
Why’ and the longer-term benefits regarding improved climate resilience of the asset.  

Community perception, and therefore customer satisfaction, is a significant barrier to transitioning from the 

traditional practice of reactive maintenance (recovery works) to climate events. However, it is outweighed 

by other benefits including safety to customers.  Consultation and clear communication can reduce the 

initial negative reaction (refer section 7.2).  

A Community and Stakeholder Engagement Framework for routine maintenance, tailored to consider 

proactive maintenance for climate resilience would help to achieve support of the community. It would be 

critical for this Framework to consider both short- and long-term requirements, such as: 

 Longer term – working with councils to explain new maintenance standards and awareness 

campaigns for customers; and 

 More immediate / pre-event – provide alerts to customers for upcoming extreme weather events 

and expected maintenance or network closure actions. 

A tailored approach is critical in achieving acceptance from the community and stakeholders and realising 

resilience outcomes. Strong engagement with the community and stakeholders has significant additional 

benefits in achieving resilience outcomes, such as raising the awareness of climate risk and resilience within 

the community. If TfNSW can achieve the same level of acceptance within the community as hazard 

reduction burns prior to the bushfire season for example, it will be of significant benefit. 

 

Improve Customer Perceptions Towards Asset Management 

for Climate Resilience 
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9.2 IMPROVING CLIMATE RESILIENCE OF EXISTING ASSETS THROUGH 

COLLABORATION  

TfNSW’s Future Transport Strategy (TfNSW, 2022d) includes specific actions for TfNSW to work with other 

agencies to minimise disruption and create a transport network that is resilient and adaptable to shocks and 

stresses including climate events and future climate changes (refer section 4.2). The strategy is new and at 

this time these actions have not yet filtered down to all asset managers, as would be expected with any new 

strategy. 

One of the frustrations mentioned by many of the interviewees was the challenges around collaboration, 

both internal and externally. Feedback generally focused on two areas: 

 Better collaboration with other asset managers such as local government would improve overall 

customer outcomes; and 

 Access to quality and easily used data would make decision making more efficient both internally 

and externally.  

TfNSW has made significant steps in data sharing with reference specifically to climate resilience (refer 

section 8.2.3). The Cross Dependency Initiative was noted in the Transport Sustainability Report 2020-21 

(TfNSW, 2021c) as a key achievement and allows collaboration with other asset owners including water, 

electricity and telecommunications. Internally within TFNSW the Network Resilience Planning tool seeks to 

combine datasets and assist asset management planners to incorporate climate resilience.  

The two recommendations for improving collaboration to allow for better consideration of climate resilience 

in asset management are explored further in this section and include: 

 Encouraging external collaboration to deliver whole of network outcomes  

 Improving internal collaboration allowing consolidated works programs with TfNSW to deliver 

projects with climate resilience as an outcomes  

 

9.2.1  RECOMMENDATION FOUR –  E N C O U R A G E  E X T E R N A L  S T A K E H O L D E R  C O L L A B O R A T I O N  A N D  D A T A  S H A R I N G  

 

Stakeholder collaboration is key to managing customer outcomes. Tools such as the XDI platform have been 

invested in by TfNSW which allow collaboration with other asset managers to better address climate 

resilience and response to climate events. While this platform is beneficial at a strategic and tactical level, 

at an operational level more detailed asset understanding can be required, for example when considering 

climate event response and recovery on the road network (refer section 8.1.1). 

Encourage External Stakeholder Collaboration  

and Data Sharing  
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A Stakeholder Collaboration Plan with a focus on climate resilience could be beneficial. It is recommended 

that the plan would address: 

 The need for a collaborative approach and the recommendations of the Future Transport Strategy 

(TfNSW, 2022d) and other similar documents;  

 An objective to improve whole-of-network resilience which provides the best customer outcomes 

regardless of road type and owner; 

 Collaboration with multiple asset owners to identify appropriate alternative routes; 

 The importance of maintaining accessible and up-to-date data between asset managers to allow 

informed decision making; 

 The methods for communication before, during and after a climate event to improve active decision 

making; and 

 Plans to consider long term climate resilience when planning road upgrades and maintenance.  

The plan should also be developed in consultation with local government asset managers to ensure that it is 

practicable for the users.  

In addition, involving local councils in the changes to TfNSW’s maintenance standards (refer section 7.2) 

could help the relationship between TfNSW and the local authorities including the focus on data sharing and 

shared funding initiatives (refer section 8.1).  If they are more aware of the approach that TfNSW is using on 

their assets and how it will affect their communities, the local government representatives can be a powerful 

resource in communicating these changes to the wider community assisting in achieving recommendation 

three.  They may also benefit from understanding the new method of condition-based and event-based 

maintenance and how they can implement it within their own maintenance regimes.   

 

9.2.2  RECOMMENDATION FIVE  -  C O N S O L I D A T E D  W O R K S  P R O G R A M S  W I T H  C L E A R  R E S I L I E N C E  O U T C O M E S  

 

The Network Resilience Planning tool being developed by TfNSW will assist in data sharing about asset 

details including the specific climate resilience of assets across the organisation. However, it was also 

identified through the TfNSW interviews that there was an opportunity for programs of works across 

functional areas to be combined and achieve greater resilience outcomes (refer section 6.2).  

Consolidating programs provides an opportunity for overall cost savings, which could be utilised for 

improved resilience outcomes. For example, cost savings could be realised by consolidating programs to 

minimise duplication of site establishment, traffic control and other shared costs, as well as a reduction in 

the level of redundant works. These cost savings at an individual project level could be reassigned to improve 

resilience outcomes, such as by opting for heavily bound pavement if there is a known flood risk. Considering 

Consolidated Works Programs with  

Clear Resilience Outcomes 
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the complexity of the TfNSW organisation and the overall size of the asset portfolio, it is critical to utilise 

online platforms to achieve consolidated programs of work. The most appropriate platform could be the 

adoption of a GIS based project mapping tool with the capability to draw data from existing TfNSW systems 

used for project planning and reporting. It should be noted that issues relating to funding such as for 

maintenance programs typically have a ten year look ahead through the Asset & Services Plans, whilst many 

other recurrent programs, such as safety programs, work on an annual cycle, making it difficult to truly 

align programs. This is largely due to policies from NSW Treasury and it is understood opportunities are 

being looked at within TfNSW to improve this. 

TfNSW already has a customer facing GIS 

based projects map (refer Figure 9-1), 

although this typically only includes major 

infrastructure projects. The development 

of a tool that incorporates all programs of 

work, particularly maintenance programs 

would be of significant benefit. A 

significant barrier to this, however, is the 

need for an automated system that draws 

information from existing TfNSW 

platforms used for project planning and 

tracking. An additional limitation is the 

consistency of geographic information 

contained within existing TfNSW systems. Reliance on a manual system would be very likely to be 

unsuccessful due to the significant size of the overall asset portfolio. 

There is also an opportunity to accommodate program consolidation through ASPs as they continue to 

mature. A key requirement of the Asset Management Policy for the NSW Public Sector (NSW Treasury, 

2019) is the preparation of SAMPs and ASPs (refer section 4.1). As ASPs continue to mature, there is an 

opportunity to incorporate consolidated programs to achieve these same benefits discussed in improving 

resilience outcomes. 

Figure 9-1: TfNSW project map (source (TfNSW, 2022f)) 



1 0 .  S U M M A R Y
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10 SUMMARY   

This paper sought to address: 

What can be done to improve decision making and customer outcomes 

in relation to climate resilience within the existing TfNSW asset 

management framework? 

Through interviews with individuals working within the asset management, climate and sustainability 

branches of TfNSW, it was apparent that TfNSW has a positive attitude towards climate resilience and, while 

it is a relatively emerging issue for many other asset management organisations, TfNSW has taken several 

initiatives in this space towards planning for the impacts of future climate. Recent strategies withing TfNSW 

such as the Future Transport Strategy, have a strong focus on climate resilience.  

The industry participation and interview process identified a number of ongoing challenges in relation to 

improving the climate resilience of existing assets. The key themes varied often depending on the 

responsibilities and branch in which individuals within TfNSW worked. However, culture towards 

incorporating climate change resilience into existing assets and collaboration both internally and with 

external asset managers was a consistent theme. Recommendations therefore are focused on further 

enhancing the culture and collaboration towards climate resilience within asset management.  

Recommendations of the paper, while focused on TfNSW, can be relevant for other asset managers 

including local government, infrastructure operators, and transport authorities outside of NSW.   

 

1. Establish a clear 

understanding of resilience  

2. Implement a Culture Change 

Management Plan

3. Improve customer 

perceptions towards asset 

management for climate 

resilience

4. Encourage external 

stakeholder collaboration and 

data sharing

5. Consolidate programs of 

work with clear resilience 

outcomes

RECOMMENDATIONS 
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13 ACRONYMS 

 

AEP Annual Exceedance Probability 

AIDR Australian Institute for Disaster Resilience 

AMP Asset Management Plan  

ASP Asset and Services Plans 

CAPEX Total Capital Expenditure 

DPE Department of Planning and Environment 

DPIE Department of Planning, Environment, and Industry (now DPE) 

GIS Geographic Information System  

GS Greater Sydney 

IPCC Intergovernmental Panel on Climate Change  

LGA Local Government Area 

LGRN Local Government Road Network 

NRP tool  Network Resilience Planning tool  

NSW New South Wales 

OPEX Total Ongoing Expenditure 

RMCC Road Maintenance Council Contracts 

ROM Regional and Outer Metropolitan 

SASP Strategic Asset and Services Plans  

SAMP Strategic Asset Management Plan 

SRAP Sydney Road Assets Performance 

TfNSW  Transport for New South Wales  

TOTEX The sum of total recurrent expenditure (Opex) and total capital expenditure (Capex). 

UNDRR United Nations Office for Disaster Risk Reduction  

XDI Cross Dependency Initiative 

 

 


