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Important message 

This document is one of a set of standards developed solely and specifically for use on Transport Assets (as defined in the Asset 
Standards Authority Charter). It is not suitable for any other purpose. 
The copyright and any other intellectual property in this document will at all times remain the property of the State of New South Wales 
(Transport for NSW).  
You must not use or adapt this document or rely upon it in any way unless you are providing products or services to a NSW 
Government agency and that agency has expressly authorised you in writing to do so. If this document forms part of a contract with, or 
is a condition of approval by a NSW Government agency, use of the document is subject to the terms of the contract or approval. To be 
clear, the content of this document is not licensed under any Creative Commons Licence. 
This document may contain third party material. The inclusion of third party material is for illustrative purposes only and does not 
represent an endorsement by NSW Government of any third party product or service. 
If you use this document or rely upon it without authorisation under these terms, the State of New South Wales (including Transport for 
NSW) and its personnel does not accept any liability to you or any other person for any loss, damage, costs and expenses that you or 
anyone else may suffer or incur from your use and reliance on the content contained in this document. Users should exercise their own 
skill and care in the use of the document.  
This document may not be current and is uncontrolled when printed or downloaded. Standards may be accessed from the Asset 
Standards Authority website at www.asa.transport.nsw.gov.au 
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Preface 
The Asset Standards Authority (ASA) is a key strategic branch of Transport for NSW (TfNSW). 

As the network design and standards authority for NSW Transport Assets, as specified in the 

ASA Charter, the ASA identifies, selects, develops, publishes, maintains and controls a suite of 

requirements documents on behalf of TfNSW, the asset owner. 

The ASA deploys TfNSW requirements for asset and safety assurance by creating and 

managing TfNSW's governance models, documents and processes. To achieve this, the ASA 

focuses on four primary tasks: 

• publishing and managing TfNSW's process and requirements documents including TfNSW 

plans, standards, manuals and guides 

• deploying TfNSW's Authorised Engineering Organisation (AEO) framework 

• continuously improving TfNSW’s Asset Management Framework 

• collaborating with the Transport cluster and industry through open engagement 

The AEO framework authorises engineering organisations to supply and provide asset related 

products and services to TfNSW. It works to assure the safety, quality and fitness for purpose of 

those products and services over the asset's whole-of-life. AEOs are expected to demonstrate 

how they have applied the requirements of ASA documents, including TfNSW plans, standards 

and guides, when delivering assets and related services for TfNSW. 

Compliance with ASA requirements by itself is not sufficient to ensure satisfactory outcomes for 

NSW Transport Assets. The ASA expects that professional judgement be used by competent 

personnel when using ASA requirements to produce those outcomes. 

About this document 

This document provides guidance on integrating natural and engineered ecological systems into 

the TfNSW Transport network.  

This document is the first issue. 
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1. Introduction 
Green Infrastructure (GI) refers to both natural and engineered ecological systems and 

networks designed as a multifunctional resource capable of delivering ecological services. 

These services include the following: 

• resilience to extreme heat  

• mitigation of urban heat island effect  

• stormwater run-off reduction  

• water and air quality improvement  

• carbon sequestration and storage 

• aesthetic amenity  

• biodiversity  

• biophilia benefits 

• encouragement of active transport 

• place-making 

These services from GI are important to the general public, Transport for NSW (TfNSW) 

customers and neighbours. It is therefore crucial that GI along with other sustainable solutions 

form part of planning and design thinking from the outset of a project, rather than being treated 

as an ‘add on’, and should be factored in when making Transport decisions. 

2. Purpose 
The objective of this guide is to help identify opportunities to integrate GI during the planning 

and design of assets within TfNSW Transport network. Examples of these assets include but 

are not limited to the following: 

• station precinct 

• road and rail corridors 

• buildings 

• customer and community facing vertical structures 

• bus stops 

• car parks 

• wharves 
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• transport interchanges 

• motorway rest areas 

This guide supports and helps achieve the customer and environmental outcomes set in the 

Transport Outcomes Framework. The guide also allows TfNSW to meet its obligations under the 

Transport Administration Act 1988 in relation to the ‘delivery of transport services in an 

environmentally sustainable manner’. 

Application of this guide will do the following: 

• raise awareness of the importance of integrating GI elements into the transport networks to 

maximise ‘ecosystem services’ for Transport, its customers, and communities 

• help provide a balanced approach between integrating ecologically sustainable 

development (ESD) and providing transport services 

• support good place-making in Transport precincts 

• offset impact on vegetation and biodiversity associated with individual Transport projects 

(refer to TfNSW Vegetation Offset Guide, version 3.0) 

• generate points under the TfNSW Sustainable Design Guidelines and other sustainability 

rating tools 

2.1. Scope 
This document sets out the different ways of integrating GI within the TfNSW Transport network.  

This guide covers the following: 

• environment, community, and economic benefits of GI 

• key considerations for the whole-of-life of the TfNSW Transport network 

• the interface between authorised engineering organisations (AEOs) 

This guide will help implement various national and State regulations and policies including 

Transport for NSW policies on sustainability.  

Discussions of the regulatory and other related policies to help develop the intent of the 

document are provided in Appendix B. 

The following items are outside the scope of this guide: 

• weed control procedures 

• legislative requirements for vegetation clearing 

• specific species list 

• bush fire management plan and related legal requirements 
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2.2. Application 
This guide is intended for anyone responsible for, or involved in, the planning, design, delivery, 

and operation and maintenance of future Transport assets that may impact on the level of GI 

available for Transport's customers and neighbours, and the public.  

3. Reference documents 
The following documents are cited in the text. For dated references, only the cited edition 

applies. For undated references, the latest edition of the referenced document applies. 

Transport for NSW standards 

ESC 215 Transit Space 

SPG 0706 Installation of Trackside Equipment 

T HR CI 12105 ST Vegetation Hazard Management in the Rail Corridor 

T HR EL 08011 ST Overhead Wiring Maintenance Standard 

T HR RS 00100 ST RSU 100 Series – Minimum Operating Standards for Rolling Stock – 

General Interface Standards 

T LR RS 00100 ST LRU 100 Series – Minimum Operating Standards for Light Rail Vehicles – 

General Interface Standards 

T MU AM 01001 ST Life Cycle Costing 

T MU AM 01005 ST Asset Handover Requirements 

T MU AM 02001 ST Asset Information and Register Requirements 

Legislation 

Environmental Planning and Assessment Act 1979 

Protection of the Environment Administration Act 1991 

Protection of the Environment Operations Act 1997 

Transport Administration Act 1988 

Other reference documents 

Adapt NSW 2015, Urban Green Cover in NSW – Technical Guidelines, NSW Office of 

Environment and Heritage, viewed 11 October 2017, 

http://climatechange.environment.nsw.gov.au 

Austroads 2015, Guide to Road Design Part 6B: Roadside Environment 

Blair J, Roldan C, Ghosh S, Yung SH 2017, Greening Rail Infrastructure for Carbon Benefits, 

Procedia Engineering, Volume 180, 2017, Pages 1716-1724 
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City of Sydney 2014, Green roofs and walls, http://www.cityofsydney.nsw.gov.au 

Coates, L, Haynes, K, O’Brien, J, McAneney, J, de Oliveira 2014, Exploring 167 years of 

vulnerability: An examination of extreme heat events in Australia 1844–2010, Environmental 

Science & Policy 42 (2014) 33–44 

Country Fire Authority 2012, Plant selection key, http://www.cfa.vic.gov.au 

Department of Health 2014, The health impacts of the January 2014 heatwave in Victoria, State 

Government of Victoria, Melbourne, https://www2.health.vic.gov.au 

Department of the Environment and Energy 1992, National Strategy for Ecologically 

Sustainable Development, Australian Government, ISBN 0 644 27253 8 

Department of Sustainability, Environment, Water, Population and Communities (now 

Department of the Environment and Energy) 2009, Evaluating Options for Water Sensitive 

Urban Design - A National Guide 

Government Architect NSW 2017, Better placed A strategic design policy for the built 

environment of NSW  

Greater Sydney Commission 2017, Delivering Sydney’s Green Grid, https://www.greater.sydney 

Huang, C, Barnett, AG, Xu, Z, Chu, C, Wang, X Turner, LR, Tong, S 2013, Managing the Health 

Effects of Temperature in Response to Climate Change: Challenges Ahead, Environmental 

Health Perspectives 121:415–419 (2013), DOI: 10.1289/ehp.1206025, ehp.niehs.nih.gov 

Industry Safety Steering Committee (ISSC) 3 2016, Guide for the Management of Vegetation in 

the Vicinity of Electricity Assets, Department of Planning and Environment 

Intergovernmental Panel on Climate Change (IPCC) 2012, Managing the Risks of Extreme 

Events and Disasters to Advance Climate Change Adaptation 

National Climate Change Adaptation Research Facility (NCCARF) 2013, A spatial vulnerability 

analysis of urban populations during extreme heat events in Australian capital cities 

National Climate Change Adaptation Research Facility (NCCARF) 2013, Policy Guideline Briefs 

NSW Department of Environment and Conservation (now the NSW Office of Environment and 

Heritage) 2005, Air Pollution Economics: Health Costs of Air Pollution in the Greater Sydney 

Metropolitan Region, ISBN 1-74137-736-6 

NSW Department of Planning and Environment 2014, A Plan for Growing Sydney 

NSW Department of Urban Affairs and Planning 2001, Crime prevention and the assessment of 

development applications - Guidelines under section 79C of the Environmental Planning and 

Assessment Act 1979 document) 

NSW Environment Protection Authority 2013, Methodology for Valuing the Health Impacts of 

Changes in Particle Emissions – Final Report 
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NSW Office of Environment and Heritage, Atlas of NSW Wildlife, http://www.bionet.nsw.gov.au 

NSW Rural Fire Service 2017, Check if you're in bush fire prone land, http://www.rfs.nsw.gov.au 

Plant, L 2016, Making the case for planning and investment in green infrastructure: a case study 

of street trees and property value impacts in Brisbane  

Rambaldi, A, Fletcher, CS, Collins, KA, McAllister, RRJ 2013, Housing Shadow Prices in an 

Inundation-prone Suburb, DOI: 10.1177/0042098012465904 

Sharifi, E, Lehmann, S 2014, Comparative Analysis of Surface Urban Heat Island Effect in 

Central Sydney, DOI: 10.5539/jsd.v7n3p23, Journal of Sustainable Development; Vol. 7, No. 3; 

2014 ISSN 1913-9063 E-ISSN 1913-9071 

Transport for NSW 2014, Connections: Towards 2017 

Transport for NSW 2017, Sustainable Design Guidelines 

Transport for NSW 2016, Principles and Guidelines for Economic Appraisal of Transport 

Investments and Initiatives 

Transport for NSW 2013, Transport Environment and Sustainability Policy Framework 

Transport for NSW 2016, Vegetation Offset Guide 

United Nations 2005, Millennium Ecosystem Assessment, technical volumes and reports 

Roads and Maritime Services guidelines 

Roads and Maritime Services 2014, Beyond the Pavement - Urban Design Policy Procedures 

and Design Principles  

Roads and Maritime Services 2017, Water sensitive urban design guideline - Applying water 

sensitive urban design principles to NSW transport projects  

Roads and Traffic Authority 2008, Landscape Guideline - Landscape design and maintenance 

guidelines to improve the quality, safety and cost effectiveness of road corridor planting and 

seeding  

4. Terms and definitions 
AEO authorised engineering organisation 

biophilia the hypothesis that humans have an inherent inclination to affiliate with nature 

because we have an innate need to affiliate with living things (Wilson EO. Biophilia. Harvard 

University Press; Cambridge, MA, USA: 1984) 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

ESD ecologically sustainable development; using, conserving and enhancing the community's 

resources so that ecological processes, on which life depends, are maintained, and the total 
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quality of life, now and in the future, can be increased (National Strategy for Ecologically 

Sustainable Development (1992))  

Note: ESD is also defined in section 6(2) of the Protection of the Environment 

Administration Act 1991. 

ecosystem services the benefits people obtain from ecosystems (Millennium Ecosystem 

Assessment) 

GI green infrastructure 

heatwave three or more days of high maximum and minimum temperatures that are unusual for 

that location (Bureau of Meteorology) 

place-making a multi-faceted approach to the planning, design and management of public 

spaces. ‘Place-making’ looks at understanding the local community with the intention of creating 

public spaces that promote health and well-being (Government Architect NSW) 

TfNSW Transport network the transport system owned and operated by TfNSW or its 

operating agencies upon which TfNSW has power to exercise its functions as conferred by the 

Transport Administration Act or any other Act 

UHI urban heat island 

urban heat island effect a climate phenomenon particularly in the urban areas where the air 

and surface temperatures of cities are typically much higher than surrounding rural or forest 

areas. (Bornstein 1968, Observations of the Urban Heat Island Effect in New York City)  

WSUD water sensitive urban design; an approach to urban planning and design that integrates 

the management of the total water cycle into the land use planning and development process 

(Evaluating Options for Water Sensitive Urban Design - A National Guide, 2009) 

5. Valuing green infrastructure 
GI delivers multiple environmental, economic, and human health benefits, most of which occurs 

concurrently with one another. These multifunction benefits are particularly heightened in urban 

and suburban areas where space is scarce and natural environment is limited.  

GI benefits include: alleviating the impact of heatwaves, restoring or preserving the natural 

hydrological cycle, improving air quality, capturing and sequestering carbon, enhancing 

biodiversity, and providing biophilia benefits. Details of GI environmental and community multi- 

function benefits are discussed in Appendix C and economic value are discussed in detail in 

Appendix D. 

An individual GI function considered in isolation may not appear to have a large benefit to 

environment and community, but when considered together within the entire TfNSW Transport 

network, the contribution could be significant.  
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For Transport asset managers, operators, and maintainers, integrating GI will contribute to 

managing graffiti, offsetting greenhouse gas emissions, embankment stabilisation, sediment 

run-off management, and resilience during heat waves. 

Wider economic benefits can be derived by its effect on people’s general well-being, health 

benefits from ‘active transport’ uptake, enhanced scenic value resulting in leisure and tourism, 

and increased property values.  

6. Different elements of GI 
GI can be applied in the TfNSW Transport network in different scales from road and rail 

corridors, station precincts, around maintenance and other building structures, car parks, 

transport interchanges or even down to individual structures. The different ways of integrating 

GI are discussed in Section 6.1 to Section 6.5. 

6.1. Vegetation planting 
For the purpose of this guide, vegetation planting refers to the practice of installing vegetation, 

which includes individual plantings or the planting of a combination of trees, shrubs, and 

groundcover. Where space is available, vegetation planting should be considered around 

station precincts, at-grade car parks and multi-deck car parks, line side roads and rail corridors, 

areas around buildings, and vertical wall structures.  

Vegetation design should aim to create a stable vegetation community, which requires minimal 

maintenance after an establishment period. The use of native species should be prioritised as 

they require low maintenance once established and contribute to biodiversity.  

6.1.1. Examples of vegetation planting 
The following are examples of vegetation planting across the TfNSW network. 

Cronulla Line Duplication  
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Figure 1 shows two views of stable low maintenance native vegetation planted on an 

embankment as part of the Cronulla Line Duplication project, which was completed in 2010. In 

addition to environmental benefits (air quality improvement, biodiversity, and retention of 

hydrological cycle), it provides visual amenity, deters graffiti (the noise wall behind the 

vegetation being graffiti free), and stabilises the embankment. 

Westlink M7 Shared Path  
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Figure 2 - Westlink M7 Shared path – Roads and Maritime Services 

Figure 2 shows an example of large-scale GI integration across western Sydney. GI integration 

was considered right from the onset of the Westlink M7 Shared Path project. The project 

produced a safe, multifunctioning, low-maintenance shared path corridor, and provides a 

maintenance access track. The Westlink M7 Shared Path provides the following functions: 

• scenic landscape 

• recreational resource 

• ecological asset (erosion and weed control is a major sequester of carbon in the area) 

• active transport link to western Sydney parklands and other open spaces 

• shade and wind break 
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Vegetation planting at Turella, East Hills Line 

Figure 3 - Vegetation planting at Turella, East Hills Line 

Figure 3 shows application of GI on a smaller scale. The site at Turrella on the East Hills Line is 

approximately 17 m long and next to a noise barrier. The GI includes staggered rows of native 

planting. This site was planted in 2010 as part of the ongoing corridor maintenance strategy to 

control graffiti and to contribute to the beautification program for customers. While the aim of 

this planting site was mostly aesthetic, other co-benefits have also been achieved including 

embankment stabilisation, weed control, air quality improvement, and retention of the natural 

hydrological cycle.  

Road corridor in Sydney 

Figure 4 - Road corridor in Sydney 

Figure 4 shows that the structured landscape design is an integral part of the urban design 

outcome and provides great character to the street, road and motorway. The landscape of the 

road corridor contributes to the quality of the journey and the quality of the area. 
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Edmondson Park Station, South West Rail Link  

Figure 5 - Edmondson Park Station, South West Rail Link  

Image source: KI Studio by Dr Judy van Gelderen. 

Edmondson Park station (shown in Figure 5) is one of a pair of stations on the new South West 

Rail Link. Edmondson Park station design has integrated GI elements in the station precinct 

area and is a good example of how to achieve ‘place making’. The design is integrated with the 

surrounding land use where a town centre is planned for development. The design is integral to 

creating a vibrant town centre with a wide range of amenities for the new community. 

Road corridor planting next to a bus stop 

Figure 6 - Road corridor planting next to a bus stop 

Figure 6 shows a bus stop next to the M7 Westlink cycleway at night. The road corridor planting 

is a good example of how landscape work can complement infrastructure and not affect safety, 

performance or operation. During the day, the tree provides much needed shade for customers. 
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6.2. Water sensitive urban design 
Water sensitive urban design (WSUD) is the industry term describing the integration of water 

cycle management into planning, design and construction of the built environment, and is 

another way of integrating GI. For the purposes of this guide, WSUD includes the following: 

• the use of planted detention basins and bioswales 

• pervious surface or pavement design to promote infiltration, reduce the flow velocity of 

stormwater run-off, and to trap particulate pollutants and silt 

The siting and the design of WSUD should address issues regarding impact to structural 

foundations and subgrades. 

WSUD should be integrated as part of a stormwater facility design. Stormwater treatment 

systems like swales and bioretention basins should do not require a large amount of 

maintenance as long as they are well designed and constructed. Maintenance can be expected 

to be similar to a normal landscaped area, with weeding being the primary maintenance activity. 

Refer to Roads and Maritime Services WSUD guidelines for the application of water sensitive 

urban design principles and techniques.  

Example of water sensitive urban design 

Creek bank treatment on the South West Rail Link 

WSUD has been applied to a creek bank at Cabramatta creek in the South West Rail Link 

(SWRL) corridor (see Figure 7). 
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Figure 7 - Creek bank at Cabramatta creek in the SWRL corridor 

Image source: KI Studio by Dr Judy van Gelderen. 

This creek bank has been restored by using native ground cover and naturally occurring rock 

that slows down the water flow to allow infiltration while holding back sediment flow to the water. 
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Excess nutrients are also taken out through the plant root system, improving water quality. The 

pervious nature of this design also helps reduce stormwater run-off, which is an essential 

strategy to manage flood risk in floodplain areas like this site.  

6.3. Green roofs 
Green roofs are roof structures that are covered with vegetation and soil, either partially or 

completely. It is a layered system, which includes comprising a waterproof membrane, drainage 

mat, root barrier, growing medium, and vegetation. 

 Green roofs can help cool buildings and minimise stormwater run-off, with both resulting in 

energy savings whilst being aesthetically pleasing. Green roofs can be applied at stations and 

other transport facility buildings to provide cooling and to reduce the urban heat island effect.  

Green roofs, however, should not be installed on the following rail structures: 

• signal huts 

• signal bungalows 

• signal relay rooms 

• telecommunications rooms 

• substations 

When considering green roofs in design options for buildings and other constructed canopy 

structures, maintenance requirements need to be considered.  

Examples of green roofs 

Green roof at Prince Alfred Park in Surry Hills 
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Figure 8 shows a roof over the Prince Alfred Park swimming pool, planted with native meadow. 

The green roof provides visual amenity, oxygenates the surrounds, provides cooling from UHI, 

and sequesters carbon.  

Green roof at Tokyo's Ebisu Station 

An international example of a green roof use can be found at Tokyo’s Ebisu Station, which is 

operated by Japan Railway (JR). The green roof at Ebisu Station was designed as part of an 

environmental initiative to mitigate the UHI effect and to save energy consumption on air-

conditioning.  

This rooftop was designed to cultivate fruits and vegetables and was opened in 2010 to provide 

a farm resource for urban dwellers. This rooftop urban farm is rented out as farm plots to allow 

people to farm and grow their own food garden. It is also being used as a place for socialisation 

and relaxation. 

Rooftop of Global Gallery at the National Museum of Nature and Science, 
Tokyo 

Figure 9 - Rooftop at the National Museum of Nature and Science in Tokyo 

Image source: By Momotarou2012 (Own work) [CC BY-SA 3.0 

(https://creativecommons.org)], via Wikimedia Commons 

Figure 9 shows another international example of a green roof. A herb garden is planted on the 

rooftop of the Global Gallery building at the National Museum of Nature and Science in Tokyo. 

The rooftop herb garden provides a place for relaxation for the museum visitors. 
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6.4. Green walls 
Another way of integrating GI where land space is scarce is by vegetating vertical surfaces, 

commonly called ‘green walls’. There are three general classifications of green walls – green 

facades, living walls, and living retaining wall and rockfall barriers.  

6.4.1. Green facades 

Green facades includes the use of climbing vines and climbing plants or cascading 

groundcovers, which can either be used to attach directly to walls or to freestanding structures 

such as trellises, tensile wires, or cable meshes. This type of green wall can be used in 

multistorey car park walls, perimeter fences, noise walls, retaining walls, and other vertical 

structures (for example, bridge abutments). 

Example 

Vines planted along a noise barrier at Newtown 

Figure 10 - Chinese jasmine is growing along the rail corridor at Newtown 

Maps data © 2017 Google 

Figure 10 shows that steel mesh going up 5 m to 6 m high at regular intervals has been 

attached along the wall and Chinese jasmine is growing along the rail corridor at Newtown. It 

has made a back lane that was probably full of graffiti tags and rubbish look lovely. 

6.4.2. Living walls 

Living walls includes pre-vegetated panels, modules, planted blankets or bags that are affixed 

to a structural wall or free-standing frame. There is more maintenance involved in living wall 

applications compared to other green wall applications. Requirements for ongoing maintenance, 

including the identification of responsible maintainer should be thoroughly investigated when 

considering the use of living walls.  
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Examples 

Living wall as a fence facade at car park entrance in Rosebery, Sydney 

Figure 11 shows an example of a living wall as a fence facade at car park entrance in 

Rosebery, Sydney. The living wall improved the otherwise industrial facade of the building 

adjacent to the car park and the plan paved concrete of the car park. It makes the complex 

appealing from the outside and provides visual amenity to the neighbours.  

Figure 11 - Living wall as a fence facade at car park entrance in Rosebery, Sydney 

Manchester's Deansgate Metrolink station  

An international example of living wall used in a transport setting is shown in Figure 12. The 

image shows the living wall installation at Deansgate-Castlefield station, operated by 

Manchester Metrolink in the United Kingdom. Transport for Greater Manchester had recently 

upgraded the Deansgate-Castlefield stop in Manchester (http://www.tfgm.com). As part of the 

Transport for Greater Manchester commitment to improving the urban environment 

(http://www.cityoftrees.org.uk), the upgraded stop has been completely transformed so 

passengers can enjoy a calm and peaceful green environment as they wait for the tram. The 

stop now offers a pleasing, modern gateway to the south of the city.  
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Figure 12 - Living wall at Deansgate-Castlefield Metrolink station, United Kingdom 

Image source: Photo © Bob Harvey (cc-by-sa/2.0) 

6.4.3. Living retaining walls or rockfall barriers 

Another way of integrating a green wall is to use it as a retaining wall structure or rockfall 

barrier. This technology uses engineered living structures that are designed to stabilise a slope 

or absorb high-impact energy from rockfall, or both, while supporting vegetation contained in the 

structure. 

Figure 13 shows a green wall structure used as a rockfall barrier on the Illawarra Line heavy rail 

corridor at Coalcliff. The structure is designed to absorb high-impact energy from rockfall. 
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Example 

Rockfall barrier along the Illawarra Line 

Figure 13 - Rockfall barrier at Coalcliff, Illawarra Line  

6.5. Land-bridges 
A land bridge in engineering or urban design terms is a structural cover usually built in the 

airspace over a freeway, motorway, highway or railway. They are basically bridges designed to 

carry large static loads that increase in mass dependent on rainfall and the maturity of the 

landscape. Land-bridges are otherwise referred to as caps, cut and cover, decks or lids and 

green lids.  

Examples  

Eastern Distributor land-bridge at the Art Gallery precinct  

Figure 14 is a land bridge example taken from taken from RMS 2017, Land bridges discussion 

paper Re-stitching the built environment. It shows the Eastern Distributor land-bridge at the Art 

Gallery Precinct. 
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Figure 14 - Eastern Distributor land bridge at the Art Gallery Precinct (RMS) 

Image source: RMS  

The land-bridge in the above photo is a major element of the Eastern Distributor motorway 

design. The land bridge is built over a part of the Cahill Expressway and adjacent to the Art 

Gallery of NSW. It allows headroom for traffic to flow underneath and joins the two halves of 

The Domain, an open space comprising sports fields and gardens, which would have been 

divided without it. The top of the land bridge is a landscaped deck, also referred to as a 'green 

lid'. 

The land bride creates a significant parkland precinct in the heart of the city and provides a new 

setting for the art gallery, whose sculpture court is extended onto the space of the land bridge 

and made accessible from outside the gallery. The land bridge has a number of other important 

functions, being designed to improve pedestrian connections from The Domain to the city centre 

and the redeveloped Woolloomooloo district. The land bridge provides dramatic views of the 

harbour and city and greatly reduces intrusive noise from traffic into the precinct, creating a 

quiet public space. 

Land bridge at Banora Point  

One of the most challenging sections of the Pacific Highway upgrade was at Banora Point near 

the Queensland border. The winding, slow and dangerous old highway needed to be bypassed. 

A short 2.5 km route was selected from the river and through the Banora Point ridge. The height 

of the ridge did not justify a tunnel, so a cut and cover option was selected to avoid a deep 

visually exposed cutting and the permanent removal of a local park. Initially, options were 

looked at which extended the cover down the edges of the ridge. However, as the project 

developed, it became apparent that the steeper sections of the land bridge would have little 
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public value. A shorter land bridge was which restored the park and continued the top of the 

ridge line. The visual impact of the exposed cutting in the hillside was addressed with panelling 

and lighting of the cutting walls. 

Figure 15 shows and aerial view of the land bridge.  

Figure 15 - Land-bridge at Banora Point  

Image source: RMS  

7. Key asset life cycle considerations 
Future transport assets should consider GI in order to deliver multi-functional outcomes. These 

multi-functions include transport access and services, climate and microclimate adaptation, air 

and water quality benefits, carbon sequestration and storage, place-making, and economic 

opportunity. 

Figure 16 outlines how each item in this Section relates to key stages and phases in the asset 

life cycle. The diagram shows how each item in this section relates to the asset life cycle. The 

plan stage contains three phases: concept, specify, and procurement. These all relate to 

Section 7.1. 

The acquire stage contains four phases: design (which relates to Section 7.2), build (which 

relates to Section 7.3), integrate (which relates to Section 7.4), and accept (which relates to 

Section 7.4).  

The operate/maintain stage contains three phases: operate, maintain, and evolve. All three 

relate to Section 7.5. 
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Figure 16 – How each item in this Section relates to the asset life cycle. 

7.1. Steps in planning and design of GI 
GI should be an integral part of the planning and design of transport infrastructure, and 

investigated from the earliest concept phase to ensure appropriate services, space allocation, 

funding and maintenance regimes are considered. 

The steps in implementing GI during its planning and design are detailed in Section 7.1.1 to 

Section 7.1.6. These steps are tabled in Appendix A to facilitate the implementation. TfNSW or 

its representative responsible for leading or managing the project should complete Appendix A. 

Implementation of GI integration should also be facilitated by the project's assigned or 

responsible environment and sustainability advisor or manager. 

7.1.1. Identify appropriate sites and installation locations 

Identifying appropriate sites and installation locations involves the following: 

• selection of locations that will support viable green infrastructure in terms of orientation, 

aspect, and soil composition 

• selection of locations that do not interfere with the efficient operation of the transport 

infrastructure (see Section 7.2.1 for further information on transport design constraints 

• selection of locations that are highly visible to increase the opportunity for the general 

public to experience its benefits so that the GI can be experienced by more people 

• selection locations that can provide the opportunity to educate the community about GI and 

demonstrate to the public that TfNSW is delivering GI benefits from its assets 

7.1.2. Review planning requirements 
Before carrying out any works, make sure that all planning approvals are in place. It is also 

advisable to check local environmental planning for any design requirements or constraints. 
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7.1.3. Identify opportunities 

The identification of opportunities can involve the following activities: 

• estimation of available space, evaluation of site conditions, project impacts to existing GI, 

and consideration of different ways of using GI as part of fences, walls, buildings, rooftops, 

car parks, and road medians 

• consideration of managing run-off using WSUD 

• consideration of GI at locations that are potentially vulnerable to graffiti  

• seek partnering opportunities with neighbourhood organisations conservation or land care 

groups, and local councils to sharing installation cost and maintenance support  

7.1.4. Develop a GI strategy 

A GI strategy should be developed by a registered landscape architect, which should identify 

appropriate locations for GI, that consider the surrounding context, landscape character of the 

place and the design and functioning of the infrastructure to ensure the GI is integrated into the 

TfNSW asset and the precinct. 

The strategy should also identify the opportunities available, different ways GI will be integrated 

in the design, design objectives, and GI benefits. 

7.1.5. Secure funding 
GI requires installation costs, establishment period maintenance, and ongoing maintenance 

(particularly for living walls and green roofs). The cost requirements should be included in the 

business case for the asset involved. 

The delivered benefits of GI should be included in the business case to balance the 

maintenance and installation costs in the economic evaluation (refer to Appendix D for more 

information on evaluating the economic benefit of GI. 

Where living walls or green roofs are proposed, investigate funding opportunities that will 

support the ongoing maintenance cost where possible. For example, locating advertising panels 

in the project generate an income to support the ongoing maintenance of the GI. Any such 

funding opportunities should be built into the business case and the design. 

7.1.6. Develop a maintenance plan 
The entity responsible for the delivery of the GI asset should develop its maintenance plan. The 

maintenance plan should identify staff resources for maintenance and inspection, and any 

training needs. The maintenance plan should also identify common problems that may trigger 

work outside routine maintenance (for example, the accumulation of sediment, and trash 

rubbish and debris).  
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A copy of this maintenance plan should be provided to the asset operator and maintainer. It is 

important that the GI is included in asset register as an asset that requires maintenance. Refer 

to 7.4 for further information on asset handover.  

7.2. Detailed design considerations 

7.2.1. Transport design constraints 

While integration of GI is important, it also equally necessary to consider the transport design 

constraints when selecting vegetation species and determining GI placement within the TfNSW 

Transport network to ensure that the design will not create hazards. 

Below ground utilities 

Consider below ground utilities and potential placement of other below ground utilities needed 

for the TfNSW Transport network. 

Vegetation clearance requirements 

The various transport modes each have specific vegetation clearance requirements to ensure 

that vegetation does not impede the safe operation of the transport infrastructure. 

Rail corridor vegetation clearance requirement 

The following standards contain requirements for vegetation clearance and may be applicable in 

the design of vegetation for ground installation (excluding green roofs): 

• T HR CI 12105 ST Vegetation Hazard Management in the Rail Corridor 

• T HR EL 08011 ST Overhead Wiring Maintenance Standard 

• SPG 0706 Installation of Trackside Equipment 

• EP 10 01 00 02 SP Aerial Line Maintenance Standards  

The mature height of the vegetation should not impinge on the driver’s signal sighting distance 

as set out in the following TfNSW standards: 

• T HR RS 00100 ST RSU 100 Series – Minimum Operating Standards for Rolling Stock – 

General Interface Standards 

• T LR RS 00100 ST LRU 100 Series – Minimum Operating Standards for Light Rail 

Vehicles – General Interface Standards 

• ESC 215 Transit Space 
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Overhead power lines 

Refer to the Industry Safety Steering Committee's (ISSC) 3 Guide for the Management of 

Vegetation in the Vicinity of Electricity Assets for regulatory requirements pertaining to 

vegetation height and power lines.  

Road corridors 

Refer to the following documents for design considerations for road corridors: 

• RMS's Beyond the Pavement - Urban Design Policy Procedures and Design Principles 

(hereafter referred to as Beyond the Pavement) – contains guidelines for noise walls, 

landscapes, WSUD, bridges and shotcrete application. Beyond the Pavement should be 

followed to ensure GI is safely and cost-effectively integrated into RMS projects. 

• RMS's Roads and Traffic Authority Landscape Guideline – contains information on the 

design and implementation of planting and revegetation works. It also contains information 

on safe plant clearance requirements. 

• Austroads' Guide to Road Design Part 6B: Roadside Environment – contains information 

on the types of features and facilities that may need to be accommodated within a 

roadside. 

Operations and maintenance considerations 

The following operational and maintenance considerations are applicable to the design of GI: 

• machinery access to maintain transport networks  

• access to trackside equipment for rail corridors 

• access to cable and services routes 

• access for inspecting the structural integrity of walls to which green walls are affixed  

• safe access to maintain GI 

• any vegetation work over structures should address the need to adequately perform routine 

visual examinations of the surface area of all structural components 

• consideration of multiple use for the available space (for example, drainage paths aligning 

with service locations) 

• cost (refer to ASA standard T MU AM 01001 ST Life Cycle Costing for further guidance) 

• unobstructed sighting for users approaching level crossings (rail, road and pedestrian 

approaches) 

• unobstructed sighting of approaching trains (and warning lights) for track workers 
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• colours of plants against plain or contrasting backgrounds that can cause confusion and 

ambiguity for train drivers and transport operators and maintainers 

• vegetation root system which can impact on shallow buried service routes or undermine 

signalling foundations 

Fire loading 

To determine whether a site is prone to bushfire refer to the NSW Rural Fire Service. If the 

location of a GI site is in a bush fire prone area, plants with relatively high moisture content and 

low-levels of volatile oils should be selected.  

See the NSW Rural Fire Service website to check if site is on a bushfire prone area. If on a 

bushfire prone area, consider selecting plants with relatively high moisture content of leaves 

and low levels of volatile oil in leaves.  

The Victorian Country Fire Authority's website contains a plant selection key, a useful tool to 

assist in the selection of plants.  

7.2.2. Planning and design team resource 
GI design requires multi-disciplinary collaboration early in the design process. GI project design 

and delivery can involve in the following parties: 

• engineers (structural as well as from other relevant disciplines) 

• builders  

• registered landscape architects 

• ecologists 

• human factors specialists 

• environmental specialists 

• operators and maintainers 

This team is required to identify an appropriate GI, planting schedule, timing, and species, and 

to ensure that vegetation does not impinge components of transport infrastructure such as 

signalling and wayside equipment.  

7.2.3. Identify and collaborate with stakeholders  
Stakeholders for integrating GI should include local council, local communities, and the asset 

operator and maintainer.  
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7.2.4. Site considerations 

The design of GI should be integrated with the existing site features. This includes consideration 

of topography, adjacent land use, community character, history, heritage, and streetscape.  

Where possible natural features, such as trees and wetlands, should be protected and 

enhanced as such features contribute to the visual character of site and tends to be valued by 

communities.  

7.2.5. Establishment period 
The establishment period refers to length of time required to assure satisfactory establishment 

and growth of the GI. This length of time should be agreed with the network operator and 

maintainer and any other entity that is responsible for the ongoing maintenance of the GI. 

During the establishment period the following should be considered: 

• rectification of defects 

• watering, fertilising, weed control 

• planting density 

• adjustment, removal or replacement of tree guards or grates 

• replacement of dead, damaged or stolen plants 

7.2.6. Multi-functioning benefits 
It is important to achieve multi-functioning GI, however it is not always possible for an outcome 

to achieve all benefits.  

Prioritising which GI function is given more weight depends on the project context, site 

restriction, associated risks, regulatory and stakeholder requirements, and as well as 

understanding design opportunities. The end goal is to realise as much GI function as possible. 

Refer to Appendix C for a listing of multi-functional GI benefits.  

7.2.7. Vegetation species 
Prioritise the use of native vegetation species unless there are demonstrated changes in 

environmental conditions which cannot be restored (for example, changes, or predicted 

changes in environmental conditions like climate and micro-climate) or if native plantings are not 

‘fit for purpose’. Obtain a list of native vegetation from the local government where the project 

site is located. 

Improve the vertical vegetation complexity by planting or retaining vegetation that provides 

complex ground and mid-storey cover (for example, long grasses).  
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Species selection should meet the requirements discussed previously under the rail corridor 

vegetation clearance part of in Section 7.2.1.  

7.2.8. Whole-of-life cost 

Consider future costs across the asset life cycle including operating and maintenance costs 

(see T MU AM 01001 ST Life Cycle Costing). Operating and maintenance costs should 

consider the extra costs charge that may be required to access GI for maintenance during the 

operate and maintain stage (for example, maintenance work might require permits for road 

closures, rail corridor possession, and for heavy rail, the utilisation of a ‘protection officer’).  

If the goal is to provide monetary benefits, the various economic benefits of GI should also be 

considered across the asset life cycle. Refer to the benefits discussed in Appendix C and 

Appendix D for further guidance on GI benefits. 

7.2.9. Water sensitive urban design (WSUD) 
Identify opportunities for inclusion of WSUD elements. Refer to RMS's Water Sensitive Urban 

Design Guideline for options. Benefits of WSUD are particularly significant on sites close to 

waterways but would still have other important benefits like aesthetic improvement, reduced 

stormwater run-off, and has potential for reducing potable water demand.  

7.2.10. Connectivity 
For large-scale greenfield sites, identify opportunities for ecological connectivity to prevent 

fragmentation or minimise potential fragmentation impact. This can be done for greeneries 

(such as parklands, any open space or green space and native reserves and parklands) and 

open water systems (such as intermittent or perennial streams, marine systems, wetlands, lakes 

and pond habitats). Protect and avoid disturbing native reserves and waterways.  

Identify ‘paths of least resistance’ to fragmentation and prioritise paths that connect areas of 

ecological significance and consider restoration when possible.  

Green Grid Sydney: For projects within the greater Sydney area, ensure the Transport plan 

contributes to the delivery of Sydney’s city-wide green grid plan. TfNSW projects should 

consider GI where infrastructure intersects with the Green Grid plan. Sydney’s city wide green 

grid plan is described at each of the Greater Sydney Commission's District Plans. The Greater 

Sydney Commission District plans include information on green grid opportunities in each 

district. Local Government Area open space, public domain and landscape strategies should 

also be consulted for information on opportunities to integrate green infrastructure into a wider 

network. 
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Other ecological assets for connectivity considerations:  

The NSW Office of Environment and Heritage Atlas of NSW Wildlife 

(http://www.bionet.nsw.gov.au) has a number of databases that can be used to carry out the 

ecological connectivity analysis.  

Another source of information is the mapping of habitat corridors by the 23 councils within the 

Sydney Coastal Councils Group (SCCG) and the Southern Sydney Region of Councils 

(SSROC), which have been consolidated into one geographic information system (GIS) layer to 

identify opportunities for connectivity and continuity across Council boundaries. This mapping 

layer is titled Connected Corridors for Biodiversity and is available at the Greater Sydney Local 

Land Services website. 

7.2.11. Graffiti control 
Where there are plain surface barriers (noise wall, retaining wall, and boundary fences) it may 

be far more cost-effective to increase plantings on or near the plain surface barrier than to try to 

deter graffiti by providing a textured treatment with an anti-graffiti coating.  

7.2.12. Crime prevention through environmental design (CPTED) 
GI should be designed to ensure it supports good passive surveillance and does not create 

potential places of concealment.  

Refer to the Department of Urban Affairs and Planning's Crime prevention and the assessment 

of development applications Guidelines under section 79C of the Environmental Planning and 

Assessment Act 1979 for information on the assessment of crime risk.  

The design and mitigating measures implemented in the design should be based on the result 

of a CPTED risk assessment.  

7.2.13. Green roofs and green walls 
The following is a summary of the items to be considered when designing a green roof system: 

• Drainage and irrigation: Sites for green roofs should be assessed for drainage. A green 

roof may require a separately plumbed secondary drainage system. It is useful to carry out 

an irrigation water demand analysis to estimate water needs. Incorporate principles of 

WSUD. 

• Designing for maintenance: The design of green roofs and facades should include 

consideration of the required maintenance. Building maintainers should be advised of what 

is involved in the maintenance and need to be committed to managing it; otherwise 

environmental, social, and economic benefits may not be achieved. The system or asset 

cannot exceed the skills, technologies and resources of those who will be given the 

responsibility for the maintenance. It is also important that the delineation between the 
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responsibilities of the installer and maintainer should be set out during the design. It may 

be that the green roof provider is best placed to undertake ongoing maintenance on a 

contract basis and can be included in the contract bidding.  

• Climatic factors on-site: Wind, rainfall, solar radiation (shadowing and shading analysis), 

temperature, microclimate should be considered in the design. 

• Structural weight loading: The load bearing capacity of the building needs to be able to 

support the green roof installation throughout its life. 

• Waterproofing membrane: Ensure that the waterproofing membrane is root resistant. An 

independent leak detection specialist should test waterproofing after installation and prior 

to handover. 

• Accessibility: Consider how people will access the installation for maintenance. This might 

require stairs, lifts or platforms. It may also require balustrades, cables for attaching 

harnesses and ropes (fixed for fall protection), ladders, and elevated work platforms 

independent of the building. 

• Plant selection: Plant types should be limited to only the low growing species for easier 

maintenance and to eliminate vegetation clearance issues. 

• Water balance: In NSW, the need to capture roof run-off in a rain garden competes with the 

need to harvest the roof run-off as a secondary water source. In dryer areas of the state, 

green roofs may also require irrigation during prolonged dry periods to ensure that the 

vegetation is kept in a suitable condition. As such, the use of green roofs in NSW 

applications should be considered through the examination of all elements of the water 

cycle rather than simply as a means to reduce run-off from roof areas. 

For further information refer to the City of Sydney and the City of Melbourne website for 

technical guides for the design and installation of green roofs. 

7.3. Construction and installation stage 
A registered landscape architect should be responsible for executing or supervising the TfNSW 

approved design to make sure that it meets the design objective. The architect should liaise with 

the project team or project manager with regard to the construction and delivery timeframe 

including the establishment period required. The lead contractor should have a system in place 

to make sure that the timing of the GI installation will meet the agreed establishment period 

otherwise an agreement with the asset maintainer and operator should be reached.  
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7.4. Handover stage 
The GI designer needs to carry out a review and sign-off a post-completion report certifying that 

the final built outcome is in accordance with the design and the agreed upkeep of the GI has 

been adequate and meets the agreed establishment period specified in the initial plan.  

All relevant information, including operational and maintenance regime requirements, will be 

handed to TfNSW's representative and the service providers responsible for the operation and 

maintenance of the asset in accordance with T MU AM 01005 ST Asset Handover 

Requirements. Details of the operation and maintenance requirements should be added in the 

asset register in accordance with the requirements of T MU AM 02001 ST Asset Information 

and Register Requirements.  

7.5. Operate and maintain stages 
GI entry in the asset register should be upheld and GI be treated like any other asset requiring 

maintenance. Ensure longevity and effectiveness of GI by implementing the GI maintenance 

plan with the responsible manager identified.  

Regular pruning of trees should also be carried out to maintain the required vegetation 

clearance (see Section 7.2.1). Assessment of trees in and adjacent to the transport network and 

electrical supply network should be carried out regularly by a consultant arborist to identify trees 

that have the potential to impact on transport infrastructure due to their size and location. 

Assessment should identify trees having health or structural issues likely to result in limb drop or 

are susceptible to falling in certain weather conditions.  

Maintenance during bush fire season should also aim to reduce overall ‘fuel load’ without the 

need to remove whole plants by collecting leaf litter and dried branches.  
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Appendix A Steps in implementing GI 

Steps in implementing GI 
Comment  
(decision or action against each step needs to be justified) 

Status  
(complete/ in-progress/ not 
applicable) 

Step 1 - Identify appropriate sites  
Does the project scope include any of the following 
elements?     

Station precincts   

Bus stops   

Public car park   

Road median   

Transport interchanges   

Other (please specify)   

Step 2 - Review planning requirements 
Identify and list the planning requirements that apply to the 
project.     

Local council requirements and other statutory requirements   

Environmental Planning and Assessment Act 1979   

Step 3 - Identify opportunities 
Examining the scope of the project identify the 
opportunities for implementing GI assets?     

Space availability (around fences, walls, building rooftop, 
roadside, rail line side, car park, road medians)   

Partnering with neighbourhood organisations, local council, 
and volunteers.   
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Steps in implementing GI 
Comment  
(decision or action against each step needs to be justified) 

Status  
(complete/ in-progress/ not 
applicable) 

Management of runoff? Is there nearby waterways? Water 
sensitive urban design   

Managing identified issues such as graffiti   

Other (please specify)   

Step 4 – Develop GI Strategy   

Identify locations, opportunities and design objectives   

Step 5 - Secure funding 
Prepare a business case for the GI strategy or include GI in 
the business case associated with the TfNSW project     

Include whole-of-life cost requirement in the business case 
for the TfNSW asset involved.   
Identify the monetary and the intrinsic benefits for the 
business.   

Step 7 - Develop a maintenance    

Develop maintenance plan 
The entity responsible for the delivery of the GI asset should 
develop its maintenance plan. The maintenance plan should 
identify staff resources for maintenance and inspection and 
any training needs.   

A copy of this maintenance plan should later be handed to 
the asset operator and maintainer. It is important that the GI 
is included in the Asset Register as an ‘asset’ that requires 
maintenance. Refer to the ‘Handover stage’ for details of 
requirement.   
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Appendix B Related policies, guides and 
strategies 

The guidance contained in this guide is informed by various National, State and TfNSW policies, 

guides and strategies. This section provides an overview of some of these key documents.  

B.1. National  
National Strategy for Ecologically Sustainable Development: ecologically sustainable 

development (ESD) is defined in this strategy as being: 

“…using, conserving and enhancing the community’s resources so that ecological 

processes, on which life depends, are maintained, and the total quality of life, now and 

in the future, can be increased”.  

Furthermore, the ESD national strategy (1992) defined its goal as: 

“Development that improves the total quality of life, both now and in the future, in a 

way that maintains the ecological processes on which life depends”.  

The environmental perspective of sustainability applied in this guide embraces the integration of 

natural and living systems into transport network design with the objective of supporting the 

wellbeing and the health of society and ecosystems over time.  

Emission Reduction Fund: The Emission Reduction Fund (ERF) is an Australian Government 

centrepiece policy for reducing greenhouse gas emissions and achieving international 

commitments. Under the EFT, a recognised mechanism for crediting emissions reduction is 

through ‘carbon storage projects’. This mechanism allows for the recognition of emission 

reduction projects by removing carbon dioxide from the atmosphere and storing it as carbon in 

plants as they grow. This guide discusses the opportunity for TfNSW to participate in the carbon 

market while at the same time offsetting its own emissions.  

National Climate Change Adaptation Research Facility (NCCARF) Policy Guideline Briefs: 

The NCCARF Policy Guideline Briefs contains evidence-based policy guidance to address key 

challenges to effectively adapting Australia to a variable and changing climate, providing high-

level policy advice designed for use by policy makers at Commonwealth and State level. 

NCCARF Policy Brief 9 states its goal as being the achievement of "‘cool cities’ by reducing the 

intensity of urban heat islands” to adapt to heatwave events brought by changing climate. This 

document aims to assist in achieving this goal in its recognition of the cooling effect of 

vegetation and its flow on benefits to people’s health.  
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B.2. State 
Transport Administration Act 1988 s2B(1) (g): TfNSW has an obligation under this Act "to 

promote the delivery of transport services in an environmentally sustainable manner". 

Protection of the Environment Operations Act 1997 s3(a): The stated objectives of the act 

include, “to protect, restore and enhance the quality of the environment in New South Wales, 

having regard to the need to maintain ecologically sustainable development”. 

Environmental Planning and Assessment Act 1979: The stated objectives of the Act include, 

“the sharing of the responsibility for environmental planning between the levels of government in 

the State” and “to encourage ecologically sustainable development”.  

Protection of Environment Administration Act 1991: Various NSW statutes adopt the 

definition of Ecologically Sustainable Development (ESD), which is defined in section 6(2) of 

Protection of Environment Administration Act 1991 act, as being: 

"For the purposes of subsection (1) (a), ecologically sustainable development requires the 

effective integration of economic and environmental considerations in decision-making 

processes. Ecologically sustainable development can be achieved through the 

implementation of the following principles and programs: 

(a) the precautionary principle-namely, that if there are threats of serious or 

irreversible environmental damage, lack of full scientific certainty should not be used 

as a reason for postponing measures to prevent environmental degradation. In the 

application of the precautionary principle, public and private decisions should be 

guided by: 

(i) careful evaluation to avoid, wherever practicable, serious or irreversible 

damage to the environment, and 

(ii) an assessment of the risk-weighted consequences of various options, 

(b) inter-generational equity-namely, that the present generation should ensure that 

the health, diversity and productivity of the environment are maintained or enhanced 

for the benefit of future generations, 

(c) conservation of biological diversity and ecological integrity-namely, that 

conservation of biological diversity and ecological integrity should be a fundamental 

consideration, 

(d) improved valuation, pricing and incentive mechanisms-namely, that 

environmental factors should be included in the valuation of assets and services, 

such as: 

(i) polluter pays-that is, those who generate pollution and waste should bear 

the cost of containment, avoidance or abatement, 
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(ii) the users of goods and services should pay prices based on the full life 

cycle of costs of providing goods and services, including the use of natural 

resources and assets and the ultimate disposal of any waste, 

(iii) environmental goals, having been established, should be pursued in the 

most cost effective way, by establishing incentive structures, including 

market mechanisms, that enable those best placed to maximise benefits or 

minimise costs to develop their own solutions and responses to 

environmental problems." 

A Plan for Growing Sydney: This policy specifies that Sydney be “a resilient and sustainable 

city that protects the natural environment and has a balanced approach to the use of land and 

resources”. The extensive and linear nature of transport networks means that they have 

significant potential to contribute to the achievement of this goal. This guide supports this goal 

through the recognition that the various vegetation functions contribute to achieving a ‘resilient 

and sustainable’ city and that through good vegetation design tailored for the safe operations of 

transport networks, TfNSW can achieve a balanced use of its land and resources. 

Adapt NSW Urban Green Cover in NSW – Technical Guidelines: Refers to a broad range of 

‘Green cover’ strategies which include the integration of green and permeable surfaces into 

cities and towns, which are home to 89 per cent of Australia’s population. Urban surface 

temperatures can be 10°C to 20°C higher than in the air temperatures because buildings, roads 

and other hard surfaces absorb and store heat. High temperatures, due to climate change, will 

further intensify the impacts of urban heat.  

B.3. TfNSW 
TfNSW Transport Environment and Sustainability Policy Framework (June 2013): 

identifies ‘climate change resilience’ and ‘liveable communities’ as its two key sustainability 

themes. This guide supports both as it advances the function of vegetation to improve 

transport’s resilience to climate change and the social benefits it offers to achieve ‘liveable 

communities’. 

TFNSW Connections: Towards 2017: Priority 4 specifies the delivery of a more sustainable 

transport services with ‘focus on conserving and enhancing air, water, soils, energy, resources 

and other aspects in the environment needed for biodiversity and our communities. 

TfNSW Principles and Guidelines for Economic Appraisal and Investment: Provides the 

framework for the inclusion of environmental cost and benefits in the economic appraisal of 

projects.  
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Appendix C Environmental and community 
multi-functions 

This appendix describes the multi-functions of green infrastructure and the way that they benefit 

to TfNSW and the community. 

C.1. Mitigate impact of extreme heat events 
According to the Intergovernmental Panel on Climate Change (IPCC) 2012 report, extreme heat 

events (heatwaves) are expected to occur more frequently and become more severe over most 

land areas of the globe. Extreme heat temperature events are one of the highest climate 

variable risks (according to Sydney Trains’ Climate Change Risk Assessment and Adaptation 

Management Plan – an internal report by Chris Royal), causing train delays, cancellations and 

reliability implications due to speed restrictions on train services. Extreme temperature can also 

have direct effect on other transport assets such as the signalling, electrical, communications 

and control equipment resulting in failures, malfunction, and reduced functionality. 

Apart from the direct impact to transport assets, an even more significant impact of heatwaves 

is its impact to society’s health. Heatwaves are a major environmental hazard, having caused 

more deaths in Australia over the past 200 years than any other natural hazard. (Coates et al 

2014) According to an analysis by the National Climate Change Adaptation Research Facility 

(NCCARF) in 2013, as heatwave frequencies increase so does the number of people at risk of 

harm. This is exacerbated by increasing population in the city areas and increased urbanisation.  

GI has been found to mitigate the impact of extreme heat events and urban heat island effects 

by temperature reduction through shading of urban surfaces from solar radiation, and evapo-

transpiration which has a cooling and humidifying effect on the air.  

Incorporating GI across the transport network can impact on city temperatures. See Table 1 for 

the various Australian studies regarding the reduction in temperature from various forms of GI in 

urban areas.  

Table 1 – Cooling benefit studies 

Study (title) Study area UHI reduction 

Comparative Analysis of Surface 
Urban Heat Island Effect 

Central 
Sydney 

Found direct correlation between the urban 
greenery plot ratio and the effectiveness in 
mitigating surface UHI effect in precinct 
scale.  

Penrith City - Cooling the City 
Strategy 

Penrith 
LGA 

Found that the cooling effect of vegetation 
across the local government area (LGA) is 
significant, offering temperature reductions 
of up to 20 °C compared to areas bereft of 
vegetation. 

 
© State of NSW through Transport for NSW 2017  Page 41 of 47 
 



T MU EN 00007 GU 
Integrating Green Infrastructure 

Version 1.0 
Issued date: 10 November 2017 

 
Study (title) Study area UHI reduction 

Assessment of Urban Heat Island 
and Mitigation by Urban Green 
Coverage 

Melbourne Modelling results using TAPM UCM 
developed by CSIRO showed that the 
cooling benefit of various urban forms and 
vegetation schemes may be in the range 
from 0.3 °C to around 2 °C.  

Characterisation, Interpretation and 
Implications of the Adelaide Urban 
Heat Island 

Adelaide Parklands not only reduce local air 
temperature, they can contribute to 
reducing air temperature in the 
surrounding building areas. Modelling 
results on one selected winter day 

C.2. Flood mitigation and hazard reduction 
Vegetation within and around transport networks can result in increased canopy cover, 

increased greenspace and pervious surface, acting to reduce and control run-off, improve 

absorption rates and provide water storage capacity. These can contribute to less frequent and 

less dramatic flood events in the urban areas. The benefit of investment extends beyond that 

which is immediately measurable economically. For example, the cost to residents (insurance 

premiums), businesses (such as delay in transport of goods, unavailability of employees, and so 

on) and other agencies in dealing with the remedial costs of flooding. 

C.3. Carbon sequestration and storage 
Vegetation transforms carbon dioxide to biomass through photosynthesis. This function is 

beneficial because it counteracts emissions of carbon dioxide and other greenhouse gases. 

This function will help offset public transport operation’s carbon emissions while at the same 

time directly contributing to the reduction of greenhouse gases in the atmosphere. 

C.4. Avoided greenhouse gas emission (reduced 
energy demand) 
GI has the added benefit of avoiding further greenhouse gas emissions by reducing energy 

demand through its natural temperature regulation, insulation properties of vegetated roof 

covers (green roofs) that help reduce a building’s energy demand, and diverting stormwater 

from wastewater collection, conveyance and treatment systems thereby reducing the amount of 

energy needed to pump and treat the water, which in turn reduces emissions of greenhouse 

gases. 

C.5. Air quality regulation 
Vegetation (including green roofs) intercepts airborne particulate matter (PM10) and exchanges 

gases with the atmosphere, thereby reducing concentrations of harmful gases in the air and 

improving air quality. This reduces the amount of exposure for humans and, in turn, reduces the 
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incidence of respiratory illness. Air quality regulation is particularly important in the urban 

context, with rising population and industrial growth. A pilot study conducted in 2016 (described 

in Greening Rail Infrastructure for Carbon Benefits by Blair, Roldan et al 2017) on Sydney’s 

Bankstown Line, on the north side of the rail corridor, one kilometre in length between Belmore 

and Lakemba Stations, estimated the potential amount of air pollutants that can be removed by 

the vegetation on site. The rate at which trees remove gaseous pollutants such as ozone, 

carbon monoxide, and sulphur dioxide depends primarily on the amount of foliage, number and 

condition of the stomata, and meteorological conditions.  

C.6. Biodiversity enhancement 
GI in the transport network through its linear layout can conserve, enhance, and restore 

biodiversity by increasing functional connectivity of natural areas, mitigating fragmentation, and 

increasing spatial wildlife habitats. 

C.7. Health and well-being 
The temperature regulation function of GI in the transport network offers corresponding direct 

health benefits by mitigating the effect of heat waves. During a week-long heatwave in Victoria 

during January 2009, ambulance attendances increased by 25%, hospital emergency 

department presentations by 12% and deaths by 62%, when compared with an equivalent 

period over previous years (Department of Health 2014). 

The cooling effect of GI also provides other health benefits, through reduced stress levels, 

increased opportunities for informal and formal physical activity and recreation in adjacent 

streets, thereby contributing to the reduction of limiting long-term illness.  

Furthermore, GI is also associated with biophilia, a phenomenon based on the following:  

• The Evolutionary Psychology Theory: that humans have an innate affinity for the natural 

world and that our tendency to focus on living processes might be biologically based. 

• The Attention Restoration Theory: which asserts that people can concentrate better after 

spending time in nature, or even looking at scenes of nature.  

Thus the exposure to green infrastructure alone will provide multiple public health benefits, 

including mitigating stress, anxiety, depression and reducing morbidity. 

C.8. Visual amenity  
GI is an excellent mitigation and solution to achieving an attractive network. TfNSW Transport 

network design should consider the effects of visual appearance for both commuters and 

adjacent public viewers by creating and maintaining views to the wider landscape, softening the 

impact of the built structure, and creating a ‘sense of place’ via landmark features. An attractive 
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transport network also has the potential to enhance the role of the stations, stops, and wharves 

as gateways for visitor destinations. 

As vegetation improves the attractiveness of the transport network and the neighbourhood, it 

creates an improved sense of quality of place, providing opportunities for outdoor activity, 

empowerment through community ownership, thereby also addressing cohesion, crime, and 

anti-social behaviour. It can also have significant benefits for housing and land values in urban 

and semi-urban locations, and it also has a downstream economic value in that it can increase 

visitors and spend in the city centre retail and leisure areas, improving rental values and 

increasing employment opportunities.  

C.9. Maintainability 
A well planned and established vegetation community can reduce maintenance needs such as 

weed control and grass mowing. Vegetation can stabilise embankments and soil surfaces, 

thereby reducing the need for additional embankment reinforcement and surface stabilisation. 

C.10. Graffiti control 
Vegetation can act as wall screens to deter graffiti vandals in the transport network and is 

considered one of the most efficient measures to control graffiti.  
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Appendix D Economic valuation 
This Section describes the economic evaluation framework that can be used to make sure that 

the benefits from GI multi-functions are factored in the decision making process. See Appendix 

C for details on GI multi-functions. 

Understanding the ecosystem services and the benefits that communities derive from it, as 

discussed in Appendix C, is important in recognising its economic value. This is crucial in 

balancing trade-offs between environmental, social, and economic benefits. To aid in this 

balancing act, this guide provides the framework involved in the economic valuation of these 

services.  

The principles behind the economic valuation is based on the Total Economic Valuation (TEV) 

as explained in the Millennium Ecosystem Assessment 2005 which are the same principles 

adopted in the TfNSW Principles and Guidelines for Economic Appraisal of Transport 

Investments and Initiatives.  

It is important to note that although the discussion focuses on benefits, estimating the net value 

of the GI would require a comparison of the net benefits compared to the life cycle cost of 

constructing and maintaining a given green infrastructure practice.  

It should also be noted that this guide does not necessarily require managers to quantify the 

economic value of each ecosystem service. However, there may be some project decisions that 

can gain valuable input from conducting an economic valuation of selected ecosystem services. 

D.1. Carbon sequestration and storage 
There are a number of software tools (mostly free) that have been developed to quantify the 

carbon sequestration and storage potential of vegetation stock. These software tools include 

algorithms developed from empirical studies about the relationship between urban trees and 

environmental services. The most widely used tool internationally is i-Tree, a peer-reviewed 

software suite from the USDA Forest Service that provides urban forestry analysis and benefits 

assessment tools. These tools are based on the premise that ‘urban forest’ is equivalent to 

trees comprising green infrastructure. It has now been adapted specifically for use in Australian 

cities and rebadged as i-Tree Eco. The biotransformation of carbon dioxide is quantified as tree 

carbon storage, in kilograms, and over time as carbon sequestration, in kilograms per year. For 

reference, see Greening Rail Infrastructure for Carbon Benefits (Blair et al 2017) for a pilot 

study undertaken on a 1 km section of an urban rail corridor in Sydney.  

D.2. Resilience to extreme heat temperatures 
The cooling effect provided by green infrastructure has direct economic benefits for the 

transport network and even wider benefits for the community. 
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Benefit to transport network: The Sydney Trains Climate Change Risk Assessment and 

Adaptation Management Plan (internal document), which amongst other things has analysed 

the cost of a heatwave event in summer of 2013, found the estimated direct cost to Sydney 

Trains for that event alone to be $52,892. The NSW and ACT Regional Climate Modelling 

(NARCLiM) forecasts that the frequency and duration of heatwaves are expected to increase in 

the future; hence this cost is likely to increase by the same rate. This cost to the operator could 

be accounted as an avoided cost when doing whole-of-life cost-benefit analysis. 

Benefits to the community: Much wider economic benefits are to be gained from the cooling 

function of vegetation. This is mostly associated with the health benefits of mitigating the 

adverse impact of heatwaves from passengers, front of line workers, and the adjacent 

neighbourhood, particularly in the urban areas where increased frequency of heatwaves from 

climate change is exacerbated by the urban heat island effects. While there are a number of 

international and Australian studies supporting the cooling effect of green infrastructure, 

monetising this wider economic benefit is more complex. Health outcome measures such as: 

DALY (Disability Adjusted Life Years), YLL (Years of Life Lost), and QALY (Quality Adjusted 

Life) are commonly used economic methods (Huang et al 2013). However, there are still no 

commonly recognised quantified estimates available on the health costs associated with 

temperature exposure and therefore savings that can be made from preventing temperature-

related health effects. Therefore, a qualitative analysis will be sufficient.  

D.3. Reduced stormwater run-off 
By reducing the volume of stormwater run-off, green infrastructure can provide economic 

benefits by way of avoided cost on the construction of an additional stormwater facility. 

For the lower or avoided capital and maintenance cost, a general formula is: 

avoided stormwater treatment costs ($): 

= volume (run-off reduced) * cost of treatment per volume 

The crux in monetising the above benefits is in the estimate of the actual stormwater reduction 

and the complexity varies per type of green infrastructure but the basic formula is governed by 

this equation: 

volume (run-off reduced) = annual precipitation * infiltration area * GI surface area * (% retained 

or retention rate) 

For the conventional vegetation planting treatment, a number of rainfall reduction modelling 

software packages are available for estimating such, including I-tree Eco.  

For green roofs, green roof stormwater retention capacity depends on the substrate type and 

depth used. The green roof designer should be able to assist in estimating this value.  
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D.4. Minimising the impact of flood 
The reduction in the impact of flood brought about by green infrastructure is highly site specific 

and should be assessed at a ‘watershed-scale’. After the reduction in the flood risk is known, 

the monetised value may be obtained using the hedonic price method based on the theory that 

real estate values reflect the risks inherent in being at a particular locality. A Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) study carried out to assess the impact 

of the Brisbane 2011 flood found that for every property exposed to 1-in-100 year flooding, 

prices have a significant discount, all else being equal. The study also shows that for every 

vertical metre a property is below the 1-in-100 year mark, there is additional discounting of 

5.45% on the price (Rambaldi et al 2013).  

D.5. Air quality improvements 
There are a number of software tools available that provide estimates on the pollutant removal 

capacity of vegetation. Again, the i-Tree Eco tool is able to estimate this function. This software 

tool measures the pollutant absorption potential of plants, including PM10 among other things. 

When the removal capacity is known, this can then be monetised in the form of ‘avoided 

damage cost’.  

The estimated health cost of ambient air pollution in what was termed the ‘Greater Sydney 

Metropolitan Region’ has been documented in a study by the NSW agency for environment 

(NSW Department of Environment and Conservation 2005). The result is tabulated in Table 2. 

Table 2 - Cost per tonne of PM10 ($ thousand) 

 Low High Midpoint 

Sydney 28 235 132 

Hunter 8 63 35 

Illawarra 6 46 26 

This method is frequently referred to as ‘damage costs’, and it provides a simple way to value 

changes in PM10. Damage costs are estimates of the costs to society due to the impacts of 

changes in emissions. Damage costs assume an average impact on an average population 

affected by changes in air quality (NSW Environment Protection Authority 2013).  

D.6. Visual amenity 
A Queensland study found that in calendar year 2010, tree lined streets generated property-

value benefits of $29 million – more than twice the cost of planting and maintaining them (Plant 

2016). This study also revealed buyers paid 5 per cent above the median price for houses in a 

street with 50 per cent or more trees than other streets. 
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