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Glossary

Avoided cost method

Avoided healthcare
costs (recreation)

Avoided mental health
costs
Biodiversity

Blue assets

Blue carbon

Common International
Classification of
Ecosystem Services
(CICES) Framework

Climate regulation
Cultural services

Economic impact
Ecosystem-based

adaptation (EbA)

Ecosystem service

Green assets

Hedonic pricing

Lifecycle carbon
contribution

Market values

Valuation approach that estimates the economic value of an
environmental asset based on the costs that would otherwise be
incurred to achieve the same outcome in its absence. Provides a
conservative, lower-bound estimate of benefit (e.g., avoided mitigation,
replacement or damage costs).

Reduced healthcare costs from increased physical activity enabled by
green-blue infrastructure

Economic savings from reduced incidence or severity of mental illness
through exposure to nature and access to green—blue spaces.

The variety of living organisms, including species, genetic diversity and
ecosystems, and the ecological processes that support them.

Water-based natural or constructed features (e.g., rivers, wetlands,
lakes, WSUD assets) that provide ecological, hydrological, climate and
community benefits.

Carbon sequestered and stored in coastal and marine ecosystems such
as saltmarshes and seagrass meadows, often with high sequestration
rates and long-term storage in sediments.

The Common International Classification of Ecosystem Services — an
internationally standardised system for categorising ecosystem services
into Provisioning, Regulation and Maintenance, and Cultural services.

Regulation of local or regional climate conditions by ecosystems,
including shading, evapotranspiration and moderation of heat through
vegetation and water bodies.

Non-material benefits people obtain from ecosystems, including
recreation, aesthetic values, cultural identity and spiritual significance.

Contribution of green—blue infrastructure investment to local
employment and output (not a welfare measure)

Use of biodiversity and ecosystem services as part of strategies to help
people and infrastructure adapt to climate change.

The benefits people obtain from ecosystems, including the outputs,
functions and processes that support human wellbeing and economic
activity. Ecosystem services are commonly grouped into Provisioning,
Regulation and Maintenance, and Cultural services.

Land-based vegetated features such as parks, trees, green corridors
and restored ecosystems that deliver environmental, social and
economic benefits.

A revealed-preference valuation method that estimates the value of
non-market attributes such as environmental quality by observing how
they are capitalised into the prices of related market goods, typically
housing.

Net greenhouse gas emissions avoided or sequestered by an asset
over its full lifecycle, including establishment, operational emissions,
and maintenance.

Benefits or costs with a direct market price



Natural capital

Non-market values

Non-use values

Provisioning services

Recreation enabling
(and amenity) value

Regulation and
maintenance services

Shadow price of carbon

Social cost of carbon
(SCC)

Stored carbon (stock)

Total economic value
(TEV)

Urban heat island effect

Use values

Water purification

Water sensitive urban
design (WSUD)

Water supply

Willingness-to-pay
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The stock of natural resources that underpins the flow of ecosystem
services and economic activity

Benefits not traded in markets, requiring valuation using stated or
revealed preference methods

Values not linked to current or future use, including existence, bequest
and option values

Outputs from ecosystems that can be consumed or used as raw
materials, such as food, fibre, water and energy resources.

Value placed on recreational opportunities, access to open space and
visual amenity provided by green-blue infrastructure, often measured
through property price premiums or stated-preference methods.

Benefits arising from ecosystem processes that regulate environmental
conditions, such as water regulation, erosion control, heat mitigation
and air purification.

A hypothetical or modelled carbon price used in appraisal when no
observed market price is available, reflecting the marginal abatement
cost or societal damages avoided.

The estimated economic damages avoided by reducing one tonne of
CO.,e emissions, capturing global climate impacts

Total carbon stored in vegetation and soils at a point in time. Stocks are
measured in absolute units (e.g. tonnes of carbon dioxide equivalent,
tCO.e) as a once-off or lifetime value and are distinct from
sequestration, which refers to the annual rate of carbon uptake.

The total value to society of an environmental asset or ecosystem
service, including all use-values (direct, indirect and option) and non-
use values (existence and bequest). Use-values reflect the benefit
derived from actual or potential use, whereas non-use values reflect the
benefit derived simply from the knowledge that the asset exists or can
be preserved for future generations.

Elevated temperatures in urban areas compared with surrounding rural
areas, driven by heat retention in built surfaces and reduced vegetation.

Values derived from direct or indirect use of an asset, such as
recreation, resource extraction or ecosystem services that support
economic activity.

Natural removal of sediments, nutrients and pollutants by wetlands and
vegetated waterways, reducing treatment costs and improving water
quality

Integration of urban water cycle management into planning and design
to minimise environmental degradation, enhance urban amenity and
support liveability.

Contribution of ecosystems to water availability through infiltration,
recharge, retention, and substitution of potable supply.

A stated-preference valuation method administered via survey,
measuring the maximum amount an individual is willing to pay for a
change in condition or service.
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Introduction

Lower rainfall over the past 40 years has significantly affected stream flows and groundwater supplies
in Perth — a 12% drop in rainfall since 1990 has reduced stream flows to Perth’s reservoirs by 50%.
So, securing water supplies in Perth and other urban areas in Western Australia involves considering
all water supply options, including integrating green—blue infrastructure. These assets include
wetlands, waterways, parks, bushland, green corridors, stormwater assets and trees.

Marsden Jacob Associates (MJA) was engaged by Water Sensitive Cities Australia (WSCA) to assist
with demonstrating the value provided by green—blue infrastructure across Perth—Peel (Figure 1).

Figure 1: Study region, Perth-Peel
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Box 1 What is green-blue infrastructure?

Green
Terrestrial or land-based vegetated infrastructure that delivers environmental, social and economic benefits.

Examples:
e Native vegetation (e.g. Banksia woodlands, remnant bushland)
e Parks (irrigated and non-irrigated), grass, sports ovals and public open space
e Urban forests and street trees (mixed species, native and non-native)
e Vegetated stormwater assets (swales, biofilters, raingardens)

Blue

Water-based natural or constructed features that provide environmental, social, and economic benefits.
Examples:

e Wetlands (natural and constructed)

e Rivers, streams and creeks (e.g. Swan, Canning, Helena and Southern Rivers, Jane Brook, Ellen
Brook)

e Estuaries (e.g. Swan Canning and Peel-Harvey Estuaries)

e Blue carbon habitats (of relevance in the Swan Coastal Plain such as samphire wetlands, saltmarsh
and other riparian vegetation)

The services that green—blue infrastructure provide are fundamental to what we consume and
produce and to our wellbeing. These values often go unmeasured or unrecognised when making
decisions. A significant reason for this is the inability to communicate the value these assets provide.

Utilising ‘market’ values may omit the intangible benefits provided by green—blue infrastructure. This is
because the services provided by green—blue infrastructure are often not bought and sold in a market
(non-market good or services). Commonwealth and Western Australian guidelines for undertaking
investment analysis requires considering and quantifying (where possible) all material market and
non-market impacts of investment proposals. This report seeks to demonstrate the value provided by
green-blue infrastructure across the Perth—Peel region. It provides a ‘tool kit' of appropriate data to
better enable informed and compelling discussion with key stakeholders across government and other
influential bodies.

The report presents the following sections:

1. Economic value of green—blue infrastructure in the Perth—Peel region provides a measure of
the total economic value of significant green—blue infrastructure within the study region.

2. Carbon sequestration and storage values of green—blue infrastructure provides unit values of
relevant ecosystem services and an overview of the methodology underlying them. It also
discusses relevant factors applicable to each unit value such as ‘double counting’.

3. Unit values for green—blue infrastructure provides a more detailed analysis of carbon
sequestration and storage values applicable to various green—blue infrastructure. It also
discusses relevant carbon cost estimates utilising a variety of approaches i.e. financial and
economic/social costs of carbon.

Concepts relevant to this analysis approach are discussed in the remainder of this section and further
details about the value estimation methods are described in the appendices.
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1. Economic value of green-blue
infrastructure in the Perth—Peel
region

The current (2025) economic value of green-blue infrastructure in the Perth—Peel region is estimated
to be greater than $71 billion. Green assets are estimated at $71 billion and blue assets estimated at
$5-$13 billion (Figure 2).

Figure 2: Headline value - indicative economic value of green—blue infrastructure

Nature’s value: Perth-Peel's trees, waterways and wetlands are valuable

' my_;u:ver wondered about the value of Perth-Peel's trees, waterwayé and wetlands? You'd be surprised: -

(1) TREES AND PARKS ‘ WATERWAYS @3)) WETLANDS
. \ :

Trees and green spaces like O Waterways are 3 <5 Wetlands are
parks are valued around ¢ valued around l valued around

$71 BILLION __ {8 A/ S KN $13 BILLION

The recreation-enabling (and amenity) approach was chosen because it provides a broad picture of
the value people receive from green—blue infrastructure. It scales with the extent of natural assets (i.e.
more green space results in higher value) and captures a mix of wellbeing benefits these places offer
to the community, such as recreation, access to open space, visual amenity and a sense of
connection to nature.

People experience these benefits together, so it is difficult to reliably separate one from another. If
each service (such as the benefits to urban cooling, recreation, mental health or biodiversity) were
valued on its own and then added together, some benefits would be counted twice while others would
be missed (i.e. risks omissions / double counting).

The approach used to estimate this value are explained in more detail in the Appendices, but in
summary:

e For green infrastructure, the study applies an evidence-based premium of 0.28% for every 1%
increase in green assets within a local government area. This premium is combined with the
mapped extent of green assets (Table 3) and applied to each local government area
individually (Table 26) with the results added together to produce the regional total of around
$71 billion.

e For blue infrastructure, a different approach is required because wetlands and waterways
overlap in several datasets and therefore cannot be combined into a single stock. Instead, the
0.25% premium is applied separately to the extent of wetlands and the extent of waterways
(Table 3), producing an indicative range of $5—13 billion. This range reflects the different sizes
of these two blue asset types and avoids double counting.
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2. Carbon sequestration and
storage values of green—blue
infrastructure

Blue and green ecosystems across the Perth—Peel region play a vital role in mitigating climate change
by both sequestering carbon (capturing CO, from the atmosphere each year) and storing it long-term
in vegetation and soils. Sequestration reflects an asset’'s ongoing annual climate benefit, while carbon
stock (or storage) represents the total carbon held as well as the risk of increasing emissions if the
asset is lost or degraded. Measuring both is essential to understanding the full value of protecting or
restoring these natural systems.

Each hectare of mature Banksia woodland delivers $26,600 in long-term stored carbon
value and $950 annually in carbon sequestration — equivalent to removing 5 cars from the
road each year.

The economic benefits of this regulating service are quantified here using a carbon value of $58 per
tonne of CO,e ($/tCO,e). This value reflects Infrastructure Australia’s (1A) central target-based carbon
value, which estimates the abatement costs required for Australia to meet its emissions reduction
commitments. While this is not a social cost of carbon (SCC) in the strict sense, it is applied here as a
proxy for a conservative SCC. True SCC estimates, which seek to capture the full social damages of
emissions (e.g. biodiversity loss, extreme heat, flood impacts), are often substantially higher — for
example, values used in the EU and US commonly exceed US$100/tCO.e. A higher SCC value has
not been adopted because there is currently no consensus on an appropriate benchmark in Australia,
and no value has yet been set by the WA Treasury. Using IA’s central carbon value therefore
provides a conservative but policy-relevant basis for valuation in a Western Australian context. For
comparison, the market price of Australian Carbon Credit Units (ACCUs) is around $35/tCO,e, but
this value reflects trading dynamics rather than environmental and social externalities.

Figure 3 provides a snapshot of the carbon value for some key green—blue assets particularly relevant
to the Perth—Peel region. The variation in value across asset types reflects differences in biological
function and land use. A single urban tree provides modest but valuable sequestration benefits, while
mature Banksia woodlands deliver significantly higher carbon benefits due to their dense canopy and
large biomass. Blue carbon ecosystems such as saltmarshes or riparian zones provide moderate
annual sequestration, but are especially important for their deep, long-term soil carbon stores and
potential for methane suppression when restored.

These values highlight the climate contribution of natural green—blue assets in the Perth—Peel region
and support investment in conservation, restoration and resilient urban greening.



10 | Green-Blue Infrastructure Valuation of the Perth—Peel Region

Figure 3: Carbon value for different green-blue assets using the social cost of carbon ($58/ tCOe)
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3. Unit and total value estimates for
green-blue infrastructure

This section summarises the key unit values used to estimate the benefits of green—blue
infrastructure across the Perth—Peel region. The methods used to derive these values, which include
literature sources, modelling assumptions and valuation techniques, are detailed in Appendix 1 for
each service, along with case studies that illustrate how the values can be applied in practice.

Unit values for the quantifiable service were estimated using relevant literature (Table 1). They were
then applied to the stock or quantity of each relevant asset to inform the total value (Table 2).

Within the study area values are provided for:

e Urban tree canopy and grass (composed of trees of varying maturity/canopy height and
grass)

e Wetlands'
e Waterways including rivers and estuaries
e Native vegetation.

Importantly, values provided for these assets are not additive and, in many cases, it is difficult to
specify the total value of green—blue infrastructure with current data due to overlap. For example,
when classifying assets some sections of waterways are included in the stock of wetlands, and some
native vegetation has been included within the stock of grass. Further research and data would be
required to isolate their value.

1 Those defined by the Department of Biodiversity, Conservation and Attractions as ‘Conservation’ and ‘Resource
Enhancement’ Wetlands.
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Table 1: Unit values estimates for quantifiable green-blue asset benefits by service type

Service Asset type

Green carbon — Urban
trees (mixed canopy)

Carbon
sequestration
and storage

Green carbon — Banksia
woodland (mature)

Blue carbon — Saltmarsh /
coastal wetland (intact)

Blue Carbon — Saltmarsh
/ coastal wetland
(restored)

Blue Carbon — Riparian
zone (e.g. Melaleuca
woodland)

Existence value for
threatened ecological
community and
endangered flora

Biodiversity
(willingness-to-
pay)

Water
purification

Wetlands, riparian zones

Proximity to clean
waterways

Water supply All green-blue
infrastructure

Climate All green-blue
regulation infrastructure

Urban trees (private
property)

Urban trees (greenhouse
gas reduction)

Recreation
enabling (and
amenity) value

- All blue infrastructure
- All green infrastructure

Recreation All green—blue
enabled infrastructure
avoided health

costs

All green-blue
infrastructure

Avoided mental
health costs

All green-blue
infrastructure

Value

(description)
Sequestration: $245/ha/year (ACCU), $343/halyear (SCC)
Storage: $5,250/ha (ACCU), $8,700/ha (SCC)
Sequestration: $1,145/ha/year (ACCU), $1,603/ha/year
(SCC)
Storage: $16,048/ha (ACCU), $26,593/ha (SCC)
Sequestration: $99/ha/year (ACCU), $164/halyear (SCC)
Storage: $7,700/ha (ACCU), $12,760/ha (SCC)
Sequestration (includes avoided methane): $155/halyear
(ACCU), $719/halyear (SCC)
Storage: $7,700/ha (ACCU), $12,760/ha (SCC)

Sequestration: $80/ha/year (ACCU), $132/ha/year (SCC)
Storage: $8,750/ha (ACCU), $14,500/ha (SCC)

$20/person/year (conservative value based on WTP for
increased protection of Swan Coastal Plain claypan
habitats i.e. proxy for endangered flora and habitat)

$15,000-$76,000/ha/year (avoided nutrient removal cost)

$9,000/property based on median Perth property i.e. 3—-8%
increase in property value (hedonic price)

$3 million/GL (average value to users of GL water supply)

$3.46/person/°C/day >30°C (avoided health burden)

$14-$110/household/year (avoided financial cooling costs)

$1-$10/household/year (avoided scope 2 emissions)

0.26% midpoint (or between 0.14%-0.62%) property
premium per 1% increase in proportion Green—blue
infrastructure as a proportion of area

0.25% property premium per 1% increase in proportion of
blue infrastructure as a proportion of area

0.28% property premium per 1% increase in proportion of
green infrastructure as a proportion of area

$110/person (applied to all Perth—Peel population)/year

$8.05-$9.87/person (applied to all Perth—Peel
population)/year (for a 1% increase in the population
enabled to meet the dose requirement of 30 minutes in
nature per week)
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Table 2 outlines the total value estimates of the various ecosystem services when applied to the total
stock of assets within Perth—Peel and to the study population.

Table 2: Total value estimates for quantifiable green-blue asset benefits by service type

Service

Carbon
sequestration
and storage

Biodiversity
(willingness to

pay)

Water
purification

Water supply

Climate
regulation

Recreation
enabling (and
amenity) value

Recreation
enabled —
avoided health
costs

Avoided mental

health costs

Asset type

Green carbon — Urban trees and
vegetation (mixed canopy)

Green carbon — Banksia
woodland (mature)

Blue carbon — Saltmarsh / coastal
wetland (intact)

Blue carbon — Riparian zone (e.g.
Melaleuca woodland)

Existence value for threatened
ecological community and
endangered flora

Wetlands, riparian zones

All green-blue infrastructure

All green-blue infrastructure

Urban tree canopy and grass
Waterways
Wetlands

All green-blue infrastructure

All green-blue infrastructure

Value
($ million — unless otherwise specified)

Sequestration: $19 million/year (ACCU),
$32 million/year (SCC)?

Storage: $841 million (ACCU),
$1,394 million (SCC)

Sequestration: $24.0 million/year (ACCU),
$33.7 million/year (SCC)

Storage: $337 million (ACCU),
$558 million (SCC)

Sequestration: $0.05 million/year (ACCU),
$0.082 million/year (SCC)

Storage: $4 million (ACCU), $6 million
(8CC)

Sequestration: $0.06 million/year (ACCU),
$0.11 million/year (SCC)

Storage: $7 million (ACCU), $12 million
(SCC)

$41 million/year

$3,000-$15,000 million/year

$1,006 million/year
$84—$322 million/year

$71,000 million
$5,000 million
$13,000 million
$225 million/year

$1,423-$1,747 million/year

For further information on how to apply these benefits (specifically, how to avoid double counting),
please see Appendix 1, as well as the more detailed methodology for each in Appendix 2.

2 Australian carbon credits unit (ACCU) and social carbon cost (SCC) explained in more detail in the next chapter as well as in

the appendix section: Values for Carbon Abatements (Sequestration & Storage)
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Appendix 1: Additional information
and advice for benefit application

Classifying ecosystem contributions

The Common International Classification of Ecosystem Services (CICES) provides a structured
approach to classifying the contributions ecosystems make to human wellbeing (Haines-Young &
Potschin 2018).

It divides ecosystem services into three main categories:

® Provisioning services: supply of tangible goods, e.g. fresh water from waterways or harvested
biomass

® Regulating and maintenance services: ecosystem processes that moderate natural systems,
e.g. stormwater retention, urban cooling or biodiversity

® Cultural services: often unquantifiable benefits, e.g. recreational use of parks, visual amenity,
non-use value (like existence, bequest, option) or improved community cohesion.

This classification helps to identify, describe and value the full range of benefits provided by green—
blue infrastructure (e.g. wetlands, rivers, urban green space) referred to as total economic value
(Figure 4).

Figure 4: Total Economic Value (TEV) framework illustrating the distinction between use values (direct,
indirect, etc) and non-use values (existence, bequest, etc.)

Total Economic Value (TEV)

Use Values Non-Use Values
Direct Use Value Indirect Use Value Option Value Existence Value Bequest Value Altruistic Value
Outputs/ services Functional benefits Future direct and Value from knowledge of Value of leaving use Value of leaving use
that can be enjoyed indirectly e.g. indirect use and continued existence, and non-use values to and non-use values to
consumed directly amenity expected new based on e.g. moral offspring (as with others (as with
e.g. capture information from conviction (endangered option/existence option/existence
fisheries, tourism avoiding irreversible species) values but for values but for
losses e.g. biodiversity offspring) offspring)

Source: (De Valck et al., 2023)
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Accounting for the value provided by green-blue
infrastructure

When valuing a good or service, the default is often to consider only the financial or market values,
i.e. how much was spent to purchase it or how much could it be sold for. However, this approach
understates the overall value when there are costs and/or benefits that are not explicitly associated
with any market (also referred to as non-market values) and therefore not factored into the price.

Green-blue infrastructure typically generates substantial non-market economic value,
which must be accounted for to avoid underinvestment.

For example, the financial cost of removing a single tree is often immaterial in the context of a large-
scale development project. However, the economic cost (also referred to as the cost to society) must
account for all impacts as best as possible (even those external to the market costs). The impacts of
removing this tree may include decreases in local air quality services, visual amenity and climate
regulation among others. This means that the total economic cost of removing the tree is likely to be
much higher than the financial cost or market value would suggest. As noted in the introduction, these
issues arise primarily because it is difficult to measure and incorporate these external costs and
benefits into the value of environmental assets. So they are often overlooked.

This report seeks to quantify the non-market value of green—blue infrastructure in the Perth—Peel
region, where possible, to better understand their economic value. These assets provide substantial
benefits that are often overlooked and are becoming more valuable and important in the face of
climate change.

Relevant economic and environmental literature was used to estimate these values through methods
such as:

® Hedonic pricing — which measures the value of an asset by inferring from real estate prices,
often used to estimate use-values of cultural services like amenity and recreation (e.g. people
often pay more to live near green open spaces)

e Willingness-to-pay (WTP) — which estimates the value individuals place on ecosystem
services primarily using surveys, often used to estimate non-use values like habitat for
biodiversity or a species existence

® Avoided cost methods — which estimates value based on costs that would be incurred in the
absence of the ecosystem service, often used to estimate indirect use-values associated with
regulating services (e.g. avoided infrastructure or treatment costs).

This report does not explain these non-market valuation approaches in depth, but a basic
understanding is necessary to ensure that ‘double counting’ or other inappropriate use of values does
not occur.

Table 3 summarises the categories of green—blue assets included within this analysis. Provided are
estimates of their extent (how much of the study area that they cover) as well as their applicability to
different ecosystem services.
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Table 3: Perth—Peel region, asset stock and related ecosystem services

Urban tree Wetlands Waterways Native
canopy and including rivers | vegetation

grass and estuaries

Asset subset Green Blue Blue Green
Extent (km? in study area) 3,689 591 237 1,404
Extent (% of study area) 45% 7% 3% 17%
Water purification % v v X
Carbon 4 4 4 4
sequestration/storage

Increasing biodiversity v v v v
Climate regulation V4 v v V4
Water supply 4 v v v
Recreation opportunities 4 v 4 v
Avoided mental health 4 4 4 4
costs

Data source for study DPLH_020 DBCA_019 DWER_031 DPIRD_093

region quantity (GIS)

Note: Study area measured as 8,238 km? for Perth—Peel. Green tick — included, red cross — not included. Values
provided for these assets are not additive i.e. cannot specify the total stock of green—blue infrastructure with
current data overlaps when classifying assets.
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Double counting considerations for benefit
application

Figure 5 provides a relationship matrix to understand the application of various benefits together.
Importantly, it does not replace the need for a detailed understanding of cost-benefit analysis and
‘double counting’ of values if wishing to conduct an economic evaluation. Rather it is intended to
provide a degree of certainty for how to report various benefits together. The box below provides an
example of how to report multiple benefits that cannot be added together.

Correct use of values for stakeholder discussion

Key to discussion with any stakeholder, in-lieu of professional advice, is the caveat that these are
separate measures and not additive i.e.

Correct phrasing would be:

“a park of X size delivers approximately $50 of avoided mental health
costs or $100 of avoided health costs”

Instead of a misleading example such as:

“a park of X size delivers approximately $50 in avoided mental health
costs and $100 in avoided physical health costs, for a total benefit of $150”.

It is better to recognise that green—blue infrastructure generates multiple, distinct benefits. To avoid
overstating benefits, care is needed to prevent double counting. However, it is still worthwhile to
highlight other co-benefits by describing them qualitatively (or with supporting values) alongside the
primary benefit, to best illustrate the value an asset provides.

Example application of Figure 5

Suppose the project team wishes to present benefits associated with urban trees in a fact sheet, with
a particular focus on health outcomes. Referring to Figure 5, the benefit category recreation-enabled
avoided health cost (second row from the bottom) cannot be aggregated with recreation enabling (and
amenity), climate regulation or avoided mental health costs, as indicated by the orange cells.

Including these benefits together would result in double counting.

Instead, the team can select benefits marked with green shading in the same row, such as carbon
sequestration and storage, biodiversity, water purification and water supply. In this case, the benefits
expressed could be the sum of recreation-enabled avoided health cost and biodiversity, which can be
combined without risk of double counting.
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Figure 5: Benefit applicability

Service [valuation method —
hedonic pricing, willingness-to-
pay, avoided cost]

Recreation enabling (and
amenity) [hedonic]

Carbon sequestration &
storage [avoided cost]

Biodiversity [willingness-to-pay]
Water purification [avoided
cost]

Water supply [consumer
surplus]

Climate regulation [avoided
cost]

Recreation enabled avoided
health cost [avoided cost]

Avoided mental health cost
[avoided cost]

Recreation
enabling (and
amenity)
[hedonic]

Carbon
sequestration
& storage
[avoided cost]

Biodiversity
[willingness-to-
pay]

Water
purification
[avoided cost]

Water supply
[consumer
surplus]

Climate
regulation
[avoided cost]

Recreation
enabled
avoided health
cost [avoided
cost]

Avoided
mental health
cost [avoided
cost]

Note: This matrix displays one-on-one relationships between benefits (when considered separately). For example, a stack of green in one column does not indicate all of these
benefits can be used at once without double counting. Key: Grey — NA, Green — benefits can be applied together, Orange — benefits cannot be applied together.



Appendix 2: Detailed valuation methods
and case studies

Values for carbon abatements (sequestration and storage)

This section estimates the different quantifiable values of carbon storage (stocks) and annual sequestration of
several key green—blue infrastructure relevant to the Perth—Peel region.

Green—blue ecosystems across the Perth—Peel region play a critical role in mitigating climate change by
sequestering and storing carbon. This section estimates the value of existing carbon stocks and ongoing
sequestration in native vegetation types such as Banksia woodlands, saltmarsh habitat and riparian woodlands,
using an average market price for Australian Carbon Credit Units (ACCU) (e.g. used for offsets). Although many
individual species are not listed as threatened, the ecological communities they form (e.g. Banksia Woodlands of
the Swan Coastal Plain) are nationally endangered, and their carbon services enhance the case for conservation.

This approach reflects the economic value of avoided emissions in planning terms, rather than the full global
damage cost of carbon. To complement this approach, estimates based on future abatement potential from
increased restoration are also described, as well as a proxy value for the social cost of carbon (SCC), which
captures the broader societal damages avoided per tonne of CO, abated.

The analysis includes:
® Carbon price assumptions:
o $35/tCO.e, reflects the average market price for Australian Carbon Credit Units (ACCUs)

o $58/tCO,e, reflects a proxy value for the social cost of carbon (SCC) — an estimate of the broader
economic damage avoided per tonne of CO, abated (e.g. health, infrastructure, ecosystem loss).
This benchmark follows Infrastructure Australia, as WA Treasury has not set a SCC.

® Annual sequestration rates (tCO,e/hal/year): the amount of carbon dioxide captured by ecosystems each
year through biomass growth or soil carbon accumulation.

® Total stored carbon stocks (tCO,e/ha): the existing carbon stored in vegetation and/or soils of intact
ecosystem.

® Monetary values are provided for key asset types, including:

o Urban trees and vegetation (including all canopy layers and groundcover), with sequestration,
stock and PM2.5 (fine particulate matter, with a diameter of 2.5 micrometres or less that can
penetrate the lungs and enter the bloodstream) values calculated for each local government (LG)

o Banksia woodlands, with sequestration and stock values based on mature remnant bushland
carbon dynamics

o Saltmarsh and riparian woodlands, with sequestration and stock values based on blue carbon
systems including both biomass and soil carbon pools

® Future abatement potential: additional climate benefit achievable through restoration of degraded
wetlands and riparian zones are described — including avoided methane emissions (e.g. Hagger et al.,
2024 case study).

Valuing these services highlights the contribution of green—blue infrastructure to emissions reduction goals and
supports investment in nature-based solutions.



Method

Table 4: Carbon abatement method

Service Carbon sequestration and storage

CICES classification Regulating service

Green carbon — urban trees and
vegetation (mixed species)

Asset type

Description of service Urban trees sequester carbon through
growth and store it in woody biomass.
They also remove PM2.5 pollution via

deposition on leaves and bark.

Green carbon — urban trees and
vegetation (mixed species)

Asset type

Method for valuing
service

Tree canopy area (ha) calculated from
spatial mapping (DPLH 2024). Per-
hectare sequestration (annual) and
carbon stock (once-off) values are
applied using area-based factors
calibrated from i-Tree Eco AU transfer
studies (Living Melbourne 2023) and
adapted to Perth—Peel canopy
conditions. This approach was
implemented in Power Query as a
replacement for a full i-Tree Eco run3
(due to data limitations). PM2.5 filtration
values included based on published
pollutant removal rates and health cost
transfer.

Unit values used e Sequestration: 3.5 tCO,e/halyear

e Carbon stock: 100-200 tCO,e/ha
e PM2.5 removal: 0.04 kg/ha/year

3 See Nowak (2024).

Green carbon — Banksia woodland
(mature)

Intact Banksia woodlands store large
volumes of aboveground biomass and
actively sequester carbon through high-
growth woody vegetation.

Green carbon — Banksia woodland
(mature)

Sequestration and biomass stock values
based on Keith et al. (2009) and
Roxburgh et al. (2019). Excludes soil
carbon. 1 ha stand used as basis.

e Sequestration: 9.2-23.5
tCO,e/halyear

e Carbon stock: 367-550 tCO,e/ha
e ACCU: $35/tCO.e

Blue carbon — saltmarsh and riparian
vegetation

Saltmarsh and riparian ecosystems
sequester carbon in aboveground
vegetation and store large amounts of
soil organic carbon under anaerobic
conditions.

Blue carbon — saltmarsh and riparian
vegetation

SOC accumulation rates based on
Lovelock et al. (2022), converted to CO,e
using the IPCC Wetlands Supplement
(2013) multiplier (3.67). Stored carbon
stocks estimated from the mid-range of
Serrano et al. (2019) and IPCC
guidelines for coastal wetlands and
riparian zones. Values are applied per
hectare and scaled by mapped extents.

e Sequestration: 2.83
tCO,e/halyear

e Carbon stock: 220 tCO,e/ha
e ACCU: $35/tCO.e



Asset type

Discussion

e PM2.5 value: $900/kg
e ACCU: $35/tC0O,e
e SCC: $58/tCO,e

Green carbon — urban trees and
vegetation (mixed species)

Citywide average — includes mixed age
trees and scattered canopy. The dataset
captures tree canopy, mid-storey
vegetation and some groundcover that
registers as canopy cover, so results
represent broader “urban vegetation”
rather than overstorey trees alone. Air
pollution removal included due to urban
context. Co-benefits not monetised.
Carbon values reflect aboveground
biomass only; below-ground biomass and
soil carbon pools are not included.
Annual sequestration values represent
gross uptake; net sequestration would be
lower once mortality and decomposition
are accounted for.* These stocks are
subject to turnover as trees senesce, die
or are removed. Annual sequestration is
therefore temporary unless canopy is
renewed through ongoing planting and
maintenance.
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Service Carbon sequestration and storage

e SCC: $58/tCO.e

Green carbon — Banksia woodland
(mature)

High sequestration and biomass. Soil
carbon not included. Reported values
represent aboveground biomass. While
sequestration rates are high for mature
stands, carbon is re-released over time
through natural senescence, fire or
disturbance. Soil carbon pools not
included, which would provide more
durable storage.

Water Sensitive Cities Australia

e SCC: $58/tC0O,e

Blue carbon - saltmarsh and riparian
vegetation

Values reflect both vegetation and soil
organic carbon. Soil carbon pools provide
long-term storage under anaerobic
conditions, making them less susceptible
to re-release compared with
aboveground biomass. Restoration would
yield additional abatement (see section:
future restoration potential) as it can
increase permanence by reactivating soil
carbon sinks.

| wscaustralia.org.au
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Table 5: Summary for existing green—blue carbon (Per-hectare estimates)

Asset Type Sequestration Sequestration Sequestration Stored carbon Stock value Stock value
(tCO.e/halyear) value (ACCU, value (SCC, (Stock) (ACCU, %) (SCC, $)

$lyear) $lyear) (tCO,e/ha)

Urban trees and

vegetation (mixed, 3.5 $245 $343 150 $5,250 $8,700
degraded)

Banksia woodland

(mature) 16.35 $1,145 $1,603 459 $16,048 $26,593
Saltmarsh (intact) 2.83 $198 $277 220 $7,700 $12,760

Riparian woodland
(e.g Melaleuca, 2.28 $159 $223 250 $8,750 $14,500
mixed vegetation)

Values are rounded and therefore may not sum exactly.

Table 6: Total area (in hectares) by asset used for total carbon value estimates

Asset type Estimated area (ha) Source / justification

Urban trees and

vegetation (mixed 160,272 Derived from spatial mapping of tree canopy across Perth—Peel LGAs (DPLH 2024)

canopy)

Banksia woodland 21000 Approximate figure based on remaining area of Banksia Woodlands of the Swan Coastal Plain: a
(mature) ’ nationally protected ecological community (DEE 2016).

Conservative estimate from Swan Canning Estuary wetland inventories, mostly from shoreline
Saltmarsh (intact) 500 mapping around the Lower Swan and Upper Canning arms. See: Swan Canning Estuarine Wetland
Habitat Mapping (DBCA 2019) and Geomorphic Wetlands SCP dataset.

Riparian woodland
(eg. Melaleuca
woodland, mixed
vegetation)

Estimated from mapped riparian corridors along Jane Brook, Ellen Brook, Bennett Brook, etc.,
800 assuming average 70 m buffer width and ~1,150 km stream length = ~805 ha. Aligns with stream
buffer modelling in Swan Canning Riverpark shoreline condition reports.

Water Sensitive Cities Australia | wscaustralia.org.au
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Green carbon values — urban trees and vegetation

Collectively, the region’s trees and vegetation sequester nearly 560 thousand tonnes of CO, each year, valued at over $32 million annually
using the social cost of carbon. These canopies also store about 24 million tonnes of carbon, representing up to $1.39 billion in avoided
emissions value. In addition to their climate role, these green urban assets remove an estimated 6.4 tonnes of PM2.5 air pollutants each
year, delivering over $5 million in annual public health benefits.

Urban tree canopy, vegetation and groundcover across the Perth—Peel region provides substantial climate and health benefits. These
benefits have been summarised in the tables below as per-hectare carbon values and by Local Government (LG) using recent urban tree
canopy estimates provided by the Department of Planning, Lands and Heritage (DPLH 2024).

Table 7: Per-hectare carbon values for urban trees and vegetation

Value Type Estimate Va:x%g@,u?% Valzlsecc%)%s

Annual sequestration 2.7-4.5 $94-$157/halyear $156-$261/halyear
tCO.,e/halyear

Stored carbon 100-200tCO,e/ha  $3,500-$7,000/ha  $5,800-$11,600/ha

(stock)

Values are rounded and therefore may not sum exactly.

Table 8: Carbon values from urban trees by Local Government

Local Total Annual Annual Annual Annual Annual Stored Stock value Stock value
government canopy sequestration sequestration sequestration PM2.5 PM2.5 carbon (ACCU, %) (scc, $)
(LG) (ha) (tCOzelyear) value (ACCU, value (SCC, (kg) value (Stock)

$lyear) $lyear) ($/year) (tCOze)
gcrmadale, City 51246 74.362 $2,602,669 $4,312,994 850 $764,866 3,186,942  $111,542,953 $184,842.607
Eessudenin, o 483 $16,889 $27,087 6 $4.963 20,680 $723.800 $1,199,439
Town Of
gﬁﬁ‘)’}’ater’ 339 1,187 $41,549 $68,852 14 $12,210 50,876 $1,780,661  $2,950,809
Ef""mont’ Cty 3¢ 1105 $38.691 $64.116 13 $11,370 47377 $1658,184  $2.747,848
?gcvnr:)g(fjge, 459 1,605 $56.173 $93,086 18 $16,508 68,783 $2.407,398  $3,989.402

Water Sensitive Cities Australia | wscaustralia.org.au
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Local
government
(LG)

Canning, City
of

Claremont,
Town of

Cockburn, City
of

Cottesloe,
Town of

East
Fremantle,
Town of

Fremantle,
City of
Gosnells, City
of

Joondalup,
City of
Kalamunda,
City of
Kwinana, City
of

Mandurah,
City of
Melville, City
of

Mosman Park,
Town of

Mundaring,
Shire of

Water Sensitive Cities Australia

Total
canopy
(ha)

656

106

2,062

59

48

214

2,010

1,204

10,885

2,243

3,181

769

72

17,571

Annual
sequestration
(tCOzelyear)

2,295

372

7,216

207

170

749

7,034

4,215

38,097

7,850

11,135

2,693

253

61,500

Annual
sequestration
value (ACCU,
CCED)

$80,323
$13,007
$252,576

$7,241

$5,938

$26,215
$246,179
$147,527
$1,333,397
$274,764
$389,732
$94,239
$8,865

$2,152,503

| wscaustralia.org.au

Annual
sequestration
value (SCC,
$lyear)

$133,107
$21,554
$418,555

$11,999

$9,840

$43,442
$407,955
$244,473
$2,209,630
$455,323
$645,841
$156,168
$14,690

$3,567,005

Annual
PM2.5

(kg)

26

82

80

48

435

90

127

31

703

Annual
PM2.5
value
($/year)

$23,605
$3,822
$74,226

$2,128

$1,745

$7,704
$72,347
$43,355
$391,856
$80,747
$114,533
$27,695
$2,605

$632,572

Stored

carbon
(Stock)
(tCO.e)

98,355

15,927

309,277

8,866

7,271

32,100

301,444

180,645

1,632,731

336,445

477,223

115,395

10,855

2,635,718

Stock value
(ACCU, %)

$3,442,428

$557,444

$10,824,697

$310,316

$254,493

$1,123,491

$10,550,550

$6,322,581

$57,145,594

$11,775,591

$16,702,794

$4,038,834

$379,910

$92,250,133

Stock value
(SCC, $)

$5,704,595

$923,764

$17,938,069

$514,238

$421,732

$1,861,785

$17,483,768

$10,477,420

$94,698,412

$19,513,837

$27,678,916

$6,692,926

$629,566

$152,871,649



Local
government
(LG)

Murray, Shire
of

Nedlands, City
of

Peppermint
Grove, Shire
of

Perth, City of

Rockingham,
City of

Serpentine-
Jarrahdale,
Shire of

South Perth,
City of

Stirling, City of

Subiaco, City
of

Swan, City of

Victoria Park,
Town of

Vincent, City
of

Wanneroo,
City of

Waroona,
Shire of

Grand total

Total
canopy
(ha)

18,255

412

23

313

3,961

28,188

326
1,361
128
15,721

221

158

5,211

22,414

160,272

Annual
sequestration
(tCOzelyear)

63,893

1,441

81

1,097

13,865

98,657

1,140
4,763
449
55,024

773

554

18,238

78,449

560,952

Annual
sequestration
value (ACCU,
$lyear)

$2,236,268

$50,435

$2,831
$38,390
$485,272

$3,452,990

$39,888
$166,699
$15,714
$1,925,855

$27,048
$19,401
$638,328

$2,745,714

$19,633,306

Values are rounded and therefore may not sum exactly.

Annual

sequestration
value (SCC,

$lyear)

$3,705,815

$83,578

$4,691
$63,617
$804,165

$5,722,097

$66,099
$276,243
$26,040
$3,191,417

$44,822
$32,150
$1,057,800

$4,550,040

$32,535,193

Annual
PM2.5

(kg)

158

1,128

13

54

629

208

897

6,411

Water Sensitive Cities Australia
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Annual
PM2.5
value
($/year)

$657,189

$14,822

$832
$11,282
$142,611

$1,014,756

$11,722
$48,989
$4,618
$565,966

$7,949
$5,702
$187,590

$806,904

$5,769,788

Stored

carbon
(Stock)
(tCOze)

2,738,287

61757

3466

47008

594,211

4,228,150

48,842
204,121
19,241
2,358,190

33,120

23,756

781,626

3,362,098

24,040,783

Stock value
(ACCU, $)

$95,840,044

$2,161,504

$121,321

$1,645,276

$20,797,369

$147,985,266

$1,709,469
$7,144,222
$673,452
$82,536,635

$1,159,192

$831,473

$27,356,897

$117,673,440

$841,427,414
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Stock value
(SCC, $)

$158,820,645

$3,581,920

$201,047

$2,726,457

$34,464,212

$245,232,726

$2,832,835
$11,838,997
$1,116,006
$136,774,996

$1,920,947

$1,377,870

$45,334,287

$195,001,700

$1,394,365,428
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Table 9: Summary of urban tree carbon values, sources and assumptions

Value used Estimate Source

Department of Planning, Lands and Heritage (DPLH, 2024).
Tree canopy data See table above Perth and Peel Urban Tree Canopy Spatial Dataset.
Carbon sequestration 3.5 tCOze/halyear i-Tree Eco AU transfer factors — Living Melbourne (2023)
ACCU price $35/tCO.e Australian Carbon Credit Unit (ACCU) market average.
Social Cost of Carbon $58/tCO,e Infrastructure Australia (2022, 2023). Shadow Social Cost of

Carbon benchmark.

150 tCO,e/ha i-Tree Eco AU transfer factors — Living Melbourne (2023);

Carbon stock canopy extent from DPLH (2024).

PM2.5 removal 0.04 kg/halyear i-Tree Eco AU pollutant rer?zoc\)/gila;‘actors — Living Melbourne,
PM2.5 value $900/kg NSW EPA (2022). Air Pollution Health Costs Guidelines.

Water Sensitive Cities Australia | wscaustralia.org.au
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Green carbon values — Banksia woodland example

Banksia woodlands can store up to three times more carbon per hectare and can sequester carbon at two to five times the annual rate of a
typical urban tree canopy.

Banksia woodlands of the Swan Coastal Plain once spanned large areas but are now reduced to around 40% of their pre-1829 settler
extent (less then ~21,000ha remaining), due to urbanisation and land clearing. This ecological community is listed as Endangered under
the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). Protecting remaining mature stands delivers significant
carbon benefits through both long-term carbon storage and high annual sequestration rates. While based on data specific to Banksia
woodlands, these figures also serve as a useful proxy for the carbon value of other mature tree-dominated ecosystems, particularly those
with intact structure and dense canopy cover.

Table 10: Comparison of carbon dynamics of urban tree canopy versus banksia woodlands

_ Urban tree canopy (from previous section) Banksia Woodland

(C)::]I;t;on stock (aboveground 404500 tCO,e/ha 367-550 tCO,e/ha

Annual sequestration 2.7-4.5 tCO,e/halyear 9.2-23.5 tCO,e/halyear

Land use context Scattered canopy, mixed age Intact, dense mature woodland

Tree density 100-300 trees/ha 600-1,000 stems/ha

Data sources i-Tree Eco (Living Melbourne, Perth, Sydney, Keith et al. (2009); Roxburgh et al. (2019); DEE
ACT) (2016)

Table 11: Per-Hectare carbon values for Banksia woodland

Value type Estimate Value (ACCU, $) Value (SCC, $)

Annual sequestration 9.2-23.5 $534—
{CO,e/halyear $322-§823/halyear ¢4 spaianear

Stored carbon $12,845—

(stock) 367-550 tCO,e/ha $19,250/ha $21,286-$31,900/ha

Water Sensitive Cities Australia | wscaustralia.org.au
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Blue carbon value — saltmarsh and riparian woodlands

Green and blue infrastructure across the Perth—Peel region — including intact wetlands, native vegetation and aquatic ecosystems — act as
persistent carbon sinks, accumulating soil organic carbon (SOC), growing woody biomass, and in some cases suppressing methane
emissions in saline environments.

Restoring coastal wetlands and waterway habitats such as saltmarshes and riparian woodlands with mixed vegetation reactivates these
functions, enabling degraded soils and vegetation to once again capture and retain atmospheric CO,. This assessment focuses on
saltmarsh and riparian ecosystems. While seagrass meadows in particular are present in the Swan-Canning system, their extent is limited
compared with other coastal regions of WA. For consistency and materiality, the valuation here emphasises the more widespread
saltmarsh and riparian assets.

Per-hectare values used in this assessment are drawn from Lovelock et al. (2022) (SOC accumulation rates), Serrano et al. (2019) (total
carbon stocks), and IPCC (2013) (conversion of carbon to CO, equivalents using the 3.67 multiplier). These values are conservative
averages appropriate for south-western Australian conditions.

Table 12: Per-hectare soil organic carbon (SOC) accumulation rates and CO: equivalents

SOC accumulation rate (Mg

Ecosystem type CO2e (t/halyear)

C/halyear)
Saltmarsh 0.77 2.83
Riparian woodlands (e.g. 0.62 298

Melaleuca)

Source: Lovelock et al. (2022).

Table 13: Per-hectare carbon values for saltmarsh and riparian woodlands (blue carbon)

Asset Type Sequestration Sequestration Sequestration Stored carbon Stock value Stock value

(tCO,elyear) value value (Stock) (ACCU, $) (SCC, $)
(ACCU, $/year) (SCC, $/year) (tCO,e)

Saltmarsh 2.83 $99 $164 220 $7,700 $12,760

(intact) ' ’ ’

Riparian

woodland 2.28 $80 $132 250 $8,750 $14,500

(Melaleuca)

Water Sensitive Cities Australia | wscaustralia.org.au



Water Sensitive Cities Australia | 29
Future restoration — potential blue carbon

Restoring degraded coastal wetlands and waterway vegetation such as saltmarsh or riparian zones can unlock significant carbon
abatement benefits by reinstating natural hydrology and halting emissions from degraded soils. These ecosystems act as long-term carbon
sinks, delivering both new sequestration and avoided emissions.

The case study by Hagger et al. (2024) described in the table below estimated that restoring just 348 hectares of saline wetland could
abate 4,312 tonnes of CO,e per year, incorporating both carbon value and avoided emissions (methane). Using the social cost of carbon
($58/tC0O,e), this equates to a climate benefit of approximately $250,096/year total or $719/ha/year in avoided climate damages. These
estimates offer a strong proxy for the potential value of blue carbon through restoration of wetlands and waterways across the Swan
Coastal Plain, where thousands of hectares of saline or degraded systems exist.

Method

Table 14: Future restoration method example

Carbon abatement from blue carbon restoration — Hagger et al. (2024) example

CICES Regulating service

classification

Description of Restoring degraded coastal ecosystems such as saltmarsh reactivates natural carbon cycling, increasing sequestration and reducing
service methane emissions. These ecosystems act as long-term carbon sinks when vegetation and hydrology are restored.

Method for Values are drawn directly from Hagger et al. (2024), which modelled blue carbon benefits under sea level rise in the Peel-Harvey
valuing service estuary. The study estimated total carbon abatement for 348 ha of restorable land, incorporating both new sequestration and avoided

emissions (including methane). Monetary valuation applied social carbon cost of $58/tCOe.
Valuation inputs * Restoration area: 348 ha

* Estimated carbon abatement: 4,312 tCO.e/year

« Carbon price used: $58/tCO.e

Study reference Hagger, V., Dooley, B., Capon, S., et al., (2024). Lessons learned on the feasibility of coastal wetland restoration for blue carbon and
co-benefits in Australia.

Discussion This real-world case study demonstrates the high potential for carbon abatement from restoring saline wetlands in WA. The 348 ha of
restorable land was modelled under moderate sea-level rise scenarios. Outcomes are contingent on tenure, restoration feasibility and
long-term hydrological management.

Water Sensitive Cities Australia | wscaustralia.org.au
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Service Carbon abatement from blue carbon restoration — Hagger et al. (2024) example

Double counting

Carbon values represent avoided emissions through sequestration and storage and should not be added to other benefit categories that
already monetise avoided emissions. In particular, the “avoided economic costs of energy” in the climate regulation analysis already
apply the social cost of carbon to reduced cooling demand; summing them with sequestration values would double count the climate
benefit. By contrast, avoided financial energy costs (electricity bills) and avoided health or productivity costs from reduced heat stress
do not embed a carbon price and can be reported alongside sequestration values. Care is also needed when combining carbon with
other tree-based benefits. Pollutant removal (e.g. PM2.5) is a distinct service but should not be stacked with broad “health from nature”
valuations if those preference studies already capture air quality improvements. Similarly, hedonic property value premiums often
bundle climate regulation, cooling and amenity effects; adding separate carbon or cooling values risks double counting. Recreation and
biodiversity willingness-to-pay estimates are conceptually distinct, but respondents may consider / include climate or environmental
quality in their preferences, so totals should be interpreted cautiously.

Water Sensitive Cities Australia | wscaustralia.org.au
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Increasing biodiversity through habitats for species

Habitat protection and restoration in the Perth—Peel region is critical not only for threatened species recovery but also for delivering
ecosystem services valued by the public. Integrating biodiversity value into economic assessments strengthens the case for preserving
remaining vegetation and investing in green—blue infrastructure.

The methods for valuation are outlined below. The valuation is based on existence values for threatened ecological communities (TECs)
that are highly relevant to the Perth—Peel region and contribute to the south-west’s status of ‘biodiversity hotspot’:

® Banksia woodlands of the Swan Coastal Plain provide habitat for multiple threatened species such as Red-tailed black and
Carnaby’s cockatoos, as well as create co-benefits like carbon abatement.

® Claypan wetlands of the Swan Coastal Plain support rare and endemic flora and aquatic invertebrates, as well as provide
seasonal habitat for a range of other species such as critically endangered migratory birds.

Method
Table 15: Biodiversity method

Biodiversity maintenance and habitat provision

CICES Regulating service

classification

Description of Biodiversity underpins the resilience and functioning of ecosystems by maintaining populations of native flora and fauna, genetic
service diversity and ecological processes. Vegetated green—blue assets such as remnant bushland, wetlands and urban greening areas

support species persistence, ecological connectivity, and cultural and existence values.

The Perth—Peel region supports many threatened ecological communities and species, including the Banksia woodlands of the Swan
Coastal Plain, which are listed as a threatened ecological community (TEC) under the EPBC Act. While no specific willingness-to-pay
(WTP) estimates are available for these habitats in Western Australia, benefit transfer from comparable studies indicates strong
community support for their protection.

In particular, a national choice experiment found that Australians were willing to pay around $20 per person per year to protect Swan
Coastal Plain claypan wetlands, another TEC in the region (Gunawardena et al. 2020). Applying this conservative value across the
Perth population (~2.1 million) suggests an existence value of at least $41 million per year for protecting local threatened ecological
communities. This sits comfortably within the global range identified in meta-analyses of threatened species values (typically A$20-30
per person per year), reinforcing the robustness of this conservative estimate (Subroy et al. 2019).

Method for Willingness-to-pay (WTP) for species protection and habitat conservation, using benefit transfer from peer-reviewed stated preference

valuing service studies. These studies estimate per capita WTP for biodiversity conservation outcomes, such as protecting species or habitats of known
conservation concern. Values are applied based on similarity in species type, habitat condition, threat status and cultural significance,
consistent with best-practice guidance on benefit transfer (Gundimeda et al. 2021).

Water Sensitive Cities Australia | wscaustralia.org.au



32 | Green-Blue Infrastructure Valuation of the Perth—Peel Region

Service Biodiversity maintenance and habitat provision
Valuation WTP values were transferred from Gunawardena et al. (2020) for:
approach and

assumptions e Claypans of the Swan Coastal Plain: ~$20/person/year for protection of TEC

These values are used as proxies for local biodiversity assets in WA (e.g. Banksia woodlands, wetlands, threatened bird habitats).
Aggregation assumes values apply to the Perth population (~2.1 million), noting they reflect non-use existence values. A conservative
average value of $20/person/year is used in base-case calculations, aligning with global WTP meta-analysis findings (Subroy et al.
2019).

Unit values used WTP values: $20/person/year, conservative value (depending on species and ecological context)

Discussion Stated preference values reflect WTP and may differ from actual behaviour. Values are sensitive to survey design, cultural familiarity
with species and population context. Proxy species risk omitting less charismatic or less-known biodiversity values.

Double counting

Biodiversity values derived from WTP studies need to be treated as non-market existence values that are distinct from other ecosystem
service valuations such as carbon sequestration, water purification or recreational access. These values should not be added to
avoided cost or market-based metrics without adjusting for potential overlaps in what respondents consider when expressing their
preferences. When valuing multiple threatened communities within the same region (e.g. Banksia woodland and claypan wetland in the
same geographic context), care must be taken to avoid inflating total value by summing WTP estimates for each habitat, as people may
express value for the overall landscape rather than its parts. Using a conservative average WTP (e.g. $20/person/year) helps mitigate
this stacking risk. Additionally, when reporting multi-year values, avoid simply multiplying annual WTP by time without applying
discounting, as this can overstate long-term benefits.
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Box 2 Case study: Claypans of the Swan Coastal Plain

A national choice experiment study quantified Australians’ willingness to pay (WTP) to protect various
species and ecological communities. For the Claypans of the Swan Coastal Plain, which are classified as
a threatened ecological community (TEC) under the EPBC Act, the study estimated a WTP of $20 per
person per year for conservation. This figure represents a non-market existence value, reflecting public
support for biodiversity protection even in the absence of direct use.

To illustrate the potential scale of this value, we present both annual and long-term discounted values:

1. Annual Aggregate Value
Applying the $20/year WTP to Australia’s adult population (~20 million) yields an annual non-
market value of $400 million nationally.
For a more locally focused application, applying the same value to the WA adult population
(~2 million) yields $40 million/year.

2. 20-Year Present Value (at 7% Discount Rate)
Over a 20-year conservation horizon, the present value per person is approximately $211.88.
This equates to a total present value of $4.24 billion nationally or $424 million for WA,
representing the cumulative long-term benefit of conserving this ecological community.

However, using the Perth population undervalues the national significance — since ecosystems like the
Swan Coastal Plain often hold national public good value, especially due to being listed under national
environmental law (e.g. EPBC Act threatened ecological communities (TECs)) and can therefore be
considered a lower-bound, conservative estimate.
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Water purification

Wetlands, waterways and vegetated riparian zones provide critical water purification services across the Perth—Peel region. These
ecosystems naturally filter sediments, absorb nutrients and reduce pollutants entering wetlands, estuaries and rivers. By doing so, they
maintain water quality, reduce the risk of algal blooms and protect aquatic biodiversity and recreational amenity.

This section summarises the quantifiable economic value of water purification services using two different approaches:

® Avoided cost: estimating the cost of replacing natural filtration functions with engineered treatment infrastructure (e.g. for nitrogen
and phosphorus removal)

® Hedonic pricing: estimating the increase in residential property values associated with clean water and naturalised waterways,
reflecting people’s willingness to pay for ecological and aesthetic water quality.

Together, these approaches demonstrate the infrastructure value and social benefit of protecting and restoring green—blue assets for long-
term water quality regulation.

Method
Table 16: Water purification method

Water purification and regulation of water quality

CICES Regulating service

classification

Description of Wetlands and vegetated systems help maintain water quality by trapping sediments, absorbing nutrients and filtering pollutants (e.g.
service nitrogen, phosphorus, heavy metals). These assets reduce nutrient loads to wetlands, rivers and estuaries, protecting aquatic health,

recreational value and downstream treatment costs. In urban settings, properties near clean, natural waterways and wetlands show
higher values, reflecting people’s preference for living near waterbodies with good ecological condition.

Method for Two approaches were used:

valuing service e Avoided cost method — Estimates the cost of replacing natural nutrient removal services with built stormwater or wastewater

treatment infrastructure. Based on per-kg treatment costs for nitrogen and phosphorus, this approach is commonly used in
catchment investment planning (e.g. Peel-Harvey Estuary).

e Hedonic pricing method — Based on property market data and applied in the INFFEWS Value Tool v4 (Iftekhar, S. et al, 2022),
this method estimates the increase in residential property values associated with improvements in water quality and proximity to
vegetated waterbodies.

Valuation Avoided cost estimates rely on marginal costs of nutrient removal from engineered systems (e.g. wetlands, bioretention, wastewater
approach and plants). Applies to urban and peri-urban settings with nutrient-sensitive receiving waters.
assumptions

Hedonic price impacts reflect a 3—8% increase in median property value associated with improved water quality and vegetated
foreshore condition.
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Water purification and regulation of water quality

Unit values used
(valuation)

Discussion

Both methods assume that asset condition is sufficient to deliver measurable ecological benefit.

Avoided cost: (Peel-Harvey Waterways Report, Peel-Harvey Catchment Council 2023)
e Nitrogen removal = $250-$600/kg N
e Phosphorus removal = $1,000-$5,000/kg P
Hedonic pricing: (Iftekhar, S. et al, 2022)
e ~3-8% uplift in property value
e ~$9,000 per dwelling

The avoided cost approach can undervalue services if only nutrient removal is considered (co-benefits like biodiversity and cooling are
excluded).

Hedonic estimates are partial (only include private property owners) and sensitive to urban density, income and visibility of water
features.

Exploring both methods enables more complete assessment across rural and urban settings. However, there is a double counting risk if
added together.

Suggestion for value use

Primary valuation: Use avoided cost for nutrient removal, especially in areas like wetlands, vegetated swales and riparian buffers — this
approach aligns with infrastructure investment framing.

Hedonic value: Cite separately as evidence of public benefit and non-market valuation, without adding to total economic value. Use as a
qualitative or supporting indicator.

Double counting

The hedonic pricing method captures non-market benefits from water purification and ecological condition via people’s willingness to
pay for proximity to clean green—blue infrastructure. It is useful for urban planning and amenity assessments but may overlap with other
economic measures (e.g. avoided costs or recreation values).
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Box 3 Case study: Water purification via avoided cost

Location: Metropolitan Perth

Method: Avoided cost — replacement cost of nutrient removal

Ecosystem service: Water purification

Asset types: Wetlands, riparian zones, waterways

The INFFEWS Value Tool v4 (lftekhar, S. et al, 2022) estimates that residential properties located near high-quality vegetated wetlands
and waterways experience a 3—8% increase in property value. This uplift reflects public preference for natural water purification, water
clarity and ecological condition.

Applied to typical median property prices in Perth suburbs ($500,000-$600,000), this equates to an amenity value of $15,000—
$48,000 per property. The effect is strongest when waterways are visible, accessible and in good ecological health. These findings
align with international studies showing similar hedonic responses to riparian vegetation and wetland restoration.

Table 17: Quantitative Water Purification Benefits from Wetlands and Vegetation

Removal rate Cost of engineered removal Avoided cost per halyear
(kg/halyear) ($/kg)

Nitrogen (N 40-60 $250-$600 $10,000-$36,000
Phosphorus (P) 5-8 $1,000-$5,000 $5,000-$40,000
Total Avoided Cost (from natural wetland nutrient removal) $15,000-$76,000/ha/year

Sources: Peel-Harvey Catchment Council (2023), based on nutrient load estimates, treatment system costs and typical wetland removal
efficiencies.

The 2023 Economic Evaluation of the Peel-Harvey Waterways (Peel-Harvey Catchment Council 2023) quantified the value of water
purification services based on the cost of removing nitrogen and phosphorus using engineered infrastructure (e.g. constructed wetlands
or wastewater treatment). The study applied unit costs of $250-$600/kg for nitrogen and $1,000—$5,000/kg for phosphorus, based on
observed removal efficiencies.

Using catchment nutrient load modelling and natural attenuation assumptions, the analysis estimated that natural wetlands provide
$42 .4 million/year in water quality regulation services in the Perth—Peel region. This estimate reflects the annual cost that would be
incurred to maintain equivalent nutrient reductions using built systems. This approach is widely used in catchment investment and
stormwater planning. It provides a clear infrastructure-replacement value and supports the case for preserving or restoring natural
water-purifying assets in high-load or high-risk catchments.
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Box 4 Case study: Water purification via hedonic pricing

Location: Metropolitan Perth

Method: Hedonic pricing — value uplift in property prices
Ecosystem service: Water purification and amenity value

Asset types: Vegetated waterways, urban wetlands, riparian buffers

The INFFEWS Value Tool v4 (Iftekhar, S. et al, 2022) estimates that residential properties located near
high-quality vegetated wetlands and waterways experience a 3—-8% increase in property value. This uplift
reflects public preference for natural water purification, water clarity and ecological condition.

Applied to typical median property prices in Perth suburbs ($500,000—-$600,000), this estimate equates to
an amenity value of $15,000-$48,000 per property. The effect is strongest when waterways are visible,
accessible and in good ecological health. These findings align with international studies showing similar
hedonic responses to riparian vegetation and wetland restoration.
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Water supply

We find the average value of 1 GL of urban water supply to be worth around $3 million per year to users within the Perth—Peel region.

Green-blue infrastructure plays a critical role in supporting urban water supply in Perth and Peel through mechanisms such as:
® Groundwater recharge and filtration
® Stormwater retention and reuse
® Desalination buffering

® Surface storage and substitution of potable use.

Importantly, this valuation represents one of several ecosystem services delivered by green—blue infrastructure. It recognises that any
water contributed from these systems provides additional value without the high capital and operating costs of alternatives such as
desalination or engineered groundwater recharge.

Method
Table 18: Water supply method

Service Water supply

CICES Provisioning
Classification

Method for This service estimates the value of a contribution from green—blue infrastructure to Perth’s urban water supply by improving

valuing service groundwater recharge, stormwater harvesting and buffering. The described value accounts for the economic value of the supply of
water in Perth to users irrespective of the supply source. Key to understanding this valuation approach is that it is one of a variety of
ecosystem services flowing from green—blue infrastructure, and that any water supplied within Perth from green—blue infrastructure
generates this additional value without the large costs inherently associated with specific engineered alternatives such as desalination.

We apply a simplified inverse demand function approach to estimate the exchange value (EV) — the total consumer surplus for Perth’s
current water supply. The demand curve is modelled as P(Q) = a — bQ, where the slope ‘b’ is derived from an assumed price elasticity
of demand (¢), and the intercept ‘a’ is calculated from observed values. We adopt a price elasticity of demand of —0.2, consistent with
Australian empirical studies showing that urban water demand is highly inelastic (generally between —0.1 and —0.3). Water is a
necessity with few short-run substitutes, so consumption responds only weakly to price changes (Tapsuwan et al., 2007, Grafton &
Ward 2008, Productivity Commission 2017). Exchange value is then calculated as the area under the demand curve up to the current
supply volume (Q). We use this to estimate the average value of 1 GL (gigalitre) of additional water.

Unit values used Average value to consumers of 1 GL of water supplied: $3,003,000 (or $3.00/kL (kilolitre))
(valuation) Input values (substituted into the above equation)
e Quantity of supply: 309,000,000 kL/year (IWSS estimate)
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Service Water supply

Price at Q: $2.73/kL (Water Corporation)

Price elasticity of demand: -0.2

Intercept of demand curve: $3.276/kL

Exchange value (EV): $1,006,005,000/year

Desalination cost benchmark: range from $2.50-$3.00/kL

Discussion This method produces a conservative, integrated estimate of the economic value of Perth’s water supply, expressed as consumer
surplus. By benchmarking this value against the cost of supplying an additional kilolitre (kL) of water via an alternative (such as
engineered groundwater recharge or desalination), it shows the net benefit of meeting part of Perth’s supply through green—blue
infrastructure. Unlike green—blue infrastructure, which delivers water as one of several ecosystem services, engineered options exist
solely to produce water. For example:

e Perth’s Groundwater Replenishment Scheme (engineered recharge) delivers water at a levelised cost of $1.74/kL
e New desalination infrastructure is estimated to cost between $2.50-$3.00/kL.

With an estimated benefit of ~$3.00/kL, this estimate indicates that any investment in water supply provision up to this level delivers a
net benefit when compared with engineered alternatives in Perth.

Community willingness to pay for water security

Beyond the values mentioned above, green—blue infrastructure enhances the reliability and resilience of water services — attributes that
households are willing to pay for. In Perth, residents were found to be willing to pay 22% more on their water bills to avoid watering
restrictions (Tapsuwan et al. 2007). In Melbourne and Sydney, households were willing to pay $184—-$287 per year to eliminate
restrictions (Brent et al. 2017). Rainwater tanks, another decentralised resilience measure, increased Perth property prices by ~3.76%
(Zhang et al. 2015).
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Table 19: Summary of water supply values, assumptions and sources

Estimated Value

Water Service (Annual)

Assumptions

Total value of Perth water Based on Q =309 GL/year, P = $2.73/kL, € = —0.2, derived from inverse

$1.006 billion/year

supply (EV) demand curve
Marginal value of 1 GL $3.003 million (or Reprfasents value provided to consumers by 1 GL of additional supply by green—
$3.00/kL) blue infrastructure

Desalination cost
(for comparison)

Benchmarked from Perth/WA infrastructure estimates (e.g. reported Alkimos

$2.50-3.00/kL. desalination plant costs*)

GWRS cost (for Levelised cost of Perth’s groundwater replenishment scheme (Vanderzalm, J. et

comparison) $1.74/kL al, 2022)
Community WTP for $184-$287 Based on stated preference studies in Perth, Melbourne, and Sydney from
reliability (for comparison)  /household/year INFFEWS Value Tool v4 (Iftekhar, S. et al, 2022)

+ https://infrastructurepipeline.org/project/alkimos-seawater-desalination-plant
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Values for reduced urban heat impacts (climate regulation)

In this section we examine the quantifiable benefits of green—blue infrastructure on climate regulation in the Perth—Peel region and how
they can be applied.

When referring to benefits for climate regulation we consider:

Avoided health costs: the cost imposed by urban heat on people’s health and the healthcare system
Avoided productivity losses: the cost imposed by urban heat on economic output
Avoided financial energy costs: the additional financial cost, induced by urban heat, of running cooling systems to the economy

Avoided economic costs of energy: the additional cost of urban heat, in terms of additional greenhouse gas emissions resulting
from increased use of air-conditioning.

The following chapters outline the methodology for calculating benefits and then provide a Perth-specific case study as an example,
framed around the impacts of urban heat on health and productivity followed by the financial and economic costs of energy consumption.

Method
Table 20: Climate regulation method

Service Climate regulation

CICES classification Regulating service

Description of service Local climate regulation services are the ecosystem contributions to the regulation of ambient atmospheric conditions (including

micro and mesoscale climates) through the presence of vegetation that improves the living conditions for people and supports
economic production. Examples include the evaporative cooling provided by urban trees (green space) and the role of urban water
bodies (blue space). This may be a final or intermediate service.

Evidence shows adding trees and other vegetation to the built environment provides benefit in mitigating the urban heat island
effect. The mitigating impact of trees differs at micro, local and macro scales. Greenery selection, plant configuration and urban
morphology also impact on the mitigating effect of trees. Cooling by evapotranspiration varies by climate, canopy physical and
geometrical properties and season but is typically up to 2—3 °C cooler, sometimes more. In summer, this mechanism produces
generally larger cooling (>2.0 °C). While some studies show that concentrated vegetation such as parks can deliver larger
localised temperature reductions (due to shading, evapotranspiration and altered surface albedo), the CRC for Water Sensitive
Cities highlights that distributing trees and vegetation more evenly across the urban fabric provides broader areal cooling benefits
(Coutts & Tapper 2017). These findings are complementary rather than contradictory: parks and clustered canopy deliver intense
but spatially limited cooling ‘hotspots’, whereas regularly distributed trees extend the cooling footprint more uniformly. The optimal
strategy typically involves a mix of both approaches i.e. strategically designed green spaces combined with widespread street and
yard trees which are tailored to urban form, canopy species and local climate.
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Evidence shows that the extent of benefits due to evapotranspiration and local shading is location specific and (i) related to
particular meteorological conditions and (ii) the greenery maintenance regime and configuration. Both these variables can
compromise urban greenery mitigation effects at both local and mesoscale, in terms of pedestrians’ thermal comfort in particular.

Climate regulation — Health and productivity impacts

Table 21: Method for measuring the benefits of climate regulation to health and productivity

Service

Climate regulation — Health and productivity impacts

Method for
valuing service

Health and productivity Impacts

NCAVES & MAIA (2022) recommends valuing local climate regulation using the avoided damages approach. Under the avoided
damages approach, impacts of urban climate regulation value is based on the value of reduced mortality and the savings in avoided
morbidity costs, including lost productivity and direct healthcare costs.

Our rapid assessment approach to valuing local climate regulation extends on recent work in NSW and ACT that assessed the
morbidity and mortality costs of urban heat. The NSW study estimates the value of urban cooling benefits as $3.46° per person for each
degree reduction in the urban catchment per day above 30°C. This estimate is based on direct health care costs and mortality based on
values of statistical life. References (NSW Department of Planning and Environment 2021) note that mortality costs account for more
than 90% of this health cost burden.

The estimates in NSW Department of Planning and Environment (2021) do not include costs associated with lost productivity. Given
these costs are significant, we extend these estimates to include the costs of work-related injury and iliness attributable to heat stress
(Safe Work Australia 2015) and Australian evidence on the relationship between heat stress and absenteeism and presenteeism
(Perkins-Kirkpatrick et al., 2016) to estimate the total cost of heat stress. The total cost of heat stress includes costs to employers and
workers (lost production and compensation costs). Lagged impacts are included in these costs.

We use the friction-cost approach to value the productivity impacts of heat stress on the workforce. The friction-cost method calculates
the economic cost of heat stress as the hours not worked. Our approach adjusts for ‘make up’ hours worked by workers who have
suffered heat stress based on evidence in Perkins-Kirkpatrick et al. (2016). Our approach assumes that workers return to work and that
the primary impact of absenteeism for workers and employers is lost productivity, net of make-up time. This yields a conservative
estimate of production-related costs.

We extend the workforce heat stress estimates to the rest of the population by assuming (i) that non-workforce participants have similar
heat stress and heat stress day incidence as the workforce incidence and (ii) that the opportunity cost of time for non-workforce
participants is 35% of the average wage rate for the Significant Urban Area.

s The $2.90 per person per day health burden estimate was sourced from a study published in 2020 (NSW DPE). We adjust this to $3.46 using the Reserve Bank of
Australia’s CPI inflation index to reflect 2023—24 values (RBA 2024).
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Service Climate regulation — Health and productivity impacts

We do not have evidence on how workplace heat stress changes with heat severity. For the accounts, we have therefore assumed that
workplace heat stress incidence increases broadly in line with ambulance call out rates. Using this approach, we estimate the change in
incidence of heat stress related workdays lost per 1,000 persons for 30°C (low intensity), 35+°C (intense) and 40+°C (very intense) heat
days.

Unit values used Health and productivity values

(relveiem) Per person value of urban cooling benefits as $3.46 per person for each degree reduction in the urban catchment per year per day

above 30°C, based on NSW Department of Planning and Environment (2021).

Heat stress related workdays lost per person for each degree/ day of heat reduction calculated via the friction cost approach (Van den
Hout 2010).

The friction cost approach for heat-related productivity costs includes estimates and assumptions such as the following:
Outdoor workforce: ~25% of Perth's 1.3 million workers = 325,000

Outdoor workforce exposure for the Perth—Peel region is estimated using ABS industry employment data. While a precise Perth—Peel
breakdown of outdoor-exposed workers is not available, national figures indicate that high-exposure sectors such as construction
(~9%), mining (~7% in WA overall), agriculture (~2.5%), transport (~5%) and utilities/public safety together comprise around 23-25% of
the workforce. Given Western Australia’s economic structure with a particularly high share of mining and construction, adopting a 25%
estimate for Perth—Peel is considered a conservative but appropriate proxy. This approach reflects data limitations at the regional scale.

Non-workforce = 900,000 people ©,7

Average wage of workforce (estimate based on ABS, 2023 8) = $43.10/hour
Cost per lost workday = $270 (adjusted for friction and make-up time)
Opportunity cost per day non-workforce (valued at 35% of average wage) = $95

Cost per lost workday is based on the average daily wage based on ABS data ($43.10/hour x 7.5 hours = $323/day). It is then adjusted
downward using the friction-cost approach, which accounts only for the duration of actual lost productivity until a worker recovers or is
temporarily replaced. Empirical studies (e.g. Nicholson et al. 2006) suggest that, on average, approximately 15-20% of lost productivity
due to short-term absenteeism is recovered through mechanisms like overtime, reallocation of tasks or increased efficiency post-return.
This adjustment reduces the effective cost of a lost workday by around 15-20%, resulting in a conservative estimate of approximately
$270/day. The calculation also incorporates behavioural adaptations reported in (Zander et al. 2018), where workers shift hours or take
preventative measures during heat events. Combined, these adjustments yield a conservative estimate for heat-related productivity loss
of 0.5 days per year.

s The non-workforce population is estimated by subtracting the active labour force (approximately 1.3 million) from Perth’s total population (~2.2 million). This group includes
retirees, children, caregivers and others not in paid employment.

7 35% shadow wage rate is applied to represent the opportunity cost of time for these individuals, a standard assumption in Australian economic appraisal guidelines. It
reflects the lower market-equivalent value of unpaid time compared with formal employment.

s Lower-bound estimate based on ABS 2023 hourly earnings for Technicians & Trades ($42.00) (adjusted for inflation to 2024 and rounded)
Water Sensitive Cities Australia | wscaustralia.org.au



44 | Green-Blue Infrastructure Valuation of the Perth—Peel Region

Service Climate regulation — Health and productivity impacts
Discussion and The estimates of urban cooling benefits need to be understood in the context that they are backward looking, relying on historical
extensions relationships observed between heat events and health outcomes. These relationships may not hold in the future. In future extensions:

Structural, behavioural and physiological adjustment mechanisms should be accounted for when looking at future relationships
between heat and health. A more precise estimate of future temperature effects would be possible if the potential for climate
adaptation and mitigation actions were considered (Wondmagegn et al. 2021). Evidence shows people do learn over time how to
cope with heat stress, and Australians can heat-acclimatise (Zander et al. 2018). Structural, behavioural and acclimatisation
changes may reduce morbidity and mortality, and associated healthcare costs.

Consideration should be given to whether urban greening or blueing could increase the rates of heat-related morbidity and
mortality. This is a possibility. If urban greening and blueing increases outdoor participation during extreme heat events, then there
is a possibility that urban blueing and greening could generate unintended outcomes and increase the cost burden on the health
system.
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Box 5 Case study: Estimating the heat stress cost burden on health and productivity in Perth

Heat-related health system costs

Assumptions Value Reference

Heat related health costs per day over 30°C $3.46 per person As above

Perth—Peel Population 2.2 million ABS 2023

Average hot days over 30°C 71 days/year BOM
Calculation

1  Total Health Cost = $3.46 x 71 days x 2.2 million people = $540 million/year

Heat-related productivity costs

Assumptions Value Reference/notes
Friction cost approach Outlined above in Table 21 — Unit values used (valuation)
Average wage $43.10/hour Estimate (see above in methods)
Cost per lost workday $270 Adjusted for friction and make-up time
Opportunity cost per non-workforce day $95 Valued at 35% of average wage
Heat related productivity loss 0.5 days/year We assume this as a lower-bound, conservative
estimate

Calculation
1 Workforce losses = 325,000 outdoor workers x 0.5 days/year x $270 cost per lost workday = $44 million/year
2 Non-workforce losses =900,000 people x 0.5 days/year x $95 cost per non-workforce day = $43 million/year
3  Total Productivity Loss = [1] + [2] $87 million/year
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Scaling by urban greening impact

Box 6 Case study: Estimating the heat stress cost burden on health and productivity in Perth

Heat-related productivity costs
A. Exposure-based scenario — reduction in number of hot days

To estimate the avoided burden of green—blue infrastructure in the Perth—Peel region, consider a realistic change in climate exposure. For example, if new or
enhanced green infrastructure reduces the number of days exceeding 30°C from 71 to 60 annually, that represents a 15.5% reduction in heat exposure.

Baseline $540 million/year health cost + $86.7 million/year productivity cost = $626.7 million/year
Scenario Hot days above 30°C are reduced locally from 71 to 60 days by existence of green—blue infrastructure = 15.5% reduction
Total avoided burden 0.155 x $626.7 million/year = $97.1 million/year avoided cost

This approach reflects a change in the frequency from urban heat mitigation strategies that reduce the number of extreme heat days through canopy cover,
shading and evapotranspiration through green—blue infrastructure.

B. Temperature-based scenario — Reduction in heat intensity of hot days

Assuming 71 hot days per year (days over 30°C) with an average exceedance of 2°C above 30°C. With 1.5°C of cooling from green—blue infrastructure, average

exceedance drops to 0.5°C.
Total avoided burden:

Health burden comparison

Baseline $3.46 x 2°C x 71 x 2.2M = $1,083 million/year
Scenario $3.46 x 0.5°C x 71 x 2.2M = $270 million/year
Avoided health burden $1,083M - $270M = $813 million/year
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Productivity burden comparison

Baseline $86.7 million/year

Scenario (0.5°C / 2°C) x $86.7M = $21.7 million/year
Avoided productivity burden $86.7M — $21.7M = $65 million/year

Total avoided burden: $813M + $65M = $878 million/year

This approach is an alternative view to the exposure-frequency method used in the previous scenario, rather than temperature intensity, which may align better
with green—blue urban heat mitigation strategies that reduce the severity of extreme heat days through canopy cover, shading and evapotranspiration. However,
this approach assumes that both health and productivity costs scale linearly with temperature intensity, which may overstate productivity effects. This estimate
should be viewed as an upper bound, and less aligned with the original productivity burden methodology, which used a flat-day-loss assumption.

In summary, we recommend the exposure-based scenario (A) as the more appropriate and conservative estimate of avoided burden. The
temperature-based scenario (B) illustrates potential upper-bound benefits but requires further evidence linking productivity and health
costs to marginal changes in temperature intensity. Approach A aligns with Australian government practice (e.g. NSW DPE, ACT
Government), is conservative, and can be linked to climate data.

Linking vegetation cover to temperature reductions (example approach)

Recent spatial analysis for Perth (Duncan et al. 2019) found that:
® Anincrease of 1 km? of shrub cover results in an average 12°C reduction in local surface temperature

® Anincrease of 1 km? of tree cover results in an average 5°C reduction in local surface temperature.

These findings suggest that vegetation-driven urban cooling can deliver substantial localised temperature reductions. According to Duncan
et al. (2019), each additional 1 km? of shrub cover is associated with a 12°C reduction in local surface temperature, and 1 km? of tree cover
with a 5°C reduction, all else equal. This relationship is not strictly additive, as these are statistical associations across space, not
engineered performance metrics. However, it supports the plausibility of achieving average reductions in the range of 1-2°C in targeted
areas with coordinated greening efforts of 2—4 km?, particularly in heat-vulnerable suburbs with low baseline cover.

® In Scenario A, if increased vegetation reduces the number of days above 30°C (e.g. from 71 to 60), this aligns with observed
reductions in ambient heat associated with improved canopy and shrub cover. A coordinated increase in tree and shrub cover of
5-10 km? in targeted areas could feasibly reduce daytime ambient temperatures by 1-1.5°C, sufficient to shift borderline heat days
below 30°C and reduce the number of exposure days.

® In Scenario B, vegetation reduces the average exceedance above 30°C (e.g. from 2°C to 0.5°C) on hot days, thereby lowering the
severity of heat stress experienced during each event. Observational data from Duncan et al. (2019) indicate that an increase of
1 km? in tree cover is associated with a 5°C reduction in local surface temperature. Applying this relationship, a strategically
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targeted increase of 3 km? of tree canopy across Perth's heat-vulnerable suburbs could deliver a 1.5°C reduction in daytime
maximum temperatures.

This result provides empirical support for the magnitude of change in each scenario and highlights the role of targeted vegetation
expansion in achieving measurable health and economic benefits.

Climate regulation — avoided energy costs

Table 22: Methods for measuring the benefits of climate regulation to energy consumption and associated costs

Service Climate regulation — avoided energy costs

Method for valuing When planted in appropriate locations, urban trees reduce energy consumption through reducing heating of homes and cars on hot
service days, further reducing the need for air-conditioning. Reducing wind speed can also provide shelter from cold winds and reduce heating
needs, thus reducing energy use and household financial costs.

There is sufficient evidence that urban heat impacts energy consumption and peak electricity demand in Australian cities. There is also
good evidence that trees and canopy cover contribute towards reduced energy (heating and cooling) costs. These savings can be
significant. For example, based on eight studies from Canada, Japan, Thailand and United States, Santamouris (2014) found urban
energy consumption per person per year increases by around 80 kWh per degree Celsius above 18°C, with greater increases
depending on air-conditioning penetration and use.

Most studies evaluate the relationship between electricity use and temperatures at the regional and city scale. Fewer Australian studies
have looked at how tree plantings on a private property impact that property’s electricity use for cooling and heating, the so-called
micro-scale. Recent studies that do focus on the relationships between tree plantings on property and electricity use show (Ossola et al.
2021, Rouhollahi et al. 2022a,b):

In typical weather conditions (in Adelaide) optimal tree shading arrangements can lead to a maximum 40% of energy conservation from
reducing cooling use when trees are optimally placed. Less optimal tree shading arrangements can lead to around 5—-20% total cooling
annual savings. Our methodology proposes to value this at an upper bound ~40% energy conservation and lower bound of 5% energy

conservation (Rouhollahi et al. 2022a,b).

The trees, their location and proximity to the residence are all key determinants of potential energy savings. Key points here are:

Deciduous trees generally result in higher thermal energy conservation than evergreen trees, measured through trees providing shade
cooling fagade surface temperature and creating evaporative cooling.

Deciduous trees cause higher energy conservation overall if planted within 3 m of the property. If landscapers prefer evergreen trees,
planting trees within 5 m provides better energy conservation. This is because evergreen trees do not drop their leaves during winter
and create shade during winter, which increases heating costs. Placing at 5 m balances the benefits of shade for heating and cooling
across the year.

In typical Perth weather conditions, trees provide the greatest energy conservation benefits when planted to the west, east or north of
the property, in that order. Trees planted south of the property provide little to no energy benefits.

Unit values used Energy cost values
(valuation) Change in energy use costs from having one or more mature trees on residence.
e Financial value: $14-$110 per year
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Service Climate regulation — avoided energy costs
e Economic cost: $1-$10 (for FY24)® per year

Discussion Climate regulation effectiveness is determined by the factors listed below i.e. savings will increase when trees are:
® mature
e greater in number
e planted on the west or east of the property
e deciduous
e not on the south of the property (no coverage, therefore no benefit).

Financial value considerations
Based on an assumed 867 kWh for cooling’™ and an energy price of 31.58 cents per kWh''. Assumes that the annual cooling savings
are 5-40% of pre-intervention usage. Savings will increase when trees are:
e mature
e greater in number
e planted on the west or east of the property (trees on the south of the property have no energy saving value)
e deciduous.
Economic value considerations

Avoided GHG (scope 2) emissions based on National Greenhouse Account Factors for Western Australia (0.55)'2, an assumed carbon
price starting at $56 (in line with Infrastructure Australia guidelines) per tonne.

Double counting

Double counting benefits can be a significant risk. For example, energy savings may be factored into property prices as part of the
green premium properties attract. Care must be taken when undertaking an economic evaluation of the non-market values to ensure
benefits are not double counted, and assumptions must be clearly stated.

Types of trees, maturity, and their location

As noted above, not all trees are the same when it comes to energy savings. Savings will increase from nil to $15-$119 when trees are
mature, greater in number, planted on the west or east of the property and deciduous. Nil / low energy savings should be assumed
during trees’ establishment period

> Carbon prices as prescribed by bodies such as Infrastructure Australia typically increase in unpredictable ways due to the assumptions applied to the forecast. We suggest
that the Infrastructure Australia yearly forecasted price be used. Alternatively, as a rule of thumb the $56 price mentioned above can have a conservative growth rate applied
of around 2.25% as was previously used within the NSW framework

10 renew.or

1 www.wa.gov.au/organisation/energy-policy-wa/household-electricity-pricing see A1 and A2 electricity charge — cents per unit for Current 1 July 2024.

12 Australian National Greenhouse Accounts Factors.
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Box 7 Case study: Estimating the avoided energy cost burden in Perth as a component of the value
of urban cooling

Objective

This case study applies a rapid assessment framework to estimate the economic value of urban cooling through green—blue infrastructure in the Perth—Peel
region. The valuation includes avoided energy costs composed of a financial (the actual cost to consumer of running cooling devices due to heat) and economic
cost (the cost to society of greenhouse gas emissions released due to the demanded energy required to run cooling systems). This case study utilises the
methodology outlined above and examines a Perth-specific context.

Avoided financial cost

Cooling annual % energy use saved from trees Non optimally located mature tree, 5% As above

Optimally located mature trees, 40%

Average Perth energy usage for cooling 867 kWh/year As above — renew.org
Average Perth variable financial cost for energy use 31.58 cents/kWh As above — WA Gov
Calculation
1 Financial cost — Household without trees: 867 kWh x $0.3158 = $274/household/year
2  Financial cost — Household w/ optimally located trees
(100% — 40% energy saving) x 867 kWh x $0.3158 $164/household/year
3  Avoided cost =[1]-[2] = $110/household/year

Avoided economic cost

Cooling annual % energy use saved from trees Non optimally located mature tree, 5% As above

Optimally located mature trees, 40%

Average Perth energy usage for cooling 867 kWh/year As above — renew.org
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Average Perth variable financial cost for energy 31.58 cents/kWh As above — WA Gov

use

WA scope 2 emissions factor 0.545 kg CO2/kWh As above — Aus National Greenhouse
Accounts

Emissions from household purchase/use of (867 x 0.545)/1000 = 0.47 tonnes CO2 As above — Aus National Greenhouse

electricity = Quantity electricity purchased x Accounts

(scope 2 emissions factor)/1000

Social/economic cost of carbon (indexed to $56 x 1.042 = $58 per tonne As above — Infrastructure Australia and

2024) Reserve Bank of Australia

Calculation

1 Workforce losses = 325,000 outdoor workers x 0.5 days/year x $270 cost per lost workday = $44 million/year

2 Non-workforce losses =900,000 people x 0.5 days/year x $95 cost per non-workforce day = $43 million/year

3  Total Productivity Loss = [1] + [2] $87 million/year

Total avoided cooling costs from climate regulation
In our case study outlined above:
® Avoided financial cost: $14-$110/household/year
® Avoided economic cost: $1-$10/household/year

® Total annual avoided costs from urban cooling: ~$15-$120 per household/year.
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Appropriate use cases for values and benefit scaling

Based on the literature review, Figure 6 and Table 23 summarise scenarios where the climate regulation values outlined in the previous
section are applicable. It is important to test the sensitivity of the project to low, medium and high value assumptions (+/-50%).

As displayed in Figure 8 below, these benefits apply differently depending on the scale of analysis. Within this section, we refer to the
scales:

® Micro: Refers to how individual plants and trees in backyards, gardens and streets impact urban heat on small scales
(approximately 0—100 m)

® Local (meso): Refers to how contiguous private gardens, streetscapes and local public parks impact urban heat, e.g. at the suburb
level (approximately 100-10,000 m)

® Macro: Refers to how contiguous private gardens, streetscapes, local public parks and suburbs impact urban heat, e.g. at the city
level or multiple connected suburbs (approximately 10,000+ m).

Figure 6: Overview of Micro, Local and Macro scale benefit application
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Health %
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Table 23: Method application for scale

Micro

Local

Macro

Description

Refers to how individual
things such as plants,
buildings and gardens and
streets impact on urban heat
(from 0—100 m)

Refers to how contiguous
private gardens,
streetscapes, local public
parks and suburbs, covering
horizontal areas of 100—
10,000 m impact on urban
heat

Refers to contiguous private
gardens, streetscapes, local
public parks and suburbs,
covering horizontal areas of
10,000+ m impact on urban
heat

Impact of green—blue infrastructure on
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climate regulation

Benefit to
health and

Trees can provide an excellent means of reducing the thermal load received by No

building roofs, walls, and impervious grou

nd surfaces.

Similarly, trees can improve human thermal comfort along footpaths where people
may otherwise be exposed, and at critical positions in the urban landscape where
people gather outside, such as bus/tram stops, children’s playgrounds, inner-city

plazas and car parks.

The beneficial effects discussed at the micro scale may be aggregated. However, it  Yes
cannot be assumed that cooling at larger scales arises in a linear fashion from the
cumulative effects of micro to local scale cooling within the urban canopy layer.

Large parks with trees will achieve the greatest cooling benefits during the day.

Large parks with fewer trees will achieve and provide the greatest cooling benefits

within the park and downwind at night.

All parks will achieve greatest cooling benefits with an adequate supply of water to
maintain tree canopy health and maximise evapotranspiration.
The beneficial effects discussed at the micro scale may be aggregated. However, it  Yes
cannot be assumed that cooling at larger scales arises in a linear fashion from the
cumulative effects of micro to local scale cooling within the urban canopy layer.

The temperature impact of planting more trees in streets may be considerably

greater than planting more trees in parks.

Sources: Block, Livesley and Williams (2012), Santamouris et al. (2018)

Water Sensitive Cities Australia

| wscaustralia.org.au

Benefit to
energy
saving
Yes

Yes

Yes



54 | Green—Blue Infrastructure Valuation of the Perth—Peel Region

Recreation opportunities (health and use) and amenity value
Green-blue infrastructure provides a large benefit through visual amenity and enabling various recreational activities to occur across the
Perth—Peel region. We estimate this value to be worth upwards of $71 billion total for the stock of infrastructure.

This section quantifies the economic value of the recreation opportunities provided by natural assets in the Perth—Peel region using one
method for each component, namely:

® Avoided health costs: the health value, net of injury cost, enabled by green or blue spaces for active recreation

® Use (and amenity) value: the value placed on green and blue spaces by users as measured through hedonic pricing (assessing
the price premium implicit from proximity to green and blue assets).

Method

Table 24: Recreation opportunities methods

Service Recreation opportunities (health and direct use values green-blue infrastructure)

CICES Cultural service

classification

Description of Recreation-related services are the ecosystem contributions, through the biophysical characteristics and qualities of ecosystems, that
service enable people to use and enjoy the environment through direct, in situ, physical and experiential interactions with the environment. This

includes services to both locals and non-locals such as visitors, including tourists. This is a final ecosystem service.

Visual amenity services are the ecosystem contributions to local living conditions, through the biophysical characteristics and qualities
of ecosystems, that supply sensory benefits especially visual. This service combines with other ecosystem services, including
recreation-related services and noise attenuation services to underpin amenity values. This is a final ecosystem service.
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Table 25: Recreation opportunities (and amenity) method

Recreation opportunities (and amenity) — use value

Method for
valuing service

Unit values used
(valuation)

Urban recreation (such as walking, running, swimming etc.) often occurs close to where people live. Visual amenity benefits are also
often obtained close to where people live. As a result, the value that people place on recreation and having access to recreation sites
and visual amenity is reflected in property values, both in terms of the prices paid for purchased properties and for rental properties.
Generally, this premium declines as the distance between the green infrastructure and property increases.

A suitable approach for valuing recreation enabling and visual amenity services involves separating the recreation and amenity value
premium associated with property values through property prices, from other premiums implicit in the price such as improved air quality
from living near green—blue infrastructure. Undertaking this type of study would involve evaluating spatial relationships between green—
blue assets and property values, holding other factors such as property type and size constant and then separating out the premium
attributable to recreation and visual amenity benefits compared with other potential benefits of living near green—blue infrastructure,
such as air quality and cooling benefits.

In the current study, the proximity of property to public green space (PGS) is not specified. This means it is not possible to estimate the
premium that may be attributable to green space based on distance relationships between properties and PGS like parks.

As a result, we use a simplified approach to estimate the value of recreation enabling and visual amenity services for property, and how
the values of property changes with green-blue assets as a percentage of total area.

We propose a premium range of 0.14% (minimum value ') — 0.62% (maximum value'®), with a midpoint value'® of 0.26%
increase in property values per 1% increase in the proportion of ‘catchment’ area made up of green—blue assets compared
with the total area.

Note that ‘activated’ within this study refers to a public open space (POS) that “supports active recreation and contains one or more of
the following features: benches, barbecue places, playgrounds or exercise equipment”.

Additional values. Note: only Statistically significant results shown. Figures presented as ‘% price premium’:

Distance to asset

Activated living streams
Nonactivated living streams - 0.33 0.38 - — -
Activated parks 0.22 — - 0.16 — -

Non activated parks - - - - - 0.27

13 Calculated from the presented table after omitting non-significant values. A lower bound value could conceivably go towards 0 if using the observed minimum value
(including non-significant values as 0).
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Discussion

Sports grounds 0.62 — 0.38 0.14 0.16 -
Bush - - - - - -

Source: Akbari and Polyakov (2023)

Example: With a distance of 50 m from the house to an activated park, the property described will attract an increase in property value
of 0.22% per 1% increase in the proportion of park area.

Our proposed unit values should be used as an indicative ‘simplified value’ to be applied to green—blue assets in lieu of categorising all
green—blue assets into the above matrix (activated or non-activated, stream or park or sports ground or bush etc., value application to
house or lot, etc.). The value of 0.26% provides a midpoint that is evidence based.

More granular analysis could distinguish between assets as suggested above taking special care to omit value from bush (and
potentially any other green—blue assets with limited recreation value i.e. where it imposes a constraint on the use of space rather than
providing/enabling an area for recreation).

The definition of the ‘catchment’ will impact the value although this will be balanced by the nature of the calculation; i.e. if a larger
catchment is used, the number of properties that attract a premium will increase however the proportion of the catchment that is green—
blue assets is likely to fall, somewhat negating the change.

Preference for primary research

The approach used to estimate the value of passive and active recreation enabling and visual amenity should only be used if spatial
relationships between green—blue assets and population cannot be reasonably estimated. Where spatial relationships can be
estimated, a spatial hedonic is preferred and will provide more robust estimates of the value of green-blue assets as a passive and
active recreation enabling service.

Ideally any specific asset i.e. a park of size x, should have primary research conducted to gauge its unique value. With resource and
research constraints, we propose the above methodology as indicative of value.

Hedonic pricing as a blunt measure

It is also important to recognise that the hedonic valuation approach overstates the value of green—blue assets for passive and active
recreation and visual amenity. This is because the approach does not separate out the property premium part of green—blue assets for
active and passive recreation and visual amenity alone. Rather the premium is the total premium for all benefits of green—blue assets,
including improved visual amenity, cooling and other benefits including active and passive recreation.

Varied methodologies

Other studies of this relationship exist for the Perth and WA context, namely (Pandit, Polyakov and Sadler 2014). We summarise
findings below and our reason for not adopting the presented values within this study.

Pandit, Polyakov and Sandler (2014) primarily found that street trees attract a premium of 4.27%, while trees within the property bounds
attract none. Variables related to the value of parks and other green—blue assets were also included while not the main focus of the
study.
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While having evaluated similar assets, Pandit, Polyakov and Sadler found results that appear to be in conflict with those outlined above
(within Akbari and Polyakov (2023)). This can be explained by the difference in how variables were defined in the two models. Akbari
and Polyakov (2023) relate benefit value to the asset’s relative size (as a proportion of the ‘catchment’), thereby growing in value when
the asset’s relative size increases. By contrast, Pandit, Polyakov and Sadler primarily examined the relationship between distance and
the value associated with the asset, i.e. value will grow or diminish dependent on proximity to the asset regardless of the asset’s size.

While this is a useful characteristic to identify, it is less useful in the context of this report which seeks to examine a large region, namely
Perth—Peel and the relative value of the total amount of green—blue assets within. For this reason, we adopt Akbari and Polyakov
(2023).

Double counting

Hedonic pricing values should not be applied with other economic values of the asset. As outlined above, hedonic pricing does not
isolate individual premiums for a specific service (i.e. individual premiums for the urban cooling benefits and the health benefits of a
park). Rather it generates an estimate of the Total Economic Value associated with a specific asset.

We suggest this be applied as one of a variety of different measures to better understand the economic value associated with green—
blue infrastructure.

Property premiums and housing pressures

The property premiums suggested within this section provide one method to understand the value provided by green and blue assets.
As with many economic (specifically non-market) values, these provide a theoretical measure rather than an actual monetary flow.

As discussed throughout this report, a wide array of literature suggests that green and blue assets reduce the cost burden faced by
people through such mechanisms as reducing the cost of cooling, reducing health costs, improving mental health etc. Part of these
benefits are purely financial, meaning they avoid an actual cost that would otherwise have been incurred. But, a significant amount is
also economic — related to welfare.

Simply put, if all green and blue assets within the Perth—Peel region were removed, the net cost imposed on the population would
increase.
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Table 26: Recreation enabling (and amenity value) of green assets by local government (LG)

Green assets as Households in LG Effective premium Amenity value ($
proportion of (Premium x green million)
catchment proportion)

Armadale, City of 78% 36,306 20% $4,795
Bassendean, Town of 32% 7,187 8% $430
Bayswater, City of 32% 32,165 8% $1,947
Belmont, City of 25% 20,355 7% $974
Cambridge, Town of 51% 11,522 13% $1,061
Canning, City of 29% 37,259 8% $2,036
Claremont, Town of 49% 5,251 13% $467
Cockburn, City of 35% 48,428 9% $3,186
Cottesloe, Town of 38% 3,612 10% $257
East Fremantle, Town of 33% 3,327 9% $207
Fremantle, City of 24% 15,751 6% $732
Gosnells, City of 45% 47,117 12% $3,854
Joondalup, City of 41% 62,177 11% $4,717
Kalamunda, City of 92% 23,347 24% $3,543
Kwinana, City of 45% 17,628 12% $1,465
Mandurah, City of 54% 44,140 14% $4,253
Melville, City of 37% 42,920 10% $2,942
Mosman Park, Town of 41% 4,122 11% $310
Mundaring, Shire of 73% 14,962 19% $1,881
Murray, Shire of 31% 8,192 8% $484
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Green assets as Households in LG Effective premium Amenity value ($
proportion of (Premium x green million)
catchment proportion)

Nedlands, City of 52% 8,407 14% $790
Peppermint Grove, Shire of 49% 615 13% $55
Perth, City of 36% 17,636 9% $1,176
Rockingham, City of 49% 54,910 13% $4,897
Serpentine-Jarrahdale, Shire of 57% 11,234 15% $1,143
South Perth, City of 45% 20,882 12% $1,702
Stirling, City of 39% 102,177 10% $7,327
Subiaco, City of 40% 8,829 10% $648
Swan, City of 46% 58,928 12% $4,952
Victoria Park, Town of 34% 18,019 9% $1,140
Vincent, City of 28% 18,208 7% $966
Wanneroo, City of 46% 78,061 12% $6,579
Waroona, Shire of 51% 2,224 13% $203
Total $71,118

Note: We assume a property price across all LGs of $780,000 — the 2025 mean value for Perth. In reality, this will differ substantially
across LGs, but we use it as an indicator of the relative value irrespective of LG-specific demographic factors.
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Box 8 Case study: Recreation-enabling (and amenity) value

Recreation-enabling (and amenity) value

Fremantle LG size (ha) 1,943 GIS layer and calculation spreadsheet
Average park size (ha) 2 As per WSCA RFQ

New park — Proportion of catchment 0.10% =

Price premium applied 0.26% per 1% catchment increase Simplified midpoint estimate — As above
Households within Fremantle LG 15,751 2021 census — via tablebuilder

(available in calculation spreadsheet)

Average property price $780,000 2025 Average Perth House price
https://www.wa.gov.au/organisation/dep
artment-of-treasury-and-
finance/housing-market

Calculation

$3,194,302 of recreation enabling

1 New Park proportion of catchment x Price premium x Households within LG x Average (and amenity) value

property price = 0.10% x 0.26 x 15,751 x $780,000 =
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Table 27: Recreation opportunities — avoided health cost method

Recreation opportunities — avoided health costs

Method for
valuing service

Valuation
approach and
assumptions

Unit values used
(valuation)

Discussion

Arising from the inducing of additional physical activity

Report published in 2013 from the Department of Infrastructure and Transport — Walking, Riding and Access to Public Transport
adopted values per km of exercise for various intensity. These values have been adapted to reflect the relative intensity of various
outdoor activities underpinned by a likely need for green and/or blue assets to complete the activity.

The value of these selected outdoor activities is then multiplied by the number of occasions the activity is performed per year to get the
total avoided health cost related to this activity. Combining these for all related activities and then dividing the avoided costs by the
study population, we calculated the avoided health cost per capita.

Note that health costs here refer both to the direct (i.e. cost of treatment, prescriptions etc.) and indirect (i.e. cost to productivity,
reduced quality of life costs etc.).

$110 per person per annum in avoided health costs

Double counting
Health related values such as those discussed in avoided mental health will overlap in their effects.
Substitution effects

A complicating factor when calculating the health value provided by green—blue infrastructure arises from determining the amount of
benefit apportioned to these assets versus the amount of exercise that would occur regardless of the environment. Certain activities are
only possible due to the provision of nature i.e. hiking, whereas other activities do not require the environment explicitly but may have
higher uptake because of the natural environment such as walking.

Ideally when measuring this benefit, we would isolate the occurrence of physical activity that depends solely on the natural environment
i.e. we would include only people who would otherwise not participate in exercise at a similar level.

While our methodology attempted to utilise highest quality available data to apportion benefit only to the extent that nature is required to
perform the activity, an element of imprecision will remain. The unit values provided above may therefore overstate the benefit.
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Box 9 Case study: Recreation-enabled — avoided health costs

Recreation-enabled — avoided health costs

Avoided health cost per person per year $110
Perth—Peel population 2,054,403 2021 census — via tablebuilder
(available in calculation spreadsheet)
Calculation
1 Avoided health cost per person per year x Population = $110 x 2,054,403 = $225,984,330 of avoided health costs per year
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Avoided mental health costs

The positive effects of green—blue infrastructure on mental health is widely acknowledged in scientific literature. We estimate the value
provided within the Perth—Peel region to be upwards of $1.4 billion per year.

This section quantifies the economic value of avoided mental health costs provided by natural assets in the Perth—Peel region.
Method
Table 28: Avoided mental health costs method

Service Avoided mental health costs

CICES Cultural service
classification

Description of Green—blue infrastructure supports regulating and cultural ecosystem services that enhance human mental health and wellbeing. These
service services include stress reduction through contact with nature, enabling physical activity, and enabling social cohesion and community
interaction.

By promoting preventative mental health measures and reducing exposure to mental health risk factors that may exacerbate preexisting
conditions, green—blue infrastructure can:

e reduce the severity and incidence of mental health issues
e reduce the demand for, and costs associated with, treatment
e reduce the economic losses associated with absenteeism and presenteeism.

Method for Recent evidence suggests that visits to an outdoor green or blue space (a visit being considered 30 minutes or more spent during the
valuing service week) can reduce the incidence of depression by up to 7% (Shanahan et al. 2016, Sugiyama et al. 2008).

We can estimate the impact of green and blue assets by applying the figure above to the total number of people suffering from
depression (or mental illness) in the study region. Using an estimate of the economic cost of mental illness for a person suffering*, we
can then analyse the cost avoided if we reduce the number of people suffering mental iliness by up to 7%.

*The Productivity Commission (2018) estimated the total economic costs of mental illness and suicide ™ in 2018 to be between $236-
$290 billion per annum. This estimate equates to a cost per mentally ill person of roughly $84,000 to $103,000. Without access to more
disaggregated data, we note that the cost outlined above applies to all mental iliness, of which depression makes up a significant
component. We assume in this calculation that the 7% rate of reduced incidences of depression has some carryover into mental illness
more broadly i.e. that meeting the prescribed dose of exposure to green or blue assets will have roughly a 7% reduction across mental
illness broadly.

1 We note again that this economic cost comprises the total economic cost of mental illness, inclusive of the direct (i.e. cost of treatment etc) and indirect (i.e. lost
productivity, reduced quality of life etc) costs.

Water Sensitive Cities Australia | wscaustralia.org.au



64 | Green—Blue Infrastructure Valuation of the Perth—Peel Region

Service Avoided mental health costs

Unit values used Upper bound economic value $987 per person per annum, benefit from all people meeting dose requirement as prescribed
(elusie) e $9.87 per person per annum, benefit of 1% additional population accessing green—blue infrastructure
Lower bound economic value $805 per person per annum, benefit from all people meeting dose requirement as prescribed

e $8.05 per person per annum, benefit of 1% additional population accessing green—blue infrastructure

Discussion This represents an estimate of the economic cost that can be avoided by the presence of green blue infrastructure.
Significant assumptions
We assume that mental iliness and depression can be used somewhat interchangeably within this analysis and therefore that:
e the ‘7% reduction in the incidence of depression’ (resulting from exposure to nature) can be applied to all mental iliness, and/or

e the economic cost of mental iliness reported by the Productivity Commission can be used as a proxy for depression (with the
likelihood that depression makes up a significant component of this cost).

In reality, these two points are likely to be both partially correct and applicable. Therefore, by assuming an element of interchangeability
between mental illness and depression we may overstate this benefit, but our methodology still represents a dependable, evidence-
based value in lieu of greater information.

Within our calculations, the high-end estimate ($805-$987) displays the value if all Perth—Peel had access to nature and actively seeks
to meet the ‘prescribed exposure to nature’.

Double counting

Interaction between mental health and other health estimates clearly exists. Therefore, practitioners should note an element of overlap
will exist if applying both values.

The simplest thought experiment of understanding the value provided here is through the use of the ‘all people meeting dose
requirement’ value. This value can be interpreted as “if we were to remove all green and blue assets from the Perth—Peel region,
additional economic costs in the magnitude of hundreds of dollars i.e. to a maximum of $987 would be generated per person per
annum”.

Study evidence

Of note, a recent Australian study (Shanahan et al. 2016 ) found associations between the duration, frequency and intensity of
exposure to nature and health in urban Australian populations. A dose-response analysis for depression and high blood pressure
suggests that visits to outdoor green spaces of 30 minutes or more during a week could reduce the population prevalence of these
illnesses by up to 7% and 9% respectively. Importantly, while this study found a relationship between greenness exposure duration and
mental wellbeing, it found no association between the measure of nature intensity (vegetation complexity) and any of the health
outcomes measured. What this result may indicate is that beyond some minimum requirements for greenness, the quality and physical
extent of exposure to greenness is less important than the duration of exposure. In simple terms, people may achieve the same
amounts of mental health benefits from spending 30 minutes or more in their back garden with trees and lower vegetation complexity as
they would in a national park with higher vegetation complexity. This issue deserves further study.

Water Sensitive Cities Australia | wscaustralia.org.au



Water Sensitive Cities Australia | 65

Box 10 Case study: Avoided mental health costs in Perth—Peel

As outlined in the discussion above, value should look at if everyone were to meet the mandated dose i.e. avoided economic costs of up to $987 per person per
year.

Avoided mental health costs in Perth—Peel

Rate of mental illness — Australia ~11% Productivity Commission (2018) — Mental Health inquiry
Number of mentally ill people - Australia 2,800,000 Productivity Commission (2018) — Mental Health inquiry
Australian population at time of study 25,200,000 ABS

Economic cost of mental illness per year,
comprising:
o Mental healthcare and related services
e Informal care
® Loss of participation and productivity
e (Cost to economy
o Cost of disability and premature death

Economic cost per affected person per year
Calculated by:

Economic cost of mental illness/Number of mentally
ill people

Economic cost per affected person (adjusted by CPI
to 2021, last available census data)

Reduction in prevalence of mental iliness

Perth—Peel population

$237-$291 billion

$16 billion

$15 billion
$12-%$39 billion
$43-$69 billion
$150 billion

$84,536-$103,750

$84,536-$103,750 x 1.054
=$89,101 — $109,353

7%

2,054,403

Productivity Commission (2018) — Mental Health inquiry

2018 value

2021 value

Assumes all population now meet the ‘prescribed exposure to
nature’ of 30 minutes per week

2021 census — via tablebuilder (available in calculation
spreadsheet)
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Calculation

#

Water Sensitive Cities Australia

All Perth—Peel having access and meeting ‘prescribed exposure to
nature’

People suffering from depression within Perth—Peel:
Perth—Peel population x Prevalence of depression

= 228,267 suffering from mental iliness

Number of people no longer suffering from depression if ‘prescribed
exposure to nature’ is met:

=228,267 x Rate of reduction for mental illness (7%) = 15,979

Reduction in economic cost:
15,979 x Economic cost per affected person ($89,101-$109,353)
= ~$1,423-%$1,747 million per year

Or per capita and adjusted for CPI to 2024
=$805-$987 (for all Perth—Peel in 2024 dollars)

| wscaustralia.org.au

1% additional population of Perth—-Peel having access and meeting
‘prescribed exposure to nature’

People suffering from depression within Perth—Peel:
Perth—Peel population x Prevalence of depression

= 228,267 suffering from mental iliness

Number of people no longer suffering from depression if additional 1% of
population is enabled to meet the ‘prescribed exposure to nature’:

=228,267 x Rate of reduction for mental illness (7%) = 160

Reduction in economic cost:
160 x Economic cost per affected person ($89,101-$109,353)
= ~$14-$17 million per year

Or per capita and adjusted for CPI to 2024
=$8.05-%$9.87 (for all Perth—Peel in 2024 dollars)
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Economic growth (impact)
While not a focal point of our analysis, we find that the impacts of an investment in related industries are likely to contribute between
40-70% of the initial investment in gross value added (GVA) to the Perth—Peel region.

This section estimates the economic value linked to green and blue infrastructure. It estimates the number of jobs supported as well as the
total output related to Perth—Peel region’s link to green and blue infrastructure.

We include this as a descriptive measure of the economic impact of green and blue infrastructure. It should not be applied within a cost—
benefit analysis or economic welfare analysis framework.

Method

Table 29: Impact to economic growth

Service Economic growth (impact)

CICES NA
classification

Description of Economic growth is not considered an ecosystem service. It has been included as a purely ‘descriptive’ measure.

service

Method for We assess the economic contribution of an investment within green and blue infrastructure on the broader Perth—Peel economy
valuing service through a Marsden Jacob Associates Input-Output (I0) model.

The outputs from the 10 model include the number of jobs required to complete the project development stage and the increase in
gross value added to the economy. It determines these outputs by analysing the interdependencies between industries and how goods
and services flow across these industries. By tracing these flows, the model captures the ripple effects across industries as a result of a
change in expenditure in one or more industries by business, government or households.

Specifically, the IO model calculates economic impacts broken down into:

e Direct impacts — Immediate effects generated within the industries directly involved in constructing the asset

e Indirect impacts — The supply chain effects that arise when industries directly involved in constructing the asset purchase goods
and services from supporting industries, triggering further rounds of economic activity.

To estimate the potential impacts, we concern ourselves with two potential sources of investment:

e Initial construction
e Ongoing operation, continual retail spending.

We note that this method will likely provide an understated estimate as our model focusses on the first round impacts’ resulting from an
investment.
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Service Economic growth (impact)
Unit values used For a $1 million injection into each industry, the initial year one impacts would be:
(valuation)

Construction industry: Output of $1.35 million, gross value added of $0.44 million and supported employment of 4 FTE.
e Retail: Output of $1.27 million, gross value added of $0.70 million and supported employment of 7 FTE.
Discussion Application of values

Economic growth (impact) cannot be applied within a cost—benefit (economic welfare) analysis for the following reasons:

e Additional economic growth is not a benefit itself but rather one measure of an economy’s activity. Using economic output as a

benefit is too imprecise of a measure for welfare analysis (as in cost—benefit analysis).

By nature of the measure, economic output will lead to double counting, i.e. a good may be counted once as an intermediate
good as well as a final good.

Use of a measure of economic growth (such as GDP) presents only the market rate of output and entirely omits the non-market
values associated with a good.

We include this value with the above notes to better understand the economic impact of green—blue infrastructure.
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Education opportunities (outcomes)

Strong links exist between green—blue infrastructure and educational outcomes.

For reasons outlined below, in agreement with the project team, we have outlined the links between green—blue
infrastructure and educational opportunities/outcomes in lieu of quantifying economic benefits.

Issues with benefit quantification
Several studies have examined the benefits associated with green—blue spaces and educational outcomes.

Overall findings from these studies have led to mixed results with some assets presenting improved educational
outcomes while others are linked to negative or inconsequential outcomes.

Additional complexity arises when trying to estimate the flow-on effect of how a change in educational outcomes
will impact the remainder of an individual’s life (i.e. tracing the relationship from the provision of green—blue
assets to an economic output).

Findings

Several studies have found positive links between green—blue assets and educational outcomes and that this
area could benefit from further detailed analysis to better understand the quantitative impacts.

Meta analyses show that outdoor education programs can improve self-concept and teamwork among primary
and secondary schoolchildren. Importantly, these positive impacts often appear to persist over time (Neill 2008).
In primary and secondary school students, the main benefits relate to the development of life effectiveness skills
(Synergies Economic Consulting 2012), which could translate over time into better workplace performance.

A US based study (Kweon et al. 2017) found a positive link between the amount of trees or green space and test
scores. However, this same study also found a negative link between the amount of open lawn or shrubs and test
scores (although this link was not found to be significant when accounting for other demographic variables).
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Social cohesion and sense of place

Green-blue infrastructure can be viewed as an enabler of improved social cohesion, with direct effects flowing
through to health outcomes.

For reasons outlined below, in agreement with the project team, we outlined the links between green—blue
infrastructure and social cohesion, in lieu of quantifying economic benefits.

Issues with benefit quantification

Empirical evidence suggests that nature-based outdoor activity can help to develop positive relationships among
community members and that this can increase mental and personal wellbeing, as well as feelings of community
connection. Many, but not all, of the benefits of social cohesion will be reflected in the welfare contribution values
discussed in the previous section, e.g. through improved health and wellbeing, lower absenteeism and
presenteeism rates, and the recreation consumer surplus. To avoid the risk of double counting, we do not attempt
to parcel out a separate welfare contribution for these impacts.

Findings

Benefits from nature-based outdoor activity are likely to extend beyond the health and wellbeing, and labour
productivity benefits we outlined previously, including:

e Outdoor therapy and activities have been linked to reduced delinquency among adolescents at risk
(Bowen & Neill 2013, 2015). Thus, it is reasonable to conjecture that increases in nature-based outdoor
activity among at-risk groups in particular could reduce future costs associated with offending, including
the costs of law enforcement and the direct damage caused by offending.

e There is some evidence that nature-based outdoor activities contribute towards developing greater
environmental awareness and stewardship. What these attitude changes mean over the longer term for
the environment and sustainability has not yet been examined through longitudinal research (Dickson et
al. 2008).
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