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Background

ACCOUNTING FOR NATURAL ASSETS IN LOCAL GOVERNMENT

A low carbon resilience (LCR) lens coordinates and mainstreams
adaptation, mitigation, and co-benefit strategies into policy,
planning and implementation processes. Deborah Harford, Executive
Director, ACT (the Adaptation to Climate Change Team), in the Faculty
of Environment at SFU, and SFU Research Associate Dr. Alison Shaw,
Principal, FlipSide Sustainability, co-developed ICABCCI (Integrated
Climate Action for BC Communities Initiative) to produce action-based
research that supports local governments in implementing effective,
streamlined climate action. The research will be collated into guiding
resources and an LCR Framework for Climate Action, to be used by local
governments across BC and Canada and beyond.
The report showcases how accounting for natural assets is an LCR
strategy. Best practice accounting is used to demonstrate how protecting
and expanding natural assets leads to climate benefits that can reduce
and/or avoid the costs of flood and heat over time, avoid expensive
infrastructure-related emissions, sequester carbon, and advance other
community priorities such as improving health and well-being and
biodiversity in communities.
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EXECUTIVE SUMMARY
Communities across Canada are already experiencing the compounding impacts of climate
change. Hundreds of municipalities have declared a climate emergency, highlighting the urgent
need for action. Although many communities have committed to reducing emissions, there continues to be a deficit in plans to adapt to the inevitable consequences of our changing climate.
Mitigation and adaptation have typically been done separately, risking contradictory results. A
more cost-effective and efficient approach is being adopted. It’s called low carbon resilience, or
LCR, and is being recognized by a growing number of policy and decision-makers as a strategy
to ensure investment in climate action is streamlined and yields long-term results. An LCR lens
allows decision-makers to see how mitigation and adaptation are intertwined over time.
In this report, we summarize the findings of a detailed analysis into the tangible value of natural
assets, such as wetlands, forests, and coastlines. Ascribing monetary value to natural assets
recognizes the essential, yet often invisible, ecosystem services they provide. Accounting for
natural assets at the community scale, alongside engineered assets, and how they work together
to provide essential services, is likely to encourage their preservation and rehabilitation. Natural
assets are increasingly important under future climate changes. These assets and services can
be more resilient to projected climate changes over time, while sequestering and storing carbon
rather than contributing it to the atmosphere.
The aim of this document is to help local government decision-makers better understand how
other communities are valuing natural assets. It summarizes best practice and proxy data
for communities to consider in their own asset management planning. It also showcases the
adaptation and mitigation benefits of natural assets. Accounting for them is considered to be a
primary LCR approach that can help communities reduce vulnerability to current and projected
climate impacts and emissions over time.
Communities must plan now, so their ecosystems can continue to function into the future as
agents for air and water filtration, stormwater control, erosion regulation, temperature moderation, and the many other services these assets provide. These assessments must be done with
an eye to sustaining levels of service in communities as they grow, and accounting for the LCR
benefits associated with avoided risks and costs of projected climate impacts over time. More
valuation research is required in this area. Underestimating the worth of our natural assets risks
depleting these increasingly important and agile community resources as the climate changes.
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1. INTRODUCTION
1.1 What is Low Carbon Resilience?
Low carbon resilience (LCR) is an approach that coordinates, co-evaluates, and integrates climate change adaptation (resilience) and mitigation (emissions reduction) options and strategies.
Communities are on the frontlines of climate action. Most communities in BC have committed to
emissions reductions, but are only now recognizing
that adapting to climate impacts is both necessary
and urgent. Mitigation and adaptation planning
approaches have typically been done separately,
which can lead to contradictory results that are maladaptive (lower right quadrant) or emissions intensive
(upper left quadrant).
The Integrated Climate Action for BC Communities
Initiative (ICABCCI) at Simon Fraser University’s ACT
(the Adaptation to Climate Change Team) is exploring
ways to use an LCR (upper right quadrant) lens to
integrate climate actions that reduce both vulnerabilities and emissions, while embedding climate action
into all local government decision processes, guiding
the way toward a sustainable development pathway.

1.2 Why Account for and Protect Natural

2009

Figure 1: Coordinating and co-evaluating adaptation
and mitigation in policy and planning prevents
contradiction and can lead to co-benefit opportunities
that transition communities and sectors toward
sustainable development.

Assets?
Natural assets are integral ecosystem features that either provide, or can be restored to provide,
services that have conventionally been provided by engineered infrastructure in urban areas.
For example, urban areas often use complex systems of drains, pipes, and sewers to manage
storm water in lieu of natural assets like forests and streams that provide the same storm water
management services naturally (MNAI, 2017). This report outlines the value of natural assets as
a crucial LCR strategy for communities when considering how to reduce vulnerability to climate
impacts and reduce emissions over time. It presents best practice in natural asset management
and valuation, elevating natural assets as an important supplement to engineered capacity and
as increasingly important and agile assets under changing climate conditions1 (see Figure 2).
Natural assets provide a myriad of ecosystem services that communities rely on to provide key
municipal services such as air and water filtration and stormwater management. Assets such as
foreshores, wetlands, and forests not only provide these crucial services but also help to moderate temperature and sequester carbon.
Natural assets reduce the need for emissions-intensive processes such as air conditioning and
stormwater pumping and filtration, making their protection and expansion a critical LCR strategy. These assets are more adaptive to changing climate conditions than grey infrastructure
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solutions in the long term, if managed correctly. They also have lower embodied emissions and
are cheaper to install, maintain and operate, with the tendency to increase in value over time,
unlike built assets. There is a pressing need to value the adaptation and mitigation potential
provided by natural assets in a changing climate, above and beyond the benefits they provide
under baseline conditions in the present. Ascribing value to the adaptive and mitigative services
they provide will help to advance planning and operational decisions about how to protect,
expand, reward, and ultimately prioritize the services they provide in the short and long term. At
a time when much of Canada’s community infrastructure is in need of repair or replacement, it is
important to understand how existing natural assets can be enhanced, restored, and even engineered to help communities adapt to the impacts of climate change while aiding the transition
towards a low carbon society.2
Accounting for these valuable community assets is becoming ever more crucial under projections of climate change. Local government and decision makers can use this report to better
understand how these assets contribute to low carbon resilient community asset and investment
planning approaches.

1.3 The Importance of Ecosystem Services
Ecosystem services are already providing communities with low carbon resilient services. In comparison
to grey infrastructure, which may only address one
specific service such as water provision or stormwater management, natural assets provide multiple
benefits. For example, urban forests moderate the
impacts of rainfall and extreme heat, sequester
carbon, and provide habitat for biodiversity. They
play an important role in the absorption of overland
water, reducing the potential for urban flooding. In
conjunction with these services, urban forests also
improve air quality and the green space they provide
contributes to both positive human health and urban
aesthetics.
The Millenium Ecosystem Assessment illustrates that
natural assets provide four main categories of ecosystem services; provisioning, regulating, supporting,
and cultural.
1.

2.

Provisioning services are material or energy
outputs provided from natural ecosystems such
as food, fresh water, raw materials, and medicinal resources.3

Figure 2: A visual representation of the numerous
ecosystem services included
Regulating services refer to the regulation and maintenance of air, soil, water and climate in the four categories of proviquality. This includes services such as pollination, disease and pest regulation, erosion con- sioning, regulating, supporting,
and cultural (WWF, 2016).

trol, and moderation of extreme events.3
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3.

Supporting services are necessary for the production of primary ecosystem services that
enable plants, animals, and communities to endure and thrive. These include processes such
as nutrient cycling, photosynthesis, and soil formation.4,5

4.

Cultural services refer to the non-material benefits obtained from ecosystems such
as recreation, ecotourism, spiritual enrichment, reflection, and creative and aesthetic
experiences.6

We use human welfare (prosperity, security, and well-being) to understand how we can value and
quantify different ecosystem functions and services ranging from carbon sequestration to soil formation to recreational opportunities.2,7

1.4 Accounting for Natural Assets as a Low Carbon Resilience Approach
We tend to value what we are able, or required, to measure. Natural assets provide essential, yet
often invisible services to communities that to date have largely been valued at zero, and therefore
have commonly been lost to development. Unless communities begin to document, measure, and
value these services, they run the risk of continuing to underestimate and deplete their true value
over time.
This report uses case studies and literature reviews of best practices in this emerging valuation
area to provide decision-makers with proxy data on the value of different categories of natural
assets. This data will not be directly comparable in diverse geographies and demographics, but
is intended to provide a baseline understanding of natural asset categories and the ecosystem
services they provide, the key LCR benefits of these assets and services under changing climate
conditions, and best practice valuation techniques for accounting for these assets in municipal
asset management and investment planning.
Valuation techniques can help decision makers understand how changes in the production of
ecosystem services influence and affect community welfare (see Appendix 1). There are two main
techniques used to determine the value of ecosystem services.
•

The first considers the social importance and economic costs of maintaining ecosystem goods
and services, using a “willingness to pay” approach. For example, what value do communities
place on storm surge protection, and what is their willingness to pay for assets that provide
this protection? What are farmers willing to pay to protect water supplies provided by ensuring an aquifer replenishes?

•

The second, more prevalent technique, referred to as “willingness-to-accept”, considers how
much a community would have to pay to replace those services. For example, what would the
cost be to replace free stormwater management services provided by a wetland with an engineered alternative, including operational costs over time? More valuation research needs to
be done to acknowledge the LCR benefits of natural assets in terms of increasing resilience to
projected climate change impacts, reducing emissions-intensive processes, and sequestering
carbon.

A third technique is known as “benefit-transfer” - see Appendix 1 (page 29) for more details and
other approaches.
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Granting agencies are beginning to prompt proponents to consider adaptation and mitigation in
their infrastructure proposals and solutions, using mechanisms such as Infrastructure Canada’s
Climate Lens.8 Under these changing compliance and funding conditions, and in light of Canada’s
$173 billion infrastructure deficit,9 natural assets become an increasingly competitive and desirable option for communities interested in maintaining service levels while decreasing the burden
on aging grey infrastructure. Protecting and expanding natural assets is increasingly viewed as a
cost effective strategy with significant community benefits.
The following tables and case studies provide examples of proxy data and valuation techniques to
help advance thinking and practice around accounting for natural assets.
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2. CO-BENEFITS OF NATURAL ASSETS
This co-benefits table helps communicate additional benefits stemming from the use of natural assets as an LCR approach. The symbols for the co-benefits of each asset type are presented
after each asset table, illustrating their connections to a range of key local government priorities.
Identifying these co-benefits will help local governments and their service providers identify and
communicate the advantages of the natural asset management approach, in addition to its potential
to reduce emissions and increase climate resilience. Communicating these benefits can help tip the
scales towards the use of nature-based solutions instead of engineered solutions that cannot, for
example, improve community livability or sequester carbon in the same way that natural assets can.

Improves biodiversity/
habitat creation

Improves cost savings

Enhances local
autonomy

Optimizes
energy savings

Creates jobs

Reduces risk to
property values

Reduces waste/
optimizes resources

Improves
human health
& well-being

Reduces
congestion

Improves water
retention/absorption

Increases carbon
storage/sequestration

Reduces
burden on grey
infrastructure

Improves air and/
or water quality

Reduces extreme
temperatures

Captures
pollutants

Improves equity
/improvements for
vulnerable populations

Improves green space/
recreation

Supports clean
energy transition

Improves community
livability/vitality

Supports local food
security initiatives

Improves
water and/or
energy efficiency
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3. A GUIDE TO THE NATURAL ASSET PROXY VALUATION TABLES
Definition

Provides a baseline understanding of the asset.

Ecosystem Services
Provided by Asset

The community benefits related to the ecosystem services provided by natural assets
have conventionally been underestimated, and are often neither reported nor monitored. Prioritizing and accounting for these services can help communities transition
to low carbon, low cost approaches that are also resilient to changing climate conditions over time. For example, the natural absorbing and filtering services of wetlands,
forests, and coastlines help manage increased rainfall and stormwater resulting from
climate change, while providing additional value for biodiversity, carbon sequestration,
and amenities.

Annual Value of Services
Provided by Asset

There is no uniform calculation for the services provided by natural assets; however,
there are valuation methods that give decision makers an idea of how a community’s
natural assets perform, and account for their value over time. The value of the asset is
contextual and dependent on the geographical and demographic conditions of each
asset type. The location, size, and condition/character of natural assets, as well as the
ecosystem services they provide, are unique to each community. In these tables, we
provide best practice examples of natural asset valuation techniques to illustrate both
different methods for valuation and the determined value of different assets. The latter
can be used as proxy data to give decision makers an idea of the economic value of
their own assets.

Adaptive Potential of Asset

In the coming years, changing climate conditions will define how our natural assets
perform and interact, and whether and how this will influence service delivery. By
incorporating climate projections into natural asset management planning, decision
makers will be better able to understand how assets will be able to function over time,
along with an idea of the comparable service provision between natural assets and
grey infrastructure. Developing an understanding of projected changes in terms of
precipitation, temperature, sea level rise, and other trends, and consideration of their
implications, will help to ensure that decision makers will have a more robust picture
of how their assets will perform over time.
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Mitigative Potential of
Asset

Including natural assets in community valuation and management has been driven by
cost-effectiveness and their potential to support adaptation to changing climate conditions; however, the emissions reduction potential of natural assets is an additional
benefit that has not yet been thoroughly quantified. Protecting, restoring, and enhancing natural systems has the potential to sequester and store carbon (note that storage
potential is related to the asset remaining undisturbed, especially in the case of soil)
and reduce emissions-intensive processes such as stormwater processing and air
conditioning. It also reduces the need for and presence of carbon-intensive grey infrastructure in the form of dikes, canals, pipes and pavements that not only contributes to
future emissions in its construction and replacement, but also exacerbates the urban
heat island effect and increases impermeable surface area, placing additional pressure on stormwater drainage systems.

Key Risks & Asset
Considerations

As with any asset or strategy, it is important to consider the contextual factors that
may influence the ability of the asset to provide services over time. Risks can alter
the ecological production of goods and services that humans benefit from. Risks
beyond climate change include human pressures like pollution, resource exploitation,
and population growth and development resulting in habitat loss and fragmentation.
Adequate knowledge of the asset/ecosystem is necessary to link changes in ecosystem structure and function to the provision of goods and services that the asset
provides.2 It is important, especially with the exacerbating effects of climate change,
to consider these impacts on all our assets, including natural assets, to ensure we are
proactively capable of responding.
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4.1 WETLANDS AND COASTAL FORESHORES
Coastal wetlands are shoreline hydrological ecosystems connected to a riparian
or tidal water body, such as mangrove forests, saltmarshes, or subtidal seagrass
meadows.10 Wetlands are areas covered by or saturated with water, such as swamps,
marshes, and bogs.11
Ecosystem Services
Provided by Asset

Provisioning Services: sediment control and particle deposition, raw material and
food provision, biological productivity, habitat and biodiversity.
Regulating Services: water retention and storage, reduced overland flow rate,
increased absorption and flood control, storm surge buffering,1 climate regulation and
stabilization, and blue carbon burial and sequestration through sediments and vegetation like eelgrass.12
Supporting Services: water pollution treatment, bioremediation, nutrient cycling,
water quality maintenance, reduced coastal erosion, and sediment accretion.
Cultural Services: fishing, hunting, and foraging; tourism, recreation, education,
research, and inspiration, e.g.: “I am the shore and the ocean, awaiting myself on both
sides.” —Dejan Stojanovic, Serbian poet and writer.

Annual Value of Services
Provided by Asset

• Australia: ecosystem services such as water filtration provided by tidal wetlands
are valued at $12,800–425,300 CAD/ha/yr.13
• United States: coastal wetlands are estimated to provide $23.2 billion USD annually
in storm protection services.14
• Coastal erosion accounts for $500 million USD/year in coastal property and asset
loss and damage. The US spends $150 million annually on beach nourishment
and shoreline erosion controls.11
• Long Island, New York: intertidal mudflats provide aggregate ecosystem services
of $67 per acre, with $338 provided by salt marshes, and $1065 provided by
seagrasses in estuary systems annually.2
• Salish Sea: eelgrass habitats provide $80,929 CAD/ha in carbon sequestration,
habitat, and nutrient cycling.15

Adaptive Potential of Asset

• Reduces magnitude of damage: improved defence against wind, waves, and
storm surges.16
• Improves biodiversity: including intertidal habitat and vegetation.
• Reduces coastal erosion: sediment build up keeps pace with sea level rise.
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Mitigative Potential of
Asset

• Carbon sinks and storage capacity: wetlands sequester atmospheric CO₂ into
organic carbon in the soil.17 Terrestrial wetlands in North America store ~220 petagrams of carbon/yr; the equivalent of 1 trillion kilograms of carbon.18
• Wetlands occupy 5–8% of the earth’s surface, but store between 20–30% of estimated global soil carbon.19
• Tidal wetlands are strong long-term carbon sinks; the continuous sediment
build-up increases carbon burial.20,21
• In Australia, over 1.4 million hectares of tidal marshes store an estimated 212
million tonnes of organic carbon in the surface layer (1m). The equivalent CO₂
storage value is $7.19 billion (USD) with an annual sequestration value of $28.02
million (USD).22

Key Risks and
Considerations

• Loss of foreshore, shoreline squeeze, and land conversion: development along
coastlines results in significant habitat loss and fragmentation.
• Surrounding coastal landscape: services provided by wetlands are influenced by
surrounding geomorphology, bathymetry, tidal flows, and other coastal features.23
• Extreme coastal variability: restoration will be dependent on the interactions of
water quality, sedimentation, temperature, and their proximity to commercial and
recreational activities.24,25
• Pollution: affects habitat, reducing the viability of coastal wetlands and foreshores.

LC R O P P O R T U N I T Y

Tidal wetlands along the Pacific coast of North America are a significant LCR opportunity. Their
exceptionally high rates of sediment build up improve community adaptive capacity against sea
level rise and storm surges by adding bulk to coastlines, while also contributing to high rates of
carbon burial.21
KEY CO-BENEFITS
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CASE STUDY
Case Study 1: Boundary Bay Living Dike
The Boundary Bay Living Dike project, located in the nexus of three BC Lower Mainland cities
- Surrey, Delta, and White Rock - provides storm and wave protection without compromising
natural services. The Living Dike is designed to establish a dynamically stable beach face that can
support and sustain offshore salt marshes and eelgrass meadows in front of dikes to attenuate
wave heights by up to 40%, which can reduce the total cost of suitable dikes by 30%. Using the
BC Provincial Climate Change Adaptation Guidelines, standard dike elevation for sea level rise
(SLR) of 1m has an estimated capital cost of $250 million, whereas the living dike project cost is
estimated at $173-$245 million, depending on the method of sand delivery. The living dike also
provides co-benefits such as habitat protection and carbon sequestration that are not included in
this valuation estimate.26
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4.2 URBAN FORESTS AND GREENSPACES
Urban forests consist of trees, forests, greenspaces and related living, non-living,
and culturally significant elements that extend from the urban core to the urbanrural fringe.27
Ecosystem Services
Provided by Asset

Provisioning Services: clean water, wildlife habitat, and biodiversity.
Regulating Services: pollination, street water runoff filtration and absorption;
improved water quality and flood control, temperature and climate regulation; reduced
wind and sun exposure with the potential for reduced energy bills; and the capture
and filtering of airborne pollutants.
Supporting Services: reduced erosion.
Cultural Services: increased human health and well-being; recreational opportunities,
neighborhood walkability, clean air, and shade; cultural and historical significance of
greenspaces, educational opportunities, improved urban aesthetic, and inspiration,
e.g.: “And into the forest I go, to lose my mind, and find my soul.” —John Muir, ScottishAmerican naturalist and advocate for wilderness preservation.

Annual Value of Asset

• Halifax, Montreal, Vancouver: collectively these cities contain over 100 million trees worth $51 billion in total (Halifax: $11.5b; Montreal: $4.5b; Vancouver:
$35b). It is estimated that for every $1 spent on maintenance, the trees reciprocate with $1.88–$12.70 in wet weather control, air quality, energy savings, and
carbon sequestration.28
• Seattle, USA: urban forest replacement cost is $4.99 billion USD.29
• Trees and shrubs store two million tons of CO₂ representing $10.9 million annually
in carbon storage and $768,000 in annual carbon sequestration.29
• Over 725 metric tons of pollution are removed from the environment, a service
valued at $5.6 million annually.29 The energy use reduction in residential buildings
represents savings of $5.9 million annually.29
• New York City, USA: urban forests remove 2,202 tons of pollutants each year, correlating to a societal value of $10.6 million/year.30
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Annual Value of Services
Provided by Asset

• Increases in permeable surfaces: water absorption reduces flood risk.
• Reduced heat, increased shading and evapotranspiration: trees and greenspaces
can moderate and reduce temperatures in urban areas.
• Improves biodiversity: improves forest resilience and contributes to habitat creation.
• Reduces wind damage: mature trees and shrubs reduce wind damage.
• Slope stabilization: protects against soil loss and landslides in extreme precipitation
events.

Mitigative Potential of
Asset

• Carbon sinks and storage capacity: in Canada, urban forests store 34 million tons
of carbon, and annually sequester 2.5 million tons of CO₂.31 Dense stands of woody
forest have higher carbon storage density (53.5 tons of carbon per hectare) than
urban forests (25.1 tons of carbon per hectare), emphasizing the need for naturalized areas intertwined with urban areas.32,33
• Carbon stores depend on the number of trees, spatial coverage, age and health,
the rate of mortality, interaction with soil, type of soil, access to water via
permeable surfaces.34
• Peak sequestration capacity is reached at intermediate age (30–120 years).
• Reduces urban energy use: trees moderate and reduce urban temperatures, reducing energy and cooling needs in adjacent buildings.

Key Asset Considerations

• Space: ensure enough room to root with site specific soil and minimal overhead
interactions such as wires, utilities, and buildings.35
• Fire: fire is an increasing risk in combination with warmer temperatures and drought.
• Invasive species: monoculture-based forest management creates lower species
diversity, making forests less resilient to pests and disease.29
• Intensive management: removing deadwood, pruning, fertilization, irrigation, and
removal of dead leaves can contribute to CO₂ emissions.34
• Release of stored carbon: deadwood decomposition and wildfire release CO₂ into
the atmosphere.34
• Management: location-appropriate climate resilient species selection will likely
be required.

KEY CO-BENEFITS
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LC R O P P O R T U N I T Y

Urban forests absorb and store overland water flows, reduce urban temperatures, and improve
air and water quality. Well-situated trees can also provide shade that reduces building energy
needs in summer months. Protecting and/or planting forests, trees, and vegetation can reduce a
community’s emissions footprint and its vulnerability to climate impacts.
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CASE STUDY
Case Study 2: City of Surrey Shade Tree Management Plan
As of 2016, the City of Surrey had roughly 75,000 street trees and 21,000 park trees making up
its urban forests. In 2013, Surrey spent approximately $4,288,000 CAD on tree management,
which was applied to an i-Tree Streets analysis using street and park shade tree inventory data.
For every $1 spent on planting, maintaining, and managing a shade tree in Surrey, it is estimated
that $3.18 of benefits are received in terms of energy savings, carbon capture, stormwater and air
quality improvements, and aesthetic values (see Figure 3). In order to optimize the net benefit of its
urban forests, the City’s 20-year management plan refers to operational management ranging from
increasing soil volume when planting to involving more urban forestry professionals in early project
planning stages. The total replacement cost value for Surrey’s street and park trees is estimated at
$156,392,000 CAD.36

4.3 AQUIFERS
Aquifers are permeable layers of rock and/or other loose materials like gravel and silt
that are saturated with varying quantities of water.37
Figure 3: The total
replacement value for
Surrey’s shade trees.36
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Ecosystem Services of
Asset

Provisioning Services: fresh water storage.
Regulating Services: moderation of extreme precipitation events through storage,
absorption and release; feeds other freshwater systems, water filtration, purification,
and waste treatment; erosion control: runoff absorption, feeding vegetation.5
Supporting Services: nutrient cycling, biodiversity, feeds other riparian ecosystems.
Cultural Services: Indigenous use of aquifers in traditional ceremonies and ecological knowledge, and inspiration, e.g.: “...it is the underground water that sucks in, that
breathes the rain.” —former Hopi Tribal Chairman Vernon Masayesva.

Annual Value of Services
Provided by Asset

• Region of Peel: without conservation of the groundwater the Region uses for
drinking water, the estimated cost for replacement with services provided by Lake
Ontario for the Town of Caledon is $118 million.38

Adaptive Potential of Asset

• Reduces erosion risk: healthy recharge zones trap water and fix vegetation.
• Reduces risk of saltwater intrusion: fuller aquifers reduce the incidence for inflow of
oceanic saltwater.
• Improves drinking water supply: planning for recharge and reducing demand will
help to secure water quantity and quality over time.
• Natural water storage: less rain and cryogenic storage in ice and snow will create
demand for ways to store water during summer months.
• Absorbs excess rainfall: reduces flooding.

Mitigative Potential of
Asset

• Indirect ecosystem protection effects: increasing permeable surfaces and forested
aquifer recharge zones helps absorb overland water, reducing the need for emissions-intensive stormwater management infrastructure and processes, and also
contributes to carbon sequestration and storage.
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Key Asset Considerations

• Land cover changes: aquifer recharge ability is significantly influenced by urban
demands for land use and wildfires contributing to hydrophobic soils.39
• Pollution: upstream pollution such as nitrogenous fertilizers for agriculture can leach
through soils and alter riparian ecosystems.5
• Water demand: household, agricultural, and industrial changes in water use will
affect overall supply.
• Contaminants: contaminants can travel in aquifer strata for a long time, and their
release is dependent on multiple factors.
• Invisible ecosystem services: aquifers are underground and out of sight, often
resulting in undervaluation, and inadequate assessment and protectionary
measures.5
• Transboundary issues: water crosses multiple jurisdictions, contributing to management challenges and tensions.
• Excessive removal and/or subsidence: contributes to the collapse of overlying substrata and even flooding if the land subsides lower than other natural features.40

LC R O P P O R T U N I T Y

Investing in watershed management is an investment in stormwater, flood, and erosion
management, carbon sequestration, and green space at a fraction of the cost of less adaptive and
carbon-intensive engineered solutions. It also promotes natural groundwater and aquifer recharge
systems, which will be increasingly important as climate change drives longer hotter summers and
increased drought risk.
KEY CO-BENEFITS
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CASE STUDY
Case Study 3: Gibsons Whitetower Park Ponds
In 2016, the Town of Gibsons undertook an asset management study with the Municipal Natural
Assets Initiative (MNAI) to determine the monetary benefits of their stormwater ponds for ecological services and functions like water absorption and flood mitigation. The town created a
watershed model of the Whitetower Park Ponds (WPP), a collection of streams and catchment
areas used for rainwater conveyance, using the Stormwater Management Model (SWMM) (see
Appendix 2), and assessed their value for stormwater retention and flood peak. The SWMM
generalized the entire drainage area of the WPP into a single subcatchment, with an outlet into
a single modelled pond with the same capacity of the whole WPP system. After obtaining the
results of the SWMM, the Town was able to obtain an economic value for the WPP system and
compare the efficacy and cost of different engineered stormwater management strategies. The
town determined that replacing the stormwater management services provided for free by the
WPP with an engineered replacement would cost $1,356,250 CAD for a 10-year storm event and
$3,500,000 for a 100-year storm event.
Town bylaws state that stormwater management systems should be able to manage a 100-year
flood, placing the value of the WPP system at $3.5 million. Alternatively, Gibsons estimated the
cost of constructing a bypass pipe to be $4 million. Thus, when applying the replacement cost
methodology, the set of services provided by the WPP is $4 million. Following this process, the
Town concluded that the ponds provided sufficient water storage for the projected population
increase of the town into the foreseeable future at a fraction of the cost of the alternative engineered water supply infrastructure.
The WPP study follows a 2013 Aquifer Mapping Study conducted by the Town with the David
Suzuki Foundation to better understand the local aquifer’s boundaries and flow characteristics.
The economic value of the services provided by the aquifer was not estimated, but the WPP help
to ensure its recharge and ongoing health through stormwater storage. Not only are these services provided naturally at a fraction of the cost of an engineered alternative, but the engineered
alternative, in this case a bypass pipe, could not provide these services to the residents of the
Town.41
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4.4 FRESHWATER BODIES
Overland freshwater bodies include lakes, rivers and streams.
Ecosystem Services of Asset

Provisioning Services: drinking water, food, biodiversity, and habitat.
Regulating Services: stormwater management, water absorption, slowing overland
flow rates, and groundwater recharge.
Supporting Services: nutrient filtration, reduced erosion, sediment stabilization and
soil retention.
Cultural Services: human connection to landscape and inspiration, e.g.: “... in many
indigenous ways of knowing, time is not a river, but a lake in which the past, the
present, and the future exist.” —Anishnabe author Robin Wall Kimmerer, Braiding
Sweetgrass.

Annual Value of Services
Provided by Asset

• Emscher River Restoration: stream bed restoration provided avoided costs of flood
damage in the area of 1.78 million Euros per year.42
• Town of Gibsons: the cost to engineer replacement of the services provided by the
Town’s stormwater ponds was valued at $3.5-$4 million CAD. The cost for maintaining the ponds is $30,000-$50,000 per year for monitoring and cross-connection
controls (to avoid contamination to the aquifer). This reduces flood risk, avoids new
infrastructure emissions, and protects the City’s green space over time.43,44

Adaptive Potential of Asset

• Increases stormwater retention: water storage, absorption and filtration along
riparian areas, and improved water quality. Water storage will become increasingly
important following projected reductions in precipitation and cryogenic storage in
ice and snow.
• Reduces urban temperatures: through local evapotranspiration.
• Improves habitat: important for biodiversity and ecosystem resilience, including
nutrient absorption and circulation.

Mitigative Potential of Asset

• Carbon storage: lakes store carbon buried in water sediments.45
• Carbon transport: rivers transport, sequester, and transform carbon before reaching coastal environments.46
• Riparian systems are large recipients of terrestrial carbon, and are an important
part of regulating the carbon cycle.46
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Key Risks and Asset
Considerations

• Land use conversion and fragmentation: culverting streams in urban areas
reduces hydrological connectivity, productivity and functionality of habitats.
• Species extinction: due to habitat modification, fragmentation, overexploitation,
pollution, and invasive species.45
• Upstream usage: reduces flow of water, potential introduction of toxins, pesticides, other nutrients, invasive aquatic species.47
• Pollution: excess nutrients, minerals, and warming can lead to eutrophication,
reducing oxygen in water bodies, strangling aquatic animals, and reducing the
functionality of the asset.
• Overexploitation: overextending the viability of the resource for anthropogenic reasons such as agriculture.
• Peak flow timing: will shift as the climate warms and glaciers and snowpack
diminish, affecting aquatic ecosystems and species.
• Seasonal distribution: seasonal water shortages already occur and are projected
to increase, even in regions that are wettest at other times of year.47 Peak flow timing will also change.

LC R O P P O R T U N I T Y

Protecting freshwater bodies such as lakes, rivers and streams in our communities helps to store
and move excess overland water naturally, decreasing the need for stormwater infrastructure.
Minimizing development and fragmentation that hinders hydrological processes will reduce
community flood risk and damage over time.
KEY CO-BENEFITS
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CASE STUDY
Case Study 4: District of West Vancouver’s Daylighted Streams
In 2017, the District of West Vancouver undertook a natural asset assessment with the Municipal
Natural Assets Initiative (MNAI) to determine the financial value of daylighting creeks instead of
keeping them covered. In particular, the focus was on the importance of these streams for salmon
and cutthroat trout habitats. Using the replacement cost methodology, the District also set out to
determine the engineered infrastructure needed to meet current stormwater needs under a 1-in200 year storm. Further, the study created a replicable model and applied the benefits transfer
method of valuation for a wide range of co-benefits for the town. In this case, the culverted creek
ran through a playground, and as such the daylighting design involved complete realignment of
the creek, coming to a cost of $327,200 CAN. The comparative cost of constructing engineered
services to provide the same stormwater services was $300,000 suggesting that the constructed
approach would be more affordable. However, neither value includes the long-term maintenance
or operation of either system, although they were deemed to be comparable, nor the significant
benefits that could accrue from a naturalized approach, like habitat creation, aesthetic and
inherent value, and nutrient cycling. As naturalized systems mature and grow they provide even
more services, in contrast to engineered grey infrastructure that degrades and requires increasing
amounts of capital for monitoring and maintenance.48
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4.5 GRASSLANDS
Grasslands are grassy areas created by processes related to climate, fire, and grazing
by livestock and wild animals.49
Ecosystem Services of
Asset

Provisioning Services: raw food (seeds for major cereal crops like wheat and rice),50
genetic resources for new plants and pharmaceuticals, forage base for the ranching
industry, clean water.
Regulating Services: seed dispersal, water regulation and filtration, pest control, crop
and vegetation pollination, detoxification and decomposition of wastes.
Supporting Services: nutrient cycling, soil formation and conservation, soil erosion
prevention, watershed and stream/river channel protection.
Cultural Services: recreational and research opportunities, aesthetic and inherent beauty,
and inspiration, e.g.: “Out here, the grass and the grassland are the life, the big life. All else
is the little life that depends on the big life for survival.” —Jiang Rong, Chinese novelist.

Annual Value of Services
Provided by Asset

• Eastern Manitoba, Northwestern Ontario: water supply, air filtration, and flood prevention provided by grasslands are worth an estimated $32 million in direct benefits.50
• Grand Forks, Kettle Valley: the grassy floodplain provides $500–$3,500/hectare
in flood damage reduction and retains around 92% of water flows. Alternatively, if
filled with housing, only 6–20% of storm water flow would be retained. The floodplain has current stormwater storage and flood regulation benefits of $4.5 million;
this figure increases to $6.5–8.5 million under projected climate change scenarios.51
• Ontario’s Greenbelt: the value of diverse terrestrial ecosystem services is $3.2 billion. This includes services such as pollination ($1,109/ha/yr), carbon storage ($21
million/yr); and water regulation, erosion control, soil formation, waste treatment,
biological control and recreation/aesthetics ($189.4 million/yr).52
• British Columbia: the value of grasslands for carbon storage and pollination is estimated at $1.03 billion/yr.50
• New Jersey, USA: conservative estimate of grassland ecosystem services valued at
$140.6 million/yr.50

LC R O P P O R T U N I T Y

Grasslands store and sequester massive amounts of carbon, while also providing habitat, water
filtration, absorption, and regulation, and raw food materials.
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Adaptive Potential of Asset

• Increases water storage: grasslands contribute to filtration and storage of water,
along with hydrological regulation.
• Improves soil quality: healthy soil is necessary for food and raw material production.
• Increases species diversity: leads to improved habitats and ecosystem resilience.
• Firebreak potential: the potential for controlled burns, or using specific areas as firebreaks can reduce the vulnerability of the area to future, unplanned fires.

Mitigative Potential of
Asset

• Carbon storage: grassland soils store roughly 34% of the global terrestrial ecosystem carbon stock. Carbon storage potential ranges from between 100-300 metric
tons per hectare; the southern Ontario Greenbelt, for example, stores 105 tonnes of
carbon/hectare.52,54
• BC’s grasslands store an estimated 74–222 million tonnes of carbon.
Preserving grasslands creates an avoided cost value of emitted carbon
between $5,200-$15,600/ha.50
• Natural grasslands with diverse vegetation cover store more carbon than cultivated grasslands. Carbon is rapidly released when land is converted.

Key Risks and Asset
Considerations

• Intensive and inappropriate land management practices: intensive agriculture,
grazing practices, and land fragmentation contribute to a loss of ecosystem services
and productivity, and contribute to carbon emissions. Grassland clearance and wetland draining emit stored soil carbon back to the atmosphere.53
• Soil degradation: vast amounts of grasslands have some degree of soil degradation
due to grazing and human practices.
• Invasive species: a large threat to native grassland resilience and functionality.
• Loss of biodiversity: decline due to fragmentation and introduction of non-native
species.
• Complex interrelationships: in a changing climate, topography, soil response and
hydrology influence vegetation patterns; it is important to get a full picture when
making decisions.55
• Sensitivity: disturbances and positive feedback loops between ecological, hydrological, and biogeochemical systems can reduce ecosystem services in wetlands.56

KEY CO-BENEFITS
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CASE STUDY
Case Study 5: Ontario’s Greenbelt
Ontario’s Greenbelt is a nearly two million acre swath of protected greenspaces, forests, wetlands,
and agricultural lands in southern Ontario. It
is a particularly valuable location due to its
proximity to human populations that benefit
from the ecosystem services this area provides. The Greenbelt Plan was developed in
2005 and an ecological accounting process
(EAP) was completed in 2008 to determine
the value of services and land. The framework that was developed used the National
Ecosystem Services Classification System
(NESCS) to extract and identify the ecosystem services provided. The valuation
numbers have since been updated with
more advanced data, and the comparison
between studies offers municipalities a
chance to better understand asset valuation and how assets change over time in
their region. The Greenbelt has terrestrial,
aquatic, and atmospheric accounts; terrestrial values are estimated to make up 65%
of the $3.2 billion in services provided by
the ecosystem. The latest valuation determined that the Greenbelt provides both
protection from flooding valued at $224 million, and annual carbon sequestration from
agricultural areas, wetlands, and forests
valued at $51.95 million, demonstrating its significant LCR potential. The implications for policy
makers include the need to design cost-benefit
analyses that can inform and prioritize investments designed to protect, conserve, restore, or
enhance natural assets.52

Figure 4: A summary of
the ecosystem services
provided by Ontario’s
Greenbelt.52
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5. CONCLUSION
The natural assets covered in this report, including wetlands, aquifers, grasslands, foreshores, and
freshwater bodies, can be included as significant components of community “low carbon resilience” (LCR) strategies designed to reduce vulnerability to climate impacts while helping to reduce
emissions. It is important to economically value these natural assets and the services they provide,
both now and in a climate-changed future. We value what we measure and the services natural
assets provide at the community scale have remained unaccounted for until recently, resulting in
losses of crucial ecosystems and the services and other benefits they provide.
By highlighting key research and best practices in natural asset valuation, this report is designed
to give local government staff and decision makers proxy values to help them better understand
the potential value of natural assets. In particular, it outlines the ways that protecting, restoring,
and/or expanding these assets can help communities adapt to projected climate impacts and
reduce or avoid emissions over time associated with costly conventional grey infrastructure.
While there is very little quantified information at this time that calculates the value of combined adaptation and mitigation benefits, we anticipate that the values of avoided damage
from, for example, flood risk or avoided emissions from grey infrastructure, as well as the value
of other co-benefits associated with LCR solutions, will emerge as a significant area of research
and practice in the coming years. Further analysis in this area will help local governments take
proactive steps to account for natural assets and the services they provide in municipal asset
management and investment planning.
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APPENDIX 1: VALUATION METHODS
Replacement Cost Method

The replacement cost method allows the user to ask how much it would cost to replace
the service being provided for free (keeping in mind monitoring and maintenance
costs) by the natural asset with an engineered alternative—for example, to replace the
stormwater services currently provided by a wetland with an engineered alternative.
By estimating the value of services provided by the natural asset, then replacing the
service with a grey alternative, this method estimates the cost of providing substitute
grey services. This number gives us a baseline understanding of the value of the asset.
• See the Gibsons Whitetower Park Ponds case study.38,39
• Consideration: This method, along with others in this report, assumes that cost is a
measure of economic benefits—in economic terms, the implication is then that the
ratio of costs to benefits of an ecological service is always equal to one.57

Damage Cost Avoided

This method determines the value of the service provided by the natural asset based
on the cost of damage avoided through the maintenance, protection, or enhancement
of the asset.1
• In the MNAI case study of Grand Forks, the Kettle Valley floodplain provided
between $500–$3500/hectare in flood damage reduction for downtown buildings.51

Ecological Accounting
Process (EAP)

This method estimates the value of the natural asset by defining the value of the land
underlying the asset (determined by the average unit rate of adjacent properties,
using BC Assessment Values), multiplied by the total area of the asset. This method
focuses on riparian areas such as wetlands, streams, ponds, and riparian areas.1
• See the Town of Comox Demonstration Application.57
• The benefits of ecosystem services enhance the productivity of economic activity
and protect against possible damage; the willingness to pay (WTP) for services is
an estimate of the value if they were a factor in productive services. For example,
urban forests remove 725 metric tons of pollution annually for the City of Seattle, a
service valued at $5.62 million.29 If changes in the regulatory and habitat functions
of ecosystems affect the marketed production activities of an economy, then the
effects of these changes are transmitted to individuals through the price system via
changes in the costs and prices of goods and services.
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Benefits Transfer

The previously determined value of an asset is transferred to other similar assets
to provide an approximate estimate. The baseline scenario without the natural
asset may be sufficient. In that case, one would, for example, use the difference in
stormwater retained between the two scenarios, and multiply it by the unit cost of
stormwater retention.1

Total Economic Valuation
Framework

This framework uses the benefits provided by habitats as they are linked to direct-use
and indirect-use values, option values, and non-use values. For example, practitioners
could compare the costs of habitat restoration and protection interventions occurring
over five years with the benefits accrued over 25 years after such measures have been
taken. In this way, practitioners can make decisions based on the assumptions about
timing and will then be able to choose a discount rate, allowing them to aggregate the
stream of costs and benefits into a single present value.59

APPENDIX 2: TOOLS TO INFORM THE VALUATION PROCESS
ABWRET (Alberta Wetland
Rapid Evaluation Tool)

ABWRET provides users with rapid, standardized assessment of wetland ecosystem functions and then provides a score for a wetland based on their functionality.
This tool is part of a larger policy shift Alberta is using to move towards a functionality approach for assessing, understanding, and managing wetlands. The Alberta
Government requires anyone obligated to obtain a Water Act approval to work in or
disturb a wetland to use ABWRET.6

BC Water Tool

A map-based water information tool designed to provide public access to a wide
range of water-related data and information in British Columbia. Flexible charts and
analytical tools help users understand and apply the data.61

BC Water Resource Atlas

An iMapBC application with enhanced query functionality to enable the display of
detailed water-related data, including watersheds, water quantity and quality monitoring sites, aquifers, water wells and flood protection works.62

CanCoast

A multiple purpose ArcGIS-based geospatial database that enables coastal data to
be collated, archived, and analyzed. This tool can be used to assist climate change
adaptation planning, support coastal modeling research, improve knowledge and
understanding of shoreline variability and change, identify coastal information and
data gaps, and contribute to the sustainable development of marine coasts.63
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Community Watershed
Tool

Allows access to information about community-held water licences for drinking water
purposes.64

EPA SWMM

The Environmental Protection Agency Stormwater Management Model (EPA-SWMM)
is a hydraulic and hydrologic simulation model used for single-event analysis (100
year storm return period), and/or continuous simulation (annual or multi-year analysis). The model generates stormwater quantity through volume and flow, and quality
through pollutant loading, and routes it through the system.43

Forest Carbon Initiative
Project Portal

An interactive mapping application providing information about various types of forest
management projects completed across BC.65

Groundwater Level
Interactive Map

Used to locate and identify provincial observation wells. Water level data for individual wells can be downloaded from the map.66

Groundwater Wells and
Aquifers (GWELLS)

An online search tool for wells and for finding online well construction, alteration, and
decommission reports.67

Intensity Duration
Frequency (IDF) Curve
Lookup Tool

Uses the latest Environment and Climate Change Canada data available from 147
meteorological stations across Ontario to determine rainfall intensities for any location
in the province.68

iTree Eco

Software application designed to use data collected in the field from single trees, complete inventories, or randomly located plots in a study area along with local hourly air
pollution and meteorological data to quantify forest structure, environmental effects,
and value to communities.69

LiDAR (Light Detection and
Ranging)

A remote sensing technology that is used for a variety of natural and manmade environment mapping, including, for instance, flood extents and urban forestry, and more
recently, wildfires. This technology is capable of obtaining precise 3D terrain and landscape measurements by emitting continuous, concentrated pulses of light.70

National Ecosystem
Services Classification
System (NESCS)

A framework for linking ecosystem goods and services to economic goods and
services.71
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