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Executive Summary

Green infrastructure and natural assets in and around urban
areas include trees, parks, bioswales, green roofs, rain gardens,
woodlands, and wetlands. They fulfill ecosystem functions,
provide a suite of services and benefits related to climate
change mitigation and adaptation, contribute to health and
well-being as well as to urban resilience. Researchers have
found that municipal investments in green infrastructure are
economically advantageous and, in the longer term, often
present lower-cost solutions to climate-related issues. Recent
green infrastructure funding streams and capacity-building
initiatives available to Canadian municipalities highlight the
importance placed upon these systems to achieve urban resil-
ience and sustainability objectives.

Meanwhile, cities both in Canada and abroad are showing
interest in integrating smart-city concepts and technologies in
urban planning and management processes. Smart-city ideas
willlikely play arolein driving future technological applications
and data-driven solutions in urban infrastructure planning,
including green infrastructure and natural asset management.
This research brief addresses knowledge gaps emerging from
the intersection of natural asset management and smart
cities, by discussing key considerations for integrating smart-
city concepts and technologies in urban natural asset planning
and proposing subsequent opportunities, challenges, and risks
for Canadian municipalities.

Identifying, measuring, monitoring, and valuing natural
assets not only facilitates communication between the
community and managing bodies, but also saves capital and
overall operating costs in the face of uncertainty. To move
towards climate resilience, cities should consider integrating
multiple sources of information and datasets about urban
natural assets and their usage. This can help municipalities
sustain service delivery in perpetuity, and also help them
understand the full range and value of services provided to
people by natural assets, which include ecological, economic,
health, and cultural benefits.

A smart-city lens can help cities envision more data-
driven approaches to the natural asset planning cycle. Data-
driven tools and technologies for natural asset planning and
management generally fall into one of two broad categories:
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1. Identifying, valuing, and enhancing natural assets along
with their benefits; and

2. Connecting natural assets and planning/management
processes to relevant stakeholders, including citizens.

The management of natural assets is not without its chal-
lenges. These can include oppressive regulatory environments,
lack of standardized design parameters, financing, and diffi-
culties putting a monetary value on ecosystem functions,
services, and benefits. Adopting smart-city practices such as
openness (e.g. making data openly and widely available), inte-
gration (e.g. breaking down disciplinary and departmental
silos) and transferability (e.g. using standard and common
platforms) may enable cooperation and collaboration both
within managing bodies and between natural asset practi-
tioners and stakeholders. There is still significant uncertainty
about the widespread implementation of hardware/software
solutions for inventorying, valuing, and monitoring natural
assets. Nevertheless, given the field's nascency, there are also
major opportunities for exploring ethical, data-driven natural
asset planning approaches that help restore and protect
green infrastructure—and engage with the urban citizens who
benefit.

This research brief addresses
knowledge gaps emerging from

the intersection of natural asset
management and smart cities, by
discussing key considerations for
integrating smart-city concepts and
technologies in urban natural asset
planning and proposing subsequent
opportunities, challenges, and risks
for Canadian municipalities.
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Foreword
by Open North

First defined in 2018 by Lauriault, Bloom and Landry, an Open
Smart City is one where all actors, including residents, collab-
orate in mobilizing data and technologies to develop their
community through fair, ethical, and transparent governance
that balances economic development, social progress, and
environmental responsibility.

As Canadian communities across the country explore smart
city initiatives, there is a pressing need to better understand
the opportunities and risks presented by data and emerging
technologies and put open smart city principles into practice.

Open North has commissioned a series of research briefs
for policymakers and practitioners to provide insight into how
data and technology intersect with challenges local communi-
ties are grappling with, such as food security and shared trans-
portation. The research briefs identify complex policy issues
from an open smart city lens, describe their importance and
provide key considerations for policymakers.

This research brief provides a smart city lens to natural
asset planning and encourages municipalities to consider how
data and technology can be leveraged to improve efficiencies
and achieve sustainability objectives. Using four key concepts
of the smart city (openness, integration, transferability, and
collaboration), the author explores how these concepts can
be used in practice in natural asset planning with examples
from communities across the country. This research brief also
provides a range of tools, technologies, and data sources that
can be used for urban natural asset planning and their associ-
ated opportunities, risks and challenges.
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Introducing and Defining

Urban Green Infrastructure

and Natural Assets

There is now widespread recognition that urban green infra-
structure and natural assets will play a key role in supporting
climate change mitigation and adaptation in cities (Federation
of Canadian Municipalities 2021; Stanley et al. 2019). Although
“green infrastructure” can take on a variety of meanings, it
broadly refers to natural elements, such as vegetation, soil,
and water bodies that provide a wide spectrum of benefits
for healthy urban living (Metro Vancouver 2015). Green infra-
structure and natural assets may also include designed and
engineered elements, such as rain gardens, green roofs, and
bioswales, that have been created to mimic natural functions
(Municipal Natural Asset Initiative, 2018).

Urban trees, forests, parks, green spaces, wetlands, and
other natural assets in and around urban areas provide a suite
of benefits and services related to climate change mitigation
and adaptation, contributions to health and well-being, and
urban resilience (Lilauwala & Gubert 2019). More specifically,
green infrastructure elements provide varied climate-related
benefits such as cooling, shade, energy savings, stormwater
management and flood mitigation, and, in some cases, carbon
sequestration benefits (Duinker et al. 2015; Terton 2017). In
addition to addressing climate concerns, urban natural assets
also provide co-benefits to urban dwellers related to recre-
ational, spiritual, and cultural ecosystem services. Over 80%
of Canadians reside in urban areas and our largest, Toronto,
is among the fastest growing cities in North America. For
this majority of Canadians, daily contact with natural assets
occurs in backyards, in urban parks, and in other urban green
spaces (Millward & Sabir 2011; Sinclair et al. 2014). It is there-
fore important to recognize that urban green infrastructure
and natural assets are highly tied to both social and ecolog-
ical processes. Green infrastructure is often understood to be
multifunctional (e.g. provide a diverse range of benefits and
services), as well as manifest at varying scales - from a single
tree, to an urban park, to a green belt (Allen et al. 2012; Hansen
& Pauleit 2014) (Figure 1).

Healthy urban ecosystems can be considered economic
assets that enhance urban resilience (Terton 2017). Invest-
ments in green infrastructure have been found to be econom-
ically advantageous and, in the longer term, municipalities
often benefit from lower-cost, “nature-based” solutions to a
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wide range of challenges (Elmqvist et al. 2015). In contrast to
built or engineered assets (e.g. roads, buildings), natural assets
can provide services in perpetuity and increase in value over
time. For example, a recent pilot project with 6 municipali-
ties across Canada found that integrating natural assets into
planning for flood management, water quality, and drinking
water supply provided a total value of more than $400 million
based on engineered replacement costs alone (Municipal
Natural Asset Initiative, 2020). In the case of urban forests,
research has suggested that protecting large trees in partic-
ular delivers significant savings related to energy conservation,
health benefits, shade, and stormwater control (USDA n.d.).
Natural asset management refers to the process of invento-
rying existing natural assets, assessing their current state, and
developing a plan to restore and/or maintain these assets into
the future (Municipal Natural Asset Initiative, 2017).

Although “green infrastructure”
can take on a variety of meanings, it
broadly refers to natural elements,
such as vegetation, soil, and water
bodies that provide a wide spectrum
of benefits for healthy urban living.
Green infrastructure and natural
assets may also include designed
and engineered elements, such

as rain gardens, green roofs, and
bioswales, that have been created
to mimic natural functions.
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Meanwhile, cities both in Canada and abroad are showing
interest in integrating smart-city concepts and technologies
in urban planning and management processes (Albino et al.
2015; Kitchin 2014). The growing smart cities discourse refers
to the use of data and connected technology to support urban
planning and enhance the quality of life for urban dwellers
(Impact Canada Initiative 2021). This concept will likely play
a role in driving future technological applications and data-
driven solutions in urban infrastructure planning more broadly
and, related, green infrastructure and natural asset manage-
ment (Nitoslawski et al. 2019). As digital systems continue to
be integrated into the urban fabric, vast amounts of data are
being created. The question remains how this wealth of infor-
mation can inform urban natural asset planning and manage-
ment. As cities play increasingly important roles in climate
change adaptation and mitigation (Mi et al. 2019), as well as

URBAN GREEN INFRASTRUCTURE
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sustainable development more broadly, urban natural asset
managers and practitioners will be called upon to more effec-
tively manage these resources to support broader sustain-
ability and resilience objectives (Endreny et al. 2017). In short,
natural assets are critical components of urban ecosystems,
and cities are increasingly interested in implementing smart-
city concepts and technologies. Yet, the following questions
remain:

1. How can municipalities implement natural asset manage-
ment practices, with an eye towards smart-city and climate
change planning?

2. What digital technologies can play a role in natural
asset planning and management, and what are subse-
quent opportunities, challenges, and risks for Canadian
municipalities?

Figure 1: A snapshot highlighting the diverse range of green infrastructure and natural assets that can be found in Canadian
urban areas, including urban trees and vegetation, woodlands and urban wildlife, parks and green spaces, water bodies, and other

blue-green infrastructure.
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Why Smart-City Concepts
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Matter for Green Infrastructure

and Natural Assets

Natural asset and green infrastructure management, along
with other climate resilient infrastructure, have been identi-
fied as key investment areas by federal, provincial, and munic-
ipal governments (Stanley et al. 2019). Recent federal budgets
have committed to a funding stream for green infrastructure
projects (Infrastructure Canada 2020a), and the Disaster Miti-
gation and Adaptation Fund (DMAF) provides the opportu-
nity for municipalities to design and develop infrastructure
(including natural assets) to manage risks associated with
natural hazards (Infrastructure Canada 2020b).

There is also heightened risk that climate-related threats
and events, such as flooding, urban-wildland fires, invasive
species, urban heat islands, and extreme weather will cause
significant damage to human, engineered, and natural assets
in urban areas (Climate Atlas of Canada 2019; Ordonez &
Duinker 2014). Many engineered public assets across Canada
are already considered “at risk” (Canadian Infrastructure
Report Card 2019), highlighting the importance of fully valuing,
accounting for, and utilizing services provided by green infra-
structure and natural assets. In order to effectively plan for,
monitor, and manage urban natural assets, managers will
require a thorough understanding of risks and management
strategies at multiple temporal and spatial scales. To move

Inventory and assess value of
natural assets, identify risks and
opportunites for integration in
existing practices

Implement policy, strategies,
and management actions to
understand and maintain
natural assets

towards more climate resilience, cities might consider inte-
grating multiple sources of information and datasets about
urban natural assets and their usage, to not only sustain
service delivery in perpetuity, but also to understand the full
range and value of services that they provide to people. A
smart-city lens enables cities to envision more data-driven
approaches to the natural asset planning cycle (Figure 2).

Events like COVID-19 have also highlighted the impor-
tance of urban green infrastructure and natural assets. They
are increasingly called upon to safely provide green benefits
to urban dwellers (Ugolini et al. 2020). The Canada Healthy
Communities Initiative, a $31 million funding stream admin-
istered by the Government of Canada, aims to address these
more recent needs by supporting the creation and manage-
ment of safer and more vibrant public spaces (Commu-
nity Foundations of Canada 2021). Eligible projects include
green infrastructure initiatives as well as digital solutions
for community engagement, knowledge dissemination, and
capacity building. These opportunities further illustrate the

potential synergies that may exist between green infrastruc-
ture mandates and investments and smart-city concepts and
digital tools.

Connect to existing policies and
strategies, collaborate with
stakeholders, identify actions to
manage service delivery risks and
costs, identify funding strategies

Figure 2: Illustration of the basic components of the natural asset planning cycle. Smart-city concepts have the potential to be
applied at every stage with support, in some cases, from digital tools and technologies. Adapted from: Asset Management BC
(2019) Integrating Natural Assets into Asset Management - A Sustainable Service Delivery Primer
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As part of the 2017 Smart Cities Challenge, Infrastructure
Canada outlined four key concepts of the smart city (Impact
Canada Initiative 2021). These are discussed below, with
examples of how these concepts can be used in practice in
natural asset planning (with particular emphasis on urban
forest management).

Openness

Open data (government data made usable and barrier-free),
promotes more transparent decision-making and empowers
citizens while strengthening the relationship between resi-
dents and public organizations. An application of the concept
of openness in green infrastructure management could entail
a municipality making all public tree inventory data available
and in a downloadable, usable format with information about
when, how, and why the data was collected, and by whom.
Researchers, interested citizens, and other stakeholders
could interact with the data, report potential problems, and,
depending on municipal needs, contribute to the inventory
itself, enabling the assessment stage.

Openness in practice: Many Canadian municipal govern-
ments, representing over 60% of the Canadian population,
have already established open data initiatives and policies
(Public Sector Digest 2016). Examples of open data on natural
assets at the municipal level are numerous. For example, the
City of Ottawa provides an updated dataset with information
on tree location and attributes (e.g. size, species) within the
city, as well as parks (City of Ottawa 2021). Other munici-
palities with similarly available datasets include Vancouver,
Victoria, Edmonton, Toronto, Mississauga, Montréal, Guelph,
Waterloo, and Winnipeg, among others. The City of Toronto
Open Data Portal also includes information about ravines and
protected natural areas (City of Toronto 2018) and building
permits granted for green roofs (City of Toronto 2021). More
broadly, the federal open government portal administered
by the Government of Canada houses national-level data on
forests and natural assets, with data also available through
the National Forest Information System.
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Integration

Data and connected technology can help break down the silos
that exist within local governments and public organizations.
Forexample, amobile app and web dashboard could create and
process green infrastructure-related 311 calls to a municipality,
that can be used by citizens and city workers who are working
in different municipal departments. Information gleaned from
citizen requests could also provide guidance on policy content
development. These may also help align policies and strate-
gies at the municipal level (e.g. climate adaptation policies,
biodiversity policies, sustainable development policies). This
alignment could support collaboration opportunities as part
of the planning stage.

Integration in practice: The City of Calgary recognized that
ensuring the survival of newly-planted urban trees constitutes
a major challenge. Therefore, the municipality developed a
system to measure and monitor watering needs using water
flow sensors connected to watering vehicles and a geographic
information systems (GIS) platform, which mapped watering
needs and progress. This solution requires collaboration
between multiple departments, but was able to successfully
track tree watering progress in real time, optimize water
consumption, and share watering data with the public (City of
Calgary 2021).

Transferability

When tools and technological approaches are open-source,
transparent and standardized, they can be used by various
people, groups, and communities, no matter their size or
capacity. For instance, using an open-sourced natural asset
inventory map with available metadata supports the imple-
mentation stage. Other communities could access and adopt
this data depending on needs, and data inputs can be used to
directly inform management actions.

Transferability in practice: As discussed above, many
municipalities house urban tree and natural asset inventories
in open data portals, which provides the opportunity for data


https://ca.nfis.org
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sharing, visualization, and analysis across multiple cities and
contexts. In some cases, municipalities make use of existing
platforms provided by geospatial companies such as ESRI
and Azavea. OpenTrees.org is an independent resource and

currently the world's largest open database of municipal park
and street trees, with available code to replicate the database
as well as visualize tree data around the world. Providing
access to data on urban natural assets worldwide could enable
further collaborative research opportunities as well as shed
light on more practical management needs at various spatial
scales.

Collaboration

Ideally, collaboration to some degree should occur at every
stage of the natural asset planning cycle. Connected tech-
nology can enable communities to bring traditional and
non-traditional partners together, to work on joint visions and
projects. Multiple municipal departments and funding bodies
(e.g. federal government, private sector and industry) should
work in tandem when developing planning tools and ensuring
alignment between policies. If data is collected, open and
usable citizens and interest-based community groups could
contribute to natural asset inventorying and value assessment
allowing for allidentified stakeholders to contribute, to varying
degrees, to natural asset monitoring during implementation.

Collaboration in practice: In 2019, the City of Halifax, with
the help of volunteers, non-profit and academic partners,
launched an initiative called “Text-a-Tree”, as a dual citizen
engagement and research strategy. The goal of this project
was to find out what makes trees important to people; citizens
were provided the opportunity to voice their opinions, values,
and perceptions about the trees around them via a text-mes-
saging system, while also contributing more broadly to urban
forestry research (Halifax Tree Project 2020). This project,
based on a similar initiative from the City of Melbourne
(Lafrance 2015), highlights the potential for public involve-
ment and engagement in urban natural asset management
via digital technology. Similar use cases could also support
the identification of specific green spaces, trees, and other
natural assets that hold high cultural value for urban dwellers
(Baumeister et al. 2020).

URBAN GREEN INFRASTRUCTURE
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Case Study: Toronto and Region
Conservation Authority

The Toronto and Region Conservation Authority (TRCA)
exemplifies some smart-city concepts in their sustainability
initiatives. Given that the jurisdiction of the TRCA is water-
shed-based, there are many opportunities to protect, restore,
and design green infrastructure for the ecological, economic,
social, and cultural benefits associated with sustainable water
resource and natural asset management.

The TRCA uses various datasets to inform planning strat-
egies and management actions. The conservation authority
manages monitoring stations that provide real-time informa-
tion on water levels in rivers and streams, as well as precip-
itation and weather data. Other publicly available and open
datainclude water quality measurements, groundwater moni-
toring, natural feature areas, and natural cover enhancement
areas (TRCA 2018). Trail counters, small devices that register
park and trail users, also provide information on green space
usership and help inform planning and maintenance prior-
ities. The TRCA is currently developing a web application
(ArcGIS StoryMaps) for users to interactively explore data and
reporting information, including infographics, about various
watershed features, climate risk, and subsequent manage-
ment strategies (Figures 3 & 4 on p.10).

The TRCA also actively collaborates with other stake-
holders, including six participating municipalities that fall
within the conservation authority’s jurisdiction, to enhance
the delivery of services and benefits from natural assets. These
include academic institutions, professional associations, land-
owners, industry and private businesses, and community
groups and members. In one such instance, TRCA partnered
with the Greenbelt Foundation and Ryerson University to
research how trees contribute to climate change resilience,
particularly with regards to urban heat mitigation. In their
2020 Annual Report, a key innovation objective is to work with
municipalities, academia, and industry to “monitor, evaluate,
and pilot new innovative technologies in TRCA's work” (TRCA
2020, p.23), which will include investments in digital technol-
ogies to support TRCA's value proposition.


https://www.esri.com/en-us/home
https://www.azavea.com
http://opentrees.org
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Figure 3: Map of wetland areas available via the Watershed and Ecosystems Reporting Hub. Source: https://storymaps.arcgis.
com/collections/8c517b063c81449d8fba71ca02d4278f

Figure 4: Interactive dashboard displaying water quality data available via the Watershed and Ecosystems Reporting Hub. Source:
https://storymaps.arcgis.com/collections/8c517b063c81449d8fba71ca02d4278f



https://storymaps.arcgis.com/collections/8c517b063c81449d8fba71ca02d4278f
https://storymaps.arcgis.com/collections/8c517b063c81449d8fba71ca02d4278f
https://storymaps.arcgis.com/collections/8c517b063c81449d8fba71ca02d4278f
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Digital Tools and
Technologies for Urban

Natural Asset Management:

Challenges, Risks, and
Opportunities

Identifying, measuring, monitoring, and valuing natural assets
not only facilitates communication between the community
and managing bodies, but also saves capital and overall oper-
ating costs in the face of uncertainty. This information allows
governments and decision-makers to ensure that natural
assets are providing optimal levels of benefits to society, while
making room for more infrastructure projects within tight
budgets.

Table 1summarizes a range of tools, technologies, and data
sources that can be harnessed to support different stages of
the natural asset planning process. In the longer term, digital
practices can support a range of climate change mitigation
and adaptation use cases. The recording and discovery of long-
term vegetation patterns can enable early detection of abiotic
(e.g. drought, changing precipitation patterns) and biotic (e.g.
invasive pests, disease) stress. Integrated Geographic Infor-
mation Systems (GIS) facilitate the creation of natural asset
datasets, databases, and maps that include both static and
dynamic characteristics and trends. These systems may also
be applied to monitor and manage large/significant trees for
climate stress, to allow for proactive management before
trees display visible stress and must be removed. The long-
term monitoring of activities in green urban areas can identify
shortcomings and specific needs, like equitable access to parks
in a city or efficient distribution of green space, particularly
when “green refuges” become critical during extreme heat
events. In peri-urban areas, monitoring dynamics in rural and
isolated regions is useful for the characterization of wildlife,
or for safety and conservation practices, such as detecting
crowded areas and identifying opportunities for tree, soil, and
root protection in parks.

URBAN GREEN INFRASTRUCTURE NITOSLAWSKI
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Defining the Role of Data and Connected
Technology for Green Infrastructure and
Urban Natural Assets

The majority of tools and technologies outlined
below fall into one of two broad categories:

1- Identifying, assessing, and enhancing natural
assets and their functions/benefits. These can
include stormwater regulation, pollution mitiga-
tion, shade and cooling, health and recreational
benefits. This is often accomplished via Geographic
Information Systems (GIS) and both ground-based
and aerial remote sensing tools (Li et al. 2019). They
can be used in addition to and/or complement field-
based methods.

2- Connecting natural assets and planning/
management processes to relevant stakeholders,
including citizens. This may include eliciting values
about green spaces and incorporating citizen
science-based contributions to natural asset inven-
torying. Consultation, engagement, and stew-
ardship opportunities may be mediated through
social media platforms, public participation in GIS
(Foster et al. 2017; Palomino et al. 2017), and even
augmented/virtual environments (Dorward et al.
2017; Tabrizian et al. 2018).



Table 1: Summary of key tools and technologies (current and emerging) with potential natural asset planning and management

RESEARCH BRIEF

URBAN GREEN INFRASTRUCTURE

AND NATURAL ASSETS

application(s), as well as subsequent opportunities, risks, and challenges

Data, Tools & | Natural Asset Management

Technologies

Application(s)

Opportunities

NITOSLAWSKI

Risks & Challenges

Satellite
imagery

Natural asset inventory
Monitor natural asset condi-
tions and response to envi-
ronmental change (lower
resolution)

Open-source dashboards

and cloud-based computing
platforms (e.g. Google Earth
Engine) enable computation-
ally heavy spatial and temporal
analyses using existing imagery
Some data readily available
(e.g. Landsat)

Can be costly for high-resolu-
tion imagery

Requires expertise for data
analysis

Street-view

Natural asset inventory
Urban “greenness” quality and
quantity assessment

Easily accessible and user-
friendly for rapid and coarse
inventories where resources

Data is not always high-quality,
nor available in raw form for
formal analysis

risks

Collection of big data can
provide new capabilities for
data-driven decision making

imagery may be lacking (e.g. street-tree Not available in all urban and
inventory from Google Street peri-urban areas
View)
. Natural asset inventory LiDAR can help assess struc- Costly
Multispectral Natural asset condition assess- tural attributes of various May require higher levels of
sensing, ment (e.g. structure of urban assets computing storage and power
infrared, laser vegetation, plant health) Multispectral and infrared Requires expertise for data
scanning sensing can remotely processing and analysis
(LIDAR) enable natural asset health
assessment
Natural asset inventory Affordable alternative to other Concerns about data security
Unmanned Monitor natural asset condi- remote-sensing tools and privacy
aerial vehicles tions and response to envi- Risk mitigation (e.g. safer tree Regulatory requirements
and/or systems ronmental change (higher inspections) Limitations associated with
(UAV, UAS) resolution) payload and flight time
Assessing risk
Understanding relationships Can provide finer scale Concerns about data security
between people and natural information about human and privacy
Mobile GPS assets ' ' movement and use of natural Difficulties cgllecting data
data Assessing population health assets through mobile carriers

Requires expertise for data
analysis
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Table 1 (cont.): Summary of key tools and technologies (current and emerging) with potential natural asset planning and
management application(s), as well as subsequent opportunities, risks, and challenges

Data, Tools & | Natural Asset Management

Technologies Application(s) Opportunities Risks & Challenges
Understand relationships » Can provide finer resolution Concerns about reducing
between people and natural information about human contact with “real” nature

Virtual and assets movement, behaviour, and use Equity and inclusion concerns
augmented Elicit values about green space of natural assets in terms of who has access to
environments design digital platforms (e.g. digital
Assess response to nature divide), and who has the
exposure resources to participate
Natural asset inventory e Can provide a standard Can be costly, depending on
Data collection and manage- platform for storing and provider
ment platform to support managing data on natural System and data manage-
Geographic natural asset monitoring assets (e.g. ArcGIS) ment architecture can be
Information * Allows municipalities to share complicated and require some
Systems (GIS) data readily via open govern- expertise
ment initiatives
o Candirectly connect to citizen
request platforms (e.g. 311)
Public Natural asset inventory e Crowd-sourced data collection Data quality
participation Support citizen science and and management platforms Equity and inclsion concerns
geographic stewardship activities (e.g. web dashboards, mobile in terms of who has access to
. . Cultural ecosystem services apps) could lessen the resource digital platforms (e.g. digital
information mapping load for municipalities divide), and who has the
systems resources to participate
(PPGIS)
Support citizen science and e Crowd-sourced data collection Data quality
Mobile stewardship activities and management platforms Equity and inclusion concerns
applications Understand relationships could lessen the resource load in terms of who has access to
. between people and natural for municipalities digital platforms (e.g. digital
and social assets » Could provide opportunities for divide), and who has the
media more "bottom-up” monitoring resources to participate
initiatives
Monitor natural asset and e Can provide finer resolution System and data manage-
environmental conditions (e.g. information on environmental ment architecture can be
Ground-based air quality, soil moisture) conditions that influence complicated
sensors and Quantify and value ecosystem natural asset monitoring Data storage requirements
services and management, as well as Requires expertise for data
data loggers services provided by natural analysis
assets Concerns about data privacy
depending on location
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Challenges and Risks for Canadian
Municipalities

The management of natural assets is often fraught with chal-
lenges related to resource constraints, lack of expertise, grey
infrastructure renewal needs, infrastructure conflicts, political
willingness to prioritize natural assets, departmental silos,
and lack of high-quality data on green infrastructure (Duinker
et al. 2015; Morgenroth et al. 2015, Steenberg et al. 2018).

Differing Practices and Worldviews

A longstanding challenge facing natural asset managers and
sustainability practitioners relates to different disciplinary
practices and worldviews; for example, integrating green
infrastructure elements into traditional asset management
processes can be difficult. This is due to problems in regula-
tory environments such as lack of standardized design param-
eters and difficulties putting a monetary value on ecosystem
services, and financing. These problems can act as barriers at
various stages of the planning process (Matsler 2019; Zuni-
ga-Teran et al. 2020). Equitable access to green has also been
established as a major concern as green infrastructure and
natural asset management processes continue to develop
(Nesbitt et al. 2018).

Biases and Incomplete Data

There are potential risks associated with the use of digital tools
and technologies for green infrastructure and natural asset
management. One key concern, which is widely discussed in
smart-city discourses, is the potential for assumptions and
biases (particularly when applied to more sophisticated data
processing and analysis techniques) to inaccurately repre-
sent complex environments. Depending on where and how
data on natural assets and people are collected and used
(e.g. geographic coverage, populations represented), biases
and incomplete information may inherently exist in datasets,
affecting outputs and information derived from the data
(Heikinheimo et al. 2020). Some researchers argue that the
integration of digital tools into natural environments, where
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technology plays an important role in mediating human-na-
ture relationships, may serve to dissociate people further from
nature (Kahn et al. 2010). Public-private partnerships, such as
the now defunct Sidewalk Toronto project, may also engender
concerns about the privatization of public goods and assets,
including natural assets.

Impacts on the Labour Market

Future research should explore risks associated with employ-
ment in the urban green infrastructure sector. Automation
and the growing reliance on digital-based work will likely
result in shifts away from more traditional resource manage-
ment methods, and it remains to be seen how these trends
will change the nature of work for practitioners in arboricul-
ture, urban forestry, community forestry, and water resource
management, among others.

Challenges with Adoption and Implementation

Despite its importance to climate adaptation, sustainability,
and human wellbeing, natural asset management is in its
relative infancy, and there is evidence to suggest that the
uptake of natural asset projects is slow among Canadian
municipalities (ICF 2018). There is also considerable uncer-
tainty about more widespread implementation of hardware/
software solutions for inventorying, valuing, and monitoring
natural assets. A multitude of factors related to local needs
(e.g. anticipated climate change impacts, local sustainability
and development objectives) and capacity (e.g. resources avail-
able, political willingness, technological expertise, community
buy-in) will likely dictate whether and to what extent smart-
city concepts and technologies are needed or warranted. The
adoption of digital-based tools and smart-city concepts in
natural asset management will also generate new questions
about infrastructure monitoring and renewal (Grabowski et al.
2017). It will be important to examine more closely the accept-
ability of technological innovation among practitioners, and
how we can anticipate and adapt to environmental uncer-
tainty and change using digital technology.
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Key Opportunities for Canadian
Municipalities

Private Sector Investment

The issues faced by natural asset managers may also present
opportunities for innovative thinking and collaborative
decision making. The growing availability of open data at
the municipal level provides fodder for the private sector to
identify problems and develop data-driven solutions more
effectively (Public Sector Digest 2016). There is now broader
recognition that the private sector needs to play a large role in
creating and maintaining low-carbon and nature-based solu-
tions, requiring approximately $5.7 trillion invested annually
in green infrastructure as of 2020 (World Resources Institute,
n.d.). Technology companies have also expressed considerable
interest in developing data-based solutions to green infra-
structure challenges (e.g. Microsoft Al for Earth). Public and
private financing mechanisms (public-private partnerships,
bonds, carbon finance, development charges, stormwater
fees) for urban green infrastructure have been discussed
at length by Merk et al. (2012) and Scott et al. (2018). These
trends may present opportunities for municipalities to engage
with private sector entities and forge long-lasting collabora-
tive financing mechanisms. For Canadian municipalities that
do not yet have an asset management plan—up to 70% in the
case of small communities—there is an opportunity to begin
integrating green infrastructure concepts and natural asset
management processes from the start (Canadian Infrastruc-
ture Report Card 2019).
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Diversity, Equity and Inclusion

As municipalities consider incorporating smart-city practices
and digital technologies into management processes, it will
be just as important to elicit local and historical narratives. It
will also be critical to develop and implement equity, diversity,
and inclusion policies, and consult with a range of community
perspectives on urban values and sense of place, to inform
future planning and development (Young & Lieberknecht
2019). There is a growing push towards applying an equity
lens to urban forest policy making and planning. For example,
American Forests, a nonprofit conservation organization, has
pledged to target urban tree plantings in areas dispropor-
tionately affected by the effects of climate change as part of
the Trillion Trees Initiative. Some communities, such as the
Region of Peel, have developed tools to determine priority tree
planting areas to support health benefits and enhance social
equity (Morrison 2017). Canadian municipalities should aim to
support historically underserved areas and communities, and
identify potential barriers to accessing assets and amenities
such as public green spaces.

Recognizing that municipalities across Canada have diverse
needs and capacities, the following opportunities are intended
to provide municipalities a “jumping-off” point in adopting a
framework for managing urban natural assets using digital
tools and smart-city concepts:

1. Consider managing urban forests and other urban green
infrastructure elements as asset classes. For example,
including trees in infrastructure reports (York Region
2018) constitutes an important step in formalizing natural


https://us.1t.org

N
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assets as infrastructure that provide measurable benefits
and require sustained funding and management planning.
Subsequent steps in this process might include one of the
following: identifying and inventorying key urban natural
assets, assessing the value of the natural asset and asso-
ciated services provided to the municipality (including
cultural, recreational, and spiritual values), and developing
an ongoing maintenance plan. The World Bank (2019)
provides a summary of valuation tools and techniques avail-
able to green infrastructure and natural asset managers.

Identify and nurture alignment within and between
municipal departments. For example, creating and
managing a public tree inventory might require collabo-
ration between parks and recreation, urban planning and
urban forestry, public works departments and IT/digital
offices.

Where possible, make data openly available and usable,
and be transparent about data collection and manage-
ment protocols. Datasets on natural assets may include
public tree (e.g. street and park tree) inventories, a map
of public green spaces, parks, and natural areas, and tree
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4.

canopy distribution, among other features. Cities should
provide metadata and update data portals regularly to
ensure that the public has access to the most recent data.

Identify potential partners and collaborators equipped to
provide ecological and/or technological expertise. These
may include non-profit organizations, UAV (i.e. drone)
operators, geospatial specialists, technology and data
visualization solutions companies, as well as academic
institutions. Public-private partnerships, for example, can
help bridge technological and financial gaps and help pilot
customer-oriented initiatives.

Explore digital-based strategies for engaging with
citizens, community groups, and other stakeholders.
Initiatives that provide an avenue for citizens to engage
with green infrastructure (e.g. text-a-tree, email-a-tree)
or with management processes (e.g. 311 service request
platform and database) elicit important opinions and
values associated with municipal natural assets. These
can inform management decisions and funding priorities,
and support the case for fully considering urban nature as
critical infrastructure.
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