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This technical report presents independent research conducted by the University of
Canterbury as commissioned by the Christchurch City Council and the Wellington City
Council. The client brief was to undertake a literature review on urban forest canopy

cover and to provide recommendations for canopy cover targets for New Zealand’s
cities.



Executive Summary

Tree canopy cover (TCC) is the total area of tree crowns projected onto the ground. It expresses
canopy area as a percentage of total ground area. TCC is commonly used to describe the amount and
horizontal distribution of urban forest canopy within a given city. It is commonly used by various
stakeholders, including local authorities, urban foresters, arborists, planners, urban designers, and
developers.

Because tree canopy cover has been linked with ecosystem service provision and benefits for local
communities, various cities around the world have set targets to increase their urban forest canopy
cover. However, these global TCC targets largely appear to be aspirational, rather than being
justifiably informed by current research. This technical report uses a comprehensive review of the
grey and scientific literature to answer the question of how much tree cover is desirable, or
appropriate, in the context of New Zealand’s cities.

Results show that research no longer supports a universal tree canopy cover recommendation.
Instead, different canopy cover targets should be tailored to individual cities, based on local context.
Based on TCC reported by 124 cities around the world, as well as previous research findings, target
canopy cover ranges for NZ cities were devised. Cities within forested biomes, which cover much of
New Zealand, should aim for a TCC target of 25% (£ 20%), or between 20% — 30%. Meanwhile cities
within grassland biomes, mainly comprising parts of Canterbury, Otago, and Southland, should aim
for a TCC target of 20% (+ 20%), or between 16% — 24%. The recommended target ranges do not
preclude cities from aspiring to greater canopy cover, though overly-ambitious targets may be
unachievable and undesirable for a variety of reasons. The international literature also shows that
some cities are moving away from setting a single, city-wide, target, opting instead for different
targets across electoral wards, local boards, neighbourhoods, or land uses.

This technical report concludes with eight recommendations to successfully meet canopy cover
targets, including identifying baseline canopy cover, setting a SMART tree canopy cover target,
monitoring changes in TCC, institutionalising targets in a strategy or management plan, having a
vision, identifying plantable space, identifying and mitigating threats to increasing TCC, and
forecasting future urban TCC scenarios.
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Tree canopy cover and its importance

Tree canopy cover (TCC) is the total area of tree crowns projected onto the ground, expressed as a percentage of total
ground area. It’s a two-dimensional measurement of the horizontal surface area of urban forest canopy as seen from
a “birds-eye” view. It should not be confused for other similar descriptors, like crown leaf area, because TCC comprises
leaves, needles, fruit, cones, flowers, branches, and trunks; in other words, all components of the crown.

TCC is commonly used by local authorities, urban foresters, arborists, planners, urban designers, developers, and local
community members to improve their understanding of the amount and horizontal distribution of urban forest
canopy. Itis also used as a way of communicating the benefits of the urban forest. These benefits are well documented
(Roy et al., 2012) and are commonly referred to as ecosystem services. Research has clearly shown that by increasing
tree canopy cover, the ecosystem services provided to communities also increase (McPherson et al. 1999). This
understanding has led to a desire to increase urban forest canopy cover in the name of maximising public benefit.

Despite its conceptual simplicity, its utility to a variety of stakeholders, and the manifold benefits it provides, the
qguestion of how much tree cover is desirable, or appropriate, remains unanswered.

Measuring canopy cover

TCC can be measured in the field or remotely. Field-based approaches require careful measurement of tree crowns,
from the ground, within numerous plots spread throughout a city. Those measurements are then scaled up to provide
an estimate of tree canopy cover within that city. Remote or non-field-based approaches, also called desktop
approaches, fall into two categories: random point sampling and remote sensing methods. Both methods require
manual or automated identification of trees in aerial imagery. Increasingly, other remotely-sensed data sources are
also used for this task, including lidar data and multi-spectral imagery from an aerial or satellite platforms. There are
benefits and drawbacks to all methods and these are discussed, in detail, in the literature (King & Locke, 2013; Parmehr
et al., 2016; Ucar et al., 2016).

Canopy cover in cities around the world

Canopy cover values from 124 cities globally were identified from a variety of grey literature sources (Appendix A).
The 124 cities were in the United States (n = 43), the UK and Ireland (n = 38), Canada (n = 18), Sweden (n =9), Australia
(n = 8), New Zealand (n = 3), Spain (n = 3), Denmark (n = 1), Mexico (n = 1) (Figure 1). Cities had an average canopy
cover of 20.13%, with a range from 3.54% in Belfast, Ireland to 51.2% in Atlanta, Georgia.
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Figure 1 — Locations of cities for which canopy cover data were identified.
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Previous global studies have shown that canopy cover can be expected to differ according to biome. Urban tree cover
in cities from around the world was greatest in forest biomes, averaging 30.4 %, which was significantly greater than
in grassland biomes (18.2 %), which, in turn, was significantly greater than in deserts (12.0 %) (Nowak and Greenfield,
2020). The same pattern was found for 58 American cities where tree cover was greatest in cities that developed in
naturally forested areas (31%), followed by grassland cities (19%) and desert cities (10%) (Nowak et al. 1996). This was
largely a consequence of natural regeneration, whereby in “forested regions, vacant or unmanaged lands will tend to
regenerate with trees and increase tree cover. In drier grasslands and deserts, these unmanaged lands will often not
readily regenerate with trees, and will tend to have lower tree cover unless tree planting and watering programs are
established to enhance tree cover” (Nowak, 2012). In the 124 cities reviewed herein, canopy cover didn’t differ as
much between biomes as in previous studies, though cities in forests and grasslands both had greater canopy cover
than in desert biome (Figure 2).
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Figure 2 — Canopy cover for 124 cities in differing global biomes. Small, filled points show individual canopy cover values reported for each city.
Medium, light, filled circles show canopy cover for Auckland, Christchurch, and Wellington. Large, dark, filled circles represent means; lines
extending from these represent one standard error from the mean. Biomes based on Olson et al. 2001.

Canopy cover in NZ's cities

Canopy cover for Auckland, Christchurch, and Wellington, New Zealand have recently been estimated (Golubiewski et
al., 2021; Morgenroth, 2021, 2022). Wellington has the greatest canopy cover, with 30.61%, while Auckland has 18%
canopy cover and Christchurch has 13.56%. While Wellington’s TCC exceeds the average in forested biomes, Auckland
and Christchurch’s TCC values are both below the average for forested and grassland biomes, respectively (Figure 2).



Canopy cover targets in cities around the world

Increasing the extent of urban tree canopy cover has become a popular goal for many cities around the world. The
review identified 35 cities that described their current canopy cover and set a canopy cover target (Figure 3). These
targets were reported in grey literature, such as urban forest strategy or vision documents, or urban forest master
plans, action plans, or management plans (Appendix B). The average current canopy cover for these cities was 20.4%
(range: 8.25% - 32%) and the average target was 28.6% (range: 15% - 40%). Cities gave themselves an average of 21.9
years (range: 6 - 50 years) to achieve their targets. Relative to current canopy cover, this would require an average
increase of 1.83% per year (range: 0.34% - 11.1% per year).
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Figure 3 — Current and target canopy cover values for the 35 cities reviewed.

The effect of current canopy cover on targets

Cities tend to set more challenging targets the lower their current canopy cover. In some extreme examples, some
cities have set targets that would require them to roughly double their current canopy cover, e.g., Calgary, Alberta
+94%; Edmonton, Alberta +94%; Bristol, UK +100%; Phoenix, Arizona +177%. All but one of these four extreme
examples has current canopy cover of 10.3% or lower. In contrast, only 1 of 18 cities with greater than 20% canopy
cover set a target that would require more than a 50% increase in canopy.
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Appropriate canopy cover targets for New Zealand’s cities

While some may find it desirable to set a single canopy cover target for cities in NZ, there is no scientific basis to do
so. There was a time where many cities in the United States targeted 40% canopy cover; this was due to a
recommendation by American Forests, a highly respected non-profit conservation organisation (Kenney et al., 2011).
However, American Forests has since backed away from that recommendation, stating that “research no longer
supports a universal 40 percent tree canopy recommendation” (Leahy, 2017). Instead, different canopy cover targets
should be tailored to individual cities, with due consideration to local context and resources, geography, and available
planting space (Locke et al., 2013). With this in mind, it’s suggested that New Zealand'’s cities target canopy cover
extents consistent with cities in comparable biomes overseas.

So, based on the data in Figure 2, as well as the previous findings by Nowak et al. (1996) and Nowak and Greenfield
(2020), NZ cities within a forested biome should aim for a target of 25% (+ 20%), or between 20% — 30%. Meanwhile
NZ cities within a grassland biome should aim for a TCC target of 20% (+ 20%), or between 16% — 24% (Figure 4).

The TCC target value range, rather than a single TCC target value, allows cities to set targets that reflect their local
context and resources, while at the same time avoiding the extreme canopy cover values seen in some cities globally
(Figure 2). The range is also an acknowledgement that, while biome has a strong effect on canopy cover, it is not the
only factor affecting tree canopy cover. As previous research has demonstrated, TCC is influenced by a raft of spatial
and temporal factors including economic, human, and biophysical mechanisms (Hilbert, Koeser, et al., 2019).
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Figure 4 — The biomes of New Zealand. Biomes were simplified forms of the biomes in Olson et al. (2001).
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The target ranges are based on existing canopy cover in cities around the world. They are, arguably, conservative as
they are largely below the average canopy cover target of 28.6% for the 35 cities in this report (Figure 3). However,
the recommended target ranges do not preclude cities from aspiring to greater canopy cover, though it should be
noted that overly-ambitious targets may be unachievable, for a variety of reasons.

Indeed, many cities have set TCC targets that are, debatably, over-ambitious (Figure 3). Such targets will require
rigorous planting schemes (Hilbert, Koeser, et al., 2019) which may be impractical or unattainable, as well as a
combination of incentives and regulations to minimise tree removal (Orddfiez-Barona et al., 2021). Other factors
resulting in tree mortality will also have to be identified and mitigated (Hilbert, Roman, et al., 2019). Moreover, cities
will need to ensure the long-term resources required to manage the expanding urban forest. Finally, focusing solely
on achieving overly-ambitious canopy cover targets can result in ignoring other strategic and more comprehensive
approaches to urban forest management (Kenney et al., 2011).

Other considerations in setting canopy cover targets

In recent years, cities have moved away from setting a single, city-wide, target for TCC (Leahy, 2017), choosing instead
to identify targets for different electoral wards, local boards, neighbourhoods, or land uses. The City of Austin, TX has
a goal to “identify canopy goals according to site, land use designation and ecosystem capacity” (Austin's Urban Forest
Plan, 2013), while Mississauga, Canada expects that their “canopy cover meets or exceeds 15% (i.e., the current city-
wide average) in at least 95% of the City’s residential areas and in 50% to 75% of the city’s other land use categories”
(Mississauga's Urban Forest Management Plan, 2014). Likewise, Halifax, Canada doesn’t provide a single canopy cover
goal, instead opting to provide goals for different management units (e.g. parks 40%, waterways 80%) and
neighbourhoods due to “unique historical impacts and pre-existing conditions such as soil quality, topography, and
climate” (Halifax Regional Municipality, 2013). New Zealand’s cities should strongly consider complementing city-wide
TCC targets with a set of canopy cover targets for different land use types, electoral wards, or other geographic
boundaries. Such targets can focus planning and operational efforts on specific areas and can minimise inequities in
canopy cover within cities.

Another consideration is related to timeframes. Increases in canopy cover cannot be achieved over short time periods.
Newly planted trees require years to establish before they make meaningful contributions to canopy cover. So, while
some short-term milestones may be appropriate (e.g., annual tree planting targets), meeting city-wide tree canopy
cover targets should be considered a medium- to long-term goal. This is supported by many of the 35 cities setting
relatively long timeframes in their urban forest strategies or management plans (Appendix B); those cities had an
average time of nearly 22 years to achieve their targets, with some setting targets for up to 50 years in the future.

A final consideration is what to do when canopy cover meets or exceeds the identified target for a given city. Meeting
overall city-wide targets should not signal the end of urban forest management activities. Cities should continue
striving to meet any other canopy cover targets they’ve identified for sub-city scale units, like electoral wards, local
boards, or others, as detailed previously. Likewise, cities may endeavour to identify and work towards more complex
targets, like ensuring minimum cover in different tree height, age, or species strata. The city-wide canopy cover target,
if it is set, should only be one milestone within an urban forest management plan or strategy.



Recommendations for success

Achieving canopy cover targets, even conservative ones, requires organisation, planning, monitoring, and consistently
effective management. Eight recommendations for success include:

1.

Identify baseline canopy cover — prior to setting a target, cities should have an understanding of their current
canopy cover and its distribution. This can be achieved using field-based methods, or alternatively as a desktop
exercise, using point-based sampling or remote sensing methods.

Set a SMART tree canopy cover target — the target should be specific, measurable, achievable, relevant, and
time-bound.

Monitor changes in tree canopy cover — canopy cover should be measured at regular or semi-regular intervals.
If using point-based or remote sensing methods, monitoring can be aligned to the acquisition cycle of aerial
imagery or lidar data. Monitoring can help determine whether policies and management associated with
increasing TCC are effective.

Institutionalise targets in a strategy or management plan — this will ensure canopy cover goals remain a
priority as time passes or as personnel or leadership changes. Moreover, doing so will help secure appropriate
funding to support the planting and maintenance of urban trees.

Have a vision — A vision statement or document can complement internal strategy and management plans by
communicating canopy cover targets to a wider, largely external, audience. Such a document can inspire
citizens, communities, industry, politicians, and other stakeholders to actively engage with cities to meet
targets.

Identify plantable space — this may include land currently owned or managed by local authorities or the
Crown, e.g., in parks and reserves, in street catchments, or in riparian setbacks adjacent to waterbodies. This
may also include private land where local authorities can exert influence.

Identify and mitigate threats to increasing canopy cover — increasing urban TCC can be threatened by a
number of regulatory and non-regulatory factors. Increases in TCC can suffer from high urban tree mortality
(Hilbert, Roman, et al., 2019), adverse site conditions leading to slow establishment and growth of new
transplants (Harris, 2007), and impermeable land covers stifling natural regeneration (Nowak & Greenfield,
2020). Further to that, development and redevelopment can result in significant canopy loss (Guo et al., 2019;
Morgenroth et al., 2017).

Forecast future urban TCC — modelling the effect of differing tree planting plans and mortality rates on future
urban forest canopy cover can help identify the most effective ways to meet targets. This was effectively
illustrated for Bristol, England, whereby 16 different scenarios were modelled to determine which would most
likely lead to achieving the ambitious canopy cover target set by the city (Walters & Sinnett, 2021).

These eight recommendations will aid cities with the challenging task of increasing urban forest canopy cover to meet
their stated target(s).
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Appendices
Appendix A

Canopy cover values for all 124 cities included in this report.

CITY

COUNTRY

CANOPY
COVER (%)

SOURCE

ABERDEEN

ALBUQUERQUE
ARLINGTON

ATLANTA
ATLANTIC BEACH

AUCKLAND

AUSTIN

BALTIMORE

BARCELONA

BAYSIDE

BELFAST

BIRMINGHAM

BLACKPOOL

BOISE
BOLTON
BORAS

BOSTON

Scotland

USA
USA

USA
USA

New Zealand

USA

USA

Spain

Australia

Ireland

England

England

USA
Canada
Sweden

USA

10

13.3

22.4

51.2
30

18

30.8

28

25.2

16

3.54

23

4.4

16

17

24

22.3

https://www.researchgate.net/publication/32233
7570_The_Canopy_Cover_of England's_Towns_an
d_Cities_baselining_and_setting_targets to_impro
ve_human_health_and_well-being
https://www.itreetools.org/documents/398/ALB_
Community_Forest_Assessment_final_12.6.14.pdf
https://www.itreetools.org/documents/298/Arling
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Appendix B

Canopy cover targets for all 35 cities included in this report.
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http://www.seattle.gov/documents/Departments/U
rbanForestryCommission/Resources/UFMPv11_100
620.pdf
https://www.cityofsydney.nsw.gov.au/strategies-
action-plans/urban-forest-strategy
https://issuu.com/syracuseinnovationteam/docs/sy
racuse_ufmp_final
https://www.tacomatreeplan.org/post/phase-2-
primary-framework-the-urban-forest-management-
plan

https://www.toronto.ca/wp-
content/uploads/2017/12/8e0e-Strategic-Forest-
Management-Plan-2012_22.pdf
https://vancouver.ca/files/cov/urban-forest-
strategy.pdf
https://www.york.ca/wps/wcm/connect/yorkpublic
/b2d2d00f-9736-4ae5-b459-
b67c55da8f97/York_Region_Forest_Management_P
lan+2017.pdf?MOD=AJPERES
https://doee.dc.gov/sites/default/files/dc/sites/ddo
e/page_content/attachments/Draft_Urban_Tree C
anopy_Plan_Final.pdf
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