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Abstract: Green space is needed in urban areas to increase resilience to climate change and other
shocks, as well as for human health and wellbeing. Urban green space (UGS) is increasingly consid-
ered as green infrastructure and highly complementary to engineered urban infrastructure, such as
water and transport networks. The needs for resilient, sustainable and equitable future wellbeing
require strategic planning, designing and upgrading of UGS, especially in areas where it has been
underprovided. We explore the implications of these needs for urban development through a detailed
review of cited UGS analyses conducted on the larger cities in Aotearoa New Zealand (AoNZ). There
are important differences in UGS availability (i.e., quantity), accessibility and quality within and
between cities. Some of these differences stem from ad hoc patterns of development, as well as
topography. They contribute to apparently growing inequities in the availability and accessibility
of UGS. Broader health and wellbeing considerations, encompassing Indigenous and community
values, should be at the heart of UGS design and decisionmaking. Most of AoNZ'’s cities aim (at least
to some extent) at densification and decarbonisation to accommodate a growing population without
costly sprawl; however, to date, sprawl continues. Our findings indicate a clear need for the design
and provision of high-quality, well-integrated UGS within and servicing areas of denser housing,
which are typically areas in cities with a demonstrable UGS deficiency.
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1. Introduction

In early 2023, many regions of Aotearoa New Zealand (AoNZ) experienced severe
rainfall and flooding events, resulting in the loss of lives and unprecedented losses in
infrastructure and agricultural production across urban, rural and peri-urban areas [1,2].
Increases in total annual rainfall amounts and intensity are expected to continue for many
decades under global climate change scenarios [3,4]. Combined with sea-level rise and
vertical land movement, this will significantly affect most of AoNZ'’s urban areas, including
those with the largest concentrations of urban populations, such as Auckland, Christchurch
and Wellington. About 13% of Aotearoa NZ’s population live in flood-prone areas. This
percentage will grow as rainfall increases, storms become more frequent and sea levels
rise [5]. These impacts have focused attention on the concept and practice of “sponge
cities” [1,6,7], a concept within urban planning that emphasises stormwater and flood
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management through strengthening green urban infrastructure elements, including green
spaces, rather than relying purely on hard infrastructure, like built drainage systems. This
example is, however, only one of many ecosystem services provided by urban green space
(UGS)'. We broadly define UGS as “any urban land that is not covered by a structure or
sealed by an impermeable surface such as asphalt or concrete” [8].

UGS is important for ecosystem health and increasing resilience to the urban impacts
of climate change [9,10]. An ecosystem services perspective usefully illuminates the com-
plexity of ecosystem processes and functions in cities, as well as human interactions with
them, in terms of needs and benefits [11-13]. Ecosystem services, such as air purification,
water flow regulation, microclimate regulation and carbon sequestration, are fundamental
to human survival and wellbeing [14,15]. Because of these multiple ecosystem service
benefits, UGS can be considered an important type of “green infrastructure” (GI), which is
defined as “a network providing ingredients for solving urban and climatic challenges by
building with nature” [16]. “Green”, as used here, includes urban aquatic environments,
such as streams, ponds, lakes, wetlands and coastal areas (often termed “blue space”),
commonly located within or adjacent to green land areas (such terrestrial and aquatic areas
are sometimes referred to as “blue-green”). The focus of this paper, however, is on the
land-based components of UGS.

UGS is highly complementary to water infrastructure, especially in response to flood-
ing, as well as many aspects related to connectivity within urban areas. For example,
transport routes can provide important biodiversity corridors and also be integrated within
or alongside the UGS within many cities [17]. Lepczyk et al. [18] note that there are still
many gaps in our understanding of how UGS functions to conserve biodiversity at the city
scale, and they propose a research framework to develop such an understanding.

An extensive body of literature has documented the benefits related to health and
wellbeing of contact with nature or green spaces [19-21]. The human health benefits
associated with accessing UGS include improved mental health and cognitive function;
stress reduction; reduced mortality, cardiovascular morbidity and prevalence of type 2
diabetes; improved pregnancy outcomes; and relief during public health crises, including
the COVID-19 pandemic [21,22]. The mechanisms underlying the links between access to
UGS and health are complex, interactive and, sometimes, synergistic [23,24].

UGS confers a range of further wellbeing benefits specific to urban environments [25,26].
Studies suggest that urban green areas may have greater protective health effects than those
in suburban or rural environments [27]. Residing in neighbourhoods that are more walkable
and offer better access to UGS (especially those with recreation facilities) and local transport
infrastructure has been associated with increased overall physical activity [28,29]. A study
in the USA identified the quantity of parks as among the strongest predictors of overall
subjective wellbeing at the whole city level [30], while in AoNZ, a recent study involving
an assessment of health-promoting and health-constraining environments identified green
and blue spaces as critical health-promoting “goods” [31]. The different environments were
aggregated such that the most deprived areas in AoNZ often have the most environmental
“bads” and less access to environmental “goods”, as demonstrated in previous studies [32].
The benefits of UGS have received particular attention worldwide since the onset of the
COVID-19 pandemic, with many urban residents becoming more aware and making greater
use of neighbourhood UGS, reporting a range of stress relief and health benefits [33-35].

Inequities in the distribution and quality of UGS have been the focus of much recent
international research. Some studies assessed accessibility (sensu “proximity”) [36] by
linking the distribution of UGS to population data, including socio-economic and health
statuses [36-38]. Inequity in UGS distribution is only one aspect of environmental injustice;
a more pluralistic justice framework has been recognised over the last decade [39]. Several
studies have shown inequalities and inequities in opportunities to access UGS, particularly
in areas with lower incomes or socio-economic status (SES) and higher population or
household densities [36,40-45]. Rigolon et al. [46] showed that, internationally, people who
had a lower SES experienced more beneficial physical health outcomes from proximity
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to public UGS because of their greater dependency on that proximity. They suggest that
public UGS provision may be a tool that can be used to advance health equity and address
health disparities. But a trend towards more dense and compact urban settings may result
in less area per person being available for UGS [43,47,48]. A significant challenge for cities,
therefore, is to find an optimal balance between the full range of benefits and costs of UGS.
The definition of UGS adopted in this review encompasses both publicly and privately
owned land, sometimes an important distinction in relation to sustainability and equity
aspects of green space [49].

Green spaces can be very important for cultural identity and creating a sense of
place [50-52]. In Aotearoa New Zealand, cultural identity has been critical in framing
the management provided by the country’s foundational document Te Tiriti 0 Waitangi
(the Maori-language version of the Treaty of Waitangi 1840, which formalised gover-
nance and other relationships between Indigenous Maori and “the Crown” (colonial and
later settlers)). Cultural relationships to place are important not only in relation to well-
being [53,54] but also to elements of native biodiversity [55] and people’s ability to engage
in recreation [52,56], especially in coastal environments, which are nearby for most urban
inhabitants of AoNZ [56].

All of these benefits contribute to the cultural ecosystem service benefits associated
with UGS, as well as to UN Sustainable Development Goal 11, (“Make cities and human
settlements inclusive, safe, resilient and sustainable”), in particular target 7 (“By 2030,
provide universal access to safe, inclusive and accessible, green and public spaces, in
particular for women and children, older persons and persons with disabilities). It is not
surprising that a recent Parliamentary Commissioner for the Environment (PCE) report
concluded that “Planning for and providing urban green spaces should not be optional” [8].
Until recently, it was thought that cities in AoNZ were generally well-endowed with
UGS [8,56]. But in the last decade, largely driven by rising population growth and urban
densification, particularly in the inner-city areas of Auckland and Wellington, there has
been more attention to the perceived loss of UGS in AoNZ'’s cities, as well as the resilience,
sustainability and equity implications of such losses [8,49,57,58]. A number of recent
studies have documented the losses in UGS since the 1980s, as examined in more detail in
later sections. There are cost implications to maintaining the availability of UGS as a city
densifies, as well as important liveability and sustainability considerations [59].

Some important differences in the characteristics of UGS affect their ability to max-
imise the supply of ecosystem services. We refer here mainly to the characteristics we term
availability, accessibility and quality. The term “availability” is used in the sense of the
existential capability of being used, i.e., a simple quantitative measure of the area of UGS
per person or per household in a defined urban administrative area, suburb or neighbour-
hood [9]. By contrast, “accessibility” is defined, as per the Concise Oxford Dictionary, as
the “ability to be reached or entered”. Therefore “accessibility” has an additional conno-
tation (which may be expressed qualitatively or quantitatively) of an ability (physically,
socially, economically and culturally) to access UGS. The two terms appear to be used
somewhat interchangeably and without clear distinction in much of the literature. Also,
we use UGS “quality” to refer to characteristics such as the diversity and quality of park
facilities, amounts of tree canopy and biodiversity habitats, features that contribute to a
sense of place, and adequacy of maintenance. Our terminology, overall, is closest to that of
Rigolon et al. [60].

2. Aims, Significance and Approach

The aims of this study were to (a) review and synthesise quantitative and qualitative
data on UGS availability and accessibility in AoNZ; (b) relate the availability, accessibility
and quality of UGS to equity considerations in AoNZ'’s social and cultural contexts; and
(c) discuss the implication of our findings for planning urban forms and infrastructure
provisions in AoNZ.
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Methodologically, the study used narrative review and meta-analysis approaches
that considered significant studies on green space, centred on six major cities in AoNZ
(Figure 1), with some references to comparator cities internationally. A range of quantitative
and qualitative methods were used in the various studies reviewed, which is suggested as
a good approach to the analysis of cultural ecosystem services [61]. Tree cover analysis is a
prominent quantitative method, which includes the variation in tree cover across a given
city, an important indicator of the equity in access to green space, as well as its availability.
The extent and type of quantified UGS losses, including whether they are more marked
on private than on public land, are also important. Qualitative methods include a range
of matters, such as the accessibility and quality of UGS and other characteristics of losses
in urban green space, using indicators such as differences in the levels of development
in different parts of a city’s existing footprint, as well as outside it in cases of peripheral
expansion. This dual combination provides insight into significant outcomes regarding
the resilience, sustainability and equity of urban development. The cultural dimensions of
people’s connection to land in these areas are also relevant [53,54] and are illuminated by
qualitative commentaries offered by the examined studies.

N
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Figure 1. Locations of Aotearoa New Zealand’s cities for which studies are cited in this review.

The context for this study makes the findings relevant for urban development and
planning in AoNZ and potentially for urban areas in Australia and Te Moananui Oceania
(our preferred term for the Pacific Ocean and its islands), as well as in some other small
island developing states (SIDS). This analysis is important at a time of increasing inequity in
UGS availability and benefits, as well as when the sustainability, resilience and wellbeing of
Oceania cities are being challenged, in particular by climate change and urbanisation [35,62].
Our review pays particular attention to these issues of inequity and sustainability.

An important strand of recent thinking behind this study comes from the NUWAO
(Nature-based Urban design for Wellbeing and Adaptation in Oceania) programme
(https:/ /nuwao.org.nz accessed on 1 July 2024), which aims to develop nature-based
urban design solutions rooted in Indigenous knowledges that support climate change
adaptation and individual and community wellbeing in different contexts across AoNZ
and Te Moananui Oceania [63,64]. Earlier work towards this study was undertaken under
the auspices of the NZ Centre for Sustainable Cities https:/ /www.sustainablecities.org.nz/
(accessed on 1 July 2024), an interdisciplinary research centre providing innovative research
solutions to the challenges of urban development—economic, social, environmental and
cultural—facing AoNZ.
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3. Aotearoa New Zealand Case Studies
3.1. Overview of UGS Analysis in Metropolitan AoNZ Cities

The metropolitan AoNZ cities examined in this study are Auckland, Hamilton and
Christchurch, as well as four cities (Wellington, Hutt, Upper Hutt and Porirua) within the
Wellington urban area, with briefer analyses of Tauranga and Dunedin for which there is
less data. Some of this review material comes from two recent, comprehensive national
overviews [1,8]. The analyses in the studies cited focused mainly on the availability,
accessibility and quality of UGS, although some studies analysed and/or commented
on other UGS factors. Some of the quantitative data are summarised in Table 1, and
characteristics and highlights of selected key individual studies for individual or groups of
cities are shown in Table 2. The latter table presents resilience, sustainability and equity
conclusions where available, but some of the studies focus only on aspects of availability. An
overview of current inequities in the availability of UGS in Aotearoa NZ's cities concludes
the section.

Table 1. National overview of green space availability data’.

Citv Council Year of Stud Public Green Tree Canopy Cover Public UGS Public UGS
y y Space (ha) (% of Urbanised Area) (% of Admin. Area) (m?/person)
Auckland 2015, 2016/18 13,438 18% 2.7% 87
Hamilton 2020, 2019 1142 15% 10.3% 65
Tauranga 2018 1549 11.3% 109
Wellington * 2021, 2019 4146 31% 14.3% 191
Upper Hutt * 2018 421 0.8% 93
Hutt * 2021 2781 7.4% 248
Porirua * 2018 998 5.7% 169
Christchurch 2020, 2018/19 10,177 14% 7.2% 260
1 Adapted from [8], Tables 2.2 and 2.3. * The four cities within the Wellington region.
Table 2. Features of selected key AoNZ studies relating to resilience, sustainability and equity of
UGS provision.
Author and . Key Points Relating to Resilience,
Year City Theme Methods Sustainability and Equity
e  Urban forest covers 18% of the urban
area (11% legal road areas, 24%
public lands and 18% private land)
¢ Uaniort oervariswidly
Council Metropolitan 1P Analysis of LIDAR data Y
protection status of ° Landformes, soils and development
2017 [65] Area :
urban forest cover patterns have a large influence on
the current distribution
e  About half of the urban forest has no
statutory protection
e  Significant and different changes in
populations and urban forms among
the three cities since 1940s
. Auckland, UGS quant.1f1ca't1.0n, Per  ~1goced analysis of e  Total GS as a proportion of the total
Martin et al., . person availability and . ) urban area and the amount and
2022 [66,67] Hamilton, changes over time aerial and NIR imagery roportion of private GS has
! Wellington & and population data prop P

(1940s to 2016)

declined since the 1940s, especially
in Hamilton and Auckland

e Infrared imagery has enabled better
differentiation of vegetation types
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Table 2. Cont.

Author and
Year

City

Theme

Methods

Key Points Relating to Resilience,
Sustainability and Equity

Hand et al.,
2016 [49]

Auckland,
Wellington,
Dunedin

Urban biodiversity
analysis, also
incorporating social
values

Derivation of
neighbourhood-scale
“bioscores”

The results are oriented towards
children’s neighbourhoods
Biodiversity across neighbourhoods
was significantly related to
socioeconomic class, mainly due to
the greater cover of
high-biodiversity-value gardens in
regions with a higher SES

More deprived urban
neighbourhoods had less perceptible
biodiversity

Blaschke
et al.,, 2019
[47]

Central
Wellington
City

UGS availability and
location

Aerial photos and
a field survey

Very uneven per person UGS
availability now

Will be exacerbated by a forecasted
growth in population

Access and quality issues also had
equity implications

Schindler
2023 [68]

Wellington
(4 cities)

Perception of UGS
benefits

Online survey and
choice experiment

Residents value and are generally
satisfied with UGS available to them
Satisfaction varied according to
spatial and socio-economic factors
More holistic approaches to UGS
planning that consider both current
and future generations are needed to
address these contextualities and
interdependencies

Morgenroth
2021 [69]

Wellington
City

Extent of tree canopy
cover

Image (aerial photos and
LIDAR) classification

Overall tree canopy cover was 31%
Very wide range of tree cover
between suburbs

Morgenroth
2022 [70]

Christchurch

Extent of tree canopy
cover

Image (aerial photos and
LIDAR) classification

Overall tree canopy cover was 14%
Wide range of tree cover between
suburbs

Difference between public (19%) and
private land (11%) tree coverage
Important roles for parks and
reserves, especially in suburbs where
overall tree cover is low

Richards
etal., 2023
[71]

Christchurch

Inequity of ecosystem
services provision

Spatial analysis tools;
mapped covariance
between indicators of
residents’ vulnerability
and urban ecosystem
services

Overall, the distribution of urban
ecosystem services is inequitable to
the disadvantage of more socially
and economically vulnerable
residents

Inequities are present across a wide
variety of urban ecosystem service

types
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Table 2. Cont.

Author and
Year

City

Key Points Relating to Resilience,

Theme Methods Sustainability and Equity

Guo etal.,,
2019 [72]

Christchurch

e  Owners of redeveloped properties
were more likely to remove trees to
achieve development outcomes

e  Owners from non-redeveloped
properties were more likely to
remove trees because they perceived

Property owner S . . the tree to be in poor health
decisions on tree urvey questionnaire e  Property owners identified provision
. for owners . .
removal or retention of ecosystem services and aesthetics
as the reasons for either
development or retention of trees

e  Findings support the use of
legislation, bylaws and financial
disincentives to limit tree removal
during property redevelopment

Van Heezik
etal., 2014
[73]

Dunedin

e  Complex drivers of garden diversity
and structure, reflecting the diversity
in the characteristics of the current
and previous householders and their
gardening practices
The presence of tall trees was weakly
(positively) associated with the
extent and proximity of
neighbourhood green space

Woody plant species
Residential garden richness and diversity
diversity analysis, household
survey

3.2. Auckland

Meurk et al. [74] documented the character of residential vegetation in residential
areas of Auckland, analysing the vegetation’s composition, succession and weed threats to
what they interpreted as woodland ecosystems dominated by exotic (71%) and indigenous
(29%) trees and shrubs. Their analysis of the urban indigenous character of Auckland’s
residential vegetation and implications for the conservation of biodiversity considered
some of the socio-economic and cultural factors influencing the vegetation typologies.

Auckland Council [65] analysed Auckland’s UGS in terms of 2013 forest cover (defined
as woody vegetation over 3 m high detected with LiDAR), finding that “urban forests”
covered 18% of the urban area but with considerable variation (7% to 40%) between areas
and suburbs, and 40% was located on public land and 60% on private land. Factors
influencing the amount and quality of vegetation included the underlying topography
and soil fertility, as well as the amount and type of development. This analysis was
further developed by Martin et al. [8,66,67]. The amount of tree canopy cover was much
less (around 50%) than the total UGS amount, even when allowing for the loss of UGS
experienced since 2011.

UGS per person in Auckland was about 240 m?/person in 2011 [8], comprising
87 m? /person of the public UGS and around 153 m?/person of the private UGS. These
amounts have likely decreased significantly since 2011, mainly due to reductions in private
UGS as parts of the city’s population increased. It was estimated [8] that an approximately
20% decrease in private UGS per person occurred between 1980 and 2016, which was
partly masked by local government acquisition of land for new public UGS related to
greenfield development.

A detailed analysis of the UGS loss in one Auckland administrative area [75] estimated
that approximately 13,000 individual “clearance events” resulted in the loss of 61 hectares
of tree canopy cover between 2006 and 2016. Tree removal occurred primarily on private
land and was slowly cumulative, with 90% of individual clearance events less than 0.01
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hectares in size but accounting for almost two-thirds of the total decrease in tree canopy
cover over the decade.

3.3. Hamilton and Tauranga

Hamilton’s topography and location situated on a relatively flat, fertile alluvial plain
have resulted in a different history and current UGS status than those of most other AoNZ
cities. Almost all native vegetation was cleared early on, leaving indigenous remnants
confined to steep and narrow river gullies [76]. All current indigenous vegetation in other
parts of the city was reestablished relatively recently. The population has grown faster than
in most AoNZ cities, with a 30% increase between 1981 and 2018, while the population
density rose by 13% between 2013 and 2018 [67].

The total tree cover in Hamilton in 2019 was 15% [8], with a range of 3.5-29% between
suburbs. Total UGS currently accounts for 45% of the urban area. Hamilton's residents have
about 220 m? UGS per person. The rate of UGS loss has been largely stable, at approximately
15% annually between the early 1940s and 2016, similar to that of Auckland. Recent losses
in UGS have been significant, and they mainly comprise garden (suburbs) or farmland (i.e.,
greenfields) vegetation rather than original indigenous vegetation. Martin et al. [67] note
the very high increase in the area of impervious surfaces in Hamilton.

The Tauranga/Papamoa urban area is now the most rapidly growing large urban area
in AoNZ, but there is little documentation or analysis of its pattern and growth. Some
information is available concerning sprawl and UGS loss from Tauranga City Council data
for 2018 [8]. The amount of public UGS in Tauranga City (1549 ha) in 2018 was 11.3% of the
urban area, a density of 109 m?/person. Most of the current urban development is peri-
urban; only 20% of the dwelling consents granted since 2016 were inside the existing urban
footprint. There are few apartments and little or no land acquisition for UGS purposes,
although there are levies for general development purposes.

3.4. Wellington

Morgenroth [69] documented the extent of tree canopy cover in 56 urbanised areas
(roughly equating with individual suburbs) within Wellington City, comprising 40% of
the total city area. The overall tree canopy cover was 31%. While about two-thirds of the
suburbs had tree covers of 10-40%, tree cover among the suburbs ranged very widely, from
1% to 71%. Only two suburbs had tree cover greater than 50%, while six suburbs had tree
cover less than 10%.

Martin et al. [66,67] quantified the changes in vegetation cover in urban areas of
Wellington and the Hutt Valley between 1941 and 2021, distinguishing between public and
private UGS. Overall, urban expansion has been slower, especially in Wellington City, than
in the other cities studied, such that UGS areas, as a proportion of total urban area (63%),
saw smaller declines and increased near the city’s margins, which contain relatively large
reserves. These trends mean that the total city-wide UGS per person has also stayed static
at a generous 337-341 m? /person. UGS loss has been much more marked on private than
on public land.

Blaschke et al. [47] analysed in detail the UGS distribution within three census area
units (CAUs) in central Wellington City, conducting a desktop aerial photography review.
The authors categorised a total UGS area of 41.2 ha according to land-use categories and
vegetation cover classes. The per person UGS in 2013 was 20 m? /person, with marked
differences among the three CAUs. The future per person availability (to 2043) was also
considered, based on the estimated population growth and an assumption of no new supply
of UGS. On the basis of these assumptions, the future per person green availability would
shrink to as low as 3 m?/person in the most densely populated CAU, with marked and
increasing differences in the future availabilities among the CAUs over time. Whitburn [77]
analysed 20 Wellington City neighbourhoods (located throughout the city) that differed
in their greenness level and found wide variation in the vegetation cover levels of the
neighbourhoods, varying from 32 to 57% of the total area. Private gardens were a very
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significant part of the total vegetation, and the proportion of mature tree canopy vegetation
varied from 23 to 83%, which was highly correlated with the total vegetation cover.

Schindler [68] presented a detailed analysis of the benefits of UGS as perceived by the
respondents to an online survey across urban Wellington (Table 2). Almost three-quarters
were satisfied or very satisfied with the provision of UGS where they currently live. The
benefits of UGS were widely perceived by respondents, and proximity to UGS was highly
valued by most as an important criterion of choice. However, house price was not included
as a choice criterion, and respondents were skewed to above average incomes. The study
distinguished between public and private UGS and examined quality, as well as amount
and accessibility. Forty percent of the respondents had access to a private garden, and those
residents were more likely to value local UGS in general.

Freeman et al. [52] studied an aspect of UGS access related to a specific population
demographic, aiming to objectively assess the use of UGS in both public and private settings
by Wellington children (aged 11-13) during their summer leisure time, through the use
of wearable cameras. The children in the sample spent an average of nearly 10% of their
leisure time in UGS over the summer months, were physically active two-thirds of that
time and usually in the company of other children or adults. The researchers concluded
that green spaces are important for children’s health because they are places where they
spend time and are physically active and sociable.

3.5. Christchurch

The status of UGS in Christchurch, AoNZ’s second-largest city, is anomalous to the
rest of the country due to the effects of the major Christchurch earthquake of February 2011,
which killed 185 people and caused widespread damage to buildings and infrastructure,
including green spaces throughout the city. Widespread soil liquefaction, in combination
with damage to houses and infrastructure, left significant areas vacated by most residents
and essentially uninhabitable. The largest such area, bordering the Otakaro Avon River,
affected more than 8000 properties and 10,000 residents and was considered as infeasible to
rebuild on, resulting in considerable governance and community discussions about future
UGS development and use [78,79]. The combined effects of earthquakes and decisions
regarding the uninhabitability of areas affected by soil liquefaction have resulted in both
losses and gains in UGS.

Stewart et al. [80,81] studied the composition and structure of diverse pre-earthquake
vegetation across Christchurch. Urban forest canopies were dominated by exotic tree
species in parklands and in street tree plantings. The remnant indigenous vegetation was
degraded and fragmented, and native tree and shrub species were not as common in public
spaces, but their overall density was high in residential gardens and they were growing
in popularity.

Morgenroth [70] analysed the tree cover in Christchurch using broadly similar methods
to those in Wellington [69]. A total of 13.6% of all Christchurch (excluding Banks Peninsula)
is covered by trees. Canopy cover ranges from 6.5% to 27.6% between the suburbs, while
on the larger electoral ward scale five wards had tree canopy cover exceeding 15%, and
four wards had tree canopy cover less than 10%. Some 19% of publicly owned land in
Christchurch was covered by trees compared with 11.2% of privately owned land. Parks
and reserves play important roles in maintaining and enhancing tree cover in areas where
the overall tree cover is low. Christchurch City Council reported that in 2020 there was a
total of 10,177 ha of public UGS, accounting for 7.2% of the city’s area and 260 m?/ person [8],
a higher per person amount than for any of the other cities cited in the PCE analysis.

Analysis of the gains and losses in Christchurch is complicated by the Christ-
church earthquakes described above, as well as by methodological considerations [8,70].
Guo et al. [82] studied the dynamics of tree canopy loss in Christchurch between 2011 and
2015/16. The strongest predictor of tree retention was whether the property had been
redeveloped, with the percentage of trees removed on redeveloped and non-redeveloped
properties being 44% and 13.5%, respectively. Other important predictors of tree loss were
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the distance of the trees from redeveloped trees or driveways and the capital value of the
property. Guo et al. [72] further investigated the implications of property owner decisions
on tree removal or retention (Table 2).

3.6. Dunedin

Dunedin was the location of two of the earliest AoNZ studies on urban vegetation
cover based on the quantitative analysis of remotely sensed data [83,84], for which the re-
searchers used digital aerial photos and high-resolution multispectral imagery, respectively,
to map the extent, distribution and density of private gardens, as well as other vegetation.
In the latter study, the vegetated garden areas were calculated as comprising 46% of the
residential area or 36% of the total urban area, the most extensive land use type. The study’s
methods enabled broad discrimination of garden types based on vegetation.

Given the prevalence and importance of gardens as private green spaces in many
AoNZ cities [85], Van Heezik et al. [73] further investigated the drivers of garden diversity
and structure in Dunedin, focusing on native and exotic woody vegetation in relation
to the characteristics of the garden owners, the gardens themselves, and their proximity
to neighbourhood green spaces. They found few consistent patterns in the vegetation
structures; most of the common species were exotic although 12 native species were
common. There was significant but weak matching to social and environmental variables,
as follows: vegetated area, species knowledge, and education explained the variations in
native communities, whereas vegetated area, species knowledge, and householder age
explained the variation in exotic communities. The authors suggest that the legacies left by
previous owners’ gardening practices are important to consider when identifying drivers
of garden plant community structure.

3.7. Current Inequities in UGS Availability

As in many studies internationally, several cities in AoNZ show emerging inequalities
or inequities in the availability and distribution of UGS and, in some cases, other ecosystem
service benefits, as summarised in Table 2. In line with the international literature, there
is typically more total UGS and UGS per person in the more affluent areas and suburbs
of AoNZ. In some of the studies, these inequalities are associated with inequalities (self-
reported or otherwise measured) in health and wellbeing outcomes. Donovan et al. [86]
assessed the association between the natural environment and asthma in a large sample
of 18-year-old AoNZ children. Children who lived in greener areas (measured by the
normalised difference vegetation index (NDVI)), were less likely to be asthmatic, and the
NDVI was more protective when the analysis was restricted to children living in more
socially deprived neighbourhoods. But there are as yet few AoNZ studies and, as with
the international literature, these patterns are not consistent, with some anomalies in the
general pattern.

Nutsford et al. [87] carried out a cross-sectional examination of the relationship be-
tween access to UGS and counts of anxiety/mood disorder treatments amongst adult
residents throughout Auckland City. Treatment counts were associated with the propor-
tion of UGS within 3 km and the distance to the nearest useable (i.e., accessible) green
space, interpreted as indicating a protective effect of increased access to UGS against those
treatment counts. Access to UGS within 300 m did not exhibit significant associations,
leading the authors to suggest that the benefits of green space for mental health may relate
both to active participation in useable green spaces near to the home and observable green
space in the neighbourhood environment. Some of the same authors, in an earlier national
study of 1.56 million people living in urban areas across New Zealand [88], found that
deprived neighbourhoods were relatively disadvantaged in total UGS availability but had
marginally more accessible UGS. No significant associations between usable or total UGS
and mortality were observed after adjusting for confounders. Chuang et al. [89] found that
neighbourhoods with a higher deprivation index quintile ranking had lower accessibility
to UGS in Auckland. Their study focused on neighbourhoods with higher levels of public
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housing tenancies compared with those with no public housing. Although these results are
statistically significant with respect to equitability, the actual differences in the distances
between people’s assumed residence and the nearest public space are small.

There is limited information available for Wellington City. Blaschke et al. [47], studying
only the three central city CAUs, reported that the CAU with the highest total and per
person UGS had the highest household income, while the CAU with by far the lowest
total and per person UGS had a lower rate of home ownership and higher rental costs
than the other two CAUs but a lower median household income than for Wellington City
overall. The authors also reported information for the Wellington region indicating a trend
that parks in geographical areas of high deprivation (including those within Wellington
City) were less accessible and had fewer amenities than those in areas of low deprivation.
Whitburn et al. [77], further investigating the variation in neighbourhood vegetation re-
ported in Section 3.4, by testing the relationships between pro-environmental behaviour
(PEB). They found that residents’ surveyed connection with nature was more strongly
associated with PEB than with other scoiodemographic variables, although household in-
comes were positively associated with neighbourhood vegetation levels and rather weakly
associated with connection to nature. More recently, Schindler [68] presented a detailed
analysis of the benefits of UGS as perceived by respondents to an online survey in urban
Wellington (Table 2 and previous section).

In Christchurch, Richards et al. [71] analysed the relationships between residents’
economic and social vulnerabilities to environmental pressures and a composite indicator of
urban ecosystem services termed “Nature’s Contribution to People” (NCP). They analysed
inequity in nine diverse forms of urban NCP across an index of economic and social
vulnerabilities, including four directly related to UGS availability (proportion of time that
shade is provided by vegetation, proportion of green cover at the closest school, area of
private green space at each residence and distance from each residence to the nearest public
green space). For each of these indicators there was a significant negative association
with the economic and social vulnerability index (ESVI) [90], used to quantify the socio-
economic vulnerability of each census region in their study. Residents of more vulnerable
neighbourhoods experienced reduced provision of carbon stock, runoff retention, air quality
enhancement, shade, educational green space, public outdoor space accessibility, private
green space, and bird biodiversity contributions. The authors concluded, overall, that the
distribution of urban NCP is inequitable to the disadvantage of more vulnerable residents,
as is broadly consistent with the findings of Marek et al. [31].

Hand et al. [49] compared the biodiversity richness in 13 urban habitat types in
Auckland, Wellington and Dunedin Cities, and they also assessed the biodiversity richness,
complexity and wildness in relation to socio-economic deprivation. The authors found
that the biodiversity across neighbourhoods was significantly related to socioeconomic
(deprivation) and cultural (ethnicity) factors, due mainly to the greater cover of mature
gardens of high biodiversity value in regions of higher SES. They concluded that while all
neighbourhoods provided opportunities for residents to connect to nature through public
UGS, those people living in more deprived neighbourhoods are less likely to be exposed to
nearby biodiverse spaces and therefore may encounter fewer opportunities to connect to
nature and gain the benefits that urban biodiversity can afford.

4. Discussion

Table 2 summarises the key themes and main points particularly relating to resilience,
sustainability and equity found in the selected AoNZ studies. This section discusses
additional themes in the AoNZ and international literature that complement those already
explored, underlining the connectedness of other dimensions of urban green space to
overall wellbeing and sustainability outcomes. Sponge-city planning, small-scale GI, the
contribution of road reserves and the problems that come with excessive paving of UGS
are considered, in addition to opportunities for cultural expression. The impacts of urban
population growth and intensification are also discussed, with implications for better
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urban planning and design and opportunities for further research concluding this section.
Furthermore, a perhaps obvious point should be made, that the availability of UGS is a
prerequisite for the vital issues of resilience, sustainability and equity in their provision.
Figures 2-11 illustrate examples of the multiple roles of UGS in AoNZ.

Figure 2. The Wellington Town Belt provides multiple ecosystem services, including temperature
moderation, improvements in water and air qualities, carbon sequestration, biodiversity, human
health and wellbeing, amenities and amelioration of noise nuisances. Photo: Wellington City Council
(with permission).

Figure 3. An urban park acting as a stormwater detention area in Auckland following the February
2023 flooding events described in Section 1. Photo: Auckland Council (with permission).

Figure 4. Green space offering wetland restoration, recreation and public art. Chaffers Park, Welling-
ton. Photo: Authors’.
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Figure 5. Establishing locally rare native dryland species in a specially prepared stressed niche
(very-free-draining exposed substrate) on the Christchurch Southern Motorway extension. Photo: C.
Meurk (with permission).

Figure 6. Green spaces as disaster recovery areas. Latimer Square, Christchurch, after the Febru-
ary 2011 earthquake. Photo: CHC-EQR-USAR-Camp-17, with acknowledgement to Christchurch
City Libraries.

Figure 7. A newly created “pocket park” with universally accessible seating and water fountain.
Note the prevalence of impervious surfaces. Denton Park, Wellington. Photo: Authors’.
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Figure 8. Green wall of ground-rooted native vine species at a new Auckland suburban rail station,
2020. The larger-leafed vine in the right-hand foreground is critically threatened in its native habitat.
Photo: R. Simcock (with permission).

Figure 9. A green roof at the Auckland Botanic Gardens, forming part of the Auckland Sustainable
Stormwater Trail. Photo: R. Simcock (with permission).

S

Figure 10. Oruaiti Reserve, Wellington. Located within a harbourside suburb, the reserve is owned
by an iwi trust and co-managed with Wellington City Council. It is a significant cultural site that
also has important recreational and ecological values. Photo: N. Price for Wellington City Council
(with permission).
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Figure 11. Raingarden in Auckland waterfront development showing the diverse ground and canopy
covers of native species. Photo: R. Simcock (with permission).

4.1. UGS Should Be Considered in the Context of Other Urban Infrastructure

The context for the first part of our discussion is the diversity of the biophysical set-
tings of AoNZ'’s cities. For example, the hilly (often steep) topographies in Wellington and
Dunedin contrast strongly with the flatter topographies and more fertile soils of Hamilton,
Tauranga, and Christchurch. Auckland is intermediate between these two extremes [65].
These differences in topographies and soils (frequently expressed in different parts of a city,
e.g., between inner and outer areas) also affect hydrology and the nature of flooding suscep-
tibility [1]. All of these differences also affect cities” ability to provide a range of ecosystem
services [71]. Here, we mainly focus on UGS and a range of services related to transport and
stormwater management; however, Richards et al. [71] considered inequity in the provision
of UGS in relation to a wide range of ecosystem services. The contribution of different
urban ecosystem services (considered as GI types) to overall environmental quality can be
evaluated quantitatively, as shown for two contrasting flood-prone city /catchment areas
in AoNZ (Whau catchment in central-west Auckland and Gore in Southland) [91]. These
authors found that the implementation of specified GI measures over 10% of subcatchment
areas could reduce runoff peak rates and total runoff volumes by around 50-75% on a
subcatchment scale, and they concluded that the strategic implementation of small GI
areas can be very effective, particularly if multiple measures are combined. They also
described how a “social equity dimension” could be applied to these subcatchments to
determine the preferred locations for GI alternatives that would minimise green gentrifi-
cation risks and reduce social inequalities in the distribution of environmental amenities.
MacKinnon et al. [92,93] show that strategically placed green roofs, as parts of wider UGS
networks, can significantly contribute to reduced flooding risk and to increased biodiversity
connectivity pathways in Wellington.

In relation to transport, the most significant theme to emerge from the case studies
is the importance of road reserves and transport corridors as current or potential UGS.
These areas form a significant proportion of the total area of a range of urban spaces from
central city precincts [47] to residential suburbs [77] and of the total UGS of the urban
area [8,12,66,67]. Secondly, their widespread and linear natures (transport corridors of
all types) and large areas (road reserves) have the potential to form significant areas of
biodiversity habitat and/or biodiversity corridors allowing for the dispersal of diverse
plant and animal species [12,71]. Stewart et al. [81], describing street trees in Christchurch as
“linear parklands”, showed that these areas were poorer in species richness and indigeneity
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than other urban areas of biodiversity that they studied, but they also considered that there
is the potential to enhance biodiversity values in this important form of urban vegetation.
Other urban vegetated corridors, whether original forest remnants or, increasingly, restored
or newly planted areas, are also important for their habitat values and spreading the
distribution of bird and other animal species [94-96].

Previous sections have stressed the critical importance of UGS and green infrastructure
for many aspects of urban stormwater and flood management. For example, Nieuwen-
huijsen [10], in discussing the health benefits of GI, refers to specific components, such
as parks, street trees, smaller and larger GI elements, in strategically planned networks
of natural and seminatural urban areas. Internationally and in AoNZ, there has been
intense interest in the benefits of sponge cities [1,6], in which green spaces of many kinds
are essential components. Mercier’s recommendations for approaches to sponge cities
across AoNZ [1] emphasise the integral connections between the climate and biodiversity
crises and the roles of UGS in addressing both in urban areas; they also make a compelling
case for treating UGS as essential GI. Mercier sets out a vision and guiding principles for
implementing sponge cities in AoNZ, making full use of all knowledge sources, including
Matauranga Maori (Maori knowledge) and particularly through the use of nature-based
solutions (NbS), including water-sensitive urban design, blue-green infrastructure and
sustainable urban drainage systems. To fully integrate UGS into the sponge cities approach,
integrated planning across multiple sectors is required [1,97]. Smaller-scale approaches,
such as bioretention devices, green walls and roofs, and permeable pavements, driveways
and paths, complete the continuum of scale. A database and guide to urban nature-based
infrastructure strategies suitable for Te Moananui Oceania, including AoNZ, is provided by
Pedersen Zari et al. [98]. On a national scale, the National Adaptation Plan [5] is currently
the most important vehicle for driving adaptation. It highlights that nature-based solutions
are one of three critical actions to facilitate adaptation in AoNZ, of which UGS is key.

One of the most striking features of the case studies is the extent of impervious surfaces
in AoNZ cities, as well as the loss of pervious surfaces accompanying the loss of UGS. The
extent of impervious surfaces appears to be common to both private and public lands, as
follows: on private land, the loss of gardens and grassy areas to buildings and paved areas;
and on public land, the loss of grassy areas including road reserves to more paved areas.
This occurred even within park developments, especially in more highly used parks, to
the extent that within central Wellington City, one of the most extensive types of UGS is
paved surfaces [47]. An important initial aim for ongoing UGS development in AoNZ
would be the “greening of green spaces”, i.e., ensuring that all areas designated as parks
and public open spaces have the maximum vegetation cover and pervious surfaces, while
accommodating essential paved surfaces. This would also assist efforts to address the
urban heat island effect, which to date has been little considered in AoNZ [64,99].

4.2. UGS Should Be Designed for Wellbeing, Equity and Cultural Expression

The multidimensional importance of green space for health and wellbeing in general
was discussed in Section 1. Rigolon et al. [46] reviewed the potential of UGS accessibility to
reduce health disparities internationally, concluding that people with a lower SES show
more beneficial effects than people with higher SES, particularly when considering public
UGS such as parks rather than overall greenness. Given this evidence internationally
(which shows large differences by continent), the relative abundance of UGS overall in
AoNZ may explain some of the AoNZ studies that show poor associations between UGS
availability and overall health outcomes [87,88].

UGS typically reinforces a “sense of place” [50], as well as health, wellbeing and other
cultural ecosystem services. The concepts of sense of place and amenity benefits are linked,
and both have a strong cultural dimension. In AoNZ, green spaces have critical cross-
cultural importance. For Maori [8,54], UGS are especially valued as places that bring hauora
(health), provide rongoa (medicinal elements), are markers of history and traditional places
of significance, and may be wahi tapu (sacred places). For example, pou (special marking
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posts) have become increasingly important in AoNZ's cities as physical markers of place,
as well as reminders of the meaning or sense of those places, both for mana whenua (people
indigenous to a specific place, in that place) and for matawaka (indigenous people of AoNZ
but who are not in their traditional area, i.e., are not mana whenua). In Christchurch, a co-
governance structure is planned for decision making between the Ngai Ttaahuriri Riinanga
(council), community groups, and community boards towards implementation of the
Otakaro-Avon River Regeneration Plan [79]. UGS is also important for social determinants
of health and social cohesion [100]. It is likely that the health and cultural benefits of UGS
depend on the quality of the green space in terms of its biodiversity values, quality of
habitat provided, and even species selection. Protection of existing biodiversity habitats in
UGS is more valuable than the re-creation of new habitats or the protection of individual
trees [94,101].

4.3. Urban Design, Planning and Policy Need to Change to Support More and Better UGS

The results of the case studies on AoNZ UGS have important implications for urban
design and planning in a time of increasing densification and need for climate adaptation.
Opportunities and challenges for UGS design and planning were examined by the PCE [§],
Chapter 3 and Mercier [1]. The AoNZ Ministry for the Environment’s first National
Adaptation Plan [5] sets out multisector climate change adaptation pathways and responses
within a risk assessment framework [102] and references the role of UGS. Current provisions
for densification under the Resource Management Act 1991, the main national framework
legislation, include the 2022 Medium Density Residential Standards, which support the
development of three dwellings of up to three storeys on each site, without the need for
resource consent. These provisions have major implications for the amount and positioning
of UGS on new residential developments. Varshney et al. [103] examine the implications of
policies in AoNZ for urban biodiversity and rapid residential development and how this
impacts habitat and UGS. They conclude that current policies, strategies and planning for
residential developments in AoNZ are inadequate to support UGS for biodiversity.

Key drivers of the changes in UGS availability have been population growth rates in
different cities and different parts of each city. For example, large population increases due
to multi-unit housing in central Auckland and Wellington over the last two decades have
led to significant reductions in per person UGS availability, even in the face of constant
total availability [8,47]. A similar trend could soon be seen in rapidly growing cities such
as Hamilton and Tauranga. In both of these cities, the UGS within the central city area
is constrained, and there are physically fewer constraints to greenfield sprawl. In other
cities’ residential areas, there has also been a clear trend of UGS loss since the 1980s. Up to
about 2010, the average size of new houses increased steadily ([8], Figure 2.2 therein), and
this accounted for some UGS loss, but the loss trend has continued even as average house
sizes fell, attributable to both an increase in housing density and loss of private UGS either
through subdivisions or an increase in impervious surfaces within individual residential
lots. The intensification and loss of UGS are not only linked causally but also in their effects
on stormwater management, hence the development of sponge cities and related concepts,
as discussed above. Urban design can work with policies and planning for intensification
and make an important contribution by promoting regenerative living cities, including
through UGS development, as seen internationally in cities such as Singapore [64].

The weak clustering of UGS elements in residents” housing choices [68] and the
relatively good UGS supply in most AoNZ cities (with relatively small absolute differences
between cities) reinforce that the relationships between UGS availability, accessibility and
wellbeing outcomes are indeed complex, possibly unique to AoNZ, and require further
study. Accessibility is as important as availability in order to deliver most ecosystem
services (including wellbeing, relationship to place, and nature implications) in equitable
ways. Also, the quality of UGS in terms of ease of universal accessibility, available facilities
and amenities, maintenance, safety and distinctive features is key to equity in AoNZ [47,71],
as has become increasingly evident from international reviews [36,60,104,105].



Land 2024, 13, 1022

18 of 25

When opportunities for the further supply of UGS are limited, a key potential priority
for design and planning is to primarily focus on improving the accessibility and quality of
UGS through actions such as street-tree planting, improved delivery of ecosystem services
from existing UGS and ensuring that those green spaces are universally accessible [106].
Additionally, finding opportunities to purchase and restore land parcels to new green
spaces, for example, through the provision of “pocket park” street corners or areas of
road reserve for green space value, or the repurposing of low-value car parking spaces,
impervious or vacant spaces as UGS, can provide high-quality accessible UGS when space
is limited. As urban areas densify, existing UGS can be optimised for accessibility and
quality, even if the increases in quantity are small. This requires attention to the accessibility
and quality requirements of all users, remembering that when ensuring equitable outcomes
not all green spaces are equal in respect to health and wellbeing. Therefore, diverse needs
relating to age, ethnicity, health status, cultural attitudes, and personal safety need to be
taken into account. In providing for those who are currently limited in their ability to access
UGS [107,108], it should be remembered that availability is only one component of the
wellbeing requirements of the full range of urban residents [9]. The priorities and values of
tangata whenua (indigenous peoples of AoNZ) and particularly mana whenua should also
be better integrated into UGS design, given the partnership obligations and aspirations
outlined in Te Tiriti and the under-representation of tangata whenua in UGS design and
decision-making roles [54].

The barriers to accessibility of UGS in the context of intensification point to the utility
of better integrated spatial planning. Schindler [109] examines planning considerations
for medium-density housing in Aotearoa New Zealand and emphasises the need for a
stronger focus on health promotion, equity and community health in rapidly growing
urban environments. Whitburn and colleagues [77,110] found that the practical modalities
of life in busy urban environments were seen as major barriers to connection with nature,
reinforcing the need for easily accessible UGS for the wellbeing benefits of connection.
An example of an integrated planning approach to the provision of UGS is Wellington
City Council’s Green Network Plan [111]. WCC has a strong interest in UGS provision in
its rapidly growing central city area amid concern that some residents are experiencing
a decrease in UGS to levels that are detrimental to their health and wellbeing [47]. The
Council’s planning strategies generally seek to provide for UGS protection while enabling
a significant population intensification under the vision of a “compact, liveable city” [112].
This work was influenced by the requirement for increased urban density in the central
government’s National Policy Statement on Urban Development under the Resource
Management Act [113]. The national policy contains mandatory requirements for growth
planning, well-functioning urban environments and greenhouse gas emission reductions.

Planning effective UGS requires a close relationship between private and public efforts,
especially in conjunction with new housing development. Local government, mana whenua
and local communities must all be involved. Cost effectiveness is important at a time when
local government spending is under great pressure. Regulation and incentives need not be
onerous for private providers, especially given that good outcomes should contribute to
neighbourhoods with a stronger sense of place. The bottom line is that the role of the public
sector cannot be limited to compensate for loss of private UGS, and this would certainly
not be affordable by councils under current conditions. The current situation in which cities
such as Hamilton and Tauranga simply “meet housing demand” [8] without considering
infrastructure (particularly GI) is neither sufficient nor adequate. A policy mix is required,
including integrated planning and design, incentives and regulation.

4.4. UGS Is a Key Part of Urban Nature-Based Solutions (NbS)

Findings from the NUWAO programme [53,63,64] could be applied to UGS analysis,
design and planning in Te Moananui Oceania including AoNZ. This research programme
points to the importance of developing a participatory, localised sense of place as part
of nature-based urban design, which should be centred on equitable and just wellbeing.
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In the AoNZ context, such development should be a process of re-asserting indigeneity
and avoiding accidental neocolonisation through inappropriate urban adaptation inter-
ventions [53,114]. NUWAO work and recommendations centre Matauranga Mdori and
Pacific Indigenous knowledge, but such re-indigenisation does not need to obliterate the
sustainable ecological processes and valued exotic biodiversity introduced by indigenous
settlers [80,115]. NUWAO'’s focus on urban NbS encompasses both public and private
lands and can be applied on different scales from the individual household to the neigh-
bourhood and to the regional and national scales, as is needed in housing and other urban
development and in regeneration and resilience building processes [1,98]. NUWAO'’s focus
and principles provide a useful lens to look at climate adaptation and a justice context for
GI provision, informed by traditional knowledge sources, as well as Western science and
local community knowledge. This complements innovative work on AoNZ public policy
wellbeing approaches, culminating in the presentation of the 2019-2023 AoNZ “Wellbeing
budgets” [116].

An NbS approach would recognise the historical context for the current extent and
state of UGS in AoNZ. The ad hoc historical development of AoNZ'’s cities [47,117], as
well as significant differences in biophysical properties and changing proportions of green,
grey (impervious) open spaces and built environments, has led to large differences in the
availability and distribution of UGS among cities, as already discussed [8,66,67].

Many of the historical differences between urban developments in different Aotearoa
NZ cities reflect aspects of those cities” colonial past and the ongoing impacts of colonisa-
tion [114,118] as has occurred in colonial cities throughout the world. Of course, differences
between cities” UGS availability matter despite historical reasons, because cross-city com-
parisons may reflect neighbourhood inequities [60]. AoNZ’s most marked inequalities
appear to be more recent, resulting especially from population increases and intensification
pressures in central Auckland and Wellington over the last 30 years, while some of the
inequalities documented by Richards et al. [71] in Christchurch may relate to patterns of
loss and rebuild since the 2012 earthquake.

4.5. Strengths, Weaknesses and Further Research

This review covers a range of UGS dimensions, including studies on the quality,
quantity and distribution; equity in availability; functionality, including relationships with
hydrology and stormwater drainage; biodiversity importance; and contribution to indi-
vidual and societal human wellbeing. Our research, as well as the earlier work reviewed,
highlight the difficulties of comparing the disparate sources and quality of available in-
formation; for example, different types of remotely sensed land cover information, partial
and inconsistent information on different tenure and vegetation types and incomplete
information regarding permeability.

There are still many gaps, therefore, in our understanding of UGS in AoNZ, particu-
larly concerning its role as GI. Addressing these gaps is vital for realising the critical roles
of UGS in the linked climate and biodiversity crises in urban environments, including
responding to the increasing number of extreme weather and flooding events and the inten-
sification of the urban heat island effect. Extension of this study and the work undertaken
by the PCE [8] would be valuable, particularly to other large and rapidly growing urban
centres in AoNZ, as well as peri-urban and satellite cities that are still relatively small but
exhibit rapid population growth and urban sprawl patterns, often into areas with fertile
soils that have a high food-producing capacity. Further research is needed on criteria for
UGS quality and quality in the AoNZ context, especially the aspects of quality that are
most important to wellbeing, such as cultural values, contact with nature, recreation and
enhancement of a sense of place.
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Notes
1

5. Conclusions

New information on UGS in AoNZ'’s cities has been growing over the last decade,
with research undertaken on its distribution, accessibility and quality. This work has been
completed in the context of a better understanding internationally of the wider health and
wellbeing benefits of contact with UGS for urban residents, alongside an awareness of the
importance of climate mitigation and adaptation. These advances, as summarised and
discussed in our review, should enable an equitable wellbeing and climate change resilience
framework to be the focus of future UGS studies, as well as assisting in the planning of
UGS provision.

Addressing the many gaps in our understanding of UGS in AoNZ is vital for realising
the critical roles of UGS in addressing the linked climate and biodiversity crises in urban
environments, including responding to the increasing number of extreme weather and
flooding events. It is clear, however, that simply providing more UGS, even if that were
economically feasible, would not be sufficient to maximise the benefits of such provision,
without paying close attention to the distribution, accessibility and quality of that UGS
and addressing the emerging inequities in access to UGS. Also of great importance is the
strategic linking of UGS into connected urban networks of green, blue, blue-green, and
other nature-based solutions. Ensuring that all green spaces are vegetated and pervious to
the greatest extent possible would be a good first step. So would ensuring the judicious
provision of small green spaces and street trees in intensifying areas. There are many
uncertainties in addressing these challenges within AoNZ'’s rapidly changing planning
system amid the urgency of addressing long-standing deficiencies in other areas of urban
infrastructure. One of the most important challenges is ensuring that urban biodiversity
and the habitats of that biodiversity are integrated into the infrastructure and planning for
other priorities and not set aside as lower priorities.

Author Contributions: Conceptualisation and methodology, P.B.,, M.P.Z., R.C. and PH.-C.; investiga-
tion, PB., E.R,, E.G. and M.P,; writing—original draft preparation, P.B.; writing—review and editing,
all authors; supervision, R.C., PH.-C. and M.P.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: The NUWAO project is funded by the Royal Society of New Zealand through a Marsden
Grant (grant number: 20-VUW-058).

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Claire Freeman and four anonymous reviewers for helpful
comments on earlier drafts, Colin Meurk for useful information, Robyn Simcock and Wellington City
Council for the provision and permission to use their photos, and Jenny Ombler for helpful assistance
with the earlier stages of this research.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

The terms ‘green space” and ‘green spaces’ (in full) are used when green space generically is referred to, as opposed to the

abbreviation UGS for green spaces specifically within urban areas.

References

1.  Mercier, K. Sponge Cities: Can They Help Us Survive More Intense Rainfall? Helen Clark Foundation, Auckland, New Zealand.
2023. Available online: https:/ /helenclark.foundation/publications-and-medias/sponge-cities/ (accessed on 27 June 2024).

2. Insurance Council of NZ 2023. Cost of Natural Disasters. Available online: https://www.icnz.org.nz/industry/cost-of-natural-
disasters/ (accessed on 16 May 2024).

3. Ministry for the Environment, Climate Change Projections for New Zealand. Atmospheric Projections Based on Simulations
Undertaken for the IPCC 5th Assessment, 2nd ed.; Ministry for the Environment, Climate Change Projections for New Zealand:
Wellington, New Zealand, 2018.


https://helenclark.foundation/publications-and-medias/sponge-cities/
https://www.icnz.org.nz/industry/cost-of-natural-disasters/
https://www.icnz.org.nz/industry/cost-of-natural-disasters/

Land 2024, 13,1022 21 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

NIWA. Our Future Climate in New Zealand: Local Charts. 2023. Available online: https://ofcnz.niwa.co.nz/#/localCharts
(accessed on 30 June 2023).

Ministry for the Environment (MFE). National Adaptation Plan; Ministry for the Environment: Wellington, New Zealand, 2022.
Jiang, Y.; Zevenbergen, C.; Ma, Y. Urban pluvial flooding and stormwater management: A contemporary review of China’s
challenges and “sponge cities” strategy. Environ. Sci. Policy 2018, 80, 132-143. [CrossRef]

Welch, T. We're Building Harder, Hotter Cities: It's Vital We Protect and Grow Urban Green Spaces (Commentary). The
Conversation. 16 March 2023. Available online: https://theconversation.com/were-building-harder-hotter-cities-its-vital-we-
protect-and-grow-urban-green-spaces-new-report-201753 (accessed on 27 June 2024).

Parliamentary Commission for the Environment (PCE). Are We Building Harder, Hotter Cities? The Vital Importance of Urban Green
Spaces; Parliamentary Commission for the Environment: Wellington, New Zealand, 2023.

Kabisch, N.; Strohbach, M.; Haase, D.; Kronenberg, J. Urban green space availability in European cities. Ecol. Indic. 2016, 70,
586-596. [CrossRef]

Nieuwenhuijsen, M.J. Green Infrastructure and Health. Annu. Rev. Public Health 2021, 42, 317-328. [CrossRef]

Raymond, C.M.; Frantzeskaki, N.; Kabisch, N.; Berry, P.; Breil, M.; Nita, M.R.; Geneletti, D.; Calfapietra, C. A framework
for assessing and implementing the co-benefits of nature-based solutions in urban areas. Environ. Sci. Policy 2017, 77, 15-24.
[CrossRef]

Meurk, C.D.; Blaschke, PM.; Simcock, R. Ecosystem services in New Zealand cities. In Ecosystem Services in New Zealand: Conditions
and Trends; Dymond, J.R., Ed.; Manaaki Whenua Press: Lincoln, New Zealand, 2013; pp. 254-273. ISBN 978-0-478-34736-4.
Pedersen Zari, M. Regenerative Urban Design and Ecosystem Biomimicry; Routledge: London, UK, 2018.

Roberts, L.; Brower, A.; Kerr, G.; Lambert, S.; McWilliam, W.; Moore, K.; Quinn, J.; Simmons, D.; Thrush, S.; Townsend, M.; et al.
The Nature of Wellbeing: How Nature’s Ecosystem Services Contribute to The Wellbeing of New Zealand and New Zealanders; Department
of Conservation: Wellington, New Zealand, 2015; 145p; ISBN 978-0-478-15034-6.

Pickett, S.T.; Cadenasso, M.L.; Grove, ].M.; Nilon, C.H.; Pouyat, R.V.; Zipperer, W.C.; Costanza, R. Urban ecological systems:
Linking terrestrial ecological, physical, and socioeconomic components of metropolitan areas. Annu. Rev. Ecol. Syst. 2001, 32,
127-157. [CrossRef]

Potz, H.; Bleuzé, P. Urban Green-Blue Grids for Sustainable and Dynamic Cities; Coop for Life: Delft, The Netherlands, 2012;
ISBN 978-90-818804-0-4.

Nieuwenhuijsen, M.]. Urban and transport planning pathways to carbon neutral, liveable and healthy cities; A review of the
current evidence. Environ. Int. 2020, 140, 105661. [CrossRef]

Lepczyk, C.A.; Aronson, M.E; Evans, K.L.; Goddard, M.A_; Lerman, S.B.; Maclvor, ].S. Biodiversity in the city: Fundamental
questions for understanding the ecology of urban green spaces for biodiversity conservation. BioScience 2017, 67, 799-807.
[CrossRef]

Hartig, T.; Mitchell, R.; De Vries, S.; Frumkin, H. Nature and health. Annu. Rev. Public Health 2014, 35, 207-228. [CrossRef]
[PubMed]

Han, B.; Cohen, D.; McKenzie, T.L. Quantifying the contribution of neighborhood parks to physical activity. Prev. Med. 2013, 57,
483-487. [CrossRef]

Pedersen Zari, M. Understanding and designing nature experiences in cities: A framework for biophilic urbanism. Cities Health
2019, 7, 201-212. [CrossRef]

Saitta, M.; Devan, H.; Boland, P.; Perry, M.A. Park-based physical activity interventions for persons with disabilities: A mixed-
methods systematic review. Disabil. Health J. 2019, 12, 11-23. [CrossRef] [PubMed]

Derose, K.P.; Wallace, D.D.; Han, B.; Cohen, D.A. Effects of park-based interventions on health-related outcomes: A systematic
review. Prev. Med. 2021, 147, 106528. [CrossRef]

Lai, H.; Flies, E.].; Weinstein, P.; Woodward, A. The impact of green space and biodiversity on health. Front. Ecol. Environ. 2019,
17,383-390. [CrossRef]

Lee, A.C.; Maheswaran, R. The health benefits of urban green spaces: A review of the evidence. . Public Health 2011, 33, 212-222.
[CrossRef]

World Health Organization (WHO) Regional Office for Europe. Urban Green Spaces and Health; WHO Regional Office for Europe:
Copenhagen, Denmark, 2016.

Browning, M.; Rigolon, A.; McAnirlin, O. Where greenspace matters most: A systematic review of urbanicity, greenspace, and
physical health. Landsc. Urban Plan. 2022, 217, 104233. [CrossRef]

Taylor, L.; Hochuli, D.F. Creating better cities: How biodiversity and ecosystem functioning enhance urban residents” wellbeing.
Urban Ecosyst. 2015, 18, 747-762. [CrossRef]

Hobbs, M.; Kingham, S.; Wiki, J.; Marek, L.; Campbell, M. Unhealthy environments are associated with adverse mental health
and psychological distress: Cross-sectional evidence from nationally representative data in New Zealand. Prev. Med. 2021,
145, 106416. [CrossRef] [PubMed]

Larson, L.R.; Jennings, V.; Cloutier, S.A. Public Parks and Wellbeing in Urban Areas of the United States. PLoS ONE 2016,
11, e0153211. [CrossRef]


https://ofcnz.niwa.co.nz/#/localCharts
https://doi.org/10.1016/j.envsci.2017.11.016
https://theconversation.com/were-building-harder-hotter-cities-its-vital-we-protect-and-grow-urban-green-spaces-new-report-201753
https://theconversation.com/were-building-harder-hotter-cities-its-vital-we-protect-and-grow-urban-green-spaces-new-report-201753
https://doi.org/10.1016/j.ecolind.2016.02.029
https://doi.org/10.1146/annurev-publhealth-090419-102511
https://doi.org/10.1016/j.envsci.2017.07.008
https://doi.org/10.1146/annurev.ecolsys.32.081501.114012
https://doi.org/10.1016/j.envint.2020.105661
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://www.ncbi.nlm.nih.gov/pubmed/24387090
https://doi.org/10.1016/j.ypmed.2013.06.021
https://doi.org/10.1080/23748834.2019.1695511
https://doi.org/10.1016/j.dhjo.2018.07.006
https://www.ncbi.nlm.nih.gov/pubmed/30100214
https://doi.org/10.1016/j.ypmed.2021.106528
https://doi.org/10.1002/fee.2077
https://doi.org/10.1093/pubmed/fdq068
https://doi.org/10.1016/j.landurbplan.2021.104233
https://doi.org/10.1007/s11252-014-0427-3
https://doi.org/10.1016/j.ypmed.2020.106416
https://www.ncbi.nlm.nih.gov/pubmed/33524416
https://doi.org/10.1371/journal.pone.0153211

Land 2024, 13,1022 22 of 25

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Marek, L.; Hobbs, M.; Wiki, ].; Kingham, S.; Campbell, M. The good, the bad, and the environment: Developing an area-based
measure of access to health-promoting and health-constraining environments in New Zealand. Int. ]. Health Geogr. 2021, 20, 16.
[CrossRef]

Salmond, K. Setting our sights on justice: Contaminated sites and socio-economic deprivation in New Zealand. Int. |. Environ.
Health Res. 1999, 9, 19-29. [CrossRef]

MacKinnon, R.; Pedersen Zari, M.; Glensor, K.; Park, T. Urgent biophilia: Green space visits in wellington, New Zealand, during
the COVID-19 lockdowns. Land 2022, 11, 793. [CrossRef]

Pouso, S.; Borja, A.; Fleming, L.E.; Gomez-Baggethun, E.; White, M.P.; Uyarra, M.C. Contact with blue-green spaces during the
COVID-19 pandemic lockdown beneficial for mental health. Sci. Total Environ. 2021, 756, 143984. [CrossRef] [PubMed]
Berdejo-Espinola, V.; Suarez-Castro, A.F.; Amano, T.; Fielding, K.S.; Oh, RR.Y,; Fuller, R.A. Urban green space use during a time
of stress: A case study during the COVID-19 pandemic in Brisbane, Australia. People Nat. 2021, 3, 597-609. [CrossRef]

Rigolon, A. A complex landscape of inequity in access to urban parks: A literature review. Landsc. Urban Plan. 2016, 153, 160-169.
[CrossRef]

Bertram, C.; Rehdanz, K. The role of urban green space for human well-being. Ecol. Econ. 2015, 120, 139-152. [CrossRef]
Shanahan, D.F; Bush, R.; Gaston, K.J.; Lin, B.B.; Dean, J.; Barber, E.; Fuller, R.A. Health Benefits from Nature Experiences Depend
on Dose. Sci. Rep. 2016, 6, 28551. [CrossRef] [PubMed]

Zuniga-Teran, A.A.; Gerlak, A.K; Elder, A.D.; Tam, A. The unjust distribution of urban green infrastructure is just the tip of the
iceberg: A systematic review of place-based studies. Environ. Sci. Policy 2021, 126, 234-245. [CrossRef]

Mitchell, R.; Popham, F. Effect of exposure to natural environment on health inequalities: An observational population study.
Lancet 2008, 372, 1655-1660. [CrossRef]

Wolch, J.R.; Byrne, J.; Newell, ].P. Urban green space, public health, and environmental justice: The challenge of making cities
“just green enough”. Landsc. Urban Plan. 2014, 125, 234-244. [CrossRef]

Shanahan, D.E; Lin, B.B.; Gaston, K.J.; Bush, R.; Fuller, R.A. Socio-economic inequalities in access to nature on public and private
lands: A case study from Brisbane, Australia. Landsc. Urban Plan. 2014, 130, 14-23. [CrossRef]

Lin, B.; Meyers, ].; Barnett, G. Understanding the potential loss and inequities of green space distribution with urban densification.
Urban For. Urban Green. 2015, 14, 952-958. [CrossRef]

Choi, D.-A.; Park, K,; Rigolon, A. From XS to XL Urban Nature: Examining Access to Different Types of Green Space Using a ‘Just
Sustainabilities” Framework. Sustainability 2020, 12, 6998. [CrossRef]

Sun, Y.; Saha, S.; Tost, H.; Kong, X.; Xu, C. Literature Review Reveals a Global Access Inequity to Urban Green Spaces. Sustainability
2022, 14, 1062. [CrossRef]

Rigolon, A.; Browning, M.H.E.M.; McAnirlin, O.; Yoon, H.V. Green Space and Health Equity: A Systematic Review on the
Potential of Green Space to Reduce Health Disparities. Int. J. Environ. Res. Public Health 2021, 18, 2563. [CrossRef] [PubMed]
Blaschke, P.; Chapman, R.; Gyde, E.; Howden-Chapman, P.; Ombler, J.; Pedersen Zari, M.; Randal, E. Green Space in Wellington’s
Central City: Current Provision, and Design for Future Wellbeing; Report for Wellington City Council; New Zealand Centre for
Sustainable Cities: Wellington, New Zealand, 2019.

McPherson, E.G.; Simpson, J.R.; Xiao, Q.; Wu, C. Million trees Los Angeles canopy cover and benefit assessment. Landsc. Urban
Plan. 2011, 99, 40-50. [CrossRef]

Hand, K.L.; Freeman, C.; Seddon, PJ.; Stein, A.; Van Heezik, Y. A novel method for fine-scale biodiversity assessment and
prediction across diverse urban landscapes reveals social deprivation-related inequalities in private, not public spaces. Landsc.
Urban Plan. 2016, 151, 33—44. [CrossRef]

Jones, L.; Holland, R.A.; Ball, J.; Sykes, T.; Taylor, G.; Ingwall-King, L.; Snaddon, J.L.; Peh, K.S. A place-based participatory
mapping approach for assessing cultural ecosystem services in urban green space. People Nat. 2019, 2, 123-137. [CrossRef]
Dionisio, R.; Macfarlane, A.H. Tikanga rua: Bicultural spatial governance in Aotearoa New Zealand. N. Z. Geogr. 2021, 77, 55-62.
[CrossRef]

Freeman, N.; Gage, R.; Chambers, T.; Blaschke, P.; Cook, H.; Stanley, J.; Pearson, A.; Smith, M.; Barr, M.; Signal, L. Where do the
children play? An objective analysis of children’s use of green space. Health Promot. Int. 2020, 36, 846-853. [CrossRef]

Mihaere, S.; Mataroa, J.; Kiddle, G.L.; Pedersen Zari, M.; Blaschke, P.; Bloomfield, S. Centring Localised Indigenous Concepts of
Wellbeing in Urban Nature-based Solutions for Climate Change Adaptation: Case-Studies from Aotearoa New Zealand and the
Cook Islands. Front. Environ. Sci. 2024, 12, 1278235. [CrossRef]

Walker, E. Maori Relationships to Urban Green Space; Report Prepared for the Parliamentary Commissioner for the Environment;
Parliamentary Commissioner for the Environment: Wellington, New Zealand, 2022.

Rodgers, M.; Neuhaus, F.; Mercier, O.R.; Kiddle, R.; Pedersen Zari, M.; Robertson, N. Plants of place: Justice through (re)planting
Aotearoa New Zealand’s urban natural heritage. Archit. MPS 2023, 25, 1-24. [CrossRef]

Witten, K.; Hiscock, R.; Pearce, J.; Blakely, T. Neighbourhood access to open spaces and the physical activity of residents:
A national study. Prev. Med. 2008, 47, 299-303. [CrossRef] [PubMed]

Stanley, M.C.; Beggs, ].R.; E Bassett, I.; Burns, B.R.; Dirks, K.N.; Jones, D.N.; Linklater, W.L.; Macinnis-Ng, C.; Simcock, R.;
Souter-Brown, G.; et al. Emerging threats in urban ecosystems: A horizon scanning exercise. Front. Ecol. Environ. 2015, 13,
553-560. [CrossRef]


https://doi.org/10.1186/s12942-021-00269-x
https://doi.org/10.1080/09603129973326
https://doi.org/10.3390/land11060793
https://doi.org/10.1016/j.scitotenv.2020.143984
https://www.ncbi.nlm.nih.gov/pubmed/33277006
https://doi.org/10.1002/pan3.10218
https://doi.org/10.1016/j.landurbplan.2016.05.017
https://doi.org/10.1016/j.ecolecon.2015.10.013
https://doi.org/10.1038/srep28551
https://www.ncbi.nlm.nih.gov/pubmed/27334040
https://doi.org/10.1016/j.envsci.2021.10.001
https://doi.org/10.1016/S0140-6736(08)61689-X
https://doi.org/10.1016/j.landurbplan.2014.01.017
https://doi.org/10.1016/j.landurbplan.2014.06.005
https://doi.org/10.1016/j.ufug.2015.09.003
https://doi.org/10.3390/su12176998
https://doi.org/10.3390/su14031062
https://doi.org/10.3390/ijerph18052563
https://www.ncbi.nlm.nih.gov/pubmed/33806546
https://doi.org/10.1016/j.landurbplan.2010.08.011
https://doi.org/10.1016/j.landurbplan.2016.03.002
https://doi.org/10.1002/pan3.10057
https://doi.org/10.1111/nzg.12303
https://doi.org/10.1093/heapro/daaa106
https://doi.org/10.3389/fenvs.2024.1278235
https://doi.org/10.14324/111.444.amps.2023v25i1.001
https://doi.org/10.1016/j.ypmed.2008.04.010
https://www.ncbi.nlm.nih.gov/pubmed/18533242
https://doi.org/10.1890/150229

Land 2024, 13,1022 23 of 25

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Clarkson, B.D.; Wehi, PM.; Brabyn, L.K. A spatial analysis of indigenous cover patterns and implications for ecological restoration
in urban centres, New Zealand. Urban Ecosyst. 2007, 10, 441-457. [CrossRef]

Haaland, C.; van den Bosch, C.K. Challenges and strategies for urban green-space planning in cities undergoing densification:
A review. Urban For. Urban Green. 2015, 14, 760-771. [CrossRef]

Rigolon, A.; Browning, M.; Jennings, V. Inequities in the quality of urban park systems: An environmental justice investigation of
cities in the United States. Landsc. Urban Plan. 2018, 178, 156—169. [CrossRef]

Dickinson, D.C.; Hobbs, R.J. Cultural ecosystem services: Characteristics, challenges and lessons for urban green space research.
Ecosyst. Serv. 2017, 25, 179-194. [CrossRef]

Kiddle, G.L.; McEvoy, D.; Mitchell, D.; Jones, P.; Mecartney, S. Unpacking the Pacific Urban Agenda: Resilience Challenges and
Opportunities. Sustainability 2017, 9, 1878. [CrossRef]

Kiddle, G.L.; Pedersen Zari, M.; Blaschke, P.; Chanse, V.; Kiddle, R. An Oceania Urban Design Agenda Linking Ecosystem
Services, Nature-Based Solutions, Traditional Ecological Knowledge and Wellbeing. Sustainability 2021, 13, 12660. [CrossRef]
Pedersen Zari, M.; MacKinnon, M.; Varshney, K.; Bakshi, N. Regenerative living cities and the urban climate-biodiver-
sity-wellbeing nexus. Nat. Clim. Chang. 2022, 12, 601-604. [CrossRef]

Auckland Council. Auckland’s Urban Forest in 2013. Monitoring Research Quarterly. August 2017; pp. 1-2. Available online:
https:/ /ndhadeliver.natlib.govt.nz/delivery/DeliveryManagerServlet?dps_pid=IE29129730 (accessed on 1 July 2024).

Martin, B.; Belliss, S.; Pairman, D.; Soliman, T.; Schindler, J.; Amies, A. Quantifying the Historical Evolution of Green Space in New
Zealand’s Cities; Manaaki Whenua Landcare Research Contract Report LC5034 Prepared for Parliamentary Commissioner for the
Environment; Manaaki Whenua—Landcare Research: Palmerston North, New Zealand, 2022; 59p.

Martin, B.; Belliss, S.; Pairman, D.; Soliman, T.; Schindler, J.; Amies, A. Quantifying the Historical Evolution of Green Space in New
Zealand’s Cities: Extension: Measuring Urban Green Space and Vegetation from Infrared Imagery; Manaaki Whenua Landcare Research
Contract Report LC5034 Prepared for Parliamentary Commissioner for the Environment; Manaaki Whenua Landcare Research:
Palmerston North, New Zealand, 2022; 42p.

Schindler, M. Nature orientation and opportunity: Who values and who has opportunity for satisfactory green spaces in proximity
to their place of residence. Urban For. Urban Green. 2023, 84, 127924. [CrossRef]

Morgenroth, J. Tree Canopy Cover in Wellington City and Suburbs, New Zealand; University of Canterbury: Christchurch, New
Zealand, 2021. Available online: https://ir.canterbury.ac.nz/items/e4b0890c-d8el-486d-a374-a91c06b35171 (accessed on 1
July 2024).

Morgenroth, J. Tree Canopy Cover in Christchurch, New Zealand 2018/2019; University of Canterbury: Christchurch, New Zealand,
2022. Available online: https:/ /ir.canterbury.ac.nz/items/10fa77de-be7a-4a6c-bdc9-bec720593961 (accessed on 1 July 2024).
Richards, D.; Polyakov, M.; Brandt, A.]J.; Cavanagh, J.; Diprose, G.; Milner, G.; Ramana, J.V.; Simcock, R. Inequity in nature’s
contributions to people in Otautahi/ Christchurch: A low-density post-earthquake city. Urban For. Urban Green. 2023, 86, 128044.
[CrossRef]

Guo, T.; Morgenroth, J.; Conway, T. To plant, remove, or retain: Understanding property owner decisions about trees during
redevelopment. Landsc. Urban Plan. 2019, 190, 103601. [CrossRef]

Van Heezik, YM.; Freeman, C.; Porter, S.; Dickinson, K.J.M. Native and exotic woody vegetation communities in domestic
gardens in relation to social and environmental factors. Ecol. Soc. 2014, 19. [CrossRef]

Meurk, C.D.; Zvyagna, N.; Gardner, R.O.; Forrester, G.; Wilcox, M.; Hall, G.; O’Halloran, K. Environmental, social and spatial
determinants of urban arboreal character in Auckland, New Zealand. In Ecology of Towns and Cities: A Comparative Approach;
McDonnell, M., Hahs, A., Breuste, ]., Eds.; Cambridge University Press: Cambridge, UK, 2009; pp. 287-307.

Lawrence, G.; Ludbrook, M.; Bishop, C. Tree Loss in the Waitemata Local Board over 10 Years, 2006-2016. Auckland Council:
Auckland, New Zealand, 2018. Available online: https://www.aucklandcouncil.govt.nz/about-auckland-council /how-
auckland-council-works/local-boards/all-local-boards/waitemata-local-board / Documents/ tree-loss-waitemata-local-board-
2006-2016.pdf (accessed on 27 June 2024).

Wallace, K.J.; Clarkson, B.D. Urban forest restoration ecology: A review from Hamilton, New Zealand. J. R. Soc. N. Z. 2019, 49,
347-369. [CrossRef]

Whitburn, J.; Linklater, W.L.; Milfont, T.L. Exposure to urban nature and tree planting are related to pro-environmental behavior
via connection to nature, the use of nature for psychological restoration, and environmental attitudes. Environ. Behav. 2019, 51,
787-810. [CrossRef]

Vallance, S.; Tait, P. A Community-Led, Science-Informed Conversation around the Future Use of the Avon River Residential Red
Zone. Lincoln University: Canterbury, New Zealand, 2013. Available online: https:/ /www.researchgate.net/publication/264041
476_A_Community-led_Science-Informed_Conversation_around_the_Future_Use_of_the_Avon_River_Residential Red_Zone
(accessed on 17 May 2024).

Regenerate Christchurch. Otakaro-Avon River Regeneration Plan. Regenerate Christchurch: Christchurch, New Zealand,
2019. Available online: https:/ /www.dpmc.govt.nz/sites/default/files /2019-08 /Otakaro%20Avon%20River%20Corridor%20
Regeneration%?20PlanReducedSize.pdf (accessed on 28 June 2024).

Stewart, G.H.; Ignatieva, M.E.; Meurk, C.D.; Earl, R.D. The re-emergence of indigenous forest in an urban environment,
Christchurch, New Zealand. Urban For. Urban Green. 2004, 2, 149-158. [CrossRef]


https://doi.org/10.1007/s11252-007-0035-6
https://doi.org/10.1016/j.ufug.2015.07.009
https://doi.org/10.1016/j.landurbplan.2018.05.026
https://doi.org/10.1016/j.ecoser.2017.04.014
https://doi.org/10.3390/su9101878
https://doi.org/10.3390/su132212660
https://doi.org/10.1038/s41558-022-01390-w
https://ndhadeliver.natlib.govt.nz/delivery/DeliveryManagerServlet?dps_pid=IE29129730
https://doi.org/10.1016/j.ufug.2023.127924
https://ir.canterbury.ac.nz/items/e4b0890c-d8e1-486d-a374-a91c06b35171
https://ir.canterbury.ac.nz/items/10fa77de-be7a-4a6c-bdc9-bec720593961
https://doi.org/10.1016/j.ufug.2023.128044
https://doi.org/10.1016/j.landurbplan.2019.103601
https://doi.org/10.5751/ES-06978-190417
https://www.aucklandcouncil.govt.nz/about-auckland-council/how-auckland-council-works/local-boards/all-local-boards/waitemata-local-board/Documents/tree-loss-waitemata-local-board-2006-2016.pdf
https://www.aucklandcouncil.govt.nz/about-auckland-council/how-auckland-council-works/local-boards/all-local-boards/waitemata-local-board/Documents/tree-loss-waitemata-local-board-2006-2016.pdf
https://www.aucklandcouncil.govt.nz/about-auckland-council/how-auckland-council-works/local-boards/all-local-boards/waitemata-local-board/Documents/tree-loss-waitemata-local-board-2006-2016.pdf
https://doi.org/10.1080/03036758.2019.1637352
https://doi.org/10.1177/0013916517751009
https://www.researchgate.net/publication/264041476_A_Community-led_Science-Informed_Conversation_around_the_Future_Use_of_the_Avon_River_Residential_Red_Zone
https://www.researchgate.net/publication/264041476_A_Community-led_Science-Informed_Conversation_around_the_Future_Use_of_the_Avon_River_Residential_Red_Zone
https://www.dpmc.govt.nz/sites/default/files/2019-08/Otakaro%20Avon%20River%20Corridor%20Regeneration%20PlanReducedSize.pdf
https://www.dpmc.govt.nz/sites/default/files/2019-08/Otakaro%20Avon%20River%20Corridor%20Regeneration%20PlanReducedSize.pdf
https://doi.org/10.1078/1618-8667-00031

Land 2024, 13,1022 24 of 25

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Stewart, G.; Meurk, C.; Ignatieva, M.; Buckley, H.; Magueur, A.; Case, B.; Hudson, M.; Parker, M. Urban Biotopes of Aotearoa New
Zealand (URBANZ) II: Floristics, biodiversity and conservation values of urban residential and public woodlands, Christchurch.
Urban For. Urban Green. 2009, 8, 149-162. [CrossRef]

Guo, T.; Morgenroth, J.; Conway, T. Redeveloping the urban forest: The effect of redevelopment and property-scale variables on
tree removal and retention. Urban For. Urban Green. 2018, 35, 192-201. [CrossRef]

Freeman, C.; Dickinson, K.J.; Porter, S.; van Heezik, Y. “My garden is an expression of me”: Exploring householders’ relationships
with their gardens. J. Environ. Psychol. 2012, 32, 135-143. [CrossRef]

Mathieu, R.; Freeman, C.; Aryal, ]. Mapping private gardens in urban areas using object-oriented techniques and very high-
resolution satellite imagery. Landsc. Urban Plan. 2007, 81, 179-192. [CrossRef]

Freeman, C.; Buck, O. Development of an ecological mapping methodology for urban areas in New Zealand. Landsc. Urban Plan.
2003, 63, 161-173. [CrossRef]

Donovan, G.H.; Gatziolis, D.; Longley, I.; Douwes, J. Vegetation diversity protects against childhood asthma: Results from a large
New Zealand birth cohort. Nat. Plants 2018, 4, 358-364. [CrossRef] [PubMed]

Nutsford, D.; Pearson, A.L.; Kingham, S. An ecological study investigating the association between access to urban green space
and mental health. Public Health 2013, 127, 1005-1011. [CrossRef]

Richardson, E.; Pearce, J.; Mitchell, R.; Day, P.; Kingham, S. The association between green space and cause-specific mortality in
urban New Zealand: An ecological analysis of green space utility. BMC Public Health 2010, 10, 240. [CrossRef]

Chuang, I.T.; Colbert, J.; Sila-Nowicka, K. Spatial Inequality of Accessibility to Urban Parks: Case Study of Auckland Public
Housing Developments. In Proceedings of the International Conference, The City is [NOT] a Tree: The Urban Ecologies of
Divided Cities, Pretoria, South Africa, 5-7 July 2022; Springer Nature: Cham, Switzerland, 2022; pp. 119-125.

Kalaugher, E.; Walsh, P.; Huser, B.; Cradock-Henry, N.; Tupuhi, L.; Vare, M.; Hill, R.; Botting, K.; Andrews, K.; Greenhalgh, S.
Scaling down, scaling up: Development of a framework to understand vulnerability and change potential in the Hauraki, New
Zealand. In Proceedings of the 22nd International Congress on Modelling and Simulation, Hobart, Tasmania, Australia, 3-8
December 2017; pp. 1454-1460.

Reu Junqueira, J.; Serrao-Neumann, S.; White, I. Using green infrastructure as a social equity approach to reduce flood risks and
address climate change impacts: A comparison of performance between cities and towns. Cities 2022, 131, 104051. [CrossRef]
MacKinnon, M.; Pedersen Zari, M.; Brown, D.K.; Benavidez, R.; Jackson, B. Urban Biomimicry for Flood Mitigation Using an
Ecosystem Service Assessment Tool in Central Wellington, New Zealand. Biomimetics 2022, 8, 9. [CrossRef]

MacKinnon, M.; Pedersen Zari, M.; Brown, D K. Improving Urban Habitat Connectivity for Native Birds: Using Least-Cost Path
Analyses to Design Urban Green Infrastructure Networks. Land 2023, 12, 1456. [CrossRef]

Clarkson, B.D.; Kirby, C.L. Ecological restoration in urban environments in New Zealand. Ecol. Manag. Restor. 2016, 17, 180-190.
[CrossRef]

Nguyen, T.T.; Meurk, C.; Benavidez, R.; Jackson, B.; Pahlow, M. The Effect of Blue-Green Infrastructure on Habitat Connectivity
and Biodiversity: A Case Study in the Otakaro/Avon River Catchment in Christchurch, New Zealand. Sustainability 2021, 13, 6732.
[CrossRef]

Meurk, C.D.; Hall, G.M. Options for enhancing forest biodiversity across New Zealand’s managed landscapes based on ecosystem
modelling and spatial design. N. Z. J. Ecol. 2006, 131-146. Available online: https:/ /www.jstor.org/stable /24056170 (accessed on
1 July 2024).

Ignatieva, M.; Meurk, C.; van Roon, M.; Simcock, R.; Stewart, G. Urban Greening Manual. How to Put Nature in Our Neighbourhoods:
Application of Low Impact Urban Design and Development (LIUDD) Principles, with a Biodiversity Focus, for New Zealand Developers and
Homeowners; Manaaki Whenua: Lincoln, New Zealand, 2008.

Pedersen Zari, M.; Kiddle, G.L.; Chanse, V.; Bloomfield, S.; Latai-Niusulu, A.; Abbott, M.; Blaschke, P.; Mihaere, M.; Brockie, O.;
Grimshaw, M.; et al. NUWAO Nature-Based Solutions Design Guide. 2024. Available online: www.nuwao.org.nz (accessed on 28
June 2024).

Jalali, Z.; Ghaffarianhoseini, A.; Ghaffarianhoseini, A.; Donn, M.; Almhafdy, A.; Walker, C.; Berardi, U. What we know and do not
know about New Zealand’s urban microclimate: A critical review. Energy Build. 2022, 274, 112430. [CrossRef]

Jennings, V.; Bamkole, O. The Relationship between Social Cohesion and Urban Green Space: An Avenue for Health Promotion.
Int. |. Environ. Res. Public Health 2019, 16, 452. [CrossRef]

Wyse, S.V,; Beggs, ].R.; Burns, B.R,; Stanley, M.C. Protecting trees at an individual level provides insufficient safeguard for urban
forests. Landsc. Urban Plan. 2015, 141, 112-122. [CrossRef]

Ministry for the Environment (MFE). National Climate Change Risk Assessment for Aotearoa New Zealand: Main Report; Ministry for
the Environment: Wellington, New Zealand, 2020.

Varshney, K.; MacKinnon, M.; Pedersen Zari, M.; Shanahan, D.; Woolley, C.; Freeman, C.; van Heezik, Y. Biodiverse residential
development: A review of New Zealand policies and strategies for urban biodiversity. Urban For. Urban Green. 2024, 94. [CrossRef]
Rigolon, A.; Browning, M.H.E.M.; Lee, K; Shin, S. Access to Urban Green Space in Cities of the Global South: A Systematic
Literature Review. Urban Sci. 2018, 2, 67. [CrossRef]

Nguyen, P-Y.; Astell-Burt, T.; Rahimi-Ardabili, H.; Feng, X. Green Space Quality and Health: A Systematic Review. Int. |. Environ.
Res. Public Health. 2021, 18, 11028. [CrossRef]


https://doi.org/10.1016/j.ufug.2009.06.004
https://doi.org/10.1016/j.ufug.2018.08.012
https://doi.org/10.1016/j.jenvp.2012.01.005
https://doi.org/10.1016/j.landurbplan.2006.11.009
https://doi.org/10.1016/S0169-2046(02)00188-3
https://doi.org/10.1038/s41477-018-0151-8
https://www.ncbi.nlm.nih.gov/pubmed/29735984
https://doi.org/10.1016/j.puhe.2013.08.016
https://doi.org/10.1186/1471-2458-10-240
https://doi.org/10.1016/j.cities.2022.104051
https://doi.org/10.3390/biomimetics8010009
https://doi.org/10.3390/land12071456
https://doi.org/10.1111/emr.12229
https://doi.org/10.3390/su13126732
https://www.jstor.org/stable/24056170
www.nuwao.org.nz
https://doi.org/10.1016/j.enbuild.2022.112430
https://doi.org/10.3390/ijerph16030452
https://doi.org/10.1016/j.landurbplan.2015.05.006
https://doi.org/10.1016/j.ufug.2024.128276
https://doi.org/10.3390/urbansci2030067
https://doi.org/10.3390/ijerph182111028

Land 2024, 13,1022 25 of 25

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.
118.

Iwarsson, S.; Stahl, A. Accessibility, usability and universal design—Positioning and definition of concepts describing person-
environment relationships. Disabil. Rehabil. 2003, 25, 57-66. [CrossRef]

Perry, M.; Cotes, L.; Horton, B.; Kunac, R.; Snell, I; Taylor, B.; Wright, A.; Devan, H. “Enticing” but Not Necessarily a “Space
Designed for Me”: Experiences of Urban Park Use by Older Adults with Disability. Int. |. Environ. Res. Public Health 2021, 18, 552.
[CrossRef]

Carroll, P.; Witten, K.; Kearns, R.; Donovan, P. Kids in the City: Children’s Use and Experiences of Urban Neighbourhoods in
Auckland, New Zealand. ]. Urban Des. 2015, 20, 417-436. [CrossRef]

Schindler, M. A missed opportunity for health promotion? Perceptions of large-scale housing developments in Aotearoa New
Zealand. N. Z. Geogr. 2023, 80, 16-29. [CrossRef]

Whitburn, J.; Linklater, W.; Abrahamse, W. Meta-analysis of human connection to nature and proenvironmental behavior. Conserv.
Biol. 2020, 34, 180-193. [CrossRef] [PubMed]

Wellington City Council. Green Network Plan. Wellington City Council, Wellington. 2021. Available online: https://wcccd.prod-
sitecore.wellingtoncity.cloud /your-council / plans-policies-and-bylaws /policies / green-network-plan (accessed on 1 July 2024).
Wellington City Council. 112. Wellington City Council. Our City Tomorrow: Planning for Growth. Wellington City Council,
Wellington. 2019. Available online: https:/ /wellington.govt.nz/-/media/your-council /plans-policies-and-bylaws /plans-and-
policies/a-to-z/spatial-plan/planning-for-growth-issues-and-opportunities-report.pdf (accessed on 1 July 2024).

Ministry for the Environment (MFE). National Policy Statement on Urban Development. 2020. Available online: https://
environment.govt.nz/acts-and-regulations/national-policy-statements /national-policy-statement-urban-development/ (accessed
on 2 July 2021).

Kiddle, R.; Jackson, M.; Elkington, B.; Mercier, O.R.; Ross, M.; Smeaton, J.; Thomas, A. Imagining Decolonisation; Bridget Williams
Books: Wellington, New Zealand, 2020; Volume 81.

Thomas, A. Pakeha and doing the work of decolonisation. In Imagining Decolonization; Kiddle, R., Jackson, M., Elkington, B.,
Mercier, O.R., Ross, M., Smeaton, J., Thomas, A., Eds.; Bridget Williams Books: Wellington, New Zealand, 2020; pp. 107-132.
Dalziel, P.C.; Saunders, C.M. Wellbeing and Economic Policy: Lessons from New Zealand. AERU Report, Lincoln University.
2020. Available online: https://researcharchive.lincoln.ac.nz/server/api/core/bitstreams/e52f07e6-b454-4b49-bd85-f8a757
3d81b2/content (accessed on 1 July 2024).

Schrader, B. The Big Smoke: New Zealand Cities, 1840-1920; Bridget Williams Books: Wellington, New Zealand, 2016.
Mackintosh, L. Shifting Grounds: Deep Histories of Tamaki Makaurau Auckland; Bridget Williams Books: Wellington,
New Zealand, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/dre.25.2.57.66
https://doi.org/10.3390/ijerph18020552
https://doi.org/10.1080/13574809.2015.1044504
https://doi.org/10.1111/nzg.12382
https://doi.org/10.1111/cobi.13381
https://www.ncbi.nlm.nih.gov/pubmed/31251416
https://wcccd.prod-sitecore.wellingtoncity.cloud/your-council/plans-policies-and-bylaws/policies/green-network-plan
https://wcccd.prod-sitecore.wellingtoncity.cloud/your-council/plans-policies-and-bylaws/policies/green-network-plan
https://wellington.govt.nz/-/media/your-council/plans-policies-and-bylaws/plans-and-policies/a-to-z/spatial-plan/planning-for-growth-issues-and-opportunities-report.pdf
https://wellington.govt.nz/-/media/your-council/plans-policies-and-bylaws/plans-and-policies/a-to-z/spatial-plan/planning-for-growth-issues-and-opportunities-report.pdf
https://environment.govt.nz/acts-and-regulations/national-policy-statements/national-policy-statement-urban-development/
https://environment.govt.nz/acts-and-regulations/national-policy-statements/national-policy-statement-urban-development/
https://researcharchive.lincoln.ac.nz/server/api/core/bitstreams/e52f07e6-b454-4b49-bd85-f8a7573d81b2/content
https://researcharchive.lincoln.ac.nz/server/api/core/bitstreams/e52f07e6-b454-4b49-bd85-f8a7573d81b2/content

	Introduction 
	Aims, Significance and Approach 
	Aotearoa New Zealand Case Studies 
	Overview of UGS Analysis in Metropolitan AoNZ Cities 
	Auckland 
	Hamilton and Tauranga 
	Wellington 
	Christchurch 
	Dunedin 
	Current Inequities in UGS Availability 

	Discussion 
	UGS Should Be Considered in the Context of Other Urban Infrastructure 
	UGS Should Be Designed for Wellbeing, Equity and Cultural Expression 
	Urban Design, Planning and Policy Need to Change to Support More and Better UGS 
	UGS Is a Key Part of Urban Nature-Based Solutions (NbS) 
	Strengths, Weaknesses and Further Research 

	Conclusions 
	References

