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Abstract: The dilemma of simultaneously promoting the advantages of urban densification and urban
liveability, namely the environmental and social benefits of urban green spaces, has been widely
acknowledged in the research literature. This paper aims to provide an overview of the current state
of evidence on benefits, conflicts and challenges emerging from fostering both urban densification
and urban greening aims. A systematic review following the PRISMA guidelines was conducted.
Searches for peer-reviewed papers were conducted in Scopus and Web of Science. Our search yielded
an initial 357 papers, which were then further sorted and screened to the 117 manuscripts retained and
included in this review. The authors systematized the multiple perspectives in which the interactions
between urban densification and urban greening have been explored. Moreover, the results revealed
a lack of clear agreement about the existence or not of conflicts emerging from fostering both urban
densification and urban greening aims, suggesting that the positive or negative interactions are not
absolute but depend on the scale or the context on which the studies are conducted. Further research
should explore multiple potential mediating variables (e.g., the mediator effect of scale and context)
to deepen our understanding of interactions between density and greening.
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1. Introduction

Today, 55% of the world’s population lives in urban areas, a proportion that is expected
to increase to 68% by 2050 [1], which will inevitably result in spatial transformations
through processes of expansion and/or densification. The need for sustainable urban
development is becoming increasingly important and has been included as a ubiquitous
goal in research and urban policies agendas. The United Nations’ Sustainable Development
Goal 11 (SDG11) presents the broad ambition of “inclusive, resilient and sustainable cities”.
Additionally, it is particularly acknowledged in the New Urban Agenda, adopted in 2016,
which aims to anchor global objectives and orientations for sustainable urban development
and represents a milestone in the definition of spatial strategies agreed upon at the global
level [2,3]. Despite its intrinsic holistic nature, the different dimensions of urban sustainable
development are often mobilized individually, producing conceptual frameworks and
political goals that may incorporate potential contradictions [4]. One apparent area of
friction is given by the interaction of the goal of compact city development and urban
greening goals [5], both recurrently referenced in urban sustainable development discourses
and policies and, more recently, on climate adaptation and mitigation issues.

Compact cities have been, since the early 1990s, one of the leading global paradigms
of sustainable urban development and are globally acknowledged in both research and
policy as the favoured development pattern to be applied to present and future urban
developments [6-8]. Compact city policies favour development patterns characterized by
physical compactness, high-density development, mixed land use and well-functioning
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public transport [4,9,10]. Urban densification, i.e., the increase in the ratio of dwelling
units or people per land area [11] to accommodate population growth, is therefore a major
component of compact city policies. Several environmental, economic, and social benefits
are claimed to result from urban densification, including decreasing car dependency, more
efficient public transport systems, lower energy use and lower environmental impact on
surrounding ecosystems [12,13].

Despite the general agreement about the importance of all these benefits and the
increasing popularity of the principle of urban densification, some concerns and criticisms
have been expressed about its potential negative impacts. The concentration of people and
activities is claimed to possibly promote some drawbacks such as the overuse of infras-
tructures, social inequity due to the higher cost of land, lower neighbourhood satisfaction,
traffic congestion or air pollution [10,14,15]. One of the most prominent criticisms focuses
precisely on the lack of urban green space in densified urban areas and the removal of
green space in urban densification processes [16—19]. In fact, while densification policies
contribute to the safeguarding of natural spaces at the regional level, they tend to reduce
green areas within urban areas [17].

Urban green is increasingly acknowledged as the main supplier of ecosystem services
supporting human well-being in cities [20,21]. Environmental functions of urban green
spaces include, for instance, air pollution regulation [22], noise reduction [23] or the
process of local climate regulation via reduction of urban air temperature [24,25], which
is particularly important for urban climate adaptation strategies. Urban green spaces
also offer potential social and cultural benefits. They contribute to improving health and
well-being through reduction of negative environmental factors, promotion of mental
wellness by providing space for contact with nature, and facilitation of active and passive
recreational activities and social interactions [26]. Further, being publicly accessible, the
presence and use of urban green spaces can diminish health inequalities [27,28].

The dilemma of promoting simultaneously the advantages of urban densification
and urban liveability, namely the environmental and social benefits of green areas, has
been discussed under the “compact city paradox” [17,29] or urban planning “wicked
problems” [4]. This is particularly worrisome regarding current climate change adaptation
and mitigation policies. In fact, despite having been ideally formulated as complementary
policy areas, adaptation and mitigation strategies comprise potential competing goals, as
far as, on the one hand, urban densification is seen as one of the most promising strategies
to respond to mitigation and, on the other hand, urban greening policies are frequently
mobilized to respond to climate adaptation goals [30-32].

Although some approaches to both dense and green city planning have been pro-
posed [16,33], there is a consensus about the lack of integrative concepts for research and
urban planning practice to approach both dense and green cities [34] and in this way
respond to the environmental, social and economic challenges posed by urban develop-
ment. A comprehensive review of the literature exploring how the links between urban
densification and green spaces have been being problematized is therefore warranted to
inform future research and planning initiatives. In response, this paper presents findings of
a systematic review conducted to extract and synthesize existing knowledge about the pos-
sibility of coexistence (compatibility) or the necessity of trade-offs (conflicts) while fostering
both densification and greening aims. The key question sustaining the systematic literature
review is: What is known from the existing literature about compatibilities and conflicts
emerging when simultaneously promoting urban densification and urban greening goals?

2. Materials and Methods

We performed a systematic review of studies investigating the interactions between
greening and density following the PRISMA procedures [35]. A systematic literature review
is a research method and process for identifying and critically appraising relevant research
to respond to a specific research question [36].
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2.1. Design and Search Procedures

Two databases, Science Direct and Scopus, were searched in January 2021. After
several test searches and discussions on keywords among the research team, a list of
keywords was defined in order to cover a broad framework of terms associated with the
concepts of urban densification and greening (Table 1). In each database, we combined
keywords of each group with “OR” while keywords between groups were combined with
“AND”. The combination of search words with “AND” between the key groups ensured
that we only included papers in this review that explicitly focused on both key concepts.
The full search strategy for each database is displayed in Table S1.

Table 1. Keyword combinations of the systematic literature search.

Urban Greening Urban Densification

compact city

compact urban form

green space compact city planning
green infrastructure compact city development
green structure compact city design
greenness compact city policy

urban intensification

urban densification

compactness

urban density

2.2. Eligibility Criteria

The search was limited to English peer-reviewed research articles and excluded review
articles, letters or editorials because their inclusion would possibly lead to duplicate results.
In order to centre the results on the most recent research on the relationship between urban
densification and greening, only research articles published after 2000 were considered
eligible.

2.3. Search and Selection Process

The search returned 357 manuscripts, 169 from Web of Science and 188 from Scopus,
which were imported to a bibliography managing software (EndNote®). Following the
elimination of 136 duplicates, 221 items were exported to Microsoft Excel to be screened
by two reviewers against eligibility and exclusion criteria. Exclusion criteria were based
on the evidence of inclusion of both search dimensions urban densification and greening,
since only articles problematizing both these dimensions were included in this review.
We performed a two-phase selection process. First, we assessed documents based on
title and abstract. Then, we retrieved and reviewed the full text of selected papers. Each
author independently assessed articles to check their eligibility. In case of conflicting
findings, the interpretations made by individual researchers were discussed until a common
understanding was reached and, if not resolved, by involving a third researcher. Following
the procedure in Figure 1, the final number of articles reviewed was 117.

2.4. Studies Classification and Analysis

For each study, we first retrieved publication attributes (title, authors, year of pub-
lication and journal). The study area location and the spatial scale analyzed were also
extracted from each article. Moreover, narrative summaries related to the research objec-
tives, problematization and results were included. When the database was completed,
articles were grouped into recurring topics in order to facilitate comparison across studies.
This classification followed an inductive qualitative analysis of the narrative summaries, in
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which the articles were integrated with recurring themes found in the reviewed literature.
The topics were chosen by consensus of the authors and were selected as they represent
the key themes in which articles problematize the association of urban densification and
urban green space. Finally, these topics were grouped into four major topics in which the
interactions between urban densification and urban greening were explored (Table 2).

Records identified from:
Scopus = 188
Web of Science = 169

|

Duplicate records
removed =136

Records excluded:
Review articles = 15
Editorials = 2
Language = 8

Records screened = 221

Records assessed for

cligibility = 196 — Records excluded = 79

Records included in the
review = 117

Figure 1. Flow chart of the selection process.

Table 2. Review criteria to analyze papers and extract information.

Criterion Classification
source bibliographic information
study area location country/region/city
study’s objective narrative summary of the study objective
spatial scale intraurban/ city /multi-city / region/country /model
objective/results narrative summary related to the objective/results

green spaces processes and patterns

environmental issues

biodiversity
ecosystem services
temperature and air pollution

social issues

health and well-being

resident’s perspectives

sustainable behaviours and compensation hypothesis
social equity
governance and tools facilitators
policies evaluations and governance challenges
tools and frameworks

main topic (major/minor)
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3. Results and Discussion
3.1. Study Characteristics

The publication dates for the 117 articles included in this review reflect the rapidly
growing interest in recent years in the compatibilization of urban densification and greening
policies as a topic among researchers. More than 70 % (n = 84) of the articles were published
after 2015, showing the current attention researchers are giving to this topic. Most research
was conducted in European countries (n = 54), reflecting the significant interest in Europe
where more compact cities represent certain fixed cultural identities referring to particular
mediaeval or early modern urban forms. Nonetheless, there is also huge interest in China
(n = 30) and a significant awareness in Australia (n = 12). The majority of selected studies
reported research conducted at city (1 = 64) or intraurban scales (1 = 24), and some studies
focused on comparative research among cities (n = 19). The articles included in this review
were published in 55 different journals, underlining the wide spread of research within the
topic. Landscape and Urban Planning (15% of all publications), Sustainability (9%) and Urban
Forestry and Urban Greening (7%) were the leading journals (Figure 2 and Table S2).
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Figure 2. Study characteristics based on (a) the geographic locations of the studies, (b) the number of
articles published by year, and (c) the spatial dimension focus of reviewed articles.

The selected studies were wide-ranging in terms of approach, objective and content.
Ten different topics of literature problematizing the association of urban densification and
urban greening approaches were distinguished in the present review (Figure 3). Major
topics of publications were related to social issues (33%), such as health and well-being,
resident perspectives, social equity, sustainable behaviours and compensation hypothesis.
Environmental issues, such as biodiversity, temperature/air pollution and ecosystem
services, comprised 28% of the publications. The effect of densification processes and
patterns on green spaces was the major topic of about 12% of the publications. Finally, a
significant number of studies focused on policies evaluations (13%) and on methodological
tools or frameworks to foster dense and green cities (21%).
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Figure 3. Major topics of literature problematizing the association of urban densification and urban
green space.

3.2. Systematic Literature Review: Qualitative Synthesis
3.2.1. Green Spaces

The studies investigating the effect of densification processes and patterns on green
spaces show some contrasting results, challenging the widespread idea of an inevitable
loss of urban green space due to densification processes.

The studies exploring spatial relationships between urban form and green spaces,
including dimensions such as green spaces’ availability, accessibility, ecological quality
or connectivity, revealed some divergent results. For instance, it was found that there
was insufficient urban green space allocation in the denser areas of Sidney, Australia [37];
Taipei City, Taiwan [38]; and in the Chinese cities of Shanghai [39] and Xiamen [40]. On
the other hand, Fan, et al. [41] found a spatial correlation between compactness and green
accessibility in the polycentric urban structure of Taipei City and its surrounding outskirts.
Studies conducted in Hong Kong show that new town developments, not as compact as
the old towns, have not contributed significantly to enhancing ecological quality in urban
areas [42] and most residents do not have convenient access to reach parks on foot [43].
Similarly, Tian, et al. [44] points out that, although low connectivity usually occurs in
contexts with high building density and low green cover in Hong Kong, urban density may
not necessarily have a negative influence on the structural connectivity of green spaces.

Other studies assessed the temporal changes in green spaces coverage among different
urban growth patterns. Wang and Yuan [45] evaluated the temporal change of density
across 242 Chinese cities and its impacts on multiple indicators of urban greenness, con-
cluding that increasing density reduces per capita park and green spaces. Additionally,
Wang, et al. [46], in a study conducted in nine major Chinese cities that became more
compact through infill development, found an increase in urban green in urban core areas
and loss of urban green in the urban periphery, concluding that although urban green
spaces became more evenly distributed, a substantial loss of urban green co-occurred with
densification. On the other hand, a study also conducted in China assessing the statistical
relationships between urban form metrics and vegetation biomass in the urban expansion
area within 10 years for 50 sample cities, shows that compact urban forms yield an average
lower vegetation biomass loss caused by urban expansion [47].

The results of these papers seem to claim more scale- and context-comprehensive
assessments of the relationships between green spaces and densification processes and
patterns. This complexity is well documented in a study evaluating the relation between
population and vegetation densities over the past 30 years in the inner city of Berlin,
in which it was found that both vegetation and population density may be growing
simultaneously, concluding that, at least at city scale, the urban form is not necessarily the
only decisive factor in the analysis of a city’s green land cover [48]. Additionally, Fuller
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and Gaston [49], by exploring the relationships between urban green space coverage, city
area and population size across a large sample of European cities, found that, although,
in general, the decline in green space availability per capita accelerates with increasing
population density, further increases in density in already compacted urban landscapes
do not go along with further reductions in green space provision. Wolff and Haase [14],
by systematically mapping the relationship between residential density and green space
supply for a large sample of European cities, concluded that there is no single optimal
residential density, and turning points are different between cities of different density and
location and between different types of neighbourhoods within cities.

3.2.2. Biodiversity

Despite the wide recognition of the effects of urbanization processes on biodiversity,
the studies investigating the effect of densification on bird communities show some con-
trasting results. In a study conducted in Santiago, Chile, Amaya-Espinel, et al. [50] found a
negative impact of higher building density on the diversity of bird communities around
small urban parks, and they also found that the richness and abundance of bird species
are related to the size of the park and its distance from the nearest neighbouring green
space. Additionally, Ikin, et al. [51] found that overall bird richness and abundance in
small urban parks in Canberra, Australia, had consistently negative responses to increasing
residential density. On the other hand, on a landscape scale study assessing how receptive
different land uses are to the influence of neighbouring green spaces in Leipzig, Andersson,
et al. [52] found a statistically significant declining impact of green space on bird species
richness outside its boundaries and also that built-up density has a significant impact on
the functional footprint of urban green infrastructure; however, they suggested that that,
depending on the existence of functional connections, a dense city can provide suitable
habitat for specific breeding birds.

Some studies attempt to scenarize the ecological impacts of contrasting urban devel-
opment models. The negative effects of densification on bird habitats in a moderately
urbanized area in Switzerland are underlined by Droz, et al. [53], who applied two sce-
narios reflecting potential future land use driven by current national and local laws and
regulations in Switzerland. In the conservation scenario, an increase was predicted in
optimum habitat, and, in contrast, in the scenario based on urban densification, a decrease
was predicted in the optimum habitat. Somewhat contradictory results were found in
Brisbane, Australia, where simulations of the impact on bird populations of two concrete
development scenarios in either compact or sprawling design revealed that, at the city scale,
urban growth of any type reduces bird distributions overall, but compact development
substantially slows this reduction [54,55]. The authors underline the importance of the scale
of analysis on studies assessing the effects of urban development patterns on biodiversity,
since the ecological impact can be locally intense but spatially constrained, or less intense
locally but spatially spread over a more extensive area. The impacts of contrasting urban
development models on species richness were also explored by Soga, et al. [56], who quan-
tify the relative conservation benefits of land sharing and land sparing to ground beetles
and butterflies in Tokyo. The results of this study show that land-sharing and land-sparing
strategies had different impacts on biodiversity and, more remarkably, that these impacts
depended strongly on the level of urbanization and the taxa being considered, and thus
highlighting the importance of site-specific and taxon-specific assessments.

Tree health seems to be a challenge in already dense city environments. For instance,
Chau, et al. [57] assessed the health and structure of urban trees in densely populated public
housing estates in Hong Kong, and an important proportion of urban trees were found to
have tree defects. Additionally, in Hong Kong, a loss of heritage trees was reported during
a ten years evaluation, with the main predisposing causes being injuries sustained in
roadwork and construction activities [58]. The same author studied the spatial associations
between heritage trees and urban characteristics in Guangzhou (China), concluding that
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increasing compactness may fail to sustain the heritage trees stock and deprive the city of
heritage precursors [59].

3.2.3. Ecosystem Services

All studies included in this review investigating the relationships between urban
form, green coverage and ecosystem services found that, generally, ecosystem performance
declined with increasing urban density. In a study focused on temporal changes in 11
contrasting residential sample areas in Merseyside (UK) Pauleit, et al. [60] and Pauleit
and Golding [61] found a loss of green spaces in all areas and a consequent negative
impact on different ecosystem services. Similarly, Whitford, et al. [62] showed that the
greatest influence on ecological performance of four urban areas of Merseyside, UK, was
the percentage of green space, particularly trees, concluding that there will be an inevitable
trade-off between the ecological performance of compact cities at the regional scale and
local levels. In a multiscale assessment of demand and supply of five urban ecosystem
services for Berlin, Larondelle and Lauf [63] concluded that the most negative balances
of ecosystem services generally overlap the densest and most compact urban structures,
highlighting that these results, revealing a “paradox of the compact city”, are suggesting
new urban design ideas to “shift the paradox into a win-win situation”.

However, complex associations between urban density, green coverage and ecosystem
performance were also highlighted in some studies. For instance, Tratalos, et al. [64] inves-
tigated the relationships between different urban forms and measures of environmental
quality and biodiversity potential over 15 sites distributed across five UK cities, concluding
that, although most measures of ecosystem performance declined with increasing urban
density, there was considerable variability in the relationships, suggesting that for any
given urban density, and with appropriate proportion and configuration of green space
and tree cover, there is substantial scope for maximizing ecological performance. Similarly,
in a study evaluating ecosystem services provided by the different urban typologies in Sin-
gapore and Zurich, Grét-Regamey, et al. [65] concluded that the supply of urban ecosystem
services does not increase linearly with green area coverage but is highly dependent on the
urban form, namely the type of vegetation around the buildings and the locations of the
neighbourhoods. Additionally, Yao, et al. [66] claimed for explicit spatiotemporal analysis
of ecosystem services since an evaluation of the ecosystem services supply-demand balance
in Shenyang, China was found to be not only spatially heterogeneous but also temporally
heterogeneous.

3.2.4. Temperature and Air Pollution

Studies relating urban form, green coverage and air pollution were at certain scale
inconclusive, mainly due to differences in research design conceptions. For instance,
Verani, et al. [67] investigated how urban green spaces can improve air quality in major
transportation axis within the city of Thessaloniki, finding a positive relation between
building density, urban density and volume of emissions, and also that a dispersed rather
than concentrated pattern of green spaces could better help improve cities” environmental
quality. On the other hand, some authors explored the dichotomies between air pollution
emissions-exposure or concentration-dispersion patterns. Cho and Choi [68] investigated
the effects of compact urban development on spatial distribution of air pollution in seven
cities in Korea, concluding that urban compactness has both negative and positive effects on
air quality, attributed, respectively, to a higher spatial concentration of pollutants resulting
from higher inner urban densities and to a higher dispersion of pollutants attributed to
an increase in outer green open spaces. Schindler and Caruso [69] developed a theoretical
model to estimate trade-offs between traffic-based emissions and exposure resulting from
urban form, finding both an increase in emissions with sprawl and an increase in exposure
with compactness, highlighting the preservation of open spaces near the city centre as a
key for reducing households’ exposure in a densified city. Only one study considering
simultaneously density and greenness in relation to energy use and carbon emissions was
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found in this review. Ye, et al. [70] found that indicators of urban compactness and of
green space and water body connectivity were positively correlated with urban household
energy use and carbon emission in Xiamen, China, suggesting that designing cities to be
compact with less accessibility to green space and water bodies may increase household
energy consumption.

Some studies questioned the general assumption that the promotion of denser urban
environments has negative effects on the local climate. For instance, lizuka, et al. [71]
simulated the impact of designed compact city models on the summer thermal environment
in a prefecture in a large metropolitan area of Japan in the 2050s, and a temperature increase
was found in the urban area due to urban densification, but, on the other hand, it was
also found that replacing the withdrawal area with grassland approximately offsets the
temperature increase caused by introducing the compact city models. Additionally, Koch,
et al. [72], when modelling the impact of a brownfield redevelopment in Leipzig, as part of
a urban densification development strategy, found that it affects the local climate on the site
itself and on the surrounding neighbourhood, but, with a proper consideration of green
infrastructure design, these impacts were not necessarily negative. In a study assessing
and comparing the possible impacts of enhancing vertical or horizontal densification at
urban scale in Berlin, Straka and Sodoudi [73] found that vertical densification would
be the best scenario to increase human thermal comfort, for its cooling ability due to the
higher amount of shading, while enhanced horizontal densification would have a negative
impact due to an increase in sealed surfaces that would emit additional heat during the
night. Additionally, Arghavani, et al. [74] assessed the effect of different greening scenarios
on urban heat island and thermal comfort levels in high-density Tehran, concluding that
the green roof approach is a more efficient approach than surface vegetation development
in this high-density urban context.

3.2.5. Health and Well-Being

Several studies evaluating the association between urban form and health were found
in this review.

Some studies, mostly focused on physical health outcomes, suggest close associations
between dense urban environments with a lack of green spaces and poor health outcomes.
For instance, two large-scale studies in multiple European and Chinese cities evaluated the
association between urban form elements such as land covers and mortality ratios, finding
that dense urban environments with a lack of green land covers were associated with a
higher mortality [75,76]. Additionally, a study conducted by Xie, et al. [77] in Wuhan, China,
found that population density and building density were positively associated with stroke
risk and, in contrast, a negative correlation between abundance of public parks and stroke
risk, regardless of urban density. Similarly, Cusack, et al. [78] observed positive associations
between mothers” exposure to green space and term birth weight, especially in high-density
locations in Vancouver and Toronto, Canada. Policies of urban densification, in which there
remains little or no incentive for housing developers to provide larger domestic gardens,
were also questioned by demonstrating the association between domestic gardens and
self-reported general health in England [79] and Melbourne, Australia [80].

However, other studies revealed a more complex association between urban density,
green spaces and health outcomes. For instance, some studies suggest that dense urban
environments with sufficient green spaces may be associated with better mental health
and well-being outcomes. This is the case of two studies conducted in Turku, Finland,
that assessed the impact of the built environment, namely children’s possibilities for
independent mobility and opportunities to access environmental affordances, finding that
moderate urban densities associated with the presence of green spaces seem to have child-
friendly characteristics by both promoting independent access to meaningful places and
good perceived health [81] or the likelihood of liking the place [82]. Additionally, a study
conducted in Melbourne exploring differences in streetscape imagery from areas with
good and bad perceived health and well-being outcomes, revealed that areas with higher
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self-reported health are characterized by both sufficient green space and compactness
of the urban environment [83]. Similarly, in a study based on a household survey and
geographical data in Guangzhou, China, Qiu, et al. [84] found that both building density
and per capita green area are positively correlated with mental health.

Other studies explored the importance of confounder variables. For instance, Chum,
et al. [85] found positive associations between sleep problems and commercial density,
residential density and industrial land use, but also that these associations were fully
attenuated once traffic levels and self-rated noise were controlled. Fransson and Hartig [86]
discussed the value of extending the relationships between built environment and health
beyond the primary residence, showing that, among men, leisure home owners had lower
odds of early death.

Other studies suggest the importance of site-specific characteristics. For instance,
neither a negative health impact of living in the central and most compact parts of the Oslo
metropolitan area nor an association between green areas and self-reported health was
found by Ihlebek, et al. [87], suggesting that this may be explained by the easy access to
green areas throughout the city of Oslo. Additionally, Kytta, et al. [88] found differences
between urban and suburban settings in well-being outcomes related to density and green
spaces availability in Helsinki, suggesting for instance that for Finnish residents, the quality
of green settings may be more important than the quantity. In a study conducted in Oslo,
Mouratidis and Poortinga [89] found that, at the neighbourhood level, social cohesion is
negatively associated with neighbourhood density and urban green space, which could be
due to increased physical distances between neighbours when green space is too large. In a
different approach, some studies explored the restorative quality of residential streetscapes,
including the presence of greenery, to offset problems entailed by urban densification.
Restoration likelihood was found to rise with an increase in the number of street trees and
the presence of flower beds [90] or the presence of window boxes with greenery [91].

3.2.6. Residents’ Perspectives

Some articles focused on the idea that urban densification or infill development within
the framework of compact city policies are often legitimized by environmental arguments
but may be contested by residents. Studies exploring the historical developments and
stakeholder positions of adjacent green spaces in Amsterdam show that densification
projects in which green space is eliminated may face strong opposition by citizens [92,93].
Tensions between municipal attempts to curb sprawl and urban fringe residents’ desire
to live in the dispersed settlements outside of urban boundaries were also reported by
a study conducted in Christchurch, Aotearoa New Zealand [94]. By exploring an urban
regeneration process in Vienna, Austria, in which an attractive green space was created,
Arnberger [95] found that urban densification around this green space appears to have
reduced its perceived recreational quality due to the higher crowding perception among
users. In a different approach, Lo and Jim [96] concluded that the crowded urban milieu of
Hong Kong may have weakened attitude and perception towards urban nature, and green
sites are more appreciated for pragmatic microclimatic and amenity benefits than for less
tangible social and high-order environmental benefits (e.g., habitat for wildlife, soil erosion
prevention, social interaction with neighbours or symbol of identity).

Two studies investigated whether substitution of private domestic gardens by public
green space under urban densification policies may be acceptable from the residents’ point
of view. In a study assessing the affordances and meanings that people attach to private
domestic gardens and public green spaces in Netherlands, Coolen and Meesters [97] found
that public and private green spaces have unique combinations of functions and meanings,
so they are not just simple substitutes for each other. On the other hand, while assessing
gardening satisfaction and use of local open space among smaller and larger blocks in four
areas in Perth, Western Australia, Syme, et al. [98] found that small lots affected neither the
recreation values of gardens nor the visitation to local parks.
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Other studies suggest that both greenness and density may be seen as positive at-
tributes. In a large study of perceived residential environmental quality among residents in
11 neighbourhoods in Helsinki, Kytta, et al. [99] found that, although the presence of nature
dominates as positive quality factor, densely built places also have a clear social value for
inhabitants, suggesting that green areas that are not perceived as highly meaningful or
attractive for recreation may be potential sites for infill projects. Interestingly, in a study
conducted also in Helsinki evaluating citizens’ perceptions on unique urban nature, it was
found that people prioritize the conservation value of large and isolated urban forests with
less surrounding constructed land cover but higher population density [100]. Additionally,
Daams and Sijtsma [101], when evaluating property transactions of Dutch households,
inferred that, if we interpret the present-day preferences of the Dutch rich as signposts, then
we will desire both to live green and to live in or near high-density cities. This complexity
of compact-city liveability was also explored by Kotulla, et al. [102] in a study in North
Rhine-Westphalia state in Germany, in which both proximity to green spaces and easy
access to local services/facilities and public transportation were considered as key elements
for improving compact-city liveability by real-estate experts.

3.2.7. Sustainable Behaviours and Compensation Hypothesis

Some studies evaluated the hypothesis of residents living in dense urban environment
compensate for the relative lack of green spaces and outdoor leisure opportunities in their
residential area by traveling to second homes or other leisure destination. For instance, in
Finland, a statistical relationship was found between residential characteristics, namely
greater building density and reduced access to a private garden and second home use [103].
Additionally, Grosse, et al. [104] found that people living in a central urban district in
Copenhagen, Denmark, go more frequently on longer weekend, holiday and plane trips
and choose more distant destinations compared to people living in a small town in the
commuter belt. The association between neighbourhood greenness and the number of
leisure trips was also verified in Helsinki, but not in Reykjavik [105]. The complexity of
the relationships between urban form and sustainable behaviours was also explored by
Lo [106], showing that everyday sustainable behaviours across 24 selected OECD cities
or metropolitan areas are almost a function of personal factors, whereas the effects of
contextual factors related to urban form are not clear.

3.2.8. Social Equity

The uneven distribution of urban green space over cities and the hypothesis of an
association between urban areas with lower socioeconomical status and lower access to
green space benefits were explored by some studies in this review. For instance, studies
conducted in an Australian suburban context under densification show that comparatively
disadvantaged residents, despite their vulnerability to heat stress, are not more concerned
about climate change and are less likely to perceive the benefits of urban greening [107,108].
Moreover, some studies hypothesized that an increase in urban density might result in the
increased perceived value attached to urban parks, which may induce or reinforce social
inequities. Studies conducted in Hong Kong revealed that, compared with other landscape
elements, neighbourhood parks induced the heaviest investment intention in home-buying
behaviour [109] and that residents would be willing to pay to recover losses of urban green
space [110].

The mediating effects of different types of green spaces were also explored in some
studies. For instance, for the high-density city of Shanghai, China, a mediating effect
was reported of privately supplied green space on the relationship between urban public
green space and property value [111]; these results were in line with Lin, Meyers and
Barnett [37], who found that urban densification reduces private residential tree cover,
which disproportionately affects disadvantaged communities, which therefore tend to have
a greater reliance on public green infrastructure. Additionally, Lin, et al. [112] concluded in
a study conducted in Brisbane, Australia, that people living in more advantaged neigh-
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bourhoods, with a higher vegetation cover and a greater nature relatedness, may receive
greater ecosystem services benefits from their yards via both passive and active means. In
a complementary result, Baro, et al. [113] found that trees can play an important redistribu-
tive role in relation to the local provision of ecosystem services due to the generally uneven
distribution of other urban green infrastructure components such as urban forests, parks or
gardens in compact cities such as Barcelona.

3.2.9. Policies Evaluations and Governance Challenges

Some studies evaluated the results of implemented policies promoting urban densifi-
cation. A comparison of urban spatial development strategies among a large sample of
European cities showed that most cities progressed towards compact and functional mix
patterns, but almost none halted land taking, and only in a few cases achieved a higher
population density co-occurring with enhancing green space availability [2]. Additionally,
Dallimer, et al. [114] documented a decline in green space coverage in 13 English cities,
coincident with policy reforms that favoured densification. Urban policies were considered
insufficient to mitigate the negative outcomes of densification on urban green coverage
in Amsterdam [5] and Hong Kong [115,116]. Hansen, Olafsson, van der Jagt, Rall and
Pauleit [33] surveyed 20 European cities to evaluate how urban planning practices cur-
rently promote green spaces’ multifunctionality in increasingly compact cities, finding
a general awareness of the multiple functions of urban green infrastructure and of the
relevance of multifunctionality enhancement under densification contexts, but they also
found some limitations regarding the application of comprehensive approaches to planning
multifunctionality.

Institutional constraints related to the implementation of urban densification in plan-
ning practices, while simultaneously providing sufficient green spaces, are also acknowl-
edged in some studies included in this review. Challenges involving green space planning
and management practices in urban contexts undergoing densification were explored in
Stockholm, Sweden [117], and Helsinki, Finland [118], showing that, although the political
demand for increasing density seems to create a growing need for incorporating the green
infrastructure or ecosystem services concepts into policy frameworks, the professionals
still identify many remaining challenges linked to integrating these concepts into land-use
planning. Additionally, studies conducted in Stockholm, Sweden [12], and Greater Mel-
bourne and Victoria, Australia [119], documented the challenges identified by municipal
planners, namely site-specific conditions for densification projects, conflicting interests
between beneficiated and affected actors, green quality management issues and limited
use of impact assessment tools.

Some studies evaluated how the current emphasis on compact city policies may lead to
redefining and reshaping the urban green planning visions in cities. Hautamaki [120] shows
that green planning principles have been reshaped to coincide with densification policies
in Helsinki, arguing that the multidimensional nature of urban green is being reduced
to qualities that correspond to a hegemonic urban vision, namely intensively maintained
urban parks. Additionally, Uggla [121] explored the urban densification narratives in
Stockholm, showing that nature is arranged in an orderly fashion to meet the needs of
citizens, narrowing the scope for what kind of nature and what species can be tolerated
in the city. Additionally, Tappert, Kloti and Drilling [18] advocated that the normative
construction of the compact city constitutes a hegemonic spatial order that turns urban
allotment gardens into contested space in Swiss cities.

The development of new forms of governance to foster urban densification and
greening agendas was also acknowledged by the studies included in the present review.
Nikolaidou, et al. [122] showed that, as a consequence of urban densification processes in
Geneva, Switzerland, more flexible, informal and adaptive forms of urban gardening are
emerging at the local neighbourhood level, which claims for new forms of participation and
cooperation between civil society and political-administrative actors in urban governance.
Assuming that for implementing a densification and greening urban agenda, politicians
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and policymakers had to be convinced of its values as well as its potential of realistic
realization, Tillie, et al. [123] discussed the promising results of a transition management
approach applied in Rotterdam, combining urban data, modelling and design throughout
the process.

3.2.10. Tools and Frameworks

Finally, a large number of studies included in this review explored methodological
frameworks or tools to foster dense and green cities, namely by facilitating the management
of trade-offs between urban densification and the provision of green space, such as urban
development models and scenarios [124-133], frameworks for multiscale or multicriteria
assessment of green spaces in the context of urban densification [134-140], frameworks
to optimize vertical gardening, green roofs or sky gardens [141-146], or new tools for
understanding and measuring how urban design affects green space accessibility [147].

4. Discussion

This study examined research addressing the interactions between urban densification
and urban greening. Specifically, a literature search was undertaken using the ISI Web of
Science and Scopus databases for the period 2000-2020, resulting in 117 articles whose full
text was reviewed and assessed. We systematized the multiples perspectives in which the
interactions between urban densification and urban greening have been explored, which
can be summarized in four main groups: (i) green spaces’ processes and patterns, including
spatial relationships between urban form and green coverage and temporal changes in
green spaces’ attributes among different urban growth patterns; (ii) social issues, including
health and well-being outcomes, residents’ perspectives and acceptance of urban densifica-
tion and urban greening changes, or sustainable behaviours such as compensation actions;
(iii) environmental issues, including studies on temperature, air pollution, biodiversity
and ecosystem services; (iv) governance and tools facilitators, including studies on imple-
mented policies or new forms of governance and tools and methodological frameworks
to foster both dense and green cities, namely by facilitating the management of trade-offs
between urban densification and the provision of green space.

Above all, this review demonstrates the lack of a clear agreement about compatibilities
and conflicts that may be revealed while fostering both urban densification and urban
greening aims. This lack of agreement is shown in this review, at a first glance, by the im-
balanced distribution of positive and negative interactions among the different considered
topics. Additionally, it is especially demonstrated by a dichotomy between positive and
negative interactions under the same topic. For example, the results of this review show
that the interaction of urban densification and urban greening aims may produce both
positive and negative effects on green spaces’ processes and patterns and on biodiversity.
Moreover, these uncertainties are emphasized by the fact that in almost all the considered
topics, studies were found reporting that the positive or negative interactions between
urban densification and urban greening are not absolute but depend on the scale or the
context on which the studies were conducted. For instance, the studies investigating the
effect of densification processes on green spaces show contrasting results, as, although the
loss of urban green space was the most prevalent result, it was also reported that depending
on scale, context or densification intensity, both vegetation and population density may
grow simultaneously. Therefore, the results revealed important findings and also offer
some insights on how to approach dense and green cities at the same time (Figure 4).



Sustainability 2021, 13, 10643

14 of 20

Facilitators

Green Green
spaces spaces

distribution and 4yailability in .
accessibility  denser areas Bird habitats 5,
at landscape %
° Reinforcement Depends . L.,
of social on scale health - o
inequities and context e B.inihabitats
Depends onneale indenser
on scale and and context  areas
context
Going green &
Compensation  DePends going dense e Boosystem i
Jepends on scale Mediators

services

behaviors

and context  (Compatibilities, Conflits ~ and context
& Uncertainties

Depends
Depends on scale and

. +
Resident's " scaleand contex!
context

acceptance Depends
on scale and
context

Emissions

Resident's
testatic
contestation —
N health
2 .. Self-reported
. al

Foa oo
&

SN .

Health &
well-being

Figure 4. Graphical representation of the reviewed literature results problematizing the association of urban densification

and urban greening.

Firstly, the scale and the context seem to be not only key mediator factors, explaining
positive or negative interactions between greening and densification, but also key variables
to be considered to approach dense and green cities at the same time. The results of this
systematic review confirm the spatial scale as a factor of high relevance to assess and
manage the interactions between urban density and urban greening [4,16,17,34]. In fact,
dense developments at the scale of a neighbourhood, a town, a city or metropolitan area
can have manifestly different social, ecological and economic outcomes [148]. Furthermore,
since the patterns, dynamic and degree of land uses can radically differ between scales, the
positive or negative interactions between greening and densification can differ considerably
between small and large units [34]. This is especially important as certain dense develop-
ments may be beneficial at city scale and simultaneously have negative impacts at the local
scale; for instance, in denser cities, traffic-based emissions are usually lower at the city scale
but individual exposures may be highest in its denser areas [69]. On the other hand, the
results of this systematic review also show that positive or negative interactions between
density and greening are intimately associated with the context in which these interactions
occur. The relationships between urban density and greenness vary somewhat across cities,
depending on the local socioeconomic, functional and morphological context. Moreover, a
city does not necessarily follow a single development paradigm such as the compact or the
dispersed city, so cities are frequently a combination of contrasting spatial development
patterns [48]. Additionally, the relationships between urban density and greenness are
intensely meditated by the quality factor, given the established idea that high-quality green
spaces or green infrastructures can compensate for the quantitative lack of green space [17].
Multiscale and multidimensional approaches are therefore fundamental to the pursuit of
dense and green cities goals.

Secondly, renovated tools and forms of governance seem to be fundamental facilitators
to optimize multiscale and multidimensional approaches to dense and green cities. The
results of this systematic review show that a large amount of research has been performed
to propose methodological frameworks or tools to foster dense and green cities, namely by
facilitating the management of conflicts between urban densification and the provision of
green space. However, further research is needed in order to fulfill the high demands of
managing the complex interactions between compact and green development [34]. In fact,
the high complexity of urban systems calls for holistic multidimensional and multiscale
frameworks able to support the assessment of the relationships between the built and green
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components [16]. Moreover, although local approaches can be developed by learning from
other cities, they must be grounded on a clear understanding of the local factors, namely
compatibilities and conflicts that may be revealed in the specific local contexts [2]. Therefore,
more research is needed to help urban planners facing the wicked problems related to
dense vs. green cities, namely by providing tools enabling multiscale and multidimensional
approaches grounded in local qualitative and quantitative data [2,16]. Renovated forms of
governance, enabling cross-sectoral and cross-scalar planning operations and stakeholder
engagement across different sectors are therefore also essential for adopting an integrated
governance approach that enhances densification—greening compatibility [16].

5. Conclusions

This study systematized the multiple perspectives in which the interactions between
urban densification and urban greening have been being explored during the last two
decades. One immediate conclusion is the increasing awareness among researchers about
the importance of pursuing both of these aims. However, the results of this literature
review also showed a lack of a clear agreement about compatibilities and conflicts that
may be revealed while fostering both urban densification and urban greening aims. These
shortcomings and gaps clearly indicate opportunities for further research:

e  Further research should enrich the scope of evidence by providing insights into local
policy experiences. Although the hypothetical inclusion of grey literature could have
resulted in research-quality concerns, including those related to the interpretation
of reports in different languages, the exclusive use of research published in peer-
reviewed journals contained in two exclusive databases may be seen as a potential
limitation of this review.

e  Further research should explore multiple potential mediating variables (e.g., the scale
and context mediator effect or the governance facilitator effect) in order to deepen
our understanding of interactions between density and greening. More research is
needed to specifically examine the role of each of these factors in explaining positive
or negative interactions between density and greening.
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