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tradeoffs and synergies
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Urban green infrastructure (UGI), designed and implemented to
improve sustainability and reduce vulnerability to natural
hazards, are increasingly advocated as win-win solutions.
These have indeed proven to be desirable to complement grey
infrastructure in urban areas. However, it is becoming apparent
that the implementation of UGI also involves unique obstacles
and unintended outcomes. In this process, tradeoffs and
conflicts can originate because of competing planning goals
and socio-economic objectives, as well as because of
conflicting cultural values held by different stakeholders.
Conversely, synergistic solutions can be sought, leading to a
successful implementation of UGI. Based on a review of the
recent literature, this paper identifies and categories the main
types of tradeoffs and synergies that can originate from the
design and implementation of UGI. Then it lists and analyses
approaches that can help reduce those tradeoffs and maximize
synergies.
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Introduction

Green, blue and hybrid (green-grey) infrastructure have
emerged in the literature as a leading approach to increase
urban sustainability, resilience, and residents’ well-being,
and to reduce vulnerability to natural hazards [1-5].
Although the approach is not entirely new [6], it is
currently being promoted to overcome our dependence
on grey infrastructure, while profiting from the numerous
co-benefits that urban green infrastructure (UGI) can
offer [1,3]. UGI are thus regularly presented as
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win-win solutions for urban sustainability [7°]. Indeed,
synergistic outcomes (i.e. win—win situations in which
different planning objectives find mutual improvement)
can indisputably result from the design and implementa-
tion of UGIL.

Despite this, UGI can also entail undesirable, often
unforeseen, outcomes. This should not be surprising
as, in urban areas, space is scarce, highly valuable and
contested [8]. As such, the design and implementation of
UGTI or hybrid infratructure necessitate the careful con-
sideration of different types of tradeoffs (i.e. win—lose or
lose—win situations that entail gains for one objective and
losses for another, or vice versa) that might occur between
distinct planning objectives, perceptions or different
components of the urban social-ecological-technological
system (SE'T's) [9]. Once identified, tradeoffs need to be
addressed in a timely fashion to ensure long term, suc-
cessful implementation of the UGIL.

Pearsall ez a/. [10] call for a transdisciplinary research
agenda to improve the implementation of green infra-
structure in coupled urban-to-rural systems. This
includes, as one cardinal element, the need to identify
and address potential tradeoffs. Models and decision
support systems are also being developed to identify,
evaluate, and address these tradeoffs [11,12,13°°14].
Despite this, an organic identification and characteriza-
tion of the different types of tradeoffs and synergies
related to the design and implementation of UGI, as well
as of the strategies that can be adopted to increase
synergistic outcomes, is lacking.

This opinion paper identifies and categorizes tradeoffs
and synergies that can emerge from the design and
implementation of UGI. It lists main types by category
and provides insights on how to maximize synergistic
outcomes in different stages of the planning process.
Towards this aim, a review was carried out in the Web
of Science using the following keywords: ‘urban’, ‘green
infrastructure’, ‘hybrid infrastructure’, ‘blue infra-
structure’. The resulting list of publications was then
refined twice using the keywords: ‘tradeoffs’ and
‘synergies’. 157 papers resulted from this search. Only
the papers published between 2018 and 2021 and that
specifically addressed tradeoffs and/or synergies related
to the implementation of green infrastructure with a focus
on the urban context, were retained for further analysis,
totaling 61 papers.
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2 The role of infrastructure in societal transformations towards sustainability

Table 1

Tradeoffs that might occur between UGI and other ecological, socio-economic, technological components of the system, or institutional/
governance mandates or goals.

Tradeoffs

(T1) Ecological

(T2) Socio-economic

(T3) Technological

(T4) Institutional/
governance

Greening versus water demand

[15-18]

Enhancement of cultural
ecosystem services versus
habitat and biodiversity
preservation [22-24]

Increase in provisioning versus

cultural and regulating
ecosystem services [30,24]
Stormwater management

versus landscape connectivity

[14]

Effects on health (e.g. air and water
pollution, zoonotic diseases, allergies)
[16°°,19%,20°

Impacts on safety (e.g. falling trees or
limbs, wildfires; reduced visibility)
[25,26,16°7]

Undesirable interactions with wildlife (e.
g. nuisance, injuries, aggressions, fear,
and other negative emotions) [31,20°°]
Reduction in ambient levels of humidity
and deterioration of thermal comfort
[34]

Green gentrification linked to an
increase in property prices [36—
38,33,17,20°7

Decrease in property values (due to

Property damages; disruption of transport,
water, energy infrastructure, including due

to subsidence [16°%,20°]

Competition for space [26]; urbanization
versus ecosystem services supply
[27,28,29°]

Performance level of UGI versus that of grey

infrastructure [11]

Costs of implementation, management and

maintenance; life cycle costs [11,27,16°°]
Increase in GHG emissions due to urban
sprawl [29°]

Investing in green and blue infrastructure

versus investing in other ways of improving

quality of life through grey infrastructure

Centralization versus
decentralization; diversity
versus standardization
[21]

Between different
constraints, regulations,
and zoning [17]

Competing planning
priorities [32,33]

Public versus private
interest [35]

Divergence in the
preferences and
perceptions of different
social groups [26]

Costs of the participatory

degraded and unmanaged green or
blue areas) [20°°]

Population displacement [17,20°°], loss
of sense of community or identity [20°°]
Perceived uncertainty regarding costs
and benefits [26]

[39%] process [39°]

Tradeoffs and UGI

Alist of tradeoffs that might arise between UGI and other
planning objectives is presented in Table 1. These are
grupped in four categories. Category 'T1, named
‘ecological’, includes those tradeoffs potentially occurring
between ecosystem services produce by the UGI, and
those lost or affected by its implementation. Category T'1
also includes tradeoffs between ecosystem services and
other conservation objectives (e.g. biodiversity preserva-
tion). Category T2, referred to as ‘socio-economic’,
groups negative outcomes that can generate from the
implementation of UGI and that can have a direct effect
on people or on the economy. These include impacts on
human health, safety, well-being, as well as negative
socio-economic implications, such as green gentrification
due to the increase in property prices often associate with
urban greening. Tradeoffs belonging to category T3,
named ‘technological’; include lose—win or win—lose
situations occurring between UGI and urban grey infra-
structure (such as buildings, and critical infrastructure).
Category T3 tradeoffs are often caused by competition for
space, and financial resources, or to differences in levels of
performance. Category T4 groups ‘institutional/govern-
ance’ types of tradeoffs. These are mainly caused by
conflicting or distinct institutional mandates, or by com-
peting stakeholders’ preferences and needs.

The ecosystem services literature has paid much atten-
tion to tradeoffs listed in categories T'1 and T2 [16°°,20°°].
Category T3 is an expanding research area [5]. The issue
of institutional or governance tradeoffs ('T'4) starts to be
addressed by the literature and it appears as a fundamen-
tal category to address for concretizing the implementa-
tion of UGI [39°°].

Synergies and UGI

Table 2 lists the types of synergies that could occur
between the benefits derived from the implementation
of UGI and other urban planning objectives. These are
grouped in three categories: category S1, named
‘ecological’, includes co-benefits and multifunctional-
ity, or advantages and gains derived from the multiple
ecosystem services and ecosystem functions provided
by a UGI, beyond those for which the infrastructure was
planned for; category S2 refers to ‘socio-economic’ gains
in terms of UGI related benefits which increase social
cohesion, capacity building, awareness, and innovation;
and category S3, named ‘technological’, groups the
synergies that can occur by coupling green and grey
infrastructure, in terms of increased efficiency, perfor-
mance, reduced costs, and reduced environmental
impact. Category S1 is the most widely explored
amongst the three categories, particularly in the
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Table 2

Approaches and strategies for synergistic outcomes Depietri 3

Synergies that might occurring between the benefits derived from the implementation of UGI (or hybrid infrastructure) and other

ecological, technological, and socio-economic objectives.

Synergies

(S1) Ecological (co-benéfits)

(S2) Socio-economic (gains)

(S3) Technological (hybrid infrastructure)

Between different types of regulating ecosystem services (e.g.
cooling, water regulation, and air purification) [22,23, 40—
42,35,33,15]

Between regulating ecosystem services, perceived
environmental health, biodiversity conservation and cultural
ecosystem services [22-24,26,13°°,31,16°%,45,20°°,46]
Water, energy, and food nexus [47]

Ecosystem based-adaptation and mitigation [49,50°]

Increased public acceptance [43,44]

Building social capital and social
cohesion [16°°]; reduced social
vulnerability [14]

Raised awareness regarding
sustainability issues [38]

Reduced pressure on grey infrastructure and
improved performance [43,33]

Costs reduction [23,33]; reduction in energy
use [16°7]

Reduced environmental impact of the urban
infrastructure and increase in cultural value
[48,32,18]

Increased energy efficiency reduces Improved efficiency (e.g. in public and
inequalities [47]

private transportation) [48]

Increase in amenity value [13°°]
Innovation [51]

ecosystem services literature (e.g. Refs. [19°,30]), while
categories S2 and S3 have received less attention in the
reviewed literature.

Approaches to reduce tradeoffs and maximize
synergies

Table 3 identifies approaches and strategies that have
recently been proposed in the literature to address UGI
related tradeoffs and increase the likelihood of obtaining
synergistic outcomes between UGI and other urban plan-
ning objectives not directly addressed by the design of the
infrastructure.

UGI design: data collection

The design UGI requires collecting detailed informa-
tion, both quantitative and qualitative, in different sec-
tors: ecologic, social, economic, technological, and insti-
tutional. The use of models would allow an early
identification of tradeoffs, to develop opportunities for
synergistic outcomes and to avoid conflicts. Merrow and
Newell [14] and Meerow [13°°] develop and apply a
participatory GIS approach to spatially identify tradeoffs
potetially originating from the implementation of UGI
between different types of ecosystem services, indicators
of social vulnerability and ecosystem connectivity.
These two studies were applied, respectively, in Detroit
and in three coastal megacities demonstrating how trade-
offs can indeed occur between these different compo-
nents or features of the urban system. Rall ez a/. [54] uses
a public participation GIS approach as a social valuation
method to support the enhancement of the cultural
value of UGI in Berlin. It resulted that this can be
obtained, for instance, by improving access to green
arcas and creating green spaces that are just and
inclusive.

Planning for multifunctionality

A holistic approach, focused on broad planning and multi-
functional design of UGI, is required rather than single-
function approach [33]. However, at present, UGI is
generally structured and implemented to address a single
function (such as that of stormwater management) [14],
while the implementation of integrated, multifunctional
approaches is rare [20°°]. It has been documented that
developing UGI focusing only on one benefit, such as is
the case of the green infrastructure planning program in
NYC, entails multiple drawbacks when unexpected or
unplanned tradeoffs emerge [33].

Improving multifunctionality is an increasingly well-
researched strategy to maximize synergies in UGI plan-
ning [13°°,19°,24,52,60,66]. Creating a multifunctional
and heterogeneous landscape can help tackle multiple,
traditionally distinct, planning goals (e.g. increasing water
infiltration, cooling, improving aesthetic and recreational
value, preserving biodiversity) [23]. In the study on UGI
and multifunctionality in Detroit, Meerow and Newell
[14] found positive correlations between stormwater infil-
tration, mitigating the urban heat island, amelioration of
air quality. Planning for multifunctionality would indeed
allow to leverage for numerous co-benefits.

Different stakeholders’ perceptions can also be reconci-
liated through landscape multifunctionality and co-ben-
efits [11,54], addressing tradeoffs’ category T'4. However,
multifunctionality in relation to UGI is, to date, mostly
researched with respect to tradeoffs between different
ecosystem services (category T'1).

Optimization of UGI
The area of optimization of UGI refers to interventions
aimed at adapting the infrastructure to the local
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4 The role of infrastructure in societal transformations towards sustainability

Table 3

Approaches and strategies to reduce potential tradeoffs and to increase synergistic outcomes in the design and implementation of UGI.

Area

Approach/strategy

Design — data collection

Gather quality information about a wide array of ecosystem services, including their ecologic, social and economic
functions and impacts [52,53]; spatial quantitative analysis and correlation of ecosystem services, ecosystem features
and socio-economic indicators [13°°,14]; detailed spatially explicit social valuation [54]; gather qualitative and spatially
fine-grained, and site-specific information [52]

Develop decision support systems, models, and adopt system thinking modelling [38]; apply social valuation methods

[54]

Overall early identification of tradeoffs through a science-informed decision-making process [22]

Multifunctionality and co-
benefits
implentation [55,52,30]

Identify and consider multiple ecological, social, economic and technological functions and benefits of the UGI [52]
Adopt multifunctionality as a key concept for solving space and resource-use tradeoffs or conflicts related to UGI

Create a heterogeneous network of spaces, each with different functions [19°], also referred to as ‘tessellated

multifunctionality’ [52]

Adopt or integrate a food-water-energy nexus approach across sectors and scales [56,57]
Combine ecosystem-based adaptation and mitigation measures [29°]

Optimization of the UGI
vegetation structure [19°]

Plant the right tree in right place to obtain or enhance the desired benefits [26,16°°,29°; include considerations on

Enhance or create links between rural and urban areas and increase connectivity of UGI [58,54]

Opt for a polycentric urban form that is characterized by moderate levels of density and green open space to achieve, at
once, adaptation and mitigation objectives [29°]

Understand and prevent gentrification by carefully pondering vegetation type and quality [59]

Hybrid infrastructure
grey infrastructure [33]

Green features can complement grey infrastructure, providing redundancy in the system and releasing pressure from

To allow additional space dedicated to cultural activities while protecting biodiversity [22,31]
Improve the centrality of budlings in planning and design for UGI (e.g. considering their place in the water and energy

network) [18]
Train and empower operating staff [21]

Plan regular inspections, maintenance, and monitoring of the infrastructure [20°°]

Governance

Balance institutional centralization and decentralization; diversity and standardization [21]

Increase institutional cooperation [52]; considering costs and financing constraints, regulatory structures, institutional
coordination, political motivations, perceptions [56]
Increase public involvement in decision making [52,26,54] and broaden citizen awareness about the co-benefits of UGI

(11

conditions. It includes planting the right species of tree in
the right place [16°%,26,29°], which helps reducing trade-
offs between UGI implementation and increased water
consumption (T'1). A careful choice of species can also
reduce potential impacts on people’s health and safety
and limit other nuisances generally caused the presence
of green spaces close to where people live ('1T2) [16°°].
Increasing connectivity of the landscape, and particularly
that between urban and rural areas, would also ameliorate

the performance of the UGI [58] ('T3).

Hybrid infrastructure

Hybrid, green-grey, infrastructure, rather than UGI, are
becoming a widely accepted solution to minimize poten-
tial tradeoffs originating from the expansion of green
areas in cities [3,54,61]. UGI can complement grey infra-
structure, releasing pressure, for instance, on critical
infrastructure which are increasingly overwhelmed and
saturated as a consequence of urbanization. An example is
the case of the city of Denver, where the storm drainage
network and engineered channels were not designed to
accommodate the larger volumes of water resulting from
the ongoing urbanization and the city could benefit from a

mix of green and grey stormwater control measures to
reduce the load on the aging system [11].

Despite this, neglect of older (generally grey) infrastruc-
ture, as a consequence of the introduction of new ones,
should be avoided [39°°]. Also, reducing green cover does
not necessarily entail a negative result, as greener is not
automatically good or better [46]. Designing hybrid infra-
structure can indeed resolve some of the tradeoffs of
implementing UGI or grey infrastructure in isolation.

Governance

Related to the dimension of governance, enhanced public
participation has been identified as an approach that
would catalyze the design and implementation of UGI,
helping to ameliorate divergent perceptions and expec-
tations held by different groups of stakeholders [39°°].
Stakeholder-driven science also facilitates the identifica-
tion of potential synergistic solutions as the stakeholders
involved in the process develop an awareness and under-
standing of the urban planning needs and are more likely
to accept the interventions. The case of UGI tradeoffs in
the city of Haifa, Israel, exemplifies the potential benefits
of stakeholder integration to identify potential tradeoff-
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related conflicts [25]. Here, preserving and enhancing the
widely appreciated urban forested spaces clashes with the
need to manage the urban forest to reduce wildfire risk.
Enhancing fire regulating services (e.g. through thinning,
fire breaks, and buffers) [67] might indeed reduce the
valued attribute of wilderness of the forest, diminishing
its cultural value. Through the discussions with local
stakeholders and experts, it was possible to highlight
how many of the needed management interventions
could also bring new opportunities to enhance the recre-
ational or aesthetic services offered by the green areas of
the city. An example of potential synergistic management
interventions is that of creating buffers between the
buildings and the forest to reduce exposure to wildfires,
and the constructing dirt roads to improve access of
firefighters. These interventions could also create new
recreational opportunities for locals, which can use these
dirt roads for dog walking or strolling close to home,
improving public acceptance.

Decisions about where to locate a UGI influence who
benefits from it [53]. Issues of justice and fair distribution
of burdens and benefits need to be carefully accounted
for, not least to avoid the unintentional and unwanted
process of green gentrification ('12) [4,16°°,33,62,63]. For
instance, a study conducted in Barcelona revealed that
urban parks specifically managed to improve their aes-
thetic value and opportunities for recreational activities,
rather than to enhance cultural identity or social inter-
ractions, were more likely to lead to processes of green
gentrification and this should be avoided [36].

Strengthening or creating vital links between rural and
urban areas through connected infrastructure is deemed
important for promoting a fair distribution of burdens
across constituencies [10]. Furthermore, UGI might not
be adapted to all types of communities at a particular time
[53].

Finally, as suggested by Young ez @/. [44], the challenge in
UGI implementation seems to reside in the need to
modify current standards and norms, rather than in seek-
ing solutions and mechanisms to promote it. Increased
cooperation between institutions, consideration of financ-
ing costs and constraints, regulatory structures, and polit-
ical motivations are of critical importance to address

tradeoffs [56].

Discussion and conclusions

This opinion paper provides a first overview of the
emerging literature on tradeoffs and synergies related
to the development of UGL It lists in Tables 1-3 the
different types of these negative or positive interactions
by categories as well as the strategies that can be applied
to increase synergistic outcomes. The tables can support
future identification of these interactions and provide
guidance to address them in research and practice.

Approaches and strategies for synergistic outcomes Depietri 5

The review of the recent literature emphasized how the
research on tradeoffs and synergies related to the UGI
design and implementation is mostly produced within the
field of ecosystem services. This literature discusses
mainly the ecological and socio-economic categories of
tradeoffs (T'1, T2) and synergies (S1, S2). However, less is
known regarding the technological, and institutional or
governance categories of tradeoffs (T3, T4) and synergies

(S3).

It should be noted too that tradeoffs and synergies are
dynamic processes that evolve and change [64]. Addition-
ally, the real potential for unintended consequences to
occur is still often unknown, while much of this under-
standing needs to be searched in more traditional and
disciplinary fields of study [20°°]. Besides that, tackling
tradeoffs and increasing synergies in practice requires
multidisciplinary teams with skills in a variety of fields,
ranging from planning and design, to engineering and
horticulture  [26]. However, awareness, financial
resources, adequate professional knowledge are often
yet to be developed, particularly in some poor regions
of the world [60].

It can be deducted from this review that the specific
characteristics of the UGI, the choice of species, the
location of the UGI, its monitoring, management, main-
tenance, and revitalization [20°°,66], as well as the overall
quality of the planning process, can themeselves lead to a
negative or, reversely, to a positive outcome. For instance,
in the case of ecosystem services and disservices [16°°],
the identification of tradeoffs or synergies can be partially
rooted in what people perceive or experience. However,
an inclusive planning process can help leveling off some
conflicting positions initially held by different groups of
stakeholders ('T'4).

Overall, the research on UGI needs to go beyond the
increasingly well explored theme of social-ecological
tradeoffs and synergies, multifunctionality and the co-
benefits (in terms of multiple ecosystem services), to
focus on other types of tradeoffs and synergies linked
to the technical implementation, technology, hybrid
infrastructure, stakeholders’ preferences, governance,
institutional capacity, and coordination. The develop-
ment of hybrid infrastructure offers opportunities to
overcome the many tradeoffs that could emerge in the
urban context if planning uniquely for UGI. As there is no
evidence so far that urban grey infrastructure is being
replaced by UGI on a large scale [44], as UGI design and
implementation remain predominantly a discursive exer-
cise [65], addressing these issues seems crucial for cata-
lyzing their real world implementation.

Conflict of interest statement
Nothing declared.

www.sciencedirect.com

Current Opinion in Environmental Sustainability 2022, 54:101148



6 The role of infrastructure in societal transformations towards sustainability

Acknowledgement

I thank Daniel Eli Orenstein for providing insightful comments on a
previous version of the manuscript. I also thank two anonymous reviewers
for their constructive and helpful comments.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. Alves A, Gersonius B, Kapelan Z, Vojinovic Z, Sanchez A:
Assessing the co-benefits of green-blue-grey infrastructure
for sustainable urban flood risk management. J Environ Manag
2019, 239:244-254 http://dx.doi.org/10.1016/j.
jenvman.2019.03.036.

2. Amorim JH, Engardt M, Johansson C, Ribeiro |, Sannebro M:
Regulating and cultural ecosystem services of urban green
infrastructure in the Nordic countries: a systematic review. Int
J Environ Res Public Health 2021, 18:1219 http://dx.doi.org/
10.3390/ijerph18031219.

3. Depietri Y, McPhearson T: Integrating the grey, green, and blue
in cities: nature-based solutions for climate change
adaptation and risk reduction. In Nature-Based Solutions to
Climate Change Adaptation in Urban Areas: Linkages between
Science, Policy and Practice, Theory and Practice of Urban
Sustainability Transitions. Edited by Kabisch N, Korn H, Stadler J,
Bonn A. Cham: Springer International Publishing; 2017:91-109
http://dx.doi.org/10.1007/978-3-319-56091-5_6.

4.  Shi L: Beyond flood risk reduction: how can green
infrastructure advance both social justice and regional
impact? Socio Ecol Pract Res 2020, 2:311-320 http://dx.doi.org/
10.1007/s42532-020-00065-0.

5. Zuniga-Teran AA, Gerlak AK, Mayer B, Evans TP, Lansey KE:
Urban resilience and green infrastructure systems: towards a
multidimensional evaluation. Curr Opin Environ Sustain 2020,
44:42-47 http://dx.doi.org/10.1016/j.cosust.2020.05.001.

6. Depietri Y, McPhearson T: Green infrastructure and climate risk
in New York city: a historical perspective, In: Soffer J, Heathcott
J, Zimmerman R (Eds.), Urban Infrastructure: Interdisciplinary
Perspectives from History and the Social Sciences. University of
Pittsburgh Press. In press.

. Derickson K, Klein M, Keeler BL: Reflections on crafting a policy

e toolkit for equitable green infrastructure. Urban Sustain 2021,
1:1-4 http://dx.doi.org/10.1038/s42949-021-00014-0

This paper analyses issues of inequality in the allocation of environmental
benefits and burdens on different communities in the United States due
the implementation of urban green infrastructure. The latest scientific
advancements as well as policy and planning initiatives related to green
gentrification are reviewed and discussed.

8. Simon D, Goodness J, Lwasa S, Puppim de Oliveira JA,
Macedo LV, Kavonic J, Hermansson Térdk E, EImqvist T: Urban
governance of and for urban green and blue infrastructure. In
Urban Ecology in the Global South, Cities and Nature. Edited by
Shackleton CM, Cilliers SS, Davoren E, du Toit MJ. Springer
International Publishing, Cham; 2021:403-431 http://dx.doi.org/
10.1007/978-3-030-67650-6_16.

9. Grimm N, Cook EM, Hale RL, Iwaniec DM: A broader framing of
ecosystem services in cities: benefits and challenges of built,
natural, or hybrid system function. In The Routledge Handbook
of Urbanization and Global Environmental Change. Edited by Seto
KC., Solecki W, Griffith C. New York: Routledge, Taylor & Francis
Group; 2016:203-212.

10. Pearsall H, Gutierrez-Velez VH, Gilbert MR, Hoque S, Eakin H,
Brondizio ES, Solecki W, Toran L, Baka JE, Behm JE et al.:
Advancing equitable health and well-being across urban-rural
sustainable infrastructure systems. npj Urban Sustain 2021,
1:1-6 http://dx.doi.org/10.1038/s42949-021-00028-8.

11. Gallo EM, Bell CD, Panos CL, Smith SM, Hogue TS: Investigating
tradeoffs of green to grey stormwater infrastructure using a

planning-level decision support tool. Water 2020, 12:2005
http://dx.doi.org/10.3390/w12072005.

12. Gongalves P, Vierikko K, Elands B, Haase D, Catarina Luz A,
Santos-Reis M: Biocultural diversity in an urban context: an
indicator-based decision support tool to guide the planning
and management of green infrastructure. Environ Sustain Indic
2021, 11:100131 http://dx.doi.org/10.1016/j.indic.2021.100131.

13. Meerow S: A green infrastructure spatial planning model for
ee evaluating ecosystem service tradeoffs and synergies across
three coastal megacities. Environ Res Lett 2019, 14:125011
http://dx.doi.org/10.1088/1748-9326/ab502¢c
The paper spatially assesses tradeoffs and synergies in planning for green
infrastructure in the urban context. Using the case of three megacities, the
different benefits derived by this infrastructure are summarize in detail in
Table 1. A spatial, quantitative analysis of the spatial correlation between
these different benefits is performed. The approach could be applied to
provide initial information to identify tradeoffs in the early stages of the
decision-making process.

14. Meerow S, Newell JP: Spatial planning for multifunctional green
infrastructure: growing resilience in Detroit. Landsc Urban
Plann 2017, 159:62-75 http://dx.doi.org/10.1016/j.
landurbplan.2016.10.005.

15. Parsa VA, Salehi E, Yavari AR, van Bodegom PM: Evaluating the
potential contribution of urban ecosystem service to climate
change mitigation. Urban Ecosyst 2019, 22:989-1006 http://dx.
doi.org/10.1007/s11252-019-00870-w.

16. Roman LA, Conway TM, Eisenman TS, Koeser AK, Ordofiez

ee Barona C, Locke DH, Jenerette GD, Ostberg J, Vogt J: Beyond
‘trees are good’: disservices, management costs, and
tradeoffs in urban forestry. Ambio 2021, 50:615-630 http://dx.
doi.org/10.1007/s13280-020-01396-8

This paper discusses the complexities of forestry in cities, reviewing the

recent literature and discussing mainly tradeoffs related to ecosystem

disservices. Table 2 in the paper presents an interesting summary matrix

describing three scenario types of urban green infrastructure: positive

synergies, tradeoffs, and negative synergies. These scenarios are broadly

discussed in the text. The paper also discusses at the length the costs

involved for managing urban green infrastructure.

17. Smith JP, Meerow S, Turner BL: Planning urban community
gardens strategically through multicriteria decision analysis.
Urban For Urban Green 2021, 58:126897 http://dx.doi.org/
10.1016/j.ufug.2020.126897.

18. Well F, Ludwig F: Blue-green architecture: a case study
analysis considering the synergetic effects of water and
vegetation. Front Archit Res 2020, 9:191-202 http://dx.doi.org/
10.1016/j.foar.2019.11.001.

19. Felappi JF, Sommer JH, Falkenberg T, Terlau W, Kotter T: Green
. infrastructure through the lens of “One Health”: a systematic
review and integrative framework uncovering synergies and
trade-offs between mental health and wildlife support in cities.
Sci Total Environ 2020, 748:141589 http://dx.doi.org/10.1016/j.
scitotenv.2020.141589
The authors provide an original perspective on urban green infrastructure
by identifying potential synergies and tradeoffs between mental health
and urban wildlife supported by different types or urban green infra-
structure. A comprehensive framework is proposed in Figure 4 in the
paper, which synthesizes these interlinkages.

20. Taguchi VJ, Weiss PT, Gulliver JS, Klein MR, Hozalski RM,
ee Baker LA, Finlay JC, Keeler BL, Nieber JL: It is not easy being
green: recognizing unintended consequences of green
stormwater infrastructure. Water 2020, 12:522 http://dx.doi.org/
10.3390/w12020522
This paper explores tradeoffs associated with green infrastructure
designed to manage urban stormwater including urban trees, stormwater
ponds, filtration, infiltration, rain gardens, and green roofs. The paper
provides an overview of these different typologies of green infrastructure
to manage stormwater, as well as their purpose, potential unintended
conseguences, and some recommendations to overcome these impacts.
The review touches upon the most recent debates regarding pros and
cons of green infrastructure implementation in the urban context.

21. Hewitt E, Oberg A, Coronado C, Andrews C: Assessing “green”
and “resilient” building features using a purposeful systems
approach. Sustain Cities Soc 2019, 48:101546 http://dx.doi.org/
10.1016/j.scs.2019.101546.

Current Opinion in Environmental Sustainability 2022, 54:101148

www.sciencedirect.com


http://dx.doi.org/10.1016/j.jenvman.2019.03.036
http://dx.doi.org/10.1016/j.jenvman.2019.03.036
http://dx.doi.org/10.3390/ijerph18031219
http://dx.doi.org/10.3390/ijerph18031219
http://dx.doi.org/10.1007/978-3-319-56091-5_6
http://dx.doi.org/10.1007/s42532-020-00065-0
http://dx.doi.org/10.1007/s42532-020-00065-0
http://dx.doi.org/10.1016/j.cosust.2020.05.001
http://dx.doi.org/10.1038/s42949-021-00014-0
http://dx.doi.org/10.1007/978-3-030-67650-6_16
http://dx.doi.org/10.1007/978-3-030-67650-6_16
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://refhub.elsevier.com/S1877-3435(21)00144-5/sbref0045
http://dx.doi.org/10.1038/s42949-021-00028-8
http://dx.doi.org/10.3390/w12072005
http://dx.doi.org/10.1016/j.indic.2021.100131
http://dx.doi.org/10.1088/1748-9326/ab502c
http://dx.doi.org/10.1016/j.landurbplan.2016.10.005
http://dx.doi.org/10.1016/j.landurbplan.2016.10.005
http://dx.doi.org/10.1007/s11252-019-00870-w
http://dx.doi.org/10.1007/s11252-019-00870-w
http://dx.doi.org/10.1007/s13280-020-01396-8
http://dx.doi.org/10.1007/s13280-020-01396-8
http://dx.doi.org/10.1016/j.ufug.2020.126897
http://dx.doi.org/10.1016/j.ufug.2020.126897
http://dx.doi.org/10.1016/j.foar.2019.11.001
http://dx.doi.org/10.1016/j.foar.2019.11.001
http://dx.doi.org/10.1016/j.scitotenv.2020.141589
http://dx.doi.org/10.1016/j.scitotenv.2020.141589
http://dx.doi.org/10.3390/w12020522
http://dx.doi.org/10.3390/w12020522
http://dx.doi.org/10.1016/j.scs.2019.101546
http://dx.doi.org/10.1016/j.scs.2019.101546

22.

23.

24,

25.

26.

27.

28.

29.

Abramowicz D, Ste?pniewska M: Public investment policy as a
driver of changes in the ecosystem services delivery by an
urban green infrastructure. Quaest Geogr 2020, 39:5-18 http://
dx.doi.org/10.2478/quageo-2020-0001.

Hoyle HE, Sant’Anna CG: Rethinking ‘future nature’ through a
transatlantic research collaboration: climate-adapted urban
green infrastructure for human wellbeing and biodiversity.
Landsc Res 2020:1-17 http://dx.doi.org/10.1080/
01426397.2020.1829573.

Sang AO, Hagemann FA, Ekelund N, Svannel J: Urban ecosystem
services in strategic planning in Swedish municipalities. Urban
Ecosyst 2021, 24:1343-1357 http://dx.doi.org/10.1007/s11252-
021-01113-7.

Depietri Y, Orenstein DE: Managing fire risk at the wildland-
urban interface requires reconciliation of tradeoffs between
regulating and cultural ecosystem services. Ecosyst Serv 2020,
44:101108 http://dx.doi.org/10.1016/j.ecoser.2020.101108.

Lin BB, Meyers JA, Barnett GB: Establishing priorities for urban
green infrastructure research in Australia. Urban Policy Res
2019, 37:30-44 http://dx.doi.org/10.1080/
08111146.2018.1523054.

Han Y, Kang W, Song Y: Mapping and quantifying variations in
ecosystem services of urban green spaces: a test case of
carbon sequestration at the district scale for Seoul, Korea
(1975-2015). Int Rev Spat Plan Sustain Dev 2018, 6:110-120 http://
dx.doi.org/10.14246/irspsd.6.3_110.

Lyu R, Zhang J, Xu M, Li J: Impacts of urbanization on
ecosystem services and their temporal relations: a case study
in Northern Ningxia, China. Land Use Policy 2018, 77:163-173
http://dx.doi.org/10.1016/j.landusepol.2018.05.022.

Sharifi A: Trade-offs and conflicts between urban climate
change mitigation and adaptation measures: a literature
review. J Clean Prod 2020, 276:122813 http://dx.doi.org/10.1016/
j-jiclepro.2020.122813

This companion paper from Sharifi has a dedicated section on tradeoffs
related to the implementation of green infrastructure specifically in the
context of climate change mitigation and adaptation.

30.

31.

32.

33.

34.

35.

36.

37.

Pefia L, Onaindia M, Fernandez de Manuel B, Ametzaga-Arregi |,
Casado-Arzuaga |: Analysing the synergies and trade-offs
between ecosystem services to reorient land use planning in
Metropolitan Bilbao (Northern Spain). Sustainability 2018,
10:4376 http://dx.doi.org/10.3390/su10124376.

Riley CB, Perry Kl, Ard K, Gardiner MM: Asset or liability?
Ecological and sociological tradeoffs of urban spontaneous
vegetation on vacant land in shrinking cities. Sustainability
2018, 10:2139 http://dx.doi.org/10.3390/su10072139.

Lund NSV, Borup M, Madsen H, Mark O, Arnbjerg-Nielsen K,
Mikkelsen PS: Integrated stormwater inflow control for sewers
and green structures in urban landscapes. Nat Sustain 2019,
2:1003-1010 http://dx.doi.org/10.1038/s41893-019-0392-1.

Meerow S: The politics of multifunctional green infrastructure
planning in New York City. Cities 2020, 100:102621 http://dx.doi.
org/10.1016/j.cities.2020.102621.

Santamouris M, Osmond P: Increasing green infrastructure in
cities: impact on ambient temperature, air quality and heat-
related mortality and morbidity. Buildings 2020, 10:233 http://
dx.doi.org/10.3390/buildings10120233.

Liu H, Hu Y, Li F, Yuan L: Associations of multiple ecosystem
services and disservices of urban park ecological
infrastructure and the linkages with socioeconomic factors. J
Clean Prod 2018, 174:868-879 http://dx.doi.org/10.1016/j.
jclepro.2017.10.139.

Amorim Maia AT, Calcagni F, Connolly JJT, Anguelovski I,
Langemeyer J: Hidden drivers of social injustice: uncovering
unequal cultural ecosystem services behind green
gentrification. Environ Sci Policy 2020, 112:254-263 http://dx.doi.
org/10.1016/j.envsci.2020.05.021.

Anguelovski |, Brand AL, Connolly JJT, Corbera E, Kotsila P,
Steil J, Garcia-Lamarca M, Triguero-Mas M, Cole H, Bar6 F et al.:
Expanding the boundaries of justice in urban greening
scholarship: toward an emancipatory, antisubordination,

Approaches and strategies for synergistic outcomes Depietri 7

38.

39.

Th

intersectional, and relational approach. Ann Am Assoc Geogr
2020, 110:1743-1769 http://dx.doi.org/10.1080/
24694452.2020.1740579.

Gomez Martin E, Giordano R, Pagano A, van der Keur P, Mafez
Costa M: Using a system thinking approach to assess the
contribution of nature based solutions to sustainable
development goals. Sci Total Environ 2020, 738:139693 http://
dx.doi.org/10.1016/j.scitotenv.2020.139693.

Kronenberg J, Andersson E, Barton D, Borgstrom S,
Langemeyer J, Bjorklund T, Haase D, Kennedy C, Koprowska K,
kaszkiewicz E et al.: The thorny path toward greening:
unintended consequences, trade-offs, and constraints in
green and blue infrastructure planning, implementation, and
management. Ecol Soc 2021, 26 http://dx.doi.org/10.5751/ES-
12445-260236

is reference provides important insights on the social and governance

aspects of UGI implementation. In particular, it explores trade-offs
between residents different social-ecological needs and perceptions,
green gentrification, informal spaces, and the issue of geographical
scales.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bandurski K, Bandurska H, Kazimierczak-Grygiel E, Koczyk H:
The green structure for outdoor places in dry, hot regions and
seasons—providing human thermal comfort in sustainable
cities. Energies 2020, 13:2755 http://dx.doi.org/10.3390/
en13112755.

He B-J, Zhu J, Zhao D-X, Gou Z-H, Qi J-D, Wang J: Co-benefits
approach: opportunities for implementing sponge city and
urban heat island mitigation. Land Use Policy 2019, 86:147-157
http://dx.doi.org/10.1016/j.landusepol.2019.05.0083.

Tavakol-Davani HE, Tavakol-Davani H, Burian SJ, McPherson BJ,
Barber ME: Green infrastructure optimization to achieve pre-
development conditions of a semiarid urban catchment.
Environ Sci Water Res Technol 2019, 5:1157-1171 http://dx.doi.
org/10.1039/C8EW00789F.

BenDor TK, Shandas V, Miles B, Belt K, Olander L: Ecosystem
services and U.S. stormwater planning: an approach for
improving urban stormwater decisions. Environ Sci Policy 2018,
88:92-103 http://dx.doi.org/10.1016/j.envsci.2018.06.006.

Young AF, Marengo JA, Martins Coelho JO, Scofield GB, de
Oliveira Silva CC, Prieto CC: The role of nature-based solutions
in disaster risk reduction: the decision maker’s perspectives
on urban resilience in Sao Paulo state. Int J Disaster Risk Reduct
2019, 39:101219 http://dx.doi.org/10.1016/j.ijdrr.2019.101219.

Stefanakis Al: The role of constructed wetlands as green
infrastructure for sustainable urban water management.
Sustainability 2019, 11:6981 http://dx.doi.org/10.3390/
su11246981.

Wong CP, Jiang B, Kinzig AP, Ouyang Z: Quantifying multiple
ecosystem services for adaptive management of green
infrastructure. Ecosphere 2018, 9:e02495 http://dx.doi.org/
10.1002/ecs2.2495.

Huang-Lachmann J-T: Systematic review of smart cities and
climate change adaptation. Sustain Account Manag Policy J
2019, 10:745-772 http://dx.doi.org/10.1108/SAMPJ-03-2018-
0052.

Campos-Sanchez FS, Valenzuela-Montes LM, Abarca-Alvarez FJ:
Evidence of green areas, cycle infrastructure and attractive
destinations working together in development on urban
cycling. Sustainability 2019, 11:4730 http://dx.doi.org/10.3390/
su11174730.

Pasimeni MR, Valente D, Zurlini G, Petrosillo |: The interplay
between urban mitigation and adaptation strategies to face
climate change in two European countries. Environ Sci Policy
2019, 95:20-27 http://dx.doi.org/10.1016/j.envsci.2019.02.002.

Sharifi A: Co-benefits and synergies between urban climate
change mitigation and adaptation measures: a literature
review. Sci Total Environ 2021, 750:141642 http://dx.doi.org/
10.1016/j.scitotenv.2020.141642

This paper has a dedicated section on co-benefits and synergies related
to the implementation of green infrastructure specifically in the context of
climate change mitigation and adaptation.

www.sciencedirect.com

Current Opinion in Environmental Sustainability 2022, 54:101148


http://dx.doi.org/10.2478/quageo-2020-0001
http://dx.doi.org/10.2478/quageo-2020-0001
http://dx.doi.org/10.1080/01426397.2020.1829573
http://dx.doi.org/10.1080/01426397.2020.1829573
http://dx.doi.org/10.1007/s11252-021-01113-7
http://dx.doi.org/10.1007/s11252-021-01113-7
http://dx.doi.org/10.1016/j.ecoser.2020.101108
http://dx.doi.org/10.1080/08111146.2018.1523054
http://dx.doi.org/10.1080/08111146.2018.1523054
http://dx.doi.org/10.14246/irspsd.6.3_110
http://dx.doi.org/10.14246/irspsd.6.3_110
http://dx.doi.org/10.1016/j.landusepol.2018.05.022
http://dx.doi.org/10.1016/j.jclepro.2020.122813
http://dx.doi.org/10.1016/j.jclepro.2020.122813
http://dx.doi.org/10.3390/su10124376
http://dx.doi.org/10.3390/su10072139
http://dx.doi.org/10.1038/s41893-019-0392-1
http://dx.doi.org/10.1016/j.cities.2020.102621
http://dx.doi.org/10.1016/j.cities.2020.102621
http://dx.doi.org/10.3390/buildings10120233
http://dx.doi.org/10.3390/buildings10120233
http://dx.doi.org/10.1016/j.jclepro.2017.10.139
http://dx.doi.org/10.1016/j.jclepro.2017.10.139
http://dx.doi.org/10.1016/j.envsci.2020.05.021
http://dx.doi.org/10.1016/j.envsci.2020.05.021
http://dx.doi.org/10.1080/24694452.2020.1740579
http://dx.doi.org/10.1080/24694452.2020.1740579
http://dx.doi.org/10.1016/j.scitotenv.2020.139693
http://dx.doi.org/10.1016/j.scitotenv.2020.139693
http://dx.doi.org/10.5751/ES-12445-260236
http://dx.doi.org/10.5751/ES-12445-260236
http://dx.doi.org/10.3390/en13112755
http://dx.doi.org/10.3390/en13112755
http://dx.doi.org/10.1016/j.landusepol.2019.05.003
http://dx.doi.org/10.1039/C8EW00789F
http://dx.doi.org/10.1039/C8EW00789F
http://dx.doi.org/10.1016/j.envsci.2018.06.006
http://dx.doi.org/10.1016/j.ijdrr.2019.101219
http://dx.doi.org/10.3390/su11246981
http://dx.doi.org/10.3390/su11246981
http://dx.doi.org/10.1002/ecs2.2495
http://dx.doi.org/10.1002/ecs2.2495
http://dx.doi.org/10.1108/SAMPJ-03-2018-0052
http://dx.doi.org/10.1108/SAMPJ-03-2018-0052
http://dx.doi.org/10.3390/su11174730
http://dx.doi.org/10.3390/su11174730
http://dx.doi.org/10.1016/j.envsci.2019.02.002
http://dx.doi.org/10.1016/j.scitotenv.2020.141642
http://dx.doi.org/10.1016/j.scitotenv.2020.141642

8 The role of infrastructure in societal transformations towards sustainability

51.

52.

53.

54.

55.

56.

57.

58.

Ma'Y, Rong K, Mangalagiu D, Thornton TF, Zhu D: Co-evolution
between urban sustainability and business ecosystem
innovation: evidence from the sharing mobility sector in
Shanghai. J Clean Prod 2018, 188:942-953 http://dx.doi.org/
10.1016/j.jclepro.2018.03.323.

Hansen R, Olafsson AS, van der Jagt APN, Rall E, Pauleit S:
Planning multifunctional green infrastructure for compact
cities: what is the state of practice? Ecol Indic 2019, 96:99-110
http://dx.doi.org/10.1016/j.ecolind.2017.09.042.

Hoover F-A, Meerow S, Grabowski ZJ, McPhearson T:
Environmental justice implications of siting criteria in urban
green infrastructure planning. J Environ Policy Plan 2021:1-18
http://dx.doi.org/10.1080/1523908X.2021.1945916.

Rall E, Hansen R, Pauleit S: The added value of public
participation GIS (PPGIS) for urban green infrastructure
planning. Urban For Urban Green 2019, 40:264-274 http://dx.doi.
org/10.1016/j.ufug.2018.06.016.

Burdon FJ, Ramberg E, Sargac J, Forio MAE, de Saeyer N,
Mutinova PT, Moe TF, Pavelescu MO, Dinu V, Cazacu C et al.:
Assessing the benefits of forested riparian zones: a qualitative
index of riparian integrity is positively associated with
ecological status in European streams. Water 2020, 12:1178
http://dx.doi.org/10.3390/w12041178.

Amaral MH, Benites-Lazaro LL, Antonio de Almeida Sinisgalli P,
Prates da Fonseca Alves H, Giatti LL: Environmental injustices
on green and blue infrastructure: urban nexus in a
macrometropolitan territory. J Clean Prod 2021, 289:125829
http://dx.doi.org/10.1016/j.jclepro.2021.125829.

Chang N-B, Hossain U, Valencia A, Qiu J, Kapucu N: The role of
food-energy-water nexus analyses in urban growth models for
urban sustainability: a review of synergistic framework.
Sustain Cities Soc 2020, 63:102486 http://dx.doi.org/10.1016/j.
scs.2020.102486.

Basnou C, Baré F, Langemeyer J, Castell C, Dalmases C, Pino J:
Advancing the green infrastructure approach in the Province
of Barcelona: integrating biodiversity, ecosystem functions
and services into landscape planning. Urban For Urban Green
2020, 55:126797 http://dx.doi.org/10.1016/j.ufug.2020.126797.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kremer P, Haase A, Haase D: The future of urban sustainability:
smart, efficient, green or just? Introduction to the special
issue. Sustain Cities Soc 2019, 51:101761 http://dx.doi.org/
10.1016/j.scs.2019.101761.

Girma Y, Terefe H, Pauleit S, Kindu M: Urban green
infrastructure planning in Ethiopia: the case of emerging
towns of Oromia special zone surrounding Finfinne. J Urban
Manag 2019, 8:75-88 http://dx.doi.org/10.1016/j.
jum.2018.09.004.

Kapetas L, Fenner R: Integrating blue-green and grey
infrastructure through an adaptation pathways approach to
surface water flooding. Philos Trans R Soc A Math Phys Eng Sci
2020, 378:20190204 http://dx.doi.org/10.1098/rsta.2019.0204.

Rigolon A, Németh J: Green gentrification or ‘just green
enough’: do park location, size and function affect whether a
place gentrifies or not? Urban Stud 2020, 57:402-420 http://dx.
doi.org/10.1177/0042098019849380.

Walker RH: Engineering gentrification: urban redevelopment,
sustainability policy, and green stormwater infrastructure in
Minneapolis. J Environ Policy Plan 2021, 0:1-19 http://dx.doi.org/
10.1080/1523908X.2021.1945917.

Haase D, Schwarz N, Strohbach M, Kroll F, Seppelt R: Synergies,
trade-offs, and losses of ecosystem services in urban regions:
an integrated multiscale framework applied to the Leipzig-
Halle Region, Germany. Ecol Soc 2012, 17 http://dx.doi.org/
10.5751/ES-04853-170322.

Malekpour S, Brown RR, de Haan FJ: Strategic planning of urban
infrastructure for environmental sustainability: understanding
the past to intervene for the future. Cities 2015, 46:67-75 http://
dx.doi.org/10.1016/j.cities.2015.05.003.

Tyler Tran J, Matthew Helmus R, Jocelyn Behm E: Green
infrastructure space and traits (GIST) model: Integrating green
infrastructure spatial placement and plant traits to maximize
multifunctionality. Urban For Urban Green 2020, 49 http://dx.doi.
org/10.1016/j.ufug.2020.126635.

Depietri Y, Orenstein DE: Fire-regulating services and
disservices with an application to the Haifa-Carmel region in
Israel. Front Environ Sci 2019, 7 http://dx.doi.org/10.3389/
fenvs.2019.00107.

Current Opinion in Environmental Sustainability 2022, 54:101148

www.sciencedirect.com


http://dx.doi.org/10.1016/j.jclepro.2018.03.323
http://dx.doi.org/10.1016/j.jclepro.2018.03.323
http://dx.doi.org/10.1016/j.ecolind.2017.09.042
http://dx.doi.org/10.1080/1523908X.2021.1945916
http://dx.doi.org/10.1016/j.ufug.2018.06.016
http://dx.doi.org/10.1016/j.ufug.2018.06.016
http://dx.doi.org/10.3390/w12041178
http://dx.doi.org/10.1016/j.jclepro.2021.125829
http://dx.doi.org/10.1016/j.scs.2020.102486
http://dx.doi.org/10.1016/j.scs.2020.102486
http://dx.doi.org/10.1016/j.ufug.2020.126797
http://dx.doi.org/10.1016/j.scs.2019.101761
http://dx.doi.org/10.1016/j.scs.2019.101761
http://dx.doi.org/10.1016/j.jum.2018.09.004
http://dx.doi.org/10.1016/j.jum.2018.09.004
http://dx.doi.org/10.1098/rsta.2019.0204
http://dx.doi.org/10.1177/0042098019849380
http://dx.doi.org/10.1177/0042098019849380
http://dx.doi.org/10.1080/1523908X.2021.1945917
http://dx.doi.org/10.1080/1523908X.2021.1945917
http://dx.doi.org/10.5751/ES-04853-170322
http://dx.doi.org/10.5751/ES-04853-170322
http://dx.doi.org/10.1016/j.cities.2015.05.003
http://dx.doi.org/10.1016/j.cities.2015.05.003
http://dx.doi.org/10.1016/j.ufug.2020.126635
http://dx.doi.org/10.1016/j.ufug.2020.126635
http://dx.doi.org/10.3389/fenvs.2019.00107
http://dx.doi.org/10.3389/fenvs.2019.00107

	Planning for urban green infrastructure: addressing tradeoffs and synergies
	Introduction
	Tradeoffs and UGI
	Synergies and UGI
	Approaches to reduce tradeoffs and maximize synergies
	UGI design: data collection
	Planning for multifunctionality
	Optimization of UGI
	Hybrid infrastructure
	Governance

	Discussion and conclusions
	Conflict of interest statement
	References and recommended reading
	Acknowledgement


