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ScienceDirect
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 UGI.

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

UGI 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 (SETs) [9]. Once identified, tradeoffs need to be

addressed in a timely fashion to ensure long term, suc-

cessful implementation of the UGI.

Pearsall et al. [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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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]

Effects on health (e.g. air and water

pollution, zoonotic diseases, allergies)

[16��,19�,20��]

Property damages; disruption of transport,

water, energy infrastructure, including due

to subsidence [16��,20��]

Centralization versus

decentralization; diversity

versus standardization

[21]

Enhancement of cultural

ecosystem services versus

habitat and biodiversity

preservation [22–24]

Impacts on safety (e.g. falling trees or

limbs, wildfires; reduced visibility)

[25,26,16��]

Competition for space [26]; urbanization

versus ecosystem services supply

[27,28,29�]

Between different

constraints, regulations,

and zoning [17]

Increase in provisioning versus

cultural and regulating

ecosystem services [30,24]

Undesirable interactions with wildlife (e.

g. nuisance, injuries, aggressions, fear,

and other negative emotions) [31,20��]

Performance level of UGI versus that of grey

infrastructure [11]

Competing planning

priorities [32,33]

Stormwater management

versus landscape connectivity

[14]

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��]
Decrease in property values (due to

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]

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

[39��]

Public versus private

interest [35]

Divergence in the

preferences and

perceptions of different

social groups [26]

Costs of the participatory

process [39��]
Tradeoffs and UGI
A list 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 T1

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.
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The ecosystem services literature has paid much atten-

tion to tradeoffs listed in categories T1 and T2 [16��,20��].
Category T3 is an expanding research area [5]. The issue

of institutional or governance tradeoffs (T4) 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
www.sciencedirect.com



Approaches and strategies for synergistic outcomes Depietri 3

Table 2

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-benefits) (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]

Increased public acceptance [43,44] Reduced pressure on grey infrastructure and

improved performance [43,33]

Between regulating ecosystem services, perceived

environmental health, biodiversity conservation and cultural

ecosystem services [22–24,26,13��,31,16��,45,20��,46]

Building social capital and social

cohesion [16��]; reduced social

vulnerability [14]

Costs reduction [23,33]; reduction in energy

use [16��]

Water, energy, and food nexus [47] Raised awareness regarding

sustainability issues [38]

Reduced environmental impact of the urban

infrastructure and increase in cultural value

[48,32,18]

Ecosystem based-adaptation and mitigation [49,50�] Increased energy efficiency reduces

inequalities [47]

Improved efficiency (e.g. in public and

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 et al. [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

areas and creating green spaces that are just and

inclusive.
www.sciencedirect.com 
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 T4. However,

multifunctionality in relation to UGI is, to date, mostly

researched with respect to tradeoffs between different

ecosystem services (category T1).

Optimization of UGI

The area of optimization of UGI refers to interventions

aimed at adapting the infrastructure to the local
Current Opinion in Environmental Sustainability 2022, 54:101148
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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

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

implentation [55,52,30]

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

vegetation structure [19�]
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 Green features can complement grey infrastructure, providing redundancy in the system and releasing pressure from

grey infrastructure [33]

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 (T1). 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 (T2) [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
Current Opinion in Environmental Sustainability 2022, 54:101148 
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-
www.sciencedirect.com
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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 (T2) [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 et al. [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 UGI. 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.
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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 (T1, 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 (T4).

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.
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