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A B S T R A C T

In contrast to the ongoing worldwide uncontrolled expansion of urban development resulting in sprawled cities,
compact cities have been argued by planners and researchers to be the more sustainable urban form. However, in
compact cities, it has been shown that a low proportion of green spaces jeopardizes the sufficient supply of urban
ecosystem services. This suggests that there remains a deficiency in clear visions for operationalizing compact
and green cities. To remediate this, this paper introduces a systemic conceptual framework for compact and
green cities by combining the concepts of smart growth and green infrastructure. The indicator-based, smart-
compact-green city framework includes two aspects: 1) smart compact cities (considering the need to limit urban
sprawl through smart growth) and 2) smart green cities (reflecting the preservation and (re-)development of
urban green infrastructure). The paper suggests that there is the need to balance these two aspects to develop a
systemic approach towards smart-compact-green cities. A hierarchical target system grounded on four characters
for smart compact and smart green cities is developed. Smart-compact-green cities can be characterized through
a 1) smart environment of compact and green cities, 2) smart multifunctionality of compact and green cities
(economic, social, environmental), 3) smart government for compact and green cities and 4) smart governance
for compact and green cities. The characters comprise twelve factors defined by 39 indicators for smart compact
cities and 44 indicators for smart green cities, respectively. The systemic framework can support researchers and
practitioners to develop visions of how existing or future cities can approach smart-compact-green cities in
mainstreaming the ecology of and for cities by better understanding the complexity of urban systems and
providing a basis for a systematic spatial monitoring.

1. Introduction

The percentage of human population in urban areas is projected to
reach 90% by the end of the 21st century (United Nations, 2012), re-
inforcing new kinds of but also old urban problems like urban sprawl
(EEA, 2016; OECD, 2012). Urban sprawl is generally viewed as the
spatial process of urbanization characterizing unconstrained urban ex-
pansion along with urban population growth. In terms of urban forms,
urban sprawl can define continuous exurban growth at the fringe of
existing built clusters or along roads (Couch et al., 2007). In terms of
land use, urban sprawl is associated with single-family houses, ex-
tended transportation infrastructures and huge freestanding commer-
cial and industrial estates. Drivers of urban sprawl are for instance as-
sociated with the unsystematic land development, the desire of single-
family houses in green surroundings and a lifestyle demanding more

space per capita and automobile use (EEA, 2016). However, urban
sprawl results then in various degrees of cumulative economic, social
and ecological impacts (see EEA, 2016 for a summary). Despite its
negative impacts, urban sprawl is still a growing trend (EEA, 2016;
OECD, 2012).

Therefore, it is widely accepted by policy and science that compact
cities need to be fostered. A compact city is a spatial form which is
characterized by its physical compactness, high-density development
and well-equipped public transport (OECD, 2012). The term ‘compact
city' is in particular used in Europe and the UK whereby in North
America ‘smart growth’ describes a similar concept with a dense, pe-
destrian- and transit-friendly urbanization (Smart Growth Network,
2003). Through strict land regulations, revitalization of urban centers
and brownfields, increasing the quality of life and providing affordable
housing, compact city policies aim to respond “(…) to many urban
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problems, such as land consumption in fringe areas, energy and re-
source waste, air pollution, accessibility, and social segregation”
(Neuman, 2005, 17). However, some side-effects hamper a high quality
of life in compact cities (e.g., traffic congestion, air pollution).

One main constraint to compact cities (and of interest in this paper)
is the low proportion of urban green spaces (Haaland and van den
Bosch, 2015; Neuman, 2005). Urban green spaces (or “urban green”)
are spaces in an urban environment which have any amount of vege-
tation, such as parks, urban agriculture, urban forests, residential gar-
dens, street trees or roof gardens (Breuste et al., 2013). The green in-
frastructure concept stands out as a multi-object strategic planning
approach implementing these different kinds of urban green spaces on
various scales (Hansen and Pauleit, 2014). Urban green is increasingly
acknowledged as the main supplier of ecosystem services supporting
human well-being in cities (Breuste et al., 2013). Benefits of green areas
ought to be supplied where the demand exists, especially since the ef-
fects of green spaces are spatially confined. However, especially in
compact cities, the supply of ecosystem services is lower than its de-
mand (Larondelle and Lauf, 2016). There is a deficiency in clear visions
on how to approach compact and green cities (Haaland and van den
Bosch, 2015; Larondelle and Lauf 2016). In particular, it lacks in-
tegrative concepts for research and urban planning practice to approach
compact and green cities (Artmann, 2016).

To that end, this study aims to develop a systemic conceptual fra-
mework for compact and green cities, referred to here as “smart-com-
pact-green cities”. The framework links the concepts of smart growth
and green infrastructure and argues they are mutually reinforcing. Due
to lacking conceptual understanding on how to approach compact and
green cities, research is required to investigate how the green infra-
structure concept can be expanded to consider the built environment
better such as by using the concept of smart growth (Artmann et al.,
2017). To our knowledge, the connection of both concepts has only
been superficially considered in past research with an emphasis on the
conservation of green infrastructure through smart growth (Benedict
and McMahon, 2002; Daniels and Lapping, 2005). Our approach
therefore aims to further explore how smart growth and green infra-
structure can feed into an integrative target system for compact and
green cities.

The smart-compact-green city framework can be considered an in-
dicator-based target system which approaches: 1) smart compact cities
considering the need to limit urban sprawl through smart growth, and
2) smart green cities reflecting the preservation and (re-)development
of urban green infrastructure. Indicators as defined by Heink and
Kowarik (2010) are valuable tools supporting science and planning to
understand complex systems (e.g., compact and green cities). So far, a
range of indicators are developed and applied to describe in particular
spatial patterns of smart growth (e.g., share of single family lots
(Barbour and Deaking, 2012), mix of land uses (Cervero, 2006)) and
green infrastructure (e.g., accessibility (Grunewald et al., 2017), mul-
tifunctionality of urban green spaces (Lovell and Taylor, 2013)).
However, to our knowledge no systemic development of sets of in-
dicators interlinking the concepts of green infrastructure and smart
growth has been done for spatial monitoring and planning analysis.
Moreover, these studies focus on either compact cities or green infra-
structure neglecting the interdependence between both dimensions.
Thus, the aim of the paper is not to develop new indicators but to in-
terlink existing indicators based on the concepts of green infrastructure
and smart growth. This is expected to provide a description of the
complex smart-compact-green city system and a basis for an integrated
spatial monitoring.

The smart-compact-green city framework can be either used by re-
searchers or planning practice to mainstream visions of how future ci-
ties can be developed or to evaluate and monitor the success of already
existing cities aiming to approach compact and green cities. Like
Giffinger et al. (2007), who developed a hierarchical target system for
smart cities in general without focusing in particular on smart growth,

compact cities or green infrastructure, we operationalize the theoretical
background for smart-compact-green cities by using a hierarchical
target system defining at first characters, then factors and finally in-
dicators.

2. Theoretical conceptualization of smart-compact-green cities

Smart cities are a popular concept for science and policy to promote
urban sustainable development. However, the concept is not well-de-
fined and describes various perspectives (Vanolo, 2016). For instance,
smart cities can refer to a smart economy (e.g., communication and
information technologies), smart people (e.g., human capital), or smart
governance (e.g., e-governance or e-democracy) (Giffinger et al., 2007).
Smart cities generally − and also in this study − represent “(…) the
final goal of a virtuous path − along which investments are addressed
to achieve a sustainable growth, in economic and environmental terms
− aimed at improving the quality of life of citizens (…)” (Papa et al.,
2013,13). Smart growth can then describe in a wider sense an economic
development path balancing growth with a careful use of natural re-
sources and social inclusion of urban residents (EC, 2010). Smart
growth can be seen as a bottom-up response to counteract urban
challenges impacting living quality such as air pollution or loss of open
spaces (Albino et al., 2015). The way in which this final goal can be
achieved for smart-compact-green cities will be developed throughout
this section.

The focus of research on smart growth is on strategies aiming to
manage urban sprawl, increase densities, provide mixed land uses, re-
duce public development costs and improve urban built-up aesthetics
and quality of life in cities (Downs, 2005; Vanolo, 2016). Thereby,
smart growth is often used synonymously with compact cities
(Whitehead, 2012). This is also how we define smart growth: a process
to achieve compact cities as a sub-target of smart cities. The economic-
oriented European smart growth strategies (EC, 2010, 2012a) stress
that especially natural ecosystems and green infrastructure, such as
supporting local economies by increasing the attractiveness of areas for
tourists through green infrastructure development, can promote smart
growth.

Since the smart city (Albino et al., 2015; Vanolo, 2016) as well as
the green infrastructure (Hansen and Pauleit, 2014) concepts lack an
agreement on theoretical discourse and their holistic operationalization
remains elusive, this section develops the theoretical conceptualization
of its multi-dimensional characteristics and embedded factors based on
literature reviews covering smart cities (with a specific focus on smart
growth), compact cities, and urban sprawl on the one hand, and on the
other hand green infrastructure. Based on the literature review, four
characters of smart-compact-green cities are considered reflecting the
need to consider cities as complex socio-ecological systems
(McPhearson et al., 2016): 1) smart environment, 2) smart multi-
functionality, 3) smart government and 4) smart governance. These
characters mirror the reconciling demands to simultaneously promote
densification within the grey infrastructure through smart growth
(smart compact city) and to secure the protection and (re-)development
of the green infrastructure (smart green city). The study suggests that
there is the need to balance these two aspects to develop a systemic
approach towards smart–compact-green cities (see Fig. 1). Based on the
factors of each characteristic, we further specify smart-compact-green
cities by developing a set of indicators. The detailed list of indicators
can be found in the Appendix A and Appendix B (Appendix A: In-
dicators for analyzing smart compact cities; Appendix B: Indicators for
analyzing smart green cities).

2.1. Conceptualizing smart environment of compact and green cities

Smart cities need to consider the environment as essential for se-
curing sustainable growth and limiting urban sprawl (Giffinger et al.,
2007). Therefore, the first characteristic in operationalizing smart-
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compact-green cities is a smart environment reflecting the built as well
as the (semi-)natural environment of the urban ecosystem. For further
clarification, four factors were elaborated and were specified through
indicators considering a multi-object approach. The multi-object ap-
proach reflects the diversity of built-up lands and green spaces and thus
provides an integrated picture of the urban ecosystem and its spatial
patterns. Such a multi-object approach is demanded for smart growth to
promote mixed land uses (Durand et al., 2011) and for green infra-
structure planning to more precisely target where to integrate urban
green spaces into built-up types (Hansen and Pauleit, 2014).

2.1.1. Smart density and green infrastructure integration
Density is the most used criterion to define urban sprawl (Galster

et al., 2001; Krehl et al., 2016). Density can be measured through the
intensity of activities (e.g., living, working) and its related built-up
areas and functional or physical densities (e.g., residential areas per
land unit) (Krehl et al., 2016; OECD, 2012). Creating areas of high
density often implies promoting space-efficient urban forms and verti-
cally developed building instead of horizontal, low-density develop-
ments. In particular, low densities of commercial/industrial and re-
sidential areas contribute to urban sprawl (Artmann, 2013). Therefore,
a “smart built environment of smart growth” can be approached
through land use intensification such as of these built-up types at the
site scale (Haaland and van den Bosch, 2015; Smart Growth Network,
2003). However, especially urban morphology types of high densities
correlate with the lack of urban green spaces (Artmann, 2013). We
suggest applying the principle of “integration” addressed by the green
infrastructure concept for the development of a “smart environment of
a green city” (see Fig. 2). The green infrastructure concept suggests a
functional or physical integration of green spaces into the planning of
grey infrastructure (Hansen and Pauleit, 2014). For instance, the in-
tegration of green infrastructure can be done through green roofs to
decrease surface water runoff in highly sealed commercial areas (Haase
and Nuissl, 2007), sky gardens in residential areas to compensate a lack
of ground-level greenspaces (Tian et al., 2012), street trees to reduce
CO2 emissions (Soares et al., 2011) or implementing small gardens such
as those related to schools to support biodiversity as part of the green
network (Ioja et al., 2014a, 2014b).

2.1.2. Smart attractiveness and quality of compact and green cities
Smart compact cities should secure high-quality, built-up land in

regards to the attractiveness of housings and their physical environment
(Giffinger et al., 2007; Smart Growth Network, 2003). In particular,
revitalization of urban centers should reflect different aspects of the
smart city and smart growth literature (e.g., Albino et al., 2005; Downs,
2005; Giffinger et al., 2007; Smart Growth Network, 2003): aesthetics
and design of different kinds of grey infrastructure (e.g., commercial
areas to secure a high quality of stay), a pedestrian-friendly street de-
sign, and safe residential areas.

For smart green cities, a focus should be set on the high quality of
the urban green spaces in the built environment (Kambites and Owen
2006). Regarding compact cities, the argument goes that high-quality
green infrastructure can compensate for the quantitative lack of green
(Haaland and van den Bosch, 2015). The quality is determined by ve-
getation types and spatial patterns, both influencing the provision of
ecosystem services like micro-climatic effects (Lehmann et al., 2014). In
order to take into account the necessary multi-scale planning of green
infrastructure (Hansen and Pauleit, 2014), the quality of green spaces
for compact and green cities should consider urban green spaces at site,
city and district as well as regional and national scale (Artmann et al.,
2017).

2.1.3. Smart proximity of compact and green cities
Proximity is considered as “(…) an important morphological char-

acteristic of a compact city” (OECD, 2012, 81). Proximity describes the
distance between different types of land uses and their related activities
within a given urban area (e.g., between working, which in our fra-
mework refers to commercial/industrial areas and social infrastructure,
and living) (OECD 2012). Specifically, proximity can be understood as
the distance residents need to get from “(…) any ‘home’ or residential
square to every other ‘target’ or employment square” (Galster et al.,
2001, 697). Therefore, residential areas are not mirrored as a separate
indicator. Since, in smart growth literature, proximity is defined by the
proximity of transit stops of buses or subways (Durand et al., 2011), the
proximity to public transport should be targeted for smart compact
cities as well.

Proximity to green spaces, as understood in this study, is the dis-
tance between residential areas to different kinds of urban green spaces.

Fig. 1. Characters (C) and factors (F) for the systemic smart-compact-green city framework.
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Short distances between urban green areas and dwellings can maximize
the urban green ecosystem benefits like supporting recreation
(Grunewald et al., 2017). Of crucial importance for the living quality in
cities in general and in particular in compact cities is the supply of
recreational areas, which should be a reasonable pedestrian distance
and be accessible to the public. Urban green spaces with recreational
functions and public access are mostly parks, cemeteries, forest and
woods, general green areas, waterbodies including flowing and
standing bodies of water as part of the green infrastructure and agri-
cultural land such as grassland and orchard meadow. Threshold values
for recommended distances between urban green spaces for everyday
recreation and the place of residence differ in literature between 300
and 500 m (ibid.).

2.1.4. Smart concentration and connectivity of compact and green cities
Since the measurement of density does not provide information on

the distribution of built-up land, there is the need to consider the
concentration (seen as the clustering pattern) of urban built-up areas
(Thomas et al., 2010). Urban built-up areas of high concentration are
developed in fewer places within a city administrative limit instead of

being scattered (Galster et al., 2001, Fig. 3). To counteract urban
sprawl, smart growth needs then to achieve high concentrations of
built-up land, people, services and jobs reflected by the concentration of
commercial and industrial, residential and transport areas as the major
built-up types in the urban fabric (Artmann, 2013). The main as-
sumption is that the agglomeration of urban entities at some urban
centers generate higher proximities and higher utility levels of public
services and infrastructures while simultaneously limiting costs and
reliance on the private car for commuting (Downs 2005; Smart Growth
Network 2003).

For smart green cities, the distribution of green spaces is also of
importance. Within this study, the concentration of built-up land should
result in an even distribution of green spaces which are connected to
each other at different scales (Hansen and Pauleit, 2014) to preserve
biodiversity or afford recreational areas close to residents (Kambites
and Owen, 2006) (see Fig. 3). The connectivity of different landscape
elements can be done physically or functionally, implemented through
wildlife networks, green belts, stepping-stone networks of small habitat
patches and blue-green corridors (Davies et al., 2015).

Fig. 2. Scheme and examples of smart density and green infrastructure integration (photos: Martina Artmann). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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2.2. Conceptualizing smart multifunctionality of compact and green cities

As envisioned by the European Commission (EC, 2012a), innova-
tions evolve when economic, social and environmental benefits are
created through sustainable growth strategies. We argue, like the Eur-
opean Commission (EC, 2012a), that facing current challenges such as
climate change or biodiversity loss, there must be a development of
synergies between the three sustainability dimensions and smart and
green cities. Compact development has a wide range of economic, so-
cial and environmental benefits limiting the consequences of urban
sprawl (EEA, 2016). Smart growth therefore targets a multifunctional
mix of uses promoting proximity to working, shopping and recreation
(see Section 2.1.3), resulting in multi-dimensional benefits (Smart
Growth Network, 2003). A key feature of green infrastructure planning
is the holistic and strategic targeting of its ecological, social and eco-
nomic functions as well (Benedict and McMahon, 2002; Kambites and
Owen, 2006). The multifunctional approach of green infrastructure also
fits well with compact cities since it targets maximizing synergies of
ecosystem services and their related social, ecological and economic
benefits where space is limited (Andersson et al., 2014). Therefore, for
an integrative picture of potential synergies under the light of a sus-
tainable development this second character, smart multifunctionality,
focuses on multifunctionality of compact and green cities and its social,
economic and ecological dimensions.

2.2.1. Smart social consideration for compact and green cities
According to the European smart and sustainable growth strategy,

which puts smart growth in a wider context, smart growth must address
social challenges such as job provision (EC, 2010). Jepson and Edwards
(2010) found that smart growth strategies indeed comprise targets fo-
cusing on job supply. However, smart growth also targets the supply of
affordable housing for all income groups and housing diversity that
fosters interactions among diverse population (Jepson and Edwards,
2010). By reflecting the interests of all residents through a distinctive

and unique, high-quality built environment (see Section 2.1.2), smart
growth also aims to create a sense of place and civic pride. High-quality
communities supporting the sense of place can be considered as having
high economic value as well (Smart Growth Network, 2003). In this
regard, green infrastructure can help in place-making and improve the
distinctiveness of different areas (EEA, 2011).

The social dimension is also an important aspect of green infra-
structure planning considering impacts by urban green spaces on
human well-being (Kambites and Owen, 2006). Indeed, densification
and greening should consider the promotion of health benefits for
urban residents. High levels of mixed land uses and residential density
can support physical activities and contribute to public health (Frank
et al., 2005). The provision of green spaces at close proximity to urban
residents foster physical activities contributing to cardiovascular health
(Richardson et al., 2013). However, close proximity to and better
supply of urban green spaces might increase property values and dis-
place less wealthy residents (Haaland and van den Bosch, 2015).
Therefore, urban planners ought to monitor the distribution of en-
vironmental quality and its access among the population in terms of
environmental justice. Environmental justice is defined as equal access
to a healthy environment to all strata or classes of population (Schwarte
and Adebowale, 2007). The planning for smart-compact-green cities
should therefore consider impacts of densification on different popu-
lation groups (Artmann et al., 2017) to ensure, for instance, that vul-
nerable residents such as elderly and children have good access to
urban green spaces (Grunewald et al., 2017). Urban green also supports
social cohesion. A case study in the Netherlands showed that urban
parks provide a means for ethnic groups to mix with each other, sti-
mulating social cohesion (Peters et al., 2010). Also highly dense built-
up areas can moderately foster social interactions and support greater
use of local services (Bramley et al., 2009).

2.2.2. Smart economic consideration for compact and green cities
Since economic growth is a central objective of national policies, it

Fig. 3. Scheme of concentration and green infrastructure connectivity (based on the visualization of concentration by Galster et al., 2001).
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is worth emphasizing to urban planners and local policy makers the
economic benefits of compact cities. Thus, a shift from the simple target
to protect the environment from urban sprawl towards an economic
green growth perspective can convince urban actors to introduce
compact city strategies (OECD, 2012). Indeed, there are economic
benefits for urban authorities through compact development. For in-
stance, an increase in population density in medium-sized urban areas
decreases the municipal spending on public services per capita as de-
monstrated in Latin America (De Duren and Compeán, 2015). To in-
crease job supply, green cities profit from a positive image and there-
fore attract more firms than highly sealed cities (Jang and Kang, 2015).
The degradation of the urban ecosystem such as the loss of urban green
spaces due to densification is related to a loss of ecosystem services
often involving economic costs (MEA, 2005). Therefore, economic
benefits provided by green infrastructure should be considered by cities
when it comes to decreasing green space during densification processes.

It is argued that urban planning is constrained by decreasing fi-
nancial resources despite rising complexity approaching urban sus-
tainability (Dalal-Clayton and Bass, 2002) and economic and financial
activities are a major driver of urban sprawl (EC, 2012b). Therefore,
economic-fiscal instruments aiming to limit urban sprawl and to pro-
mote green cities should be taken into account by urban planning. For
instance, in some European countries (e.g., Poland, Slovakia) devel-
opers are required to pay a fee for the soil sealed, the amount of which
depends on the value of the soil lost through urban sprawl (EC, 2012b).
To overcome limited financial resources for urban green infrastructure,
planning systems should include financial instruments in green devel-
opment approvals (Kambites and Owen, 2006).

2.2.3. Smart ecological consideration for compact and green cities
One main value of the concept of smart growth is its economic-

growth-oriented urban development while protecting land and the en-
vironment. In this regard, the main pillars are the preservation of nat-
ural areas at the urban fringes of urban sprawl (related in the frame-
work to the smart compact city) and green spaces within the built-up
areas (related in the framework to the smart green city) (Daniels and
Lapping, 2005). Both pillars provide manifold stepping stones towards
sustainable ecological development (ibid.).

To frame the indicators for smart-compact-green cities within this
factor, the categorization of ecosystem services into four groups (reg-
ulation, supporting, supplying, cultural ecosystem services (MEA,
2005)) can be applied since both dimensions of the compact and green
city likewise affect all ecosystem services categories. Indeed, ecosystem
services can support urban planning in reflecting the complex ecolo-
gical impacts due to densification when planning compact and green
cities (Artmann et al., 2017). For instance, the limitation of urban
sprawl through green belts at urban fringes can contribute to climate
change mitigation (Gill et al., 2007). Integrating green infrastructure
into the grey infrastructure (see Section 2.1) through the installation of
green roofs supports stormwater management and provides space for
recreation in densely built-up areas (Oberndorfer et al., 2007). Sup-
porting and supplying ecosystem services are addressed along the
boundaries of urban sprawl by hindering fragmentation of habitats and
loss of agricultural areas for food provisioning (Artmann, 2013).
Through greening roads and local garden initiatives biodiversity can
also be supported in dense urban areas (Tratalos et al., 2007). When
implementing edible green walls or fruit trees in public urban parks the
provision of food can be promoted within urban built-up areas (Russo
et al., 2017).

2.3. Conceptualizing smart government for compact and green cities

Smart growth requires powerful institutional leadership as well as
coordination. Smart government includes government-only action and
can help to remove legal barriers preventing densification and to define
and prioritize one or more strategic planning objectives/actions (Albino

et al., 2015; EC, 2012a). The same can be true for green infrastructure
planning, where strategic actions such as integration of green and grey
infrastructure can be prioritized (Davies et al., 2015). Therefore, this
third character illustrates smart government as a main pillar to strate-
gically implement and monitor smart-compact-green cities which is
reflected by its integration into the other characters developed.

2.3.1. Strategic management
The ability of planning to embrace appropriate priorities and spe-

cific actions for planning of green infrastructure considering its multi-
functionality and its important components such as ecosystem service
supply (see Section 2.2.3), stakeholder preferences (see Section 2.4) and
multi-objects and networks (see Section 2.1) is comprised in the term
strategic management (Hansen and Pauleit, 2014). In particular, plan-
ning strategies for compact and green cities need a comprehensive
planning (Kambites and Owen, 2006) to reflect the spatial hetero-
geneity and socio-ecological complexity of urban ecosystems and
landscapes (Artmann et al., 2017) which is also mirrored by the fra-
mework developed in this study.

To adapt to (changing) local conditions (e.g., shrinking or growing
cities), relevant scales of action (see Section 2.3.3) and actors involved,
urban planners ought to apply a set of strategies as part of strategic
management for compact and green cities. These strategies can include
the revitalization of urban brownfields in shrinking cities to reduce land
take, in particular at the urban fringes (Artmann, 2013). Brownfields
can also be greened for interim uses like recreation (Rall and Haase,
2011). Also, the strengthening of the city center can be a task to im-
prove the quality of the built environment. This is supported by current
trends of re-urbanization such as in former shrinking cities in the UK or
Germany where vacant housing has decreased especially in more at-
tractive districts (Rink et al., 2012). The greening of vacant lots can
make valuable contributions since they may limit certain crimes and
provide some health benefits (Branas et al., 2011).

A common challenge among compact and green cities is the un-
certainty in ensuring/enhancing green space quality while meeting
densification and multifunctionality objectives (Haaland and van den
Bosch, 2015). In this regard, smart government for compact and green
cities needs strategies on how to deal with conflicts between targets
such as densification, living quality, and ecosystem services in a context
of rising concerns about environmental states and urban sprawl pro-
cesses (Torre et al., 2014). Conflicts for green infrastructure planning
can also arise for instance between uses of green spaces for nature
conservation versus recreational uses (Artmann et al., 2017). In addi-
tion, institutional barriers (e.g., lacking capacity for implementing
green infrastructure (Davies et al., 2015) should be considered by a
smart government.

To approach conflicts and uncertainties during the implementation
of compact and green cities, a close, cross-sectoral cooperation in the
city administration is important. Particularly within the complex urban
ecosystem, cross-scale and cross-departmental co-operations are needed
to develop systemic urban management plans for compact and green
cities (Artmann et al., 2017).

2.3.2. Reflective management
Integrative planning for compact and green cities needs to analyze

the state of landscape and nature and potential impacts of developed
planning measures and objectives (Artmann et al., 2017). Thus, the
second factor sees the need of a reflective management that is in-
formation-driven and aware of intended, current and past urban de-
velopments of the environment (see Section 2.1) and their multi-
functional impacts (see Section 2.2). In light of the smart city concept
and its focus on informational and technological aspects, the need for
monitoring is obvious. Thus, “(…) the Smart Cities initiative seeks to
improve urban performance by using data, information and Informa-
tion Technologies (IT) to provide more efficient services to citizens, to
monitor and optimize existing infrastructure (…).” (Marsal-Llacuna
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et al., 2015, 621) Such monitoring supports smart growth initiatives by
proactively analyzing impacts of various development patterns to se-
cure a high living quality during densification (Smart Growth Network,
2003) or providing information about infill development potential (e.g.
brownfield registers) (Artmann, 2016). Through monitoring current
planning processes of green infrastructure, countermeasures can be set
when strategies do not achieve desired impacts. To ensure a straight-
forward approach towards compact green cities, the monitoring system
should be interlinked with targets. To foster compact cities, urban
planning and decision makers can set explicit targets of daily land take
to limit urban sprawl (EC, 2012b) or expand the amount of space for
green areas (Grunewald et al., 2017).

2.3.3. Multi-scale management
The success of urban growth management depends on the co-

operation between various scales (Siedentop and Fina, 2012). Since a
comprehensive, green infrastructure network is ideally developed
within the city at different scales and crosses over into peri-urban and
rural sites, local to cross-boundary cooperation for its implementation is
required (Davies et al., 2015; EC,2013) (see Section 2.1).

Smart multi-scale management should consider multi-scale co-
operation and benefits arising through green and compact cites. Multi-
scale impacts through urban sprawl arise, for instance, due to an in-
crease in dependence on cars and therefore to an increased demand for
energy and multi-scale impacts through associated emissions by traffic
(De Ridder et al., 2008). Therefore, planning should not only consider
the welfare of residents arising through smart growth but interests of
their entire region by shifting power for land-use planning from the
local to regional level (Downs, 2005). In regards to green cities, in-
dividual trees can contribute to cooling the urban air and surface
temperatures at site scale, but their ecosystem services can be max-
imized when embedded in a larger green network (Andersson et al.,
2015). To ensure an extensive approach towards compact green cities,
urban planning should take up multi-scale targets and requirements set
from European to local scale as reflected by the EU Water Framework
Directive (Artmann et al., 2017).

2.4. Conceptualizing smart governance for compact and green cities

The planning of green infrastructure, as well as smart growth,
strategies call for a transdisciplinary approach sharing knowledge be-
tween academics and non-academics, while also motivating a broad
range of local stakeholders such as residents, economic representatives,
and non-governmental actors (Kambites and Owen, 2006; Scott 2007).
We argue that these non-governmental actors comprise the fourth
character of the smart-compact-green city framework and can con-
tribute directly or indirectly to smart growth and green cities in terms of
urban environment qualities and densification. A smart governance is
hence understood as groups of urban stakeholders in addition to city
administrations defined as smart government (see Section 2.3) ensuring
the structural setup required to realize compact and green cities.

2.4.1. Governance for smart density and green integration
The residential preferences of the individuals or households for

single-detached family housing and low-density areas at urban fringes
that provide access to natural amenities are often raised as a main
driver of urban sprawl (Howley, 2009; Williams et al., 2010). Thus,
residents influence the intensity of urban sprawl. Moreover, residents
can take actions in greening building. In Munich, Germany, residents
and investors alike are engaged in a competition to green courtyards
and roofs in residential and commercial areas (Artmann, 2013). In-
vestors as economic representatives are also crucial to limiting urban
sprawl since it is argued that urban sprawl can be considered the
consequence of liberal markets giving the freedom to individuals to
dispose of the supply and demand of land (Bruegmann, 2005). As a
tertiary stakeholder in urban planning, non-government organizations

(NGO) can push sustainable urban development forward and for in-
stance raise awareness (Smart Growth Network, 2003) such as on the
impacts of urban sprawl or possibilities for greening buildings. Another
important group of actors related to compact green cities are re-
searchers. They can be consulted during the planning decision-making
process, for example, to develop indicators to quantify the accessibility
of urban green spaces (Grunewald et al., 2017).

2.4.2. Governance for smart attractiveness and green quality
Besides supporting dense urban development and green integration

economic representatives, the public, NGOs and researchers can con-
tribute to provide better qualities, and hence attractiveness, of the grey
infrastructure. For instance, residents can be directly involved in the
improvement of the attractiveness of buildings and their neighbor-
hoods. A high-quality built environment then also attracts investors
who are major players in implementing smart growth (Smart Growth
Network, 2003). In regards to improving the quality of green infra-
structure, public urban greening or garden communities are examples,
providing access to local food, implementing new environmentally-
friendly agricultural practices, and securing ordinary ecological di-
versity (Tidball and Krasny, 2007). NGOs and researchers can support
communities to develop community interaction for improving and
maintaining the quality of neighborhoods and to develop a sense of
community (Smart Growth Network, 2003).

3. Discussion

3.1. Applying the smart-compact-green city framework

To approach compact and green cities, the application of the sys-
temic smart-compact-green city framework provides indicators 1) for
land-use monitoring and 2) for assessing and supporting urban devel-
opment strategies to make imbalances between smart compact and
smart green cities visible.

a The structure of land uses and related land cover determines the
functioning of cities. Only if mixed land uses, density and quality
including green supply are implemented can a city of short distances
be achieved. Therefore, high-resolution spatial information is ne-
cessary and in particular a monitoring of its small-scale changes
(Meinel, 2014). To describe such structures, states, and changes, the
smart environment and multifunctionality indicators are useful (see
Sections 2.1, 2.2). Some indicators suggested in our framework have
already been implemented as a part of the German Monitor of Set-
tlement and Open Space Development (IOER monitor) since 2010
(Krüger et al., 2013). However, examples of possible indicators for a
smart environment of compact and green cities, their related criteria
and monitoring presented in Table 1 show that a mix of additional
methods and in particular small-scale data sources are needed to
comprehensively capture all factors. Thus, besides GIS analysis
making the density of the grey infrastructure visible, mapping green
roofs at a small scale, surveying residents to assess access to dif-
ferent patterns of built-up sites or new technologies should be ap-
plied through the smart-compact-green city framework. To our
knowledge there is currently no spatial monitoring providing such
an integrated picture of compact and green cities and their changes
over time. Our conceptual paper can be considered as a first step to
provide a framework for such an integrated spatial monitoring.

b The analysis of urban planning policies and strategies can contribute
to an understanding of policy paradigms within a given period
(Hansen et al., 2015). Since there is a strong need to shift from the
compact city dogma to an integrative view on compact and green
cities (see Section 1), the analysis of urban planning documents can
proof how far this paradigm shift has reached the planning practice.
To systematically analyze planning strategies, we suggest con-
ducting a content analysis using a coding procedure such as was
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done by Wald and Hostetler (2010) in assessing the performance of
Florida’s Land Development Regulations in conserving open spaces.
The indicators suggested in this paper can be developed further and
function as coding criteria by formulating them as questions (e.g.,
“Are space-efficient commercial and industrial areas demanded by
planning?” 1 = yes, 0 = no; see indicator I.1.1.1, Appendix A). The
cities can then score one point if they address the issue in their
policy.

The land-use monitoring and planning analysis can help research
and planning to better visualize any imbalance between approaching
compact and green cities. By summing up the scores gained through
planning analysis or land-use monitoring (per factor, character and
aspect), it becomes visible to what extent a balance between targets
related to smart compact cities and smart green cities has been achieved
(see Fig. 1, Section 1). Before that, a normalization of the data and its
different units (see Table 1) is necessary as suggested by Larondelle and
Lauf (2016) when evaluating multiple urban ecosystem services. Be-
sides, since the importance of the different characters and factors might
differ between cities and their local framework conditions (e.g., be-
tween growing or shrinking cities) as well as their different departments
(e.g., between nature protection and transport planning), a subjective
rating of the indicators, factors and characteristics by different urban
actors can help to consider such varying perspectives (Fischer et al.,
2010). In this regard, the future application of the framework in cities
with different framework conditions might be interesting to develop
comprehensive planning recommendations how to approach compact
and green cities.

3.2. Factors affecting the framework application

During the development of the smart-compact-green city frame-
work, it became evident that the proposed characteristics and factors
can be well grounded theoretically by using the concepts of smart
growth for compact cities and green infrastructure for green cities
providing an integrated view on compact and green cities, their spatial
components and actors across scales. However, we identified three
main areas affecting the potential framework application: research
limits, the role of smart technology and land-use conflicts.

First, despite the theoretical grounding of the developed factors and
indicators, their application in practice can be constrained by a lack of
conceptual understanding. For instance, more research is needed to
understand the production of multiple ecosystem services (see factors
I.2.3 and II.2.3) in cities in particular in relation to their built infra-
structure and across scales (McPhearson et al., 2016). In general, to
understand interconnections between urban sprawl and its social,
ecological and economic effects (see Section 2.2) more detailed studies
are needed (EEA, 2016). The application of our framework might also
be limited by lacking data, which would for instance constrain in-
vestigations on densities values, especially in cases where a small scale
is used, such as for built-up areas (Krehl et al., 2016) (see Section 2.1.1).

Second, the use of technology is a key component of the smart city
concept (Albino et al., 2015) and should be reflected further when re-
fining and applying our framework. For instance, it is argued that smart
government makes use of Information and Communications Tech-
nology (ICT) to strategically manage growth and innovation by inter-
connecting with other planning departments, residents and businesses.
ICTs offer the government the possibility to be more transparent, ac-
countable, using resources more effectively and empowering and edu-
cating citizens through interactive platforms and crowdsourcing tech-
niques so that they are capable of engaging in a debate about their own
environment (Albino et al., 2015; Allwinkle and Cruickshank, 2011).
Thus, ICTs can contribute to smart environment (see Table 1), gov-
ernment and governance for smart-compact-green cities. However,
despite the positive role of smart technologies, one must ask to which
extent technology can support smart urbanism. Relevant risks can refer

to unequal access to ICTs (Luque-Ayala and Marvin, 2015), costs and
data security such as related with cloud computing (Hashem et al.,
2014). Suitable technologies ought to be based on local circumstances
and integrated into strategies and mechanisms to promote smart-com-
pact-green cities.

Third, in compact and green cities, limited land resources (Torre
et al., 2014), competition between land-uses and ecosystems services
(Kovács et al., 2014; Tudor et al., 2015), as well as high cultural di-
versity and elevated risk to break the law (Ioja et al., 2014b) are ideal
conditions for incompatible interactions between actors (Hersperger
et al., 2015). Land-use conflicts in compact and green cities are char-
acterized by more complexity and have diverse participant pools (also
diverse in dynamic and socio-cultural norms) claiming to represent the
public interest (Torre et al., 2014). Therefore, we took the conflicts
(such as related to land use) into consideration by strategically mana-
ging compact and green cities with separate indicators (I.3.1.3 and
II.3.1.3). Future research is needed to assess the added value of our
integrative framework in supporting urban planning to deal with land-
use conflicts arising in compact and green cities and their different
characters and factors.

4. Conclusions

Researchers and urban planners are confronted with the central
challenge of how to approach compact and green cities at the same
time. This paper contributes to a better understanding on how compact
and green cities can be advanced. By linking the concepts smart growth
(as a goal of smart cities) and green infrastructure, a hierarchical in-
dicator-based target system was developed which is grounded on four
characteristics: 1) smart environment, 2) smart multifunctionality; 3)
smart government and 4) smart governance for compact and green ci-
ties.

This framework provides a systemic approach for compact and
green cities by considering the complexity of cities as socio-ecological
systems. In general, such an integrated science is crucial for future re-
search in urban ecology to understand the complexity of urban systems
(McPhearson et al., 2016). Due to the systemic composition of our
framework, its application will need the integration of various sources
and types of data such as spatial (e.g., sealing degree, density), quan-
titative (e.g., economic benefits of compact cities) and qualitative data
(e.g., preferences of green spaces by different population groups). Since
time and financial resources are often strained in planning, new as-
sessment and monitoring requirements need to be balanced with ev-
eryday realities. Therefore, a next step to this study is to develop
practical criteria and to consider current data situations. Therefore, in
the application of the framework, it might be that not all indicators can
be fed with data. Future research should identify potential data sources
and crucial data gaps that need to be filled for understanding the pro-
gress, opportunities and needs of actions to approach smart-compact-
green cities.
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Appendix A

See Table A1.

Table A1
Indicators for analyzing smart compact cities.

I) Smart compact city

I.1) Smart built environment of compact cities
I.1.1) Smart density of grey infrastructure
I.1.1.1) Space-efficient commercial and industrial areas
I.1.1.2) Space-efficient residential areas
I.1.2) Smart attractiveness of grey infrastructure
I.1.2.1) Smart attractiveness of commercial and industrial areas
I.1.2.2) Smart attractiveness of residential areas
I.1.2.3) Smart attractiveness of transport areas
I.1.3) Smart proximity of grey infrastructure
I.1.3.1) Smart proximity to commercial and industrial areas
I.1.3.2) Smart proximity to public transport
I.1.3.3) Smart proximity to social infrastructure
I.1.4) Smart concentration of grey infrastructure
I.1.4.1) Smart concentration of commercial and industrial areas
I.1.4.2) Smart concentration of residential areas
I.1.4.3) Smart concentration of transport areas
I.1.4.4) Smart concentration of social infrastructure
I.2) Smart multifunctionality of compact cities
I.2.1) Social consideration for compact cities
I.2.1.1) Consideration of diverse population groups as part of densification
I.2.1.2) Consideration of affordable housing and job supply
I.2.1.3) Interlinking densification with benefits for human health and well-being
I.2.1.4) Increase place-making through quality of urban core areas
I.2.1.5) Targeting social integration along densification
I.2.2) Economic consideration for compact cities
I.2.2.1) Reflection of economic benefits arising through smart growth
I.2.2.2) Consideration of appropriate financial/fiscal support for smart growth
I.2.3) Ecological consideration for compact cities
I.2.3.1) Reduction of urban sprawl to promote regulating ecosystem services
I.2.3.2) Reduction of urban sprawl to promote supporting ecosystem services
I.2.3.3) Reduction of urban sprawl to promote supplying ecosystem services
I.2.3.4) Reduction of urban sprawl to promote cultural ecosystem services
I.3) Smart government for compact cities
I.3.1) Strategic management for compact cities
I.3.1.1) Implementation of set of strategies promoting smart compact cities:

• Strengthening of the primary or secondary city poles

• Mixed uses

• Revitalization contributing to densification

• Conversion/re-use of brownfields

• Development of vacant lots between buildings

• Reduction of vacancy rates

• Increase in moderately high-rise buildings

• Interim uses

• Local suppliers and amenities close to the consumers

• Development close to public transportation nodes (bus, rail, etc.)

• Etc.
I.3.1.2) Reflection of uncertainties for compact cities
I.3.1.3) Consideration of institutional barriers and conflicts (between land uses, ecosystem services) preventing compact cities
I.3.1.4) Consideration of sectoral cooperation within administrative departments to foster compact cities
I.3.2) Reflective management for compact cities
I.3.2.1) Monitoring of compact city strategies and infill development potential
I.3.2.2) Setting targets for compact cities (explicitly mentioned/quantitative objective)
I.3.3) Multi-scale management for compact cities
I.3.3.1) Reflection of multi-scale benefits arising through compact cities
I.3.3.2) Reflection of multi-scale targets and requirements to foster compact cities
I.4) Smart governance for compact cities
I.4.1) Transdisciplinary cooperation for smart density
I.4.1.1) Transdisciplinary cooperation with the public for smart density
I.4.1.2) Transdisciplinary cooperation with NGOs for smart density
I.4.1.3) Transdisciplinary cooperation with researchers for smart density
I.4.1.4) Transdisciplinary cooperation with economic representatives for smart density
I.4.2) Transdisciplinary cooperation for smart attractiveness of the grey infrastructure
I.4.2.1) Transdisciplinary cooperation with the public for smart grey infrastructure
I.4.2.2) Transdisciplinary cooperation with NGOs for smart grey infrastructure
I.4.2.3) Transdisciplinary cooperation with researchers for smart grey infrastructure
I.4.2.4) Transdisciplinary cooperation with economic representatives for smart grey infrastructure
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Appendix B

See Table B1.

Table B1
Indicators for analyzing smart green cities.

II) Smart green city

II.1) Smart environment of green cities
II.1.1) Smart integration of green infrastructure
II.1.1.1) Greening of commercial and industrial areas
II.1.1.2) Greening of residential areas
II.1.1.3) Greening of transport infrastructure
II.1.1.4) Greening of social infrastructure
II.1.2) Smart quality of green infrastructure
II.1.2.1) Green quality of urban green spaces at a site scale
II.1.2.2) Green quality of urban green spaces at a city and district scale
II.1.2.3) Green quality of urban green spaces at regional and national scale
II.1.3) Smart proximity of green infrastructure
II.1.3.1) Proximity to general green areas
II.1.3.2) Proximity to urban parks
II.1.3.3) Proximity to cemeteries
II.1.3.4) Proximity to forests and woods
II.1.3.5) Proximity to waterbodies
II.1.3.6) Proximity to agricultural land (grassland, orchard meadow)
II.1.4) Smart connectivity of green infrastructure
II.1.4.1) Connectivity through wildlife corridors/habitat networks
II.1.4.2) Connectivity through green corridors/nets/belts
II.1.4.3) Connectivity through stepping stones
II.1.4.4) Connectivity through blue-green network
II.2) Smart multifunctionality of green cities
II.2.1) Social consideration for green cities
II.2.1.1) Interlinking greening of built-up areas with benefits for human health and well-being
II.2.1.2) Consideration of environmental justice as part of green infrastructure planning
II.2.1.3) Consideration of various population groups as part of green infrastructure planning
II.2.1.4) Targeting of social cohesion and interaction as benefit of green infrastructure
II.2.1.5) Increasing place making through green infrastructure
II.2.2) Economic consideration for green cities
II.2.2.1) Reflection of economic benefits arising through green infrastructure
II.2.2.2) Consideration of appropriate funding models for green infrastructure initiatives
II.2.3) Ecological consideration for green cities
II.2.3.1) Greening cities to promote regulating ecosystem services
II.2.3.2) Greening cities to promote supporting ecosystem services
II.2.3.3) Greening cities to promote supplying ecosystem services
II.2.3.4) Greening cities to promote cultural ecosystem services
II.3) Smart government for green cities
II.3.1) Strategic management for green cities
II.3.1.1) Implementation of set of processes and principles for green infrastructure planning:

• Green interim uses

• Site-specific densification

• Green area restoration and re-naturalization

• Greening of brownfields/vacant lots

• Informal planning strategies (e.g., climate protection, allotment, development, unsealing)

• Etc.
II.3.1.2) Reflection of uncertainties for green cities
II.3.1.3) Consideration of institutional barriers and conflicts preventing green cities
II.3.1.4) Consideration of sectoral cooperation within administrative departments for green cities
II.3.2) Reflective management for green cities
II.3.2.1) Monitoring of green infrastructure
II.3.2.2) Setting targets for green infrastructure planning
II.3.3) Multi-scale management for green cities
II.3.3.1) Reflection of multi-scale benefits arising through green cities
II.3.3.2) Reflection of multi-scale targets and requirements to foster green cities
II.4) Smart governance for green cities
II.4.1) Transdisciplinary cooperation for smart green integration
II.4.1.1) Transdisciplinary cooperation with the public for green integration
II.4.1.2) Transdisciplinary cooperation with NGOs for green integration
II.4.1.3) Transdisciplinary cooperation with researchers for green integration
II.4.1.4) Transdisciplinary cooperation with economic representatives for green integration
II.4.2) Transdisciplinary cooperation for smart quality of green infrastructure
II.4.2.1) Transdisciplinary cooperation with the public for smart green infrastructure
II.4.2.2) Transdisciplinary cooperation with NGOs for smart green infrastructure
II.4.2.3) Transdisciplinary cooperation with researchers for smart green infrastructure
II.4.2.4) Transdisciplinary cooperation with economic representatives for smart green infrastructure
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