Introduction

Cities are an important habitat for an array of
physical, economic, social, political and
cultural capital. Given this importance, it is
significant to think carefully about the nature,
operation and form of cities particularly in
respect to the challenging issue of
sustainability. Cities however, today stand in
the face of grave danger in the form of
uncurbed urbanization and climate change. As
a result of this phenomenon, they are facing
problems like biodiversity and natural habitat
loss, air pollution exceeding safe limits, and
urban flooding.

Climate change is inextricably linked to the
process of urbanization where traditional
problems like rapid population growth,
increasing demand for housing space, need for
support infrastructure (especially transport
and sanitation)are exacerbated by the
demand to accommodate the impacts of
climate change in the planning process (Clark,
2009). Responding to these challenges such as
unprecedented urban growth lies in
innovative development of green
infrastructure, which not only ensures
resilience, but also includes environmental
and well-being benefits. However it is equally
significant to manage the development of
green infrastructure in order to deliver
effective and efficient transition to sustainable
urban form that further enhances urban
resilience to multiple social, economic and
environmental stressors.

Background

Green infrastructure (Gl) holds different
interpretations for different people. In an
urban area, from a social and recreational

perspective, it may refer to the trees in the
city which provide the necessary ‘green’
benefits, while from an engineering
perspective it may involve the integration of
several technical approaches (like swales,
green roofs, gardens and parks) applied to

Table 1: Benefits of green infrastructure as
mentioned in literature

S.No. | Benefits Literature Source

1. Water Jacobson (2011), Gill
management et al. (2007), Ellis

(2012)
2. Carbon storage | Velasco and Roth
and removal (2010), Davies et al.
(2011), Nowak et al.

(2013)
3. Reduced energy | Cameron et al.

(2012), Qin et al.
(2012), Jaffal et al.
(2012)

use in buildings

4, Air quality | Brantley et al.
improvement (2013), Freer-Smith
et al. (2005), Setala
et al. (2013)

Peschardt et al.
(2012), Forsyth and
Musacchio (2005)

5. Social benefits

6. Ecological benefits | Costanza et al.
(1997), Weber et al.
(2006)

7. Human health and | Nordh et al., 2009
well-being benefits

facilitate various environmental benefits (See
table 1). According to a report by Forest
Research (2010), Gl can mitigate risks from
climate change by protecting urban regions
against floods and other negative effects of
changing weather patterns (Krause et al,
2011). In addition to the environmental
benefits, there are also potential well-being
benefits of Gl like increased life expectancy,
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better mental and psychological health (Nordh
et al., 2009).

From a planning perspective the Gl approach
makes use of the natural environment in a
way that it maximises its functions and seeks
to put in place, either through regulatory or
planning policy, mechanisms that ensure
protection of natural environment, and
proposes how these can be put in place
through landscaped and/or engineered
activities (Benedict and McMahon, 2006).
However the planning approach differs from
region to region. The concept of Gl in
European countries refers to the new or
existing interlinked networks or corridors of
green routes and hubs of biodiversity
(Murphy, 2009), which is recognised as a
valuable approach for spatial planning and is
now seen in national, regional and local
planning and policy documents and strategies
(Lafortezza et al., 2013). On the other hand,
USEPA  (United  States
Protection Agency) lays emphasis on the
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protection of natural habitat in both urban
and rural areas through GI (2009). This
concept follows the general approach by
introducing facilities such as parks, gardens,
swales into the urban infrastructure and is
managed by USEPA and partner organizations
in different municipality areas (Weinstein,
2008).

While US and Europe both lay emphasis on
the role of public bodies in planning
approaches, Singapore encourages other
stakeholders—landowners, private developers
to incorporate green features into their
developments, and the community to
embrace green infrastructure for recreational
& educational purposes, in addition to its
environmental value (Public Utilities Board,
2013).

The Problem
In an urban context, mounting levels of
urbanization creates a network of barriers

that result in a patchwork of land uses and
isolated open space areas. Consequently
natural ecosystems become scattered across
the landscape and displaced by new land-use
developments (Geneletti, 2004; Lafortezza et
al., 2008). Improving the functional and spatial
connectivity of these landscapes is a
prerequisite to its ability to mitigate and adapt
to climate change and in turn to increase the
value of the goods and services that
ecosystems provide (Grimm et al, 2008;
Hodgson et al., 2009) thereby moving towards
achieving urban sustainability. A solution to
this challenge lies in developing Gl approach
that considers the landscape as an overall
blanket of inter-related ecosystems in which
single components interact with each other
through a multitude of elements (Weber et
al., 2006).

However, Gl differs from other approaches in
landscape planning because it considers
ecological and social values in combination
with other land use developments (Aegisdottir
et al., 2009). Planning of green infrastructure
here refers to policies and planning activity
affecting urban Gl, in particular through
processes of land use and management and
development of nature areas and elements.
As mentioned previously, there is a variety of
national and local planning cultures and needs
present, due to which no single definition of
green infrastructure planning exists, but
instead a set of shared principles have been
developed as guidance for different contexts
(Pauleit et al, 2011), which makes it
increasingly difficult for experts to come up
with a consistent strategy towards managing
urban Gl.

The Solution

It is widely known that in order to deal with
the impacts of climate change, urban systems
of infrastructure need to be both sustainable,
that is, be able to thrive without excessive
reliance on external resources and resilient, to
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be able to prevent and recover from distress
and cope from challenging issues. Cities are
often considered to be centres of knowledge
and innovation and the challenge in building
resilient cities lies in how they are managed
and developed. It is where the role of
different actors comes in view as these actors
act as leaders to deal with multiple issues
related to climate change, environmental
degradation and social-economic turmoil, and
can be considered as potential drivers for
urban resilience. Literature often cites that
urban sustainability can be achieved by
managing change or transition that directs
development in cities (see Loorbach, 2007),
where sustainable development works as a
strategic tool that brings together a series of
interests and stakeholders in the planning and
development process, which is no different for
Gl.

Similarly, the effective development of Gl
approaches takes place through a co-
ordinated action between decision-makers
and other relevant stakeholders ensuring the
proper translation of policy (usually
formulated at national level) into practice
(implemented at regional or local level) (Mell,
2013). This can be achieved through a shift in
the political landscape, from a centralized
institution to a more liberal, market-based
structure and incorporation of the concept of
“multi- actor governance” which push
towards new forms of bottom-up ruling styles
and a break from dominant approaches
(Loorbach, 2010). However, in the context of
Gl the unclear role of all these actors and the
collaboration between them (especially any
kind of public private partnership for green
infrastructure development) has not been
effectively examined through academic
research, and requires further study,
especially in case specific approaches, since
there is a lack of standard guidance for doing
so. Therefore, academics must focus on
studies that will address this issue, by looking

at the planning of Gl approaches especially
with respect to the role of state and non-state
actors in facilitating the effective development
and implementation of such an approach®.
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