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Abstract

The systematic integration of green infrastructure (GI) concepts in urban planning shows promise to reduce environmental
hazards; while creating sociocultural benefits. However, cities in sub-Saharan Africa face rapid urbanisation and are chal-
lenged by the degradation of existing GI, increasing their vulnerability to climatic risks. This paper presents the findings
of a transdisciplinary research project that investigated GI planning in the City of Tshwane, South Africa, over two years.
The researchers conducted a community survey, an on-the-ground rapid assessment of multifunctional benefit provisions,
first-hand observations of local stormwater systems, reviewed policy documents and conducted semi-structured interviews
with metro officials. To integrate the above findings, four design studios and eight co-creation workshops were held that
explored GI spatial planning in the city. The researchers examined the uptake of GI planning principles, and the challenges,
opportunities and local proposals for GI applications, and here synthesised some main conclusions. Despite many well-known
challenges, GI opportunities include creating socioeconomic incentives for stronger human-nature relations, providing for
multifunctional benefits and anchoring GI in local communities. Interactive research can facilitate increased local aware-
ness and engagement, but access to GI benefits is physically constrained and socially determined by knowledge, networks
and safety factors. Based on the above findings, the researchers propose locally adapted planning strategies to enhance GI:
creating opportunities for GI access and co-ownership, encouraging multifunctional, safe and flexible GI, supporting multi-
scale GI integration, and strengthening collaborative governance. A joint GI vision can reinforce city ownership along with
flexible and creative design alternatives that are rooted in local communities.

Keywords Design - Global south - Green space - Planning principles - South Africa - Urban

Introduction

Due to challenged and underfunded governance regimes
and planning systems, cities in sub-Saharan Africa (SSA)
suffer the loss and depletion of natural resources, which
have negative consequences for the environment and
green infrastructure (GI). With only a few exceptions,
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SSA countries show a weak research interest in GI (Titz
and Chiotha 2019), while researchers report a lack of
appreciation of its value and low awareness of its full
benefits (Breed et al. 2023; Du Toit et al. 2018; Takyi et al.
2022). As a consequence, implementation policies and
strategies for GI concentrate primarily on green growth,
integrated energy and climate adaptation plans, while
ecological network integration and the socioeconomic and
health benefits of GI are neglected in the sub-continent
(Pauleit et al. 2021). Green infrastructure planning
research in SSA suggests that current planning practices
are problematic in several countries (Titz and Chiotha
2019; Guenat et al. 2020). Studies report challenges from
a management perspective (Cobbinah and Nyame 2021),
which includes the lack of enforcement of conventional
GI policies and plans (Takyi et al. 2022), and obstacles
in strategically adopting and integrating different GI
typologies into planning practices and policy (Girma et al.
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2019). Barraclough et al. (2022) illustrate the disconnect
between GI stakeholders and government networks, which
results in a lack of cultural services, such as outdoor
recreation, in management agendas. In line with this, SSA
studies recommend governance structures that support
the collaboration, coordination and co-development
of GI (Guenat et al. 2020), with co-ownership and
participatory stakeholder partnerships (Ogu 2000).
Such co-development strategies seek to enlist the entire
urban community’s financial and material resources, and
expertise towards improved GI. Co-creation strategies in
the field of GI also contribute to enhancing the awareness
and knowledge of society and stakeholders regarding
GI, balancing interests, benefits and responsibilities
between the relevant stakeholders, and making the whole
process transparent and inclusive towards effective shared
governance.

Building on the above GI literature from SSA, this study
on Integrative Green Infrastructure Planning (GRIP) focused
on knowledge exchange and capacity building to improve the
coordination, planning and maintenance of green and open
spaces in the City of Tshwane, South Africa. In addition, the
research aimed to co-develop context-specific proposals and
actionable strategies towards realising the multifunctional
benefits of GI in Tshwane.

In the SSA context GI has been defined as "strategically
planned or unplanned, public or private, managed or
unmanaged natural or semi-natural vegetation that delivers
varied ecosystem services", (Takyi et al. 2022). Our study
conforms to this definition as it bridges consideration for
both managed and unmanaged urban GI. Whereas formally
managed GI is often designed and programmed to provide
a single or few specific benefits such as sports facilities,
synergies linking biodiversity conservation, human
health and socioeconomic benefits are often overlooked
(Breed et al. 2015) or unattained due to colonial legacies
or apartheid planning, which include barriers such as
access restrictions (Landman 2019; Baruah et al. 2021).
Informal unmanaged GI is without formal recognition
or management (Rupprecht & Byrne 2014; Lurdes et al.
2021). For the same reasons, some communities only have
access to unmanaged green spaces (Lurdes et al. 2021;
Takyi et al. 2022) and these areas hold the potential to
deliver a spectrum of GI-related nature-based benefits,
including biodiversity, climate adaptation and a variety
of sociocultural uses (Cocks et al. 2016; Du Toit et al.
2018). However, to overcome the above challenges faced
by GI, and move within reach of the potential benefits,
a sound but local vision and definition for GI planning
is required, to emphasize the importance of “design and
management of an integrated network” that can enable
the delivery of “a wide range of ecosystem services"
(European Commission 2013).
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Materials and methods
Study area

Like many SSA cities, the City of Tshwane Metropolitan
Municipality (Tshwane) is characterized by biotic and cul-
tural diversity and steep socioeconomic gradients (Cilliers
et al. 2014). The administrative capital of South Africa is
situated in the most densely populated province of Gauteng,
the economic hub of South Africa (see Fig. 1), with rich bio-
diversity pressured by development and rapid urbanisation
(Pfab et al. 2017). Tshwane is the largest local metropolitan
city by area, covering 6345 km2 with a population of 3,31
million people (City of Tshwane 2020). Due to geographic
and political-historic reasons, Tshwane has considerable
local population density variations. Tshwane is relevant for
upscaling lessons as it demonstrates many challenges experi-
enced in other SSA cities. Current challenges include urban
sprawl, growing informal settlements, deteriorating infra-
structure, rising poverty levels, inequality (Landman 2019)
and a lack of access to GI and its services (Du Toit et al.
2018). Therefore, the findings of this study have relevance
for SSA and beyond.

This study is a comprehensive transdisciplinary study on
urban GI in Tshwane, considering both managed and unman-
aged GI. Although no map exists that distinguishes managed
and unmanaged GI in Tshwane, Brom et al. (2023) have
illustrated the spread of publicly accessible GI distribution
in Tshwane and discussed their level of multifunctionality.
To take cognisance of the full spectrum of existing poten-
tials and challenges of GI in the city, two municipal-owned
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Fig.1 The geographic position of the City of Tshwane in South
Africa and the two study sites at 1) Mabopane and 2) Atteridgeville
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100-hectare study sites were co-selected with municipal
stakeholders to consider informal and unmanaged blue-
green spaces with social and ecological potential on a river
system (see Fig. 1).

Data collection and analyses

The project extended over two years, with most of the
fieldwork conducted between May 2021 and October
2022. Table 1 summarises the eight different methodologi-
cal approaches that were followed for data capturing and
analyses—the focus, sampling and time frames allowed for
consideration of multiple perspectives. These approaches
engaged with GI in three spheres (see Fig. 2): GI on the
ground, GI process and planning, and co-developing GI pro-
posals, with methods to collect data on both managed and
unmanaged GI from different sources and other methods
to integrate stakeholder perspectives towards GI proposals.

GI on the ground comprised a 1) community survey that
was conducted to understand how people use green space,
the benefits and risks they see, their involvement in deci-
sions and activities, and their hopes and ideas for change;
The researchers rapidly assessed 2) multifunctional benefit
provisions such as physical access, attractiveness, biodiver-
sity, health and climate benefits; First-hand observations
of 3) local stormwater systems’ locations and conditions of
outlets were made; 4) A vegetation survey recorded plant
species and soil samples to assess the ecological integrity
at each site.

At a GI process and planning level, the study reviewed 5)
policy documents, and conducted 6) semi-structured inter-
views with metro officials to consider the uptake of GI plan-
ning principles, and the challenges, opportunities and local
proposals for GI applications (also see Breed et al. 2023).

To co-develop local GI proposals, that integrate the
findings from the above methods, the researchers held 7)
design studios with postgraduate students in landscape
architecture, that integrated input from across sectors
with geospatial and physical site assessments; while
8) Co-development workshops opened up avenues and
brainstormed GI spatial planning and design applications
with public sector officials and private sector consultants
working with GI in Tshwane.

Findings

Green infrastructure planning challenges in Tshwane of man-
aged and unmanaged green spaces include the scarcity of
resources, low valuation of GI, competing interests, conflicting
policies, lack of enforcement and political will, poor collabora-
tion and a need for technical knowledge and skills (Breed et al.
2023). Metro officials expressed their frustrations in interviews,

such as: "Environmental compliance in the city is very low,
internally and externally..."; "It's as if the environment doesn't
matter"; "Management and maintenance of facilities is a prob-
lem as the budget is very, very limited."

On-the-ground challenges include unclear and contested
ownership, current informal and illegal uses that infringe
on vulnerable ecologies, insufficient maintenance, invasive
plants, safety risks, gender inequalities, soil erosion, sewer
leaks and dumping that could decrease ecological integrity
and increase risks of flooding due to blocked inlets (see
Fig. 3) (Engemann et al. in review; Pasgaard et al. 2023).
As expressed in an interview by a metro official: "Wetlands,
unfortunately, are the dumping site for disposing of building
rubble everywhere."

There is a general lack of protection and management tar-
geting biodiversity conservation and restoration in unmanaged
green spaces. The lowest vegetation sensitivity was recorded
in the areas most influenced by humans, and in the marshy
areas around the rivers — with few plant species, heavy pol-
lution and infestation by invasive species (Engemann et al.
in review). The most sensitive vegetation communities were
in the dry, terrestrial areas due to the many native plant spe-
cies (Engemann et al. in review). The protection of high-value
terrestrial areas is lacking, and the current conservation and
management of river systems are insufficient. These findings
point to a general conflict between human presence and bio-
diversity (see Fig. 4). This is summarized by this quote from a
metro official: "What's the point of biodiversity if no[one has]
access?" or this developer stating: "Because if it is not going to
be used, it is not going to be maintained, it makes everything
else irrelevant.”

The researchers further found that most residents who
visit unmanaged spaces for prolonged periods used the
spaces for active (sports, playing, relaxing, socialising) or
passive (relaxation, meditation, spiritual use) leisure. A few
people used the areas for economic (collecting plants and/or
business, trading) or spiritual purposes (Engemann et al. in
review). These results show both the existing benefit provi-
sion and the untapped potential of unmanaged spaces. The
researchers accentuate that people’s access to GI benefits
is both physically constrained and socially determined by
knowledge, networks and safety factors (Pasgaard et al.
2023). This is understood by a developer that stated: "Because
if people don’t feel safe, it [green space] doesn’t get used",
or a metro official that acknowledged that:"The community
needs to take ownership and they need to be informed and
they need to be educated about these things."

While more than eight out of ten respondents expressed
a willingness to participate in community-driven activities
(e.g. facility maintenance, community patrols, gardening or
youth education), many felt held back by time and resource
constraints, concerns for their safety, and lack of organisa-
tion and opportunities for involvement (Engemann et al. in
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Fig. 2 Illustration of the three
spheres of GI research with the
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review; Pasgaard et al. 2023). These results show the unre-
alised potential within current communities to co-manage
green spaces (see Fig. 5). As stated by this metro official:
“The city should not be seen as static. If we can increase
access it’s gonna help everything.”

In conclusion, we argue along with several stakeholders
that GI opportunities include creating socioeconomic incen-
tives for stronger human-nature relations, multifunctional
benefit provision and greater care for GI in local communi-
ties across genders and generations (Pasgaard et al. 2023).
Yet, the city requires proposals and strategies to achieve this,
which is the real challenge as acknowledged by a practi-
tioner: “But that is one of the most difficult aspects because
I mean, that specific integration aspect, that is getting

Fig.3 Unmanaged green spaces
are informal and unprotected,
resulting in low levels of infra-
structure to provide access, such
as river crossings, and a lack of
ownership that leads to littering,
dumping and environmental
degradation (photographs by
Eyescapes 2021)

@ Springer

everybody on board and buying into”. In the next section,
we move towards some proposals that flowed from the co-
development workshops.

Proposals and discussion

Tshwane faces dynamic contextual challenges. Conse-
quently, urban planning requires an emphasis on inclusive
and adaptive environmental protection, multifunctionality,
multiscaled approaches and safety in relation to GI (Breed
et al. 2023). Co-development workshops with the public
and private sectors identified opportunities for these objec-
tives to manifest through collaborative governance, active
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Fig.4 Unmanaged green spaces become unappreciated unsafe no-
man’s-land, encouraging dumping. Informal uses are mostly passing
through, but residents do use these spaces for a variety of activities
(photographs by Eyescapes 2021)

citizenship, cross-sectoral partnerships and co-creating a
joint vision for GI in the city (Breed et al. 2023).

Across sectors, GI must be considered equal to other
infrastructure by effectively planning and costing for its
inclusion. Due to the lack of results from static and conven-
tional GI planning measures, the researchers advocate for
flexible and creative alternatives that respond to the specific
local scenarios exemplified below. For Tshwane (and likely
beyond), five locally adapted planning principles are pro-
posed to enhance GI.

Protecting Gl by engaging with it

The current degradation of green spaces due to a perceived
lack of ownership requires action. For example, environ-
mentally safe recycling activities or small-scale trading must
be encouraged and supported to discourage the current lit-
tering and dumping of waste in unmanaged green spaces.

Rehabilitation and restoration activities are required, such as
the removal of alien invasive species and the reintroduction
of natural disturbance regimes (Buisson et al. 2022). Com-
munity actions to restore degraded areas can also restore the
connection between urban residents and nature (Pasgaard
et al. 2023). These socioeconomic activities can generate
nature-based income and other informal uses (see Fig. 6), such
as pocket parks, small leisure resorts and urban gardening,
resulting in an incentivised basis for co-ownership and care
that preserves green spaces for different activities and uses.
Urban dwellers and development priorities compete for green
space (Cocks et al. 2016; Takyi et al. 2022). Therefore, the
careful cross-sectoral co-development of policies is required
to formalise and legalise activities to enhance GI locally.

Supporting multiscale Gl integration

Green infrastructure’s spatial planning can increase network
connectivity and build fabric integration that mediates habi-
tat fragmentation and improves access to green spaces. This
integration and increased connectivity include establishing
green—blue corridors for plant and animal dispersal, com-
bined with non-motorised transport routes for people to
commute while appreciating contact with nature (see Fig. 7).

Encouraging multifunctional, safe and flexible Gl

An important part of increasing GI’s multifunctionality is con-
serving existing natural environments to prevent habitat loss
and ensure green space provision and climate change benefits,
such as mitigating flooding and the urban heat island effect.
In light of climate change predictions for South Africa, which
outline a future with a higher risk of the urban heat island
effect and severe flooding (Engelbrecht 2019), urban green
spaces can be a part of nature-based solutions and increase
resilience, making their protection and optimisation for mul-
tifunctionality an urgent matter.

Fig.5 The local communities were eager to engage with students but lack opportunities, initiative and support for greater involvement in their

surrounding GI (photographs by Author 2022)

@ Springer
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Fig. 6 Existing informal (and illegal) ways of communities co-managing and benefiting from unmanaged GI (photographs by Author 2022)

The use and overexploitation of GI can be a problem. In SSA
many people perceive green spaces as vacant or unused land
that has a better use (Guenat et al. 2020). However, as illustrated
in the findings, trade-offs are required between conservation
efforts and community access to GI benefits for socioeconomic
needs. Green infrastructure access and use are important to
ascertain its ownership and upkeep (see Fig. 8). This could be
achieved by anchoring GI use through community initiatives
and including educational activities for youths, strengthening
social connectivity and appreciation of nature through enhanced
ownership and care, as further elaborated below.

Creating opportunities for Gl access
and co-ownership

Physical access can be improved through landscape design
that specifically targets access, diversifies use and increases
safety through sight lines and surveillance. Titz and Chiotha
(2019) advocate that access to and the use of GI enables

Fig. 7 Green infrastructure networks, need to be connected and
integrated into the city fabric at multiple scales, from pocket
parks to larger parks, river systems and nature reserves (image by
D Scoulund 2023)

@ Springer

urban inhabitants to become active, and produce and manage
space for themselves. In South Africa and elsewhere, there
is still a need for access considerations to be broadened to
explicitly embrace both spatial and sociopolitical barriers
that shape people’s abilities to benefit from GI (Paganini
and Lemke 2020; see Ribot and Peluso 2003). Unless equity
and ownership concerns receive merited attention, safety and
protection will remain important priorities for GI planning.

Design that effectively removes the barriers that limit
social access must go beyond safety measures to include
knowledge co-creation campaigns for sustainable use, inclu-
sion in co-design processes, joint management and main-
tenance activities, and supporting local non-governmental
organisations. Green infrastructure that does not meet the
requirements of the different stakeholders of urban society
can intensify social inequalities and disparities rather than
promote social cohesion (Titz and Chiotha 2019). Awareness
and appreciation of GI can be increased by anchoring design
in local identity (Cocks et al. 2016).

Strengthening collaborative governance
with cross-sectoral partnerships

A collective GI vision should cut across sectors and connect
stakeholders, including concrete, feasible steps and action-
able guidelines to improve urban GI. Benefit provision and
access can be enhanced through strategic and inclusive plan-
ning and design that builds upon trans- and interdisciplinary
collaboration and green space co-management (Roux et al.
2017). Such collaborative cross-sectoral decision making
allows the inclusion of people with different perspectives,
skills, expertise and training (Ogu 2000; Roux et al. 2017).
The follow-through requires the co-development process to
continue, and to be anchored and embedded in the metro
(Wolfram et al. 2019).

Design initiatives must involve the relevant munici-
pal departments. They must also explicitly address a tar-
geted community, and consider how they can be involved
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Fig. 8 Student proposals of community access and benefits that can lead to co-management and care of current unmanaged and unkept green

spaces (images by C Mackenzie 2021)

throughout the design and management process. At the
community level, Roy et al. (2018) advocate for an inclu-
sive and creative form of urban planning, building on
communities’ inherent local knowledge and innovative
power. Effective participation transcends the contribution
of ideas and consensus moulding, and involves issues like
empowerment and instilling a sense of care and owner-
ship (Halla 1994).

Conclusion
The GRIP research project took some first steps towards

confronting sustainable urban development challenges with
a focus on GI in Tshwane. The researchers anticipate that

the capacities and knowledge resources that are strength-
ened through the research described here can facilitate trans-
formative changes from the political to the community level.
At the metro level, the researchers engaged in planning and
management by proposing and integrating GI guiding prin-
ciples, while a remote sensing and GI decision-support tool
was developed to alleviate technical capacities. The project
improved the aptitude of students and researchers to grap-
ple with multifaceted GI design and planning problems,
whereas engagement and creative outreach projects spoke
to local capacities. GRIP also effectively expanded envi-
ronmental potential by shedding light on GI benefits and
existing access constraints, which could assist with future
risk management.

@ Springer
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This research is further developed through the project
Collaboration on Nature-based Solutions for Sustainable
Cities (CONSUS), which will explore the potential for
nature-based GI benefits through pilot projects that identify
gaps in existing procedures and opportunities for synergies
and mutual attainment. Critical aspects such as training in
engagement strategies and community-based monitoring and
management are at the venture’s core.
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