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A B S T R A C T   

Researchers increasingly consider the systematic integration of green infrastructure (GI) concepts in urban 
planning as an essential approach to tackle significant current and future challenges. Cities in sub-Saharan Africa 
(SSA) face rapid urbanization, unregulated land-use practices, and poor enforcement of policies. These cities 
struggle to address the depletion and degradation of existing GI that increases their vulnerability to climatic 
hazards that threaten ecosystem integrity, and compromise human health. This paper draws on a review of policy 
documents, semi-structured interviews with metro officials, and cross-sector focus group discussions to explore 
ways to operationalize GI spatial planning and design on the ground. Through a case study of the City of Tshwane 
Metropolitan Municipality, South Africa, which takes a public-private co-development approach, we investigate 
the uptake of GI planning principles, the challenges, and local proposals for GI applications. In conjunction with 
the literature, we discuss the alternatives at hand. The local policy documents reflected many planning principles 
anchored in the Global North literature. Together with public and private partners, we co-developed four locally 
informed GI objectives: environmental protection, safety, joint ownership, and collaborative governance. We co- 
identified local planning principles and three strategies for operationalizing GI planning, including working with 
conventional planning, greater flexibility and creativity, and cross-sectoral collaboration. The findings suggest 
that collaborative strategies that allow greater access and the active, diverse use of GI could provide much- 
required cross-sectoral care and management. The real challenge is the establishment of such participatory 
partnerships as mechanisms to consolidate diverse priorities and co-develop technical and financial alternatives.   

1. Introduction 

1.1. Green infrastructure uptake and applications 

The challenges for Global South cities in the face of rapid urbani-
zation, climate change risks, and a lack of access to essential services are 
well documented (Dodman et al., 2017; Du Toit et al., 2018). Numerous 
studies have emphasized the decline and neglect of green space or green 
infrastructure (GI) that could play a mitigatory role in the risks that 
cities are fronting (Titz and Chiotha, 2019; Zuniga-Teran et al., 2020). 
The UN-Habitat’s New Urban Agenda (UN-Habitat, 2016) calls for "safe, 
inclusive, accessible, green, and quality public spaces," which are 
explicitly lacking in many Global South cities (Guneralp et al., 2018; 

Dobbs et al., 2019). Several cities are faced with unregulated land-use 
practices and inadequate spatial planning policies to regulate GI 
implementation in public and private development (Zakka et al., 2017; 
Takyi et al., 2022). GI planning principles, such as connectivity, multi-
functionality, and social inclusion, have been developed in the Global 
North literature (Pauleit et al., 2017; Monteiro et al., 2020). In contrast, 
although many Global South studies emphasize the broader implications 
of this work for urban spatial planning and design, studies that propose 
specific GI planning principles for the Global South context are lacking, 
despite distinct forms of urbanization. Moreover, the spatial applica-
tions to transform these theories into more effective GI projects on the 
ground do not seem to gain similar traction in Global South countries. 
However, the need for Global North "green" planning concepts and 
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validity of their applications in the Global South context must also be 
interrogated, as elaborated below. 

Though GI has its roots in 19th- and 20th-century planning, it has 
been more recently defined as "an interconnected network of green 
spaces that conserves natural ecosystem values and functions and pro-
vides associated benefits to human populations" (Benedict and McMa-
hon, 2001:5). Since, the concept of GI has been extended from being 
described as a list of different typologies of vegetated areas in the city (e. 
g. parks, gardens, remnant vegetation, street trees), to articulating the 
"purposeful planning, design and management of an integrated network of 
natural and semi-natural green spaces to deliver a wide range of 
ecosystem services" (European Commission, 2013) (our emphasis). 
Critics of the GI concept have highlighted its disparate definitions 
(Sussams et al., 2015), while supporters point out that such "fuzzy 
concepts" can be refined and adapted to different contexts (Hansen et al., 
2021). The gradual change in emphasis in the definitions and coverage 
noted above reminds us that urban spatial planning and management, as 
a mainly public sector endeavor (Wilkinson et al., (2013)), drive to a 
large extent the manifestation of GI on the ground through the approval 
of public and private developments. In this venture lies competing pri-
orities of effectively mitigating future climate risks, while ensuring the 
equitable delivery of benefits critical to the sustainability of 

fast-growing cities. Green infrastructure advantages include flood miti-
gation (Zuniga-Teran et al., 2020), urban cooling (Ngulani and Shack-
leton, 2020), improving air and water quality (Keeler et al., 2019), 
protecting biodiversity (MacKinnon et al., 2019), improving mental 
health and wellbeing (Engemann et al., 2019), the provisioning of re-
sources and economic opportunities (Lindley et al., 2018), and miti-
gating systemic injustices (Venter et al., 2020) critical to the Global 
South context. These examples illustrate that GI, as a concept, and its 
applications have been adapted to different and dynamic contexts in 
which each country and location has its trajectory of impacts and 
priorities. 

In pursuit of sustainable urban development, the GI concept has 
become mainstream in Europe, North America, and Australia in recent 
decades. Some scalar and disciplinary variations in its applications 
range from a broader ecological planning approach to a narrow engi-
neering application (Mell, 2017). With essential evaluations increasing 
in the literature (Sussams et al., 2015; Mell, 2017), there remains a 
consensus on GI planning principles in an urban context, supported by 
various publications (Hansen and Pauleit, 2014; Pauleit et al., 2017; 
Monteiro et al., 2020). Such principles are generally accepted tenets that 
cover, for instance, gray-green integration, multifunctionality, connec-
tivity, and social inclusion that support specific objectives to overcome 

Fig. 1. Urban GI planning principles and objectives.  
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current urban challenges such as biodiversity protection, ecological 
footprint reduction and climate change adaptation, social cohesion and 
a greener economy (Pauleit et al., 2017). Fig. 1 illustrates some of the 
leading urban GI planning principles discussed in the literature in the 
last decade (as referred to in the column headings), with similar con-
cepts (at times differently worded) aligned across rows. Though casually 
mentioned by other authors, only Pauleit et al. (2017) have distin-
guished pertinent GI objectives. 

Originating in the Global North, the GI concept is increasingly 
adopted in other global contexts (Lindley et al., 2018; Pauleit et al., 
2021). Despite some deficiencies in practical implementation strategies 
(Monteiro et al., 2020), examples of GI applications in various cities are 
growing. The European Union funded GREEN SURGE (2013–2017) 
project demonstrated that many European cities have adopted some 
strategic green space planning (Pauleit et al., 2019). An example is "The 
Barcelona Green Infrastructure and Biodiversity Plan" (Ajuntamento de 
Barcelona, 2020), which structures long-term actions to achieve GI that 
can offer advantages to its residents. In the USA, some major cities 
started to explore the potential of advancing GI in land management and 
climate resilience through an engineering approach, for example, "A 
Stronger, More Resilient New York" (City of New York, 2022). A few 
Global South studies of GI applications include a review of the planning 
documents of three cities in Ethiopia that found the use of three GI 
planning principles in policy documents that were not applied or 
implemented (Girma et al., 2019). The recent comparison of Wash-
bourne (2022) of planning documents in London and Birmingham in the 
UK, and Cape Town, Durban and Johannesburg in South Africa found 
that all the cities studied showed evidence of integrating elements of GI 
planning into their urban environmental decision-making. One example 
of such integration is the Environmental Strategy for Cape Town which 
has developed best practice guidelines for GI networks, trees, and wa-
tercourses (City of Cape Town, 2022). From these selected cases, the 
need to turn GI objectives and principles into strategies for operation-
alization on the ground becomes clear. To what extent this has been 
happening in sub-Saharan Africa, will be considered in the next section. 

1.2. Green infrastructure in sub-Saharan Africa 

Takyi et al. (2022) (our emphasis) highlight the disparity between GI 
and green space in sub-Saharan Africa (SSA), defining green space as 
"strategically planned or unplanned, public or private, managed or un-
managed natural or semi-natural vegetation that delivers varied 
ecosystem services." Although private gardens (Cilliers et al., 2018) and 
unmanaged spaces could have important functions, this definition, in 
conjunction with other studies below, suggests that, in several SSA cit-
ies, not all green spaces are regulated or considered in "purposeful 
planning". By this, we do not suggest that no informal GI exists in the 
Global North (see Rupprecht et al., (2015)). Researchers, however, 
report that the adaptation and integration of different GI typologies 
strategically into planning practices and policy has not been occurring in 
SSA (Zakka et al., 2017; Girma et al., 2019; Takyi et al., 2022) to the 
same extent as in the countries noted above in the Global North. This 
tendency coincides with limited research on GI, with the exceptions of 
countries such as Ethiopia, South Africa and Ghana (Titz and Chiotha, 
2019), and the lack of attention to the concept in many other developing 
regions. The lack of GI application could be ascribed to the contextual 
mismatch between local planning and current dynamic socioecological, 
climatic and political conditions. As the contextual challenges and 
considerations differ dramatically, knowledge, instruments and tools 
developed in the Global North require local interpretation and devel-
opment in Global South cities (Pauleit et al., 2017; Dobbs et al., 2019). 
GI planning applications must reflect the local understanding of prac-
titioners, and existing institutional structures (Sussams et al., 2015; 
Pauleit et al., 2019). 

Although urbanization in SSA cannot be generalized, some com-
monalities include the legacy of colonialism, rapid unplanned and 

unregulated growth, weak urban planning institutions, and high levels 
of informality (Halloran and Magid, 2013; Guneralp et al., 2018). Cil-
liers et al. (2014) further remind us that SSA urban landscapes are rich in 
biodiversity and characterized by cultural diversity, but steep socio-
economic gradients. Du Toit et al. (2018) have summarized the various 
challenges to the sustainable delivery of ecosystem services through GI 
in SSA. We briefly review these challenges below, with a focus on GI 
spatial planning and management, in the light of recent research in the 
region. 

Mainly led by governments’ planning and environmental manage-
ment divisions (Wilkinson et al., 2013), GI in SSA cities suffers loss and 
depletion due to problematic governance regimes and planning systems. 
Research shows the unfavorable impact of historical and colonial leg-
acies on GI distributions (Titz and Chiotha, 2019; Shackleton and 
Gwedla, 2021). In the colonial and post-colonial eras, GI was system-
atically but spatially inconsistently implemented in the planning and 
governance of cities (Titz and Chiotha, 2019). After democracy, limited 
revenue bases and institutional failures, due to historical hasty and 
partial decentralization, have resulted in weak legal frameworks and a 
lack of political capacity and will, compromising the effective and 
adequate implementation of planning strategies and by-laws and sus-
taining social exclusion and inequalities (Smit, 2018). Weak planning of 
GI is exacerbated by a general lack of awareness of its full benefits (Takyi 
et al., 2022). Several studies illustrate persistent urban planning chal-
lenges from a current management perspective (Matamanda et al., 2019; 
Cobbinah and Nyame, 2021). This includes studies by Zakka et al. 
(2017) and Takyi et al. (2022), who emphasize the lack of enforcement 
of conventional GI policies and plans. 

The pressure from rapid urbanization and poverty has increasingly 
raised social justice concerns in planning (Roy et al., 2018); conversely, 
others report encroachment and conversion of natural green areas such 
as wetlands, farmlands, and earmarked open spaces in urban areas to 
residential and other uses (Zakka et al., 2017). Research increasingly 
illustrates that spatial inequality and specific access to resources and 
green areas influence citizens’ and policymakers’ perceived importance 
and need for urban green space (Dipeolu et al., 2021). Guenat et al. 
(2020) recommend ways to change perceptions by communicating a 
context-specific evidence-base, which emphasizes the full economic 
benefits of green spaces. 

Green infrastructure research in SSA is building such an evidence 
base for the local values and uses of GI. This evidence includes examples 
of ecological studies with a faunal (Mbiba et al., 2021) and climate focus 
(Ngulani and Shackleton, 2020), while social studies consider foraging 
(Garekae and Shackleton, 2020), the benefits and values of trees 
(Shackleton et al., 2015), and human preferences in existing green space 
structure or typologies (Gashu et al., 2020; Dipeolu et al., 2021). 
However, current implementation policies and strategies for GI 
concentrate primarily on green growth, integrated energy, climate 
adaptation, or climate resilience plans (Pauleit et al., 2021), with the 
above aspects of ecological network integration and socioeconomic and 
health benefits of GI generally neglected. Pauleit et al. (2021) further 
emphasize that, due to future risks, the most important and more im-
mediate goals for GI in Africa include temperature regulation, food 
provision and security, and for cultural reasons aesthetic appeal and 
recreational facilities; while job creation, is rarely acknowledged as a 
benefit of GI. King and Shackleton (2020) report how the maintenance 
of urban GI provides work opportunities for skilled and unskilled 
workers in the public and private sectors. The authors argue that 
providing and maintaining urban GI is an investment in environmental 
sustainability, liveability, economic welfare, and poverty alleviation in 
the Global South (King and Shackleton, 2020). Titz and Chiotha (2019) 
further illustrate the potential of GI to increase the sustainability of 
livelihoods. They found that research on urban agriculture is a dominant 
feature of GI in SSA due to its provisioning and potential socioeconomic 
benefit, but is challenged by its lack of legitimacy, formality, and 
institutionalization (Halloran and Magid, 2013). 
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Research is increasing on specific stakeholders, such as planning 
professionals (Van Zyl et al., 2021; Breed, 2022), who are generally in 
short supply in SSA governments (Pauleit et al., 2021). Cilliers et al. 
(2014) have argued for transdisciplinary approaches, integrating both 
non-academic and academic role players. To this extent, Guenat et al. 
(2020) and Barraclough et al. (2022) did social network analyses of 
stakeholders involved in urban GI planning. Barraclough et al. (2022) 
show the disconnect between stakeholders and government networks, 
and a lack of cultural services in natural resource management agendas. 
In line with this, Guenat et al. (2020) recommend governance structures 
that support collaboration, coordination and co-development of green 
spaces. This is supported by Halloran and Magid (2013), who advocate 
co-ownership among stakeholders. Ogu (2000) similarly advocates a 
bottom-up participatory stakeholder partnership as a strategy capable of 
enlisting the financial, material resources and expertise of the whole 
urban community towards improved urban GI. Breaking away from a 
cross-sectoral approach, Lamson-Hall, et al. (2019) focus on planning 
operationalization through alternative "simple plans" led by residents, 
which they argue can increase access and implementation with minimal 
public investment and limited support from consultants and local 
government. 

The SSA literature discussed above shows few studies that have asked 
how GI goals could be operationalized in spatial planning and whether 
the specific GI principles developed in the Global North apply to these 
local contexts. The challenges and initiatives discussed above served as 
an evidence-based background for our case study to draft local GI 
planning principles through co-creation. 

1.3. Study objectives 

Studies by Takyi et al. (2022) and Zakka et al. (2017) emphasize the 
need to strengthen and enforce land-use plans, regulations, and clear-cut 
policies to guide GI in SSA. Based on such findings, numerous authors 
suggest that current GI planning practices need to be challenged (Titz 
and Chiotha, 2019; Guenat et al., 2020; Dipeolu et al., 2021). Our study 
aims to build on these former studies with a focus on the uptake of GI, 
but with a specific intention to shed light on context-specific proposals 
and actionable principles toward operationalizing land-use plans and 
regulations for spatial planning and design that could manifest in GI on 
the ground. 

We use the City of Tshwane (Tshwane) in South Africa as a case study 
for GI spatial planning and implementation. A peripheral country in 
geopolitics, South Africa represents several social, spatial and environ-
mental challenges in its urban environment representative of Global 
South cities. This includes urban sprawl, deteriorating infrastructure, 
rising poverty levels, inequality, growing informal settlements (Land-
man, 2019), environmental risks (Cock, 2007), and a lack of access to GI 
and ecosystem services (Du Toit et al., 2018). The administrative capital, 
Tshwane, is less progressive in GI applications than more frequently 
studied sister cities such as Durban and Cape Town, and demonstrates 
most of the typical challenges experienced in other SSA cities. Therefore, 
the findings of this study could have great upscaling potential. The 
following questions guided the study to inquire into the process from GI 
planning to operationalization: 

Which GI planning principles currently manifest locally in planning 
and design? What are the challenges and opportunities faced by metro 
officials in GI planning? What are strategies identified from a public- 
private collaboration perspective and the underlying causes that must 
be addressed to improve local GI planning and operationalization on the 
ground? 

In the Global South literature, numerous challenges in GI manage-
ment are disclosed, but little emphasis is placed on actionable guidelines 
for improving GI planning. This study aims to address this shortcoming. 

2. Method 

2.1. Study area 

The province of Gauteng, the economic hub of South Africa, is 
densely populated, with rich biodiversity pressured by development and 
rapid urbanization (Pfab et al., 2017). As with many African urban 
landscapes, those in Tshwane are characterized by biotic and cultural 
diversity and steep socioeconomic gradients (Cilliers et al., 2014). 
Tshwane covers a large area of 6345 km2 and has a population of 3,31 
million people (City of Tshwane, 2020), with considerable local density 
variation for geographic and political-historic reasons. 

The impact and spatial effects of an unequally oppressive and 
segregating governing system are still evident in the spatial fabric of 
South African cities (Landman, 2019; Shackleton and Gwedla, 2021). 
During the colonial and apartheid regimes, cities and public spaces were 
designed to specifically exclude and divide communities (Patel, 2005). 
Since democracy, SA has consciously attempted to address these in-
justices. Previously marginalized areas were upgraded to include public 
amenities, parks and recreational spaces (Stoffberg et al., 2012). Despite 
these efforts, green spaces remain unequally distributed in terms of race 
and income (Venter et al., 2020). 

Spatial planning in South Africa is anchored in four principles: 1) 
spatial justice, 2) spatial sustainability, 3) efficiency, and 4) spatial 
resilience (Republic-of-South-Africa, 2013). Tshwane has a three-tier 
spatial planning system, comprising spatial development frameworks 
(SDFs), open space frameworks (OSFs) and open space plans (OSPs). The 
SDF is enforceable by national legislation (Republic-of-South-Africa, 
2013), and provides an overall vision for the spatial development of the 
city for three to five years. The OSF gives more details and guidance to 
waterways, protected areas and open space nodes, including the pro-
tection and upgrading of green spaces, but its implementation is not 
nationally enforced. The OSPs further elaborate on details of specific 
precincts, their present state and future uses. They are, however, often 
absent or outdated and not enforced either. 

2.2. Data collection and analysis 

This study adopted a multi-method approach that provided trian-
gulation through the complementarity in the range of insights and 
perspectives, and in method development (Creswell, 2003). The study 
obtained research ethics clearance from the university ethics committee 
and the Tshwane Knowledge Management unit. An initial desktop 
analysis of academic literature and policy documents was com-
plemented by semi-structured interviews with public-sector officials 
involved in the spatial planning of urban GI. These interviewees were 
subsequently invited to attend a co-creation workshop together with 
private practitioners (planners, engineers, landscape architects) and 
urban developers who all work in the local context. The methodology 
emphasizes the importance of local potential in co-development pro-
cesses but has limitations in terms of the lack of community participa-
tion and the presentation of a once off co-creation workshop. The data 
compiled from the above sources are briefly discussed below. 

2.2.1. Desktop review 
The desktop review comprised national, provincial, and municipal 

policy documents relevant to GI spatial planning and design to identify 
shared principles. Scoping interviews were held with public officials and 
private consultants involved in spatial planning in Tshwane. In addition, 
searches were conducted on local municipalities and national in-
stitutions involved in environmental and spatial planning, and research. 
From this, a list of documents was compiled and tested with the in-
terviewees for their relevance (see supplementary material, Table a). 

An initial list of ten GI planning principles was compiled from the 
scientific literature (see Fig. 1). A three-pronged review process was 
then followed for the spatial policy documents. Firstly, the research 
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considered the planning principles present in the policy documents and 
discussed in interviews, identifying 15 principles (see supplementary 
material, Table b), it then considered whether these principles aligned 
with those from the literature. The principles found in the scientific 
literature (10), interviews and policy documents (15) were then cross- 
checked for overlaps and differences, producing 18 discrete principles. 

2.2.2. Interviews 
A snowball sampling method was followed, starting at the Environ-

mental Planning Department and assimilating officials from other de-
partments in the metro that influence GI planning decisions. To gain a 
more holistic perspective, two private-sector landscape architects who 
specifically work with the metro were interviewed on the municipal 
process around GI. Fifteen interviews of approximately one hour each 

Table 1 
Alignment of policy document spatial planning principles (left column) and proposed GI planning principles (top row) assimilated from academic literature, policy 
documents and stakeholders.  
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Environmental jus�ce x x x x x x x x x x x x x x x x x x
Environmental
sustainability 

x x x x x x x x x x x x x x x x x x
Spa�al
resilience 

x x x x x x x x x x x x x x
Spa�al quality x x x x x x x x x x x x x
Spa�al efficiency x x x x x x x x x x x x x x
Equitable access to 
resources

x x x x x x x x x x x x x x x x
Equitable & effec�ve 
par�cipa�on 

x x x x x x x x x x x x x x x
Environmental integra�on 
and linkage 

x x x x x x x x x x x x
Protect the environment x x x x x x x x x x x x
Flexibility x x x x x x x x x x x
An�cipatory planning x x x x x x x x x x x x x x x x x
Transparent & inclusive 
decision-making 

x x x x x x x x x x x x x
Empowering communi�es x x x x x x x x x x x x x x
Co-opera�ve governance x x x x x x x x x x x x x x
Safety and security x x x x x x x x x x x x x x x

*proposed principles that concur with those in Fig. 1 
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were conducted between February and May 2022 (see supplementary 
material for questionnaire). All interviews were held in person, recorded 
with permission, and transcribed. The interview transcripts were 
content-coded in MS Excel, and thematically analyzed (Mayring, 2014) 
to identify opportunities and challenges regarding the implementation 
of GI. 

At the time of the interviews, the officials had been employed by the 
metro between 8 and 39 years (see Table c for details of respondent 
profiles). The interviewees represented the following departments and 
units: City Sustainability, Economic Development and Spatial Planning, 
Environment and Agriculture Management, Community and Social 
Development Services, Human Settlements, and Roads and Transport. 

2.2.3. Co-creation workshop 
One four-hour co-creation workshop was held in July 2022 to 

facilitate the co-development of GI planning principles for Tshwane. An 
online pre-workshop questionnaire was sent to the participants before 
the workshop to inquire about local GI priorities. At the workshop, the 
authors presented the GI planning challenges and opportunities revealed 
by the interviews, as well as a draft list of the GI principles extracted 
from the literature, interviews and document review. 

Of the 40 people invited, 23 participated in the workshop – six pri-
vate practitioners, two developers, two independent researchers and 13 
public-sector officials. The participants were divided into three focus 
groups, each containing representatives from different departments and 
practices. To gain insight into the perceived local GI priorities, each 
group was given a set of hard copies of draft GI planning principles, and 
were asked to rank them in order of importance for Tshwane. The 12 
draft GI principles were: connectivity, multi-functionality, contextually 
appropriate, adaptability/ flexibility, green-gray integration, diversity, 
multi-scale approach, accessibility, legibility, quality, safety and secu-
rity, and conserve and protect. 

Note that we did not distinguish between GI principles and objec-
tives, and the selected principles were focused on the planning content. 
The groups could add or omit principles and were given 40 min to 
debate their rankings before presenting the outcome, which was then 
further discussed and interrogated. Lastly, participants were asked – as a 
combined group – to consider what they believed to be the metro’s key 
objective for the inclusion of GI at different scales. 

The three focus groups and combined discussions were recorded and 
transcribed. The content was then coded using Atlas TI version 9 soft-
ware. The thematic analysis (Mayring, 2014) focused on the underlying 
causes for concern, proposed priorities and proposals for GI planning 
and operationalization. 

3. Results 

3.1. Overview of GI planning principles 

The two sets of GI planning and process principles are presented in a 
matrix in Table 1. From the policy document analysis and interviews, 15 
planning principles that covered aspects of planning and process were 
identified (see Table 1, left column). A total of 25 policy documents were 
reviewed, of which 14 contained spatial planning principles. The SDFs 
supported fewer principles than the OSFs and OSPs, while the interviews 
and focus groups supported all proposed 18 principles (see supple-
mentary material, Table b). 

In Table 1, the 15 spatial planning principles from the policy docu-
ment and interview analysis were aligned with those identified in the 
academic literature to produce 18 proposed GI planning principles , for 
example, "environmental integration and linkage" from policy was 
aligned with "connectivity" from the literature. The 18 proposed GI 
planning principles were grouped under either planning or process, 
based on Pauleit et al. (2017) (see Table 1 matrix, top row). The focus of 
the workshop was on GI planning, but through the interviews and focus 
group discussions it was clear that GI operation across stages needs 

support from GI process principles. In addition, we found that some GI 
objectives, distinguished from principles by Pauleit et al. (2017) such as 
"biodiversity protection", were included as principles from the policy 
documents and were retained as such. We formulated descriptions for 
the 18 proposed GI planning principles (see supplementary material, 
Table d), based on the policy documents, interviews and academic 
literature reviewed. 

3.2. Local GI challenges and opportunities 

Besides informing the local GI planning principles above, the in-
terviews were also analyzed for challenges, opportunities and the un-
derlying reasons influencing current GI operationalization priorities, 
which are presented in this section. 

3.2.1. Challenges: resources, joint vision, priorities, compliance 
An overarching challenge mentioned by interviewees in the metro is 

the scarcity of resources, especially in terms of GI. This includes 
implementation, management, and maintenance (Metro official 7). An 
interviewee expressed: "… development keeps on being approved, but no 
money gets invested into park infrastructure…" (Metro official 5). 

Although knowledge, skills and technical support are often lacking 
inside the metro, there are further issues such as general work ethic and 
a lack of social and political priority, will and buy-in for GI (Metro of-
ficials 6 and 7). Green Infrastructure implementation and maintenance 
"are perceived as expensive and a luxury by all spheres of government that are 
budget-strapped." (Metro official 4). At the same time, GI is not raised as a 
priority, partly because: "Communities do not relate to spaces if they are not 
engaged and included in the planning and design process" (Metro official 3). 

A unified vision, shared by the different spheres of government for 
GI, and collaboration between the functional departments in the metro 
and with external parties, is lacking. There are conflicting policies, 
regulations and processes around GI, which result in poor compliance, 
both in the metro and by the metro (Metro officials 3 and 7). For 
example, the metro’s Department of Human Settlements is challenged to 
comply with the provisioning of open space and recreational facilities, as 
the housing need in the metro is massive (Metro official 3). 

The conflicting interpretation of policies and by-laws internally 
causes frustration for officials, professionals and developers (Metro 
official 13). Another shared frustration was that payments, made by 
developers in terms of legislation, disappear into a communal metro 
coffer, and cannot be allocated to GI improvement in the city (Metro 
officials 1, 2, 5, and 15). 

The inefficient policies are aggravated by competing interests, in-
dividuals operating for their own interest, and departments for their 
mandate: "Developers are only concerned about their development and not 
about the implications of the development on the whole ecosystem" (Metro 
official 3). Besides challenges such as failed bureaucracy and in-
efficiency, there is a further lack of compliance with regulations by the 
public, and an inability by the metro to enforce this, which is exacer-
bated by little post-construction monitoring. 

Unmanaged land is seen as "government land", owned by no-one 
(Metro official 12). Therefore, homeless people settle in environmen-
tally sensitive areas such as riparian zones and wetlands as they know 
the metro is obliged by law to move them to safety, and provide them 
with housing (Metro officials 3, 6, 8–13). In this way, informal living and 
informal recycling often occupy unmanaged GI areas, while practices of 
misuse downgrade the qualities of existing GI. Consequently, GI is 
perceived as neglected, unsafe, crime hot-spots due to poor or no 
maintenance, and is therefore not valued. This increases illegal practices 
such as dumping (Metro officials 3, 4, 7, and 11). 

Interviewees felt that greater root causes must be addressed: "… first 
solving the socioeconomic problems, and then environmental solutions will 
follow" (Metro official 11). 
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3.2.2. Opportunities: collaborative governance, vision, partnerships, active 
citizenship 

Interviewees identified the possibility of institutional and political 
buy-in through cooperative governance inside the metro as an important 
opportunity. This entails the need for a unified vision for GI for the 
metro and collaboration between all departments (Metro officials 2–4, 7, 
and 14). Good internal communication and working relationships be-
tween core value-chain departments are essential. Still, they are also 
lacking at the national and provincial level, with a tendency to work 
across purposes and disregard the root causes of problems. Developers 
should be encouraged to appoint specialists, such as landscape archi-
tects, and consult with the metro at the beginning of project applica-
tions. More qualified personnel are needed internally to support 
departments within the metro, like Human Settlements (Metro official 
5). To operationalize GI in the metro, an interviewee suggested that GI 
planning guidelines and best practice sketches should be incorporated 
into spatial development frameworks and policies, complemented by the 
development of GI by-laws (Metro official 5). 

Social and political buy-in is critical, and can be obtained through 
greater awareness, knowledge and skills development in GI: "creating 
awareness of the value of biodiversity, and that we have to protect it" (Metro 
official 12). Some interviewees felt strongly that the local communities 
must be informed and educated on GI, but engaged through the 
appropriate metro structures. Involving the community from the start of 
a project, especially in the design stage, can lead them to care for and 
identify with the space: "The community needs to take ownership" (Metro 
official 7). 

The metro must build cross-sectoral partnerships, internally, and 
with the private sector and the community: "The social part is the spin-off 
and it’s very important" [along with the] "ecological services that this GI 
gives to the residents" (Metro official 9). Potential partnerships were 
identified that could improve the implementation and long-term success 
of GI in the city. Furthermore, active citizenship could be encouraged 
through community organizations, consolidated through the "Friends" 
group by-law, "… who alert the metro when non-compliant land develop-
ment applications may slip through the system" (Metro official 2). The 
involvement of partnerships could assist with the funding and afford-
ability of GI. Many interviewees believed economic incentives such as 
subsidies and green tax rebates are all that will motivate citizens to 
implement and maintain GI "… for individual homes and businesses …" 
(Metro officials 3, as well as 8–10, and 15). 

3.3. Local GI planning principles and objectives 

The co-creation workshop was held to initiate the co-development of 
a joint vision for the provision of GI at a metro-wide level. We focus the 
findings here on articulating priority principles and related objectives 
for effective GI planning by targeting the greater underlying concerns 
that influenced the rankings and proposed solutions. 

The three focus groups were provided with 12 GI planning principles 
(see 3.2.3), focused on the planning content. The interconnectedness of 
the principles was repeatedly emphasized, but the most articulated 
principles were to conserve and protect, multifunctionality, green-gray 
integration, a multiscale approach, safety and security, and connectiv-
ity, in that order. 

The ranking discussions articulated the underlying causes that frus-
trate GI operationalization. This largely has to do with processes. From 
the analyses of the group discussions, four local GI planning principles 
were formulated and four related GI objectives, which are presented 
below. 

3.3.1. Environmental protection: protect the environment by using it 
In the joint discussion, several people felt the main priority of the 

metro was to conserve and protect GI: "I mean ultimately […] it is to 
protect the environment" (Practitioner 2, landscape architect). However, 
the perceived conundrum here was that: "sustainability can’t come with 

conservation" […] "our biggest problem is that we’ve conserved and protected 
and put it in glass boxes and no one values those glass boxes at the moment" 
(Metro official 20). 

What intensifies this absence of value of GI is the current lack of 
access to green spaces for people due to privatization: "most of these 
places are […] on private developments and not accessible to the general 
public…" (Practitioner 6, town planner). Therefore, the priority ranking 
of the GI principles was driven by co-benefits and use to increase value 
"because if it is not going to be used, it is not going to be maintained, it makes 
everything else irrelevant" (Developer 2). 

3.3.2. Co-ownership: create GI access for co-ownership 
One group argued for the dual importance of the connectivity and 

accessibility of GI. Despite the importance of financial considerations 
and legislation, this group’s main concern was access to open space and 
questions of ownership. As expressed by two interviewees: "Conserve and 
protect comes automatically if people take ownership of their open space 
network" (Developer 1). 

"Doesn’t help you say connectivity and then you have a lot of blocked 
areas [fenced off]. You need to…[address] the accessibility part" (Practi-
tioner1, landscape architect). 

3.3.3. Safety: usable, (multi) functional and flexible GI for safety 
One group emphasized small-scale green-gray integration, since this 

group’s most important priority was safety and quality: … "if people don’t 
feel safe, […] it doesn’t get used, it doesn’t get maintained […] what is 
important is that the space is far more functional" (Developer 2). 

For another group access and ownership could provide sustainability 
and resilience, embodied by the principle of multifunctionality – for this 
group, it encompassed diversity and adaptability that allows for 
"redundancy". As described by a practitioner (Practitioner 1, landscape 
architect): "a network that can grow organically and change with time and be 
flexible," or as articulated by these officials: "You find with sustainability its 
useable, within a functional space" (Metro official 20). With these princi-
ples in place, the group members argued that other important consid-
erations are within reach. 

3.3.4. Collaborative governance: GI (multiscale) functional integration with 
collaborative governance 

One group searched for a strategy to address "integration". This term 
spoke to GI integration: "… focus local and start branching it out from there" 
(Practitioner 2, landscape architect), but also to integrate different role 
players and departments: "… getting everybody on board and buying into 
…" (Practitioner 2, landscape architect). 

Another group felt the principles were interconnected, but spoke to 
different things at different scales. At a large scale: "…we [must] show 
what must be connected" (Practitioner4, landscape architect). On a 
smaller geographic scale, the focus was on multifunctionality, green- 
gray integration, with an aim to integrate departments: "… if we say 
multifunctionality [it means] more departments that will be involved and 
more access to funding [..] that will also enhance GI and linking it" (Metro 
official 15). 

3.4. Strategies to improve GI planning 

Since the focus group discussions were on the GI planning content 
principles, the process principles were not as explicitly ranked or dis-
cussed. Therefore, we co-developed the following three strategies for 
improved GI planning, considering both the focus group discussions and 
the interviews. 

3.4.1. Improve conventional planning measures for GI 
One main argument was to improve the measures of conventional 

planning for GI. In order to: "bring green infrastructure to the same level as 
all the other infrastructure" you must plan and cost it "for all other infra-
structure there is a formal agreement" (Metro official 15). Otherwise, 
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"spaces will be fragmented […] the only open space eventually is the road 
(Practitioner6, town planner). 

The need for different entry points in GI planning in terms of time 
and scale was emphasized: "…we can work on it at a metro level, regional 
level and at a day-to-day application stage" (Metro official 20). 

3.4.2. Flexibility and creative alternatives in context 
Despite the general agreement on the need for planning, there was an 

emphasis on non-generic, context-specific solutions that are encum-
bered through detailed guidelines and legislation. "Because open space 
means different things in different areas. And if we have detail, and detailed 
guidelines that adaptability and that context specific-ness disappears" 
(Practitioner 6, town planner). 

Several people also spoke about creative alternatives to existing 
policies and the need to: "do things differently in the city" (Practitioner1, 
landscape architect) to mobilize change and avoid risks: "the legislation is 
not our biggest obstacle. It’s changing the minds of the policymakers so that 
there can be […] creativity …[and] alternative solutions to GI" (Developer 
1). 

However, this should not override practicality and working with 
existing GI assets and benefits (Practitioner 4, landscape architect). 

3.4.3. Incentivize cross-sectoral partnerships 
From the opportunities presented in the interviews, the need for 

collaborative governance that could involve cross-sectoral partnerships, 
with specific emphasis on community and expert engagement in pro-
cesses, was proposed. A shared vision, awareness and education could 
enable operationalization through cross-departmental, community, and 
specialist involvement; while partnerships could create greater afford-
ability, care, and co-ownership, but more incentives for collaboration 
are required. 

4. Discussion 

The literature review on SSA shows that researchers are building up 
an evidence base for ecological and social studies related to GI for the 
region. Several studies elaborate on GI urban planning process chal-
lenges, with social actor and network studies gaining traction. Two 

Fig. 2. Proposed GI operationalization for Tshwane.  
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studies considered GI planning principles’ presence in policy documents 
in SSA and found some evidence of their applications in South Africa 
(Washbourne, 2022), but not in Ethiopia (Girma et al., 2019). Our 
findings indicate that many of the Global North principles for GI plan-
ning and process are applied in local policy documents and are known 
concepts in the private and public sectors in Tshwane. At the metro 
level, the SDFs documents showed a poor presence of GI planning 
principles, while the OSF and OSPs (not legally enforceable) reflected 
the most. We consolidated 18 GI planning principles (Table 1, top row) 
that retain all ten Global North principles (Fig. 1). Fig. 2 summarizes the 
empirical findings, purposefully indicating the interrelatedness of the 
local challenges and opportunities with the proposed regional GI oper-
ationalization strategy. The local priority objectives for GI planning 
operationalization differ from those in the Global North literature. 
Where Global North objectives currently hinge on biodiversity protec-
tion, ecological footprint reduction, and climate change adaptation, 
social cohesion, and a greener economy (Pauleit et al., 2017), in 
Tshwane some of these ambitions were retained, but with a local 
emphasis, namely environmental protection, co-ownership, safety, and 
collaborative governance. 

Based on these priority objectives, three strategies were identified 
(section 4.2) that could help operationalize GI in the contexts that are 
discussed below. Still, before doing so, we discuss the GI planning ob-
jectives and the related local principles (4.1). 

4.1. Proposed GI planning objectives and principles 

Four GI objectives were identified that underpin four proposed GI 
planning principles (see Fig. 2). Due to their interconnected ambitions, 
the principles overlap in addressing the current identified GI challenges. 

Two objectives, protecting the environment and human safety, were 
among the most discussed priorities during the workshop. They are both 
considered planning principles in the policy documents (see Table 1, left 
column). To "conserve and protect" and "safety and security" do however 
not feature as GI planning principles in the Global North literature, but 
rather as objectives or outcomes. The Global North literature rationale 
suggests that the principles of green-gray integration, multi-
functionality, connectivity, and social inclusion, when applied, are seen 
to contribute directly to "biodiversity protection" and "securing the 
needs and demands of vulnerable and less vocal groups" (Pauleit et al., 
2017:18–19), but little is stated on safety. The above two objectives 
were not seen as implicit in local GI planning outcomes and were 
therefore included in the proposed local GI planning principles (see 
Fig. 2). 

4.1.1. Protect the environment by using it 
We argue that the root causes of safety and environmental protection 

concerns in Tshwane rest on questions of equity and related access to 
(and use of) GI benefits. Researchers report safety concerns in green 
spaces in South Africa, e.g. (de Vries, 2019; Breed, 2022), including 
protected areas (Graham, 2015). Safety related to green and protected 
areas has a strong historical legacy embedded in current perceptions. In 
South Africa, for many decades, national parks and protected areas did 
not permit entry by most of the population based on race (Spierenburg 
and Wels, 2006). Strict urban spatial and environmental conservation 
policies often depended on fencing and patrolling areas (Pekor et al., 
2019). Dipeolu et al. (2021) illustrate how citizens’ and policymakers’ 
perceived importance and need for urban green space are based mainly 
on spatial inequality and specific access to resources and green areas. In 
addition, levels of awareness and opportunities for social activities have 
been shown to influence GI perception (Gashu et al., 2020). In South 
Africa, there is still a evident 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). Unless equity and ownership concerns are sufficiently addressed, 
safety and protection will remain important priorities for GI planning. 

4.1.2. Create GI access for co-ownership 
Another proposed GI planning principle hinges on co-ownership and 

accessibility – a principle seen as implicit in the Global North literature 
(Monteiro et al., 2020). The threat of "using spaces or losing them" 
versus keeping them "in a glass box" was a strong point of discussion 
during the focus groups. In Tshwane and cities in SSA, urban dwellers 
often compete with other urban needs and development priorities for 
space, or get involved in conflicts with other land uses (Cocks et al., 
2016; Smit, 2018). In SSA, the heterogeneity of public, institutional and 
private landowners, and differences in access and disposal rights raise 
social and environmental justice issues concerning GI (Titz and Chiotha, 
2019). Echoing this, the Tshwane stakeholders argued for "access and 
ownership" of GI for all residents. Green infrastructure that does not 
meet the requirements of the different stakeholders of urban society can 
intensify social inequalities and inherent disparities rather than promote 
social cohesion (Titz and Chiotha, 2019). Titz and Chiotha (2019) 
advocate that using, appropriating, and accessing GI can promote eq-
uity, ownership, and a sense of belonging among urban dwellers. This 
access to and use of GI enables urban inhabitants to become active, and 
produce and manage space for themselves (Titz and Chiotha, 2019). 
Urban dwellers have affinities and deep-rooted relations with urban 
nature (Cocks et al., 2016), which must be reflected in GI design to 
connect urban residents with nature (Mnisi et al., 2021; Breed, 2022). 

4.1.3. Usable, multifunctional and flexible GI for safety 
Increasing the functional use of GI could be an essential economic 

and equity measure. The desire for GI multifunctionality, emphasized in 
the Tshwane focus groups, is a reaction to the reported "low value" of GI 
in the metro. To compete with gray infrastructure, GI in SSA needs an 
instrumental utility function and monetary value (Breed, 2022), echoed 
by the focus groups. In line with this, Titz and Chiotha (2019) suggest 
that GI concepts in SSA have primarily evolved around nostalgic visions 
of the African village, portraying GI as highly valued provisioning 
agriculture. However, this vision has become obsolete since urban 
agriculture does not fit the political notions of "modern" African cities 
(Titz and Chiotha, 2019). Green infrastructure functionality has latent 
potential for expansion beyond a beautification measure in SSA (Lindley 
et al., 2018). 

Despite the ability of the principles of multifunctionality and mul-
tiscale approaches to significantly augment GI value, they show oper-
ationalization complications. In the UK, Sussams et al. (2015) observe 
that the multifunctional character of GI creates problems with depart-
mental organizational structures, remits and responsibilities, with 
greater competition for resources and funding. The lack of coordination 
in GI governing was raised in interviews in Tshwane. The current 
departmental division of the Tshwane management problematically 
separates departments that impact the implementation of GI in the 
metro. The high heterogeneity of landowners makes the involvement of 
many stakeholders in planning and implementation necessary (Smit, 
2018), with a general lack of collaboration in decision making reported 
in Tshwane. 

4.1.4. GI multiscale functional integration with collaborative governance 
Collaborative governance can improve decision making. Tshwane 

stakeholders need a transdisciplinary and collaborative approach (Cil-
liers et al., 2014), leaning on integrating knowledge and experience 
from different stakeholders, reflexive learning and joint ownership, to 
reconcile values and preferences (Ogu, 2000; Roy et al., 2018). This 
objective is a paradox, as this is mainly missing from conversations at 
the co-development workshop and in cities in SSA. Since the 1970 s, the 
World Bank has encouraged the "private sector" – communities, in-
stitutions, private professionals and non-governmental organizations – 
to assume major participatory roles in urban development (Ogu, 2000). 
Such collaborative cross-sectoral decision making allows for inlcuding 
people with different skills, expertise and training in urban planning and 
development (Ogu, 2000). 
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4.2. Proposed GI operationalization strategies 

Due to the challenges that remain imbedded in the objectives and 
principles (highlighted above), we propose three operationalization 
strategies for GI in Tshwane. 

4.2.1. Improve conventional planning measures for GI 
One of the focus groups’ main discussion points was how to sharpen 

conventional planning practices to increase GI allocation in de-
velopments in Tshwane. Several studies call for developing and 
enforcing GI instruments or legislation in SSA (Zakka et al., 2017; 
Guenat et al., 2020; Takyi et al., 2022), which are currently lacking. 
Contrary to this, Scholz et al. (2015) mark how many former British 
colonies adhere to a static and complex top-down master planning 
paradigm unsuitable for guiding SSA’s rapid and informal urban 
development processes. 

There is a general belief that a more "level playing field" could be 
created for GI by nullifying individual interests and political and societal 
influences through more prescriptive policies, as Sussams et al. (2015) 
reported. This top-down solution seems particularly enticing when re-
searchers report challenges in GI allocation such as a lack of account-
ability, law enforcement and absence of political will in SSA (Guenat 
et al., 2020). However, as raised by the Tshwane focus groups, if pre-
scriptive planning principles and master plans are blindly applied, one 
risks targeting only the direct drivers of GI. With a contextualized, dy-
namic approach, one can identify deeper causes leading to challenges, 
such as a lack of awareness of GI benefits, and then develop suitable 
strategies to target these challenges. Underlying causes, including 
governance challenges, are largely missing from the South African sci-
entific literature related to GI, but were very much emphasized in the 
results we found. The management challenges faced by Tshwane indi-
cate that current planning strategies are not delivering GI on the ground, 
which is a similar frustration to other cities in SSA mentioned above. 

The co-development workshop included local potentials, circum-
stances and problems,advocated by Mngumi (2020), as the basis for 
stakeholders to start developing their own GI principles (see Fig. 2) and 
jointly create a vision and sense of co-ownership of GI in Tshwane. These 
principles need further elaboration by stakeholders such as residents and 
community structures, as advised byTitz and Chiotha (2019). The 
follow-through requires that the co-development process continues, 
anchored and embedded in the metro (Wolfram et al., 2019). 

4.2.2. Flexibility and creative alternatives in context 
The GI concept calls for sectors to cooperate in "a discursive policy 

environment" (Sussams et al., 2015). Legislation and regulations are 
often conceived to reduce risks, but could become restrictive to inno-
vation and creative solutions based on specific communities and con-
ditions. The private-sector consultants and developers specifically 
emphasized that place-based strategies and responses are required 
rather than a one-size-fits-all approach, which Angelstam et al. (2017) 
recommended. If the identified policies in Tshwane are more flexible, 
they can favor GI implementation and continuity through partnerships, 
direct project funding and improved cost estimations. 

Long-term sustainability requires policies that could allow for com-
munity initiatives for infrastructure development and ensure some cost- 
recovery efficiency in infrastructure management (Ogu, 2000). Ogu 
(2000) argues that involving local stakeholders in planning, design and 
construction could lead to the provision of levels of service that meet 
their requirements, and which they can afford and maintain. A shift in 
the above policies towards participatory planning would also take 
informality, land rights, and social exclusion into account, and allow for 
the inclusion of previously unused grassroots capacities to complement 
the role of public administration (Titz and Chiotha, 2019). 

In the above, Tshwane stakeholders agreed with Lamson-Hall et al. 
(2019) that a governance structure that fosters integration, adaptability, 
and the involvement of non-state stakeholders would deliver more 

positive outcomes than governmental "command-and-control" mecha-
nisms. However, polycentric-governance involves other challenges, such 
as legitimacy and accountability (Bäckstrand et al., 2018). Another way 
to have greater legislative flexibility is through improved collaborative 
governance in combination with local leadership (Bianchi et al., 2021). 

4.2.3. Incentivize cross-sectoral partnerships 
Though highly recommended by Cilliers et al. (2014), the lack of 

cross-sectoral (transdisciplinary) collaboration is not only reported in 
the interviews, but also in the scientific literature (Cobbinah and Nyame, 
2021; Barraclough et al., 2022). In SSA, the collective mobilization of 
resources, including financial, material and labour, and other categories 
of support, is required to face the enormous environmental improve-
ment challenge in low-income cities (Halla, 1994). Cross-sectoral 
collaboration could develop joint strategies that include options for 
technical support, and leverage capital, but it needs to allow for capacity 
building and conflict resolution (Ogu, 2000). 

Acknowledging the importance of active community participation, 
interviewees also emphasized the need for multidisciplinary specialist 
input so that GI benefits are prioritized for greater wellbeing. Recon-
ciliation of conflicting and competing interests includes identifying, 
clarifying, and prioritizing environmental issues between community 
and specialist opinions (Ogu, 2000; Titz and Chiotha, 2019). Guenat 
et al. (2020) warn that collaborative governance needs to acknowledge 
that many people perceive green spaces as vacant or unused land that 
would be better put to other uses. In addition, specialist and practitioner 
knowledge, is perceived to come from outsiders and therefore dis-
regarded by government departments (Guenat et al., 2020). 

Interviewees recommended economic incentives for participation. 
However, research shows that both intrinsic and extrinsic motivations 
are needed for long-term change and uptake (Pretty, 2003). MacKinnon 
and Derickson (2012) suggest the alternative concept of "resourceful 
communities" that can create benefits for their area. In this respect, Roy 
et al. (2018) advocate an inclusive and creative form of urban planning 
building on the inherent local knowledge and innovative power of 
communities. Titz and Chiotha (2019) argue that, for such collaborative 
operationalization to happen in SSA, the right to appropriation and 
participation must first be addressed. The Integrated Development Plan 
process in South Africa allows for some public involvement in high-level 
development planning, the process faces many challenges for "genuine" 
participation, including practicalities such as time delays and no 
participative follow through toward implementation stages (Everatt 
et al., 2010). Effective participation transcends the contribution of ideas 
and consensus molding, and involves issues like empowerment and the 
instilment of a sense of care and ownership (Halla, 1994; Everatt et al., 
2010 ). 

5. Conclusions 

We found that Tshwane metro applies the Global North concept of 
GI, and most of the prominent GI planning principles in open space 
frameworks and plans, but less in spatial development frameworks. Our 
research confirms several local challenges on GI in SSA, such as scarce 
resources, competing interest, a lack of value of GI, poor cooperative 
governance, conflicting policies, lack of enforcement and political will, 
and low technical knowledge and skills. Opportunities lie in collabora-
tive governance, promoting active citizenship, cross-sectoral partner-
ships, and a joint vision. Historical and contextual issues result in an 
emphasis on environmental protection, multifunctionality, multiscale 
approaches, and safety in relation to GI. Based on stakeholder discus-
sions, we co-developed four local GI planning principles for Tshwane 
that speak to the local challenges and opportunities experienced in GI 
operationalization. These are to protect the environment by using it, 
creating GI spatial and social access for co-ownership, multifunctional 
and flexible GI for safety, and integrating GI with collaborative gover-
nance. To our knowledge, these are the first locally developed GI 
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principles in an SSA context, which considerably differ from GI princi-
ples derived in the Global North. We propose three strategies for GI 
planning operationalization, which include working with conventional 
planning, greater flexibility and creativity, and cross-sectoral 
partnerships. 

Our methodology emphasizes the importance of local potential (or 
resourcefulness), circumstances and problems in co-development pro-
cesses. Similarly, inclusion and co-ownership are essential to reconcile 
conflicting and competing interests, and to clarify and prioritize envi-
ronmental issues. We argue, along with several other authors, that cross- 
sectoral partnerships are essential to finding robust joint strategies, 
options for technical support, and leveraging capital for GI in SSA. We 
hypothesize that a combined grassroots and (top-down) management 
approach is required to realize these ambitions. The recommended 
cross-sectoral involvement could be the catalyst that triggers public 
demand and, consequently, political buy-in. We recommend more spe-
cific case studies that can provide insight on how partnerships are 
formed, operationalized and anchored around GI planning in the region. 
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