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A B S T R A C T

Nature based Solutions (NbS) for urban climate adaptation remain underexplored in arid Sub-Saharan African 
(SSA) cities such as Windhoek, Namibia. This study investigates how national climate adaptation policies 
translate into local action, identifying gaps, challenges, and opportunities for embedding NbS in urban planning. 
A qualitative case study combined a review of policy documents with semi-structured stakeholder interviews. 
Findings reveal that while national policies and the Windhoek Integrated Climate Change Strategy and Action 
Plan (WICCSAP) set ambitious goals, they lack contextually derived measures and practical NbS targets, such as 
community-driven resilience or integrated locally tailored dryland strategies, or ecosystem-based water man
agement, leaving the city reliant on grey infrastructure and short-term disaster risk responses. This omission 
exacerbates urban heat islands, flood risks, and constrains socio-ecological resilience. At the same time, both 
community-driven practices and municipal champions illustrate alternative pathways. Such initiatives signal 
early steps toward transformative adaptation where long-term systemic shifts in governance and practice are 
required. Locally grounded initiatives, including permaculture dryland gardens, rainfall monitoring, and the 
“Brown is Beautiful” campaign, demonstrate how culturally resonant NbS can integrate water conservation, 
ecological design, and social cohesion in Windhoek’s deprived, arid context. Within the municipality, individual 
planners and officials also advocate for NbS, seeking to move beyond grey solutions despite institutional barriers. 
Realising these opportunities requires capacity building, cross-sectoral coordination, and partnerships to insti
tutionalise NbS in urban governance. The study makes two key contributions: first, it identifies the systemic 
neglect of NbS in Windhoek and Namibia’s climate policy frameworks; second, it highlights both bottom-up 
innovations and emerging top-down drivers that can bridge the policy implementation gap. Windhoek’s expe
rience could offer transferable lessons for other rapidly urbanising, water-scarce cities across Sub-Saharan Africa.

1. Introduction

1.1. Climate change and urban vulnerability in Sub-Saharan Africa

Global climate change is projected to raise temperatures by 2–3◦C by 
2050, intensifying droughts, heatwaves, flooding, and cyclones, 
disproportionately affecting developing countries, particularly in Sub- 
Saharan Africa (SSA) (United Nations Environment Programme 
(UNEP) et al., (2024); World Bank, (2024); Intergovernmental Panel on 
Climate Change Intergovernmental Panel on Climate Change IPCC 
(2023). Semi-arid urban regions in SSA are particularly vulnerable: over 
55 % of the population lives in informal settlements, and more than 40 % 
of households lack reliable access to water, sanitation, or adequate 

housing (United Nations Convention to Combat Desertification 
(UNCCD, 2024; Satterthwaite et al., 2020). Furthermore, semi-arid cities 
such as Windhoek, face compounded risks from chronic water scarcity, 
fragile infrastructure and struggle with recurrent flash flooding, illus
trating the repercussions of climate impacts across the region (Global 
Center on Adaptation GCA, 2024; Thorn et al., 2021). In this context, 
insufficient infrastructure and weak land-use planning further amplify 
exposure to climate-related hazards, including floods, heatwaves, and 
droughts (UNCCD, 2024; UN-Habitat, 2022). Together, these pressures 
underscore the urgent need for integrated and contextual climate 
adaptation strategies that strengthen urban resilience, restore ecological 
systems, and improve social well-being.
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1.2. Nature based Solutions as an adaptation strategy: operational 
challenges and opportunities

Nature based Solutions (NbS) are increasingly promoted in global 
frameworks as actions that protect, sustainably manage, and restore 
ecosystems to address societal challenges while enhancing human well- 
being and biodiversity (Convention on Biological Diversity, 2024; In
ternational Union for Conservation of Nature International Union for 
Conservation of Nature IUCN, 2020). The relationship between NbS, 
land-use planning, and urban resilience is inherently systemic: land-use 
planning determines the spatial allocation of green and blue infra
structure; NbS provide the ecological and social functions that underpin 
resilience; and urban resilience frameworks set performance criteria for 
both planning and NbS implementation (Zhu and Feng, 2025; Albert 
et al., 2021; Meerow and Newell, 2019). International initiatives, such 
as the INTERLACE project, demonstrate how NbS in 17 cities across 
Europe and Latin America can mitigate urban heat, manage stormwater, 
and enhance biodiversity (Gutiérrez et al., 2024). Yet, without integra
tion into long term urban governance systems, NbS risk being deployed 
as isolated projects rather than as part of coherent systemic climate 
adaptation strategies (Albert et al., 2021; Berke and Stevens, 2016).

Such coherent strategies have been redefined as part of “trans
formative adaptation”, which calls for a deep, long-term systemic shift to 
address the root causes of complexity, uncertainty, and structural 
vulnerability. This concept is increasingly emphasised by the UNEP 
(2025), Intergovernmental Panel on Climate Change IPCC (2023), and 
scholars such as Pieterse and du Toit (2025) and Frantzeskaki et al. 
(2019). Unlike immediate risk management (Pieterse and du Toit, 
2025), transformative adaptation seeks to reshape social, ecological, 
and governance systems to enable urban resilience (Birchall et al., 2025; 
Frantzeskaki et al., 2019). However, governance silos, institutional 
fragmentation, and limited municipal capacity frequently impede the 
integration of such systemic transformative adaptation into urban 
planning (Pieterse and du Toit, 2025; Rogers et al., 2024; Ziervogel 
et al., 2022), constraining NbS opportunities (Frantzeskaki et al., 2019). 
Nevertheless, NbS can play a central role in this transformative process, 
linking ecosystem services to land-use planning while delivering mul
tiple social and ecological co-benefits (Raymond et al., 2017).

Nature based Solutions (NbS) such as water-sensitive urban design, 
integrated alongside socio-economic priorities in land-use and urban 
planning (Cilliers et al., 2022; Albert et al., 2021; Kabisch et al., 2017), 
can bolster urban resilience, which refers to a city’s capacity to prepare 
for, respond to, and recover from climate-related shocks (Zhu and Feng, 
2025; Birchall and Bonnett, 2021; Meerow and Newell, 2019). Practical 
examples, such as “zai pits” in Burkina Faso, that enhance water 
retention and livelihoods in arid areas (Danjuma and Mohammed, 
2015), illustrate how locally adapted NbS can address environmental 
degradation while supporting community well-being. Yet, NbS for 
climate adaptation remain underutilised in urban planning, as countries 
such as Namibia and Tanzania continue to prioritise engineered solu
tions that often limit gains in biodiversity, social cohesion, and 
long-term resilience (Thorn et al., 2021). This reflects broader imple
mentation or operational gaps, such as local knowledge and initiatives 
that are rarely translated into urban policy and adaptation action plans 
(Covenant of Mayors in Sub-Saharan Africa (Covenant of Mayors in 
Sub-Saharan Africa CoM SSA 2024; Deubelli and Mechler, 2021).

1.3. Policy context: the case of Windhoek, Namibia

The NbS, land-use and urban climate adaptation dynamics are 
clearly visible in Namibia. Namibia’s national climate and urban plan
ning policies provide limited guidance on urban NbS. The National 
Climate Change Policy (Ministry of Environment, Forestry and Tourism 
MEFT, 2011) largely focuses on mitigation and agriculture, leaving 
urban NbS underrepresented (Ministry of Environment, Forestry and 
Tourism MEFT, 2013). Nationally, limited fiscal allocations for urban 

climate adaptation mean that NbS projects remain under-resourced 
compared to engineered solutions. Similar gaps are evident in other 
semi-arid countries, where national adaptation plans often overlook the 
integration of NbS into urban and land-use decision-making (Olgun 
et al., 2024; Terton et al., 2024; Bizikova et al., 2015). To bridge this 
gap, national strategies must explicitly connect climate adaptation, 
biodiversity, and urban planning, while ensuring support through 
tailored initiatives, monitoring systems, and sustainable financing 
mechanisms (Birchall and Bonnett, 2021; Berke and Stevens, 2016).

These national dynamics are particularly evident in Windhoek. The 
Windhoek Integrated Climate Change Strategy and Action Plan 
(2022–2028) (City of Windhoek CoW, 2023) sets resilience goals, 
including biodiversity conservation and informal settlement upgrading, 
yet fiscal constraints, fragmented governance, and tenure insecurity 
limit implementation (Kohima et al., 2023; Thorn et al., 2021). Imple
mentation of NbS is further constrained by limited municipal budgets, 
weak data systems, and a preference for engineered solutions over 
nature-based approaches (Thorn et al., 2021; Du Toit et al., 2025). 
Sustaining NbS requires long-term stewardship and systemic planning, 
but municipal capacity often restricts implementation, monitoring, and 
maintenance (Kiribou et al., 2024; Seddon et al., 2021), which is part of 
the greater systemic problem. In addition, insecure land tenure, espe
cially in informal settlements, shapes land-use decisions and discourages 
long-term NbS investments, limiting the integration of green infra
structure into urban and adaptation planning frameworks (GCA, 2024; 
UNCCD, 2024). Moreover, participatory approaches and local knowl
edge, which are critical for NbS in arid contexts, remain insufficiently 
embedded in climate adaptation and urban planning (Kibii et al., 2025; 
Brink and Wamsler, 2018). Together, these factors limit the operation
alisation of NbS in Windhoek’s climate adaptation strategy (Wijesinghe 
and Thorn, 2021; Thorn et al., 2021). These challenges in Windhoek 
mirror broader struggles faced by cities in comparable arid and 
semi-arid regions, where adaptation strategies often underutilise NbS in 
urban planning (Deubelli and Mechler, 2021; Bizikova et al., 2015). 
Addressing these challenges calls for aligning climate adaptation, 
biodiversity, and urban planning at the local level, reinforced through 
city-specific bylaws, participatory planning instruments, secure tenure 
arrangements, and locally tailored initiatives that strengthen institu
tional capacity.

1.4. Study rationale and objectives

Building on these insights and to strengthen theoretical and opera
tional linkages between policy and practice (Birchall and Bonnett, 
2021), our study examines the key strategic gaps, challenges, and op
portunities for operationalising or integrating existing NbS knowledge 
and initiatives in Windhoek. Previous studies in Namibia, such as 
(Davies et al., 2020; Spear et al., 2018; Crawford and Terton, 2016) 
highlighted broad governance and capacity barriers to adaptation, while 
research on rural and peri-urban and governance of NbS in arid envi
ronments (Singh and Chudasama, 2021; Thorn et al., 2021; Wijesinghe 
and Thorn, 2021) demonstrated their potential and hinted at possibil
ities for mainstreaming. However, there remains limited understanding 
of how to systematically translate and implement NbS within urban 
planning and climate adaptation policies (Corgo et al., 2024; Rogers 
et al., 2023; Wijesinghe and Thorn, 2021), particularly in dryland eco
systems. This gap is particularly acute in semi-arid urban contexts, 
where water scarcity, fragile infrastructure, and tenure insecurity create 
distinctive barriers to implementing and sustaining NbS interventions 
(UNCCD, 2024; Thorn et al., 2021; Satterthwaite et al., 2020). Our study 
investigates how national adaptation policies in Namibia are (or are not) 
translated into local implementation, why NbS remain marginal in 
urban planning, and how existing local NbS knowledge and initiatives 
can inform more transformative, systemic approaches to urban resil
ience. By situating Windhoek as a case study, the article could contribute 
to broader debates on how semi-arid African cities can embed NbS into 

B.H. Gaby and A.B. Christina                                                                                                                                                                                                                Land Use Policy 162 (2026) 107877 

2 



climate adaptation and land-use planning.
The article is structured as follows: Section 2 outlines the method

ology; Section 3 presents results, including a synthesis of policy and 
stakeholder insights; Section 4 discusses policy and planning imple
mentation and implications; and Section 5 provides recommendations 
and conclusions for arid urban adaptation.

2. Methodology

2.1. Study area

Namibia is an arid to semi-arid country, with approximately 92 % of 
its land classified as such, facing recurrent droughts, extreme heat, and 
occasional flooding that exacerbate water scarcity and infrastructure 
deficits in urban areas (Intergovernmental Panel on Climate Change 
IPCC, 2022; World Bank Group, 2021). Rapid population growth, 
particularly in urban areas, intensifies pressure on services, infrastruc
ture, and land-use planning, creating heightened vulnerabilities in 
informal settlements (UN-Habitat, 2022).

Windhoek, Namibia’s capital, provides a necessary and compelling 
case study for examining urban climate resilience in this dryland 
context. The city is home to approximately 486,200 residents, repre
senting half of the country’s urban population (NSA, 2023), and has 
experienced rapid urbanisation, with a 32.1 % population increase from 
2011 to 2023 (NSA, 2023). Informal settlements now house around 40 % 
of residents, growing at an estimated 6.5–7 % annually, and expanding 
into ecologically fragile areas with limited infrastructure (Satterthwaite 
et al., 2020; World Bank, 2024; World Bank Group, 2021; Ziervogel 
et al., 2022, 2016). These settlements exacerbate exposure to climate 
stressors such as water scarcity, drought, flooding, and extreme heat, 
exemplified by the 2015–2017 drought (van Rensburg and Tortajada, 
2021; Wijesinghe and Thorn, 2021). Comparable challenges are 
observed in other dryland SSA cities, such as Gaborone, Botswana 
(World Bank, 2024; UN-Habitat, 2022).

As Namibia’s only city with an integrated climate strategy and action 
plan, Windhoek offers a unique lens for examining how national climate 

adaptation policies translate into local action, particularly regarding the 
planning and implementation of NbS to enhance urban resilience. 
Studying Windhoek allows insights into how climate adaptation stra
tegies interact with governance constraints, socio-environmental vul
nerabilities, and resource limitations, providing lessons for other arid 
urban contexts in SSA.

2.2. Research design

A single-case study design was purposively selected as a critical case 
(Brink, 2017), focusing on Windhoek to enable an in-depth exploration 
of the city’s municipal-level adaptation efforts (Yin, 2018; Brink, 2017). 
The study combined two methods: a desktop review of national and local 
climate adaptation policy documents and semi-structured interviews 
with key stakeholders. This approach provided multiple perspectives on 
the translation of policy into practice and the integration of NbS in urban 
adaptation planning. Ethical clearance was obtained for the study; all 
participation was voluntary and with consent.

2.3. Data collection

First, the desktop review systematically analysed national and local- 
level climate adaptation policies, strategies, and action plans to identify 
gaps, challenges, and opportunities, with particular attention to NbS. 
Policy documents were included if they: 

• Focused on climate adaptation, urban resilience, water management, 
or disaster risk reduction.

• Were published between 2010 and 2025 to reflect recent 
developments.

• Addressed both national-level strategies and local implementation in 
Windhoek.

A total of six documents were included: five at the national level (e. 
g., National Policy on Climate Change, Namibia’s Nationally Deter
mined Contribution) and one at the city level (Windhoek Integrated 

Fig. 1. The City of Windhoek, indicating extensive informal settlement growth (2011–2023) to the north and west, by (Author, 2024).

B.H. Gaby and A.B. Christina                                                                                                                                                                                                                Land Use Policy 162 (2026) 107877 

3 



Climate Change Strategy and Action Plan, WICCSAP 2022–2028). These 
documents are summarised in Table 1, which also highlights the focus of 
each document. The desktop review used coding and thematic catego
risation (Washbourne, 2022; Birchall and Bonnett, 2021; Saldaña, 2009) 
to examine alignment between national policy goals and municipal 
adaptation strategies.

Following the above, sixteen semi-structured interviews were con
ducted to capture stakeholder perspectives on climate adaptation pro
cesses and NbS implementation in Windhoek. Participants were 
purposively selected for their expertise or influence in adaptation 
planning, with snowball sampling (Flick, 2022) used to include com
munity and NGO representatives.

Participants included (see Table 2, supplementary material): 

• Municipal officials (3): responsible for environmental management, 
urban planning, and strategic execution.

• Community representatives (2): involved in permaculture and 
informal settlement upgrading.

• NGO officer (1): focused on informal settlement adaptation 
programs.

• Urban planners and academics (3): expertise in urban development, 
land use, and research-informed planning.

• Architects/Urban designers (3): professional perspectives on sus
tainable, resilient and inclusive urban planning and design separate

• Environmental specialist (1) and diplomat (1): global and environ
mental policy perspectives.

• Landscape architects (2) and landscaper (1): practitioners engaged in 
sustainable landscapes and urban greening. The term “landscaper” 
refers to a professional managing practical aspect of urban green 
infrastructure, contributing applied knowledge on NbS integration.

Interviews were conducted in Windhoek between March and 
October 2024 (14 in-person, 2 virtual), lasting 45–90 min. Audio re
cordings were transcribed verbatim, and participants were anonymised 
as R1–R16. The sample size was determined by saturation, while 
including diverse perspectives across sectors.

2.4. Data analysis

Document and interview data were analysed using descriptive/the
matic coding to capture both policy-level and local perspectives on NbS 
for urban climate adaptation. For document analysis, policies were read 
and descriptively coded based on climate adaptation key aspects. The 
codes were grouped into categories: strategic gaps, challenges, and op
portunities and synthesised into themes to enable a comparative 
assessment of national and local-level policy alignment. For interview 
analysis, data were analysed inductively using ATLAS.ti version 9 
following a stepwise procedure by (Saldaña, 2009; Hsieh and Shannon, 
2005): open coding, categorisation of related codes into meaningful 
groups, and development of broader themes to capture patterns in local 

adaptation practices. Code co-occurrence analysis was conducted to 
identify relationships between themes (summarised in supplementary 
material, Table 3), and representative quotations were selected to 
ensure stakeholder voices illustrated the findings. Together, these ap
proaches allowed for an integrated assessment of policy frameworks and 
local implementation practices for NbS in Windhoek. The identified 
themes informed the results section, linking procedures explicitly to 
observed outcomes and ensuring transparency and replicability.

2.5. Limitations

Namibia’s arid climate and low population density limit the number 
of professionals in climate adaptation and NbS fields; a sample of 16 
participants was deemed sufficient to capture relevant perspectives and 
resulted in data saturation. The study excluded high-level government 
representatives (e.g., ministers) due to approval delays and election 
schedules. To limit potential bias from any prior connections with 
stakeholders, strategies such as member checking and inclusion of 
diverse perspectives were employed. The policy on climate change is a 
relatively recent occurrence, which has limited the desktop review to six 
existing documents.

3. Results

3.1. Overview of climate adaptation at national and local level

The policy framework exhibits ambitious goals but has significant 
shortcomings in coordination, enforcement, and local implementation, 
notably concerning NbS. These policy gaps align closely with 
stakeholder-identified challenges and barriers, including inadequate 
planning and resource constraints. The interviewees reinforces that 
Windhoek’s urban area is confronting increasing climate impacts, rapid 
urbanisation, and a fragmented policy landscape. Climate challenges 
such as prolonged droughts, high temperatures, and flooding intersect 
with urban growth pressures, especially in informal settlements, exac
erbating vulnerability. However, highlight emerging opportunities, such 
as community-driven resilience and the integration of NbS. This section 
sets the stage for a detailed exploration of these gaps, challenges, bar
riers, and opportunities.

3.2. Policy reviews of Namibia’s National and Windhoek’s’ local climate 
strategic and action plans: gaps, challenges and opportunities

The desktop review of Namibia’s national and local (Windhoek) 
climate policies, strategies, and action plans reveals a formal framework 
aimed at addressing climate change through mitigation and adaptation. 
This policy landscape signals a commitment to resilience, but imple
mentation is undermined by resource constraints, competing socio- 
economic priorities, and the limited integration of NbS into land-use 
and urban planning.

At the national level, the National Policy on Climate Change for 
Namibia (NPCC, 2011) (Ministry of Environment, Forestry and Tourism 
(Ministry of Environment, Forestry and Tourism MEFT, 2011) was the 
country’s first comprehensive framework for responding to climate 
change, outlining principles for mitigation, adaptation, and disaster risk 
reduction. Building on this policy, the National Climate Change Strategy 
and Action Plan (NCCSAP, 2013–2020) established the strategic foun
dation for climate action, aiming to develop, implement, and monitor 
mitigation and adaptation activities while fostering sectoral synergies to 
reduce vulnerability and promote sustainable development. The 
NCCSAP calls to “mainstream climate change into policies, legal 
framework and development planning” (Ministry of Environment, 
Forestry and Tourism MEFT, 2013, p. 32), yet adaptation efforts have 
largely targeted rural livelihoods (2013, p. 25), limited mainstreaming 
and minimal attention to urban centres reflecting a gap in urban plan
ning (2013, p. 17 & 28). The NCCSAP policy predates both the Paris 

Table 1 
Climate Policies, Strategies, and Action Plans at National and Local (Windhoek) 
Levels.

Level Reports

National National Policy on Climate Change (NPCC) 2011
​ National Climate Change Strategy and Action Plan (NCCSAP) 

2013–2020
​ Namibia’s Nationally Determined Contribution (NDC) 2021
​ First Adaptation Communication: Namibia’s Climate Change 

Adaptation Communication to the United Nations Framework 
Convention on Climate Change (UNFCCC). (2021)

​ Namibia’s First Biennial Transparency Report (BTR) and Fifth 
National Communication (2024)

Local 
(Windhoek)

Windhoek Integrated Climate Change Strategy and Action Plan 
(WICCSAP) 2022–2028
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Agreement (2015) and Namibia’s updated Nationally Determined 
Contribution (NDC (2021), it lacks provisions for NbS measures that 
address water scarcity, biodiversity loss, and capacity development. 
While the NCCSAP (Ministry of Environment, Forestry and Tourism 
MEFT, 2013, pp. 12–13, 17) recognises ecosystem-based adaptation by 
including biodiversity and ecosystems among its priority sectors, it 
provides limited guidance on operational mechanisms or financing 
structures, leaving these approaches underdeveloped in practice. 
Limited coordination across sectors, insufficient local adaptation mea
sures, and inadequate funding for technology transfer have further 
constrained the strategy’s impact.

Similarly, the First Adaptation Communication (Ministry of Envi
ronment, Forestry and Tourism MEFT, 2021) to the United Nations 
Framework Convention on Climate Change (UNFCCC) identifies Nami
bia’s priority for adaptation needs and highlights resource gaps, 
particularly in urban resilience planning. It notes “in urban areas, there 
can be a deficit in infrastructure and in the provision of services due to 
climate change” (Ministry of Environment, Forestry and Tourism MEFT, 
2021, p. 15). While the strategy emphasises reducing vulnerability of 
infrastructure systems, adaptation priorities still focus strongly on broad 
sectoral infrastructure rather than explicitly on NbS or on targeted urban 
adaptation measures, indicating a potential rural–urban planning 
imbalance. Recent national reports, including the First Biennial Trans
parency Report (BTR) and the Fifth National Communication (2024) to 
the UNFCCC, reaffirm these systemic issues, particularly the lack of 
dedicated support for fast-growing urban areas such as Windhoek.

At the local level, the City of Windhoek (CoW) initially relied on the 
NCCSAP (2013–2020), which lacked city-specific adaptation measures. 
This gap motivated the development of the Windhoek Integrated 
Climate Change Strategy and Action Plan (WICCSAP, 2022–2028), 
released in 2023. The WICCSAP (2022–2028) seeks to embed climate 
adaptation and mitigation into urban planning, prioritising water se
curity, biodiversity, informal settlement upgrading, and sustainable 
development in an arid context. The WICCSAP (2022–2028) explicitly 
notes that “climate action should be integrated into all city departments 
and functions (City of Windhoek CoW, 2023, p. 12), with “particular 
attention given to vulnerable communities and groups in the imple
mentation of adaptation actions” (2023, p. 42).” Yet implementation is 
constrained by limited human, technical, financial resources (2023, p. 
38), weak interdepartmental coordination, lack of integration with 
statutory urban development frameworks, and difficulties in collecting 
data for evidence-based planning. The same plan (City of Windhoek 
CoW, 2023, pp. 43 & 47) further mentions that “urban greening, 
ecological infrastructure and biodiversity conservation should be inte
grated into city planning and development processes”, yet lacks per
formance indicators or landscape design guidelines for implementation. 
The WICCSAP (City of Windhoek CoW, 2023, pp. 59, 73) also recognises 
the value of “partnerships with knowledge institutions,” though such 
collaborations remain limited, highlighting the need for stronger aca
demic–municipal–community linkages. Importantly, WICCSAP does not 
provide clear guidelines for NbS integration, such as rainwater har
vesting, stormwater infiltration systems, or indigenous drought-tolerant 
planting/ xeriscaping, leaving ecosystem-based approaches 
under-addressed.

A deeper analysis of these policies reveals systemic weaknesses 
across national and local levels. The NCCSAP’s ambition for sectoral 
synergies is undermined by vague implementation metrics, while the 
First Adaptation Communication (Ministry of Environment, Forestry 
and Tourism MEFT, 2021, pp. 21, 24) acknowledges “limited resources 
and capacity at regional and local levels” without outlining actionable 
pathways. In Windhoek, the WICCSAP’s water security agenda omits 
quantifiable NbS targets, such as rainwater harvesting, managed aquifer 
recharge, or xeriscaping with indigenous drought-tolerant species and 
water-efficient landscape design. Although xeriscaping defined as 
landscaping that minimises supplemental irrigation through 
drought-tolerant vegetation and efficient water management is well 

suited to Namibia’s arid conditions, it is not integrated into current 
city-level planning instruments.

Across national and local frameworks, climate responses continue to 
prioritise engineered or “hard” infrastructure such as, canals and roads 
over ecosystem-based approaches. Policy analysis shows that neither 
national nor local-level strategies promote dryland-adaptive measures 
through regulation or building codes. Techniques such as stormwater 
harvesting, infiltration ponds, and green corridors along ephemeral 
rivers (e.g., Goreangab, Arebbusch, Klein Windhoek) are not included in 
urban planning frameworks, despite their potential to mitigate flash 
flooding and enhance groundwater recharge. Similarly, urban greening 
and shade corridors are largely overlooked, even though these measures 
could reduce urban heat island effects recorded at 5–7 ◦C higher in dense 
informal settlements and alleviate health risks for vulnerable 
populations.

3.3. Stakeholder interviews: gaps, challenges, and opportunities

The policy gaps, challenges, and opportunities related to climate- 
induced water scarcity, urban planning pressures, biodiversity loss, 
and the prioritisation of socioeconomic concerns over climate action 
provide important context for stakeholder experiences. Notably, issues 
such as poor coordination, weak enforcement, and limited resources 
reflect the challenges reported by stakeholders, examined in more detail 
in the following subsections through qualitative findings.

3.3.1. Escalating climate change impacts and urbanisation pressures
Stakeholder interviews revealed critical environmental and social 

pressures—such as prolonged drought and rapid urban expansion—that 
were driving the need for climate adaptation in Windhoek. Respondents 
identified significant gaps, including limited financial and institutional 
capacity for resilience planning, which increased the city’s vulnerability 
to climate-related impacts. Water scarcity, intensified by recurring 
droughts and extreme weather events, was frequently cited as a primary 
concern. As one respondent (R10) explained: 

Historically, Namibia experienced droughts every fourth or fifth year, but 
from 2015 to 2017, we had consecutive droughts—nearly three seasons. 
That’s not normal. We’ve seen the same pattern again from 2022 to 
2024, with prolonged droughts now interspersed with extreme wet sea
sons. In December 2022, parts of Windhoek flooded, recording nearly 
100 millimetres of rainfall in an hour. Here in arid regions like Windhoek, 
water scarcity remains the primary climate change impact.

Climate challenges were compounded by rapid urbanisation, which 
placed increasing pressure on urban areas. This growth was largely 
driven by the expansion of informal settlements, as people migrated in 
search of improved livelihoods. Respondents noted that this expansion 
contributed to water scarcity and biodiversity loss and added strain to 
already limited natural resources. Urban planners faced significant 
challenges in responding to this growth, while residents in water- 
stressed areas remained vulnerable to extreme heat and flooding. One 
respondent referred to data from the Namibia Statistics Agency (NSA, 
2023), stating that informal settlements were expanding at a rate of 
6.5–7 % per year, surpassing the formal city’s growth rate of 4 %. R10 
elaborated: 

Most of this growth happens in informal settlements, complicating efforts 
to tackle climate change and sustain urban resilience. That flooding 
episode overwhelmed our drainage systems, highlighting the gap between 
rapid expansion and infrastructure capacity.

3.3.2. Key gaps and challenges in climate adaptation efforts
Stakeholder interviews revealed significant gaps that hinder effec

tive climate adaptation, noting the absence of NbS such as sustainable 
water management and ecosystem-based interventions, which could 
improve water availability, protect river processes, and reduce erosion 
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in informal areas, but are often overlooked in favour of conventional 
engineered solutions. The absence of these NbS practices heightens 
Windhoek’s arid-urban risks, as evidenced by recent droughts depleting 
aquifers and floods overwhelming informal settlements. Stakeholders 
suggested that integrating NbS could foster interconnected ecosystems 
and enhance local resilience, helping to better align observed practice 
with policy intentions. Furthermore, the difficulty in engaging com
munities in informal areas to adopt environmental sustainability prac
tices, such as protecting open spaces and planting trees, intensifies urban 
heat and exposes vulnerable populations to greater heat stress during 
droughts. As stated by (R10): 

As you know, ecosystem-based adaptation strategies are very critical for 
us, especially in a dry city like Windhoek. We want to ensure that all the 
public open spaces and areas that were left for conservation purposes are 
protected and create that interconnectedness of different ecological sys
tems, river processes, open spaces, and so on. Furthermore, it’s very 
difficult now to get people, especially in the informal areas, on board. To 
talk about environmental sustainability, planting trees, protecting the 
environment, and not building near river courses.

A recurring concern was the limited practical implementation of 
NbS, which remains largely confined to rural agriculture and livestock 
initiatives, while urban contexts are neglected. Respondents pointed to 
policy and governance inertia, alongside weak enforcement mecha
nisms, as major barriers. These concerns mirror existing policy gaps, 
including the “lack of comprehensive indicators” in the WICCSAP and 
“insufficient funding for implementation” in the NPCC. Together, these 
shortcomings highlight the need for more inclusive and actionable NbS 
adaptation frameworks. As R14 expressed: 

The lack of execution stems from a cumbersome civil service unaccus
tomed to implementation. There’s no funding or allocated funding for 
implementation either.

This challenge is further exacerbated by a fragmented urban plan
ning system. While the Urban and Regional Planning Act (Act 5 of 2018) 
mandates the development of sustainable strategies to address climate- 
related issues, there is no cohesive policy framework that effectively 
integrates legislation, climate adaptation, and urban planning. As a 
result, urban areas are often overlooked, with poorly aligned policies 
and a lack of implementation strategies contributing to significant de
lays. These issues reflect broader policy findings, such as "limited co
ordination across sectors" (NCCSAP) and "urban areas neglected" 
(Windhoek Structure Plan). R8 elaborated: 

Policies at the national level should incorporate climate adaptation, but 
they lack clear strategies for urban areas. Rural- agricultural areas get the 
focus, while urban areas are pretty much ignored.

Resource constraints further exacerbate the issue, particularly the 
lack of funding and technical expertise needed to implement effective 
actions, especially for ecosystem-based approaches such as NbS. This 
aligns with the UNFCCC report’s observation of "limited resources for 
environmental or ecosystem approaches," highlighting a critical gap in 
Namibia’s capacity to operationalise climate adaptation strategies. R14 
added: 

There’s no funding for execution, and we lack the expertise too.

Moreover, inconsistent collection and monitoring of climate data, 
particularly at the local level, hinders progress in tracking adaptation 
efforts and informing evidence-based planning. R16 explained: 

Climate change-related data, for example, isn’t consistently captured, 
even at the national level.

In addition to technical gaps, climate challenges are often depriori
tised in urban areas, especially within vulnerable dryland ecosystems. In 
informal settlements, communities tend to resist engagement with 
climate issues when basic needs, such as access to water, electricity, and 

secure land tenure remain unmet. This reflects a broader lack of 
awareness around climate change and adaptation. In contrast, residents 
in formal urban areas, where basic services are more readily available, 
are increasingly engaging with climate action through private initiatives 
and projects. This disparity highlights a critical awareness gap and un
derscores policy barriers such as the "lack of comprehensive need-based 
community adaptation planning" (WICCSAP). R9 highlighted this 
tension: 

Depending on how you present climate issues, you can get pushback from 
the community saying, ‘We can’t talk about climate change when we 
don’t have water, electricity, or our own plots.’

These challenges, including poor implementation, urban neglect, 
resource shortages, data gaps, and competing socio-economic priorities, 
reflect broader policy issues such as "gaps in data collection for climate 
monitoring" (WICCSAP) and "socio-economic priorities" overshadowing 
climate action (NCCSAP). They highlight the urgent need for integrated, 
community-responsive adaptation strategies and localised NbS.

3.3.3. Emerging NbS opportunities for advancing climate adaptation
Stakeholders identified actionable opportunities to enhance climate 

adaptation through practical NbS measures, such as xeriscaping mea
sures to reduce water needs and the reintroduction of native, drought- 
tolerant species that can also tolerate temporary flooding. This 
approach could reduce urban heat islands by 5–7◦C in informal settle
ments, mitigating heat stress during prolonged droughts as dense urban 
areas amplify heat stress. Several respondents highlighted the need to 
prioritise and promote such approaches within national and local pol
icies to strengthen urban resilience. R6 emphasised their relevance in an 
arid urban context: 

There is mostly xeriscape planting, reintroduction of natives that are 
dropped to the ground because of their adaptation to the climate. With the 
planting design, not only are these plants selected for their drought- 
tolerant and indigenous characteristics, but they are also able to with
stand being submerged in water for temporary amounts of time.

To support these initiatives and strengthen local capacity, re
spondents advocated for ongoing co-creation workshops and commu
nity education programs. These efforts seek to build expertise, raise 
awareness, and develop grassroots guidelines for climate adaptation and 
NbS. Permaculture uniquely addresses both urbanisation pressures and 
water scarcity in Windhoek’s arid context, offering a scalable model for 
low-income arid cities. R3 highlighted how informal settlements are 
already contributing through bottom-up approaches, such as perma
culture practices: 

Permaculture gardens provide adaptive strategies that help town planners 
by reducing pressure on resources and demonstrating sustainable land 
use.

Enhancing this community engagement, stakeholders proposed 
awareness campaigns to reframe perceptions of arid landscape aes
thetics and function. Such campaigns, using smaller group meetings and 
larger platforms, could shift mindsets towards valuing indigenous, low- 
water designs, an approach aligning with policies advocating for NbS (e. 
g., WICCSAP). R6 elaborated: 

We need to retrain people’s mindsets to see that brown is beautiful. Brown 
is living, there are stunning brown plants and infrastructure. Highlighting 
arid designs with indigenous species can reshape this conversation.

Further opportunities lie in strengthening NbS and community 
engagement through cross-sectoral partnerships, including private- 
sector and corporate involvement. Respondents revealed a willingness 
to collaborate but stressed the need for coordinated stakeholder iden
tification strategies to harness diverse funding and ensure account
ability. This could be supported by integrated, flexible policies tailored 
to unique regional needs. R9 illustrated this with an example: 
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Okahandja’s new strategic plan embraces participatory approaches to 
housing and land delivery. This builds community resilience, making them 
more adaptive to climate challenges and helping planners understand 
local climate-related issues.

Together, these opportunities, leveraging NbS, fostering community- 
driven solutions, reframing cultural attitudes, and enhancing partner
ships address urban neglect, resource shortages, and awareness gaps, 
offering a cohesive pathway to integrated climate adaptation.

3.4. Synthesis: integrating Nature based Solutions for Windhoek’s urban 
climate adaptation

Windhoek’s urban climate adaptation faces compounded challenges 
driven by rapid informal settlement growth, recurrent droughts, and 
flooding, which strain infrastructure and exacerbate urban heat islands 
and water scarcity. National and local policies, including NCCSAP, NAP, 
and WICCSAP, provide a formal framework but remain limited in 
operational guidance, urban-specific measures, and integration of NbS. 
Stakeholders reinforced these gaps, highlighting inadequate local 
climate data, weak enforcement, socio-economic priorities over
shadowing climate action, and limited institutional partnerships. As one 
respondent noted, “Most of this growth happens in informal settlements, 
complicating efforts to tackle climate change and sustain urban resil
ience” (R10). Missing NbS interventions such as stormwater harvesting, 
xeriscaping, drought-tolerant vegetation, permaculture gardens, and 
community co-creation hubs—contribute to heightened vulnerability, 
with impacts including increased flooding and urban heat islands of 
5–7◦C in dense settlements (R3, R6, R10). Opportunities to enhance 
adaptation include embedding NbS into statutory urban plans, 
leveraging citizen-science monitoring to strengthen local data systems 
(R16), scaling community-led initiatives from Okahandja and the 
Kambashu Institute (R8, R14), and fostering stronger collaborations 
between city departments, academia, and communities. A respondent 
emphasised the potential of community-driven approaches: 

“Permaculture gardens provide adaptive strategies that help town 
planners by reducing pressure on resources and demonstrating sus
tainable land use” (R3). Collectively, these insights summarised in 
Table 4, highlight pathways to bridge policy implementation gaps and 
advance resilient, equitable, and NbS-informed urban climate adapta
tion in Windhoek’s arid context.

4. Discussion

The findings highlight the urgent need for integrated, locally tailored 
strategies to strengthen resilience in arid regions, offering valuable 
lessons for other arid urban contexts globally. The discussion explores 
four core complexities in Namibia’s urban climate adaptation planning: 
climate impacts and urbanisation challenges, climate data gaps, policy- 
implementation disconnect, and the tension between socio-economic 
and climate priorities. It also identifies two key opportunities for 
advancing adaptation: enhanced coordination and capacity building, 
and partnerships for implementing NbS.

4.1. Gaps and challenges

4.1.1. Climate impacts, urbanisation and NbS challenges
Climate adaptation, urbanisation, and biodiversity have often been 

treated as separate planning domains, yet their intersection in rapidly 
growing cities like Windhoek poses urgent challenges (Intergovern
mental Panel on Climate Change (Intergovernmental Panel on Climate 
Change IPCC, 2022; UN-Habitat, 2020). Informal settlements, growing 
at an estimated 6.5–7 % annually, exacerbate climate-related stressors 
such as water scarcity, droughts, and flooding, particularly in ecologi
cally fragile and infrastructure-poor environments (Satterthwaite et al., 
2020; Ziervogel et al., 2016). Recent floods in Windhoek exposed 
drainage deficiencies across both formal and informal neighbourhoods, 
revealing the limits of siloed planning frameworks and highlighting the 
need for more context-sensitive interventions (Ampaire et al., 2017). 
These compounding risks call for integrated adaptation strategies such 

Table 4 
Synthesis of Key Policy and Stakeholder Insights: Challenges and Opportunities for Windhoek’s Climate Adaptation.

Challenge Description Specific Missing 
NbS

Exacerbated 
Climate Impacts

Opportunities Overlaps / compliment or 
contradictions

Data Source(s)

Climate Impacts, 
Urbanisation, and NbS 
Challenges

Rapid informal 
settlement growth 
and flood risks strain 
infrastructure (e.g., 
drainage systems 
overwhelmed).

Stormwater 
harvesting, 
xeriscaping, use of 
drought-tolerant 
vegetation

Increased 
flooding and 
urban heat 
islands (5–7◦C in 
informal 
settlements)

Integrate NbS like stormwater 
harvesting and xeriscaping into 
Windhoek’s Structure Plan, 
urban or land-use planning, 
and WICCSAP

Complementary – Policies 
and interviews both 
identify infrastructure 
stress and lack of NbS

Policy Review 
(WICCSAP, 
NCCSAP) 
Stakeholder 
Interviews, 
Field 
Observation

Insufficient Climate Data 
and NbS Evidence

Inconsistent local 
data collection 
hinders climate 
monitoring and 
flood preparedness

Citizen-science-led 
monitoring, 
rainfall tracking, 
community NbS 
mapping

Hindered 
preparedness for 
flood events

Develop local data systems via 
citizen science to support NbS 
planning

Partial Complementarity – 
Interviews confirm data 
gaps; policies 
acknowledge but lack 
mechanisms

Policy Review 
(WICCSAP, 
NCCSAP) 
Stakeholder 
Interviews

Policy–Implementation 
Challenges

Weak NbS 
integration in 
WICCSAP 
(2022–2028) due to 
limited funding and 
coordination

Xeriscaping, 
permeable 
surfaces

Amplified runoff 
and erosion in 
informal 
settlements 
during wet 
seasons

Embed NbS and locally led 
initiatives from Okahandja and 
Kambashu Institute into 
municipal bylaws and 
structure plans

Complementary – Both 
policy and interviews cite 
lack of implementation; 
Contradictory – Policies 
claim mainstreaming 
while interviews show 
limited evidence

Policy Review, 
Stakeholder 
Interviews

Socio-Economic Priorities Basic needs (water, 
electricity, land) 
overshadow climate 
action in informal 
settlements

Permaculture 
gardens

Limited 
resilience to 
drought-induced 
water scarcity

Promote community-driven 
permaculture and “Brown is 
Beautiful” campaigns to align 
climate and socio-economic 
goals

Complementary – 
Interviews confirm socio- 
economic priorities 
overshadow climate; 
policies acknowledge but 
under-address

Stakeholder 
Interviews, 
Field 
Observation

Institutional Partnerships Limited partnerships 
between city 
departments, 
academia, and 
communities

NbS research 
collaborations, 
community co- 
creation hubs

Weak knowledge 
transfer, 
fragmented 
learning

Strengthen partnerships via 
living labs and 
university–municipality 
projects

Partial Complementarity – 
Policies mention 
partnerships; interviews 
note lack of 
implementation

Policy Review, 
Stakeholder 
Interviews
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as NbS that connect climate action with biodiversity and urban devel
opment goals (Johnson et al., 2022; Cilliers, 2020; Cohen-Shacham 
et al., 2019). Embedding NbS in Windhoek’s WICCSAP, urban and 
land-use planning through urban greening, xeriscaping, and 
community-based water management, could enhance systemic resil
ience, supported by monitoring frameworks to track impacts such as 
reduced flooding, lower urban heat, and improved ecosystem services ( 
Zhu and Feng, 2025; Lin et al., 2021). In the case of Windhoek, while 
locally tailored strategies exist, they are not acknowledged or supported 
by policy, which fails to support the growth of local NbS interventions 
that are practical, inclusive, and sustainable.

4.1.2. Climate data and NbS evidence gaps hindering effective adaptation
Inconsistent and outdated climate data is a critical barrier to adap

tation in Windhoek, where rapid urbanisation demands timely, localised 
information (United Nations Framework Convention on Climate Change 
United Nations Framework Convention on Climate Change UNFCCC, 
2020). The lack of real-time rainfall and settlement data contributed to 
unpreparedness during the 2022 and 2025 floods, reflecting a broader 
Sub-Saharan African trend that limits anticipatory planning (Ampaire 
et al., 2017). Community-driven citizen science, such as training resi
dents to track rainfall and temperature, can address data gaps in a 
cost-effective and locally grounded manner (Loglisci et al., 2024; Pas
gaard et al., 2023; Tipaldo and Allamano, 2017). Successful examples 
from Cape Town highlight how such efforts can improve flood fore
casting and response (Ziervogel et al., 2022). Building on results from 
this study, we propose leveraging local knowledge, including neigh
bourhood initiatives and campaigns such as “Brown is Beautiful,” to 
raise awareness, enhance data collection, and inform urban and land use 
planning in line with strategic action plans such as the WICCSAP. 
However, scaling these approaches will require balancing training and 
technological investments against other pressing urban needs (Cilliers 
et al., 2022).

4.1.3. Disconnect between policy and local NbS implementation
Despite progressive national strategies like the National Climate 

Change Strategy and Action Plan (NCCSAP) and the National Policy on 
Climate Change (NPCC, 2011), implementation at the local level re
mains weak (Bulkeley and Tuts, 2013) limiting the uptake of NbS in 
urban contexts. These policies often prioritise rural agricultural adap
tation, neglecting urban vulnerabilities, especially in informal settle
ments (Sibiya et al., 2023) where NbS could address heat stress, 
flooding, and water scarcity. Systemic obstacles such as outdated reg
ulations, limited expertise, and fragmented coordination hinder the 
execution of local authority plans like WICCSAP, further constraining 
NbS integration (Birchall and Bonnett, 2021). Similar disconnects are 
seen in other African cities like Nairobi, where climate policy rarely 
translates into action (Titz and Chiotha, 2019). Bridging this gap re
quires multi-level governance that explicitly incorporates NbS, with 
meaningful roles for local communities in planning and implementation 
processes (Fila et al., 2023; Ziervogel et al., 2022). We propose building 
on locally grounded initiatives, such as Okahandja’s and Kambashu 
Institute community-led adaptation model and updating NCCSAP and 
WICCSAP to include urban-specific strategies, to strengthen policy 
alignment and pioneer NbS implementation and operationalisation in 
Windhoek.

4.1.4. Tension between socio-economic priorities and NbS climate goals
In Windhoek’s urban context, immediate socio-economic needs often 

overshadow long-term climate goals. Residents in informal settlements, 
housing 40 % of the population, prioritize water, electricity, and land 
tenure over adaptation efforts (Sibiya et al., 2023; Ampaire et al., 2017). 
Insecure land tenure restricts NbS implementation, such as permacul
ture gardens, by limiting long-term urban planning investments in 
informal areas (Global Center on Adaptation GCA, 2024; United Nations 
Convention to Combat Desertification UNCCD, 2022). This reflects as 

spatial inequalities, where communities in informal settlements specif
ically are sidelined in planning processes (Kohima et al., 2023). Inte
grating NbS into land use policies, like tenure regularisation and the 
Windhoek Structure Plan, can align climate resilience with 
socio-economic goals, as seen in climate-resilient housing initiatives 
(AfDB, 2024; Prall et al., 2023) to address strategic vulnerabilities. 
These spatial inequalities certainly hold implications for climate adap
tation. Participatory scenario planning, used successfully in Windhoek, 
shows how inclusive processes reconcile priorities (Thorn et al., 2021). 
Our findings illustrate that sustained political will, inter-sectoral coor
dination, and community empowerment are vital to bridge this current 
divide.

4.2. Opportunities

4.2.1. Coordination and capacity building as enablers for NbS
Effective adaptation, including the implementation of NbS, depends 

on cross-sectoral coordination and capacity development, yet Namibia 
continues to face challenges in both areas. National plans like NCCSAP 
and local efforts like WICCSAP are hindered by limited collaboration 
and institutional silos, which constrain the integration and scaling of 
NbS in urban planning and climate adaptation projects. Resource con
straints, outdated technology, and a lack of skilled personnel further 
impede progress (Davies et al., 2020; Ampaire et al., 2017). Communi
cation gaps between government, experts, and communities also stall 
context-sensitive adaptation, limiting opportunities to co-create NbS 
that are locally relevant and cost-effective. Addressing these issues re
quires a transformative, transdisciplinary approach, where stakeholders 
co-create solutions and share knowledge (Tran et al., 2024; Ziervogel 
et al., 2022). Workshops and co-production that bring together planners, 
technical experts, and residents (Wolff et al., 2022) as seen in Kibera, 
Nairobi, can foster mutual learning and inform practical micro-scale 
NbS interventions (Kibii et al., 2025). We propose institutionalising 
such coordination through local climate adaptation units and inte
grating NbS into these processes, while aligning with climate finance 
opportunities, which will help overcome structural barriers with possi
bility of building lasting resilience. (McEvoy et al., 2024).

4.2.2. Nature based Solutions for climate adaptation
Nature based Solutions (NbS) offer a transformative approach, 

aligning ecological restoration with socio-economic development in 
Namibia’s arid urban contexts. Practical implementations in Windhoek, 
such as permaculture gardens, xeriscaping, and dryland revegetation, 
demonstrate how community-led or public NbS initiatives can improve 
water management, enhance biodiversity, and strengthen urban resil
ience. The Windhoek Integrated Climate Change Strategy and Action 
Plan (WICCSAP 2022–2028) attempts to incorporate ecosystem-based 
approaches, such as revegetation, to enhance urban resilience. WICC
SAP’s focus on short-term disaster mitigation, and combined with 
limited funding and governance challenges, constrains the broader up
take of cost-effective (Birchall et al., 2025), culturally embedded NbS 
tailored to arid adaptation (Çetin et al., 2018; Cinar and Aktas, 2018) 
that can take small steps towards long term transformative adaptation. 
Building on these findings, we propose leveraging locally tailored 
community-led practices that have the potential to support the “Brown 
is Beautiful” campaign, but require dedicated communication platforms 
(Wolff et al., 2022) to promote the mainstreaming of arid-adapted 
landscaping not only improving resilience, but also social cohesion 
(Singh and Chudasama, 2021). Embedding permaculture and “Brown is 
Beautiful” in the WICCSAP, in addition, the Windhoek Urban Structure 
Plan and municipal bylaws, supported by tenure regularisation and 
monitoring frameworks, can scale these NbS to address critical water 
scarcity in the city (Zhu and Feng, 2025; United Nations Convention to 
Combat Desertification UNCCD, 2022).

The WICCSAP (2022–2028) signals potential entry points for main
streaming NbS in urban planning to tackle water scarcity and 
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biodiversity loss while enhancing community-driven resilience. Na
tionally, developing an NbS framework linked to the Climate Change 
Strategy and Action Plan, advocating for NbS within Green Climate Fund 
and Adaptation Fund proposals, and piloting NbS projects across urban, 
peri-urban, and rural contexts could provide momentum. Reframing 
NbS in Namibia’s national reports to highlight their role in food security, 
water access, biodiversity, and income generation would strengthen the 
case for international support. Furthermore, updating outdated policies 
(e.g., NPCC 2011) and embedding NbS in both statutory urban plans and 
climate action strategies are critical steps toward building resilience in 
Namibia’s arid urban environments

Despite their potential, NbS face resistance due to entrenched pref
erences for hard infrastructure solutions often perceived as more reliable 
and familiar (Thorn et al., 2021). This resistance is further compounded 
by limited funding and a lack of locally relevant case studies (Kibii et al., 
2025; Seddon et al., 2020; Sarabi et al., 2019). Pilot projects, such as 
permaculture gardens, not only demonstrate practical NbS benefits but 
also provide evidence to attract investment and build momentum for 
broader implementation (McEvoy et al., 2024), as demonstrated by in
ternational examples of xeriscaping initiatives in Tucson (Gerlak et al., 
2021). Such projects can then be developed for best practice and local 
contextual standards.

To fully realise the potential of NbS, we propose that policy frame
works could prioritise localised, flexible strategies, integrating NbS into 
urban planning, and operationalising support through cross-sectoral 
coordination (Corgo et al., 2024; Adams et al., 2023). In addition, 
fostering partnerships between governments, NGOs, businesses, and 
donors is required for implementation and scale-up efforts (Sousa et al., 
2024; Davies and Lafortezza, 2019). By leveraging pilot projects and 
community-driven practices, NbS can simultaneously address pressing 
challenges like water scarcity and urban heat while generating 
socio-economic co-benefits and increasing public engagement in climate 
adaptation (Wolff et al., 2022; Cohen-Shacham et al., 2016) in small, 
local and incremental ways, while keeping a long-term systemic outlook.

5. Conclusion

This study highlights the critical gaps, challenges and opportunities 
shaping Windhoek’s urban climate adaptation and offers guidelines for 
integrating NbS in arid cities across Sub-Saharan Africa. This study 
highlights five key lessons for advancing NbS in Windhoek and other 
arid cities. Firstly, integrated responses to climate risks are urgent, as 
droughts, floods, and informal settlement growth exacerbate water 
scarcity and heat islands, highlighting the need for holistic adaptation 
strategies such as xeriscaping and stormwater harvesting. Secondly, 
community-driven initiatives provide proof of concept, with locally led 
practices like permaculture gardens and the “Brown is Beautiful” 
campaign restoring degraded landscapes, enhancing food security, and 
fostering social cohesion, demonstrating scalable models tailored to 
local needs. Thirdly, embedding NbS in statutory frameworks is essen
tial, since integrating ecological approaches in the WICCSAP is 
emphasised, in addition, the Windhoek Urban Structure Plan and 
municipal bylaws can further bridge the gap between high-level policy 
ambitions and practical implementation. Fourthly, co-creation and local 
knowledge are central to effectiveness, as participatory workshops and 
citizen-led experiments align policy with lived realities, producing 
context-sensitive solutions that enhance legitimacy and uptake. Finally, 
Windhoek’s experience could offer transferable lessons, with compara
tive learning from other arid cities, informing the scalability, equity, and 
effectiveness of dryland NbS, while awareness campaigns can shift cul
tural perceptions toward valuing arid-adapted landscapes.

Based on the study focus and findings, several policy recommenda
tions emerge to advance the implementation of NbS in Windhoek and 
other arid cities: 

• Enhance institutional coordination: Establish a cross-departmental 
Climate and Environment Taskforce to align land-use planning, water 
management, and infrastructure development.

• Mainstream NbS in planning instruments: Incorporate measurable 
NbS indicators into all Climate adaptation reports, spatial structure 
reports and related bylaws, including ecological corridors, perme
able surfaces, and water-sensitive design standards.

• Reinstate ecological overlays: Update outdated reports and apply 
environmental mapping to guide spatial decisions and protect key 
ecosystem services.

• Support locally led initiatives: Provide technical and financial sup
port—such as micro-grants and inclusion in municipal pro
grammes—for community-driven NbS projects.

• Invest in capacity building: Strengthen NbS awareness, education, 
and technical training across municipal departments, universities, 
and community organisations to foster cross-sectoral collaboration.

• Leverage monitoring and data systems: Develop citizen-science-led 
monitoring programmes for rainfall, flooding, and vegetation. 
Address local data gaps that currently hinder urban adaptation 
planning

• Promote cross-sectoral partnerships: Encourage collaboration be
tween government, academia, NGOs, and private sector actors to 
support co-design, funding, and scaling of NbS. Build on existing 
community-led initiatives, such as Kambashu Institute and 
Okahandja.

While the study provides valuable qualitative insights, its limitations 
include the scarcity of existing policy documents and experts in the field. 
Future research could expand stakeholder participation and incorporate 
quantitative surveys. Studies employing mixed method approaches that 
combine spatial, ecological, and socio-economic data could be useful for 
assessing NbS performance more comprehensively and providing more 
detailed recommendations for operationalisation.

Our study emphasises that resilient and equitable adaptation in 
dryland cities requires integrated land-use planning, institutional 
commitment, and community leadership. Advancing NbS through this 
lens highlights their potential as drivers of transformative adaptation, 
shifting responses from risk management fixes to deep, systemic change.
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Schröter, B., 2021. Planning nature-based solutions: principles, steps, and insights. 
Ambio 50, 1446–1461. https://doi.org/10.1007/s13280-020-01365-1.

UN-Habitat (Ed.), 2020. The value of sustainable urbanization, World cities report. UN- 
Habitat, Nairobi, Kenya. 

Ampaire, E.L., Jassogne, L., Providence, H., Acosta, M., Twyman, J., Winowiecki, L., van 
Asten, P., 2017. Institutional challenges to climate change adaptation: a case study 
on policy action gaps in Uganda. Environ. Sci. Policy 75, 81–90. https://doi.org/ 
10.1016/j.envsci.2017.05.013.

Berke, P.R., Stevens, M.R., 2016. Land use planning for climate adaptation: theory and 
practice. J. Plan. Educ. Res. 36, 283–289. https://doi.org/10.1177/ 
0739456X16660714.

Birchall, S.J., Bonnett, N., 2021. Climate change adaptation policy and practice: the role 
of agents, institutions and systems. Cities 108, 103001. https://doi.org/10.1016/j. 
cities.2020.103001.

Birchall, S.J., Kehler, S., Weissenberger, S., 2025b. Sometimes, I just want to scream”: 
Institutional barriers limiting adaptive capacity and resilience to extreme events. 
Glob. Environ. Change 91, 102967. https://doi.org/10.1016/j. 
gloenvcha.2025.102967.

Bizikova, L., Parry, J.-E., Karami, J., Echeverria, D., 2015. Review of key initiatives and 
approaches to adaptation planning at the national level in semi-arid areas. Reg. 
Environ. Change 15, 837–850. https://doi.org/10.1007/s10113-014-0710-0.

Brink, E., Wamsler, C., 2018. Collaborative Governance for Climate Change Adaptation: 
Mapping citizen-municipality interactions: collaborative governance for climate 
change adaptation. Env. Pol. Gov. 28, 82–97. https://doi.org/10.1002/eet.1795.

Bulkeley, H., Tuts, R., 2013. Understanding urban vulnerability, adaptation and 
resilience in the context of climate change. Local Environ. 18, 646–662. https://doi. 
org/10.1080/13549839.2013.788479.
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