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ABSTRACT
Informal settlements in rapidly urbanizing cities of the Global South are frequently excluded from green infrastructure (GI) investments, even though they face acute climate risks. This study examines how GI can be integrated into the unguwa (informal) areas of Kaduna, Nigeria, using Rigasa, Tudun Wada, and Kakuri as case studies. A convergent mixed-methods design combined NDVI-based spatial analysis of high-resolution imagery, a survey of 450 households, 25 key informant interviews, six focus group discussions, and a review of planning and legal documents. Results show that informal settlements are not ecologically deficient: they contain embedded, multifunctional green assets, including compound trees (maintained by over 70% of households), roadside vegetation, seasonal floodplain agriculture, and communal green spaces around religious institutions. However, mean NDVI values of 0.12 (Rigasa), 0.21 (Tudun Wada), and 0.28 (Kakuri) reveal a steep intra-urban green inequality gradient, and asset functionality is undermined by institutional exclusion, high-density constraints, tenure insecurity, and residents’ fear of displacement. Respondents strongly preferred small-scale, phased, participatory interventions over conventional large-scale models. The study advances a Participatory Incremental Green Infrastructure (PIGI) model grounded in asset-based planning, tenure security, co-production, and anti-displacement safeguards. The findings demonstrate that equitable GI integration in informal settlements depends on enhancing and connecting existing green systems rather than imposing formal-area models, with implications for inclusive urban resilience policy in Nigeria and comparable contexts.
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1. 	INTRODUCTION
Urban green infrastructure (GI)—the interconnected network of parks, urban forests, green corridors, wetlands, community gardens, and permeable surfaces—has become a central strategy for climate adaptation, hazard mitigation, and quality-of-life improvement in cities (Tzoulas et al., 2007; Demuzere et al., 2014). These systems deliver ecosystem services including temperature regulation, stormwater management, air purification, biodiversity support, and recreation. In the Global South, where urbanization is rapid and frequently unplanned, such functions are increasingly critical: population growth routinely outpaces infrastructure provision, producing what Fay and Opal (2000) termed “urbanization without growth” and concentrating environmental risk in low-income districts (Davis, 2006; UN-Habitat, 2010).
Yet the implementation of GI in these cities remains uneven and socially exclusionary. Investments are typically concentrated in formal, high-income, or newly developed districts, while informal settlements—home to a substantial share of the urban population—are systematically underserved (Anguelovski, Connolly, Masip, & Pearsall, 2018). This pattern constitutes environmental injustice: marginalized communities experience disproportionate exposure to hazards while enjoying limited access to environmental amenities (Agyeman, Schlosberg, Craven, & Matthews, 2016; Wolch, Byrne, & Newell, 2014). Comparative experience demonstrates both the risk of exclusion and the possibility of inclusive greening. Deliberately planned GI in low-income districts of Medellín reduced thermal discomfort while integrating marginalized neighborhoods into the urban fabric through participatory upgrading (Brand & Dávila, 2011); Bangkok’s Baan Mankong Program enabled communities to co-design upgrading that incorporated drainage, tree planting, and communal gardens (Boonyabancha, 2005); and flood-prone areas of Curitiba were converted into multifunctional parks without large-scale displacement (Girling & Kellett, 2005). In Africa, community-led agriculture and riparian greening in Kibera, Nairobi, improved food security and microclimatic conditions (Mutisya & Yarime, 2011), while wetlands and urban farms in Accra provide flood regulation and food-system functions despite lacking formal recognition (Mensah, 2014).
These experiences also surface a critical tension: greening can catalyze green gentrification, in which environmental improvements raise land values and rents and displace the very residents they ostensibly benefit (Checker, 2011; Anguelovski et al., 2019). Cases ranging from the High Line in New York to upgrading in Rio de Janeiro and land-reclamation projects in Lagos illustrate how sustainability interventions can reproduce inequality when equity safeguards are absent (Anguelovski et al., 2019; Ajibade, 2017). Equity-oriented GI planning in informal settlements must therefore treat anti-displacement measures as a design requirement rather than an afterthought.
Kaduna, the capital of Kaduna State in northwestern Nigeria, exemplifies these dynamics. Established as a colonial administrative center and planned on a formal grid (Mabogunje, 1968), the city has been transformed by rural–urban migration and demographic growth, with its population rising from approximately 1.5 million in 2006 to over 3 million in 2022 (National Population Commission [NPC], 2022). Much of this growth has been absorbed by informal settlements locally known as unguwa areas—including Rigasa, Tudun Wada, and Kakuri—characterized by self-built high-density housing, irregular tenure, minimal infrastructure, and heightened exposure to flooding, heat, and poor sanitation (UN-Habitat, 2010; NPC, 2022). Despite housing a large share of the city’s workforce, these areas are largely excluded from formal planning processes and GI investment, including the city’s renewal programs.
Existing scholarship on GI in Nigeria has focused predominantly on Lagos and Abuja (Ajibade, 2017; Fanan, Dlama, & Oluseyi, 2011), while the integration of GI into the informal settlements of secondary Nigerian cities remains empirically thin. Three gaps motivate this study. First, the everyday green assets of informal settlements—compound trees, roadside ecosystems, floodplain farming, and sacred green spaces—are rarely inventoried or valued as infrastructure, obscuring a potential foundation for planned intervention (Cilliers, Cilliers, Lubbe, & Siebert, 2013). Second, the institutional, technical, and socio-economic barriers specific to Nigerian unguwa contexts are poorly documented. Third, participatory upgrading models developed in Asia and Latin America have seldom been adapted to Nigeria’s governance realities, in which mandates are fragmented among state planning agencies, local governments, and traditional authorities (Watson, 2014). Addressing these gaps, this study asks: (1) What green infrastructure assets and needs exist in Kaduna’s informal settlements? (2) What institutional, technical, and socio-economic barriers hinder GI integration in unguwa areas? (3) How can planners design participatory GI models that avoid displacement and maximize co-benefits?
2. 	LITERATURE REVIEW
2.1 	Green Infrastructure in the Global South
GI has evolved from a landscape-architecture concept into a planning framework recognizing natural and semi-natural systems as urban infrastructure (Tzoulas et al., 2007; Demuzere et al., 2014). In the Global North, GI planning is institutionalized through policies emphasizing ecological connectivity and climate adaptation, supported by strong governance and finance. Scholars caution against transferring these models to Southern cities, where rapid unplanned urbanization, weak institutional capacity, and deep inequality render conventional approaches inadequate (Anguelovski et al., 2018; Watson, 2014). In African cities, green space frequently emerges in fragmented, informal forms—vacant plots, roadside verges, wetlands, and floodplains that simultaneously serve agriculture, waste disposal, water retention, and social interaction (Cilliers et al., 2013). Rather than treating these as planning failures, recent work urges planners to recognize their socio-ecological value and build on them (Mensah, 2014; Roberts et al., 2012). In Dar es Salaam, informal green spaces along river corridors mitigate flood risk without formal recognition (Sakijege, Lupala, & Sheuya, 2012); in Accra, wetland agriculture supports food security and cooling (Mensah, 2014). Frantzeskaki (2019) accordingly argues that nature-based solutions in the South must be context-sensitive, co-produced with communities, and compatible with local livelihoods—treating GI as a dynamic socio-ecological system rather than a fixed engineering product.
2.2 	Barriers to Green Infrastructure Integration
Three families of barriers recur across the literature. Institutional barriers include fragmented governance, weak enforcement, poor inter-agency coordination, and inadequate funding (Watson, 2014; UN-Habitat, 2010); in Nigeria, weak development control has allowed encroachment on green and conservation land in Abuja and Lagos (Fanan et al., 2011; Ajibade, 2017). Technical barriers include inadequate expertise, insufficient hydrological and environmental data, poor maintenance culture, and institutional preference for grey infrastructure (Prescott, Dobbie, & Ramirez-Lovering, 2021; Frantzeskaki, 2019). Socio-economic barriers include poverty, competing survival priorities, low awareness, and uneven access: poorer communities are the most exposed to heat and flooding yet have the least functional green space (Agyeman et al., 2016; Wolch et al., 2014; Prescott et al., 2021). Overcoming these barriers requires coordinated governance, technical capacity, sustained finance, and inclusive engagement—conditions rarely met simultaneously in informal-settlement contexts.
2.3 	Participatory and Incremental Upgrading
The failures of mid-twentieth-century slum clearance generated a paradigm shift toward participatory, incremental upgrading (Turner, 1976; UN-Habitat, 2015). The incremental model—championed by the Asian Coalition for Housing Rights and Shack/Slum Dwellers International—favors small-scale, community-driven interventions that can be expanded over time, as in Thailand’s Baan Mankong Program, which couples community planning with government finance (Boonyabancha, 2005). Latin American experiences show GI components successfully embedded in participatory upgrading (Girling & Kellett, 2005; Brand & Dávila, 2011), while African cases include community agriculture in Kibera (Mutisya & Yarime, 2011) and Durban’s ecosystem-based adaptation program, in which residents restore ecosystems while improving livelihoods (Roberts et al., 2012). These approaches reflect co-production: the collaborative management of shared resources that mobilizes local knowledge and strengthens legitimacy and sustainability (Ostrom, 1996). Adapting them to Nigeria is non-trivial: governance fragmentation, political interference in land management, and variable community-organizational capacity all condition what participation can achieve (Watson, 2014).
2.4 	Conceptual Framework
The study adopts an asset-based, co-production framing that links the barrier literature to design principles (Figure 1). Institutional exclusion and fragmentation are countered by co-production platforms joining state agencies, local governments, and traditional institutions; technical and spatial constraints by micro-scale, distributed interventions; socio-economic constraints (poverty, tenure insecurity, displacement fear) by tenure instruments and anti-displacement safeguards. This framework structures the empirical analysis and informs the PIGI model proposed in Section 4.4.
3. 	MATERIALS AND METHODS
3.1 	Study Area
Kaduna lies in the Guinea Savanna zone of northern Nigeria, with a wet season (May–October) and dry season (November–April). Three informal settlements were selected for contrast. Rigasa (Igabi LGA) is a peripheral settlement of over 500,000 inhabitants, originating as a Hausa-Fulani farming community and now highly dense and flood-prone. Tudun Wada (Kaduna South LGA) is ethnically mixed (Hausa, Igbo, Yoruba) with semi-formal pockets and major roads and drainage channels that pose both hazards and greening opportunities. Kakuri (Kaduna South LGA) is an older post-industrial settlement with strong community networks and residual industrial land offering repurposing potential.
3.2 	Research Design and Ethics
A convergent mixed-methods design combined quantitative and qualitative strands (Creswell & Plano Clark, 2018). The protocol was reviewed and approved by the institutional research ethics committee of the authors’ institution; all participants gave informed consent, participation was voluntary, and focus group discussions were held in Hausa, English, or both according to participant preference.
3.3 	Spatial Analysis
Existing green spaces, land use, and built-up density were mapped from high-resolution satellite imagery (Google Earth Pro, 2023) in ArcGIS 10.8. The Normalized Difference Vegetation Index (NDVI) was computed from cloud-free imagery to quantify vegetation cover, and mean NDVI was summarized by settlement. Cadastral records from the Kaduna State Geographic Information Service (KADGIS), where available, were used to characterize tenure patterns.
3.4 	Household Survey
A stratified random sample of 450 households (150 per settlement) was surveyed with a structured questionnaire covering demographics, housing conditions, access to and use of green space, perceived environmental problems, tenure security, and willingness to participate in GI initiatives. The sample size was determined with the Cochran formula for finite populations (95% confidence level; 5% margin of error), with strata defined by settlement and neighborhood zone.
3.5 	Key Informant Interviews and Focus Groups
Twenty-five semi-structured interviews were conducted with officials of the Kaduna State Urban Planning and Development Authority (KASUPDA), local government councillors, traditional leaders (maigida), community development association chairpersons, NGO representatives, and academic experts. Six focus group discussions (two per settlement; 8–12 participants each; mixed gender) explored perceptions of GI, preferred interventions, and displacement concerns.
3.6 	Document Review and Data Analysis
Planning instruments reviewed included the Kaduna Master Plan (1978 and revisions), the Kaduna State Development Plan (2016–2020), the Kaduna State Urban and Regional Planning Law (2018), and environmental impact assessments of recent projects. Survey data were analyzed with descriptive statistics; qualitative data were coded thematically in NVivo 14 using a framework derived from the conceptual categories in Section 2.4; and spatial outputs were produced in ArcGIS.
4. 	RESULTS
4.1 	Spatial Patterns of Green Infrastructure
Spatial analysis reveals a pronounced green-inequality gradient across the three settlements (Table 1). Rigasa’s mean NDVI of 0.12 reflects near-total conversion of land to high-density residential use, with vegetation confined to isolated compound trees and marginal roadside spaces. Tudun Wada (0.21) benefits from drainage corridors and partially upgraded zones, indicating that even minimal infrastructure investment creates ecological niches. Kakuri (0.28) retains comparatively contiguous vegetation associated with industrial buffer zones and abandoned plots. However, NDVI overstates functionality: 42% of Kakuri respondents reported living near green space, yet field observation and survey commentary consistently described these areas as underused because of poor maintenance, waste dumping, and insecurity. Availability and usability of GI must therefore be assessed separately.


Table 1. Green infrastructure characteristics of the study settlements
	Settlement (LGA)
	Approx. density character
	Mean NDVI
	Dominant green asset
	Principal constraint

	Rigasa (Igabi)
	Very high (>400 persons/ha in core zones)
	0.12
	Isolated compound trees; marginal roadside vegetation
	Land pressure; flooding; minimal open space

	Tudun Wada (Kaduna South)
	High, mixed formal/informal
	0.21
	Drainage-corridor and roadside vegetation
	Waste dumping; fragmented tenure

	Kakuri (Kaduna South)
	Moderate–high; post-industrial
	0.28
	Residual industrial green belts; compound trees
	Contaminated land; underuse of spaces


4.2 	Everyday Green Assets in Unguwa Areas
Four informal GI systems were documented (Table 2). First, compound-level vegetation: over 70% of surveyed households keep trees such as mango, neem, and guava within their compounds, providing shade, indoor temperature moderation, fruit, and medicine—the primary form of thermal regulation in dense Rigasa. Second, linear roadside ecosystems along footpaths and roads function as informal green corridors that reduce dust and noise, host social interaction and informal markets, and in Tudun Wada double as secondary drainage pathways. Third, seasonal floodplain agriculture on low-lying land supports household food security and income while maintaining permeable surfaces that attenuate rainy-season runoff, though these areas face encroachment and speculation. Fourth, sacred and communal green spaces around mosques, churches, and community centers serve as micro-climatic refuges and gathering points where public open space is scarce. Collectively, these systems are decentralized, multifunctional, and embedded in everyday practice—supporting the position that GI in informal settlements should be understood as a living socio-ecological network rather than a deficit to be remedied by conventional parks (Cilliers et al., 2013; Mensah, 2014).
Table 2. Typology of informal green infrastructure documented in the study settlements
	System
	Typical location
	Ecosystem services
	Pressures

	Compound trees
	Private compounds (70%+ of households)
	Shade; cooling; food; medicine
	Tenure insecurity; plot subdivision

	Roadside vegetation
	Footpaths, road verges
	Dust/noise reduction; drainage; social space
	Clearance for road works; waste dumping

	Floodplain agriculture
	Seasonally flooded lowlands
	Food security; income; runoff attenuation
	Encroachment; land speculation

	Sacred/communal greens
	Mosques, churches, community centers
	Cooling refuges; gathering space
	Maintenance costs; conflicting claims


4.3 	Barriers to Green Infrastructure Integration
Three interlocking families of barriers emerged consistently across the survey, interviews, and focus groups (Table 3). Institutional barriers center on exclusion from formal planning frameworks—policy documents acknowledge upgrading but offer no operational guidelines for GI in informal areas—and on fragmented mandates among KASUPDA, local governments, and traditional authorities, producing policy inertia. Technical and spatial barriers include densities exceeding 400 persons per hectare with no setbacks or open-space hierarchy, which preclude conventional GI; degraded soils and contaminated former industrial land in Kakuri requiring remediation; and chronic drainage failure and waste accumulation. Socio-economic barriers are decisive: fear of displacement—grounded in prior upgrading and demolition experiences in Nigerian cities—generates resistance even to beneficial interventions; ethnic, religious, and economic heterogeneity complicates collective land-use decisions; public investment concentrates in formal districts while informal areas depend on self-help; and tenure insecurity suppresses household investment in trees and landscaping despite stated willingness to contribute labor.
Table 3. Barriers to GI integration and their evidence base
	Barrier family
	Key constraints
	Evidence base

	Institutional
	Exclusion from planning frameworks; fragmented mandates (KASUPDA/LGA/traditional); no operational GI guidelines
	KII with agency officials; document review

	Technical/spatial
	Density >400 persons/ha; no open-space hierarchy; contaminated land; drainage and waste failures
	Spatial analysis; field observation; KII

	Socio-economic
	Displacement fear; tenure insecurity; collective-action challenges; skewed public investment
	Household survey; FGDs; KII


4.4 	Community Preferences and the PIGI Model
Across all six focus groups and the key informant interviews, respondents expressed strong support for a Participatory Incremental Green Infrastructure (PIGI) approach. Participation was viewed as essential to incorporating indigenous knowledge, prioritizing problems, and securing collective maintenance of green spaces and drainage; local associations, women’s and youth groups, and traditional leaders were identified as mobilizing actors. The incremental logic—phased, low-cost measures rather than capital-intensive projects—was considered the only realistic pathway given constrained public finance. Preferred interventions included roadside tree planting, pocket parks, rain gardens, vegetated swales, community waste-recycling points, rooftop gardening, and rehabilitation of degraded open spaces. Beyond environmental benefits, respondents associated these measures with employment, public-health improvement, recreation, and stronger community cooperation, indicating that GI was valued as a tool of social inclusion and resilience, not merely environmental engineering. Table 4 outlines how the model translates into a phased pilot portfolio.
Table 4. Illustrative PIGI pilot portfolio for Kaduna’s unguwa areas
	Intervention
	Primary function
	Scale
	Lead/coordinating actor
	Phase

	Roadside tree planting
	Cooling; dust reduction
	Micro, linear
	Community association + LGA
	1

	Rain gardens and vegetated swales
	Stormwater management
	Micro, distributed
	KASUPDA + community
	1–2

	Pocket parks on communal/sacred land
	Recreation; social cohesion
	Small, nodal
	Traditional institution + community trust
	2

	Rooftop and compound gardening
	Food security; cooling
	Household
	Households + women’s/youth groups
	1–3

	Floodplain agriculture protection
	Flood attenuation; livelihoods
	Corridor
	LGA + co-management committee
	2–3

	Community land trust for green land
	Tenure security; anti-displacement
	Settlement
	State + community + NGO
	2–3


5. 	DISCUSSION
The findings confirm that Kaduna’s unguwa areas, far from being ecological voids, operate as functioning GI landscapes sustained by everyday practice—consistent with evidence from Nairobi, Accra, and Dar es Salaam that informal settlements harbor latent ecological systems (Mutisya & Yarime, 2011; Mensah, 2014; Sakijege et al., 2012). The NDVI gradient across the settlements demonstrates that settlement age, land-use history, and planning history shape green endowments more than income alone; Kakuri’s industrial legacy inadvertently preserved vegetation that formal planning failed to provide. This finding extends the “accidental green space” concept (Cilliers et al., 2013) by showing that even such spaces underperform when maintenance, safety, and tenure are unaddressed—affirming Wolch et al.’s (2014) “just green enough” argument that distribution, usability, and protection matter as much as quantity.
The barrier structure mirrors patterns documented elsewhere in the Global South: institutional exclusion and fragmentation (Watson, 2014), technical and maintenance deficits (Prescott et al., 2021), and socio-economic constraints dominated by poverty and competing priorities (Agyeman et al., 2016). Two features are distinctive to the Kaduna context. First, displacement fear—rooted in lived and observed demolition experiences—operates as a first-order barrier that can override environmental preference, echoing green-gentrification warnings (Checker, 2011; Anguelovski et al., 2019). Second, the mediating role of traditional institutions (maigida) alongside state agencies offers a governance asset that purely state-centered analyses overlook; co-production platforms that formally include these actors could convert fragmentation into polycentric coordination (Ostrom, 1996).
The endorsement of PIGI aligns with the international record of participatory upgrading (Boonyabancha, 2005; Roberts et al., 2012), but two cautions from that literature temper optimism. Incrementalism can entrench informality where it substitutes for structural tenure reform, and community participation can mask elite capture where associations are unrepresentative—particularly of women, tenants, and newer migrants (Watson, 2014). PIGI therefore embeds tenure instruments (community land use certificates, cooperative ownership, community land trusts) and anti-displacement safeguards as core components rather than optional add-ons. The model’s transferability to other Nigerian cities depends on replicating two conditions present in Kaduna: identifiable traditional authority structures and active community development associations.
6. 	RECOMMENDATIONS
6.1 	Asset-based planning. Planning should begin from participatory mapping and recognition of existing green assets rather than deficit framings, validating local knowledge and establishing a practical foundation for incremental upgrading.
6.2 	Institutional coordination. A formal co-production platform should link KASUPDA, local government authorities, and traditional institutions, with delineated roles, joint frameworks, and shared accountability for GI in unguwa areas.
6.3 	Tenure security for green land. Community land use certificates, cooperative ownership arrangements, and community land trusts should be introduced for land designated for GI, reducing displacement risk and incentivizing household investment.
6.4 	Mainstreaming GI in upgrading programs. The Kaduna Urban Renewal Program and related initiatives should mandate GI components—tree planting, green corridors, and nature-based drainage—with participatory budgeting and transparent monitoring, incorporating community co-financing in labor.
6.5 	Capacity building. Community development associations, women’s groups, and youth organizations require training in urban agriculture, tree management, environmental stewardship, and project oversight to sustain interventions.
6.6 	Knowledge exchange. Platforms for documenting and disseminating best practices—within Kaduna and across Nigerian cities—should institutionalize peer-to-peer learning of low-cost, community-driven green solutions.
7. 	LIMITATIONS AND FUTURE RESEARCH
The study has limitations. The cross-sectional design captures conditions at a single point in time and cannot track intervention outcomes; longitudinal assessment of PIGI pilots is a priority. NDVI derived from high-resolution imagery understates the quality and usability of vegetation, which were addressed qualitatively but would benefit from systematic field audit instruments. Survey results were analyzed descriptively; multivariate analysis of willingness-to-participate and perceived tenure security across settlements would strengthen inference. Finally, findings from three settlements in one city limit generalization; comparative application of the PIGI framework across Nigerian cities would test its portability.
8. 	CONCLUSION
This study demonstrates that Kaduna’s unguwa areas contain substantial, multifunctional green assets—compound trees, roadside ecosystems, floodplain agriculture, and sacred communal greens—that already deliver cooling, flood attenuation, food security, and social cohesion. Their integration into planned GI is blocked less by ecological absence than by institutional exclusion, high-density constraints, tenure insecurity, and well-founded fear of displacement. The Participatory Incremental Green Infrastructure model responds to these conditions with asset-based planning, micro-scale and distributed interventions, tenure instruments, co-production among state, traditional, and community actors, and explicit anti-displacement safeguards. Effective greening of informal settlements therefore depends on enhancing and connecting what residents already maintain, rather than imposing the formal-area park model. The study adds secondary-city Nigerian evidence to Global South GI scholarship and offers planners a feasible, equity-oriented pathway for aligning environmental sustainability with social justice in rapidly urbanizing cities.
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