


BIO-COOLING AND THE ROLE OF SHADE TREES IN CLIMATE ADAPTATION: THE HISTORY, CHALLENGES, AND FUTURE OF SHADE TREES IN ZANZIBAR URBAN MUNICIPALITY

 
ABSTRACT
This study investigates the historical role, contemporary challenges, and future potential of shade trees as a bio-cooling strategy in Zanzibar Town. Using a mixed-methods design, data were collected through structured questionnaires and semi-structured interviews with 30 respondents drawn from markets, schools, hospitals, open spaces, and disability organizations. Quantitative data were analyzed descriptively, while qualitative responses were thematically coded to capture lived experiences. The findings reveal that road and housing construction are the primary drivers of shade tree loss, intensifying urban heat stress and disproportionately affecting vulnerable groups such as traders and the elderly. Terminalia catappa and neem emerged as the most frequently remembered species, underscoring their ecological and cultural significance. Respondents strongly supported replanting, prioritizing markets and open spaces as critical sites for bio-cooling interventions. Key barriers identified include inadequate planning, poor watering infrastructure, and limited public awareness. The study concludes that shade trees are not only essential for urban climate adaptation and public health but also serve as cultural anchors and economic assets through heritage tourism. Strengthening institutional coordination, integrating bio-cooling into urban planning, and implementing afforestation and awareness campaigns are recommended as urgent strategies to enhance Zanzibar’s climate resilience while preserving its cultural identity.
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1. INTRODUCTION
Urban shade trees are integral to Zanzibar Town’s cultural identity and climate resilience (Myers, 2016; Sheriff, 2019). However, rapid urban expansion and infrastructure projects have significantly reduced canopy cover, leading to rising heat stress levels (Kabisch et al., 2017). The decline of shade trees is not merely an environmental issue but also a socio-economic and cultural challenge, as these trees provide ecological services, act as cultural heritage symbols, and mitigate urban heat islands (Rival, 1998; Karutz et al., 2019). This paper argues that bio-cooling through tree preservation and restoration is a crucial adaptation strategy to safeguard both the health of residents and the cultural continuity of Zanzibar’s urban spaces (IPCC, 2022).
Shade trees remain indispensable to the ecological integrity, cultural heritage, and climate adaptation strategy of Zanzibar’s urban landscape (Dharani, 2002; Ichumbaki, 2015). The evidence demonstrates that tree removal exacerbates urban heat stress, disproportionately affecting vulnerable groups such as the elderly and traders (WHO, 2020). This paper argues that proactive replanting, combined with institutional coordination and policy enforcement, is not optional but essential for sustainable urban development (Kabisch et al., 2017; ICLEI, 2019). Strategic measures such as irrigation infrastructure, soil testing, and integration of bio-cooling into urban master plans can mitigate climate risks while preserving cultural identity (Li et al., 2021). Thus, bio-cooling initiatives must be reframed as both an environmental necessity and a socio-economic imperative for Zanzibar Town’s future resilience (IPCC, 2022).
Effective bio-cooling requires not only ecological interventions but also strong governance frameworks. Weak institutional coordination has been identified as a major challenge in urban climate adaptation across African cities (Myers, 2016; Kabisch et al., 2017). In Zanzibar, overlapping mandates between the Urban Municipal Council, ZEMA, and the Stone Town Conservation Authority complicate tree management, often leading to policy paralysis. To address this, the integration of bio-cooling into the Zanzibar Master Plan must be legally mandated, with clear accountability mechanisms for implementation. Evidence from Dar es Salaam and Nairobi shows that urban greening projects fail without enforceable regulatory support and consistent funding (Karutz et al., 2019). Thus, Zanzibar must view bio-cooling as a governance priority, not just an environmental project.
The socio-economic implications of shade tree removal are profound. Traders in markets such as Darajani and Malindi rely on shaded environments to maintain both customer comfort and product quality, particularly for perishable goods. Studies show that extreme heat reduces labor productivity and increases health risks, particularly heatstroke and respiratory conditions among vulnerable populations (Sheriff, 2019; WHO, 2020). By re-establishing shaded canopies, Zanzibar can reduce public health expenditures and simultaneously enhance market competitiveness. Moreover, shade trees serve as social infrastructure by creating inclusive public spaces that foster community interactions, social equity, and intergenerational knowledge exchange (Rival, 1998). Thus, urban forestry interventions should be framed as cost-saving and equity-promoting strategies.
Finally, the Zanzibar bio-cooling initiative must be contextualized within broader global climate adaptation discourses. The Intergovernmental Panel on Climate Change (IPCC, 2022) emphasizes nature-based solutions, such as tree planting, as cost-effective interventions for urban climate resilience. International case studies, such as the restoration of historic shade trees in Harbin, China (Li et al., 2021), demonstrate that well-planned tree shading can reduce urban heat island effects by more than 50%. Similarly, INTERACT-Bio initiatives in Tanzania have proven that tree planting enhances cities’ adaptive capacity while protecting biodiversity (ICLEI, 2019). By aligning local strategies with global best practices, Zanzibar can attract international funding, strengthen climate partnerships, and position itself as a model for small-island urban resilience.
2. METHODOLOGY
The study adopted a mixed-methods design, combining qualitative interviews with quantitative surveys. Thirty respondents were purposively sampled to capture perceptions across diverse socio-economic groups, including traders, public servants, retirees, and vulnerable populations such as persons with disabilities. Primary data were collected through structured questionnaires and semi-structured interviews conducted at markets, schools, hospitals, open spaces, and NGO premises. Quantitative responses were analyzed using descriptive statistics, while qualitative narratives were thematically coded to reveal recurrent patterns and interpretive insights. This methodological triangulation strengthens the reliability of findings and enables a deeper understanding of both measurable impacts and lived experiences.
Table 1. Sample distribution of respondents across selected areas
	Selected Area
	Sub-area
	Respondents

	Market areas
	Darajani Market
	4

	Market areas
	Kibandamaiti
	2

	Market areas
	Saateni Market
	3

	Open spaces
	Mnazi mmoja hospital garden (Tenga garden)
	3

	Open spaces
	Malindi Jongeani open space
	2

	Schools
	Hailesalasi secondary school
	2

	Schools
	Kisiwa ndui primary school
	2

	Schools
	Forodhani School
	2

	Hospitals
	Mnazimmoja hospital
	3

	NGO
	Umoja wa watu Wenyeulemavu Zanzibar (UWZ)
	4

	NGO
	Zanzibar National Association for Blinds (ZANAB)
	3
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3. RESULTS AND DISCUSSION
The findings revealed that road and housing construction are the dominant drivers of shade tree loss, highlighting a trade-off between infrastructural development and environmental sustainability. The predominance of traders among respondents underscores the link between shade trees and the local economy, as traders rely on shaded markets for thermal comfort and business viability. Terminalia catappa and neem were the most frequently remembered species, reflecting their dual ecological and cultural significance. Importantly, respondents identified the elderly as the demographic most susceptible to heat stress, underscoring the public health implications of tree removal. The community’s strong preference for replanting, especially in markets and open spaces, suggests a grassroots demand for bio-cooling interventions. These findings align with international literature demonstrating that urban trees not only regulate microclimates but also reinforce social cohesion and resilience (Kabisch et al., 2017).
3.1 Areas for planting shade trees
The analysis in Table 2 indicates that market areas (30%) were identified as the most suitable and prioritized locations for planting shade trees. Markets are densely populated, experience constant human traffic, and are often heat-prone due to their limited built-in cooling structures. Planting shade trees in these spaces would offer environmental benefits by reducing surface temperatures, mitigating the urban heat island effect, and improving air quality through carbon sequestration and dust filtration. Geographically, markets are typically situated in the central, low-elevation areas of Zanzibar Town that are highly built-up and lack green infrastructure, making them strategic focal points for urban greening interventions. Culturally, many markets such as Darajani and Malindi are historic commercial hubs and social meeting points; reintroducing shade trees would help restore their traditional aesthetic and cultural character, which historically included large tree canopies under which people gathered. Economically, shaded markets can enhance traders’ productivity by reducing heat stress, minimizing spoilage of perishable goods, and attracting more customers by improving thermal comfort—thereby boosting local commerce and livelihood. Open barren spaces (26.6%) were the second most preferred locations. These spaces serve as communal recreational areas and social gathering points, yet many have been left barren due to urban development pressures. From an environmental standpoint, replanting trees in open spaces would expand urban green cover, promote biodiversity, improve stormwater retention, and reduce surface runoff. Geographically, open spaces are scattered across different wards, which allows for equitable spatial distribution of green infrastructure and microclimate regulation across the city. Culturally, trees in open spaces can revive the traditional community interaction sites where social gatherings, storytelling, and cultural ceremonies took place, thereby reinforcing social cohesion and cultural heritage. Economically, well-shaded open spaces could be used for small-scale vending, leisure tourism, and informal economy activities, generating income opportunities while also reducing public health costs linked to heat-related illnesses.
Schools (20%) and hospitals (20%) were also frequently mentioned, demonstrating community recognition of the need to protect vulnerable groups such as children, patients, and healthcare workers from the adverse effects of extreme heat. Environmentally, planting shade trees in these institutions contributes to creating healthier microclimates that support physical well-being and concentration in schools, and aid recovery in hospital environments. Geographically, these institutions are widely distributed across the town, so greening them would provide evenly spread cooling corridors that link with other green nodes, creating a continuous urban cooling network. Culturally, shade trees at schools and hospitals symbolize care, protection, and the continuity of intergenerational knowledge about environmental stewardship. Economically, cooler environments in schools enhance academic performance and attendance, while in hospitals they can lower operational cooling costs, improve patient comfort, and reduce the public expenditure on heat-related illnesses.
By contrast, roadside areas (3.33%) received the least preference. This may be attributed to geographical constraints (limited planting space and soil depth), environmental risks (root damage to pavements, obstruction of drainage lines), and economic concerns related to the cost and difficulty of maintenance in high-traffic zones. However, where feasible, strategically selected roadside planting could still provide corridor cooling and aesthetic enhancement if properly planned.
In sum, the distribution of responses highlights a strong community-driven prioritization of markets and public open spaces for shade tree restoration. This reflects a strategic approach to maximize environmental benefits (cooling, air purification, biodiversity), enhance geographical coverage of green networks, reinforce cultural heritage values of traditional shaded social spaces, and generate economic gains by supporting productivity, public health, and local commerce. These findings confirm that bio-cooling through tree planting is not merely an environmental intervention but a multi-dimensional strategy to improve the liveability, resilience, and cultural vibrancy of Zanzibar Town.
Table 2. Areas for planting shade trees
	Area
	Frequency
	Percent

	Market areas
	9
	30

	Open spaces
	8
	26.6

	Schools
	6
	20

	Hospitals
	6
	20

	Along the main road
	1
	3.33
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[bookmark: OLE_LINK2]3.2 Reasons for removal of shaded trees
The findings presented in Figure 1 reveal that housing construction and road construction are the leading drivers behind the removal of shade trees in Zanzibar. Among the affected species, ?? emerges as the most frequently removed tree, followed closely by (neem tree). Other species like ?? and were less frequently affected but are still impacted by development activities. This pattern reflects the intense urbanization pressure facing Zanzibar Town, where the demand for housing and transport infrastructure has accelerated the clearing of existing green cover.
Environmentally, the removal of mature shade trees undermines urban ecological stability. Trees like Terminalia catappa and neem play critical roles in sequestering carbon, filtering air pollutants, regulating local temperatures, reducing heat stress, and providing habitats for urban biodiversity. Their removal intensifies the urban heat island effect, worsens air quality, and increases surface runoff during rains, which can aggravate flooding risks. The loss of these ecosystem services contributes to declining environmental resilience and threatens public health by heightening exposure to heat-related illnesses, especially among vulnerable groups such as children, elderly, and market vendors.
Geographically, the removal of shade trees is most concentrated in densely built urban areas where housing and road projects are expanding rapidly. These are often central or low-lying zones with heavy human activity but limited space for replanting. The clearance of tree cover in these zones fragments existing green corridors, disrupting the spatial continuity needed to maintain effective bio-cooling networks across Zanzibar Town. Over time, this can create large “heat pockets” in urban cores while pushing green cover to the peripheries, making equitable access to shaded areas increasingly difficult for inner-city residents.
Culturally, the loss of iconic tree species erodes the historic and aesthetic character of Zanzibar’s urban landscape. Shade trees have long been intertwined with Swahili culture and urban heritage—serving as gathering points for social interactions, storytelling, and informal community meetings. Removing these trees for construction diminishes the sense of place and cultural continuity, weakening the intergenerational connections and community identity that these trees once symbolized. This threatens the cultural landscape value of historic districts, especially in and around, where shade trees contribute to its heritage appeal.
Economically, the removal of shade trees has multiple indirect costs. Heat-stressed environments lower labor productivity, raise cooling energy demands, and accelerate the spoilage of perishable goods in markets. Additionally, the aesthetic decline from tree loss can reduce the attractiveness of urban spaces to tourists, thereby affecting revenue from cultural and eco-tourism activities. Over the long term, the public health burden of heat-related illnesses can also increase government expenditure. These economic losses demonstrate that unchecked removal of trees undermines the very development gains that construction projects aim to achieve.
Policy implications are therefore clear: while housing and road infrastructure are vital for urban progress, they must be pursued in tandem with strong environmental safeguards. The government should institutionalize mandatory Environmental Impact Assessments (EIAs) for all major construction projects, designate protected zones for ecologically and culturally significant tree species, and implement strict compensatory replanting requirements for removed trees. Additionally, integrating tree conservation measures into the Master Plan and allocating budgetary support for urban forestry would help harmonize development with sustainability.
By prioritizing environmental stewardship alongside urban growth, policymakers can ensure that infrastructure expansion does not erase the natural landscape that shapes Zanzibar’s unique identity. This integrated approach would safeguard the environmental services, cultural heritage, and economic benefits that shade trees provide—making development not only faster but also fairer, cooler, and more resilient.







Figure 1: Reasons for removal of shaded trees
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3.3 Remembered shade trees in Zanzibar
The findings in Table 3 show that respondents identified Terminalia catappa (15 mentions) as the most remembered shade tree species in Zanzibar Town, followed by Azadirachta indica (neem tree) (6 mentions), Ziziphus mauritiana (5 mentions), and Albizia (4 mentions). This pattern reveals the strong cultural and ecological imprint that Terminalia catappa has left on the collective memory of the local community. Its frequent recollection indicates that it was historically widespread across Zanzibar’s public spaces such as markets, schools, waterfronts, and community courtyards and that it remains symbolically tied to the identity of the town’s urban landscape.
The dominance of Terminalia catappa in local memory suggests that it has not only been valued for its dense canopy and effective shade provision but also as an integral part of the town’s social fabric and cultural heritage. Generations have gathered, rested, and conducted social interactions under its broad leaves, making it both an ecological asset and a cultural landmark. The remembrance of neem, Ziziphus mauritiana, and Albizia also indicates their long-standing presence and contribution to the town’s microclimate, aesthetics, and biodiversity. Together, these remembered trees embody a living link between the community’s environmental history and its urban cultural identity, highlighting their importance as priority species for future replanting and conservation initiatives in Zanzibar Town.
Its widespread recollection suggests that it has been historically prevalent across public spaces and remains symbolically linked to the identity of Zanzibar’s urban landscape. These findings reveal that the community’s strong emotional and cultural attachment to Terminalia catappa and neem trees intersects with their environmental and economic importance. This reveals the urgency of embedding these iconic species into municipal reforestation strategies, supported by robust local governance, to maintain both the ecological resilience and cultural heritage of Zanzibar Town for future generations.

Environmentally, these remembered species especially Terminalia catappa and neem play vital roles in providing dense canopy cover, reducing ambient temperatures, sequestering carbon, and supporting urban biodiversity. Their remembrance signals the community’s recognition of their ecosystem services, such as microclimate regulation, air purification, and soil stabilization. This environmental significance underscores the urgency of protecting remaining specimens and prioritizing these species in future urban greening and bio-cooling initiatives.
Geographically, the prominence of Terminalia catappa in people’s memories suggests that it has historically been planted across diverse and visible urban nodes such as markets, waterfronts, and open spaces, making it a landmark tree that shapes the town’s visual and spatial character. The geographic spread of remembered trees also indicates where replanting could most effectively restore the traditional green network targeting historically shaded corridors to reconnect fragmented green spaces across Zanzibar Town.
Culturally, these trees embody the living heritage of Zanzibar. Terminalia catappa and neem trees have traditionally served as gathering points for social interactions, storytelling, and community meetings, while also providing aesthetic beauty and symbolic continuity within Swahili urban culture. (There is repetition of the highlighted one, previously highlighted in red. Kindly change the sentence construction with the same meaning so that it won’t feel as a repeat). The community’s attachment to these species reflects their role as cultural anchors that link generations and reinforce the sense of place. Preserving and replanting them would therefore safeguard not only shade and cooling benefits but also the intangible cultural values embedded in Zanzibar’s urban history.
Economically, remembered shade trees indirectly support local livelihoods by enhancing the attractiveness of public spaces, reducing heat stress on workers and vendors, and sustaining the cultural landscape that draws tourists. Their presence contributes to cooler environments, which improve productivity and lower cooling energy costs in surrounding businesses and institutions. Protecting and re-establishing these iconic trees can thus enhance the aesthetic appeal and liveability of the city, generating economic spillovers through tourism, commerce, and reduced public health expenditures linked to heat-related illnesses.
The findings in Table 3 show that respondents identified Terminalia catappa (15 mentions) as the most remembered shade tree species in Zanzibar Town, followed by Azadirachta indica (neem tree) (6 mentions), Ziziphus mauritiana (5 mentions), and Albizia (4 mentions). This pattern reveals the strong cultural and ecological imprint that Terminalia catappa has left on the collective memory of the local community. Its frequent recollection indicates that it was historically widespread across Zanzibar’s public spaces—such as markets, schools, waterfronts, and community courtyards and that it remains symbolically tied to the identity of the town’s urban landscape.

The dominance of Terminalia catappa in local memory suggests that it has not only been valued for its dense canopy and effective shade provision but also as an integral part of the town’s social fabric and cultural heritage. Generations have gathered, rested, and conducted social interactions under its broad leaves, making it both an ecological asset and a cultural landmark. (Again a repeat) The remembrance of neem, Ziziphus mauritiana, and Albizia also indicates their long-standing presence and contribution to the town’s microclimate, aesthetics, and biodiversity. Together, these remembered trees embody a living link between the community’s environmental history and its urban cultural identity, highlighting their importance as priority species for future replanting and conservation initiatives in Zanzibar Town.

Table 3: Remembered shade trees in Zanzibar
	Responsible institute for replanting and caring shaded trees
	Most remembered shaded trees in Zanzibar town

	
	Albizia
	neem tree
	terminalia cattapa
	ziziphus mauritiana
	Grand Total

	Stone Town Development and Conservation Authority
	1
	1
	4
	1
	7

	urban municipal
	3
	5
	11
	3
	22

	ZEMA
	
	
	
	1
	1

	Grand Total
	4
	6
	15
	5
	30
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4. History protected tree

Zanzibar Stone Town is home to a variety of trees, many of which are quite old. These trees play a significant role in enhancing the national income through tourism, as they contribute to the town's unique historical and cultural landscape. According to the respondents, certain trees are particularly noteworthy for their historical significance. Thirteen respondents identified Ziziphus mauritiana as a tree that protects the history of Zanzibar, while three respondents supported Vitex Zanzibarica, seven supported Terminalia catappa, and five identified Samanea saman. 

Given the importance of these trees, there is an urgent need for their preservation. Protecting these valuable natural resources not only maintains the ecological balance but also ensures that the historical narrative of Zanzibar is preserved for future generations. Efforts should be made to implement conservation strategies that safeguard these trees, thereby enhancing both the natural environment and the cultural heritage that draws tourists to Zanzibar Stone Town.

4.1 Trees that protect the history
Table 4 highlights the role of specific tree species in preserving the historical and cultural heritage of Zanzibar Stone Town. Among the species identified, Ziziphus mauritiana emerged as the most significant, with 13 respondents (43%) recognizing it as a “history-protecting” tree. This indicates its strong symbolic and cultural resonance within the community, likely tied to its association with traditional practices, religious spaces, or historical sites. Terminalia catappa (7 mentions, 23%) and Samanea saman (5 mentions, 17%) were also identified as important, reflecting their value not only for historical symbolism but also for their practical ecological contributions, such as shade provision and their presence in communal gathering spaces. Vitex zanzibarica (3 mentions, 10%) and Saponaria sapindas (2 mentions, 7%) were less frequently acknowledged but nonetheless contribute to the broader ecological and cultural fabric of Stone Town. 

Collectively, these findings underscore that the town’s historical identity is not solely embedded in its architecture and built environment but is also reflected in its living landscapes. These trees function as “cultural anchors,” linking ecological balance with intergenerational memory, while simultaneously contributing to heritage tourism and the local economy. Consequently, the preservation of these species is vital, as it ensures the protection of both ecological stability and the intangible historical narratives that continue to define Zanzibar Stone Town’s unique cultural landscape.


	Table 4: Trees that protect the history 
	frequency

	samanea saman
	5

	saponaria sapindas
	2

	terminalia cattapa
	7

	vitex Zanzibar
	3

	ziziphus mauritania
	13

	Grand Total
	30
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5. CONCLUSION
This study demonstrates that shade trees are indispensable to the ecological integrity, cultural heritage, and climate resilience of Zanzibar Town. The findings reveal that rapid urbanization, particularly road and housing construction, has accelerated the removal of mature trees, thereby exacerbating urban heat stress and disproportionately affecting vulnerable groups such as traders, children, and the elderly. Respondents strongly emphasized the historical, cultural, and ecological importance of species such as Terminalia catappa, neem, and Ziziphus mauritiana, highlighting the need to preserve these trees as living heritage and functional infrastructure for bio-cooling.
The results further underscore that replanting shade trees in markets, open spaces, schools, and hospitals is not merely an environmental necessity but also a socio-economic and cultural imperative. These spaces are central to community life, commerce, and public health, and their greening has the potential to reduce heat-related illnesses, improve productivity, and strengthen Zanzibar’s cultural identity. However, barriers such as weak institutional coordination, inadequate planning, limited watering infrastructure, and insufficient public awareness must be urgently addressed to ensure sustainable outcomes.
Therefore, effective bio-cooling in Zanzibar requires a multi-pronged approach: strengthening policy and governance frameworks, integrating tree conservation into the Zanzibar Master Plan, and implementing community-based conservation programs supported by afforestation, irrigation infrastructure, and awareness campaigns. By positioning shade trees as both ecological assets and cultural anchors, Zanzibar Town can mitigate the impacts of climate change, safeguard its urban heritage, and enhance its resilience against future climatic uncertainties. Ultimately, the preservation and restoration of shade trees must be understood as a shared responsibility that aligns environmental stewardship with socio-economic development and cultural continuity.
Recommendations
Based on the findings of this study, the following recommendations are proposed to strengthen bio-cooling initiatives and ensure the sustainable preservation of shade trees in Zanzibar Town:
1. Policy and Governance Strengthening
· Integrate shade tree conservation and bio-cooling strategies into the Zanzibar Master Plan, ensuring that urban development projects mandate Environmental Impact Assessments (EIAs) with compensatory replanting requirements.
· Establish clear accountability mechanisms and stronger coordination among key institutions, including the Urban Municipal Council, Zanzibar Environmental Management Authority (ZEMA), and the Stone Town Conservation Authority, to avoid overlapping mandates and policy gaps.
2. Community Engagement and Awareness
· Launch public education and awareness campaigns highlighting the ecological, cultural, and health benefits of shade trees.
· Involve schools, local NGOs, and community-based organizations in tree planting and care programs to enhance ownership and long-term sustainability.
3. Strategic Replanting and Conservation
· Prioritize replanting shade trees in markets, open spaces, schools, and hospitals, which were identified as critical sites for bio-cooling.
· Focus on culturally and ecologically significant species such as Terminalia catappa, neem, and Ziziphus mauritiana to maintain historical continuity and community identity.
· Develop a heritage tree register to document and legally protect historically significant trees.
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Reasons for removal of shaded trees
housing construction	albizia	neem tree	terminalia cattapa	ziziphus mauritiana	3	5	2	other construction	albizia	neem tree	terminalia cattapa	ziziphus mauritiana	4	road construction	albizia	neem tree	terminalia cattapa	ziziphus mauritiana	1	3	4	2	school construction	albizia	neem tree	terminalia cattapa	ziziphus mauritiana	3	2	1	



