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Urban Forests and Green Spaces in AfricaSENEGAL

Densely populated Keur Massar Nord is also 
physicially constrained. Space for new trees 
and green space is hard to �nd in cramped 
alleys and where informal buildings can spring 
up in public spaces and new infrastructure is 
under construction.

Other challenges were poor planning, 
informality, lack of capital improvement, 
animals such as goats and sheep foraging 
freely, seasonal �ooding, and stagnant water 
and/or rising water tables rotting the seedlings 
and leading to the invasion of bulrush Typha 
australis. Finally, funding was a constraint.

Still, urban forestry is a priority in Senegal�s 
Nationally De�ned Contribution to the 2015 Paris 
Climate Agreement. And the municipality will 
continue to collaborate with the Dakar Greenbelt 
Alliance to create a green belt to prevent a 
conurbation from forming between the two large 
cities of Dakar and ThiŁs, and�protect the urban 
fringe from unsustainable development.

Lessons learned
◼ �	�No matter how intense the �community 

engagement�, street trees will be predated by 
livestock, and some people will vandalise them.

◼ �	�Planting trees that are closer in size to 
saplings can indicate seriousness of purpose; 
these trees can also be hardier.

◼ �	�The concept of a tree sponsor for a single 
tree is appealing but lacks the social and 
collective aspect of the �Friends of� model, 
which has been shown in myriad places to 
achieve results.

Recommendations
◼ �	�Plant a modest and manageable number of 

trees.
◼ �	��Invest in metal or even brick and concrete 

tree protectors if possible.
◼ �	�Be visible. Visit the trees regularly.

For queries on this case study, email: 
alioune9gueye@gmail.com

Evidence that urban forestry is a well-established practice in Africa, a single large tree provides 
shade and cooling on Gorée Island, which for centuries was the gateway through which slaves 

were forcibly transported to the New World. Lying 3.5km off Senegal’s coast, opposite Dakar, it is 
now a UNESCO World Heritage site with numerous large trees. Photo: W Pike.
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Clockwise: Trees have always been part of Senegal’s urban fabric: a Balanites
aegyptiaca grows in the courtyard of a historic house on the island of St Louis, which was 
assumed into the global economy in 1659. Trees have also always been associated with its 

smallest settlements: trees can be inside the fences of a village in Kaffrine, while two baobabs 
offer shade and products just outside. Trees are an existential need. One of Africa’s ten Sahelian 

countries, Senegal could experience warming of over 4.3°C under the high-emissions fossil-
fuelled development climate scenario. Photos: C Watson, AB Gueye.
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NIGER
CHAPTER 12

N iger sits in the Sahel, but 80% lies within 
the hyper-arid Sahara. The remainder 
and almost all its urban centres are in 

the Sahelian savanna biome in the south, which 
receives more rain and is better for tree growing 
but still challenging.

Further daunting, Niger has one of the world’s 
highest population growth rates and fastest 
growing urban populations. In the capital, 
Niamey, daytime temperatures average 32–42°C.

Increasing urban tree canopy is clearly 
a matter of urgency. Managed natural 
regeneration, bringing back trees from rootstock 
is an option, but not easy. Towns lack the tree 
stumps found in fields.

On an upbeat note, Nigerien scholars have 
identified tree diversity in cities: 86 species in 
Niamey and 91 in Maradi is a good start. (See 
Further Reading.) But exotics represent 52% of 
species, and neem, which was introduced in 1965 
during the creation of the Green Belt of Niamey 
with 2,500ha planted to fend off desertification, 
about half of all stems. 

Among what must be done is increasing the 
planting of native species, they say. A second 
is increasing human capacity. ‘There is a lack of 
urban forestry education,’ says botany lecturer 
Moussa Soulé. A third is finding niches to plant. 
Read Soulé’s case study about the currently 
underutilised potential of land around mosques.

See https://news.mongabay.com/2025/05/
urban-forests-in-nigers-schoolyards-serve-
climate-resilience-and-education/

BACKGROUND

A man on a shady, well-treed street in
Maradi, and a mosque with ample space 

for additional trees. Photos: M Soulé.
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T he typologies of trees that make up 
‘urban forests’ are laid down clearly 
by FAO in its 2016 classic Guidelines 

on urban and peri-urban forestry. ‘Urban 
forests can be defined as networks or systems 
comprising all woodlands, groups of trees, and 
individual trees located in urban and peri-
urban areas; they include, therefore, forests, 
street trees, trees in parks and gardens, and 
trees in derelict corners,’ says this easily 
downloadable book that needs to be on every 
urban forester’s desk. 

Getting more specific, the Guidelines state 
that ‘a key action in the planning, design and 
management’ of the urban forest is ‘to create 
green spaces around public buildings (e.g. 
schools, hospitals and municipal buildings), 
religious buildings (e.g. churches, mosques, 
synagogues and temples), and cemeteries.’ 

This case study looks at the urban forest in 
urban mosque yards in Maradi, which has a 
population of 270,000 people and is Niger’s 
second largest city. It holds that this important 
potential urban green space is under-
addressed in the urban forestry literature, a 
glowing exception being Fattah and colleagues’ 
study of the courtyards of Al-Aqsa Mosque in 
Al-Quds (Jerusalem). 

Extending over 14.4ha, these courtyards 
hold 1,042 trees and shrubs of 30 species, 
70% exotic and 30% indigenous. Individuals 
of three exotic species – European olive (Olea 
europaea) (550 individuals), evergreen cypress 
(Cupressus sempervirens) (274), and Aleppo/

Jerusalem pine (Pinus halepensis) (85) – make 
up 87% of the trees. 

In this case study in Maradi, the examples 
of Sahaba Mosque and Djingulé Mosque were 
used to highlight the tree species diversity 
and ecosystem services rendered by this 
type of assembly of trees. Both are Friday 
mosques, which Islamic architectural writings 
define as the main congregational mosque 
in a city, specifically designated to host the 
important weekly Friday noon prayers for the 
entire community, serving as a central hub for 
religious, social, and sometimes political life, 
and a vital public space for gathering, learning, 
administration, and information exchange.

In Sahaba Mosque, six tree species were 
recorded, distributed among six families. 
Among these species, five were exotic. The 
most abundant (44% of individual trees) is the 
mango tree (Mangifera indica), followed by the 
neem tree (Azadirachta indica), constituting 

Moussa Soulé, lecturer and researcher, Department of Biology, Faculty of Sciences and 
Techniques, University Dan Dicko Dankoulodo of Maradi 

CASE STUDY #31

Trees in mosque courtyards, an urban 
forest typology to conserve biodiversity and 
combat climate change: the case of large 
Friday prayer mosques in Maradi

A camel browses on a tree outside
a private home. Photo: M Soulé.

https://openknowledge.fao.org/server/api/core/bitstreams/9c27d98b-8071-4ee7-8fc4-e0b430f8a8dc/content
https://www.researchgate.net/publication/386270850_Diversity_and_threats_to_trees_and_shrubs_in_the_courtyards_of_the_blessed_Al-Aqsa_Mosque_in_the_city_of_Al-Quds_Jerusalem_Palestine_Environmental_Researcher_in_Plant_Heritage
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25% of the trees. The other recorded species, 
all exotic, were Terminalia catappa, Moringa 
oleifera and Citrus limon. The sole indigenous 
species found was the fruit-bearing tree 
Syzygium guineense. 

In Djingulé Mosque, 10 tree species belonging 
to eight botanical families were recorded. 
Azadirachta indica made up 92% of individual 
trees, and Eucalyptus camaldulensis 3%. Both 
are exotic to the tree flora of Niger. The balance 
of 4% of trees consisted of three indigenous 
species – Lannea microcarpa, Vitex doniana 
and Sclerocarya birrea – and five further exotics: 
Mangifera indica, Moringa oleifera, Tamarindus 
indica, T. mantaly and Calotropis procera.

Estimates across Sahaba Mosque show a 
carbon stock of 1.85t/ha, which represents 
an opportunity for climate change mitigation 
projects in the urban mosques. The survey 
showed that the user group of the mosque 
yard urban forests is predominantly male 
(90%). An analysis of user perception, based 
on interviews with 40 people, confirms that the 

trees at both mosques are highly appreciated. 
Shade, fruit production, and improved air 
quality are the main benefits cited. 

Lessons learned 
◼ �	�Large mosques present an immense 

opportunity for tree species conservation, 
even though the characterised flora of the 
two mosques were dominated by exotic tree 
species.

◼ �	�Large mosques also present an opportunity 
for atmospheric CO2 reduction. 

◼ �	�Smaller mosques also present an 
opportunity for both.

Recommendations 
◼ �	�Indigenous tree species should be ‘massively’ 

grown in the large (Friday) mosques as 
well as smaller mosques in Maradi city for 
sustainable biodiversity conservation and 
ecosystem services, and to mitigate and 
adapt to climate change. 

◼ �	�Species choice should focus on multipurpose 
indigenous tree species such as Prosopis 
africana, which has myriad local uses (food, 
medicine, timber and source of tannins) 
but due to overexploitation is disappearing 
from extensive parts of the Sahel and Sudan 
savannas.

◼ �	�Species choice should also include 
indigenous fruits such as Lannea 
microcarpa, Parkia biglobosa, and Vitex 
doniana for cultural and nutrition purposes, 
and large trees like Ficus spp. and hardwood 
Khaya senegalensis, both of which are 
important for shade.
 

Further reading
Moussa Soulé, Shem Kuyah, Boateng Kyereh, 
Tougiani Amadou Abasse, and Mahamane 
Saadou. 2020. ‘Diversity and Structure 
of Urban Forests of Sahel Cities in Niger.’ 
Urban Ecosystems: 1–14. doi:https://doi.
org/10.1007/s11252-020-00984-6 Diversity.

For queries on this case study, email: 
s.moussa@futminna.edu.ng

Neem and a smattering of other trees visible 
inside the entrance to Djingulé Mosque. 

Photo: M Soulé.
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Foreign journalists often describe 
vegetation in drier parts of Africa as 
‘scrub’. What they are likely seeing is 

a degraded landscape that has lost its tall 
trees. Scrub is a technical term for a low-
stature ecosystem associated with mild, moist 
winters and hot, dry summers. In Africa, it is 
primarily found in the North African or Magreb 
countries along the Mediterranean, where it 
is called Maquis, and in South Africa, where 
it is called Fynbos. Dense, often aromatic 
and tangled, dominated by hardy bushes, 
shrubs, and small or stunted trees, it is vital 
for biodiversity, hydrology, preventing erosion, 
and other ecosystem services as well as 
products.

This chapter contains one case study 
from Tangier in Morocco and two from Tunis 
in Tunisia. All three refer to indigenous 
Maquis trees. These tend to be evergreen 
and drought-resistant with leathery water-
retaining leaves. Including kermes oak 
(Quercus coccifera), mastic tree (Pistacia 
lentiscus), and Aleppo and maritime pines 

BACKGROUND

(Pinus halepensis, P. pinaster), they are 
likely unfamiliar to readers from other 
African biomes. But what will be familiar 
are the issues of exotics. The case study 
on Belvedere Park, for example, describes 
Eucalyptus spp. as more vulnerable to 
climate change than indigenous carob 
(Ceratonia siliqua).

The Tunis case studies focus on parks, 
both stressing how the parks have survived 
thanks to the role played by NGOs or 
community associations. An overall lesson 
emerging from this compendium is that 
co-management of green spaces by citizen 
groups and municipal authorities is a 
prerequisite for them to succeed. 

The Tangier case study reports on the 
influence of a park on heat. It concludes that 
‘large urban forests offer strong and reliable 
localised cooling’, but ‘distributed greenery 
often surpasses large parks in lowering 
average urban temperatures.’ Clearly, also 
essential for Africa’s cities are parks and trees 
dotted throughout – it is both, not either/or.

View of the Mediterranean Sea from the highest point of Rmilat Park. Clearly seen 
is the scrub vegetation of the coast of North Africa with its hardy drought-resistant 

species including indigenous pines. Photo: A Kamana.
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Created in 1892 in an English landscape 
style by a famous French landscape 
architect, Belvedere Park in Tunis is 

a public garden with a storied history that 
resonates profoundly with Tunisian culture and 
history and the private lives of its residents.

Originally a traditional olive grove, Joseph 
Laforcade, who was the chief gardener of 
Paris, designed it for strolling. ‘Belvedere Park 
reproduces a nature mastered by the human 
hand, a subtle play of groves and clearings that 
create deliberate perspectives over Tunis and 
its lake,’ writes the senior Tunisian professor of 
architecture Imène Zaâfrane Zhioua. 

This case study examines this 110ha green 
space, which is both a ‘green lung’ – a critical 
part of the survival infrastructure of Tunis 
in a time of climate crisis – and an open-air 
museum. It houses masterpieces of Muslim 
art such as the Kobbet El Haoua (Pavilion of 
the Winds), built in the 17th century under 
Hammouda Pacha, and its Midha (ablution 
hall), both of which were displayed at the 1900 
Paris Exposition. It also has a Neo-Moorish 
style Casino built in 1910.

The park hosted concerts in the 1950s, by the 

legendary lute player Farid El Atrache among 
others, but also bears the scars of World War 
II, during which it was the headquarters of 
Germany’s Afrika Korps. 

It is a ‘non-stigmatised’ setting for couples 
and offers a breath of fresh air for families and a 
sanctuary for fauna and flora, hosting bats and 
numerous migratory and resident bird species. 
Its 13ha zoo receives nearly one million visitors 
a year, and the park has over 230,000 trees 
of more than 80 species. Local tree species, 
such as Aleppo pine and olive trees, co-exist 
with monumental Australian exotics like Ficus 
macrophylla (Australian banyan/Moreton Bay 
fig) and Eucalyptus. 

Tunis has approximately 1,062ha of green 
space, providing around 14.65m2 of green 
space per inhabitant, which meets the WHO’s 
recommended minimum of 9m2 per person. 
Still, this is less than what many northern 
cities seek, and some well-informed Tunisians 
say that say their capital and this iconic park 
are now under threat: the city experienced a 
reduction in green spaces from 23% in 2000 
to 20.9% in 2020 – ‘Our results demonstrate 
that the green layout in Tunis has become more 

Ichrak Klai, lawyer, founder, Bamboo Consulting for Sustainability

CASE STUDY #32 

The Belvedere Park in Tunis: From historical 
heritage to climate resilience in Tunisia

TUNISIA
CHAPTER 13
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fragmented, and the size of green spaces has 
become smaller,’ say researcher Khouloud Ben 
Messaoud and colleagues – while the park is 
suffering a decline in its plant heritage due to 
water stress. 

Lower than usual rainfall and falling 
groundwater levels are depriving century-old 
trees of the water they need. This is causing 
visible dieback of the crowns, particularly in 
Aleppo pines and eucalypts. This biological 
weakening makes the urban forest vulnerable 
to parasites and fungi, which put the canopy – 
the capital’s indispensable ‘urban heat island’ 
regulator – at risk.

The park bears the full brunt of intensifying 
heatwaves. Fire risks increase. Extreme 
temperatures alter plant metabolism and 
hinder the natural regeneration of certain 
species, while the zoo’s wildlife suffers intense 
physiological stress.

In parallel, soils hardened by drought absorb 
less water during torrential rain episodes, 
triggering violent runoff that erodes slopes and 

degrades the park. This instability, combined 
with biodiversity loss, weakens the site’s overall 
equilibrium. 

Finally, the park is overrun with plastic 
and other waste, and insecurity and spatial 
degradation are major social problems. Failing 
lighting is making some corners insecure, and 
an obsolete fence and porous boundaries 
encourage vandalism and harm the overall 
estate. 

‘Belvedere Park is currently facing 
unprecedented urban pressure and a 
degradation of its landscape and architectural 
components that threaten its very identity 
as a place of sanctuary,’ states a 2018 report, 
Étude de protection et de mise en valeur du 
parc du Belvédère: Rapport de la Phase 1, by 
the General Directorate of the Environment and 
Quality of Life in the Ministry of Local Affairs 
and the Environment.

The park is managed by the Green Spaces 
Department of the Municipality of Tunis under 
the oversight of the Ministry of Environment. 

Historic photo of the tramway at the entrance of Belvedere Park. 
Photo: B Bouret. Wikimedia Commons. Distributed under a CC 0 (Public Domain) license.



153

Urban Forests and Green Spaces in Africa

But also, very critically, it enjoys the support 
of the Association of Friends of the Belvedere 
(AAB), which has long been its defender and 
watchdog. 

‘AAB was born in 1986 to oppose a mega road 
infrastructure project that would have bisected 
a unique historical park in the city of Tunis,’ 
says ABB’s latest Moral and Financial Report. 
Since then, it has ensured the preservation of 
this unique natural and cultural heritage, while 
meeting the needs of its users. 

In March 2023, a Facebook post from 
NGO Tunisie Ecologie announced: ‘Spring 
is here! AAB is offering an urban agriculture 
workshop at its premises in Belvédère. Learn 
how to create a productive garden, prepare 
the soil, dig, plant, and prune, and about the 
medicinal and culinary uses of marjoram, sage, 
wormwood, and lesser-known plants. Everyone 
welcome. Join the AAB.’

An NGO with 400 members and 3,000 
supporters, AAB is described by an EU portal 
as working in the fields of citizenship, urban 
environment, and participatory democracy, 
and regularly welcoming school groups to its 
Environmental Education Space. 

For 2024–26, AAB would like the park to 
become a ‘Living Lab of resilience’ where new 
modes of civic management are invented 
through the training of eco-mediators, who will 
be trained to ‘welcome and guide visitors and 
raise public awareness about the fragility of the 
park’s ecosystem.’

It further calls for the park to be officially 
classified as a ‘National Cultural Landscape’. 
Believing that the park’s survival is a shared 
responsibility, it holds that the way forward is 
participatory governance where civil society is 
a strategic actor.

Clockwise from top left: The entrance to the park, volunteers set out to clean the
park, children learn about the botany of the park by pressing plants, and an organised

nature walk. Photos: Association of Friends of the Belvedere (AAB).
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Lessons learned
◼ �	�AAB, like ‘Friends of’ groups for parks and 

forests in many countries, is important to the 
park’s survival because, among other things, 
it reminds city residents and decision-
makers that ‘to protect the bark of the trees 
is to protect the memory of Tunis.’

◼ �	�Belvedere has survived in part because of 
its multifunctionality. Combining historical 
heritage, leisure, climate regulation and 
biodiversity conservation, the park survives 
urban pressure because society is invested  
in it. 

◼ �	�In Belvedere Park, introduced species have 
proven extremely vulnerable to climate 
change, while indigenous plantings, such 
as olive and carob (Ceratonia siliqua) trees, 
show much greater resilience.

Recommendations
◼ �	�Adopt hybrid management for city parks to 

thrive. Shift management of such ecosystems 
from a municipal task to a co-construction 
between public authorities, experts, and  
civil society.

◼ �	�Make a return to local plants.

Further reading
◼ �	�K.B. Messaoud, Y. Wang, P. Jiang, Z. Ma, 

K. Hou, F. Die. (2024). ‘Spatial-temporal 
dynamics of urban green spaces in response 
to rapid urbanisation and urban expansion  
in Tunis between 2000 and 2020.’  
https://doi.org/10.3390/land13010098

◼ �	�Ben-Aissa, Z. (2005). ‘Le Parc du Belvédère 
au cœur de la ville et dans le cœur de tous 
les Tunisiens.’ Archibat (10), pages 46–49.

◼ �	�Imène Zaâfrane Zhioua. (2005) ‘Point de  
vue: Entre sauvage et artifice.’ Archibat (10), 
page 55. 

For queries on this case study, email:  
ichrak.klai@gmail.com

Belvedere Park’s central lake. Photo: D Jarvis on Flickr.

https://doi.org/10.3390/land13010098
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Tunis, the capital of Tunisia, features a 
zoo, 23 urban parks, and myriad small 
green pockets, including in the city’s 

Medina. These play a key role in supporting 
biodiversity and providing critical green spaces 
for city dwellers. Despite this, rapid urban and 
demographic expansion in North African cities 
is exerting increasing pressure on green spaces 
and urban and peri-urban forests, thereby 
threatening their ecological integrity and long-
term sustainability. In this context, urban parks 
and community-based sustainable initiatives 
can play a critical role in safeguarding urban 
forest from land-use change, wildfire risk, and 
biodiversity loss. 

This case study about the Ennahli and Sidi 
Amor peri-urban forests in Greater Tunis, 
about 15km from the city centre, illustrates 
how institutional protection and collective 
local action can jointly contribute to the 
conservation of species-rich forest ecosystems 
under intense urban pressure.

The Ennahli peri-urban park, established 
within the framework of Tunisia’s National 
Urban Parks Programme (PNPU) and managed 
by the National Agency for Environmental 
Protection (ANPE), secures approximately 
210ha of peri-urban green space under formal 
protection. 

GDA Sidi Amor is a non-profit associational 
structure focused on natural resources, 
and official descriptions show that it is an 
NGO mobilising local residents around 
site valorisation and sustainable resource 

management in the Sidi Amor area, working 
in partnership with public authorities like the 
Ministry of Agriculture and the Environment. 

Sidi Amor Forest is located adjacent to and 
downstream of the Ennahli (Nahli) forest, 
forming part of the same continuous peri-
urban forest ecosystem north of Tunis. Local 
government, public authorities and GDA Sidi 
Amor jointly co-manage the Nahli–Sidi Amor 
peri-urban forests. Their joint efforts have been 
significant and noteworthy, leading among 
other things to a reduction in environmental 
pollution through green waste composting, and 
the construction of a wetland for waste water 
treatment, which now provides about 500m3 of 
waste water per day, supporting the irrigation 
of 3,200ha for peri-urban agriculture practises 
by GDA Sidi Amor. 

Earth stabilisation conducted by the NGO has 
reduced landslides and subsidence, helping to 
protect communities from the impacts of heavy 
rains. Expansion of vegetation and reduction in 
forest fragmentation is contributing to carbon 
sequestration and conserving local biodiversity. 

All told, the GDA Sidi Amor has contributed 
to the restoration and conservation of 
approximately 10.3km² of degraded forest 
area by promoting agroforestry practices, 
reforestation with indigenous species, erosion 
control measures, and fire prevention. This 
has helped restore vegetation cover and 
reduce ecosystem vulnerability, with particular 
emphasis on conserving ecologically important 
species such as Pistacia lentiscus, a drought-

Sondes Fkiri, assistant professor, University of Carthage, Laboratory of Management 
and Valorisation of Forest Resources, National Research Institute of Rural Engineering, 
Water and Forests (INRGREF); Higher Institute of Social Sciences and Education of Gafsa 
(ISSSEG), University of Gafsa, Tunisia

CASE STUDY #33

The Nahli–Sidi Amor peri-urban forests, 
Greater Tunis: a strategic ecosystem under 
climate and urban pressure 
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resistant evergreen shrub known for its strong 
post-fire resprouting capacity and its key role in 
soil stabilisation and ecosystem recovery. 

The NGO has also generated socioeconomic 
benefits, notably by supporting women involved 
in the initiative, whose promotion of local forest-
based products has been recognised with gold 
medals at international events.

By regulating access and limiting land 
conversion, the Ennahli peri-urban park acts 
as a buffer against urban encroachment. This 
helps, in turn, to maintain species richness and 
ecological connectivity within the peri-urban 
landscape.

It also conserves forest stands characterised 
by important and diverse species, including 
Aleppo pine (Pinus halepensis), olive (Olea 
europaea), Mediterranean cypress (Cupressus 
sempervirens), carob (Ceratonia siliqua), 

mastic (Pistacia lentiscus), the common caper 
(Capparis spinosa), and asparagus (Asparagus 
acutifolius), that provide habitat for bird 
species such as the partridge, rock pigeon, 
chaffinch, and nightingale, as well as mammals 
including the hare, jackal, wild boar, and fox. 

Finally, the Ennahli–Sidi Amor ecosytem is 
particularly important as its topography and 
vegetation have high landscape value. Among 
other things, it is linked to the Lake of Tunis and 
the Sebkha of Ariana, a critical urban wetland 
of shallow, saline, and temporary lagoons. 
The Sebkha provides essential ecosystem 
services, including flood regulation and 
habitats for migratory birds, and is increasingly 
employed for nature-based solutions, such 
as constructed wetlands, to treat stormwater 
and sewage, enhancing ecological and 
environmental quality.

Clockwise from top left: A sustainable pilot project established in the forests of Sidi Amor. Fires 
near beehives in the peri-urban forests of Sidi Amor: mobilisation of GDA members to fight the 
fire. Peri-urban forest of Sidi Amor. The entrance to Ennahli Urban Park. Photos: GDA Sidi Amor.
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Lessons learned
◼ �	�Peri-urban parks and sustainable initiatives 

can collectively counteract the pressures 
threatening peri-urban forest ecosystems. 

◼ �	�Despite this being true, the Ennahli–Sidi 
Amor ecosystem remains subject to multiple 
and intensifying pressures. 

◼ �	�Uncontrolled urban expansion and 
infrastructure development have 
progressively reduced and fragmented the 
forest. Building density in the area increased 
from 30 buildings/ha in 2004 to 50/ha 
in 2021 (Institute for Human Rights and 
Business, 2026). 

◼ �	�Recurrent wildfires, exacerbated by 
prolonged droughts, heatwaves, and human 
activities, represent one of the most severe 
threats to forest structure and biodiversity: 
59 hectares of forest cover were destroyed 
by fire in June 2014. 

◼ �	�In North Africa, the relationship between 
cities and surrounding natural vegetation 
is particularly strong. Many urban green 
spaces have historically relied on native 
Mediterranean woody species originating 
from nearby maquis ecosystems, while 
others were shaped by colonial-era 
landscaping practices that introduced 
exotic trees. Today, urban forests and parks 
in the region reflect this dual legacy: they 
combine indigenous drought-adapted 
species with introduced ornamentals, and 
they increasingly face pressures from climate 
change, water scarcity, and urban expansion. 
Understanding the ecological characteristics 
of native maquis vegetation is therefore 
essential for interpreting current urban 
greening practices and assessing their long-
term resilience.

Recommendations
◼ �	�The not-for-profit CSO GDA Sidi Amor should 

be supported to continue to counteract 
the pressures threatening the peri-urban 
forests to the north of the city of Tunis. 
Such community-led initiatives translate 
conservation goals into practical, locally 
anchored action, linking biodiversity 
conservation with social inclusion and 
environmental stewardship.

◼ �	�Government should continue to provide its 
leadership, including in legal protection and 
spatial planning. 

◼ �	�Donors can step up to support this 
integrated approach, which enhances the 
capacity of peri-urban forests to withstand 
demographic pressure, reduce fire risk, and 
preserve their rich species diversity. 

◼ �	�All parties need to be vigilant and take action 
against illegal tree cutting and dumping of 
waste, soil erosion, quarrying activities, and 
fires, some of which are deliberately set, and 
all of which undermine ecosystem resilience 
and recovery capacity.

◼ �	�Other African cities facing similar 
urbanisation and climate challenges can take 
note of this prioritisation of peri-urban parks 
in Tunis: it offers transferable lessons.

Further reading
https://www.mdpi.com/2673-4834/2/4/48

For queries on this case study, email: 
sondesfkiri@gmail.com

https://www.just-stories.org/database/restoring-forests-and-livelihoods-in-tunisias-urban-areas-sidi-amor
https://www.just-stories.org/database/restoring-forests-and-livelihoods-in-tunisias-urban-areas-sidi-amor
https://www.mdpi.com/2673-4834/2/4/48
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Rising temperatures, prolonged 
droughts, and increasing water stress 
are reshaping the urban climate risks 

across North Africa. In Morocco, intensifying 
heatwaves increasingly interact with rapid 
urbanisation to amplify the urban heat island 
(UHI) effect, with direct consequences for 
thermal comfort, public health, energy 
demand, and urban liveability. 

These dynamics are particularly pronounced 
in expanding metropolitan regions, where the 
natural dissipation of heat is limited by land 
sealing, vegetation loss, and urbanisation 
(Kamana et al., 2023). Urban forests are 
nature-based solutions (NbSs) for reducing 
UHI through shading, evapotranspiration, 
and airflow regulation. But their cooling 
performance is not uniform or automatic. 
Instead, how well they cool cities depends 

on the type of urban forest, where the ‘green’ 
is in the city, its size, canopy structure, how 
the urban forest is maintained, and the local 
climate. It is important to understand where, 
how, and under which conditions urban forests 
are effective in cooling, particularly in African 
and Mediterranean cities, where climatic stress 
is rising faster than the amount and type of 
green infrastructure available. 

This case study tells the story of Tangier’s 
relationship with its main urban forest, Rmilat 
Park, and how the physical features of the 
land, such as hills, the influence of the sea and 
ocean, and the structure of the forest, interact 
to shape urban cooling. This case study builds 
on an assessment conducted in 2025 across 
three Moroccan cities: Tangier, Rabat, and 
Marrakesh, which were selected for their 
contrasting climates, urban forms, and urban 

Alanda Kamana, architect, urban researcher, PhD candidate at Mohammed VI 
Polytechnic University; Samah Lamaizi, landscape architect, Postdoctoral researcher, 
Cadi Ayyad University; Carey Duncan, immediate past president, IFLA Africa, landscape 
architect, founder and CEO at Carey Duncan Design; Adnane Labbaci, affiliate professor 
at UM6P-CITINNOV for Integrated Territorial Planning and Smart Cities

CASE STUDY #34

Localised cooling, citywide relief: how large 
urban forests and distributed green spaces 
jointly mitigate urban heat – evidence from 
Rmilat Park and the urban landscape of Tangier 

MOROCCO
CHAPTER 14
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forest structures. 
Cooling worked differently for each of 

them. In Marrakesh, a network of smaller 
dispersed green spaces embedded within a 
dense urban fabric contributes to broader 
citywide temperature moderation. In contrast, 
Tangier and Rabat rely more heavily on large, 
consolidated urban forests that generate 
strong but spatially localised cooling effects. 
Similar differences have been observed in other 
arid and Mediterranean regions. 

Located where the Atlantic Ocean meets 
the Mediterranean Sea, Tangier experiences a 
temperate Mediterranean climate influenced 
by, among other things, sea breezes. The 
average summer temperatures are lower 
than those in inland cities such as Marrakesh. 
However, this advantage is offset by rapid 
urban expansion, land-use change, and 

increasing surface imperviousness. Urban 
growth in Tangier has followed the pattern of 
coastal development, hillside expansion, and 
infrastructure-led fragmentation. This has 
resulted in uneven green space distribution and 
strong spatial inequalities in heat, with some 
areas being much hotter than others despite 
the sea breezes.

In Tangier, Rmilat Park, also known as 
Perdicaris Park, is a legacy ecological asset. 
Created in 1870 by a notable Greek American, 
it became state property in 1956. Rmilat Park 
covers approximately 70ha and is Tangier’s 
largest continuous urban forest. On high 
ground approximately 5km west of the city 
centre, the park forms part of a broader 
corridor linking forested hills to the Atlantic 
shoreline, marked by the famous Cap Spartel, 
facing the Strait of Gibraltar. 

Street trees and garden near the Cathedral of the Immaculate Conception 
in Tangier. The garden is part of the former Christian cemetery connected 

to the Mendoubia Garden in the lower area.  Photo: A Kamana, 2019.
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Vegetation is dominated by Mediterranean 
pine species (Pinus pinaster and P. pinea), 
eucalyptus stands, and dense shrub layers, 
producing high canopy cover, vertical 
stratification, and limited soil sealing. In 
this study, daytime surface temperatures 
during summer heat within the forest core 
were consistently 3–5°C lower than those 
in the surrounding built zones. The cooling 
intensity declined rapidly 300–500m from 
the forest edge. This ‘spatial decay’ reflects 
well-documented distance effects, whereby 
building density and surface materials limit the 
propagation of park-induced cooling. 

A defining characteristic of Rmilat Park is 
its relationship with the winds of Tangier: 
airflows enhance cooling through advection, 
turbulence, and cold-air drainage, achieving 
temperature reductions of 1–2°C along 
downwind corridors extending from the park 
during peak afternoon hours. Urban forests 
aligned with prevailing winds can significantly 
amplify cooling, particularly in coastal cities, 
where ventilation plays a central role in heat 
dissipation. In Tangier, this partially offsets 
daytime heat accumulation and cools the 
night. However, urban development has begun 
to obstruct these airflow pathways, reducing 
the reach of forest-driven cooling. 

Rmilat Park delivers robust microclimatic 
benefits to Tangier, which are reinforced by 
sea temperatures and breezes; however, its 

location on the edge of the city limits its ability 
to mitigate heat across the metropolitan area. 
Rmilat Park, therefore, illustrates both the 
strengths and limits of large urban forests 
as NbSs to urban heat problems. Among its 
strengths, the ecological integrity and canopy 
density of Rmilat Park allow it to function as 
an effective thermal refuge during heatwaves, 
thereby improving local thermal comfort and 
air quality. Its mature and well-maintained 
forests provide stable and resilient cooling 
services under climate stress. However, its 
forests cannot completely counterbalance heat 
accumulation in a rapidly densifying city such 
as Tangier. 

In short, major green assets, such as Rmilat 
Park, that are decoupled from everyday living 
environments are limited in their contribution 
to reducing population-wide heat exposure. 
This underscores the importance of street 
trees and smaller green spaces, such as pocket 
parks, green courtyards, and trees around riads 
and schools, which are disseminated across 
cities. It also reinforces concern about ‘flagship 
green spaces’ when they are not embedded 
within a broader green infrastructure network. 

Tangier highlights the role of urban form as 
a mediating variable. Wind corridors, slope 
orientation, and building layouts determine 
whether forest-generated cooling remains 
confined to a specific area or propagates into 
the surrounding neighbourhoods. Therefore, 
the effectiveness of NbSs cannot be evaluated 
independently of planning and zoning 
decisions. 

Finally, the case underscores a governance 
challenge: legacy ecological assets such as 
Rmilat Park often fall outside contemporary 
climate adaptation strategies despite providing 
measurable mitigation services. Integrating 
these spaces into formal urban climate policies 
is essential for long-term resilience. 

Lessons learned
◼ �	�Large urban forests offer strong and reliable 

localised cooling, particularly when canopy 
density and soil permeability are maintained.

The western entrance of Rmilat Park, 
Tangier, with the caretaker’s house. 

Photo: A Kamana.
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◼ �	�However, distributed greenery often 
surpasses large parks in lowering average 
urban temperatures. 

◼ �	�The location of green areas can significantly 
influence the reduction of average urban 
temperatures more than the total green area 
itself, especially in hot, inland climates. 

◼ �	�Size alone is insufficient. 
◼ �	�The spatial integration of urban forests within 

the urban fabric determines whether cooling 
benefits extend beyond park boundaries. 

Recommendations 
◼ �	�Complement large parks with distributed 

green spaces. 
◼ �	�Develop smaller, strategically located urban 

forests and shaded public spaces within 
dense neighbourhoods to extend cooling 
throughout the city. 

◼ �	�Protect large trees and enhance the 
ecological integrity of urban forests. 

◼ �	�Limit soil sealing, prevent canopy 
fragmentation, and prioritise native species 
to sustain evapotranspiration under 
increasing drought stress. 

◼ �	�Reinforce wind and green corridors: preserve 
and restore ventilation pathways connecting 
urban forests to inner-city districts through 
linear parks, tree-lined streets, and height-
sensitive zoning.

Further reading
Kamana, A. A., Radoine, H., and Nyasulu, 
C. (2023). ‘Urban Challenges and Strategies 
in African Cities: A Systematic Literature 
Review.’ City and Environment Interactions, 
21 (December 2023), 100132. https://doi.
org/10.1016/j.cacint.2023.100132

For queries on this case study, email: 
alanda.akamana@gmail.com

Hafa Café, famous for attracting artists and celebrities, demonstrates ‘disseminated green’  
with its multiple trees. Photo: E Sauvé.

https://doi.org/10.1016/j.cacint.2023.100132
https://doi.org/10.1016/j.cacint.2023.100132
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CONCLUSION

As we wrap up, all who are connected with this compendium – and we 
number in the 100s – feel a quiet satisfaction. 

‘I like to think of it as The State of Urban Forests in Africa, a first 
continental baseline,’ says JCPZ’s Ayanda Roji, head of environmental education and 
research.

We have addressed 14 African states, ten with multiple case studies. 
We have addressed diverse urban forest typologies: ten case studies refer to 

parks, 15 to street trees, and 14 to greening around urban fixtures such as landfills, 
schools, mosques, churches, hospitals, homes, and rivers. 

We have highlighted projects intentionally planting large saplings, deploying metal 
protectors, removing invasives, linking trees to mental health, monitoring pests 
with Google Street View, assuaging fears of omens, paying residents for labour and 
seedlings, and capacitating tree stewards. 

We have highlighted research that others might want to replicate in their urban 
forest.

And we have shown the universality of urban tree challenges. 
‘The book highlights clear parallels between Africa and Latin America,’ wrote 

Marinez Ferreira de Siqueira from Rio de Janeiro’s Botanic Garden. ‘Many of the 
themes align with our efforts to quantify, qualify, and value ecosystem services 
associated with urban flora.’ 

‘This is a wonderful book. These African cases can contribute to knowledge,’ wrote 
Hong Kong University’s Wendy Y Chen, whose essay on China in Urban Forests: A 
Global Perspective (FAO, 2023) covers issues that resonate equally in Africa, such as 
park area per capita. 

‘This book describes challenges that we see in India too,’ says urban resilience 
specialist Soubrada Devy of ATREE.

Finally, we have brought urban forestry to life. 
‘Given the limited literature on urban forestry in Africa, the compedium does 

incredibly well showcasing on-the-ground work,’ wrote Rhodes University’s 
Nanamhla Gwedla. ‘Due to the long-standing perception of vast disinvestment, my 
biggest learning is that there is extensive urban greening.’ 

‘It represents a commendable effort to democratise the concept of urban forestry 
and make it a more routine consideration among urban planners and other actors,’ 
say UN-Habitat experts Joy Mutai and Mark Ojal.
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‘The case studies are at a great level of detail for replicable lessons,’ says Jad Daley, 
President of restoration NGO, Terraformation.

Urgent topics remain untouched, however, such as:
•	 �What institutional arrangements might work best for urban forestry in Africa? Should 

cities awaken Parks Departments? 
•	 �Where might urban forestry education fit in Africa? As a module within a forestry or 

landscape architecture degree? What about training of arborists?
•	 �Can the continent adapt global urban forestry practices while generating its own? Do 

Global North rules like ‘10-20-30’ need a rewrite given Africa’s greater tree diversity? 
We are deeply grateful to the many experts who gave us feedback. 
They called for rethinking current approaches and anchoring urban forestry in 

Africa’s cultural realities: ‘African cities should reflect African ecological identities.’ 
‘Rather than replicate external models, urbanisation needs to integrate socio-
ecological systems.’

They criticised top-down planting-heavy approaches and extolled ones that 
bestowed ownership and protected and rebuilt ecosystems: ‘The central lesson is that 
urban forests persist where cities move from tree planting to tree governance, from 
reactive restoration to proactive protection, and from technical design to shared public 
ownership.’ ‘Urban forestry in Africa must move beyond tree planting as an isolated 
activity and focus instead on ecosystem services.’ ‘Our urban forestry needs to shift 
from tree planting to protection of existing green space; social legitimacy; and citizen 
ownership.’

And they pronounced indigenous species to be a given: ‘We need a native species 
strategy rather than exotic legacy systems.’ ‘Indigenous species should be central.’ 

As this volume goes online and into print for dissemination, Roji is profoundly 
optimistic, saying: ‘If it has shown anything, it is that Africa is not starting from scratch.’ 

Meanwhile the message of JCPZ Executive Manager for Environmental Conservation 
Lombard Shirindzi is one of buckling down. ‘Now it is up to us all – city leaders, 
practitioners, researchers, communities, and traditional knowledge owners – to move 
from insight to implementation, from scattered effort to systemic change.’ 

A new era has begun.

For more about the compendium and the next African Forum on Urban Forests, 
contact aroji@jhbcityparks.com and cathyhwatson@gmail.com 
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LEARNING RESOURCES
From the FAO elearning Academy, An introduction to Urban and Peri-urban 
Forestry This free certified course amounts to 2h 30m of learning and introduces 
the concepts of urban and peri-urban forestry. It considers the important ecosystem 
services provided by urban forests, which help countries to achieve their SDGs, and 
the challenges that must be navigated during their planning, design and management. 
https://elearning.fao.org/course/view.php?id=1118

From the Polytechnic of Milan, Nature in the city: turning knowledge into 
urban forestry practice Free online, and with a 50-hour workload, this course results 
in a certificate. On completion, the learner will be able to inter alia identify urban and 
peri-urban forestry categories; recognise ecosystem services provided by urban forests; 
understand the concepts of forest ecology and management, tree inventory, and forest 
monitoring; and identify ways to fund urban forestry.  
https://www.pok.polimi.it/course/view.php?id=6

From eLearn Urban Forestry at the University of Georgia A free, self-led, online, 
distance learning programme for beginning urban foresters and professionals such as 
foresters, landscape architects, and city officials. Participants receive a certificate upon 
completion and it is good for credits from the International Society of Arboriculture. 
Its ten modules include Site and Tree Selection and Assessing and Managing Tree Risk. 
https://citizen-forester.elearn.sref.info/ 

From the UK’s Arboricultural Association Free weekly webinars October to 
February. See also the archive of previous webinars which has hundreds of hours of 
content. https://www.trees.org.uk/Training-Events/Webinars. For other resources, 
such as a free Introductory Guide to Young Tree Establishment, see:  
https://www.trees.org.uk/Help-and-Advice

From American Forests Free monthly webinars on Tree Equity, i.e., ensuring 
consistent tree canopy across all neighbourhoods; access to nature and green space 
within 300m of all homes; using tools to identify low-canopy, high-priority, low-income, 
or marginalised areas; and involving residents in planning.  
https://www.americanforests.org/project/coaching-network/ 

From India’s Amenity Tree Care Association (ATCA) Training coming soon on 
topics such as tree health assessment, pruning techniques, retaining trees in construction, 
and risk-informed strategies to preserve mature trees on development sites.  
https://arbindia.com/training
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From Myerscough College, UK, a part-time online Level 2 Certificate in 
Arboriculture (6–8 hours/week) and foundation, honours, and master’s 
degrees Particularly for international professionals is the three-year online MSc in 
Arboriculture and Urban Forestry. Objectives include learning how to maintain and 
manage trees as part of green infrastructure.  
https://www.ucmyerscough.ac.uk/courses/postgraduate/arboriculture-
treeswoodland/msc-arboriculture-and-urban-forestry-online/

From Rhodes University in South Africa, undergraduate and graduate 
modules on urbanisation, urban greening and forestry Offered by the 
Department of Environmental Science, these draw students from all faculties. Some 
of the curricula cover sustainable development, ecosystem services, and biodiversity 
management in urban settings. https://www.ru.ac.za/environmentalscience/

From Bangor University in the UK, a distance learning MSc-level module on 
urban forestry Available as a standalone or as part of the MSc Tropical Forestry or MSc 
Agroforestry & Food Security, both of which are available via Commonwealth distance 
learning grants. https://www.bangor.ac.uk/sens/course-information

From the University of British Columbia (UBC), a four-year Bachelor of Urban 
Forestry and a 13-month Master of Urban Forestry Leadership Funding from 
Mastercard Foundation can be available. https://mastercardfdn.org/en/ 

From the International Union of Forest Research Organizations An opportunity 
to bring Africa’s urban forest into IUFRO Unit 6.07.00, its research group dedicated to 
global urban forestry. Contact: Prof Wendy Y Chen at wychen@hku.hk

From New York City and the city of Windsor, Canada Model urban forest 
management plans With tree canopy of 19% in Environmental Justice (EJ) Areas 
and 26% in non-EJ Areas, New York City aims to catch up the first and increase it to 
30% citywide. https://NYC-Urban-Forest-Plan-2026.pdf. Windsor city’s urban forest 
management plan, meanwhile, has five goals: Know more about Windsor’s urban forest; 
Maintain a healthy, safe, and functional urban forest; Protect the urban forest; Replenish, 
expand, and enhance it; and Engage everyone.  
https://www.citywindsor.ca/UFMP-Strategy ActionPlan.pdf
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W e, the participants of the 2nd African Forum on Urban Forests, gathered in 
Johannesburg from the 18th to 21st March 2025, under the theme ‘Greening 
Horizons – Shaping the future resilience of African cities through urban forests’ to 

reaffirm the critical role of urban forests and green spaces in strengthening African cities against 
global climate challenges and in creating healthier, more inclusive, equitable and resilient 
communities.

Our commitment
Building on the momentum of the 2018 Call for Action from the First World Forum on Urban 
Forests, the Washington Declaration (2023) from the Second World Forum on Urban Forests, the 
United Nations Agenda 2030, particularly Sustainable Development Goals 11, 13, 15, and 17 
and Agenda 2063: The Africa We Want of the African Union, aspirations 1 and 3, we recognise 
the urgent need to expand the urban canopy and create climate-resilient cities and communities. 
Additionally, we align with Global Biodiversity Framework Target 12, and the Paris Agreement 
which calls for expanding access to green and blue spaces in urban and peri-urban areas.

Why urban forests matter
Despite the unprecedented scale of urbanisation, growth of informal settlements, climate change 
effects, and land degradation and deforestation in Africa, we are certain that carefully designed, 
implemented and maintained green spaces such as urban forests can: strengthen social cohesion, 
heritage and sense of belonging; promote spatial equity to improve public health and wellbeing; 
create employment, entrepreneurship, and local development for all; generate ecosystem goods 
and services; provide quality space for tourism and recreation; support biodiversity; build capacity 
to adapt to climate change while mitigating extreme heat, flooding, biodiversity loss, and pollution; 
and serve as places for environmental education and traditional learning.

While the benefits of urban green spaces are increasingly recognised, their distribution, 
quality, and access remain unequal. Bridging this gap is essential for creating more sustainable, 
resilient, and inclusive urban environments across Africa.

Our call to action
We urge decisions-makers, urban planners, foresters, ecologists, botanists, architects and 
landscape architects, engineers, the health sector including traditional healers, civil society, and 
all community members as well as development financiers and partners and the private sector 
to work together to ensure that green spaces including urban forests are:
◼ �	�Inclusive: Designed for diverse physical, social, and cultural needs, safe, well-maintained 

and equipped with necessary facilities, and developed with local residents in the planning and 
maintenance to ensure that they meet community needs.

◼ �	�Well managed: Aiming for optimal outcomes and overcoming legislative, political, financial, 
institutional, land-use planning, cultural, social, and psychological barriers, minimising trade-
offs and ecosystem disservices.

The Johannesburg Declaration (2025)
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◼ �	�Equitably distributed: All communities regardless of income, race, gender or locality have 
access to quality green spaces, enhancing environmental and support health and wellbeing.

◼ �	�Multifunctional, resilient and sustainable: Supporting recreation, livelihoods, education, 
biodiversity and habitat connectivity.

Our specific recommendations
Particularly, we recommend collaborative implementation of urban greening and forests across 
multiple sectors that:
◼ �	�Mobilises diverse funding, such as municipal budgets, carbon markets, public-private 

partnerships and insurance, and positions urban forests as economic assets linked to local 
employment and ecotourism.

◼ �	�Addresses governance, taking decisive steps to develop inclusive policies, leverage 
indigenous systems, enforce regulations, land tenure, and build long-term political 
commitment that reimagines urbanism.

◼ �	�Focuses on environmental and climate challenges, selecting diverse native species, 
restoring water catchments and healthy reservoirs, investing in waste management, and 
addressing historic inequalities and environmental injustice, urban agriculture and climate-
proof green infrastructure.

◼ �	�Prioritises research and monitoring, strengthening standardised metrics, establishing 
tree inventories, coordinating feedback, facilitating data sharing, and increasing funding for 
research and development.

◼ �	��Engages communities, centring local voices in planning and management, improving 
participatory decision-making, working with traditional authorities to protect sacred sites, and 
facilitating knowledge exchange across cities.

◼ �	�Builds capacity of cities, creating green spaces as learning labs, and providing training for 
elected officials, local technicians, community leaders, women and youth.

The road ahead
We strongly believe in the power of collaboration and meaningful partnerships to conserve, 
preserve, restore, and expand urban forests, green spaces and nature-based solutions, ensuring 
that they benefit all.

To support our future work, today we launch the Afrika Mazingira Collective, an African 
nature-based solution community of practice within the Centre on African Public Spaces 
(CAPS). This collective will connect urban stakeholders across Africa and beyond to promote, 
implement, and scale up nature-based solutions for city climate resilience, biodiversity, and 
liveability. This Community of Practice will contribute to the FAO Green Cities Initiative.
Together, we can create cities where the built environment, people, and nature thrive.

Second African Forum on Urban Forests – 20 March 2025

The Johannesburg Declaration (2025)
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