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Cities in developing countries are particularly vulnerable to natural resource degradation, as 

urban development is often unplanned, and even when it is, it does not take biodiversity into 

account. Yet biodiversity is crucial to the construction and transformation of sustainable cities 

in Africa. Integrating ecological connectivity into urban planning is an essential tool for 

conserving and enhancing biodiversity and improving the quality of ecosystem services for 

city dwellers. This study aimed to assess ecological connectivity using the landscape graph 

modeling approach to identify priority fragments and dispersal corridors for conservation in 

the city of Ouagadougou, based on their overall contribution to forest habitat quality and 

connectivity. The ecological network modeling methodology used was based on the landscape 

graph approach, using Graphab 3 and QGIS 3.38.2 software. Urban terrestrial mammals, a 

group of species sensitive to deforestation, were used as data for modelling. The main results 

reveal significant fragmentation of forest habitats, characterized by isolated habitat patches 

and a limited number of functional corridors. Local connectivity metrics calculations 

identified strategic habitats and essential corridors to be preserved. This spatial modeling 

research highlights the need to integrate conservation strategies into urban planning, 

particularly through the creation of corridor networks, with an emphasis on nature-based 

solutions for urban biodiversity. 
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1. INTRODUCTION

Biodiversity is threatened by habitat loss and fragmentation, 

which hinder the movement of animals across the landscapes 

[1]. Thus, protecting and restoring habitat quality and 

connectivity is essential but also challenging due to 

uncertainties associated with climate change, land-use 

changes such as land artificialization [2], and the development 

of transport networks [3]. In urban areas, forest habitats suffer 

significant losses and fragmentation due to rampant 

urbanization [4, 5]. According to Niebuhr et al. [6], the loss 

and fragmentation of these natural habitats limits the 

movement and stability of species due to altered 

environmental conditions and reduced dispersal ranges. 

Numerous studies, such as those by Toroitich et al. [7], Ayeni 

et al. [8], and Ren et al. [9], support this analysis, according to 

which the disappearance of animal and plant species is directly 

linked to fragmentation. Urban biodiversity can be a pillar of 

ecological resilience [10] and sustainable development [11]. 

They also play an important role in climate regulation and in 

the provision of ecosystem services.  

The transformation of urban spaces plays a central role in 

the preservation of urban biodiversity. Therefore, the process 

of improving urban sustainability and resilience has received 

considerable attention. Recent developments in urban 

strategies have presented nature-based solutions (NbS) as a 

promising approaches to restore and preserve biodiversity [12, 

13]. This is an opportunity for sustainable urban development 

[14-16]. The integration of ecological networks and landscape 

connectivity into planning is also crucial issue for the 

maintenance of this biodiversity. 

In this context, ecological network modeling can be an 

interesting approach for conducting diagnoses, identifying 

priority areas, and prioritizing actions to implement NbS in 

cities. This enables us to understand, and explain but also to 

predict spatial phenomena and processes [17]. To this end, 

Opdam et al. [18] emphasized that the spatial concept of 

ecological networks enables biodiversity issues to be better 

integrated into territorial planning, particularly in highly 

anthropized areas. This model is supported by Clauzel [19], 

who explained that spatial modeling enables a schematic 

representation of processes linked to the movement of species 

in order to better understand the structure and functioning of 

ecological networks, as well as the impact of different factors 

on connectivity. In ecology field, Samways and Pryke [20] 

considered the ecological network as a coherent and 

interconnected network of natural and semi-natural 

environments, including habitat cores, buffer zones, and 

corridors, which enables the maintenance and restoration of 

ecological processes so as to conserve biodiversity and 
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promote the sustainable use of natural resources. Ecological 

connectivity [21] is an indicator of ecological network quality, 

representing the degree of connection between various natural 

environments in terms of their landscapes, spatial distribution, 

and ecological functions [19]. Literature shows that there are 

multiple network-based modeling such as percolation theory 

[22, 23], circuit theory [24, 25], and graph theory [26]. 

However, in this study, we used a graph-theoretical approach 

for modeling. This study provides the first application of 

landscape graph modeling to assess and prioritize forest 

fragments and dispersal corridors in an urban setting, 

integrating habitat quality and connectivity metrics to guide 

conservation planning in data-scarce, rapidly urbanizing 

regions like Ouagadougou. 

 

 

2. AN OVERVIEW OF GRAPH-BASED MODELING 

APPROACHES USING GRAPHAB SOFTWARE 

 

Table 1. Graphab's use in graph-theoretic modeling 

according to existing scientific literature according to Foltête 

et al. [27] 

 
Study Fields & Aimed Focus Topic 

Ecological studies 

Effect of landscape connectivity on 

biological responses: 

-  species presence, 

- species community richness or 

similarity,  

- genetic diversity,  

- demographic variations, 

-  individual movements, 

- presence of roadkill hotspots, 

- parasite prevalence 

Biodiversity 

preservation 

- landscape change 

- climate change 

- natural disasters 

- potential ecological impacts 

Biological conservation 
- maintaining the connectivity level 

oof habitat network 

Ecological 

compensation/ 

mitigation 

- suitable areas for planning and 

designing 

- restoring ecological habitats 

- developing wildlife crossing 

- polling of biodiversity offsets 

Urban planning 

- including ecological connectivity 

in the impact assessment of urban 

development 

- biological potential of green 

spaces 

- permeability 

- including stakeholders in 

connectivity analysis 

 

Graph-based modeling is a mathematical model of 

representation used in many fields, whose use in landscape 

ecology was formalized at the beginning of the 21st century 

by Urban and Keitt [28]. In a study of ecological networks, 

Clauzel [19] describes this approach as an abstract 

representation that makes it possible to visualize the overall 

structure of networks and the intensity of connections between 

nodes, while providing useful information to aid decision-

making on conservation strategies. In addition, graph theory is 

distinguished by its flexibility of use, as it enables calculations 

to be carried out at patch or landscape level with a minimum 

of information [29]. To this end, there are various tools for 

using the graph-theoretical approach, such as Conefor [30] or 

Graphab [27]. While Conefor is better suited to connectivity 

metric calculations, Graphab offers an integrated environment 

for all modeling steps, from processing, to importing a 

landscape map, to calculating and mapping connectivity 

metrics. This is why it was used in this ecological modeling 

study. Developed within the ThéMA laboratory (Université de 

Franche-Comté-CNRS), Graphab is subject to ongoing 

development to integrate specific features and correct 

limitations and thus improve its performance. The current 

version is Graphab 3.0 (2024). It is integrated into the R 

software environment with the graph4lg package [31] and has 

developed a QGIS plugin [32]. A literature review of studies 

that have used Graphab software in ecological modeling based 

on landscape graphs has been listed and summarized 

according to fields, themes and study objectives (Table 1).  

Although the use of Graphab has been the subject of 

numerous ecological modeling studies, it is easy to see that its 

use is much more concentrated in geographical contexts in 

Europe, Asia, and North and South America. Few modeling 

studies have been applied to landscape and urban planning in 

the African context, where the challenges of climate and 

biodiversity loss are persistent. Moreover, the continent's 

urbanization is characterized by strong anthropic pressure and 

uncontrolled spatial planning, which is sometimes limited in 

terms of urban ecology and biodiversity. In this context, 

ecological modelling could serve as a strategic tool for this 

study.  

 

 

3. MATERIALS AND METHODS 

 

3.1 Study area 

 

The study area was the city of Ouagadougou, the capital city 

of Burkina Faso. It is located in the central region of the 

country, between 12° 21′ 58″ north latitude and 1° 31′ 05″ west 

longitude. Ouagadougou is characterized by significant 

demographic and spatial dynamics, reflected in habitat 

fragmentation, a lack of ecological corridors, land pressure 

and a lack of green infrastructure. Over the past 15 years, its 

population has doubled from 1.5 to almost 3 million [33]. 

Twenty-seven percent of the urban expansion took place in 

informal settlements. The study area is in the Sahelian climatic 

zone, which is characterized by long dry periods and short 

rainy periods [34]. The city of Ouagadougou is vulnerable to 

the impacts of climate change, particularly flooding and 

heatwaves. These phenomena exacerbate the challenges 

associated with the degradation of urban ecosystems and loss 

of biodiversity.  

 

3.2 Data acquisition and landscape mapping 

 

Open-source Landsat 9 OLI-TIRS spatial resolution 

(30x30m) imagery data acquired from the USGS Earth 

Explorer site (https://earthexplorer.usgs.gov/), were used to 

build the land cover. This is a preliminary step and a 

fundamental basis for modeling. An unsupervised 

classification was performed using the Semi-Automatic 

Classification Plugin (SCP) in QGIS to classify the land cover. 

The evaluation of the accuracy of remote sensing image 

classification yielded an overall accuracy of 82.74% for all 

images [35] (Figure 1). 
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Figure 1. Study area and land cover mapping 

 

The classification of the land cover map included a highly 

anthropized zone (built-up areas), and an area of urban forests, 

shrublands, grasslands, water bodies and bare soil. A highly 

anthropized zone represents a dense concentration of buildings, 

roads, and human infrastructure or, more generally, 

artificialized land where urban activities have fragmented the 

landscape. Forests are areas of dense woodland that are 

favorable for certain plants and animal species. Shrubs on 

forest edges or in semi-natural habitats, take the form of dense 

bushes. Meadows are large expanses of grass often used for 

grazing or cultivation. Water bodies included rivers and dams. 

Bare soil refers to an area devoid of vegetation that directly 

exposes the land surface to erosion and environmental 

degradation, in the absence of plant protection. The choice of 

land cover categorization is based on urban terrestrial 

mammals, the species group chosen for the study because of 

to their sensitivity to deforestation, but also as an indicator of 

ecological connectivity, green infrastructure quality, and 

habitat diversity [36]. However, although the presence of 

certain terrestrial mammals (rats and house mice) in urban 

environments can be indicative of negative signs of 

uncontrolled urbanization, in the sense that their proliferation 

can signal poor waste management and the absence of natural 

predators [37, 38], we assume that their presence is a positive 

sign for urban biodiversity [39]. This method defined a 

dispersal distance of 100–500 m. According to Feng and 

Himsworth [40], urban terrestrial mammals, such as rats, 

exhibit restricted home ranges in urban environments, 

typically ranging from 100 to 500 meters around food 

resources. This group of species considers the various 

elements that are favorable (e.g., urban forests and shrubs) and 

moderately favorable (e.g., meadows) to their movements, as 

well as those that are unfavorable (e.g., buildings, bare ground, 

and water). Habitat loss due to urbanization and deforestation, 

fragmentation of green spaces, pollution, and pesticides are the 

main factors that threaten species in urban environments.  

The construction of a land-use map is crucial for the 

creation of a landscape graph [41]. Each classification on the 

land-use map was associated with a displacement resistance 

value reflecting the difficulty of crossing the environment for 

the species in question. An environment that is difficult 

(unfavorable) for urban terrestrial mammals to cross is 

assigned a high cost (e.g. bar soil 500), while an environment 

that is easy (favorable) to cross is assigned a low cost (e.g. 

shrubland 10). These values were based on a biological 

knowledge of urban terrestrial mammals, as outlined in the 

description of each land-use classification in Table 2. The 

graph-theoretic modelling approach also emphasizes that 

precise value selection is less important than the hierarchical 

ranking of land-use classification in relation to each other, 

considering their permeability. This explains our approach to 

using a geometric scale (1; 10; 100; 500), which clearly 

differentiates between environments that are easy and difficult 

to cross for species, as most studies tend to do [30]. 

 

Table 2. Environments with defined study costs by target species group (urban terrestrial mammals) 

 

Land Use Description 
Area 

(ha) 

% 

Area 
Cost Type 

Urban 

Forest 

An optimal environment with dense plant cover, numerous perches and a high 

availability of insects. 
5,870 11.01 1 

Optimum 

habitat 

Shrubland 

Forest edges or in semi-natural habitats, took the form of dense bushes. They are 

a good habitat for dispersal, as they provide refuges, perches and ecological 

corridors for movement. 

7,978 14.97 10 Favorable 

Grassland 
...Few vertical structures for climbing, but they can serve as a transition zone if 

they are close to shrubs or urban forests. 
7,194 13.50 100 Neutral 

Water 

body 

Unsuitable for dispersal, as the species group does not swim and avoids 

excessively humid areas. 
709 1.33 500 Unfavorable 

Bare soil 
an area devoid of vegetation, directly exposing the land surface. Few resources 

(shelters, prey, humidity) and high exposure to predators. 
7,658 14.37 500 Unfavorable 

Built-up Unfavorable due to lack of vegetation, pollution and physical barriers. 23,894 44.83 500 Unfavorable 
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3.3 Ecological habitat network modeling 

 

3.3.1 Modeling steps 

The patches were first defined based on a landscape map 

imported into Graphab; the patches were first defined. These 

nodes represent polygons of the urban forest habitat category, 

with a minimum surface area of 0.5 hectares. Next, links were 

defined according to knowledge of the ecology of the chosen 

taxon (Table 2). The lowest cost represents the environment 

most favorable to the taxon's movements, whereas the highest 

cost represents the environment that is most difficult to cross. 

The next step involved creating a set of links from which a 

landscape graph was created. 

 

3.3.2 Landscape connectivity analysis 

Habitat connectivity describes the properties of patches 

connected to neighboring patches. The calculation of 

connectivity metrics is a quantitative analysis that can be used 

to prioritize habitat patches and corridors. These metrics can 

be calculated on several scales. These are global metrics 

(metrics characterizing the entire graph), component metrics 

(internal connectivity of each component or sub-graph), and 

local metrics (connectivity of each graph element, node, or 

link). Local metrics were selected for this study. The 

importance of the latter was used to assess the structure and 

position of the reservoir within a network. Local metrics 

characterize connectivity at the level of each graph element 

(node and/or link). Their interest lies in being able to compare 

the level of connectivity of these elements to identify the most 

important habitat patches and/or corridors to preserve, that is, 

those with the highest connectivity values [19]. Here, the 

Interaction Flux (IF) and Betweenness Centrality Index (BC) 

are the local metrics chosen for ecological connectivity 

analysis. These metrics were weighed based on the patch 

quality and distance between patches. The local connectivity 

metrics were calculated using the following formula: 

Eq. (1) shows the Interaction Flux (IF), which refers to the 

sum of the products of the focal spot's capacity with all other 

nodes weighted by their probability of interaction [42]. 

 

𝐼𝐹𝑖 = ∑ 𝑎𝑖
𝛽

𝑎𝑗
𝛽

𝑒−𝛼𝑑𝑖𝑗

𝑛

𝑗=1

 (1) 

 

Eq. (2) shows the Betweenness Centrality index (BC), 

which denotes the sum of the shortest paths through focal node 

i, each path weighted by the product of the capacities of the 

connected patches and their probability of interaction. Table 3 

summarizes all parameter values used in the formulas. 

 

𝐵𝐶𝑖 = ∑ ∑ 𝑎𝑖
𝛽

𝑎𝑗
𝛽

𝑒−𝛼𝑑𝑖𝑗

𝑗𝑖

 (2) 

 

3.3.3 Application to habitat patches creation  

The creation of habitat patches helps to identify the most 

interesting sectors that connect the networks together and 

increase ecological connectivity. The method used by Foltête 

et al. [42] calculated a global metric to quantify the initial 

connectivity of the entire network and then assessed the 

potential contribution. Based on the landscape graph, the 

Probability of Connectivity (PC) was calculated [43] to 

identify the best locations for creation of five new habitat 

patches. Next, a grid with a cell size of 2,000 m was imposed 

over the study area was parameterized and the Graphab 

software algorithm finally tested each grid cell and identified 

the best locations for generating the maximum gain in 

connectivity. Eq. (3) shows the PC formula. 

 

𝑃𝐶 =
1

𝐴2
∑ ∑ 𝑎𝑖𝑎𝑗𝑒−𝛼𝑑𝑖𝑗

𝑛

𝑗=1

𝑛

𝑖=1

 (3) 

 

Table 3. Summary of parameter values used in formulas 

 
Mathematical Terms Used References 

A: Study area surface 

[44, 45] 

β: Exponent allowing capacity to be weighted 

more or less 

n: Number of nodes 

ai: Capacity of nodes i (usually its surface area) 

i and j: nodes 

𝒅𝒊𝒋: distance between nodes i and j 

𝒆−𝜶𝒅𝒊𝒋: Probability of movement between nodes  

 

Figure 2 summarizes the methodological approach used to 

conduct this study. 

 

 

 
 

Figure 2. Methodology workflow 
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4. RESULTS 

 

4.1 Diagnosis of the ecological habitat network 

 

The cartographic representation of the results obtained from 

modeling in the city of Ouagadougou using the landscape 

graph approach shows the fragility of the network throughout 

the territory. This highlights areas where connectivity between 

habitats is at stake and the need to restore or preserve 

biodiversity in an urban environment. The graph represents the 

forest ecological network, whose habitat patches are at least 

5000 m² in size and can move over a cumulative distance of 

500 costs (Figure 3). Figure 4 shows the results of the 

representation of the nodes, links, and components of the 

graph. Analysis of this model revealed that habitats with high 

capacity, that is, biodiversity potential, are located in the south, 

north, and natural urban park. According to the landscape 

graph obtained, 999 nodes ranging from 0.54 to 610.42 

hectares were identified. The diagnosis also identified 1,733 

links and 178 components. In addition, there were several 

unconnected nodes in the study area. This is a non-connected 

graph. Furthermore, the graph shows a limited and unevenly 

distributed connectivity within the study area. Table 4 shows 

key statistics for diagnosing the ecological habitat network.  

 

Table 4. Key statistics for diagnosing the ecological 

habitat network 

 
Key Elements Number 

Nodes 999 

Links 1,733 

Components 178 

 

 

 
 

Figure 3. Landscape graph showing the forest ecological 

network in Ouagadougou 

 

Figure 4. Landscape graph and habitat patches connected by 

links with the different components in Ouagadougou 

 

4.2 Local connectivity metrics 

 

Local metrics were calculated to characterize connectivity 

at the level of each graph element (node and/or link). In this 

study, metrics were calculated to compare the level of 

connectivity and to identify the most important habitat zones 

(the highest connectivity values to be preserved). For the local 

Interaction Flux (IF) metric, the results obtained show large, 

highly connected patches that can host a large population of 

individuals. This is at the heart of the network. The graphical 

representation was organized into three classes of importance 

(low, medium, and high). In Figure 5, dark green (high) habitat 

patches have the highest interaction flux values and 

correspond to habitat patches that are of good quality, large in 

area, and connected to numerous other habitat patches that are 

of good quality. Small patches in light green had the lowest 

interaction flux values. 

The Betweenness Centrality index (BC) measures the 

number of routes passing through a given link or node, and 

highlights both key nodes and links that are considered 

obligatory passages. The results of calculating the 

Betweenness Centrality index (BC) also show a graphical 

representation of three classes of importance: weak, medium, 

and strong (Figure 6). The results also show that the corridors 

located in the northern and southern parts of the study area 

play a much more important role in the structure and 

functioning of the ecological network than in other areas of the 

city of Ouagadougou. Key links and nodes connect large, high-

quality habitats to the north and south of the study area. 
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Figure 5. Interaction Flux (IF) metric 

 

Figure 6. Betweenness Centrality index metric 

 

4.3 Priority areas for habitat creation  

 
The algorithm used a grid-based systematic approach to test 

potential habitat patches across the study area, dividing the 

landscape into uniform cells where each represented a 

candidate patch location (Figure 7), For each cell, the 

algorithm simulated patch addition and computed its impact 

on overall landscape connectivity. After evaluating all 

candidate cells, it selected the location that provided the 

maximum connectivity gain, ensuring an optimized network 

structure. The simulation results showed the locations of the 

five habitat patches created in the order of importance (Figure 

8). The first location selected by the model generated the most 

connectivity, increasing the overall connectivity from 6.24E-4 

to 6.42E-4 (Figure 9). It was located south of the study area. 

The second-best location also connects the sub-network of the 

off-center west-south zone. The third location, in the center of 

the study area, reconnects with small networks and creates the 

most favorable short paths. The fourth location was in the 

same zone as the second one. The fifth-best location was 

located to the north and generated an increase in connectivity 

because it enabled habitats to be connected to each other with 

more flows and lower-cost paths. 

The connectivity gain curve showed a rapid increase in 

connectivity when new habitat patches were added and then 

stabilized after a certain number of patches. The results also 

showed that after the addition of approximately three patches, 

the probability of connectivity (PC) appeared to reach a 

threshold and no longer increased significantly (Figure 9).  

 

 
 

Figure 7. Set of test points for habitat creation with 

associated connectivity gain 
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Figure 8. Identifying and the five added patches 

 

 
 

Figure 9. Increase curve for the selected metric associated 

with added patches 

 

 

5. DISCUSSIONS 

 

Connectivity analysis based on landscape graphs in 

Ouagadougou revealed significant fragmentation of forest 

habitats, characterized by isolated habitat patches and a limited 

number of functional corridors. This finding is in line with 

studies on the degradation of ecological networks in urban 

environments [46, 47]. The most important habitats, located to 

the south and north of the city and in the natural urban park, 

are essential biodiversity hubs. According to the metric 

approach to connectivity, these areas play a crucial role in 

maintaining species dispersal and local ecological stabilization 

[48, 49]. Fragmentation of the ecological network indicates an 

urgent need for restoration and creation of green corridors to 

improve connectivity. These findings are consistent with those 

of studies conducted in similar urban contexts such as Accra 

and Lagos, where rapid urban expansion reduced the 

connectivity of green spaces [50]. 

Regarding the analysis of connectivity metrics, the 

application of centrality and interaction flow indices enabled 

the identification of strategic habitats and essential corridors. 

The Betweenness Centrality index (BC) highlighted critical 

links that serve as obligatory passages for species dispersal, in 

line with Minor and Urban's [51] observations on fragmented 

ecological networks.  

Regarding the probability of connectivity, the small 

increase (PC: 6.24E-4 to 6.42E-4) may have limited ecological 

significance given the low baseline values, though it could 

facilitate movement for highly mobile species in fragmented 

landscapes. Statistical significance does not necessarily imply 

functional connectivity, as species-specific responses and 

landscape context mediate actual impacts [52]. 

In terms of methodological relevance, the landscape graph 

approach offers several advantages for assessing the 

ecological connectivity in urban environments. This enables 

the quantification of spatial fragmentation and priority 

corridors to be identified at a lower cost, unlike movement 

resistance models, which require precise behavioral data on 

target species [53]. 

However, this approach has certain limitations, notably the 

simplification of complex ecological interactions and lack of 

empirical validation of the modeled corridors. The integration 

of individual simulation methods [52] strengthened the 

robustness of the results. Another limitation of the present 

study must be considered. These include the spatial resolution 

of the data (30m spatial resolution), which can influence 

habitat and corridor detection. In addition, using multi-year 

land cover data could improve the model by tracking temporal 

changes, identifying trends, and highlighting disturbances to 

connectivity [54]. Classification biases, such as spectral 

overlap between urban forests and shrubs, may require very 

high-resolution images (e.g. 1 pixel = 1 m²) to be addressed. 

Furthermore, the lack of empirical validation for the 

identified corridors constitutes a significant methodological 

bias. Ecological monitoring and GPS analyses of target species 

can be used to assess the effectiveness of modeled corridors 

[55]. 

Finally, a multiscale approach combining graph modeling 

and individual simulations offers a more accurate view of 

connectivity dynamics in Ouagadougou. 

Nevertheless, the trends observed in Ouagadougou mirror 

those identified in other African cities where rapid urban 

growth threatens ecological connectivity. For example, in 

large cities such as Nairobi in Kenya and Ibanda in Nigeria, as 

well as in smaller cities such as Gaborone and Windhoek, the 

respective capitals of Botswana and Namibia, Güneralp et al. 

[56] highlighted a drastic reduction in ecological corridors 

because of the impact of urbanization on biodiversity. These 

findings highlight the need to integrate conservation strategies 

into urban planning, notably by creating corridor networks and 

protecting existing biodiversity cores [57]. 

Nature-based solutions are an effective approach to 

restoring ecological connectivity in highly urbanized areas of 
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Ouagadougou [12, 13, 58]. These solutions include 

establishing ecological corridors in the form of green and blue 

grids, greening urban infrastructure (green roofs and walls), 

and restoring degraded natural spaces [59, 60]. Applying these 

strategies improves the ecological permeability of the city 

while providing essential ecosystem services such as thermal 

regulation and pollutant filtration [14, 61-63]. Figure 10 shows 

the potential intervention areas and different categories 

suitable solutions depending on the level of urbanization. It 

highlights the most appropriate strategies for reconnecting 

habitats in high-density areas, including the development of 

micro-corridors (such as hedgerows or urban wildlife 

crossings) and the promotion of spontaneous vegetation in 

interstitial spaces. These targeted interventions, inspired by 

nature-based solutions (NbS), enable ecological continuities to 

be restored locally in fragmented landscapes. Larger-scale 

solutions, such as urban forest restoration and river 

renaturation, are more appropriate in the peri-urban areas of 

Ouagadougou where they recreate functional ecological 

networks. 

 

 
 

Figure 10. Example of interventions to integrate nature-based solutions to strengthen connectivity in Ouagadougou: (A) and (B) 

represent NbS family (urban forests & green corridors) respectively; (C) and (D) are graphic representations 
Source: World Bank, 2021 

 

 

6. CONCLUSIONS 

 

This study highlights the importance of a landscape graph 

approach for analyzing ecological connectivity in urban 

environments. The results revealed significant habitat 

fragmentation in Ouagadougou and identified key areas that 

require restoration and preservation to enhance connectivity. 

The increase of PC represents a 2.89% improvement in 

connectivity. Integrating the identified corridors into urban 

planning and green space management is crucial for improving 

a city's ecological resilience. It is recommended that planners 

assign priority to the restoration of key habitat corridors in 

areas that are fragmented, such as by the expansion of green 

spaces along waterways. It is also imperative that municipal 

authorities of Ouagadougou incorporate connectivity metrics, 

such as PC, into urban tools to facilitate sustainable 

development and enhance biodiversity. Future research should 

validate the model results with field data on species movement, 

using GPS tracking. It would also be appropriate to test hybrid 

modeling approaches that combine circuit theory with path 

analysis at lower cost for greater accuracy. The application of 

these methods to other West African cities would expand our 

knowledge of the ecological connectivity dynamics in urban 

environments. 
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