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With rapid urban growth posing major environmental and social challenges,
nature-based solutions (NbS) are at the heart of urban strategies for sustainability
and resilience. They help to maintain biodiversity and respond to contemporary
climatic and societal challenges. To be best planned and implemented, they
need to consider geographical and socio-cultural contexts, including the local
perceptions and experiences of residents. Lack of information on social aspects
and absence of data are often obstacles to implementation. This article is part of a
study on the challenges and opportunities of implementing nature-based solutions
for sustainable urban development in Ouagadougou. This study aimed to explore
how socio-demographic factors influence perceptions and experiences of urban
nature, and to identify implications for urban planning and the implementation of
nature-based solutions. Questionnaire surveys were conducted among 401 people,
with different socio-demographic profiles and different places of residence. Group
interviews with 20 people were then conducted to triangulate the collected data
to understand the different interactions between the residents and urban nature.
The main results show that, overall, residents perceive urban nature positively.
Perceptions and experiences of nature vary considerably according to respondents’
socio-demographic profiles and proximity to green spaces. The study also identified
the need for appropriate maintenance and management, as well as participatory
planning to align nature-based solutions with residents’ expectations, with a focus
on benefits. The recommendations offered to practitioners, planners, and those
involved in urban development for implementing nature-based solutions and
identifying limitations, such as a lack of revenue data, provide a solid basis for
future action.

KEYWORDS

urban nature, local perceptions, sustainable city, nature-based solutions,
Ouagadougou

1 Introduction

Cities and urban populations are rapidly growing. By 2050, nearly 70% of the population
will live in urban areas (United Nations, 2019). This increase is likely to increase the
environmental and ecological problems already faced by some cities, the most pressing of which
are flood risks (Chen et al., 2016; O'Donnell and Thorne, 2020), heat waves (Simwanda et al.,
2019; Tong et al., 2021), air pollution (Wang et al., 2020) and biodiversity loss (Ren et al., 2023).

In this context, nature-based solutions represent an opportunity to respond to urban
problems. The International Union for Conservation of Nature (IUCN) defines the concept of
nature-based solutions as “actions to protect, sustainably manage and restore natural or
modified ecosystems and restore natural or modified ecosystems that respond effectively and
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efficiently and adaptively to societal challenges, while providing
benefits in terms of human wellbeing and biodiversity” (Cohen-
Shacham et al., 2016, p. ix). Seddon et al. proposed an even simpler
definition of nature-based solutions as “working with and enhancing
nature to help address societal challenges” (Seddon et al., 2020, p. 2).
In urban systems, NbS provide multiple benefits in terms of reducing
the impact of natural hazards such as flooding, erosion, landslides,
drought, and extreme heat (Ozment et al., 2019; Sudmeier-Rieux
etal., 2021).

Globally, NbS has grown in importance in recent decades in
response to social, ecological, and climatic issues. For example,
between 2012 and 2021, World Bank investments represented over
100 projects, with a notable acceleration since 2018, for a cumulative
(World 2023).
Furthermore, the breakdown of approved projects with components

commitments of around $5.5 billion Bank,
integrating NbS by region shows that for the same period, the majority
of projects were implemented in Africa and East Asia-Pacific. These
projects aim to support urban climate resilience and improve the
living conditions of the urban population. However, Kabisch et al.
(2022) point out that the creation, planning, and implementation of
NbS require the integration of knowledge from a variety of disciplines
and types of knowledge. This has led to a remarkable increase in
investment in the implementation and subject-focused investigation
of nature-based solutions (Frantzeskaki and McPhearson, 2022),
particularly in cities. In a literature review conducted on the
implementation of nature-based solutions, Ferret and Laurans (2020)
observed that the existing literature deals with political and
institutional brakes, as well as psychological, economic, ecological and
technological brakes. They recommend new governance to better
integrate NbS, reduce uncertainties and facilitate implementation. In
their view, this would help to change the narrative of the complexity
of NbS projects. However, most studies on the implementation of
nature-based solutions focus mainly on cities in developed countries,
rather than those in developing countries.

Nature is considered an inseparable structuring element of a city.
They play a supporting role in the resilience and sustainable
transformation of the urban environment. Urban nature is at the heart
of climate change adaptation strategies (McPhearson et al., 2023).
However, its presence in the urban strategies of African cities remains
unclear. Indeed, urban development in Africa is not sufficiently
aligned with the 2050 vision for biodiversity (a world living in
harmony with nature) of the Global Framework for Biodiversity
[Convention of Biological Diversity (CBD), 2022]. The evolution of
African cities is characterized by land consumption that encroaches
on nature (Mensah, 2014; Awoyemi and Ibafiez- Alamo, 2023; Kamana
etal., 2024). Moreover, the continent’s cities are not spared from the
dual climate-biodiversity crisis that the world is facing. This overview
of African cities reveals that envisioning a sustainable urban future for
the continent involves fostering a greater presence of nature in cities
and supporting the global biodiversity agenda and Sustainable
Development Goals.

In an urban environment, nature can take on a variety of forms,
either enhancing or detracting from the living environment. They are
often influenced by individual feelings and preferences. The definition
of urban nature has yet to find consensus among researchers and
urban planning practitioners, due to its opposition to the city (Lévy
and Hajek, 2016) but also because of the debate over its constituent
elements. Hartig et al. (2014) distinguished between objective nature
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in terms of physical features and processes, including plants and
animals, lakes, rivers, and landscape features, and subjective nature
that people perceive and experienced by people. According to Turrini
and Knop (2015), urban nature constitutes the whole of life in a city,
including extensive and relatively wild green and blue spaces as well
as gardens, green roofs, street trees, birds and butterflies. In this study,
the definition of Newman and Dale (2013), which defines urban
nature in three forms (residential nature, cultivated nature and
exposed nature), was adopted. This definition considers spaces that
escape development due to topography and geomorphology (cliffs and
riverbanks), living walls, green roofs, and rooftop gardens, allotments,
and living sewage plants, as well as highly mediatized spaces (parks,
formal gardens, etc.).

However, these forms of nature still occupy an ambiguous place
in the planning and operation of many African cities. They refer to
perceptions or value judgments, even political ones, influenced by the
geographical, cultural, socio-demographic, economic and residential
contexts (Tian et al., 2020; Atiqul Haq et al., 2021). There is a limit to
the understanding of perceptions of urban nature, and a lack of
consensus on the elements that influence its perception. In a
systematic review of urban green spaces in the African sub-region,
Mensah (2014) revealed that the nature and distribution of green
spaces in Africa are influenced by the continent’s ecological zones and
climatic conditions as well as by challenges such as uncooperative
attitudes and political instability that hinder their development.

It should also be pointed out that, although ecosystem services
from nature are more widely studied than ecosystem disservices in
African cities, they remain generally under-treated compared to other
cities in the world (e.g., Europe and North America). Furthermore,
research in Africa is geographically unevenly distributed. Previous
research has shown that studies on the ecosystem services of green
and natural spaces are concentrated in cities in South and East Africa
(Cilliers et al., 2013; Kamana et al., 2024) and in a few English-
speaking cities in West Africa. City-nature and city-dweller
relationships are not sufficiently documented from a sustainable urban
planning perspective from both health, wellbeing, ecological,
environmental, and socio-cultural perspectives to inform and guide
urban greening strategies in francophone West African cities. A
literature review conducted by Atiqul Haq et al. (2021) on public
perceptions of urban green spaces concluded that no planning,
implementation, management, or protection of urban green spaces
could thrive without real understanding. Interrogating the concept of
nature-based solutions for cities through the various positive and
negative perceptions and interactions with urban nature from different
perspectives (e.g., health, wellbeing, ecological, environmental and
sociocultural), with regard to the field today enables us to nourish and
lead new reflections on the planning and design of green, sustainable
and resilient cities, as well as to assess the relevance and opportunities
for their implementation in the West African context.

Therefore, this study aims to explore the influence of human-
urban nature interactions on the implementation of nature-based
solutions for the city of Ouagadougou, focusing on three
main objectives:

a Understanding residents’ attitudes toward urban nature.

b Analyze the residents’ use and experience of urban nature.

¢ Analyze the benefits of nature-based solutions and the factors
that may influence their implementation in Ouagadougou.
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2 Materials and methods

The materials and methods section are organized into two main
parts. The first part presents the study area, the city of Ouagadougou.
The second part deals with the process of data collection, analysis and
visualization. The presentation is structured around the questionnaire
survey, the focus group, the photographs taken in the field, and the
approach to statistical and thematic analysis.

2.1 Study area

Ouagadougou is the capital of Burkina Faso. It is a West African
city with a surface area of 520 km* and is located in the center of
Burkina Faso between longitudes 1°40°00” W and 1°28’00” W and
between latitudes 12°12°00” N and 12°30°00” N (Figure 1). Its spatial
dynamics are characterized by horizontal urbanization and rapid
population growth. In 2019, Ouagadougou had a population of
2,977,154 [Institut National de la Statistique et de la Démographie
(INSD), 2022]. It benefits from a Sudano-Sahelian climate
characterized by a long dry season and a short rainy season. The city
of Ouagadougou was particularly vulnerable to drought. Biodiversity
loss, soil degradation, flooding, and heatwaves are recurrent
phenomena in this city. Public green spaces in Ouagadougou are
inadequate. In addition, urban activities contribute to the deterioration
of the quality of life in Ouagadougou.

10.3389/frsc.2024.1487272

2.2 Data collection

To understand the diverse perceptions and complex interactions
of urban nature, it is necessary to combine several methods or opt for
interdisciplinarity (Farahani and Maller, 2018). Similarly, other studies
(e.g., Sanesi and Chiarello, 2006; Bonnes et al., 2011; Haq, 2011) have
also suggested privileged integrated, mixed, and multidisciplinary
methodological approaches to explore people’s perceptions and
interactions concerning green spaces. Thus, for this study, data were
collected through a mixed survey of city dwellers used closed
questions, and group interviews, and photographs of the patterns of
use of urban nature spaces. Data collection took place between June
and July 2023 for the administration of the questionnaire, and between
September and October 2023 for the group interviews.

2.3 Survey and questionnaire

The questionnaire covered several themes, including positive and
negative perceptions of nature in the city, residents’ use patterns and
experiences of urban nature, and conditions likely to influence the
implementation of nature-based solutions for the city (Appendix A). In
addition, demographic information on the respondents was collected to
analyze the variations according to their profiles. Demographic variables
included age (18-30, 31-50, >50 years), gender (female, male), and level
of education achieved (not attended, primary school or below, secondary

1°40'48"W 1°37'12'W 1°33'36"W 1°30'00"W 1°26'24"W
L . M . L
Burkina Faso in the West Africa region A
- ¢ Point of data collection from respondents
railways
z. - 4
5 Roads 5
~ 5 | ) | &
& District limits &
& &
= - I:l Study area -
£ £
& &
Central region of Burkina Faso ©] B
& &
‘‘‘‘‘ i .
- z =
o Q ©
o o [z | ©
-~ 3 i s (‘\_‘ &
—_— & &
o9
= [ s
— ik 4 .
R { e
& - .
« . ,
é
Guagadougou e v * e . ® wonn
.
.
z 2
g + g
S . 3
© | agor 7 F o
T % ° &
i \ROT. 12 N
& . &
. L4
']
0 5 10 km _—’\
! Data source : IGB-BNDT 2012 / KoboToolbox survey
Reference coordinate systems: WGS 84 (EPSG: 4326)
T T T T T
1°40'48"W 1°3712"'W 1°33'36"W 1°30'00"W 1°26'24"W
FIGURE 1
Study area and sampling point
Frontiers in Sustainable Cities 03 frontiersin.org


https://doi.org/10.3389/frsc.2024.1487272
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Combary and Atchrimi

school, university level or above, not pronounced). Data on participants’
professional status, average monthly income, and place of birth were also
collected. The questionnaire was administered on weekends (Saturday
and Sunday). Finally, the sample size required for the study was
determined using official data from the 2019 population census using
Cochran’s formula (Sandelowski, 2000) as illustrated in Equation 1:

Zpr(l—p)
e2

Minimum sample size :n =

(1)

In this Equation, n denotes the minimum threshold of participants
required for the survey; z represents the value 1.96, that is, at a 95%
confidence level; p corresponds to the population of Ouagadougou in
2019; and e represents the tolerated margin of error (5%). By replacing
these values in Equation 1, a total population of 385 individuals was
obtained as the minimum threshold of participants deemed acceptable
for the survey. Finally, 401 participants were surveyed (Table 1).
Participants were randomly selected from the city of Ouagadougou
near open public spaces, urban roads, and residents of notable urban
green spaces (see Figure 1 for the spatial distribution of collection
points among participants). Data were collected using the digital form
of the kobocollect platform. The questionnaire was first administered
to young volunteers involved in nature and biodiversity conservation
activities. The amendments and comments collected during the tests
were incorporated into the final forms.

2.3.1 Focus group discussion

Group interviews were based on communication and interaction
within groups, where each participant was encouraged to express
himself or herself and give his opinion. This approach aims to delve
deeper into how residents perceive urban nature and their own
experiences. The topics covered included ecosystem services and
disservices of urban nature, individual experiences with nature, green
space management, public participation, knowledge of nature-based
solutions and their potential benefits for their city.

Twenty voluntary participants, different from those in the
questionnaire survey, participated in these group interviews and were
divided into two groups. The participants included 13 women and
seven men, three of whom had no formal education and seven had a
university degree. The participants ranged in age from 21 to 62 years
old. Each interview included 10 participants with diverse profiles
selected according to criteria such as age, sex, level of education, and
professional status. The profiles included market gardeners,
horticulturists, farmers, students, urban planners, civil engineers,
journalists, communicators and housewives. Discussions were fully
tape-recorded in the local language (mooré) and in French and then
transcribed after processing and thematic analysis.

2.3.2 Photographs

Field observations were aimed at characterizing the state of
urban nature encountered in the city, as well as the activities carried
out there and their level of protection. To this end, photographs
were taken in different areas of the city, such as urban park,
riverbanks, wetlands, tree lines along traffic roads, and open public
spaces. Potential waste management problems and inappropriate
use patterns were photographed to gain a better understanding of
their negative uses. This phase of observing the uses of urban nature
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TABLE 1 Profiles of survey participants.

Variables ‘ N =401

Female 106 (26.4%)
Gender

Male 295 (73.6%)

18-30 281 (70.1%)
Age 31-50 103 (25.7%)

>50 17 (4.2%)

Not attended 45 (11.2%)

Not pronounced 42 (10.5%)

Education level Primary school or below 16 (4.0%)

Secondary school 183 (45.6%)

University level or above 115 (28.7%)

Employed 277 (69.1%)
Employment status Not employed/retired 37(9.2%)

Student 87 (21.7%)
Engagement in nature No 319 (79.6%)
conservation Yes 82 (20.4%)

Ouagadougou (OAU) 216 (53.9%)

Birthplace

Outside OUA 185 (46.1%)

< 35,000 XOF¢ 65 (16.2%)

35,000-200,000 XOF 191 (47.6%)

Income level

> 200,000 XOF 31(7.7%)

Not pronounced 114 (28.4%)

At the time of our survey, 1USD = 611.2046 XOF. XOF is the currency of French-speaking
West African countries.

was conducted during and after the questionnaire survey and
group interviews.

2.3.3 Statistical analysis

Descriptive statistical analyses were performed using Rstudio
software (version 2024.04.2). Bivariate analyses were then carried out
using functions from the “table;” “Iprop,” and “cprop” packages
(Wickham, 2009, 2019; Wickham et al., 2023). In addition, Pearson’s
chi-square test of independence was performed using the “chisq.test”
package function. This confirms or rejects the hypothesis of
independence between the observed variables (Bourque and Adlouni,
2016). Thus, two hypotheses were formulated for the test: a null
hypothesis (Hy), indicating the absence of a relationship between the
variables, and an alternative hypothesis (H,), indicating a link between
them. The significance level was set at @=0.05. The “ggplot2” function
in Rstudio environment package was used to design the graphs.

2.3.4 Theme analysis

Thematic analysis was used to process the recorded, transcribed
and translated interviews. This method involves extracting valuable
information by theme, enabling us to gain a better understanding of
human interactions with urban nature in the city of Ouagadougou. To
this end, the verbatims were grouped into four main themes. The first
theme concerned the perception of urban nature and explored
respondents’ attitudes and opinions regarding the positive benefits
and negative effects generated by it. The second theme dealt with
individual experiences of urban nature and described the participants’
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interactions with nature. The third theme dealt with the knowledge
and benefits of nature-based solutions, as perceived by residents. The
fourth theme deals with the conditions for the successful
implementation of nature-based solutions in urban environments.
This thematic classification followed the logic of the interview guide
designed for the group interviews (Appendix B).

3 Results

The results section is divided into four parts. The first part presents
the results of the analysis of the profiles of the participants in the
questionnaire survey. The results of the perceptions of urban nature
in Ouagadougou in relation to the combination of the factors of
distance of residence from a green space, level of education and gender
are presented in section 3.2. The results of the experiences of using
urban nature in relation to the factors of level of education and
distance from home to a green space are presented in section 3.3.
Finally, the last section presents the results of the perception of
benefits as well as the main factors supporting the implementation of
nature-based solutions for cities.

3.1 Profile of participants in the survey

Survey respondent’s profiles are presented in Table 1. The study
showed that the majority of respondents were men (73.6%) and a
minority were women (26.4%). People aged between 18 and 30 years
were the most represented (70%), compared with 25% of participants
aged between 31 and 50 years. People with a secondary or university
education participated more in the questionnaire survey. The number
of respondents with employee status was higher than that of students
and the unemployed. In addition, almost half of the respondents
(47.6%) had an average monthly income of between XOF 35,000 and
200,000. Almost one-third of respondents were reluctant to share
information on their average monthly income level.

On the other hand, most respondents were not involved in a
nature conservation organization. Respondents involved in an
environmental organization campaigning for the conservation of
nature and biodiversity accounted for 20.4%. Finally, the study shows
that more respondents were born in Ouagadougou (OUA) than
outside OUA.

This study examined the variation in the frequency of visits to
urban green spaces in relation to respondents’ gender, professional
status and residential distance. The results showed that the highest
frequency of visits was “monthly” (44.64%), followed by “rarely”
(21.70%), “daily” (17.96%), “weekly” (9.48%) and “never” (6.23%).
Establishing the link between residential distance to a green space
and frequency of visits, the study revealed that people living between
1 and 2 km from a green space visit it mostly daily (40.3%), weekly
(42.1%), monthly (38.5%) and very occasionally (54%). The most
distant respondents, that is, those living over 2 km from a green
space, occupied the second place, with monthly frequency
dominating. Those living between 0.5 and 1 km away occupy the
third position, with daily frequency dominating (Figure 2). Those
living close to a green space (< 0.5 km) represented a small
percentage of the respondents, and their dominant frequency was
daily (18.1%).
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Regarding the distribution of visitation frequencies by gender,
men had a monthly frequency, while women had infrequent visits
(Figure 3). The results also show that employees and students visit
more frequently than retirees and non-employees do.

3.2 Perceptions of urban nature

The relationships between perceptions, residential distance to
green space, level of education, and gender showed variations. The
results indicate that people living <0.5 km from a green space have
perceptions of disease risk (20.7%), biodiversity (19%), and urban
cooling (17.8%). Although these natural spaces contribute to
ecological functioning (water cycle management), urban cooling, and
recreational activities, they are also perceived as having a positive
impact on the environment. However, they considered that these
spaces present a risk for diseases such as malaria due to mosquitoes,
hygiene and sanitation problems, insecurity, and crime (Figure 4). For
example, one participant involved in this study said that trees help to
recycle water run-off and that many more need to be planted to reap
the benefits (Participant 01). The group interviews also revealed that,
in the context of the city of Ouagadougou, urban nature cannot
be dissociated from waste. This is influenced by local cultures
regarding interstitial spaces in the city, in this case nature. For
example, one participant argued that in the city of Ouagadougou,
greenery is inseparable from dumping grounds, as people still throw
solid and plastic waste into nature (Participant 07).

People living at 0.5-1 km mainly associate urban nature with the
following benefits too: urban cooling (33.3%), social cohesion (17.4%),
food supply (31.7%), and flood management (26.7%). However, they
also point to ecosystem domains, such as hygiene and sanitation
problems (21.6%) and crime risks (21.6%), that develop around urban
natural areas. Indeed, one participant pointed out during the group
discussion that the trees that made up urban nature in the city of
Ouagadougou were not predominantly fruit trees (Participant 01).
Others lamented the fact that natural areas do not offer enough shade,
as is the case with the trees in Bangreogo Park, where life is good
(Participants 06 and 08). In addition, people living between 1 and
2 km or more than 2 km away had similar perceptions of others. The
major difference between respondents living at a distance from a green
space and those living elsewhere was their perception of aesthetic
value (55.3%). Regarding the level of education, the analysis revealed
that ecosystem services and disservices are mainly perceived by
individuals with at least secondary education, who are predominantly
male (Figure 5).

3.3 Uses patterns and experiences of urban
nature

In the city of Ouagadougou, residents have different ways of using
and experiencing nature. Experiences range from physical activities
(sports, walking, cycling, etc.) to social gatherings, leisure, recreation,
waste disposal, and urban agriculture. Figure 6 illustrates the types of
uses encountered in the city.

The study shows that people without any level of education used
urban nature as a space for household waste disposal (50.0%). These
uninhabited spaces are alternatives for solid waste disposal due to the
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lack of an efficient household waste collection system (Figure 7). This
was confirmed in the focus group interviews, where participants
stressed that urban nature spaces are open-sky dumps and that more
attention needs to be paid to the issue; otherwise, the city will soon

Frontiers in Sustainable Cities

become unlivable (Participants 02, 03, and 13). Urban natural spaces
were used as temporary shelters (40%). One participant explained that
the unaffordable cost of urban land drives them to settle temporarily
in uninhabited spaces in the hope of not being evicted (Participant 15).
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FIGURE 5

Distribution of perceptions of nature according to distance between home and green space, by level of education and gender.

Individuals with primary education or less practiced and
experimented with horticulture (21.4%), traditional medicine (16.7%),
and urban agriculture (29.8%). Discussions of experiences with urban
nature have revealed that nature is a means by which some residents
practice collective or private gardens. Others with spiritual culture and
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beliefs use plants in traditional medicine. This experience is supported
by the discussions, and to this end, one participant pointed out that
he had already used herbal tea to heal himself (Participant 13).
Participants with secondary education cited social encounters
(60.0%), physical activity (53.6%), and academic activities such as
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FIGURE 6

Uses of urban nature. (A) Show hedges with aesthetic value in a residential area. (B) shows the use of trees for shade in hot weather. (C) A road
infrastructure and wetland invaded by plastic waste. (D) Illustrates the natural area of Bangrewogo urban park reserved for physical activities.
(E) Protected animal zone reserved for visits inside the park. (F) Urban agriculture in natural areas.
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Distribution of respondents’ experiences of urban nature by level of education.
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botanical experimentation (55.6%) as their personal experiences. The
predominance of nature for experimentation in educational settings
was highlighted in group exchanges by student participants who
testified to their experiential learning of plant species. For example,
one participant stated that thanks to nature, she discovered the
scientific names of trees, and the benefits associated with them
(Participant 04). In addition, the results show that people with a
university degree and above (students or teachers) use urban nature
for scientific experiments in the field of plant biology and genetics
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(44.4%) rather than for the classic uses of relaxation and leisure,
physical activities and social gatherings (Figure 7).

Furthermore, the results show that people aged between 18 and
30 live 1 or 2 km from a green space have more experience of nature
in an urban environment than other categories of people aged over 30,
regardless of whether they are close to a green space (Figure 8).
Another category of participants who did not wish to disclose their
level of education had dominant experience in urban agriculture and
shade use. In this respect, one participant shared his daily experience
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FIGURE 8
Distribution of respondents’ experiences of urban nature by age and distance from home to green space.

with friends, stressing that shade is very important, and helps improve
the quality of life of residents, especially in hot weather (Participant 18).

3.4 Perceived benefits and factors
supporting the implementation of
nature-based solutions for cities

To successfully implement nature-based solutions in cities, it is
important to consider several factors, including political, social,
ecological, and economic, or more generally, anthropogenic
conditions (Ferret and Laurans, 2020). This study examined how
residents perceive the benefits of nature-based solutions. It emerges
that people at the university level and above consider support for
natural and wild habitats, including the maintenance of urban
biodiversity (61.5%), the production of natural resources (43.1%), and
stormwater management (36%) for urban flood risk reduction, as the
main benefits of nature-based solutions (Figure 9). People with a
secondary education had perceptions similar to those above. These
benefits represent 52.0% for stormwater management, 50.6% for
health/recreation, and 47.1% for heat island reduction.

The study also shows that 34% of people are totally in favor of
implementing nature-based solutions in the city of Ouagadougou,
while 63% are in favor, provided that certain conditions are considered,
such as the integration of effective management and maintenance of
the actions to be carried out. They fear that the implementation of
these nature-based solutions will generate more negative impacts on
their wellbeing than positive impacts on their living environments.
Only 2% of people doubt the potential benefits of implementing
nature-based solutions, as they see it as a Western concept that is not
adapted to the practice and experience of urban spaces.
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Cross-referencing these results with residential proximity to green
spaces shows a scattered distribution of respondents who are in favor
or totally in favor of implementing NbS in the city (Figure 10).

Regarding the factors to be considered for the political success of
NbS in urban environments, participants who were born in
Ouagadougou (OUA) or outside OUA, prioritized the creation of
green jobs, actions encouraging walking, social interaction, and
education, and community involvement as elements (Figure 11).
People are unaware of the technical and ecological aspects of the
integrating of urban infrastructure and housing development.

For the Pearson chi-square tests of interdependence between the
different variables, the study showed that the values of T,, T;, Ty, Ts,
and T, ranged from 39.755 to 155.957, with an asymptotic significance
of <0.001 (Table 2). The value of the T, test was 22.512, with an
asymptotic significance of 0.032. By contrast, the value of T, is very
low and has an asymptotic significance >a (0.05), which is the chosen
significance level.

4 Discussion

In Ouagadougou, the residents’ overall perceptions of urban
nature are positive. On the one hand, their perceptions and
experiences vary according to notable factors such as socio-
demographic profile (age, gender, level of education, etc.) and
residential distance. On the other hand, benefits include urban
cooling, flood management, food provision, social interaction and
aesthetics, as well as negative perceptions such as disease risks, hygiene
problems, urban sanitation as well as insecurity and crime risks. The
results highlight the association between perceptions of urban nature
and socio-demographic profiles. In a literature review of the public
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perception of biodiversity, Bele and Chakradeo (2021) found that  Ethiopia, Gashu et al. (2020) obtained similar results, establishing an
socioeconomic aspects such as gender, age, religion, and marital status ~ association between demographic and socioeconomic factors and
are important factors in the perception of nature-related benefits. In  multiple perceptions of green infrastructure. These factors have also
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TABLE 2 Chi-square test between variables.

Relationships between

variables

Visit frequency—proximity to UGS

Value of

Pearson Chi-

square test

Asymptotic
significance
(two-tailed)

Gender (T;,)

22.512 0.032
(T))
Perceived function of urban

84.913 <0.001
nature—proximity to UGS (T,)
Perceived function of urban

83.157 <0.001
nature—Education level (T5)
Experience with urban nature—

155.957 <0.001
Education level (T,)
Perceived of NbS benefits—

39.755 <0.001
Education (T;)
In favor of NbS policy—Perceived

49.311 <0.001
of NbS benefits (Ts)
Keys factors in urban NbS policy—

0.771 0.942

An asymptotic significance of less than 0.001 indicates a very strong rejection of the null

hypothesis (H,) for the corresponding tests. This means that the test results for these

variables are statistically highly significant.
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been confirmed in Bangladesh (Haq and Ahmed, 2017) Chile,
Germany, and Spain through a study of the perception and value of
nature in the urban landscape (Priego et al., 2008). However, it is
possible to note that the income factor of residents’ perception was not
included in our study, whereas previous studies have shown that it can
have impact on the perception of nature (Krajter Ostoic et al., 2017).
Almost one-third of the fact that almost one-third of respondents
(28.4%) did not wish to communicate their average monthly income.

With regard to the association between proximity and positive
perception, the observational study of urban park development in
African cities by Van Nieuwenhuizen (2021) showed that proximity
to green spaces was indeed associated with a more positive perception
of urban nature by residents. However, this is not necessarily the case
of Ouagadougou. On the one hand, our results do show that people
living close to green spaces have a positive relationship with nature.
This is because these residents are directly exposed to the benefits of
urban nature: islands of freshness, wellbeing, and health. On the other
hand, it was revealed that this residential proximity is also associated
with negative perceptions of nature due to recurrent exposure to
hygiene and sanitation problems, disease risks, insecurity, and crime.
This shows the extent to which the quality and maintenance of these
spaces are essential for factors for a good perception of nature in the
city. Our results also indicate that educational level promotes a better
understanding of nature’s wellbeing and environmental benefits. These
results corroborate those reported by Abass et al. (2019). Specifically,
participants with a high school education or higher were more likely
to perceive the ecosystem services of urban nature. As pointed out by
Hui and Jim (2022), educational level is a predictor of the positive or
negative value of urban nature.

Regarding insecurity and hygiene issues, our results showed no
significant difference between the sexes. However, some studies
(Muralidharan et al., 2015; Codina and Pestana, 2019) point out that
women attach greater importance to the safety and hygiene of natural
spaces. In line with this observation, Stessens et al. (2020) in their
study of the relationship between the various characteristics of urban
green spaces and the perception of their qualities, underlined the need
to take gender into account when analyzing perceptions of public
green spaces. Indeed, their results revealed that in Belgium, women
paid more attention to safety issues than men.

Regarding experiences of nature in the city of Ouagadougou, most
participants in our study had multiple uses that varied among physical
activities (sports, walking, cycling, etc.), social gatherings, leisure and
relaxation activities, and urban agriculture. Our results show that
current users of urban nature have different characteristics according
to their educational level and age: medical experience, stress reduction,
education, shade use, horticulture, etc. Although these uses
correspond to the aspirations of a large proportion of respondents,
there are also conflicts between users with have different values. For
example, waste disposal in nature is not shared by all users, who
express dissatisfaction with those who practice it.

Similar to the study by Tabrizi et al. (2023), our results indicated
that older adults associate their experiences of nature with their
mental health. Our research has also shown that people constantly
exposed to stress in professional and academic environments use
nature connections as therapy to improve their daily emotional
experiences and reduce stress. Other studies conducted in various
urban environments (e.g., Mansor et al., 2017; Nath, 2022) have
concluded that many residents use urban nature for physical activities

frontiersin.org


https://doi.org/10.3389/frsc.2024.1487272
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Combary and Atchrimi

such as walking, jogging, and playing, as well as for social activities
such as picnics and community gatherings. These findings
corroborates our previously highlighted findings. Hirsch et al. (2016)
noted that urban agriculture contributes to food security and
additional income in developing countries. These practices are similar
to those in the city of Ouagadougou, and are indeed a vital resource
for residents, particularly those with an attained level of education
below secondary school.

A study of research trends in nature-based solutions by Yang et al.
(2024) mentioned the 2023 classification of NbS themes by the
International Union for Conservation of Nature (IUCN) into the
categories of (a) agriculture and soil biodiversity, (b) disaster risk
reduction, (c) ecosystem restoration, (d) nature-based solutions for
climate, and (e) nature-based solutions for cities. Over the past few
decades, research on nature-based solutions has been conducted
worldwide and in Africa has been conducted by Parker et al. (2020),
Castellanos et al. (2020), Nyika and Dinka (2022), and Shu et al. (2023).
These studies have addressed the potential benefits of integrated
environmental management, green infrastructure, stormwater runoff,
climate change mitigation and adaptation, flood risks and biodiversity,
and health and food security. Our results indicate that perceptions of these
issues vary according to education level. Respondents with higher levels
of education have a very strong interest in NbS, which targets biodiversity
conservation, natural resource production, and stormwater management,
while those with less than a high school education have a strong
preference for actions that target health, and recreation, and heat island
reduction. Preferences for NbS in urban environments have not been
directly addressed in the existing literature. However, by broadening the
context of the association between education level and environmental
awareness (Bar6 and Gomez-Baggethun, 2017; Kabisch et al,, 2017) it is
worth noting that the higher the education level, the more sensitive people
are to the issue of genetic diversity, which is difficult for others to grasp.

Concentrating on the attitudes of Ouagadougou residents
toward NbS, as well as their concerns and conditions, there is
general support and some set conditions. Indeed, 34% of people
are totally in favor of implementing NbS. This indicated that less
than half of the
implementing these solutions. 63% were in favor but with

respondents were enthusiastic about
significant reservations. This means that the most of residents are
aware of the challenges involved in implementing these solutions
and are keen on ensuring that they meet their expectations. This
underscores the importance of planning and managing actions to
support residents. Indeed, the governance challenges of nature-
based solutions have been addressed in recent research
(Malekpour et al., 2021; Stork et al., 2023). In a study on the
development of NbS for sustainable cities, van der Jagt et al.
(2021) emphasized the need for collaboration and pooling of
efforts among various players. However, nature-based solutions
are vulnerable to co-optation by powerful interests, which limits
their contributions to a wide range of sustainability goals. As
mentioned by Seddon et al. (2020), the effective management of
stormwater drainage in watersheds wusing nature-based
approaches requires joint decision making between different
local, regional, or even national governments and between several
ministries. The same applies to the city of Ouagadougou.
Integrating residents’ perceptions of their demographic and
socioeconomic characteristics into the design and implementation

of nature-based solutions is an essential condition to consider in
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this approach. Brokking et al. (2021) recommended participatory
approaches in the planning process to improve NbS acceptance.
In addition, Alves Carvalho Nascimento (2021) stressed that
community involvement would ensure that actions were aligned
with local needs and values.

Concerns about the negative impacts could be explained by
previous experiences or a lack of awareness of NbS and its potential
benefits. Furthermore, the differentiation of opinions according to
residential distance from green spaces may be explained by the fact
that those who live closer are receptive to NbS, depending on their
own experience of urban nature.

Furthermore, respondents’ priorities showed an orientation
toward tangible, immediate benefits such as jobs and social interaction,
rather than technical aspects. These results indicate that clear
communication on both the immediate and long-term benefits of NbS
and ensuring that technical aspects are considered in the planning and
implementation of actions are essential to the success of NbS policies.

5 Limitation of the research and
pathways for implementing
sustainable nature-based solutions in
Ouagadougou

The process of planning and implementing nature-based solutions
for sustainable urban development in Ouagadougou must promote the
integration of multiple perceptions, residents” experiences, and the
identified challenges. Socially, the approach should be based on a
participatory and integrated approach to address local concerns and
increase acceptance of actions, with an emphasis on immediate benefits,
such as (green) employment and social interactions. In addition, the
authors suggest clear and insistent communication on long term benefits,
as residents often tend to have aspirations they want to see in the
immediate or short term. On the technical side, as the respondents
mentioned, the quality maintenance and management of the spaces
concerned must be at the heart of all operationalization strategies to
alleviate hygiene and safety problems. However, the authors regret the
incomplete data on average monthly income, which does not allow for a
proper analysis of potential links with residents’ level of perception, how
it may influence experiences of nature, or an assessment of the possibilities
for contributing to the financing of the implementation of these nature-
based solutions in the city of Ouagadougou.

6 Conclusion

This research aimed to explore the influence of socio-demographic
factors on urban nature to identify their implication on nature-based
solutions in the city of Ouagadougou through a mixed methodological
approach (quantitative and qualitative). The main results show that
perceptions and experiences of nature vary considerably according to
respondents’ socio-demographic profiles and proximity to green
spaces. Interactions have both notable benefits and limitations. Unlike
the results of similar research, residential proximity to green spaces is
not always a factor in positive perceptions and experiences of urban
nature. In Ouagadougou, people living close to green spaces have
negative perceptions and experiences. Hygiene and sanitation issues,
disease risks, insecurity and urban crime were all highlighted. This
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implies risks to be considered when developing nature-based solutions
in urban planning.

The research suggests the need for adaptive maintenance and
management, as well as participatory planning to align nature-based
solutions with residents” expectations, with a focus on immediate and
tangible benefits. This study makes a significant contribution to
understanding local perceptions and conditions that need to
be integrated into sustainable and resilient green city planning. It also
provides recommendations to planners, urban designers and urban
development actors for the implementation of nature-based solutions.
In addition, the authors encourage an integrative approach to the
perceptions and experiences of residents in the process of sustainable
transformation of Ouagadougou, while enriching the debate on nature-
based solutions in African urban contexts.
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