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Abstract: Over the last two decades, scientific studies have increasingly highlighted the vulnerability
of cities to global changes, especially in sub-Saharan Africa, where climate phenomena and urbaniza-
tion are intensifying. These realities necessitate a reassessment of current urban management models
in order to reaffirm the central role of cities in promoting sustainability. In this context, establishing a
robust scientific foundation for evaluating the transition processes of cities towards sustainability
is essential. This article presents a methodology developed to select and validate indicators, taking
into account local issues and the needs expressed by stakeholders. The research was conducted
using a mixed-methods approach, which included a literature review, consultations with populations
from five study districts, analysis of the indicator needs of development stakeholders, adoption of
two methods, and validation of the indicators by a group of experts. The outcome of this research is a
set of 20 indicators organized into five dimensions: environmental, social, economic, built environ-
ment, and cultural. The analysis of the proportional distribution of these indicators across dimensions
reveals a notable predominance of the social dimension, which accounts for 35% of the indicators,
including key indicators such as access to potable water, electricity, education, and healthcare services,
inter alia. The environmental and built environment dimensions each comprise 20% of the indicators,
encompassing indicators such as the preservation of natural resources, waste management, land
use management, and flood management, among others. The economic and cultural dimensions
represent 15% and 10% of the selected indicators, respectively. These data indicate that achieving
sustainable urban development within the context of this study requires a focused effort on enhancing
the performance of these indicators, with substantial efforts needed in the social domain. It is of
paramount importance to incorporate these indicators into the decision-making processes related to
urban development planning in Moundou and other cities in the region, as they provide valuable
scientific insights crucial to the pursuit of sustainability.

Keywords: stakeholders’ participation and inclusion; urban sustainability assessment; mixed
methodology approach; optimal indicators; sustainable development goals; sub-Saharan Africa

1. Introduction

Cities are currently experiencing an intensification of extreme climatic phenomena [1,2]
and increasingly rapid urbanization [3], currently estimated at a global rate of 56% with
a projection of 68.4% by 2050 [4]. Although urbanization offers significant potential for
economic and social development in cities, it also presents major challenges, including
biodiversity loss, air and water pollution, housing crises, and growing inequalities in
access to basic social services and employment [5,6]. These emerging urban paradoxes
and contradictions necessitate a revision of existing urban management models [7,8], in
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order to reposition cities as true hubs for promoting sustainability [9,10]. In this context,
establishing a robust scientific foundation for evaluating the effectiveness of urban devel-
opment programs in sub-Saharan African cities, particularly concerning their transition
towards sustainability, is essential. This need is even more pressing given the varying urban
challenges and development priorities across different regions [11]. In many Northern
countries, the focus is on the “sustainable” aspect of the concept of sustainable develop-
ment, with particular emphasis on environmental sustainability [12]. In contrast, countries
in the Global South emphasize the “development” aspect, as in these cities, many basic
human needs remain unmet [5,13,14].

In addition to acknowledging that—which we will delve into further in Section 2.3—
if the development initiatives undertaken at the neighborhood scale in a city are based
on visions and principles that align with sustainable development goals, the resulting
city will also be sustainable [12,15,16], many researchers have underscored the significant
role of indicators in cities” transition towards sustainability. Firstly, indicators enable the
representation and communication of urban areas’ characteristics in a straightforward
and organized manner [17]. In other words, they help to concretize and clarify the con-
cept of urban sustainability. For instance, the idea of a neighborhood’s sustainability
becomes more comprehensible when there are indicators that clearly define what the con-
cept entails, along with the attributes that must be addressed to make progress towards
sustainability. Secondly, indicators help operationalize the concept of urban sustainability
by translating abstract societal phenomena into quantifiable variables, thus enabling precise
measurements to be made [18]. By doing so, indicators facilitate the assessment of a city’s
sustainability level within a specific context. Thirdly, indicators assist in defining goals
and identifying development needs, thereby guiding public actions and monitoring their
results. From this perspective, the use of indicators enhances decision-making processes
regarding sustainability [19]. For instance, assessments based on indicators enable local
authorities and their technical and financial partners to adjust and improve actions or
practices aimed at steering urban development towards sustainability. Fourthly, indicators
also function as communication and mediation tools, as their development involves the
engagement of various stakeholders, fostering collective learning, which is crucial for their
adoption [20]. Thus, implementing measurement indicators at the neighborhood level
within a city ultimately determines the extent to which the city is progressing towards
sustainable development.

However, it is also acknowledged that, to avoid confusion and ambiguities and to
accurately assess a city’s sustainability level, it is essential for the measurement indicators
to faithfully reflect the specific realities of the local context in which they are used [21-24].
This means that indicators developed and used in a city in the North, based on its own
realities, cannot be automatically transferred and applied in a city in the South, particularly
due to differing contextual realities. Furthermore, each country has its own perception
of urban sustainability [21], and this individual perception impacts the measurement of
sustainability at the local level, highlighting the necessity to align measurement indicators
with local realities. This evidence is illustrated by the diversity and specificity of studies
conducted at the local level in various regions around the world. For instance, in European
Union countries like Germany, Belgium, and Italy, neighborhood sustainability evaluations
within cities rely on indicators measuring the efficiency of public transport and non-
motorized travel modes, the use of renewable energy in housing, and the reduction of
CO, emissions. In contrast, neighborhood sustainability assessment initiatives in the
United States and the United Kingdom tend to focus on indicators assessing aspects of
social sustainability, such as equity, happiness, and values [12]. In emerging countries,
particularly in China, recent research has shown that local sustainability assessments focus
on indicators measuring political aspects such as peace, the performance of justice and
institutions, access to clean water, clean and affordable energy, technological and industrial
innovation, and the responsible production and consumption of resources [25]. These
examples, though not exhaustive, illustrate the diverse perspectives on urban sustainability
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assessment. According to several researchers working on urban sustainability issues,
these differences in indicator usage stem from variations in development priorities, needs,
cultural values, pollution responsibilities, and, above all, each city’s capacity to achieve its
sustainability goals [5,17,24].

It is therefore evident that the selection of indicators for assessing sustainability at
the local level is closely tied to the political development vision of local authorities, in
alignment with the national strategies of each country, as suggested by the United Nations
Agenda 21 in 1992. This implies that, to effectively assess urban sustainability in a given
context, it is crucial to consider the specificity of local issues. However, while existing
literature clearly demonstrates significant advancements in urban sustainability assessment
in Northern countries, the situation is vastly different in the context of sub-Saharan Africa.
This is particularly true, as studies establishing clear indicators to assess the sustainability
in a holistic manner of cities in this region are lacking [26]. For instance, Momoh et al.
(2022) developed the Sustainable Composite Cities Environmental Evaluation and Design
(SUCCEED-ND) tool to assess sustainability within the Nigerian context. However, the
study did not specify the scale at which this composite tool can be applied, nor did it
identify the measurement variables to be used [27]. Similarly, Kapatsa et al. (2023) identi-
fied indicators to evaluate the sustainability of road infrastructure in Tanzania. While this
approach is relevant, it is limited in establishing an overall level of urban sustainability [28].
Furthermore, Thuah and Eaton (2014) identified the principles of functionality and sustain-
ability factors for public housing in Nigeria. Nonetheless, they did not clearly define the
performance measurement indicators [29]. This deficiency represents a significant barrier
to effectively implementing sustainability initiatives, as it hinders the accurate assessment
of progress towards sustainability in sub-Saharan cities, given their unique challenges and
issues [28]. Therefore, there is a pressing need to identify indicators that are suitable for
sub-Saharan cities, particularly in light of their increasing vulnerability to contemporary
challenges. Indeed, the 2023 report from the Intergovernmental Panel on Climate Change
underscores Africa’s status as one of the world’s lowest CO,-emitting regions [30], yet
it remains exceptionally susceptible to climate change. This vulnerability is marked by
two primary consequences: (1) the exacerbation of extreme phenomena such as floods,
landslides, and rising temperatures; and (2) the expansion of drought, which severely
impacts rural areas surrounding cities. This situation further drives urbanization in these
cities, which often lack adequate infrastructure to support all residents, particularly in
terms of urban services, employment, and housing [31,32]. According to United Nations
projections, Africa’s urban population is expected to reach 824 million by 2030, with a
potential increase to 1489 million by 2050, predominantly concentrated in sub-Saharan
Africa [4]. This rapid urbanization is poised to present significant challenges in providing
essential social services, adapting to climate change, and preserving urban biodiversity.
Consequently, promoting urban sustainability has become a paramount concern for local
authorities [33]. This underscores the importance of identifying suitable indicators for
measuring sustainability in this region. Therefore, the process of selecting indicators to
evaluate sustainable urban development programs in these cities must take into account
local dynamics and realities, as well as the priority development needs of local stakeholders.

In the aftermath of United Nations Agenda 21, governments of 193 countries, including
Chad, unanimously adopted 17 Sustainable Development Goals (SDGs) in 2015, including
SDG 11, which aims to “make cities and human settlements inclusive, safe, resilient,
and sustainable” [34]. This commitment highlights the significant importance that the
Chadian government places on urban development issues, as demonstrated by its active
participation in international forums, most recently in New York from 19-20 September
2023, to explore innovative approaches for sustainable management of its territory. In
pursuit of these goals, the Chadian government is steadfast in its pledge to achieve all
17 SDGs by 2030. In alignment with both the United Nations SDGs and the African
Union’s Agenda 2060, Chad has drawn up its National Development Plan (NDP) for
the period 2017-2021, extended until December 2023, with a new version for 2024-2028
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currently being adopted by the National Assembly. In the realm of sustainable urban
development, the NDP has delineated multi-sectoral objectives to be achieved at the city
level. Within this framework, conducting studies to delve into the sustainability of these
cities is indispensable. In this respect, recent studies have thus arisen to enhance the
understanding of urban sustainability in Chad. However, it is noteworthy that previous
studies have predominantly concentrated on studying the impacts of climate change on the
health of citizens [2,35], on strategies for integrating climate change into urban development
policies [36], on analyzing new means of transport emerging in Chad’s urban mobility
system [37], or on studying the state of urban infrastructure [38], to the detriment of
indicators assessing the level of sustainability of these cities in a holistic manner. Moreover,
the bulk of prior studies have centered on the capital city, N'Djaména, while secondary
towns have been spared.

Consequently, this study seeks to address this scientific gap by exploring methods for
evaluating sustainability at the local level. It aims to answer the following questions: What
are the local issues influencing urban dynamics? What are the primary urban sustainability
objectives established in relation to these issues? What are the optimal indicators for
assessing the sustainability of Moundou, considering its local specificities? The objectives
of this research are as follows:

»  Toidentify the priority issues specific to the local context;

» To co-define, in collaboration with stakeholders, the priority urban sustainability
objectives;

»  To select and validate the optimal indicators.

The selected indicators will serve as reference tools for assessing the sustainability of
Moundou. Moreover, this study also aims to potentially serve as a blueprint for evaluating
sustainability in other Chadian cities and, more broadly, across sub-Saharan Africa. Indeed,
like cities in Chad, most urban centers in sub-Saharan Africa face similar challenges and
issues, including: (i) rapid urbanization, characterized by the world’s highest growth
rate [3,31]; (ii) significant challenges in urban spatial management [39]; and (iii) common
challenges concerning access to essential urban services [32,40,41].

2. Literature Review
2.1. Urban Sustainability and Its Key Dimensions

The term urban sustainability, also known as sustainable urban development in aca-
demic discourse, refers to the urban aspect of the concept of “sustainable development,” ini-
tially proposed by the Brundtland Commission in 1987 and later formalized by the United
Nations in Rio de Janeiro in 1992 [42,43]. At ts core, this concept advocates for the adoption
of responsible production and consumption practices within cities. The aim is to meet the
needs of urban populations at all levels while preserving environmental parameters. This
approach is viewed as crucial, as it not only contributes to securing a sustainable future for
present and future generations but also to conserving natural resources in urban areas and,
by extension, those of the planet for as long as possible [34,43,44]. According to Ward and
Smith (2015), the concept of urban sustainability draws its foundations from the principles
and objectives developed in 1990 by the United Nations Development Programme (UNDP)
to promote sustainable management of informal human settlements [45]. Recently, with
emerging scientific findings attributing a significant portion of global pollution to cities and
suggesting that their increasing urbanization is inevitable [1,31], coupled with the findings
that cities represent a crucial territorial level for reversing current trends [46,47], the con-
cept of urban sustainability has gained unprecedented prominence across socio-political
arenas. It remains, today, a primary concern for governments, international organizations,
and scientists alike [9,48], even though, recently, in the literature its scope is sometimes
questioned, due primarily to its confusion with other concepts sharing similar ideas such
as urban resilience and adaptation [8].

Research on urban sustainability assessment is increasingly capturing scholarly at-
tention. However, while researchers unanimously acknowledge the importance of urban



Sustainability 2024, 16, 8372

It remains, today, a primary concern for governments, international organizations, and
scientists alike [9,48], even though, recently, in the literature its scope is sometimes
questioned, due primarily to its confusion with other concepts sharing similar ideas such
as urban resilience and adaptation [8].

Research on urban sustainability assessment is increasingly capturing schol%r%y

attention. However, while researchers unanimously acknowledge the 1mp0rtance of
rban sustainability in ensur er global sustaipability, there are d ergences
u slt1a11g71 rgalélé_ {O 51 tﬂ 1137 ivi

sustaina in en Fr]ln(% .su tama 1 1t 1ver enc Ii:e 1n§
egardin .essenfi mension r10r1 1zeb1f1 taina Sses a 1
ty ass smen at ree

eIs ? 1m n 10 r1o 1tize In s a
eve e 1es aditiona ocus r11 1na men lon%]o
most st ave ra tlona ocuse e orl ma t re en 10 0 S iama e
gust 1na eve o men a? vironmenta econ soc1a

aso em

lfa e eny; fggflmen 1 e Crl 1 ueS tlonl
environ mension d]e i € Critl ue bnln g u—E (flg 1'1 gn\%ﬁ}l
Igerﬁaegk R ng% Slseo‘a%sé’l;ﬁ? e Bkl
1vVersi T e

erspectives a ctlons rom ot r researc er es
eactions om rresearc ers who View aches as art1a1 an

RR aaenetslﬁspporﬁsh ¢.dnss , RISTEIR RIBROHD s%aqgneﬁfle}&n&e WrBAn fRiinant o%tai
A Y e QBN BIE ?shsla%a&efome&ﬁﬁa%%ﬁega&&%ﬁﬁ% ¢ e phnal
SRR IPs QR dpstanse rathelats, wRye muﬁ%ﬁﬁ?ﬁ&?& #Q ﬁﬂsa%gmtgmgfh% iyl
deshurplpedcalserairab i Arsuaiistuoverlooked, inurhan, suslainabiily, aseessment
ity ESi; gtie)%ﬁze%ﬂ%fﬁﬁaﬁi&%ﬁn%mamustmamm@z She SHlALly other

S fd-that urban governance and culture are indispensable dimensions to

——————— e o~ B e

cops1der in urban sustainability approaches [59 60].

Although recent Giigies Al advacade for additiona gimensions in
wibaR SusRability Assessment and dge the incompletensss of ks itgrature
RIS, ittits Anpatant thatehisrig £ canemsivy an the uiveeal dimensions of wban
ststamabiiy kamans Qe This sbservation alighs with Braulio-Gonzale &t al.’s (2015)
assatismtibaththsrormen o ebatbastsnstsing bl itlodel wiasalio Ssch towrashy spBRtAp
Belbacrgsienifabi daiaripadayeleprtestiapdy chebaglen theeypdugtionabisHs taimalivisy
anitiatives! asvbie JogaTheveldRd lihEhiiiptarsiotheddimenbisaideamed ertivastaia dbitien
stistaindlutityhef jsolittldct hefoplitieat geisliton et pdieiitiesl dondinidudhcodaities. to
ddétinsiph thadeeititeghtisréhenlifterstors and diseasignafietheissignifleatitistert etlyd diatitad
ekpletaitiabilifysisstaanablitied sstidrnnd eitids pinthivudeyRlo itk Thuretices, [Repatdtenchord,
atsepldraigadethedpleringese thodsitmbiliepsatutiteitubil ilyvet the labohy) levelinStdidyaim
Aftie3almodipdrfimcenist ohpertanoeyrgiverptivishe, sgisteim dbalitshe fsihsisdrratidstis pft¢heat
aiidefuisd imbegytal tnat Hievdiagneobd] knstainabitigy $ibel bilseabtiab lisp 26} shiainthler
dspebdpot enistailr s detes toyhitidyt uoben pestediabd] ity chelengiogréovadfasecHaldetogling
itvtidedieendtierto ahelthancays eatarkldH lixPdn Syeteetlsdlé861i623itNonetheless, in simple
land contextually relevant terms for the Chadian context, we consider urban sustainability
as tihpipgordugildatevelvpient thituiieets peoptasnedds wiidst ayenglo’g ureciepialilet
secidion emuicespritadoanpastentidn nden Bé paeped it [Hres dehietedriecpigafatbeie
etedpabdityuirbbhis stieehyreitinpassethiiy eskedydimeusigpssenvroamestall aenoMe:

fenvironmental, economic, social, built environment, and cultural.

e, c nce [o) ociltlczﬂ~l A ng O as ct illeEl ell}asshz 1es
Iiﬂgam %Ffl? fa econo 1C as e fgf 82]0 Ip stual S aV soe

Higue 1. Dimensions of wihamn sustaimahily im the stiudly corttett. (Sounge: authons, 2024).

Urban sustainability should be understood as a dynamic, constantly evolving concept
rather than the attainment of an idealized and static city [64]. The notion of “process”
is at the core of this concept, dispelling doubts about the temptations to consider urban
sustainability as a static concept, where goals must be formulated and necessary means
implemented in the hope of achieving a certain level of idealism in a city. Some researchers
describe urban sustainability as the ability of an urban system to function continuously



Sustainability 2024, 16, 8372

6 of 37

in all its dimensions without necessarily maintaining a stable or static equilibrium [6,15].
This process is intrinsically linked to the spatial evolution of the city over time, as well
as the various elements that constitute urban space [15,16,65]. Thus, urban sustainability
can be conceptualized as a long-term planning process based on principles that aim to
reconcile urban development, environmental preservation, local identity, and social equity,
particularly in terms of income, employment, and access to basic social services for local
populations [66]. Achieving these goals necessitates continuous improvements in the
built environment [15], infrastructure, and basic social services, which positively impact
populations and the environment and lay the foundation for cities’ transition toward
sustainability [16,67]. This transition also requires the active participation of local people
and businesses [58,68,69], as well as a change in attitudes at all levels, including national,
local, and individual [70].

2.2. Sustainability Indicators

The need to identify and quantify the characteristics of urban areas to understand
and implement effective actions for their sustainability has been emphasized by numerous
researchers. For instance, evaluation experts like Bell and Morse (2008) asserted in their
book “Sustainability Indicators: Measuring the Unmeasurable” that initiating bold actions
to identify and quantify urban sustainability attributes will facilitate its implementation [71].
Similarly, the imperative to operationalize the concept of urban sustainability has been
recognized by other scholars. Leach et al. (2016) proposed a methodology to quantify
the implementation of urban sustainability [72], while Meijering et al. (2018) identified
key components necessary for operationalizing the concept [73]. Other researchers have
developed a multidimensional guiding approach for this purpose [74]. While these efforts,
seemingly complementary, underscore the importance of identifying and quantifying urban
areas’ characteristics to facilitate their transition to sustainability by highlighting the paths
to follow and the attributes to act upon, it is evident that indicators play a significant role
in this regard. In this respect, several authors have emphasized the crucial importance of
developing and using indicators that accurately reflect the realities and specificities of each
local context. These indicators are essential for effectively evaluating urban development
programs in line with pre-established objectives and for contributing to informed decision-
making at various levels [21,22,24,60,75].

The literature on sustainability presents a variety of definitions for the term “indicator,”
reflecting either complementary or competing perspectives depending on the discipline,
whether from ecologists, geographers, environmentalists, or others. Despite these differ-
ences, there is a relative convergence on the core concept, summarized as follows: An
indicator is “a quantity that provides information about a variable that is more difficult to
access or a more complex system, in order to help a user in his action (decision-making,
construction of an action programme, modelling, etc.)” [76]. An indicator can be either
a “quantitative” or “qualitative” variable, providing precise information on the state of a
phenomenon [77]. This suggests that, in practice, an indicator does not aim to represent
all the factors responsible for the occurrence or modification of a phenomenon. Instead,
it selects specific and relevant information to represent a reality [18], facilitating the mea-
surement of the state of a phenomenon or system within a particular context [51]. While
indicators simplify the understanding of complex phenomena by translating urban trends
through variables, it is well established that their selection process requires a thorough
understanding of the phenomena inherent to the city and precise knowledge of the context
in which they will be used [24].

Over the last two decades, numerous indicators have been developed and employed
in various contexts worldwide to assess sustainability at the local level. Without claiming to
be exhaustive, we can mention examples such as those developed by [21,78-82]. Similarly,
several composite indices have been developed in this context, as noted by [83]. Criti-
cally, however, authors analyzing these indicators have highlighted several key findings:
(1) Many indicators are not used due to a lack of consensus on the adopted methodology
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and the optimal number of indicators to employ [80]; (2) indicators must be flexible enough
to adapt to the specific contexts of local communities in developing countries [84]; (3) the
indicator development process must align more closely with local realities [85]; and (4) the
use of indicators from the literature to assess the sustainability of certain cities often fails to
reflect local realities or the diversity of underlying issues [24].

Another evident finding from the literature review on indicators is that the majority of
these studies have been conducted in developed countries, with limited attention paid to
emerging countries [21,80,86]. Conversely, research focusing on indicators for assessing
urban sustainability in developing countries is scarce [26]. This observation underscores the
importance of the current research, which aims to select indicators for evaluating the urban
sustainability of the city of Moundou and, more broadly, cities in sub-Saharan Africa, while
considering local realities. This initiative will contribute to expanding existing knowledge
on urban sustainability evaluation in Africa, building on efforts already initiated by African
researchers. Beyond the examples mentioned in the introduction, such as [27-29], it is perti-
nent to highlight the work of other African scholars. For instance, Cloete (2015) developed
a list of 80 indicators, divided into four dimensions (social, economic, environmental, and
institutional), to serve as a reference for assessing progress towards sustainability in the
South African context [87]. Sehili et al. (2015) applied the “HQDIL” method (Heritage-
Quality-Diversity-Integration-Social link) using the INDI model (Indicators Impacts) and
an indicator system to assess the sustainability of the Historic Centre of Mansourah K’bira
in Algeria [88]. Hadji (2012) proposed a method for evaluating the quality of public spaces
(QUEP) in a development project in Algeria, defining criteria representative of the quality
of public spaces [89].

2.3. Indicators Selection Framework

The discourse on cities’ transition processes towards sustainability is taking a new
turning point, marked by the recognition of neighborhoods as the most appropriate scale of
spatial organization for implementing measures to assess a city’s sustainability in line with
pre-established objectives [15,65,90]. According to Kallus and Law-yone, the neighborhood
is a component of the city, with precise physical boundaries; it is “a place defined by the
identity of the people inhabiting it. This identity stems from the relationships among people
in the context of their living environment. In this light, the neighborhood is seen as a step in
a continuum of social order, based upon the content and the strength of human bonds. This
social order originates with the nuclear family, continues through the neighborhood, and
ends with the city and the society as a whole” [91]. Thus, the existence and development
of a neighborhood are governed by relationships between people. This relational factor is
crucial for easily establishing the responsibilities of different stakeholders, controlling the
most appropriate actions, and readily considering the interdependencies between actors
and between actors and their environment, particularly in the context of sustainability [92].

The connection between the concept of sustainability and the neighborhood lies in the
neighborhood’s capacity to support ongoing social transformations and sustain residents’
lives without degrading itself or harming the environment over time [44,90]. Therefore, the
neighborhood must exhibit a certain level of flexibility, allowing different communities to
coexist harmoniously and gradually introduce essential amenities and services throughout
its lifecycle [16,92]. In terms of measurement, the neighborhood possesses specific character-
istics (attributes) from which the most relevant and representative ones should be identified,
enabling measurement and providing insights into its developmental trends [88,93]. From
this perspective, for a city to progress towards sustainability, it is crucial that its constituent
neighborhoods themselves are sustainable [94]. Following this principle, if neighborhood
development initiatives align with sustainability goals in terms of visions, principles, and
indicators, the resulting city will inherently be sustainable [12,15,16,21]. Figure 2 below
depicts the framework of the indicator selection.
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3. Materials and Methods
3.1. Study Site
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social contexts based on these density variations; (3) having up-to-date demographics,
infrastructure, and services data from reliable sources; (4) being located in diverse boroughs,
thereby encompassing a range of practices in how residents engage with sustainability
initiatives. Following this meticulous filtering process, we selected the following five
neighborhoods: Dombao, Djarabé 1, Doumbeur 2, Gueldjem 2, and Guelbé, as depicted
in Figure 3. This figure was generated using ArcGIS software version 10.4, by leveraging
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3.2. Data Collection Methods

To select indicators that reflect local issues and prioritize development objectives
defined by local authorities, we employed a transparent and rigorous methodological
approach structured in two main phases. The first phase (Stage 1) focused on qualitative
aspects, emphasizing stakeholder participation and imclusion. This inclusive approach
allowed us to gyettrerrdiieesseppesppetitive sad ditihatetyl v efefosustestaib bty fysisssiendme:
vésdeeobjettjectiwougdenhitetbcil réatidlescblitisscofideplsesendnqenisetecomaentaateth tive
gspatitativg keyieg sharepdistingt et ddstifigtamelywidg, i keladydeng’ stedadh bdd énsliorkeds
(Oteigel 2atonssSeagn) ptiiitied tisg ahind icalttiss (Sliagh HromdSiagea)idatn@ithetigtitivg
thdisptinsa(Stagicd)ots ¢Stegré bplBiv oy tskde & sohevidéic repliesantid i cdsdretdeionss gles
fovelsiegdn theslptianal ithdicysensel cietitivapsocrdectidloyrstbys A fditoiled dsserigtiailat
dachripgsn of each stage.

Stage 1. Review and prioritization of urban sustainability issues and objectives

the &ty of Msun 3058

oug

The first stage of our work unfolded in two phases: the analysis of existing documen-
tation and the conduct of focus groups with stakeholders in selected neighborhoods. The
initial phase involved a thorough analysis of planning documents and strategies developed
for the city’s development. This provided insights into the developmental dynamics within
the neighborhoods and the broader context of Moundou, particularly given the limited
scientific literature on Moundou’s urban sustainability. The second phase encompassed
22 focus groups, involving representatives from neighborhood development associations,
youth groups, women's cooperatives, neighborhood leaders, economic operators, and local
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NGOs. To ensure the legitimacy of the discussions, we deemed it necessary for the selection
of participants to be voluntary from identified organizations and associations. However,
we facilitated this participation by structuring the discussion phases and redirecting the de-
bates. The discussions were centered around four key points: (1) challenges and difficulties
related to neighborhood development; (2) significant observed changes; (3) expectations
and requirements for essential social services; and (4) commitment to sustainability. The
aim of this phase was not to confront the views and aspirations of residents with the
objectives set by the local authorities but simply to identify emerging issues and needs
in light of global trends and usage patterns, with the aim of finding ways of taking them
into account. The overarching outcomes from these two phases were presented to the
Actions Committee (AC), subsequently reviewed, and deliberated upon with its members.
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second phase encompassed 22 focus groups, involving representatives from
neighborhood development associations, youth groups, women’s cooperatives,
neighborhood leaders, economic operators, and local NGOs. To ensure the legitimacy of
the discussions, we deemed it necessary for the selection of participants to be voluntary
from identified organizations and associations. However, we facilitated this participation

Wy ctriictiirinoe the diccticcion vhacoe arnd redirectinoe the Aobhatee The dicriicecinng SA7oro



Sustainability 2024, 16, 8372

11 of 37

development associations and local NGOs engaged in Moundou'’s development programs
and strategies. This selection was strategic because the AC members are not only well-
equipped and informed but also possess a detailed understanding of the ins and outs of this
study, and are therefore able to provide precise answers, even to highly technical questions,
which is fundamental to the selection of relevant indicators.

Stage 3. Selection of optimal indicators

In Stage 3, we employed two primary methods to guide the process of selecting indi-
cators based on the needs expressed by the actors in Stage 2. The first method involved
the indicator evaluation criteria proposed by Gudmundsson et al. (2010) [97], which are
commonly used by scientists to guide the evaluation of urban sustainability indicators.
This method involves assessing indicators according to ten criteria, including three rep-
resentativeness criteria (validity, reproducibility, sensitivity), three operational criteria
(measurability, data availability, ethics), and four decision-support criteria (transparency,
interpretability, alignment with objectives, and relevance to decision-making). Indeed, the
issue of defining evaluation criteria for indicators is often a point of contention among
stakeholders, as it necessitates reaching a consensus on each criterion among stakeholders
with divergent, or even opposing, perceptions of urban phenomena. Given the time con-
straints of our study, along with resource and practical limitations, we deemed it necessary
to adopt the established evaluation criteria for indicators that are frequently utilized by
researchers.

Secondly, we employed the indicator selection method proposed by Munier (2012).
At this stage, based on the preliminary data from step 2, we first analyzed the impacts
and effects of the indicators and then determined the composite weight of each indicator,
considering a cut-off level equal to 4. In other words, only indicators that establish at
least four serial links with other indicators were considered. Indeed, according to Munier,
“is not enough to consider each indicator isolated, because most certainly one impacts
on otherls, which in turn impact on another’s” [17]. Table 1 below presents the list of
initial indicators, along with their effects. The figures representing primary, secondary, and
tertiary effects denote the numbers of serial links each indicator has with other indicators,
while the figures in the final column represent the sum of these effects, indicating their
overall weight.

Table 1. List of initial indicators and their effects.

Dimensions

Indicators Primary Secondary Tertiary Cumulative

Effects Effects Effects Effects
Preservation of natural resources 2 4 2 8
Involvement in environmental management 4 1 5
Environmental impact assessment 3 3 4 10
Environmental education 2 1 1 4
Reduction of CO, emissions 2 2 1 5
Environmental Solid waste management 3 2 3 8
Air quality 3 3 2 8
Waste recycling 3 2 2 7
Noise polluant 1 3 1 5
Urban vegetation density 5 3 2 10
Reuse of demolition waste 2 2 1 5




Sustainability 2024, 16, 8372

12 of 37

Table 1. Cont.

Dimensions

Indicators

Primary
Effects

Secondary
Effects

Tertiary
Effects

Cumulative
Effects

Social

Population density

2

2

1

5

Access to drinking water

Inclusive conception

Diversity and social cohesion

Access to electricity

Land tenure security

Access to individual sanitation system

Access to amenities in public spaces

Natural gas utilisation

Access to health services

Access to education

Security

Citizenship participation

Economic

Raw local product

Entrepreneurship dynamics

Employment

GO ||| I | NN OOl ||+

Local production

External aid

Construction materials prices

Housing cost

Built
Environment

Neighborhood attractiveness

Use of local materials

Management of construction-related pollution

Quality of construction materials

Rational land use

Mixed land use

Density of the urban fabric

Outdoor spaces

Spatial occupation

Flood management

Rainwater harvesting and reuse

Use of the neighbourhood’s natural potential

urban aesthetics

Accessibility and mobility

Road safety

Cultural

Access to cultural spaces

Local tourism
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Use of facilities located within the
neighbourhood

Valorization of intangible cultural heritage

Conservation of cultural heritage

(Source: authors, 2024).
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Next, based on data in Table 1, we constructed the confrontation matrix, taking
into account local issues and sustainability objectives defined with stakeholders, the five
dimensions of sustainability adapted to the context of this study (Figure 1), and the general
criteria for evaluating indicators proposed by Gudmundsson et al. (2010). [97] Subsequently,
we used Excel’s Solver software (Simplex Algorithm), version 2304, for the selection of
indicators and calculated:

(1) The objective function, allowing for the selection of optimal indicators that adhere to
all constraints, by applying the following formula:

Objective function : (Z) 2;‘:1 Wij-Xj

with Wj: the composite weight for each indicator and Xj: the unknown indicators to
be selected.
(2) The coefficients of the indicators using entropy, with the following formula:

Entropy : (S) = —%2 xj In(xj)

with xj: probability of occurrence; In: natural logarithm of the probability of occur-
rence; and N: number of indicators.

Table 2 below displays the selection constraints, particularly the multicriteria thresh-
olds defined in the selection matrix. This rigorous process not only delineates the param-
eters of analysis but also optimizes iterative solutions by considering these constraints.
The results generated by the Solver (result from computing) illustrate calculated values
that strictly adhere to the predefined thresholds, thereby demonstrating the robustness
and precision of the outcome. Moreover, the results proposed by the Solver ensure that
the selected indicators are not only mathematically optimized but also meet practical and
applicable requirements within this study context.

Table 2. Selection constraints and result from computing.

Result from

Sustainable Targets Computing Action Thresholds
Environmental quality 5 > 2
Natural resources’ conservation > 1
Reduction of poverty 3 > 2
Intra-generational equity 1 > 1
Intragenerational equity 2 > 1
Economic use of natural resources 1 > 1
Adaptation to climate change 2 > 1
Long-term local economic development 1 > 1
Total number indicator for sustainable targets 23 = 20
Urban sustainability dimensions

Environmental 3 > 1
Social 1 > 1
Economic 1 > 1
Built environment 2 > 1
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Table 2. Cont.

Result from

Sustainable Targets Computing Action Thresholds
Cultural 4 > 1
Tgtal ngmber indicators for urban sustainability 1 _ 8
dimensions

Selection framework

Pression 1 > 1
Condition 1 > 1
Response 2 > 1
Total number indicators for selection framework 3 = 3

Total of selected indicators 31 = 31
(Source: authors, 2024).

Table 3 below presents the excerpt from the results derived from the confrontation
matrix, detailing the data on the 31 selected indicators. The various components of the
matrix are displayed in the top row, with the indicators listed in the first column. The rows,
numbered from 1 to 31, correspond to each indicator and its associated data. The figures in
the second column represent the links between different indicators, while the third column
provides the normalized values of these links, based on data from the second column.
The third column also indicates the weight of each indicator, derived from summing
their primary, secondary, and tertiary effects, followed by their normalized values in the
subsequent column. Column 6 presents the composite weight values of the indicators,
which range from a minimum of 4 to a maximum of 11. This composite weight is calculated
by adding the normalized value of the links (from column 3) and the normalized value
of the weight (from column 5). The last column contains the entropy values. Finally, the
values in the last column are determined by multiplying each composite weight by the
total sum of the entropy values.

The data presented in Table 3 clearly illustrate the degree of concordance of the
selected indicators with the specified constraints. The data reveal that all selected indicators
possess a weight of 4 or greater (column 4), thereby fulfilling the required minimum weight
constraint. Additionally, each indicator meets the composite weight constraint, with values
equal to or exceeding 0.04 (column 6). These results underscore the rigor and precision of
the selection method employed. Moreover, the calculated entropy values, ranging from
—16 to —23, indicate a high level of information content within the chosen indicators, as
lower entropy values reflect a greater amount of information [98]. This demonstrates robust
linkages between the selected indicators and sustainability objectives. In essence, these
indicators are not only statistically significant but also pertinent to achieving the established
objectives.

Stage 4. Validation

At Stage 4, the indicators were validated using the content validation method devel-
oped by Ayre and Scally (2014) [99]. This method is widely employed in contemporary
research to validate new data collection tools such as questionnaires, semi-structured
interview guides, or indicators. Its reliability and relevance stem from its coherent and
highly rigorous mathematical framework. Regarding the indicators, this method entails
submitting a list of previously selected indicators to a critical assessment by a panel of
experts, who must evaluate each indicator by categorizing it as “essential,” “useful but
not essential,” or “not necessary.” Overall, Ayre and Scally’s (2014) validation method
requires the participation of between five (5) and forty (40) experts. In our case, the number
of selected evaluators is ten, all of whom are recognized experts in the field of urban
development and sustainability in Chad and the sub-region.
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Table 3. Details of the data on the selected indicators, excerpt from the confrontation matrix.
. . . Composite
Selected Indicators 11;113112321; I&éﬁaﬂi‘ s-IVYIf)ilgdl;tr s s-IWIf)II%};trS ‘(/:V(:il;%(t’splg Eng? Py We>i<ght

Norm. Norm. Indicator Indicators Sj)
1. Preservation of natural resources 4 0.03 8 0.04 0.07 —18 0.008
2. Environmental impact assessment 4 0.03 10 0.05 0.08 -20 0.009
3. Reduction of CO, emissions 7 0.05 5 0.02 0.08 —-20 0.009
4. Solid waste management 3 0.02 8 0.04 0.06 -19 0.007
5. Involvement in environmental management 6 0.05 5 0.02 0.07 —20 0.008
6. Urban vegetation density 4 0.03 10 0.05 0.08 —21 0.09
7. Access to drinking water 3 0.02 6 0.03 0.05 —18 0.006
8. Access to electricity 2 0.02 6 0.03 0.04 =17 0.005
9. Land tenure security 7 0.05 5 0.02 0.08 -21 0.009
10. Access to individual sanitation system 4 0.03 5 0.02 0.05 —18 0.006
11. Access to amenities in public spaces 4 0.03 4 0.02 0.05 -17 0.06
12. Natural gas utilisation 8 0.06 10 0.05 0.11 -23 0.013
13. Access to health services 2 0.02 6 0.03 0.04 -17 0.005
14. Access to education 4 0.03 7 0.03 0.06 -19 0.007
15. Security 5 0.04 7 0.03 0.07 —20 0.008
16. Entrepreneurship dynamics 4 0.03 9 0.04 0.07 -20 0.009
17. Employment 2 0.02 5 0.02 0.04 -17 0.005
18. External aid 3 0.02 8 0.04 0.06 -19 0.007
19. Construction materials prices 4 0.03 7 0.03 0.06 -19 0.007
20. Housing cost 4 0.03 6 0.03 0.06 -19 0.007
21. Use of local materials 5 0.04 9 0.04 0.08 —21 0.009
22. Quality of construction materials 7 0.05 5 0.02 0.08 —21 0.009
23. Rational land use 4 0.03 12 0.06 0.09 -22 0.010
24. Outdoor spaces 6 0.05 7 0.03 0.08 =21 0.009
25. Flood management 5 0.04 9 0.04 0.08 —21 0.009
26. Use of the neighborhood’s natural potential 4 0.03 4 0.02 0.05 —18 0.006
27. Accessibility and mobility 4 0.03 7 0.03 0.06 -19 0.07
28. Road safety 7 0.05 4 0.02 0.07 -19 0.008
29. Access to cultural spaces 2 0.02 6 0.03 0.04 -17 0.005
30. Use of facilities located in the neighborhood 2 0.02 6 0.03 0.04 —16 0.005
31. Conservation of cultural heritage 3 0.02 5 0.02 0.05 -17 0.005

Neighb: neighborhood; S-holders: stakeholders; Norm: normalized; Sj: sum of entropies. (Source: authors, 2024).

Ayre and Scally (2014) established a mathematical formula to define the Content
Validity Ratio (CVR), illustrating the relationship between the number of experts and the
minimum number of essential ratings required. According to Ayre and Scally’s (2014)
criteria, for an indicator to be considered valid within a specific context, at least nine out of
ten experts must categorize it as “essential.” Table 4 below provides a detailed profile of
the various evaluators involved in the validation of these indicators.

Table 4. Categories of evaluators.

. .. . . Sent Sheets
Domains Participant Categories Title (Received)
Educational University Academics 3(3)

Development NGOs Development Project Managers 3(3)
Development Programms

INSEED Section Head of INSEED 1(1)

Spatial planning Delegate 1(1)
Administration

Town Hall Technical service managers 2(2)

(Source: authors, 2024).
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Figure 7. Scores of the indicators within the economic dimension. (Source: authors, 2024).
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of this study. Among these indicators are the reduction of CO2 emissions, outdoor spaces,
and involvement in environmental management, inter alia. Consequently, these eleven
indicators will not be included in the final list.

In the environmental dimension, three indicators obtained perfect scores of 10/10 in
the “essential” category (preservation of natural resources, Environmental Impact
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and involvement in environmental management, inter alia. Consequently, these eleven
indicators will not be included in the final list.

In the environmental dimension, three indicators obtained perfect scores of 10/10
in the “essential” category (preservation of natural resources, Environmental Impact As-
sessment, and solid waste management). One indicator received a score of 9/10 in the
“essential” category (urban vegetation density), while the remaining two obtained scores of
8/10 (reduction of CO, emissions) and 7/10 (involvement in environmental management),
also in the “essential” category.

Regarding the social dimension, six indicators obtained perfect scores of 10/10 in the
“essential” category (access to drinking water, access to electricity, access to amenities in
public spaces, access to health services, access to education, and security). One indicator
achieved a score of 9/10 (access to individual sanitation), while two others received scores
of 8/10 (land tenure security) and 6/10 (natural gas utilization).

Two indicators within the economic dimension achieved perfect scores of 10/10 in the
“essential” category (entrepreneurship dynamics and construction materials prices). One
indicator received a score of 9/10 (employment), while the remaining two obtained scores
of 8/10 (housing cost) and 7/10 (external aid).

In the built environment dimension, three indicators achieved perfect scores of 10/10
in the “essential” category (rational land use, flood management, and accessibility and
mobility). One indicator obtained a score of 9/10 (use of local materials), while two others
obtained scores of 7/10 (quality of construction materials and road safety). Additionally,
two indicators received scores of 5/10 (outdoor spaces) and 6/10 (use of the neighborhood’s
natural potential).

Finally, in the cultural dimension, two indicators achieved perfect scores of 10/10 in
the “essential” category (access to cultural spaces and conservation of cultural heritage).
One indicator received a score of 8/10 (use of facilities located within the neighborhood).

4. Results

The final list comprises 20 indicators, representing 65% of the indicators submitted for
validation. Figure 10 illustrates the proportion of these indicators by dimension. The result
reveals that 35% of these indicators are associated with the social dimension, underscoring
the paramount importance stakeholders place on social issues within the context of urban
sustainability. Environmental and built environment issues rank second at 20%, while
the economic and cultural dimensions, respectively, occupy the penultimate (15%) and
last position (10%). This distribution suggests that the primary obstacles to development
in this context must be addressed by focusing on improving the performance of these
indicators, with significant efforts directed towards the social domain. Stakeholders have
clearly identified social issues as critical for enhancing urban sustainability. Therefore, it
is imperative to concentrate efforts and resources on improving the performance of social
indicators to overcome these obstacles. Furthermore, the selected indicators are divided
into two main categories. Some are distinguished by the uniqueness of their variable and
are considered simple indicators. Others consist of two to three variables and are thus
classified as composite or aggregated indicators (Table 5).

All the indicators selected for the final list (Table 5) are accompanied by justifications
and detailed narrative descriptions, underscoring their importance and alignment with the
Sustainable Development Goals (SDGs). As a result, they are considered scientifically valid
and appropriate for the users’ needs in the specific context of this study. These indicators
address a broad spectrum of local priority issues and are based on data availability, ensuring
they are economical to collect and utilize. However, the application and measurement of
these indicators’ performance are not within the objectives of this study.
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Table 5. Cont.
Dimensions Indicators Variables Unit

15. Use of local materials 15.1. Density of building constructed with Buildings/km?
local materials
16.1. Valorization of vacant plots

16. Rational land use Y%
16.2. Reuse of urban wasteland

Built 17.1. Presence of gutters
. 17. Flood management Y%—strate
Environment 8 17.2. Flood management strategy ’ &

18.1. Development of access roads

18. Accessibility and Mobility 18.2. Access to public transport %—min
18.3. Travel time to workplaces and other
public facilities
19.1. Presence of cultural facilities

19. Access to cultural spaces 19.2. Accessibility of households to cultural min—9%

Cultural facilities
. . 20.1. Strategy of the conservation of cultural % (of cultural heritage in
20. Conservation of cultural heritage FeSOUrCes good condition)

(Source: authors, 2024).

A. Environmental dimension

This dimension focuses on analyzing issues related to biodiversity preservation in
urban areas, particularly as the effects of climate change increasingly impact urban sys-
tems and populations [2,35], and urbanization places considerable pressure on natural
resources. Implementing development actions, including the preservation of natural re-
sources, benefits both the population and the environment, thereby contributing to urban
sustainability [34]. The necessity to preserve natural resources in cities is guided by global
directives. For instance, SDG 15.1 emphasizes the preservation of forests and wetlands
in urban areas, while SDG 11 encourages promoting access to green spaces for all urban
residents. The presence of green spaces in cities is essential for various reasons. Besides
enhancing air purification and ensuring the mental and psychological well-being of the
population, green spaces contribute to water cycle regulation by promoting efficient water
infiltration during the rainy season and maintaining groundwater availability during the
dry season [100]. Furthermore, urban environmental preservation also entails effective
waste management to prevent pollution and reduce its adverse effects on both the pop-
ulation and natural resources [100]. For example, poor plastic waste management can
significantly impede rainwater infiltration, potentially disrupting the water cycle. This
dimension is composed of four indicators.

1.  Preservation of natural resources

In this study, natural resources encompass urban forests, wetlands, and riverbanks
located within or adjacent to neighborhoods. These natural spaces play a crucial role
in regulating urban systems and maintaining ecological balance. This indicator aims to
evaluate the level of compliance with the minimum buffer zones between residential areas
and natural spaces, as defined by current environmental regulations, including measures
taken to prevent their long-term degradation.

2. Environmental impact assessment (EIA)
This indicator aims to ensure that existing or planned commercial facilities, small
industrial processing units, and development projects in neighborhoods do not nega-
tively impact the urban environment. It is based on two variables:

2.1.  Pollutant Management: This variable determines the proportion of facilities
identified by environmental agencies as producers of toxic pollutants that
are equipped with pollutant management systems. Such systems include the
recovery of toxic waste, its temporary storage in secure tanks, and its transfer
to specialized centers for disposal.



Sustainability 2024, 16, 8372

21 of 37

2.2.  EIA compliance report: this variable assesses the consistency of conclusions
drawn from environmental impact studies with the actual implementation of
urban development projects within neighborhoods.

3. Solid waste management
Promoting a healthy urban environment, aimed at reducing the risks of disease and
mitigating air, surface water, and groundwater pollution, necessitates effective urban
waste management, as advocated by SDG 11. This indicator seeks to ensure proper
management of solid waste in urban neighborhoods to achieve this objective. It is
evaluated through two key variables:

3.1  Waste collection strategy: This variable assesses the presence and quality of
infrastructure for managing solid waste within neighborhoods. Key aspects
include the availability of waste pre-collection sites meeting environmental
standards, the provision of bins for selective sorting, and the frequency of
collection and the routes taken by vehicles.

3.2 Access to waste management services: this variable measures the percentage of
households subscribed to waste management services, ensuring regular waste
collection.

4. Urban vegetation density
This indicator evaluates the density of vegetation in urban areas. Trees play a crucial
role in enhancing urban quality, improving population well-being, and contributing
to urban system regulation. Two variables are utilized to assess vegetation density
within this framework:

41. Distribution of public green spaces: This variable evaluates the availability
level and accessibility of public green spaces to urban populations. Accessibil-
ity is measured by the number of households within a 10 to 20 min walking
distance who have utilized these recreational areas at least once in the past
year.

42.  Proportion of vegetated space per capita: Vegetated space encompasses land-
scaped green spaces and other wooded areas within the city. Data on the
surface areas of these spaces are annually collected and updated by Green
Space Observatories in cities. This variable determines the per capita propor-
tion of vegetated space in neighborhoods, which is then compared against the
average green space required per capita according to national environmental
regulations.

B. Social dimension

This dimension focuses on analyzing the challenges related to access to essential social
services in cities across Sub-Saharan Africa, highlighting the dual imperative for urban
managers. Firstly, they must meet the increasing demands for basic social services from a
growing urban population. Secondly, they need to mitigate the impacts of climate change
to foster development while preserving urban biodiversity [46]. In many of these cities,
access to fundamental social services such as clean drinking water, electricity, and sanitation
remains significantly inadequate compared with the escalating demand [13,14,46,101]. Con-
sequently, the United Nations advocates expediting the implementation of these services,
particularly in Sub-Saharan African cities. For instance, SDG 3 promotes universal access to
quality healthcare; SDG 4 emphasizes equitable access to quality education for all children,
irrespective of gender, to enable them to contribute to their countries” development. Simi-
larly, SDG 6 targets universal access to clean water and sanitation, essential for sustaining
life, while SDG 7 aims for universal access to electricity.

5. Access to drinking water
This indicator evaluates the availability and accessibility of drinking water at the
neighborhood scale. It consists of two primary variables:
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5.1.  Availability of the potable water supply network: This variable assesses the
extent to which the water distribution network covers neighborhoods. It
distinguishes between areas covered by the network and those that are not.

5.2. Households connected to the drinking water distribution network: This vari-
able measures the proportion of households that have effective access to
potable water. Household access to water implies subscription and connection
to the drinking water distribution network.

Access to electricity

Access to a clean and sustainable electricity source empowers communities to achieve
their full potential [102]. Electricity enhances educational systems by facilitating
knowledge transfer, fostering commercial activities, and improving public health
systems, among other benefits [103]. The issue of electricity within the context of
sustainable development in Sub-Saharan African cities presents unique challenges.
While developed countries focus on reducing household energy consumption [12],
Sub-Saharan cities primarily face the task of expanding electrical infrastructure to meet
the needs of a substantial portion of the population still lacking access. According to
the Tracking SDG 7: The Energy Progress Report of 2023, Sub-Saharan Africa remains
the least electrified region globally, with electricity access rates increasing marginally
from 46% in 2018 to 48% in 2020 [104]. This indicator is evaluated using two key
variables:

6.1.  Presence of the electricity distribution network: this variable assesses the extent
to which the electricity distribution network covers neighborhoods, providing
insights into areas served and those lacking access.

6.2.  Accessibility to electricity: this variable measures the proportion of households
with access to electricity compared with the total number of households in a
neighborhood.

Access to individual sanitation systems

The establishment of effective sanitation systems enhances public health and con-
tributes to environmental protection [34]. In Sub-Saharan cities, there is a notable
absence of comprehensive, centralized sewage management systems. As a result,
household wastewater is often managed through individual approaches or discharged
directly into the environment, posing significant risks of disease transmission and sur-
face and groundwater pollution [101]. The scope of the individual sanitation system
in this study includes all domestic wastewater management facilities, encompassing
collection, temporary storage in cesspits, and disposal through emptying services
provided by either private or public entities. This indicator assesses the proportion of
households in neighborhoods equipped with individual sanitation systems.

Access to amenities in public spaces

This indicator evaluates the availability and quality of amenities in public spaces,
which significantly contribute to maintaining public cleanliness and reducing the
spread of diseases. SDG 6.2 underscores the importance of ensuring universal access
to adequate sanitation, including in public spaces, by 2030, thereby facilitating the
transition to sustainable cities, especially in the Sub-Saharan region. In this study,
amenities refer to sanitary facilities such as toilets and washbasins provided in pub-
lic spaces. This indicator quantifies the number of installations and public spaces
equipped with functional amenities.

Access to health services

Health and well-being rank third among the United Nations’ sustainability goals. In
sub-Saharan African cities, health systems are characterized by fragility, insufficient
qualified personnel, and a significant financial barrier preventing many households
from seeking treatment at health centers [103]. Consequently, SDG 3 strongly urges
countries in this region to invest substantially in programs aimed at expanding access
to health services across all social strata. Universal access to quality health services
enables populations to receive proper medical care, thereby enhancing their physical
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and mental capabilities to contribute effectively to national development and the
achievement of sustainability goals. This indicator aims to assess the accessibility of
health services to the population and is evaluated through two variables:

9.1.  Access to the health system: This variable measures the proportion of house-
holds affiliated with either public or private health services. Affiliation implies
that all household members are covered by social security and have access to
medical care when needed.

9.2.  Utilization of health services: This variable assesses the utilization trends of
health services, indicating the number of households that have sought medical
care at least once annually from hospitals, health centers, or clinics.

10.  Access to education

Education plays a pivotal role in fostering community survival and prosperity. It
serves as a crucial lever in combating poverty by breaking its intergenerational cycle
and contributes significantly to enhancing socio-economic development [105]. The
imperative of ensuring universal access to quality education, regardless of gender
or age, is underscored by SDG 4. This goal calls upon countries, particularly those
in sub-Saharan Africa facing substantial educational infrastructure needs due to
rapid population growth, to increase investment in education. This effort aims to
equip communities with the skills necessary to actively and responsibly contribute to
their country’s sustainable development through creativity and innovation across all
sectors [34]. This indicator comprises two key variables:

10.1. Education level of the household head: This variable measures the proportion
of household heads who have completed at least secondary education. Com-
paring this variable over specific time intervals enables observation of progress
or regression in the educational attainment of populations, thereby assessing
the relevance of educational advancements or identifying setbacks.

10.2.  Pupil enrollment: This variable measures the proportion of school-age children
actually enrolled in schools compared with the total number eligible for school-
ing. It assesses the accessibility of education across different socio-economic
strata, highlighting disparities and facilitating targeted interventions.

11.  Security

Security is a fundamental component for achieving the SDGs by 2030 [34]. Conse-
quently, SDG 16.a emphasizes the reduction of crime and violence across all levels,
particularly in southern countries. This underscores that fostering secure environ-
ments at the local level enhances community confidence, thereby promoting their
engagement and participation in neighborhood development initiatives. This in-
dicator aims to assess neighborhood safety based on the incidence of violent acts,
encompassing crimes, misdemeanors, and other recorded acts of violence within a
community over the course of a year.

C. Economic dimension

Achieving the Sustainable Development Goals requires the creation of sustainable
wealth opportunities in cities, enabling populations to secure a reliable income for meeting
basic needs and fostering societal development [3]. In this regard, UN SDG 8 calls upon
countries to intensify efforts in job creation, particularly in southern regions. Therefore, this
dimension focuses on analyzing issues concerning the local economy, employment, and
the financial capacity of household heads to afford housing construction expenses from a
sustainability perspective. This dimension encompasses three key indicators.

12.  Entrepreneurship dynamics
Entrepreneurship, as addressed in this study, encompasses businesses of all types
established according to requisite administrative procedures. For instance, in the city

of Moundou, the focus of this study, these businesses are formally recognized by both
the Chamber of Commerce and Industry and the National Agency for Investments and
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Exports. Local authorities prioritize promoting entrepreneurship to empower populations,
especially youth, in terms of employment, aligning with UN SDG 8’s goal of fostering
entrepreneurship to achieve full and productive employment and decent work for all by
2030 [34]. The initial step in fostering entrepreneurship involves creating conducive condi-
tions that facilitate and stimulate entrepreneurial initiatives [3]. To assess entrepreneurship
dynamics and its impact on the local economy, this indicator annually determines the num-
ber of operational businesses in a given neighborhood. By comparing business numbers
year-over-year, trends of growth or decline can be identified.

13.  Employment
Employment is pivotal for livelihoods and contributes to improving community
standards of living [106]. This indicator aims to evaluate the employability of the
working-age population and their economic contribution to the local economy. It
comprises two variables:

13.1. Households with active adults: This component measures the number of
households where adults are engaged in paid economic or professional activi-
ties.

13.2. Households with adults in formal employment: This variable quantifies the
number of household heads who are employed and contributing to a pension
fund.

14. Construction material prices

This indicator aims to assess the alignment of construction material prices, as stipu-
lated by regulatory frameworks, with the average purchasing power of the population.
This evaluation is critical to ensure the realization of safe and resilient housing projects
in the face of contemporary climatic hazards, a pivotal element in advancing urban
sustainability as per UN SDG 11. The indicator relies on the Harmonized Index of In-
dustrial Production (HIIP) from INSEED, enabling annual monitoring of construction
material prices by comparing regulatory prices with actual market rates [107].

D. Built environment dimension

The built environment in this study encompasses the physical characteristics of neigh-
borhoods, focusing on integrating the local environmental context into housing construction
projects, land capital management, flood management, accessibility, and mobility. Consid-
ering these factors in development processes is crucial for fostering a secure, resilient, and
sustainable urban environment, in line with UN SDG 11.b. This goal urges governments
to mobilize efforts in the rational management of natural resources, particularly land,
amidst increasing urbanization. It also calls for implementing effective local-level actions
to address and mitigate the impacts of climate change shocks. This dimension comprises
four key indicators:

15. Use of local materials

The notable changes currently observed in Sub-Saharan African cities, characterized
by rising temperatures, underscore the necessity for enhanced adaptation in construction
practices. This entails prioritizing the use of local materials that address contemporary
environmental concerns. Utilizing local materials not only preserves architectural heritage
and reduces energy consumption but also fosters sustainable job creation. Importantly, it
presents a significant opportunity for climate change adaptation by curbing the importation
of high-carbon materials. Moreover, buildings constructed with local materials tend to
promote health and well-being due to their minimal pollutant emissions [108]. Therefore,
the utilization of local materials in this context significantly contributes to achieving UN
SDG 3.b, which advocates for strengthening measures to reduce health risks, and SDG
11.c, which emphasizes the use of local materials in cities of the Global South [34]. This
indicator aims to assess the density of buildings and other infrastructure constructed with
local materials in neighborhoods.
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16.

17.

18.

Rational land use

Effective urban land management poses a significant challenge in fostering sustainabil-
ity in Sub-Saharan African cities [46]. Rapid population growth and unfair practices
have led to urban sprawl into peripheral areas, raising concerns about the sustainabil-
ity of land resources [46,109]. Land, being a vital yet finite resource, necessitates its
prudent management at the forefront of local initiatives to meet the housing needs of a
continually expanding urban population, as well as future generations, as supported
by SDG 12.2. This indicator is evaluated through two key variables:

16.1. Valorization of vacant plots: This variable aims to identify all unoccupied plots
in neighborhoods designated for residential or commercial use and enhance
their utilization. For example, it involves listing all empty plots in neighbor-
hoods and then compelling owners, based on legal texts, to either build on
their plots or, failing that, to sell them. This approach aims to densify urban
areas and curtail spatial expansion.

16.2. Reuse of urban wasteland: this variable entails identifying and repurposing ex-
isting urban wastelands for public interest projects or other initiatives deemed
beneficial for local communities.

Flood management

Flood management poses a significant challenge for local authorities today. SDG
11.b urges countries to develop integrated policies and plans to mitigate the adverse
impacts of flooding, particularly in southern cities where adaptive capacities are
constrained [110]. Climate change, characterized today by rainfall that falls over
increasingly shorter periods but with very high intensities, raises concerns about the
capacity of current rainwater drainage infrastructures to handle these large volumes
of precipitation [111]. Therefore, implementing effective flood management measures
is crucial for environmental preservation and enhancing the well-being of urban
populations. This indicator is assessed through two primary variables:

17.1.  Presence of gutters: This variable evaluates the presence and quality of rain-
water drainage gutters in neighborhoods, designed in accordance with current
climatic conditions. For instance, dimensions such as width and depth of
gutters are determined based on reliable climate projections.

17.2. Flood Management Strategy: This variable assesses the existence of a
neighborhood-level flood management strategy, which includes identifying
flood-prone areas, implementing preventive measures, and undertaking ac-
tions to mitigate flood impacts (e.g., clearing drainage gutters before rain,
constructing or reinforcing protective embankments).

Accessibility and mobility

This indicator focuses on analyzing issues related to accessibility and mobility in
sub-Saharan African cities. Recent transnational studies on urban mobility have high-
lighted the unique difficulties in terms of people circulation in this region, particularly
due to the mismatch between infrastructure and modal realities and the inefficiency
or even absence of effective and viable public transport offerings [112,113]. In these
cities, the majority of daily journeys are made on foot, although underestimated
due to survey types; a small proportion of journeys are made by private cars, and
the rest by informal transport modes (shared taxis or motorcycle taxis) [112]. In the
absence of effective public transport systems in most of these cities, and even when
they exist, they are often inaccessible to the majority of poorer households, who are
consequently forced to walk long distances, sometimes up to 10 km [112]. In terms
of infrastructure development, studies have shown that road designs in these cities
are often misaligned with modal realities [113]. In many ways, there is considerable
attention paid to cars, which represent only a small modal share of daily journeys in
sub-Saharan African cities. Safe infrastructure for active modes of displacement, such
as walking and cycling, even though cycling is rarely practiced, is often nonexistent,
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and when it does exist, it is either poorly adapted to modal realities or only partially
implemented. A striking example is Addis Ababa in Ethiopia, where 65% of the
road is built without sidewalks [112]. The consequence of inadequate infrastructure
relative to modal realities in these cities leads to regular traffic-related fatalities, with
pedestrians paying the highest price [112]. In this context, SDG 9 and SDG 11 encour-
age the implementation of safe and resilient infrastructure, taking into account modal
shares in the road construction, in order to promote and secure the free movement of
people [28]. However, to achieve the goal of sustainable mobility in these cities, urban
managers must simultaneously address two major challenges. Beyond readjusting
road infrastructure to consider modal shares and developing efficient public trans-
portation, or even mass transport, they must also address the issue of poverty among
a significant part of the population to guarantee fair access for all and to guarantee
the profitability, and thus the viability, of mobility systems in the long term [112,114].
This indicator is assessed by three variables.

18.1. Development of access roads: This variable assesses the proportion of neigh-
borhood access roads developed with consideration for modal shares that
reflect local transportation realities. For instance, roads are designed with
allocated sidewalk widths proportional to the share of daily trips made on foot,
secure lanes for other active modes, and efficient crossings.

18.2.  Access to public transport: this variable measures the percentage of households
utilizing public transportation for various purposes, such as commuting to
work, conducting administrative tasks, shopping at local markets, or visiting
relatives in hospitals.

18.3. Travel time to workplaces and facilities: this variable evaluates the number of
households located within a 10 to 20 min travel radius from their workplaces,
as well as from essential public facilities such as healthcare and educational
institutions.

E. Cultural dimension

This dimension focuses on analyzing the identity and cultural aspects at the local scale,
particularly by examining the attributes of neighborhoods that contribute to enhancing and
perpetuating the sense of recognition and belonging among their populations. This sense of
belonging often hinges on social connections, historical narratives, and elements of identity
that evoke memories of a territory, such as landmarks, statues, and monuments valued
by local communities for their cultural significance [115]. Culture plays a pivotal role not
only in transmitting local knowledge and skills across generations but also in fostering
community well-being. In this context, UN SDG 11.4 urges states and local communities to
promote urban development initiatives aimed at preserving cultural identities and local
heritage [34]. This dimension comprises two indicators:

19.  Access to cultural spaces
Cultural spaces encompass venues like cultural centers, neighborhood squares, and
youth centers, serving as public hubs for cultural events and knowledge exchanges.
This indicator evaluates the availability and quality of existing cultural spaces through
two variables:

19.1.  Presence of cultural facilities: This variable measures the proximity of house-
holds within a 10 to 20 min walking distance from cultural spaces and facilities.

19.2.  Accessibility of households to cultural facilities: This variable assesses the ex-
tent to which households have access to at least one cultural facility throughout
the year.

20. Conservation of cultural heritage

In this context, cultural heritage encompasses cultural resources such as monuments,
historical buildings, statues, and sites of recognized heritage value to communities. Cultural
heritage plays a crucial role in transmitting local knowledge across generations, serving
as a reference point for future urban development decisions that integrate cultural val-
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ues [115]. Recognizing this importance, the United Nations” SDG 11.4 strongly encourages
governments and communities to take actions aimed at preserving cultural heritage for
future generations [34], given its substantial contribution to promoting urban sustainability
and more broadly, the planet. This indicator focuses on promoting the maintenance and
conservation of cultural heritage at the local scale. It enables annual evaluation of the strate-
gies implemented by communities and heritage services for conserving cultural resources.
For instance, assessments may include reviewing the physical condition of heritage sites
and evaluating resources allocated for their maintenance or restoration, particularly for
degraded sites.

5. Discussion, Limitations, and Research Perspective
5.1. Selection of Optimal Indicators

This study employed a participatory and inclusive methodological approach to iden-
tify local issues and revise the priority sustainability objectives set by local authorities,
culminating in the selection of an initial list of indicators. This process ensures that the
chosen indicators accurately reflect both the vision of local authorities and the primary
concerns of the local population, particularly regarding sustainability. Additionally, the
study was conducted across five neighborhoods with diverse characteristics, enabling the
contextualization of data and encompassing a broad spectrum of local issues. This ap-
proach is vital in the context of this study, where disparities between neighborhoods within
the same city are often more pronounced. For instance, among the five neighborhoods
used to contextualize the data in this study, some, despite being densely populated, lack
fundamental social services such as water, electricity, and sanitation. Conversely, other
neighborhoods with moderate population densities possess these essential services. These
characteristics specific to sub-Saharan cities can be attributed to urbanization often preced-
ing the establishment of necessary infrastructure and deficiencies in the financing of urban
services by public authorities [46]. Therefore, focusing solely on a single neighborhood,
particularly a high-end residential area, to conduct this study would have been exceedingly
restrictive and would not have allowed for the consideration of all local issues pertinent to
the evaluation of urban sustainability in this context.

The selected indicators are organized into five dimensions, each grouping indicators
that address similar or related issues and are aligned with the targets of the Sustainable
Development Goals (SDGs). These explicit correspondences between the indicators and
the SDGs ensure their relevance in the context of sustainable development. Figures 5-9
display the distributions of scores obtained by each indicator, based on expert perceptions,
which allowed for the establishment of a final list comprising 20 essential indicators. The
designation “essential” signifies that these indicators have obtained the requisite thresholds
according to the validation methodology employed (step 4) and that they address local
priority issues in terms of sustainability. A detailed analysis of the proportionality of
these indicators, according to their distribution by dimension, reveals that social issues
are paramount among stakeholders” concerns. The essential indicators include access
to health services, drinking water, education, sanitation, inter alia. The preeminence of
the social dimension can be explained by significant and enduring disparities in access
to basic services in the studied context. Therefore, improving the performance of these
indicators can not only substantially contribute to the well-being of populations but also
lead to progress in other sectors. For instance, an educated and healthy population is more
dynamic and capable of actively contributing to their country’s development, notably by
engaging in social life, adopting responsible consumption practices, and participating in
environmental protection initiatives. Moreover, this enables public authorities to reduce
expenditures on health service subsidies, allowing these resources to be reallocated to
other priority sectors, such as climate change adaptation. The findings of this study
also underscore the importance of several key indicators in the environmental and built
environment dimensions, including the preservation of green spaces, rational land use,
flood management, accessibility, and mobility, inter alia. These indicators are pivotal within
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the context of this research, as enhancing their performance can address both current and
emerging climate challenges. For instance, preserving urban green spaces and wetlands
can significantly mitigate the impacts of floods by reducing runoff and enhancing water
absorption. Similarly, rational land use curtails uncontrolled urban sprawl and fosters
economic development by facilitating investment and optimizing the use of available
resources.

The results of this study exhibit certain similarities with those obtained by other
researchers in different regions. For instance, in Latin America, particularly in Colom-
bia and Brazil, studies indicate that priority sustainability indicators in the social and
economic dimensions include access to water, electricity, sanitation, education, and employ-
ment [116,117]. Similarly, in China, social indicators such as access to water, electricity, and
sanitation are also considered priorities for sustainability [25]. This focus on improving
access to essential services highlights that these southern countries share common chal-
lenges, notably the pursuit of developing basic social services amidst increasing demand.
This contributes to the improvement of living conditions and, consequently, to poverty
reduction, although China is currently more advanced in this regard. This suggests that
over the decades, these countries have accumulated delays in the provision of urban ser-
vices, often because urban investments have not kept pace with the demand. Therefore,
these specific conditions hinder the effective implementation of sustainability in these
cities, requiring substantial efforts from public authorities to simultaneously address the
challenges of providing basic services and tackling major issues such as climate change and
rapid urbanization. These specific conditions could also impede the achievement of certain
Sustainable Development Goals (SDGs), particularly in Sub-Saharan African cities, which
already face significant delays and must concurrently confront other major challenges. This
situation may compel local authorities to prioritize certain SDGs over others based on
urgency and available resources.

Furthermore, the results of this study also display that indicators related to environ-
mental and built environment dimensions exhibit similarities with findings from other coun-
tries across both the Global North and South. For example, indicators such as the preserva-
tion of natural resources, access to green spaces, rational land use, and the preservation of
local heritage are considered benchmarks for sustainability measurement [21,25,78,116,117].
This reflects a global recognition of the necessity to preserve environmental parameters,
which are crucial for mitigating the impacts of climate change. This collective awareness
arises from the understanding that climate change affects all regions of the world, albeit
with significant regional variations. Another highly important indicator in contemporary
studies is accessibility and mobility. This is expected, as an efficient urban mobility system
can significantly reduce energy consumption and, consequently, limit CO, emissions. How-
ever, strategies to promote sustainable transportation and mobility vary across regions.
In Northern countries, where the automobile is the predominant means of transport, the
challenge lies in drastically reducing the number of vehicles on the road through public
transport policies, such as promoting soft mobility or carpooling. In contrast, in the context
of this study, where walking constitutes a significant portion of daily journeys, the primary
challenge is to redesign road infrastructure to better cater to pedestrian needs and safety.
These regional variations underscore the importance of adapting urban sustainability strate-
gies to local contexts, ensuring that implementations are both effective and relevant to the
specific issues and needs of the local population.

5.2. Links between Selected Indicators and Local Issues

Selected based on local issues, the application of these indicators is expected to sig-
nificantly enhance the well-being of the population while ensuring a sustainable living
environment. Indeed, within the environmental dimension, priority issues include improv-
ing environmental quality and integrating contextual realities into urban development
programs. In this context, stakeholders believe that indicators for environmental impact
assessment and waste management should play a prominent role in this process. Similarly,
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neighborhood development processes should be carried out in harmony with the natural
environment and should promote environmental awareness to preserve urban vegetation.
For example, the Guelbé neighborhood, one of the most densely populated in Moundou,
is constantly evolving. However, stakeholders believe that this transformation should
occur while preserving its natural spaces, such as wetlands, and avoiding the reduction of
the banks of Lake Taba. This is crucial due to their important ecological role not only in
regulating Moundou’s urban system but also in contributing to climate change mitigation.
This contributes to global sustainability, as sustainability actions and practices initiated at
the local level are more effective in promoting the overall sustainability of our planet [9,26].

In the social dimension, the selected indicators reflect the urgent need to address
significant delays in the provision of basic social services, essential for developing human
potential and achieving sustainable development goals. Therefore, indicators such as
access to water and electricity have been considered extremely important in this context.
Special emphasis should also be placed on the development of amenities in public spaces
and household access to individual sanitation systems. The approach of an individual
sanitation system is viewed by city managers as more realistic and achievable, given
the increasing demographic pressure, significant delays in sanitation infrastructure, and
limited resources to implement a centralized sanitation approach (sewage system). To
promote sustainability, stakeholders believe it is crucial to improve public health policy and
support the education system, as access to quality healthcare and education remains a major
concern due to high costs, insufficient infrastructure, and a lack of qualified personnel.
Additionally, stakeholders believe it is fundamental to establish a climate of total security
in neighborhoods to restore residents’ trust and encourage their ongoing engagement in
the development of their communities.

On the economic front, employment has been deemed highly important as it con-
stitutes the population’s primary source of livelihood. Extensive discussions during the
selection phases highlighted the persistently high unemployment rate within the study’s
context. Although the United Nations has reported a global decrease in the unemployment
rate, from 6.6% in 2020 to 5.4% in 2022 [118], it remains significantly high in this particular
context. For instance, in the city of Moundou, which serves as the study’s focal point,
securing employment is extremely challenging for the working-age population due to
a drastic reduction in job opportunities linked to the economic downturn in Chad since
2016, leading to the closure of major companies and employment providers [3]. Thus,
economic recovery is a pressing issue, necessitating a focus on improving the business
climate to attract new investors. In this context, the indicator of entrepreneurship dynamics
is considered crucial for tracking trends in job creation. Stakeholders also emphasize the
importance of the indicator for construction material costs, arguing that the construction
of safe and sustainable housing depends on the financial capacity of builders. Therefore,
ensuring a balance between construction material costs and the purchasing power of the
population is essential for achieving urban sustainability goals.

In the built environment dimension, major issues include controlling urban sprawl
and spatial occupation, particularly in a context marked by an increasingly growing urban
population. Therefore, the rational land use indicator has been deemed highly important.
People’s movements must be facilitated and optimized, especially in a context where walk-
ing plays a significant role in the mobility system. Consequently, the challenge at this point
is to improve accessibility and mobility by prioritizing secure pedestrian infrastructure. To
promote neighborhood sustainability, stakeholders have also emphasized the importance of
integrating housing into its environment. The use of local materials in housing construction
is considered a good indicator for assessing the sustainability of Moundou’s neighborhoods.
Another critical indicator is the effective management of floods. This indicator is viewed as
extremely important by stakeholders due to the intensifying effects of climate change in
the city, characterized by shorter but more intense periods of rainfall. Thus, this indicator
allows for a progressive evaluation of the relevance of flood management programs and
their impacts in mitigating the effects of climate change.
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Finally, in the cultural dimension, the issue of preserving local identities has been
strongly recognized in this study. This recognition, although largely advocated by cultural
and artistic figures, has also resonated with other stakeholders. Discussions have empha-
sized the importance of preserving cultural sites and spaces in neighborhoods. For example,
stakeholders considered that conserving the statues and monuments in the Dombao and
Gueldjem 2 neighborhoods is essential. These cultural artifacts serve as references, transmit-
ting local history and knowledge to future generations, preserving neighborhood identity
and memory, and documenting their evolution through the valorization of a common
heritage. This suggests that, in the context of this study, culture emerges as an important
factor in sustainability, notably by promoting the development of a sense of recognition
and belonging to the neighborhood, which is the basis for social stability. The indicator of
access to cultural spaces is also crucial, as these spaces are considered the foundation of
socialization practices essential for neighborhood development.

5.3. Contribution to the Existing Literature

This study makes three major contributions to the literature on urban sustainability.
Firstly, it selected 20 indicators to holistically assess sustainability at the local level in
the Sub-Saharan context, using the city of Moundou as a case study. This approach is
particularly valuable for local authorities as it enhances decision-making by focusing
on essential issues, thereby facilitating the efficient allocation of available resources to
address real development challenges. Previous research on sustainability indicators in
Sub-Saharan Africa is limited, and existing studies do not address all urban issues; see,
for, example [27-29]. Therefore, this study makes a significant contribution by selecting
indicators that cover a wide range of urban issues. Secondly, the proposed methodology
enables the selection of indicators that address diverse local issues specific to this study’s
context. This methodological framework can serve as a model for selecting local indicators
in other geographical and social contexts. Thirdly, the findings of this study underscore
the priority accorded to social aspects, particularly in terms of enhancing the well-being
of the population, as well as the paradoxes in sustainability assessment across different
contexts. This paves the way for discussions on the necessity of contextualizing the use
of certain concepts according to the development issues and priorities specific to each
study context. For instance, the concept of well-being, frequently employed in the Human
Development Index by the UNDDP, holds different connotations depending on the context.
In developed countries like the United States, it refers to social aspects such as happiness
and equity [12]. Conversely, in the context of this study, it relates to the population’s
access to fundamental social services such as sanitation, healthcare, and drinking water.
Another example concerns the concepts of energy efficiency and energy sobriety, which
advocate for a more efficient use of energy in homes and a reduction in car dependency.
These concepts are more relevant for assessing urban sustainability in developed countries
where household energy demand is high and cars are the primary mode of transport.
However, in Sub-Saharan African cities, where access to electricity remains a significant
challenge and walking is a predominant mode of daily journeys, these concepts are less
applicable. Therefore, in the context of urban sustainability in Sub-Saharan Africa, it is
crucial to redefine these notions by considering contextual realities and clearly specifying
their characteristics and limitations.

5.4. Indicators and Baseline Data

One of the primary challenges hindering effective utilization of indicators relates to
accessing reliable baseline data, as emphasized by several authors. For instance, Kaur
and Garg (2018) revealed that measuring urban sustainability is often hindered by the
inappropriateness of certain indicators for the specific local realities of cities, whose issues
may differ significantly from those where the indicators were originally developed [24].
This discrepancy underscores the importance of selecting indicators methodologically, con-
sidering the adaptability to local issues, availability of data, and user comprehension [84].
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Similarly, Tanguay et al. (2010) demonstrated that several well-developed indicators have
not been effectively utilized due to a lack of consensus on selection methodologies and
the optimal number of indicators [80]. Other researchers have indicated that effectively
evaluating urban sustainability in developing countries, particularly in Sub-Saharan Africa,
remains challenging due to inadequate baseline data at both national and local levels [43,87].
However, this obstacle can persist only if the indicator selection process lacks sufficient
grounding in the specific realities of the study context and if the approach of selection
does not engage local communities or consider data availability. Moreover, a recent study
has shown that the main difficulties in applying strategic tools in urban environments in
Sub-Saharan Africa lie in the lack of information sharing, and thus data, as well as in the
lack of coordination and knowledge [36]. Therefore, effective coordination in data collection
and harmonization, facilitated through a mechanism that integrates all stakeholders, could
significantly enhance continuous access to urban data. This approach can be reinforced
by the decentralization process initiated in Sub-Saharan cities over the past few decades.
For instance, delegating financial management authority to municipalities enables regular
data collection on entrepreneurial dynamics, especially since municipalities have detailed
maps of the location of all businesses within their jurisdiction, enabling them to collect
taxes monthly. Similarly, data related to essential services such as water and electricity can
be sourced from utility companies, which possess maps of their networks, including the
number of households subscribed by areas. Furthermore, the collection and formalization
of specific data within the framework of this research necessitate the use of spatial analysis
tools like Geographic Information Systems (GIS) to map and quantify spatial data. For
example, GIS can facilitate the collection of data on green spaces, wetlands, and vacant
plots within neighborhoods.

5.5. Limitations and Research Perspective

Regarding the limitations of this study; it is crucial to highlight the following points:
(1) The determination of indicator weights was based exclusively on stakeholder input
and did not incorporate an Analytical Hierarchy Process (AHP) or expert scoring method-
ologies; (2) the selection of these indicators was solely based on the primary issues of the
city to provide an overall perspective on neighborhood sustainability and, consequently,
on the city as a whole. However, this approach did not initially consider the complexity
of the urban system. The indicators were chosen based on the city’s development issues
and categorized by themes or dimensions of urban sustainability, without accounting for
the interdependencies that exist among them. This sectoral approach could be restrictive
during evaluation, as it does not clearly prioritize indicators that need immediate attention
to effectively enhance the living environment toward sustainability. Therefore, an indicator
system would be more representative of the complex reality. In the next phase of this
ongoing research program, we aim to develop a model that represents urban phenomena to
systematically organize the causal relationships among these 20 selected indicators. This ap-
proach will facilitate a deeper understanding and representation of the urban system and its
trends. For instance, promoting entrepreneurship development necessitates interventions
in other factors such as creating a conducive business climate to attract foreign investors,
ensuring sustainable access to electricity and the internet, and enhancing accessibility
through improved road infrastructure. Similarly, to reduce household healthcare costs, it is
crucial to significantly diminish sources of disease transmission by promoting a healthy
and pleasant living environment. This includes effective management of urban waste,
reducing the discharge of toxic pollutants into nature, and ensuring access to adequate
sanitary facilities for the population.

6. Conclusions

This study selected a list of 20 optimal indicators based on an inclusive and partic-
ipatory methodology to evaluate the sustainability of the city of Moundou and, more
broadly, other Sub-Saharan cities. The analysis of the proportionality of these indicators
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by dimension reveals that 35% of the selected indicators pertain to the social dimension,
underscoring a significant interest from stakeholders in social issues within the context of
this study. Indicators related to environmental and built environment dimensions come
second, each constituting 20%, whereas the economic and cultural dimensions represent
15% and 10% of the selected indicators, respectively. Although this distribution of indica-
tors by dimension is unequal, all the selected indicators are deemed essential as they met
the required scores according to the validation method employed. This implies that they
encompass a wide range of local issues pertinent to this study’s context. Consequently,
their application is expected to significantly enhance decision-making processes from a
sustainability perspective, with a particular emphasis on social aspects. Moreover, the
methodology proposed in this research can be effectively transferred and replicated in other
geographical contexts, provided that the indicator selection process is tailored to the specific
realities and needs of each city and actively involves local populations and authorities.
Finally, to achieve feasible results and avoid overburdening development actors with data
collection processes, it is essential to limit the number of selected indicators, ensuring they
are specific and measurable.
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