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Urban infrastructure critically influences how urban people carry their lives and mediates how services central to
human well-being are accessed. Therefore, the main of this study is twofold: One, the study interrogates how the
quality of urban infrastructural service accessibility influences human well-being, and two, how governance
interactively with urban infrastructural services affects human well-being using balanced panel data from 2000
to 2020 from 22 Sub-Saharan African countries. Applying the Driscoll-Kraay and Two-Step Instrumental Variable
Generalized Method of Moments (2SIV-GMM) in panel dynamic model setup, we uncover that increasing the
quality of accessing urban infrastructural services results in enhanced human well-being. Interrogating the role of
governance on human well-being, the findings depict a significant detrimental interactive effect between
governance and urban infrastructural services on human well-being. Accounting for rapid urbanization in the
Sub-Saharan African region, the results illustrate significant negative control effects of urbanization rate and
aftermath urban agglomeration on human well-being. Conclusively, effective government policies that influence
higher levels of human well-being in regions with large urban agglomerations are paramount. Thus, effective
government investments in urban infrastructural services in Sub-Saharan Africa remain a vital sustainability

policy agenda.

1. Introduction

Cities and urbanizing regions are currently home to more than half of
the world’s gross population. By 2050, more than two-thirds of the
world population is projected to be urban, with many living in informal
and unplanned settlements and growing cities in rapidly urbanizing and
developing regions such as Sub-Saharan Africa (SSA) [1]. This has been
particularly notable in the most recent three decades, with the urban
population share doubling [2-4]. Additionally, the driving forces of the
enormous urban population growth in many African cities present
deleterious socioeconomic outcomes. For instance, rapid urbanization in
SSA is featured by enormous slums, informal settlements, insufficient
infrastructure, and rising climate change effects resulting in social in-
equalities in access to critical urban infrastructural services among
urban residents [5,6]. Moreover, although rapid urbanization is
happening in all SSA economies, the trend differs significantly across
countries [7,8]. For example, Nigeria, the most populous SSA nation, has
encountered a tremendous rise in urbanization from 17 % to more than
50 % between 1960 and 2020, with forecasts indicating it will be over 68
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% by 2050. South Africa has a reasonably greater urbanization level
than other SSA states but is accompanied by a high inequality level,
specifically in urban informal settlements. Ghana and Kenya have also
encountered noteworthy urbanization, pigeonholed by challenges such
as inadequate urban infrastructural service provision, high unemploy-
ment rate, widening income inequality, and urban poverty [9]. Ethiopia
and Uganda have relatively low urbanization levels, with 21 % and 25 %
urban populations in 2020, correspondingly [4,10].

Given rapid urbanization, how the quality of urban infrastructural
service provisioning in terms of the urban population share accessing
water, energy, and sanitation services influences human well-being in
the SSA region has received considerable political, stakeholder, and
research focus in recent times [11-13]. Mainly, access to urban infra-
structural services such as water, sanitation, education, energy, and
healthcare, collectively contribute to the overreaching concept of
evolving human well-being, environmental sustainability, and economic
performance [14-16]. Therefore, human well-being remains a
far-reaching construct engrained in Sen’s notion of human aptitudes
measured in various ways, including the human development index
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(HDI) [17]. Also, in the most recent, surveys that measure human
well-being subjectively have emerged, defined simply in terms of posi-
tive self-reporting (evaluative) and feeling fulfilled by what urban life
offers (eudemonic) [16,18,19]. With over 50 % of the world population
living in urban regions presently, understanding how the quality of
accessing urban infrastructural services shapes human well-being in
cities and specific countries or regions is essential in propagating the
sustainability ambitions as depicted in the United Nations Sustainable
Development Goal 11 (SDG#11) and the New Urban Agenda (UNDESA,
2015).

Urbanization-driven socioeconomic disparities manifest in most SSA
cities in several ways, most profoundly unequal access to urban infra-
structural services, resulting in wundesirable human well-being
(UNDESA, 2015; [20,21]). Rapidly urbanizing SSA continues to face
overwhelming pressure of containing urban inequalities despite
numerous efforts to align with (SDG#11) and the New Urban Agenda
[22]. Partly, this is due to un-procedural governance mechanisms and
unattractive urban infrastructure investments [13]. Secondly, this is due
to the increasing urban agglomeration, which is much faster than urban
infrastructural development and economic opportunities [23,24].
Lastly, the most significant part of the looming problems of accessing
urban infrastructure services is due to limited urban infrastructural in-
vestment and policy governance capacity [24]. For instance, the region
must spend between $130 to $170 billion on basic urban infrastructural
service needs [25]. Yet still, the area is facing a financing shortfall of
between $68 to $108 billion. Ideally, two-thirds of the spending on the
urban infrastructure required by 2050 is yet to be realized [25]. Thus,
access to critical urban infrastructural services such as water, energy,
and sanitation has continued exacerbating the social inequality in cities,
resulting in undesirable levels of human well-being as most households
shift to unclean energies and unsafe drinking water [22].

Despite the bewildering current urbanization-driven social
inequality realties and projected urban agglomeration figures fueled by
anti-urban bias, SSA has been depicted in academia and policy as a rural
region [26]. This is notable in development cooperation, not only for
SSA but also globally, which has been dedicated to rustic openly and is
hardly cherished by city stakeholders and state governments [27]. Re-
searchers and scientists in the SSA region emphasize the urgent attention
to SSA’s incredibly stirring urbanization rate, its associated social out-
comes, and the extent of social transformation [9,28,29]. However,
unpacking the connectedness between the quality of accessing urban
infrastructural services and human well-being from a regional perspec-
tive has been challenged by measuring human well-being, given the
complexities across social-ecological-infrastructural urban system at-
tributes of cities (SEIUS) [16]. While there have been notable scientific
strides in quantifying the connection between the quality of accessing
urban infrastructural services and human well-being worldwide, most
studies have shifted focus from a quantitative measure of human
well-being to subjective well-being (SWB) measures [16]. Also, although
several studies link the quality of accessing urban infrastructural ser-
vices such as water, sanitation, and energy services to SWB, few studies
have explored how a range of urban infrastructural services shape
human well-being from an objective and regional perspective measures
of human well-being.

Against this backdrop, this paper contributes to literature in three-
fold ways. First, the study interrogates how the quality of access to urban
infrastructural services influences human well-being in the SSA region.
Most previous studies have considered urbanization’s effect on human
development without paying attention to objective components of
human well-being [30-32]. Secondly, the paper evaluates how gover-
nance in terms of service provisioning, planning, management, and in-
vestment effectiveness interactively influences the urban infrastructural
service accessibility quality and human well-being using balanced panel
data from 2000 to 2020 from 22 SSA countries. Several previous studies
have consistently mentioned in passing the challenges of urbanization in
SSA without analyzing the missing governance link toward ensuring
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sustainable urbanization and better human well-being [4,33]. Addi-
tionally, this study evaluates the interactive relation between gover-
nance and the quality of urban infrastructural service accessibility to
point out how local, national, and regional governments and stake-
holders plan, implement, and finance urban infrastructural services in
line with the sustainable development goal of making cities livable and
resilient for better human well-being [34,35]. Thirdly, we evaluate the
SSA regional human well-being from the objective panel perspective as
informed by evolving objective measures such as HDI, which capture an
urban region’s overall quality of living conditions and economic resil-
ience more robustly compared to subjective well-being measures that
are context-specific and time-bound [36-38]. In this conjecture, this
study seeks to fill the gap where most papers focusing on urban infra-
structural service accessibility in the SSA region are case studies; hence,
there is no sufficient panel analysis base. As informed by the recent
United Nations Development Programme 2021 Report, SSA’s HDI av-
erages at 0.547, far below the global threshold of 0.732, with ten out of
fifty-four countries featuring among the bottom countries [39]. Objec-
tively, this study applies different estimation techniques such as Pooled
OLS, Driscoll-Kraay, and Two-Step Instrumental Variable-Generalized
Method of Moments (2SIV-GMM) techniques, which are robust in case
of autocorrelation, cross-section dependence, regional endogeneity, and
heteroscedasticity [30,40].

The remaining part of this paper is structured as follows: Section 2
presents background literature that sets off from the theoretical evalu-
ation angle and provides empirical evidence from recent studies. The
third section describes variables of interest, data type, data sources,
estimation strategy, and estimation techniques. Data analysis and dis-
cussions of findings are presented in Section 4. Section 5 summarizes the
study findings, makes deductive conclusions, and professes policy
recommendations.

2. Background Literature

This section entails two subsections. The first section involves
theoretical literature conceptualising urban infrastructural service
accessibility quality and governance in conjunction with human well-
being. In contrast, empirical literature provides recent research evi-
dence that links the quality of accessing urban infrastructural services
and human well-being and uncovers the existing research gaps to be
filled by the study.

2.1. Theoretical literature

Conceptually, this paper is built from three theoretical perspectives:
modernization, dependency, and urban bias theories. Modernizationists
view urbanization as a natural process through which traditional society
passes to become industrialized or modern nations [41]. This theory
contends that urbanization has positive social effects and must be
encouraged [42]. On the other hand, urban bias theorists do not agree
with these assertions; instead, they contend that urbanization is a gov-
ernment policy product that systematically redirects most precious re-
sources to urban regions, causing rural-urban disparities [43]. This leads
to massive rural-urban migration, creating large agglomerations with
long-term social outcomes [44]. lastly, dependency theorists are con-
cerned with urbanization’s effect on available social resources, such as
land for rural-based populations [31]. They posit that urbanization
causes disparities between rural and urban dwellers, scramble for
limited urban infrastructural services, and urban labour market distor-
tions due to large uncontainable agglomerations in developing regions
such as Sub-Saharan Africa [31].

In line with dependency theory, urban infrastructure refers to the
systems that provide energy, water, sanitation, waste management,
communication, public green spaces, and affordable housing services
[31,41,45]. These are vital in supporting human well-being and eco-
nomic prosperity in city regions [46]. Consequently, the quality of
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accessing these urban infrastructural services refers to the ease and
extent with which a particular share of the urban population can obtain
these services, as determined by proximity and the efficiency of getting
them, and quantity provided by the local government and private sup-
pliers [47,48]. In this connection, governance has recently received
much attention as it is the process by which central, local, municipal, or
regional governments and stakeholders collectively determine the pro-
vision and access to social services. Governance refers to systems and
processes influencing urban populations’ access to infrastructural ser-
vices [47,49-51].

Human well-being is made up of three words: “human,” “well,” and
“being,” and it can be interpreted as “human being well in a particular
region” or a situation whereby things are generally fine among a specific
region’s population. Various dictionaries have defined it as a state
resultant of factors such as comfort, health, happiness, and prosperity
[52-54]. All these factors point out some form of positivity in human
life. Researchers across different scientific subjects have been trying to
define better and enhance understanding of human well-being [55-57].
Nevertheless, there is an imminent agreement in the literature that due
to its nature, human well-being can be better described than defined
[58]. Conventionally, the concept of human well-being stemmed from
metaphysics, where traditional ancestors regularly contemplated life
and its purpose [53]. The concepts of Eudaimonism and Hedonism were
among the primary trials to understand human well-being. Hedonism
relates to the experience of a positive emotional state and satisfaction of
needs and preferences, whereas Eudaimonism corresponds to the
meaning and development of an individual’s potential and capabilities
[59,60].

Human well-being is linked to two distinct categories: subjective
(individual) and collective (society’s population) in a particular region.
Subjective human well-being refers to an individual’s well-being [61].
On the other hand, collective human well-being is derived from the
sociocultural and economic relationships shared by people in one space
[62]. Earlier attempts to understand human well-being concentrated
majorly on subjective notions such as individual happiness and satis-
faction with one’s life; however, the collective notion of human
well-being is currently gaining research traction [63]. Several re-
searchers began to compute quantitative means of subjective well-being
as indicator measures of collective human well-being, leading to the
development of objective measures such as the Human Development
Index (HDI) and average gross domestic product [17,63-67]. A new
research strand has argued that collective well-being measures sub-
stantially impact overall and regional human well-being more than
subjective well-being measures [68,69].

However, the distinction between subjective and collective/objec-
tive well-being is abstruse, and though they are usually correlated,
Easterlin paradox (i.e., following a certain level of increase in income per
capita of a country does not necessarily signify enhanced citizens’
happiness, suggesting that a rise in attributes of objective/collective
well-being does not need necessarily to improve subjective well-being
everlastingly) underscores the intricacy of their nexus [70]. This paper
builds on the contemporary understanding of collective notions of
well-being from an objective and regional perspective for one intriguing
reason. Subjective well-being focuses on self-evaluation of life, devel-
oping abilities, realizing potential, and leading a socially impactful life
at one economic level or place [71]. However, Seligman [72] describes
human well-being as a combination of five key factors (PERMA): posi-
tive emotion, engagement, relationships, meaning, and accomplish-
ment. This has been extensively supported in many theoretical and
empirical studies. For instance, daily experiences in the city can affect an
individual’s positive emotions, and environmental surroundings can
pose intrinsic values to enhance these positive emotions [73]. Others
have underscored the role of interactions in augmenting the sense of
human well-being as a web (personal, environment, and society)
directly impacts an individual’s well-being [55,56,74]. Meaning in life
can generally be altruistic, and it offers people a sense that life has a
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greater purpose beyond an individual’s self-evaluation [75-78]. Life
accomplishment is the sense of attainment, mastery, and capability over
what people do [58].

Collective human well-being includes objective measures calculated
based on context-specific factors seen from an economic perspective,
and the economic growth ideology of bringing happiness to people
continues to remain popular [74]. However, the complexity of
measuring regional human well-being objectively is propagated by the
occasional interchangeable usage of popular and similar notions such as
good health, satisfaction with life, happiness, and quality of life. Re-
searchers have continued to point out the differences between these
theoretical concepts and posited that these are subsets of human
well-being [58]. Researchers have argued that though all these con-
stituents of human well-being are essential, focusing on only one results
in the deliberate omission of other significant aspects of human
well-being [79]. Thus, authors have somewhat agreed that human
well-being is more effective than all of its components, and one aspect
cannot be used to imply human well-being [58,80]. It is thus essential to
evaluate how regional human well-being comes about by centring
analysis on different life events and a range of dimensions and factors
that, in various combinations, determine the well-being of people in a
particular region [58].

According to Shekhar [81], human well-being can be understood
from different dimensions, summarized as the well-being wheel in
human settlements. Among the dimensions of the wheel of human
well-being is access, which stands for equality of chances for a popula-
tion to gain access to essential, supportive, and conducive physical and
social infrastructural services, social interrelationships, as well as space
and capital resources required in utilizing them [14,82-85]. Simply put,
the access dimension refers to the extent to which the urban population
can obtain infrastructural services such as water, sanitation, health,
energy, recreational places, educational places, employment, and sour-
ces of information [86]. Access incorporates a broader array of gover-
nance practices that can be directly impacted by spatial infrastructural
planning provisions such as sanitation, water, energy, education, green
space, recreation, health, and transportation. Research has documented
that improving general access to these critical infrastructural services
enhances the human well-being of a population in a particular region
[86]. Moreover, the improvement in the quality of accessing infra-
structural services can significantly impact different attributes of human
well-being in a specific area [87-92].

In the wake of rapid urbanization, the theoretical linkage between
urbanization and human development can be explored by linking it with
economic performance, which affects the population’s income distri-
bution, purchasing ability, and general living standards [30,93,94]. in
line with this surmise, research indicates that urbanization is signifi-
cantly linked to better economic outcomes such as better incomes, living
standards, and employment [95-98]. Consequently, urbanization’s ef-
fect on economic performance is mediated by urban agglomeration,
which brings out technological spillovers, economic efficiency, human
capital accumulation, innovation, and labour specialization [99,100].
Thus, as economies grow, urbanization effects become beneficial as
people can access services such as water, better income jobs, and in-
dustrial agglomeration creates a compact economic advantage for the
urban populace in terms of better living [101-103].

Better access to urban infrastructural services such as energy, sani-
tation, and water significantly affects the population’s household con-
ditions and living standards [104]. In this connection, necessary
infrastructural service provision through government spending and
governance practices ensure these critical infrastructural services are
accessible to the entire population at different economic levels [105].
Existing theories such as Wagner’s Law and Ratchet Effect substantiate
the need for state spending in an economy [105]. Fiscal transfers from
the central governments through devolution and program-based budg-
eting help the state to close the social inequality gaps in urban infra-
structural service accessibility and income levels and undo development
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backwardness [106]. For instance, regional urban electrification is ex-
pected to enhance human well-being by reducing the use of kerosene
lamps, hence decreasing the burden of respiratory disease [106]. Evi-
dence also shows that poor urban household populations cannot access
these basic social amenities, negatively impacting their well-being
[107-110]. Therefore, understanding spatial accessibility quality fea-
tures of infrastructural services that directly and significantly influence
human well-being from an objective and regional perspective is urgent
and timely. Human settlements, especially in urban regions, are gaining
more research and policy attention in climate change and well-being
debates, as evidenced by the recent specific mention of cities in SDG,
several IPCC, and other celebrated global reports [111,112]. This further
underscores the need to empirically understand human well-being from
a spatial, objective, and regional perspective. Therefore, the study fol-
lows and maintains the objective measure of regional human well-being,
a new and limited but primarily growing strand of literature [113].

2.2. Empirical literature

In line with the theoretical conjectures discussed above, several
empirical studies have been conducted, from case study dimension, city
to city, country to country, and from the regional perspective. For
instance, Adams and Vasquez [114] indicated that households in Accra
City, Ghana, were more sensitive to water quality as part of their general
well-being. Using urban household survey data, Cassivi et al. [115]
analyzed water accessibility in Malawi descriptively. They established
that degraded water quality from the point of collection and consump-
tion poses significant health risks. If no interventional measures are
adopted, it results to the detriment of human well-being. Focusing on 15
Sub-Saharan African cities, Beard and Mitlin [116] found that most
urban households receive piped water intermittently, affecting water
quality negatively due to privatization and infringing the well-being of
low-income households. In a more recent study, Chumo et al. [117] used
qualitative research approaches, where data was collected through
workshops and focus group discussions to uncover financial, structural,
and social quality constraints of water accessibility and human
well-being in informal settlements in Nairobi City, Kenya. The study
deduced that the co-creation process could enhance the inclusion and
quality of accessing and owning water services, positively impacting the
urban informal settlement population’s well-being. Enqvist and Zier-
vogel [113] applied a critical policy analysis approach to analyzing
water service governance and justice in Cape Town, South Africa. It
observed that accounting for water source development and coordina-
tion across sectors promotes water justice and accessibility across
different social groups in Cape Town city.

Focusing on urban energy infrastructural service accessibility, Salite
et al. [118] evaluated electricity accessibility in Mozambique’s four
major cities: Maputo, Matola, Nampula, and Beira. The study conducted
critical policy analysis of 207 structured interviews and observed that
the cost of accessing electricity service is always politicized and is not
cost-reflective due to the governance challenges, leading to unreliable,
low-quality energy use and low general human well-being among urban
dwellers. Similarly, Tesfamichael et al. [119] studied urban energy
accessibility among households in Ethiopia. The study observed that
power outages cause food spoilage, paralyze essential services such as
water, cause economic losses, and disrupt household social activities
such as night-time studies. Also, studies carried out in Tanzania, Kenya,
and Senegal found that lack of sufficient access to energy creates low
human well-being driven by night-time criminal activities and uncer-
tainty of electricity restoration [120,121]. Dioha et al. [122-124]
applied the Long-Range Energy Alternatives Planning Systems model, a
quantitative approach, to investigate the welfare outcomes of energy
access in Nigerian households. They observed that adequate access to
clean and modern energy would increase human well-being by reducing
local air pollution significantly, especially in the urban regions.

A section of the studies has also focused on the implication of urban
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sanitation infrastructure service accessibility on general human well-
being. For instance, Yesaya and Tilley [125] concluded that the vol-
ume of safely emptied sludge was low, posing significant health risks to
people in Blantyre, Malawi. Further, the study concluded that there is a
need for infrastructural development and delegated governance for
managing and providing sanitation services to the people, going by the
projected urbanization figures. Using 15 Sub-Saharan African cities,
Beard et al. [126] established that 62 per cent of urban waste was not
safely managed by the metropolitan municipality, where most house-
holds engaged in unsafe sanitation practices, creating public health
threats. Similarly, Berendes et al. [127] focused on sanitation and waste
management infrastructural service accessibility in Accra, Ghana. The
study observed that multisectoral governance and management in-
terventions help reduce contamination, thereby enhancing the human
well-being of the population. In the same node, Dirix et al. [128] con-
ducted an action research study on coordinated faecal sludge manage-
ment in Toamasina City, Madagascar. They observed that effective
public-private management improves the quality of accessing sanita-
tion services across social classes, reducing health-related burdens.
Applying qualitative research methods—in-depth interviews and focused
group discussions (FGS), Simiyu et al. [129] observed that on-site
sanitation facilities are dominant, although very few, and shared by
urban informal household members in Nakuru City, Kenya. The study
also pointed out that the quality of the sanitation facilities was featured
by ever-filling up, manual emptying and sludge being transported using
small-scale means, posing significant health risks before reaching the
central treatment site.

In sum, while the reviewed studies confirm the influence of the
quality of accessing urban infrastructural services on human well-being,
several research gaps must be filled. First, a more extensive section of
the studies conducted in the SSA region followed subjective measures of
human well-being and applied qualitative approaches in analyzing its
determinants from a household perspective [113,117,128,129]. Sec-
ondly, although other studies have analyzed the influence of the quality
of accessing urban infrastructural services on human well-being, their
focus has been on case study scenarios of one metropolitan region [114,
119,127,130]. Few studies have begun shifting focus on regional
perspective analysis of human well-being as influenced by the quality of
accessing urban infrastructural services and following objective mea-
sures [116,118,126]. However, analyzing the link between urban
infrastructural service accessibility quality and human well-being from a
panel perspective is needed because of different existing plausible
inconclusive results in the literature [131-133]. The significant prob-
able differences in sample size, data type (micro and macro), urban
structure (urban agglomeration distribution), unit of analysis (case
studies and cross-sectional), limited panel studies, methodological dif-
ferences, and variable inclusions are vital canals of inconclusive results.
Therefore, addressing these critical research gaps requires an objective
measure of human well-being and analyzing the influence of the quality
of various urban infrastructural services on human well-being from a
regional perspective using dynamic panel model estimation methods
that can take care of autocorrelation, heteroscedasticity, and
cross-sectional dependence and quantitative panel data set. On the bases
mentioned above, this study aimed to address two objectives: to deter-
mine the link between the quality of accessing urban infrastructural
services and human well-being and to determine the interactive effect
between governance and urban infrastructural service accessibility
quality on human well-being using 22 SSA countries for the panel data
period 2000 to 2020.

3. Research Methodology
This section describes variables, data sources, theoretical and

empirical models, summary statistics description and stylized facts,
correlation analysis, and relationships illustrated by scatter plots.
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3.1. Variable description

The study utilized balanced panel data for 22 Sub-Saharan African
countries from 2000 to 2020 to study the link between the quality of
accessing urban infrastructural services and human well-being due to
the limited availability of data on urban infrastructure before 2000. The
dependent variable is human well-being, for which data for its measure
(HDI) from UNDP is utilized. HDI was selected as a measure for human
well-being as it captures different constituents that contribute to the
overall well-being of people as compared to subjective or self-reporting
measures, which have been regarded to convey individual satisfaction
and not societal or community well-being [16,80]. The primary
explanatory variable is the quality of accessing urban infrastructural
services measured using three key indicators as per World Bank classi-
fication: the share of the urban population accessing improved water,
the percentage of the urban population accessing improved sanitation,
and the share of the urban population accessing electricity sourced from
World Bank Development Indicators [4]. As indicated in the literature,
the quality of accessing urban infrastructural services refers to the ease
and efficiency with which a particular population can obtain them, as
depicted by close proximity [86]. For instance, as more people access
clean energy, improved drinking water, and managed sewage sludge,
there would be reduced air pollution, reduced infant mortality rate, and
environmental degradation, hence enhancing the well-being of the
people in a particular economy [134-136].

For the control variables (Z;; in Eqs. (1) and (2)), we start by
considering the urban agglomeration as a share of the urban population.
Increased urban agglomeration following rapid urbanization, com-
pounded by rural-urban migration, increases the competition for limited
urban infrastructural services, thereby leading to deterioration of the
environment, increased insecurity, environmental pollution through
open defecation, excessive use of solid fuels, hence jeopardizing the
overall well-being of the urban population [5,137]. Secondly, we
consider the urbanization rate measured as a fraction of the urban
population over the total population [138,139]. The sub-Saharan Afri-
can region is currently categorized as rapidly urbanizing, characterized
by insufficient access to critical urban infrastructure such as drinking
water, sanitation facilities, and informal housing without electricity
connections. Evidence also shows that the region has a record high level
of environmental degradation, air pollution, and increased infant mor-
tality and respiratory disease infections [5,6].

Also, we controlled for urban employment as a share of people
employed in urban industries. Most rural-urban migration in the SSA
region is due to perceived better employment in urban industries [140].
However, the industrialization level in the region provides limited op-
portunities for a skilled labour force, leaving out a more significant
portion, especially youths, surviving on casual and menial jobs in the
city, which drives them into slums due to unaffordability of housing and
basic life needs such as food [141-143]. Lastly, we controlled for
governance measured as the government effectiveness index sourced
from the World Governance Index compiled by the World Bank.
Notably, governance comprising county governments, local leadership,
municipal councils, and the help of the central government provides
public urban infrastructural services through fiscal allocation, coordi-
nation, and implementation of administrative policies [138]. Studies
have proved that governance determines how effectively social in-
equalities and threats to well-being are corrected [138]. Therefore,
lousy governance may propagate further social and environmental
problems, while good management, in terms of effectiveness, helps
promote policies that improve the health and well-being of the popu-
lation [144-148]. Table 1 lists all variables, operationalization measures
and data sources.

3.2. Theoretical model

The empirical analysis of this study focuses on the link between the
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Table 1
Variable description.

Variable name Measure Data source

Human well-being Human Development Index UNDP/Our World in

(HDI) Data

Quality of urban Share (%) of the urban World Bank
Infrastructural population accessing drinking Development
Service water, sanitation, and Indicators (WDI)

electricity. /UNDP

Urban Urban share (%) of the WDI /UNDP
Agglomeration population

Governance Government Effectiveness Index =~ WGI/ WDI

Urbanization rate The ratio of the urban World Bank

population to the total Development
population Indicators

Employment Share (%) of the people World Bank

employed in urban industries Development
Indicators

Note: UNDP; United Nations Development Programme; WGI; World Governance
Indicators.

quality of accessing urban infrastructural service and human well-being,
following the foundations of Adams and Klobodu [138], Briilhart and
Sbergami [139], Castells-Quintana [149], Henderson [150], and Frick
and Rodriguez-Pose [151]. This study relies on the neoclassical theo-
retical framework, which considers country-specific attributes such as
the human development index (HDI) as the overall measure of human
well-being. HDI captures a country’s GDP per capita, population’s
health, and economic well-being to enable heterogeneity in primary
conditions that impact human well-being, illustrated as follows:

Yie = Qo +[)’1X,-[+7rZ,—t+8,-t;i,...,22; t..., 21 (1)
where y;; represents the HDI (a measure of human well-being) level of
country i, and time t, and X;; illustrates the explanatory variables, Z; is a
vector of country-specific explaining the cross-country human well-
being differences and the well-behaved error term is represented by
eir. The intercept is defined by ap a; is the coefficient estimate for
lagged HDI, p, is the slope parameter for the quality of accessing urban
infrastructural services, r is the coefficient’s vector for the control var-
iables, and the random error term is ¢; [152-154]. The subscript indexes
i refer to country 1,...,22, and ¢ refer to time from 2000 to 2020.

Introducing the country-specific factor affecting human well-being at
the urban level as represented by Xj, this study considers the quality of
accessing urban infrastructure (share of the urban population accessing
improved water, improved sanitation, and energy) as the urban pro-
cesses that collaboratively influence the well-being of the urban popu-
lace [149,155]. Specifically, the quality of urban infrastructural services
refers to the urban environment that results from various capacities of
urban agglomeration economies [149,155]. The provision of public
infrastructural services mainly affects resources devoted to the urban
share of the population and the overall country’s human well-being
status [155]. In line with this argument, Bertinelli and Black [156]
stylized an urban economics model that suggests empirically testable
prediction that the quality of accessing urban infrastructure influences
human well-being. Thus, taking this prediction into perspective, Eq. (1)
extends to the following generalized empirical dynamic panel data
model:

HDI; = ag + pUrb_Infry + 7Z; + & (2)

where Urb_Infr is the urban infrastructure capturing the specificities of
the urban processes in a country.

The dynamic panel data model (Eq. (2)) is estimated using different
panel regression techniques such as Pooled OLS, Driscoll-Kraay, and
instrumental variable (IV) estimation based on the fixed effect (FE) two-
step generalized method of moments (GMM) technique (2SIV-GMM).
The explanation of results and deductions are based on the fixed effect
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(FE) two-step generalized method of moments (GMM) technique (2SIV-
GMM) approach because, by default, the Pooled OLS panel technique
assumes that at least a portion of the regression estimators is similar
across the panel [157]. In this case, Pooled OLS was utilized as a
benchmark technique for establishing an overview of cross-country
analysis of human well-being [157,158]. Specifically, the
Driscoll-Kraay estimation technique was used to unravel the preliminary
link between the quality of accessing urban infrastructural services and
human well-being in SSA [159]. Nevertheless, this method suffers if
omitted variables correlate with human well-being and urban infra-
structural service quality measures, resulting in endogeneity issues [40,
160].

Given that we have N > T (N = 22 and T = 21) and social welfare
variables that are hard to measure, it signifies that biased estimates can
be obtained. However, applying panel data models such as (FE) two-step
generalized method of moments (GMM) technique (IV-GMM) helps to
control state and time-invariant variables and tackle endogeneity issues
[160,161]. In addition, applying Driscoll-Kraay standard errors in
IV-GMM setup, probable heteroscedasticity, and cross-sectional depen-
dence problems, which automatically exist in variables measured in
panel form [30,160]. Additionally, since the IV-GMM utilize instru-
mental variables as part of the regressors, they enhance the performance
of dynamic panel models with small N and T as it is in this study [162,
163]. Using Driscoll-Kraay standard errors helps robustly account for
cross-sectional dependence [159,164]. It accounts for spatial and other
forms of cross-sectional correlation results in a significant complication
of empirical studies. Failure to care for spatial dependence results in
spurious standard error estimates [102]. Furthermore, the
Driscoll-Kraay estimator allows for autocorrelation, heteroscedasticity,
and temporal and spatial dependence [159]. Although the applied panel
models account for cross-sectional dependence, autocorrelation, heter-
oscedasticity, and endogeneity, they cannot partition the effects at
different levels [30,159]. To account for this, this paper carried out
robustness checks by disaggregating the impact of the quality of
accessing urban infrastructural services on human well-being by sepa-
rating the selected countries into high-HDI (HDI >0.5) and low-HDI
(HDI <0.5) countries and estimate using 2SIV-GMM [162].

3.3. Data description and stylized facts

As mentioned above, data for the Human Development Index (HDI)
are obtained from the official website of UNDP. In contrast, data for
urban infrastructural service accessibility quality indicators (water,
sanitation, and electricity), urbanization rate, and industrial employ-
ment are obtained from the World Development Indicators database of

Angola
Burkina Faso
Cameroon
Congo Rep
Cote d'lvoire
Democratic Republic of Congo
Ethiopia
Ghana
Kenya
Liberia
Madagascar
Malawi

Mali
Mozambique
Niger
Nigeria
South Africa
Tanzania
Togo
Uganda
Zambia
Zimbabwe
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the World Bank [4,165] and data for governance are obtained from the
Worldwide Governance Indicators database (2022). This paper consid-
ered 22 Sub-Saharan African countries for the period spanning from
2000 to 2020 due to data unavailability for the quality of accessing
urban infrastructural services before 2000. Before carrying out any
econometric analysis, a primary look at the quality of urban infra-
structural service accessibility and regional human well-being patterns
in recent decades enables us to outline some basic yet interesting styl-
ized facts. First among these is that human well-being in several
developing regions is characterized by a more extensive section of the
urban population living under acute inadequate accessibility of urban
infrastructural services (water, sanitation, and electricity), depicted by a
lower HDI of less than 0.5. As indicated by the UNDP estimates in Ap-
pendix Fig. Al, whereas the HDI for Sub-Saharan Africa has been rising
over the recent decades, the value has trailed behind other regions, with
an average value of less than 0.50 between 2000 and 2021 [39].

In addition, Fig. 1 depicts the average HDI for the selected countries
from 2000 to 2020. Fig. 1 shows that South Africa had the leading
average HDI value of 0.68, followed by Ghana with an average value of
0.57, Congo Republic with 0.55, and Kenya with 0.54. Other countries
with an average HDI value above or equal to 0.5 included Angola,
Cameroon, Zambia, and Zimbabwe. On the other hand, Burkina Faso,
Cote d’Ivoire, DRC, Ethiopia, Liberia, Madagascar, Malawi, Mali,
Mozambique, Niger, Nigeria, Tanzania, Togo, and Uganda.

Table 2 presents the descriptive statistics, where the average means
of the HDI for the selected 22 Sub-Saharan African countries from 2000
to 2020. The average HDI value over the period is 0.4785, less than the
average world value above 0.65 [166,167]. The second fundamental
fact concerns urban infrastructural service accessibility. An average of
37.31 % of the urban population had access to essential sanitation

Table 2
Descriptive statistics.

Minimum  Std.
Dev.

Variables N Mean Maximum

Human Development 462  0.4785 0.7360 0.2620 0.0857
Index (HDI)

Sanitation (SAN) 462

Water (WAT) 462

Electricity (ELEC) 462

Employment (EMPI) 462

Urban Agglomeration 462
(URAG)

Governance(G) 462

Urbanisation Rate 462

(UR)

0.3731
0.8233
0.6280
1.0927
0.1649

0.7713
0.9900
0.9660
3.3930
0.6318

0.0957
0.5953
0.0343
0.2830
0.0335

0.1547
0.0842
0.2190
0.5835
0.1166

—0.8289
0.3739

0.6459
0.67829

—1.8414
0.1461

0.4397
0.1474

.51
.37
.52
.55
.49
.43
.40
.57
.54
.46
.49
.45
.39
.39
.34
.49
.68
.48
.49
.48
.51
.52

4
Mean of HDI

Fig. 1. The Average HDI for the Selected SSA Countries for 2000-2020.
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services, 82.33 % to basic water services, and 62.80 % to electricity
services. Regarding urban governance, an average government effec-
tiveness index of —0.8289 indicates the weak effectiveness of the
Sub-Saharan African governments in initiating, monitoring, and
providing urban infrastructural service policies. The average urban
agglomeration is 16.49 %, preceding an average galloping urbanization
rate of 37.39 %.

Table 3 presents the correlation test results. As indicated, there is a
significant positive correlation between the Human Development Index
(HDI) and the selected variables. Specifically, a strong positive corre-
lation exists between the Human Development Index (HDI) and the
urbanization rate. In addition, there is an average positive correlation
between the Human Development Index (HDI) and electricity accessi-
bility, urban agglomeration, and water accessibility. In contrast, there is
a weak positive correlation between the Human Development Index
(HDI) and sanitation access and governance. Although the significant
correlation between explained and explanatory variables indicates ideal
regression results, it is essential to check for a multicollinearity problem
as its presence results in overestimating coefficient estimate standard
errors. This paper relied on the variance inflation factor (VIF) test to
detect the presence of multicollinearity. Studenmund [168] posited that
the rule of thumb for the VIF test is that VIF values greater than 5 and
tolerance values less than 0.1 [169] indicate the presence of a multi-
collinearity problem, and the converse is true. The results shown in
Appendix Table Al show that the VIF and tolerance values for all
selected variables are less than 5 and greater than 0.1, respectively.
These collaboratively signify that including the explanatory variables
together doesn’t result in strong multicollinearity in the subsequent
regression models.

Fig. 2 presents correlation plots between HDI and Urban Infra-
structural Service Accessibility Quality measures. Specifically, Fig. 2
depicts an increasing relationship between HDI and Urban Infra-
structural Service Accessibility Quality measures. This implies that SSA
countries with increasing quality of accessing urban infrastructural
services experience higher HDI, as elaborated by Appendix Fig. A2.
Moreover, Appendix Fig. A3 shows an increasing relationship between
higher quality of governance and higher HDI and urban agglomeration is
associated with lower HDI.

4. Empirical Analysis and findings
4.1. Cross-Sectional dependence and panel unit root test

This paper’s starting point of estimation is checking the presence of
cross-sectional dependence (CD) between the cross-sectional units of
analysis (countries). Due to urbanization resulting from rural-urban
migration, attributed mainly to political instability and forced
displacement in most SSA countries, the effect can spillover to the
neighbouring countries. Additionally, most African countries are highly
connected, resulting in dependence problems, especially if applied to
panel data modelling. As indicated in Table 4, most variables are cross-
sectionally dependent, thus rejecting the null hypothesis of panel ho-
mogeneity. However, governance and urbanization rate are cross-

World Development Sustainability 4 (2024) 100155

sectionally independent; the null hypothesis of panel heterogeneity is
accepted at a 5 % significance level.

In line with the evidence of cross-sectional dependence among most
of the selected variables, the next step is checking the stationarity or
order of integration by carrying out second-generation unit root tests,
which are ideal in addressing the presence of cross-sectional dependence
in the estimated models. The study combined several panel unit root
tests such as Levin et al. [170], knowns as (LLC), Im et al. [171], and
known as the IPS test. These stationarity tests perform well in short
panels with a small T. The validation for using panel unit root tests (IPS
and LLC) instead of first-generation unit root tests (ADF and PP) is the
robustness of the test, especially for short panels as it is in this study.
Also, we employed augmented cross-sectional IPS (CIPS) by Pesaran
[172] to account for the possibility of cross-sectional dependence in our
panel data. The stationarity test findings of variables follow the under-
lying null hypothesis of the presence of unit root. Based on the results in
Table 5, the null hypothesis is rejected under all tests for the human
development index (HDI) at the first difference, I(1). However, the null
hypothesis of the presence of unit root is rejected for all other variables
(water accessibility, electricity accessibility, sanitation accessibility,
urban agglomeration, governance, urban employment, and urbanization
rate) at level form, that’s, I(0), implying the absence of non-stationarity
traits.

4.2. Dynamic panel model estimation

The main aim of this study is to determine the link between the
quality of accessing urban infrastructural services and human well-being
in 22 SSA countries from 2000 to 2020. The genesis point discusses the
results per the estimation of the statistic panel data model form of Eq. (2)
using Pooled OLS as a benchmark model and Driscoll-Kraay’s estimator
as the preliminary technique. Table 6 presents the results of Pooled OLS
and Driscoll-Kraay’s findings for the static model form of Eq. (2), where
all the two models include HDI as the dependent variable, with an
observation size of 462. The Pooled OLS estimates with all variables
linked to regional human well-being are shown in column 1. Column 2
reports the findings following the Driscoll-Kraay technique, with all
control variables, country and time-fixed effects included.

The Driscoll-Kraay findings show a significant positive relationship
between urban water infrastructural service accessibility and regional
human well-being at a 10 % confidence interval (see column 2). How-
ever, the findings indicated an insignificant negative effect of sanitation
and a significant negative relationship between urban electricity infra-
structural service accessibility and human well-being. This can be
explained by the fact that most Sub-Saharan African cities lack impor-
tant sanitation and electricity development capacity, negatively
affecting the people’s welfare in the urban regions. Further, the Discroll-
Kraay Fixed Effect findings show that governance significantly posi-
tively affects regional human well-being at 1 %. This implies that as
governance effectiveness in policy implementation and monitoring of
urban infrastructural development programs improves, the welfare of
the people improves as well. On the other hand, urban employment and
urbanization have insignificantly positive and negative effects on human

Table 3
Correlation Test Results.
Variable 1 2 3 4 5 6 7 8
Human Development Index (HDI) 1.000
Water Access 0.439* 1.000
Sanitation Access 0.322* 0.393* 1.000
Electricity Access 0.4938 0.479* 080* 1.000
Urban Agglomeration 0.4768 0.178* 0.109* 0.023 1.000
Governance 0.323* 0.270* 0.245* 0.290* —0.207* 1.000
Employment 0.453* 0.405* 0.225* 0.289* 0.635* 0.235* 1.000
Urbanisation Rate 0.630* 0.172* 0.362* 0.288* 0.825* —0.066 0.565* 1.000

Note: **p < 0.1.
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Fig. 2. Correlation Plots for HDI and Urban Infrastructural Service Accessibility Quality.

Table 4

Cross-sectional Dependence Tests.
Variable CD-Test P-value Abs(Corr)
Human Development Index (HDI) 66.29 0.000%* 0.952
Water Access 26.28 0.000%* 0.995
Sanitation Access 17.58 0.000%* 0.969
Electricity Access 43.93 0.000%* 0.682
Urban Agglomeration 31.06 0.000%* 0.824
Governance —-1.44 0.150 0.374
Employment -1.13 0.257 0.588
Urbanisation Rate 55.10 0.000%* 0.960

Note: Under the null hypothesis of cross-sectional independence. **p < 0.1,
wkkp < 0,05, *p < 0.01.

Table 5

Panel Stationarity Unit Root Test.
Variable LLC IPS CIPS Status
Human Development Index —2.4905** —1.7132%* 66.2944%* 1(1)

(HDI)

Water Access 1.1981 —2.6212%* 26.2842%* 1(0)
Sanitation Access 1.0723 —22.9533** 17.5843** 1(0)
Electricity Access —4.0305%*%  —2.2772%* 43.9284** 1(0)
Urban Agglomeration —4.4858**  —2.6979** 31.0635** 1(0)
Governance —2.4293** —1.7909** —1.4381** 1(0)
Employment —0.2362** 2.1998 —-1.1330 1(0)
Urbanisation Rate —1.7918** 3.3154 55.1005** 1(0)

Note: **p < 0.1, ***p < 0.05, *p < 0.01.

well-being (see column 2). On the other hand, increased urban
agglomeration could enhance human well-being. Rapid rural-urban
migration increases agglomeration economies through sharing, match-
ing and interaction, promoting better incomes and access to industrial
employment. Nevertheless, Discroll-Kraay Fixed Effect estimates may be
biased due to the endogeneity issue orchestrated by the presence of
cross-sectional dependence uncovered earlier in this paper [173,174].
Therefore, we extended the analysis and presented results in the sub-
sequent sections.

Table 6
Urban Infrastructural Services and HDI: Pooled OLS and Driscoll-Kraay Fixed
Effect Results.

Dependent Variable: HDI Pooled OLS Driscoll-Kraay FE
@ (2)
Const. 0.560%** 0.644**
(0.046) (0.140)
Water Access 0.216%** 0.216*
(0.043) (0.110)
Sanitation Access —0.041** —0.041
(0.019) (0.052)
Electricity Access —0.048%** —0.048**
(0.013) (0.020)
Urban Agglomeration 0.318** 0.318%*
(0.073) (0.152)
Governance 0.034*** 0.034%**
(0.006) (0.011)
Urban Employment 0.008* 0.008
(0.004) (0.006)
Urbanisation Rate —0.457%** —0.457
(0.103) (0.295)
Country/Year FE YES YES
Adjusted/Within Adjusted R? 0.973 0.964
Observations 462 462
Number of Countries 22 22
F-stat, p-value 0.000 0.000

Note: All variables are measured at the beginning of the period. The time spans
from 2000 to 2020. Standard errors are enclosed in parentheses. The Driscoll-
Kraay nonparametric covariance matrix estimator produces the standard er-
rors in the Fixed Effect model. Dummies for country and time effects are
included to control fixed effects.

*p < 0.1; **p < 0.05; ***p < 0.01.

As a corrective robust measure of the endogeneity bias, the dynamic
panel model specified in Eq. (2) was re-estimated using the Two-step
Instrumental Variable-Generalized Method of Moments (2SIV-GMM)
estimation technique (with the Discroll-Kraay standard errors). The
2SIV-GMM utilizes the orthogonality condition to produce efficient co-
efficient estimates in the presence of autocorrelation, cross-sectional
dependence, variable omission, measurement error, endogeneity, and
heteroskedasticity of unknown form [175]. Conceptually, we anticipate
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the correlation between explained, explanatory, and instruments to exist
[176,177]. This paper assumed that the quality measures of accessing
urban infrastructural services (main regressors) are endogenous except
for the year. Thus, we utilized a maximum of three-year lags of the main
regressors as instruments and included urban agglomeration and second
differenced governance as external instruments of the estimation.
Mainly, governance captures the effectiveness of government policies
influencing urbanization and urban agglomeration-related welfare.
Using lag structure enables the instruments and endogenous explanatory
variables to be strongly associated [178]. Additionally, by following
Amponsah et al. [40] and Sovey and Green [179], we tested the statis-
tical validity of the selected instruments’ validity to minimize the
probable bias, especially in the presence of heteroscedasticity. We
considered standard errors and Kernel (Bartlett) band-with to account
for the potential in the model estimations [40,179]. Moreover, we per-
formed instruments’ validity, under-identification, over-identification,
and weak identification tests using the Hansen J test, Kleibergen-Paap rk
LM tests, and Cragg-Donald Wald F-statistics.

Table 7 provides the 2SIV-GMM regression estimated results. Look-
ing at the model reliability tests, the findings show a significant
Kleibergen-Paap rk LM (p = 0067<0.05) and an insignificant Hansen J-
statistic value of 6.716. Empirically, a significant Kleibergen-Paap rk LM
test [180] resulted in the rejection of the null hypothesis of
under-identification and weak instruments, signifying the appropriate-
ness of the instruments. Additionally, an insignificant Hansen J-statistic
value indicated that we do not reject the null hypothesis (instruments
are valid) and deduce that the selected instruments are valid. This
further implies that the instruments excluded are independently
distributed in the error process [176]. it is also important to mention
that 2SIV-GMM corrects for the endogeneity problem by including re-
gressors as both exogenous and endogenous variables in the model
estimation [181].

The findings in Table 7 show the coefficient of sanitation and elec-
tricity urban infrastructural service accessibility to significantly and
positively affect human well-being. This signifies that holding all other
factors constant, as the quality of access to sanitation and electricity
infrastructure improves in the sampled countries, the human well-being
of the people is enhanced by increasing the HDI. These findings align

Table 7
2SIV-GMM Regression Findings.
Dependent Variable: HDI 2SIV-GMM
Const. 0.253%**
(0.050)
Water Access —0.198%**
(0.060)
Sanitation Access 0.056**
(0.021)
Electricity Access 0.079**
(0.017)
Urban Agglomeration 0.162
(0.049)
Governance —0.075%*

Urban Employment

Urbanisation Rate

(0.044)
Country/Year FE YES
Observations 396
Number of Countries 22
F-stat, P-value 0.000
Kleibergen-Paap rk LM P-value 0.0067
Hansen’s J-stat 6.716

Note: Standard errors are enclosed in parentheses. The Driscoll-
Kraay nonparametric covariance matrix estimator is used to pro-
duce the standard errors. Dummies for year and country effects are
included to control fixed effects.

*p < 0.1; **p < 0.05; ***p < 0.01.
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with the previous studies, which observed that increased accessibility of
sanitation services such as sludge management, emptying of solid waste,
and electrification services improves the welfare of the people by
reducing environmental pollution, diarrheal disease, infant mortality
rate and enhances security certainty of the people [134-136,182].
Additionally, improving the quality of access to urban sanitation im-
proves human well-being by reducing air pollution and enhancing
human productivity, economic well-being, and social dignity
[183-185]. On the other hand, the findings indicate the coefficient es-
timate of water service accessibility quality significantly negatively af-
fects human well-being. This can be described by the fact that most cities
in Sub-Saharan Africa lack essential drinking and domestic water,
thereby detriment to human well-being (Ahmed, 2021; [186]). Collab-
oratively, this aligns with the observations made by [187] that there
exist significant health inequalities in cities, such as differences in life
expectancy due to inadequate water services for drinking.

Regarding the effect of governance in terms of the effectiveness of
incepting, implementing, and monitoring social welfare policies, the
findings indicate governance has a significant negative impact on
human well-being. This implies that holding all other factors constant,
an increase in governance ineffectiveness deters human well-being by
reducing HDI. This holds water for the case at hand in many ways. First,
as indicated by the negative governance effectiveness index, the ma-
jority of the Sub-Saharan African countries exhibit detrimental urban
governance policies, including inadequate enforcement of contracts and
failure to guarantee property rights that promote inclusive economic
growth, which affects human well-being negatively [188,189]. Sec-
ondly, research studies such as Fisayo et al. [190] have indicated the
governance challenges associated with human well-being in the SSA
region. Studies have shown that Africa’s governance and institutional
environment for social welfare have been weak and unchanged in recent
decades [191,192]. However, as observed in Table 7, it is unexpected for
a higher governance level to result in reduced human well-being; we
extended the analysis by including governance and its interaction term
in the dynamic panel model and estimated it robustly in Table 8, where
the findings pointed out that higher government effectiveness enhances
human well-being.

Regarding the control variables in Table 7, the urbanization rate is
significantly and negatively linked with human well-being. Indeed, the
SSA region is characterized by rapid urbanization, which presents
governance pressure of managing large agglomerations and providing
vital social amenities such as water, sanitation, and electricity services,
which are crucial to the well-being of the urban population [5,6,142].
On the other hand, urban industrial employment is insignificantly linked
to human well-being. This can be attributed to the SSA region being an
agricultural-based economy that produces primary goods. Hence, urban
industrial employment has an insignificant influence on human
well-being [193]. Also, excessive state interference and poorly designed
industrial investment policies contribute to shrinking SSA’s urban in-
dustrial performance [193,194].

4.3. Robustness checks

This section presents detailed robustness checks regarding the
connection between the quality of accessing urban infrastructural ser-
vices and human well-being. Given the varied human well-being indi-
cated by different HDIs, the probable effect of the quality of accessing
urban infrastructural services on human well-being varies in different
model specifications. This paper pays a deeper robustness focus to the
Sub-Saharan African context for two main reasons. One resides in the
identified positive differential impact of the quality of accessing urban
infrastructural services and urban governance on human well-being, as
shown in Table 8. The second reason is the methodological deficiencies
of Pooled OLS and the different HDI values of the selected countries. As
mentioned, the 2SIV-GMM estimation technique addresses endogeneity
problems and enhances estimation efficiency. Nevertheless, 2SIV-GMM
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Table 8
2SIV-GMM Robustness Checks: Quality of Accessing Urban Infrastructure and Human Well-being.
Dependent Variable Drisc-Kraay FE 2SIV-GMM 2SIV-GMM 2SIV-GMM 2SIV-GMM
m (2) 3 @ 5)
HDI HDI Electricity Governance Agglomeration
Const. 0.105** 0.245%** 0.548%*** —0.722%** 0.100%**
(0.043) (0.051) (0.029) (0.080) (0.025)
Water Access —0.160** —0.208** —0.240 0.066
(0.043) (0.063) (0.095) (0.029)
Sanitation Access 0.026 0.075* 0.225%* —0.121%**
(0.029) (0.022) (0.041) (0.017)
Electricity Access 0.174%* 0.084* 1.342%* —0.244%**
(0.031) (0.047) (0.058) (0.018)
Urban agglomeration 0.258%** 0.129** —0.774%** —0.028%**
(0.110) (0.104) (0.252) (0.157)
Governance 0.005** 0.005** 0.459**
(0.011) (0.023) (0.057)
Elect*Governance —0.038** —0.088** —0.666*** 1.279%**
(0.018) (0.032) (0.063) (0.022)
Elect*Urban Agglomeration —0.466** —0.488%** 0.905%*** 1.232%**
(0.111) (0.146) (0.365) (0.070)
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Controls YES YES YES YES YES
Observations 462 396 396 441 396
Number of countries 22 22 22 22 22
Centered/Within R? 0.7060 0.989 0.892 0.942 0.944
F-test p-value 0.000 0.000 0.000 0.000 0.0000
Kleibergen-Paap rk LM 15.781%* 20.873%** 15.644** 16.584%*
Hansen’s J-statistic 5.265 5.210 2.825 12.465

Note: Controls comprise urbanization, industrial employment, urban agglomeration, and urban governance. The time frame spans from 2000 to 2020. The Driscoll-
Kraay nonparametric covariance matrix estimator is used to produce the standard errors. Dummies for year and country effects are included to control fixed effects. *p

< 0.1; **p < 0.05; ***p < 0.01.

estimation relies on adjustments to internal and external instruments,
such as lagging and variable transformations [195]. Therefore, ideal
external instruments for regional human well-being from the quality of
urban infrastructural service accessibility are complex to find.

Still, literature has pointed out urban agglomeration and urban
governance as reliable external instruments for regional human well-
being in Sub-Saharan Africa [138,149]. Higher levels of urban
agglomeration are anticipated to negatively impact urban infra-
structural service accessibility. Also, the weak effectiveness of gover-
nance in initiating and implementing urban population policies
jeopardizes the overall living standard of the urban population [138,
149]. In this effect, we used urban agglomeration and urban governance
along with their squared values as the exogenous and instrumental
variables along with the interactive term of these instrumental variables,
with the electricity access as a proxy for quality urban infrastructure
accessibility having been identified as significantly positive in pooled
OLS, Driscoll-Kraay and 2SIV-GGMM models in Tables 6 and 7. Using
these instrumental variables as part of exogenous variables and elec-
tricity accessibility allows us to control for simultaneity bias and feed-
back effect ([138]; Castells-Quintana & Royuela, 2015; [149];
Wooldridge, 2010). The strategy here entails regressing electricity ac-
cess (a proxy for quality of accessing urban infrastructural services), an
urban agglomeration, and urban governance, their squared terms along
with the interactive terms on regional human well-being using
2SIV-GGMM technique (see models in Appendix Egs. (3) and (4)).

Appendix Table A2 presents the first-stage OLS and Driscoll-Kraay FE
estimations for Eqs. (3)-(5). Urban agglomeration and urban gover-
nance, along with their squares, appear statistically significant in
explaining the variation in the human well-being of the urban popula-
tion in Sub-Saharan Africa, as depicted in literature. We further utilize
Driscoll-Kraay FE and 2SIV-GGMM techniques to estimate the model
presented in Eq. (5). In this case, urban agglomeration and governance
are used as basic instruments, and their interactive terms with urban
infrastructural services (proxied by electricity access) are used as addi-
tional regressors. Before evaluating the results presented in Table 8, we
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check the validity of electricity access (a proxy for urban infrastructure)
and urban agglomeration and governance as instruments for human
well-being following the first-stage OLS approach. For these variables to
be valid instruments, they should explain the variation of human well-
being and influence the quality of urban infrastructural services and
urban agglomeration via human well-being (exclusion procedure). The
F-statistic test is carried out to further evaluate the exogeneity and
relevance of urban agglomeration and governance, along with their
squares (see Appendix Table A2). As seen in Appendix Table A2, the
selected variables significantly affect the variation of human well-being
and impact the urban infrastructure and urban agglomeration (see col-
umns 2 and 3).

Table 8 presents the robustness checks by 2SIV-GGMM estimates of
the HDI model for SSA. In alignment with the findings observed in
Table 8, 2SIV-GGMM results show a significant positive effect of the
quality of access to sanitation and electricity urban infrastructural ser-
vices on human well-being (see Column 2). Still, the significant negative
effect of water urban infrastructural service is sustained. However, it
turns out to be significantly positive if the country’s HDI level disag-
gregates the estimation (see column 2 of Appendix Table A3). Addi-
tionally, suppose a composite measure of the quality of accessing urban
infrastructural services (mean summated share of the population
accessing improved sanitation, modern energy, and clean drinking
water) is considered; it becomes significantly positive (see column 5 in
Appendix Table A2). In that case, it has a significantly positive effect on
human well-being. This implies that enhanced quality of accessing
urban infrastructural services such as water, sanitation, and electricity
improves the well-being of a country’s population through reduced
health-related risks, increased productivity, and reduced environmental
pollution (Field & Kremer, 2006; [30]; Riva et al., 2018).

Regarding the role of governance on human well-being, the 2SIV-
GGMM findings indicate a significant positive effect of governance
and a negative interactive effect with the urban infrastructure (proxied
by electricity) (see column 2 of Table 8). Further, the findings confirm a
significant positive effect of urban agglomeration and a negative
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interactive impact with electricity accessibility (a proxy for urban
infrastructural service accessibility) on human well-being, aligning with
the results in Table 7. This signifies that the increased urbanization rate
pushes more people to concentrate (urban agglomeration) in urban re-
gions, thereby increasing energy needs for education and production
and affecting the urban population’s welfare (Byaro & Mmbagga, 2023).
However, the findings show a significant positive interactive effect be-
tween urban agglomeration and electricity accessibility on electricity
infrastructural services (see column 3 of Table 8), meaning as urban
agglomeration as an outcome of continuous urbanization increases, the
government, through local authorities, enhances the quality of accessing
urban infrastructural services, thereby improving the welfare of the
urban people [30]. Increased urban productivity and governance enable
more households to have sufficient disposable income to purchase home
appliances such as electric cookers, TV sets, electric radios, kettles, and
iron boxes, which depend on electricity use, all meant to make life
enjoyable [29,192,196].

Regarding the influence of governance on urban infrastructural
service accessibility quality, results depict a significant positive effect
(see column 3 of Table 8). This signifies that enacting sound urban
development and demographic-transition policies, such as decentral-
ization of urban industries and agricultural mechanization, reduces
urban concentration and encourage a particular share of population to
back to the rural, hence enhancing equitable access to urban infra-
structural services such as electricity ([197-199]. This reduces compe-
tition and pressure exerted on urban infrastructural services, enhancing
the remaining urban population’s quality, usability, livability, and
general human well-being [29,200,201]. On the other hand, the inter-
active term between governance and access to urban infrastructure is
negative (see columns 2 and 3 of Table 8), signifying that persistence in
weak governance effectiveness results in the deterioration of the quality
of accessing urban infrastructural services, hence reduced human
well-being [202,203]. A case of SSA region is that of continuous con-
centration of people in the city regions, driven by massive rural-urban
migration and natural births, which has been touted to be growing
much faster than the urban infrastructural development and governance
capacity [204]. The aftermath of the SSA region’s increasing urban
glomeration is insufficient government provision of critical urban
infrastructural services such as water, sanitation, and energy services,
and exacerbated environmental deterioration [205].

4.2. Summary of the findings

In sum, the statistical evidence provided by development organiza-
tions such as the World Bank and UNDP regarding developing regions
such as SSA provides the dire situation of the quality of accessing urban
infrastructural services such as water, energy, and sanitation. Partly, this
is attributed to the constrained economic opportunities for the rural
population orchestrated by the dwindling agricultural sector and forced
migration to cities. Also, the limited accessibility to urban infra-
structural services is attributable to the bursting urban population and
government mishaps. Indeed, due to the worst quality of accessing
essential social amenities, resulting from government ineffectiveness in
initiating and adopting development policies geared toward achieving
better accessibility of social services.

The findings from this study, in many ways, confirm these assertions.
First, the results depict SSA’s general human well-being standard trail-
ing behind other regions. This observation is confirmed by previous
studies such as Castells-Quintana [149], who observed that the quality
of urban infrastructural services in SSA is significantly lower than in
counterpart rapidly urbanized regions such as East Asia. The disparity in
the quality of accessing urban infrastructural services also differs across
SSA countries and cities and between genders [206]. This can be justi-
fied by the fact that informal settlement in the SSA region houses over 50
% of the urban population, living in dilapidated housing conditions
without adequate access to improved water, sanitation facilities, and
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connection to the electricity grid [207]. The estimated results showed a
significant positive link between the quality of accessing urban infra-
structural services and human well-being in SSA, implying that better
quality of accessing critical services enhances the general human
well-being of the urban population. These results confirm the observa-
tions made by previous studies that adequate access to essential urban
infrastructural services results in significant improvement in human
well-being by significantly reducing several social problems in SSA,
ranging from diarrheal diseases and respiratory disease to reduced
household healthcare expenditure, energy poverty and social in-
equalities [30,129].

Second, the study indicated an increasing urban agglomeration that
does not match the available urban infrastructural services. Particularly,
the results suggest that countries like Democratic Republic of Congo and
South Africa with sizeable urban agglomeration experience declining
human well-being compared to countries like Burkina Faso and Niger
with smaller urban agglomerations. This is because large agglomera-
tions in SSA encounter severe pressure to accommodate ever-increasing
population as the majority of the cities in the region are characterized by
limited employment opportunities, inadequate housing facilities, water,
sanitation, healthcare facilities, waste management systems, and rising
effects of climatic changes and environmental degradation, increase in
non-communicable and water-borne diseases [30,129]. These findings
are confirmed by Nyika [208], who identified rapid urbanization and
urban population growth as the major factors of urban water scarcity
and stress in most SSA urban regions.

In terms of the government’s role, the findings show that SSA gov-
ernments have been ineffective in incepting, implementing, and moni-
toring social development policies in recent decades. Specifically, a few
countries like Zambia, South Africa, Madagascar, Kenya, and Niger, with
perceived fair governance as indicated by positive governance index
effectiveness, experience slightly better human well-being as compared
with countries like Nigeria, with higher levels of corruption. The results
imply that enhanced governance results in an improvement in human
well-being. For instance, coordinated waste and sludge management
leads to declined diarrheal diseases and mortality rates in urban
informal settlements and promotes sustainability and waste manage-
ment culture [209]. These findings are confirmed by Branchet et al.
[210], who established that reclaimed urban water resources and moves
by local authorities to protect urban water resources and safe disposal of
wastes enhance the health of the urban population and environmental
quality in SSA. In addition, Ndam et al. [209] observed that coordinated
urban household waste management is a gateway to cities’ new
well-being, reflecting long-term collective infrastructural development
actions defined by local authority in SSA. In general, an increase in
urban agglomeration in SSA increases urban infrastructural needs,
negatively impacting human well-being, resulting from insufficient
accessibility and compromised quality of services. Therefore, it calls for
collective infrastructural development and refocused urban governance
in initiating and implementing urban policies targeting different social
clusters of people confronted by different livability needs.

Although the study covered several aspects of the quality of access-
ing urban infrastructural services and how it influences human well-
being, it suffers from some limitations. First, the study excluded urban
green infrastructure’s influence due to the unavailability of panel data.
Therefore, further studies can include the impact of urban green infra-
structure in assessing how it impacts the well-being of the people. Sec-
ondly, the paper used the urban share of the population to measure the
quality of accessing urban infrastructural services. However, future
studies can interrogate the quality of accessing urban infrastructural
services using daily water intake, daily volume of emptied waste, and
daily hours of power outage. Thirdly, future studies can focus on
quantitative case studies to provide new insight from a specific
contextual perspective. These will help in enlarging the urban eco-
nomics literature and provide a basis for further quantitative research on
urban demographic transitions, which can be of great value to
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understanding better the link between urban infrastructure and human
well-being, a relevant issue for developing regions presently. Lastly, the
selected quality of accessing urban infrastructural services and HDI are
not the only indicators of urban infrastructural services and human well-
being from a population dynamic perspective. Future studies can focus
on more in-depth indicators such as quality of life, urban livability
index, inequality, and happiness index that can be computed using
micro or survey-based data, widely recognized in the literature as robust
measures of human well-being.

5. Conclusion and policy recommendations

The quality of accessing urban infrastructural services such as water,
energy, and sanitation plays a pivotal role in enhancing the human well-
being of the urban population and the entire economy, as confirmed by
literature and results. However, significant heterogeneities across na-
tions, cities, and regions are orchestrated by urbanization processes and
quality of governance. In addition, investigating the connection between
the quality of accessing urban infrastructural services and human well-
being has been identified in the literature as daunting due to the
revolving measures of human well-being, from subjective to objective
measures. Several studies covering this topical issue in the SSA region
have focused heavily on case studies, and little evidence is available
regarding the panel data model estimation. Furthermore, most studies
have covered urban infrastructural services and human well-being from
a subjective point of view without including the role played by gover-
nance in ensuring quality accessibility of urban infrastructural services.
Against these gaps, this paper explored the link between the quality of
accessing urban infrastructural services and the interactive effect of
governance on human well-being using panel data from 2000 to 2020
for 22 countries. Utilizing Pooled OLS, Driscoll-Kraay, and 2SIV-GMM
techniques, the paper uncovered the following findings: The quality of
accessing urban infrastructural services enhances human well-being by
way of increasing HDI; The interactive term between urban infra-
structural services and governance and urban agglomeration has nega-
tive effects on human well-being. Also, governance significantly and
positively influences human well-being and urban infrastructural ser-
vices. Lastly, urbanization and subsequent urban agglomeration are
detrimental to human well-being through increased governance
ineffectiveness.

In line with these findings, this paper uncovers significant avenues
through which the quality of accessing urban infrastructural services
enhances human well-being. First, increasing urbanization acts as an
ecosystem of inclusive economic growth from foreign development and
concerted development frameworks such as sustainable urbanization
and conservation measures; however, in regions such as SSA where ur-
banization is not typical, due to forced displacement and political hos-
tility, governance challenges attributed to bursting urban agglomeration
from rural-migration of the active population present dire quality of
accessing urban infrastructural services such as water, sanitation, waste
management, and electricity. In this regard, it has been argued that the
low quality of access to urban infrastructural services due to high
agglomeration is attributable to poor governance effectiveness arising
from stirring urbanization challenges in SSA. Access to water, electricity,
and sanitation is deficient, hampering positive structural change and
benefits from the active population flooding urban regions.

In tandem with these arguments, the Malthusian trap might be the
ideal reality, as the pace of urbanization supersedes the government’s
provision of urban infrastructural services vital for human well-being in
SSA. Previous studies have suggested that when urban agglomeration is
due to forced displacement rather than regular rural-urban migration,
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the government’s effectiveness in investments in urban infrastructural
service provisioning becomes highly fundamental. The quality of
accessing urban infrastructural services is not desirable in terms of the
quality of life of the urban population but also the general human well-
being at the regional level. Therefore, the study findings point to the fact
that the government’s investment and policy effectiveness that raises the
quality of accessing urban infrastructural services such as water, energy,
and sanitation, can influence the higher levels of human well-being
significantly, especially in regions with largest urban agglomerations
such as SSA—subsequently, certifying that better quality of accessing
urban infrastructural services in these large agglomerations keeps pace
with the stirring urbanization not only enhancing the general well-being
but also stripping the region from Malthusian trap.

Based on the findings and deductions, the study suggested several
policy implications and strategies that can be adopted to enhance the
quality of access to urban infrastructure services and result in human
well-being. First, the paper recommends that improving the quality of
access to urban infrastructure services is a collective action defined by
local authorities, central governments, and development agencies.
Therefore, the government, through the local authorities such as
municipal council and community leaders, should enact pro-poor tar-
geting urban infrastructural development policies such as community-
led waste management and reclamation of water resources, women
empowerment, and intensified urban electrification championed by
community leaders will not only help in boosting the road toward sus-
tainable urbanization but also controlled environmental degradation
and human capital development in the SSA urban regions [211]. Sec-
ondly, governance policies such as urban decongestion through agri-
cultural mechanization and rural-urban transport infrastructural
development will help in containing detrimental urbanization effects
and create a social culture of interdependency between rural and urban
households, hence helping in easing urban infrastructural service
accessibility pressure [30]. Thirdly, Sustainable accessibility of urban
infrastructural services, compounded with easy industrial linkage to the
rural regions through the development of multimodal transport systems,
should be given urgent priority as these will help in overcoming the
negative externalities of urban agglomeration, thereby reducing the cost
of urban industrial employment which act as the pull factor of urbani-
zation [212].
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Appendix

This section entails supporting evidence and estimations. The section consists of Fig. A1, which shows the comparative HDI for SSA with other
regions; Table A1 shows the VIF results for the multicollinearity test; Fig. A2 shows the correlation between HDI and urban infrastructural services;
Fig. A3 shows correlation between HDI and urban agglomeration and governance in the selected countries, Equation A1 shows the additional
equations for robustness checks, Table A2 shows the first-stage least squares estimates along FE-DK, and Table A3 shows IV-GMM Regression by HDI
Country Difference.

No data 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bzzA

Fig. A1. Human Development Index in SSA.

Table Al

VIF Test Results.
] Human Development Index (HDI)

VIF 1/VIF

Water Access 1.60 0.6239
Sanitation Access 1.44 0.6929
Electricity Access 1.46 0.6827
Urban Agglomeration 1.06 0.9405
Governance 1.30 0.7715
Employment 1.89 0.5299
Urbanisation Rate 1.92 0.5203
Mean VIF 1.53
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Equation Al: Robustness Checks Equations

Electricity Access; = p; (Ayi[—l.t> + a; + b + py

Urban Agglomeration; = p, (AyiH_,t) +a; + b+

HDI; = ap + p, Urb_Infr, + p,Gov « Elect + ;UrAg « Elec + nZ; + €;

3)

4

()

where «; represents the country-specific fixed effects and b, represent the year-fixed effects. The interactive term between urban infrastructural
services (proxied by electricity) and governance is denoted by Gov « Elect, and that of urban infrastructural services and urban agglomeration is
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denoted by UrAg * Elec. Introducing the country-specific fixed effects lets us control for time-invariant country-specific omitted variables. In addition,
introducing year-fixed effects helps control regional effects.

Table A2

First Stage OLS and Driscoll-Kraay FE.

Dependent Variable Pooled OLS Driscoll-Kraay FE Driscoll-Kraay FE Driscoll-Kraay FE Driscoll-Kraay FE
HDI HDI (2) Electricity (3) Agglomeration G-service (5)
@™ (C)]
Urban Agglomeration 0.9330%** 2.8587%*** 1.4737%*
(0.0785) (0.2052) (0.5528)
Urban Governance 0.0896** —0.0309** 0.0399
(0.0069) (0.0135) (0.0362)
Urban Agglomeration. SQ —0.9685%** —2.5244* —1.9726%***
(0.1368) (0.2216) (0.4232)
Urban Governance. SQ 0.0386*** —0.0317*** 0.0532%**
(0.0152) (0.0065) (0.0233)
HDI 1.4459%** 0.2052%*** 0.8673%***
(0.0760) (0.0107) (0.0377)
Const. 0.4417%** 0.1398*** —0.2304*** 0.0667*** 0.1931**
(0.0094) (0.0321) (0.0423) (0.0051) (0.0171)
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Observations 440 440 440 440 440
N. of countries 22 22 22 22 22
Adjusted/Within R? 0.4698 0.3794 0.4796 0.2625 0.4815
F-stat P-value 0.000 0.000 0.000 0.000 0.000

Note: Standard errors are enclosed in parentheses. The Driscoll-Kraay nonparametric covariance matrix estimator is used to produce the standard errors. Dummies for

year and country effects are included to control fixed effects.
*p < 0.1; **p < 0.05; ***p < 0.01.
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