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Abstract

This paper focuses on Benin City, Nigeria, as a case study to explore urban sprawl and its associated prob-
lems resulting from unplanned and uncontrolled spatial expansion. Informal settlements house approxi-
mately 45% of Nigeria's urban population, leading to land and environmental challenges. The study aims to
investigate how sustainable development goals can be realized through efficient, sustainable planning and
urban design concepts, focusing on managing urban sprawl in the city. The methodology comprises a liter-
ature review, a field investigation of unplanned or squatter settlements in a selected part of Benin City
through the administration of 201 questionnaires, and an analysis of its developments and physical transfor-
mations. Understanding the issues of urban sprawl arising from the rapid spatial expansion of Benin City is
crucial for achieving a well-organized, planned, orderly, and sustainable environment. This paper provides
valuable insights and information to facilitate effective urban planning in the study area. Additionally, it
offers guidance to practitioners and developers on adopting sustainability measures in their projects. The
findings of this study contribute to expanding the knowledge horizon and serve as a reference for further
research on spatial expansion and the incidence of sprawl in urban centers throughout Nigeria.

Keywords: Informal settlement, planning, spatial expansion, sustainable development, squatter settlement,
urban sprawl.

1. Introduction

Since the Urban Revolution till the present, low-density, unplanned residential areas have been
found around most cities, indicating that urban sprawl is not a modern phenomenon. According
to Tang et al. (2017), urban sprawl in China dates all the way back to the Ming Dynasty in the
14th century. Due to cultural and technical developments, urban sprawl has dominated cities in
the developed world (Wolff & Wiechmann, 2018). Contrary to urban reality, where population
density is high and buildings house multiple households together, the phenomena is typically con-
nected with low-density settlements made up of individual dwellings (Tombolini et al. 2015;
Ogundipe et al., 2021). Both developing and developed nations worldwide experience urban
sprawl, but there are differences in how it is generated and managed (Wapwera, 2012; Queslati,
2015). This difference arises from the fact that industrialized nations have procedures in place to
monitor and manage development utilizing physical planning techniques that assist in situation
management and support from the government. The situation in underdeveloped nations is subs-
tantially different. As a result, emerging nations are affected widely by the situation. For instance,
according to recent studies, around 45 percent of Nigeria's urban population (Olayiwola and Ig-
boa, 2014; Ogundipe, et al., 2021) resides in unofficial communities.

Numerous land- and environment-related issues have been linked to the expansion of these un-
planned communities. According to Orenstein et al. (2013), Odeyale and Kehinde (2015), and
Natarajan (2017), urban sprawl is a fascinating spatial model that incorporates social, economic,
and environmental issues as well as the interaction between urban patterns and development pro-
cesses. It is challenging to comprehend how urban dispersion is constructed through time and size
since sprawl is based on a number of interrelated elements (Kazepov, 2005; Couch et al., 2007;
Ciommi et al., 2018). Adequate urban confinement methods and sustainable land-use manage-
ment policies have become challenging to adopt (Gyau et al., 2014). Because of the extreme levels
of laissez-faire policies, urban sprawl seems to be a major problem for modern cities (Angel et
al., 2011; Taussig, 2017; Duvernoy et al., 2018).

Measuring and defining urban sprawl are challenging tasks (Tong et al., 2017; Wang et al., 2019;
Ismael, 2021). Several experts say density is the only sign of urban sprawl (Xu et al., 2019). They
are estimating the amount of developed land in counties using information from US National
Resource Inventory surveys. According to Liu et al. (2018), density is defined as the population
of a metropolitan region divided by the urbanized area. Their estimation of urban sprawl is based
on the supposition that the more spread there is, the less dense the county is.
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Based on population migrations from cities to suburbs, land area increases vs population growth,
time spent in traffic, and loss of open spaces, metropolitan areas are classified as more or less
expansive (Bagheri & Tousi, 2018). According to Wu et al.'s (2021) study, the county sprawl
index took into account six different factors, including the gross population density, the proportion
of county residents who live in low suburban densities, the proportion who live in moderate or
high urban densities, the population density in urban areas, the average block size, and the pro-
portion of blocks whose areas are less than 1/100 square miles. Through the use of principal com-
ponent analysis, these variables were integrated into a single factor that represented the extent of
county sprawl, with the factor's mean value being 100 and its standard deviation being 25 (Rong,
2006; Lopez, 2012). The more compact the county is, the higher the county sprawl index value.

The study investigates how sustainable development goals can be realized through efficient, sus-
tainable planning and urban design concepts, focusing on managing urban sprawl in the city. This
study's significance lies in addressing urban sprawl challenges in Benin City, Nigeria, where in-
formal settlements house nearly half the urban population. It offers insights into sustainable plan-
ning and urban design strategies to manage sprawl, contributing valuable information for urban
development dynamics in rapidly expanding cities.

2. Research Methods
2.1. Study Area and Its Early History

Benin City is 200 miles east of Lagos by road and is situated in the tropical rainforest zone in the
middle of southern Nigeria (Ekhaese, 2011), as shown in Figure 1. According to Ogunbodede and
Balogun (2013), it is located between Latitudes 60 261 and 60 341 North of the Equator and
between Longitudes 50 351 and 50 401 East of the Greenwich Meridian. Benin City is an impor-
tant commercial hub and nodal town connecting Nigeria's western, eastern, northern, and southern
regions. Due to its advantageous location as a gateway to the nation's four corners, the Benin City
metropolitan area might be referred to as a "Golden Corridor" (Nkeki, 2016). The primary road-
ways in Benin City were built in a radial design from the city's center, King's Square, to other
locations throughout the city. This radial route network from the city center improved communi-
cation between the central and surrounding areas. According to Ogunbodede and Balogun (2013),
the most potent forest kingdom in West Africa had its capital in the ancient city of Benin, and its
territorial domain went beyond the boundaries of the current Benin Division. As the headquarters
of the Portuguese foreign mission, the hub of the slave trade, the center of international trade, the
capital of the now-defunct Mid-west and Bendel States, and the current Edo state, Benin City is a
pre-colonial city with roots dating back to the 12th century. According to the 2006 National Po-
pulation Census, 1,086,882 people live in the city. Egor, Oredo, Ovia North-East, Ikpoba-Okha,
and Uhunmwode are the five local government areas the metropolis spans. The city has experien-
ced enormous expansion in terms of both its population and geographic size.

According to the Columbia Encyclopedia, the Benin Kingdom was established around 1180 AD
in the 10th century. The Ogisos, considered rulers from the sky, initially controlled the Edos, the
empire's founders. According to Ekhaese (2011), the empire was ruled by roughly 31 Ogisos until
the Oba assumed the role of supreme authority and head of state. In 1440 AD, the City-state
changed its name to Edo Empire and became an empire. Between the 14th and 17th centuries, the
empire spanned from Onitsha in the east through the present-day country of Ghana and the for-
ested southwest of Nigeria (Ekhaese, 2011). According to Lang (2003), the Ga people of Ghana
can trace their roots back to the former Benin Kingdom. According to studies by Ekhaese (2011),
the metropolis is larger than 25,000 square kilometers, and some of its streets can be up to 37
meters wide, with houses arranged in carefully thought-out rows. Before the Portuguese arrived
in the 15th century, it was reported that the kingdom had excellent home architecture. The Oba of
Benin resided in a massive, stunning palace with spacious courtyards and columns embellished
with the famed Edo-style ivory and bronze statues. Plaques adorned the walls surrounding
doorways with exquisite carvings. The Edo people think their forefathers served as god's messen-
gers and helped them converse with him. This explains why each traditional Edo home has a
magnificently constructed ancestral shrine (Ekhaese, 2011).

The ancient inhabitants of the Benin Kingdom constructed walls and moats around the city to
protect it from attackers. These moats and walls, currently recognized as UNESCO World Herit-
age Sites, extend for 1,200 kilometers and can reach 20 meters (Conah, 1972). King Square served
as the city's center, laid out in a grid-iron arrangement similar to that of Renaissance cities. The
traditional shrine, the museum, the Oba Market, and the palace of the Oba are all located in this
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center (Ekhaese, 2011). As the homes go from the kingdom's center to the edges, their ages de-
crease sequentially from 300 to 200 years, 100 to 10 years. According to Omoigui (2005), Benin
City, which is mostly found in the middle of Nigeria, can be thought of as a unified group despite
having different identities. The ancient Benin Kingdom is the origin of several groups in Nigeria.
This explains why these communities have a common language and culture.
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Figure 1. Present-day Nigeria, showing the Position of Benin City.

Despite their level of education, Ekhaese (2011) asserted that the Edos have a fairly traditional
outlook and way of living. He stated that the strong belief in their customs and varied types of
devotion binds the Edo people together. This has given the state both spiritual and temporal au-
thority, but contemporary religious beliefs swiftly weaken the royal leadership of the fast state.
Due to this development, modern architectural styles are starting to appear in the city's newest
developments and outlying areas of Benin (Ekhaese and Ediae, 2014). According to Dmochowski
(1990), the social structure of the Benin Kingdom was highly regarded. Ekhaese and Ediae (2014)
asserted that the Benin Kingdom is preeminent in maintaining its cultural identity among the
complex of ancient kingdoms and empires that make up modern-day Nigeria. He continued by
saying that while some of its cultural components have changed due to certain factors, others are
still going strong.

3.2. Statistical Analysis

In order to accomplish the study's stated goal, data from both primary and secondary sources were
employed. Copies of the questionnaire were distributed to gather information mostly on urban
growth and infrastructure development. 201 questionnaires were distributed for this investigation
using a rigorous random sample procedure. The demographic information about the respondents,
the variables driving Benin City's spatial expansion, and the environmental effects of Benin City's
growth were all obtained through the questionnaire. In order to identify the principal locations
with cases of urban sprawl development, the city was stratified based on the five local government
areas of the larger Benin City that were chosen (Egor, Oredo, Ovia North-East, Ikpoba-Okha, and
Uhunmwode; see Figures 1). Based on the population density of the designated areas, question-
naires were distributed. Ikpoba-Okha local government district was chosen at several places be-
cause it contains most of the area that makes up Benin City. The respondents were chosen at
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random from the places mentioned. The administered surveys' recovered copies were examined
in order to :

i. Determine what is causing Benin City's expansion.

ii. Identify the places that have been swallowed by urban growth as well as those that would be if
the current rate of expansion is maintained.

iii. Consider the planning consequences and determine if the adequate infrastructure was keeping
up with the spatial growth.

The second set of data contained ;

ii. Population statistics for Benin City were gathered from the Edo State Office of the National
Population Commission (NPC), Benin City, to support the attribute data for the research.

ii. Clear multi-temporal and multi-spectral Landsat images of Benin City from two time periods
separated by ten years (2000, 2010, and 2020) are available. This categorization uses two time
periods (2000-2010 and 2010-2020) to detect total land use change based on urban footprint
analysis. The multi-temporal satellite data has the following spectral properties: the Landsat 8
optical sensor-OLI (Operational Land Imager) was used to resolve the 2020 Landsat image; the
Landsat 7 ETM+ (enhanced thematic mapper) was used to capture the 2000 images. A spatial
resolution of 30 meters (m) is included in each image. They were from and analyzed in Google
Earth Engine. Machine Learning-based approach was used to classify the land cover. We classify
the area by built-up and built-up using a random forest classifier.

The study utilizes a mixed-method approach to analyze urban sprawl in Benin City. The built-up
area's growth over different periods highlights a significant increase in the built-up area and
sprawl occurrence. Socioeconomic characteristics of respondents are correlated using Pearson and
point-biserial correlation tests, revealing associations between variables such as age (AGE), in-
come (INCOME), gender (GENDER), marital status (MARITA), education (EDU), and occupa-
tion (OCCU). The study employs chi-square tests to establish relationships between socioeco-
nomic characteristics and urban sprawl variables like access (ACCESS), energy use (ENERGY),
housing type (TYPE), attraction (ATTRACT), satisfaction (SATIS), development permits
(DEVEL), and traffic congestion (TRAFFIC). The Spearman rho correlation test assesses con-
nections between variables such as such as energy use (ENERGY) and housing type (TYPE),
attraction (ATTRACT) and satisfaction (SATIS), attraction and traffic congestion (TRAFFIC)
and satisfaction (SATIS) and traffic levels (TRAFFIC). These findings underscore the need for
ongoing geospatial monitoring for effective urban planning and management.

3. Results and Discussion

According to Odjugo et al. (2015), Benin City's growth pattern did not adhere to a particular
theory of urban growth. It is more of a synthesis of the key elements of the sector, many nuclei,
and concentrated zone theories of urban expansion. According to Olayiwola and Igbavboa (2014),
the type and geographical pattern of urban sprawl in Benin City fall into theories of urban structure
such the multiple-nucleus theory, sector theory, and concentric zone theory. Burgess' 1925 Con-
centric Zone Theory postulated that cities expand in zones away from their centers. The expansion
of Benin City expands outward from the City Center, following the main thoroughfares as it does
so, and swallowing up the neighboring villages in the process.

The concentric idea is supported by the growth trend seen in Benin City. The Hoyt Sector Theory,
which was put forth in 1936, says that cities develop in sectors instead of concentric zones. Ac-
cording to the Multiple-nuclei theory first forth by Harris and Ullman in 1945, comparable activ-
ities are clustered in some districts and drive the growth of those districts rather than cities grow-
ing in zones and sectors (Odjugo et al., 2015). Between 2002 and 2013, the city's area increased
from 339 square kilometers to 359 square kilometers, according to their observations. Three dis-
tinct growth periods in Benin City were found by studies by Olayiwola and Igbavboa (2014). The
results were based on research by Ikhuoria (1984) that followed Benin City's expansion and de-
velopment between 1900 and 1987. According to research, between 1980 and 1987, Benin City's
built-up area accounted for roughly 14.79% of all land use.

The built-up area of Benin City is seen to have grown to 22.53% of the total land area by the time
between 1988 and 2000, which is an increase of 7.74% over that of the period between 1980 and
1987 (see Figure 2). Figure 2 shows the recent phases of growth in Benin City, Nigeria. The built-
up area of Benin City increased to 50.51% of the total land area between 2001 and 2008. This
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demonstrates an increase in the built-up area's growth and an increase in the occurrence of sprawl
at the periphery. Table 1 displays the findings of the correlation analysis for the respondents'
socioeconomic characteristics. The age and income of the respondents were correlated using the
Pearson moment correlation test, and the result was a positive coefficient (r = 0.897), which was

statistically significant at the p 0.01 alpha level.

Table 1. Correlation Results of Socioeconomic Characteristics’ Variables.

Socioeconomic Characteristics Pearson Product Moment Correlation Test  Income
Age
AGE 1.000 0.897™
INCOME 1.000
Point-Biserial Correlation Test
GENDER 0.406™ 0.617"
MARITA 0.547™ 0.604™
EDU 0.859™ 0.813™
OCCU 0.888™ 0.815™
** Correlation is significant at the 0.01 Alpha level.  Source: Author’s Fieldwork.
Table 2. Chi-Square Test Relationship of Socioeconomic Characteristics’ Variables.
Socioeconomic MARITA EDU OCcuU
Characteristics ~ pearson Chi- df  Asump. Pearson Chi- df Asump.  Pearson Chi- df Asump.
Square Value Sig. Square Value Sig. Square Value Sig.
GENDER 201.000? 5 0.000 114.868° 4 0.000 42.021° 4 0.000
MARITA 179.262¢ 20 .000 117.633¢ 20 .000
EDU 357.514f 16 .000
(a). 8 cells (66.7%) have an expected count of less than 5. The minimum expected count is .14. (b). 4 cells (40.0%) have
an expected count of less than 5. The minimum expected count is .56. (c). 5 cells (50.0%) have an expected count of less
than 5. The minimum expected count is 1.18. (d). 4 cells (40.0%) have an expected count of less than 5. The minimum
expected count is .43. €. 25 cells (83.3%) have an expected count of less than 5. The minimum expected count is .08. (f).
10 cells (40.0%) have an expected count of less than 5. The minimum expected count is .68. Source: Author’s Fieldwork.
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Figure 2. Phases of Growth in the recent past of Benin City, Nigeria from 2000 to 2020.
Point-biserial correlation analysis of Table 2 revealed that the relationship between respondents'
occupation and income was statistically significant at p 0.01 (rpb = 0.815). According to the
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respondents’ (n = 201) strong positive association between occupation and income, more employ-
ment generally results in higher income. Similarly, the association between education and income
variables was statistically significant at p 0.01 (rpb = 0.813). The correlational pattern suggests
that increased educational involvement raises income. Additionally, a positive connection bet-
ween the variables of income and gender was discovered, with rpb = 0.617 being statistically
significant at p 0.01. Additionally, there was a positive association between income and marital
status, with rpb = 0.604 being statistically significant at p 0.01. Il. Therefore, it is necessary to
periodically monitor the urban growth and extension of the city using modern geospatial techno-
logies as this will aid in the collection of data required for effective urban planning and manage-
ment of the city.

The percentage of respondents with a valid development permit before starting their construction
project is shown in Table 3. One hundred seventy respondents (84.6%) did not have valid deve-
lopment permission when they started the construction of their buildings, according to a table
analysis. Thirty-one respondents (15.4%) reported having a current development permit. The
coefficients of the correlation between variables related to urban sprawl in Benin City are shown
in Table 3.

Table 3. Chi-Square Test Relationship of Socioeconomic Characteristics’ Variables.

Urban Sprawl ACCESS ENERGY TYPE ATTRACT SATIS DEVEL TRAFFIC
Variables

ACCESS 1.000 0.457™ 0.503™  0.342™ 0.363™  0.625™  0.286™
ENERGY 1.000 0.932™  0.443™ 0.396™  0.580™  0.619™
TYPE 1.000 0.473™ 0.445™  0.635™  0.589™
ATTRACT 1.000 0.904™  0.125 0.716™
SATIS 1.000 0.112 0.640™
DEVEL 1.000 0.175"
TRAFFIC 1.000

** Correlation is significant at the 0.01 Alpha level.
* Correlation is significant at the 0.05 Alpha level.
Source: Author’s Fieldwork

According to a Spearman rho correlation test, the correlation between the variables of respondents’
energy use and type of housing was rs = 0.932, which is statistically significant at p 0.01. This
demonstrates that the amount of energy used depends on the respondents' type of home. The as-
sociation between respondents' attraction to the research location and their degree of pleasure was
found to have a coefficient of rs = 0.904, which is statistically significant at p 0.01. As a result, a
location's level of satisfaction affects its appeal. Similarly, the correlation between respondents'
attraction and traffic congestion in the research area is rs = 0.716, which is statistically significant
at the p 0.01 alpha level. This shows that the likelihood to produce traffic congestion increases
with the level of attraction. The coefficient of correlation between respondents' levels of satisfac-
tion and the amount of traffic in the research region produced a correlation of rs = 0.640, which
is statistically significant at the level of p 0.01 alpha.

3. Conclusion

According to the findings of this study, people who live in sprawling areas are more likely to own
single-family detached homes than attached or multi-family homes, and they also tend to expect
to own large homes. In recent decades, most metropolitan places around the world have witnessed
the process of expanding. Between 1979 and 2013, the urbanized area in the study region grew
alarmingly quickly, with the majority of the development occurring along the main transportation
corridors heading into and out of the city. The additional area needed to accommodate this growth
resulted in increased energy use as well as higher costs for the provision of infrastructure and
social services. Uncontrolled land use development, particularly at the peripheries, is a significant
issue that resulted from the growth of urban sprawl in Benin City. This type of development has
a number of drawbacks, including inadequate transportation infrastructure, increasing traffic con-
gestion, and difficult access to newly built places. Benin City's urban planning is being drastically
altered by the growth of urban expansion, which is consuming and ruining fertile agricultural land
that can never be replaced.

In particular for policymakers, practitioners, and urban planners, attention should be paid to the
following proposals and suggestions to encourage sustainable development in developing nations.
First, promoting the adoption of urban compact forms to stop urban sprawl, to increase the density
of urban areas, to promote sustainable development, and to keep cities livable. Second, by
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implementing policies that have a favorable effect on agricultural earnings, prime agricultural
lands on the edges of cities can be preserved as open spaces and for environmental preservation.
Thirdly, creating a favorable climate for efficient land use and urban planning legislation. Fourth,
creating an updated master plan for the local development authority (Edo State Ministry of Hou-
sing and Urban Development) that takes into account the city's changing urban design. The ma-
jority of building owners do not possess valid development permits, which makes it difficult to
monitor adherence to planning requirements. As a result, making registration of land titles and
building designs mandatory. The sustainable urban development that will result from these actions
will be significant.
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