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Abstract: Sustainable urban planning is essential in mediating the natural and built environments
globally, yet, there is little progress as regards its attainment in developing countries. Rapid and
unplanned urbanization continue to threaten the sustainability of many cities in Africa. By selecting
Morogoro Municipal Council (MMC) in Tanzania as an example, this study applied well-known remote
sensing techniques to understand the dynamics of urban growth and the implications for sustainable
urban planning. The study analyzes spatio-temporal characteristics for eighteen years (2000-2018)
based on urban land density using gradient and grid-based analysis to further examine land use and
urban land density nexus. The results indicate declining urban land densities with distance to the city
center, indicating a less compact and fragmented development at the urban fringes; and northward
development with limited development to the south of MCC. The knowledge and understanding
of the patterns of spatio-temporal conditions, land use planning, and management interventions in
MMC are necessary for addressing the inadequacies associated with rapid urbanization within the
study area. On this basis, we propose a shift from the modernist to the communicative planning
strategy that strongly integrates the urban social, economic, and environmental imperatives, while
being adaptable to evolving realities. This plan should also aim to curtail urban sprawl and create a
viable city system and economically prosperous city structure for MMC.

Keywords: land-use planning; urban growth; urban land density; sustainable urban planning;
Morogoro

1. Introduction

Cities have long emerged as engines of economic growth and centers of development. Today,
cities are centers for education, employment, innovation, technological transfer, and ready market
for manufactured goods and agricultural products [1]. In developing countries, this is even more
prominent, given that limited resources and poor governance structures [2—4] have resulted in
governments focusing on providing infrastructure in cities at the expense and neglect of smaller
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towns and rural areas. This investment tends to accelerate countryside to urban migration, in search
of perceived employment and economic opportunities in cities. However, high population growth
in cities places enormous stress on natural resources and imposes “ecological footprints” on urban
areas [5-9] as the growth creates an outward (mostly radial or semi-radial) form. Generally, the outward
expansion of cities results in changes in land use with extensive loss of prime agricultural lands for
residential, commercial, and other urban-related uses [4,10-12] in many cases, without recourse to
laid-down planning guidelines [13]. Since urbanization and city expansion are inevitable [8,13-15],
it is important for cities to continually improve their capacities to cope with population growth [16-18]
which triggers city expansion. Therefore, planning and land use policies are becoming even more
crucial tools required for the mitigation, control, and management of the magnitude, dimension,
and pattern of urban growth in cities, both in developed and developing countries.

Essentially, land use planning seeks to achieve sustainability through orderly physical development
that culminates in an environment that is functional and livable. It is also a process of examining
different land use options; deliberate attempts to alter land use form for the desired purpose, be it
aesthetics, convenience, harmony, human and animal health and safety, etc. [5]. Effective land use is,
therefore, considered important in addressing the needs of people, and also to control externalities [19].

Tanzania is currently undergoing an urban transformation which, by 2050, is estimated to consist
of increases in its urban population from less than 15 million people in 2012 to more than 60 million
people [20,21]. Tanzania is, thus, set to become the ninth largest contributor to the global urban
population increase behind Asia (India, China, Indonesia) and Africa (Nigeria and the Democratic
Republic of the Congo) [22-24]. It is obviously clear that there is an urgent need to reconsider planning,
not only for basic urban infrastructure and services, but also for sustainable land use. Indeed, this is in
tandem with the United Nations New Urban Agenda, which seeks to revolutionize the way in which
cities are planned and governed, with the aim of achieving sustainable urban growth—a requirement
for inclusive prosperity. This paper seeks to contribute to the body of knowledge required to support
sustainable urbanization efforts if cities in Tanzania are to realize the Sustainable Development Goals
(SDGs), commitments made at the COP 21 in Paris to reduce emissions, and New Urban Agenda,
agreements to which Tanzania is a signatory [25,26].

Tanzania’s urban population has been on an upward trajectory in recent years. This increasing
population density associated with urban growth would offer three main opportunities. The first is
accommodating infrastructure and services to achieve scale economies, whereby population density
lower the capital costs [27,28]. The second is the necessary accompaniment to land use transformation,
whereby labor moves from agrarian to industry and services. The third is the clustering of businesses
and workforces in urban areas, which can produce cluster economies, whereby specialized supply
chains, services, and labor develop in an area to serve an industry, thereby reducing production
costs, stimulating innovation, and encouraging specialization [29-31]. Nonetheless, it is important to
note that there are many challenges thrown up by rapid urbanization in Tanzania. Worrall et al. [32]
suggested the 3C model (compact growth, connected infrastructure, and coordinated governance) for
cities in Tanzania, one of which dwells largely on physical planning and land use policies.

As the sixth largest city in Tanzania, Morogoro has experienced rapid population expansion and
spatial sprawl over the last two decades. Thus, the general goal of this paper was to (1) examine the
extent, rate, and pattern of urbanization in Morogoro Municipal Council (MMC); and (2) to ascertain a
planning approach that can curtail sprawl and control and manage rapid urbanization within the city.
To achieve this aim, time series geo-spatial data, multi-temporal remote sensing data, and GIS analysis
were adopted to analyze the spatial and temporal growth patterns of MMC (for 2000-2018). We found
increasing fragmented and dispersed spatial development patterns with every kilometer away from
the city center. While the findings show that the evolution of MMC conforms to mainstream urban
models where development proceed from the central core [33], planning strategy that can guarantee
compact growth, deliver a viable city structure, support social and economic development, and protect
the environment is proposed for MMC.
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The remaining parts of the study are organized as follows: Section 2 presents the background
of the case study, data collection methods, and analysis. In Section 3, the results and discussion are
presented. Section 4 is about a planning approach that responds to the evolving spatial reality in
MMC. In Section 5, we reflect on the broader implications of the study for other sub-Saharan cities and
provide a conclusion.

2. Methodology

2.1. Case Study Location

The study area is Morogoro Municipal Council (MMC) (see Figure 1), which is a city in the region
of Morogoro in Tanzania. The municipality is the capital of Morogoro region, which is one of the 30
administrative regions in Tanzania. The population of MMC is estimated to be 305,000 inhabitants
with an annual urban population growth rate (1988-2002) of 2.6% and 540 km? of total area [34]. Due
to the rapid growth, MMC is facing major urban challenges in managing social and economic changes
within the municipality while 65% of the city’s population live on unplanned area [25].
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Figure 1. Location of study area, Morogoro Municipal Council (MMC).

2.2. Data Collection and Preprocessing

The workflow of this study is divided into three parts (see Figure 2). First, the Landsat imagery
was processed, including atmospheric correction and geometric correction. Second, random forest
supervised classification techniques were determined. Third, the results of the change detection in the
land use map were presented as the final output of the classification. In this study, multi-temporal remote
sensing data were used as data source for retrieving urban land use. The study used Landsat satellite
images obtained from the United States Geological Survey website (http://earthexplorer.usgs.gov/) to
show the growth rate of urbanization and spatio-temporal characteristics between 2000 and 2018 (see
Table 1). In addition, population datasets were used [35].
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Figure 2. Conceptual framework and proposed workflow of the study.

Change detection provides essential information for decision making in the monitoring of land
use, assessing global changes, and the nature of the change over the period of time. Change detection
was used to identify land use change rates such as urban growth, flooding, drought, and any transition
in vegetation [8,20,36,37]. The monitoring of land use/land cover (LULC) change is relevant and useful
for understanding the driving force of the change [38]. This change analysis used was calculated for
three periods (2000, 2010, and 2018) for the overall study area. We compared our results and showed no
differences with global land cover data at 30 m resolution (GlobeLand30) images used by Xi et al. [39].

2.3. Spatio-Temporal Characteristics of Urban Growth

The detailed urban land use maps in Morogoro at three-time points (2000, 2010, and 2018)
were derived from Landsat imagery. We analyzed the spatio-temporal characteristics of urban
expansion and population growth using two paradigms: Gradient analysis and grid-based analysis.
The physiognomies of town dissemination within an expanse were determined by studying the
correlation between the categorization of large and small urban in the expanse and its scale. The
order-scale rule studies the dissemination size of the town system from the correlation between urban
size and built-up density in each size order [40-42]. Built-up density (urban land density) is defined as
the ratio of the built-up area to the buildable area in a ring. In this study, water bodies cannot convert
to built-up area, so the buildable area equals the total area of land excluding the area of water bodies in
a ring (Equation (1)).

Shuilt—u
Dens = P

)

Sarea - Swater

where Dens stands for the built-up density in a ring, Sy, is the area of built-up in a ring, Saye, is the
area with land use information in a ring, and Syuter is the area of water bodies in a ring.
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Jiao [24] has proposed the urban land density function to characterize the spatial attenuation of
urban land density from the city center which is shown in Equation (2):

1-¢
foy = 1+ ea(2r/D-1) te @

where r is the distance to the city center, f(, is the urban land density in a ring with a distance of r to
the city center, a, c and D are parameters, and e is Euler’s number. These parameters have physical
meanings. Parameter a stands for compactness of urban form of a city (the higher « indicates the more
compact urban from of a given area). Parameter c represents the background density of built-up area
of a city, and D represents the extent of a city, an approximate boundary between the urban fringe and
the hinterland. The detailed explanations of the urban land density can be found in references [24].

3. Results

3.1. Spatial Distribution of Land Use and Land Cover

The summary of land coverage for the seven land cover categories shows that, in spite of decline
from 2000 to 2018, the bushland cover remains the highest land cover category, with a total area of
coverage of 62.53%, 63.06%, and 59.48% for years 2000, 2010, and 2018, respectively. Conversely,
built-up is the only land cover category that consistently expanded from 2.85% in 2000 to 4.14% in
2010 and 9.45% in 2018 (Table 1). Basically, cultivation and bushland categories declined over the
three study epochs, while water, bareland, wetland, and forest land cover fluctuated during the study
period. Figure 3 shows the classified satellite images of the study area, which clearly show that the
built-up land cover category continued to expand over the 18 years of study. Out of the 28 wards
comprising the MMC, Mwembesongo was the most built-up in 2000 (with 0.3% of total built-up), while
Kichangani topped the built-up category in 2010 (with 0.53% of total built-up), and Kihonda with
the highest built-up coverage in 2018 (with 1.17% of total built-up). Mwembesongo and Kichangani
are generally within the central and most urbanized area of the MMC, whereas Kihonda is mainly
located on the adjoining outer fringes of the MMC central district. In the year 2000, Tungi ward had no
development whatsoever, but by 2010, it contained about 0.16% and further expanded to 0.65% of total
built-up area of the MMC.

Generally, the expansion of the built-up category of land cover takes an outwardly radial form
into wards such as Boma, Chamwino, Mafisa, Tungi, Kihonda, Mindu, Magadu, and a couple of others.

Table 1. Summary of a land use change matrix form 2000, 2010, and 2018.

2000 2010 2018
Classes

% Km? % Km? % Km?

Built-up 2.85 15.45 4.14 22.38 9.45 51.12
Cultivation 21.11 114.16 19.52 105.57 18.09 97.80

Water 0.46 2.52 0.49 2.66 0.39 2.10
Bushland 62.53 338.03 63.06 340.93 59.46 321.42
Bareland 4.30 23.09 4.62 25.01 3.99 21.58
Swamp 3.25 17.62 3.42 18.50 3.27 17.68

Forest 5.49 29.71 4.72 25.53 5.33 28.80
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Figure 3. Classified land use and land cover of study area.

3.2. Urban Expansion and Its Correlation with Population Growth

The spatial distribution of built-up areas for 2000, 2010, and 2018 is presented in Figure 4a, and
series buffers with a 0.5 km interval are built from the city center. Overall, the city is mainly expanding
northward. From 2000 to 2010, the new built-up area was mainly located in the east of the city; in the
last decade, the city has clearly expanded to the north. The distance decrease of the built-up area
in each ring and the fitted curves, as shown in Figure 4b, and the parameters of urban land density
function are presented in Table 2. Generally, the density of built-up area decreases with distance to the
city center. The built-up density is about 80% around the center of the city, but it slightly decreases in a
given expanse of the city. The curves move above from 2000 to 2010 and even further by 2018, which
indicates the urban expansion in concentric rings. The parameter a decreases during the study period
of 18 years (2000 to 2018), implying a more dispersed urban form as the city expands. Parameter D
show the urban extent, which increased from 3 km in 2000 to 3.4 km in 2010 and further to 3.6 km
in 2018.
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Figure 4. The distance decay of urban land density. (a) The concentric rings with 0.5 km interval are
used to measure the density of urban land in each ring at three time points. (b) Fitted curves of the
urban land density.

Table 2. Parameters and goodness of fit of the urban land density function in 2000, 2010, and 2018.

Year a D R?

2000 1.484 0.005 3.007 0.993
2010 1.363 0.004 3.409 0.987
2018 1.206 0.056 3.580 0.972

Urban population and land are two crucial elements within a city. Cell-based analysis unifies
population growth and land expansion in sub-regions. This study used the sub-districts (ward) as cells
and calculated the increment of built-up area and population from 2010 to 2018 in each sub-district.
Thereafter, the correlations between population growth and urban land expansion in sub-districts were
examined. The increments of the urban population and the built-up area in sub-districts are highly
correlated (Figure 5). The sub-district of Kihonda is located in the north of the city, where urban land
expanded most from 2010 to 2018 and with the most population growth. Some other sub-districts
experienced a relatively large amount of population growth, but with a small increase of built-up areas,
like Chamwino, Mwembesongo, because they are near the city center with limited buildable space.
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Figure 5. Correlations of increments of population and built-up area in each sub-district (ward) from
2010 to 2018. The size of each dot scales with their population size in 2018.

4. Discussion

4.1. The Prevailing Pattern of Urban Morphology in MMC

The basic urban morphology of MMC shows that informal development is largely occurring
northward from the city center, while development is generally limited southward of the city (Figure 6).
It also appears that the master plan did not consider, perhaps, addressing the possible plethora of
issues that inhibit development (formal or informal) towards the south of Morogoro, but rather focused
on formalizing the informal neighborhoods within the study area. The current urban plan of MMC
provides a categorization of land uses into legal and non-legal areas for development and natural
reserve. Over the study period, it was observed that the physical development and expansion of
MMC is limited toward the south-west from the city center at Mlimani, Luhongo, Mindu, and Magadu
wards, where population increase is also minimal. This area is a Military Reserve Area and is
also a mountainous region. To address the current pattern of urban morphology would, therefore,
require well-thought efforts by the Planning Authorities of MMC beyond just seeking to formalize the
informal/non-legal developments into legal/formal neighborhoods.

4.2. Reinventing Urban Planning: Implications for Sustainable Urban Development in MMC

Cities are expected to keep growing, owing to natural increase and influx of migrants. This study
shows that city planning is therefore an integral component of the whole urbanization process
(Figure 6). However, several studies [22,43—49] indicate that contemporary city planning is expected to
be integrated (infrastructure, land use, culture, natural resources, and education) and multi-sectoral
(to include residents, leaders, employers, investors, and so on), in addition to major consideration
given to local circumstances, needs, and requirements, as well as gender considerations, involvement
of and responsiveness to the diverse city populations in order to achieve a robust urban planning
architecture. A key characteristic of a modern urban plan is the multi-scale/multi-level integration
to support sustainable and coordinated road, transit, housing, economic development, and land use
across geographic and political boundaries. All of these can only be supported by adequate professional
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planning capacity, especially in developing countries. UN Habitat [22] reveal that there are about
38 professional and qualified planners per 100,000 in the developed countries (Britain, as example),
while there are about 1.44 to 0.23 per 100,000 in developing countries (using Nigeria and India as
examples). It is thus not unexpected that cities in these countries continue to experience infrastructural
and economic decline and degradation.

(a) Satellite Image in 2018
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Figure 6. Urban land use patterns in 2018 in Morogoro Municipal Council.

Currently, many cities in the world still rely on somewhat outdated modes of planning, while
expecting to achieve sustainable urban development. It is crucial to note that as cities continue to
sprawl, densities are dramatically declining. It is projected that in developing countries, a 1% decline
in densities per year between 2000 and 2050 would quadruple the urban land area, hence leading to
various outcomes such as loss of agricultural land, socio-spatial segregation and segmentation, higher
commuting times and costs, and increased greenhouse gas (GHG) emissions [22]. Reinventing urban
planning entails adopting planning measures that are on-going and inclusive, rather than a one-off
encapsulation in a master plan. The problem with this kind of planning is that it is built to address
specific challenges within a particular year, after which they appear to be of little relevance over the
years as new challenges arise.

In this regard, Farmer et al. [44] suggested 10 principles to be incorporated in modern urban
planning. These include:

i Promotion of sustainable development;

ii. Focusing on achieving integrated planning;

iii. Integration of city plans with available budgets;

iv. Inclusive planning (with planners and stakeholders);

V. Considering the secondary principle;

vi. Encouraging and promoting marketing;

vii.  Ensuring access to land;

viii.  Developing a planning mechanism;

ix. Planning that considers the poor and less privileged strata for urban planning; and,
X. Recognizing (and preserving) social behavior diversities.

In essence, these principles of city planning serve as a vehicle of “transition and evolution
of planning from a modernist process in which planning is viewed as a scientific, the universally
valid instrument of progress (which largely benefits only a select elite), toward a communicative
process, in which planning is viewed as politically engaged, inclusive and empowering, strategic
and integrated” [22], [43]. A more radical approach to sustainable urban planning is anti-fragilism,
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proposed by Taleb [50]. Roggema [47] explains the anti-fragilism concept as “a system that is not only
able to respond to changes in an agile way, but more than this, it is able to use these responses to make
itself stronger and more capable of dealing with unexpected changes in the future”. Other approaches
also highlighted by Roggema [40] include those classified as environmental resilience [46,51,52] and
spatial resilience [51,53-57]. According to Roggema [47], the former aims to “fix the future” by building
environmental resilience of urban centers, while the latter is a strategy of “indulging the future” by
increasing spatial resilience of the urban environment.

The current planning approach adopted by authorities for the MMC is the modernist approach,
where a one-off master plan is designed for implementation over a specified timeframe, without
recourse to prevailing or unforeseen urban challenges. Basically, the master plan focuses on formalizing
the informal developments within the MMC, with limited attention given to sustainability in planning
future urban expansion. The current MMC master plan was developed in 2015 and is expected
to be under implementation from 2015/2016 up until 2035/2036. The master plan is built on eight
Tanzanian policies and legal frameworks, including Vision 2025, National 5-Year Development Plan
(2016/2017-2020/2021), Poverty Eradication Strategy II, Human Settlement Development Policy of 2000,
National Land Policy of 1995, Land Act No. 4 of 1999, Urban Planning Act No. 8 of 2007, and the
Local Government Act. The central objective of the MMC master plan is to examine the problem of
informality and to propose contextualized strategies to control and reverse the proliferation of informal
neighborhoods within MMC. The plan is designed to achieve this objective via three main steps: First
is to describe and classify the type and nature of informality; second is to expound a framework within
which informality in MMC can be managed; and, third is to list actions for each proposed strategy.
This is further evidenced in the adoption of zoning of land use (as shown in Figure 7) for commercial
use only in Mji mpya, and mixed uses (commercial, residential, and green areas) for Kihonda.

A)

b
—
.
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P I 1nstitution
Legend b
Road {77 Open Space
- : - el - || Public Building
B Commercial Building LA 3 W Residential
J F o 54 R -
0.125 0.25 0.5 Kilometers|, /5% °2 0 0.045 0.09 0.18 Kilometers

Figure 7. The current land use zoning. (A) Commercial at Mji mpya; (B) mixed-use at Kihonda.

Generally, the pattern of informal development observed in MMC shows a mostly northwardly,
outwardly orientation away from the city center (Figure 7), at locations considered abandoned or
unsuitable for development (for example, at Mkundi, Mindu, and Lukobe) and typically located
about 15 km from the city center, while land for development of public utilities in these informal
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neighborhoods is not appropriated. Much of the land tenure is informal and held under customary
ownership. The development has been increasing in tandem with population increase, with 2018
recording the highest population and urban expansion rate for MMC.

Clearly, what is required for sustainable development of MMC is a planning strategy that can
contain urban sprawl, protect natural habitats, promote connectivity, and stimulate productivity. This is
a challenge that planned city extension can achieve. UN Habitat promotes planned city extensions—an
urban planning strategy that can deliver sustainability targets such as ensuring compact development,
minimizing informal development, and protection of ecosystems [26]. Planned city extensions (PCE)
have been tried and tested in both the developed and developing countries with huge successes (ibid).
Some of the benefits of PCE include: Viable spatial structure for the city, inclusive development, a more
integrated city, connected and livable city. PCE have been implemented in some sub-Saharan cities
such as Ouagadougou in Burkina Faso and Tema, the industrial city of Ghana. In Ouagadougou,
among others, the PCE led to a clear city structure with an interconnected and hierarchical street
network that makes it easier for infrastructure delivery. In addition, there is less fragmentation in the
city, with informal housing reducing drastically from about 70% to 7%. Similarly, in Tema, Ghana,
PCE has resulted in a livable, structured, and accessible network of neighborhoods. This structure
still exists today, and notwithstanding the present decay of most buildings, has promoted economic
activities with street shops, pedestrian mobility, and adequate public spaces.

Essentially, several city-specific critical issues should be addressed by a PCE for MMC if
sustainability is the target. Kithakye et al. [58] reported that about 65% of the city’s population
lives on unplanned land with limited or no basic services, which in turn is driving the growing urban
poverty. Similarly, URT-PRSP [22] stated that MMC has more than 50 unplanned and un-serviced
high-density settlements with poor infrastructure and absence of basic services such as water and
sanitation, and with little or no access to secure land tenure, which is generally indicative of the
inadequacy of housing needs of the poor, where the majority of the population lives below the poverty
line of US$1 a day [22,43,59].

In terms of governance, Kithakye et al. [58] revealed a general lack of capacity which constrains
effective and efficient regulatory roles such as land development and control, policy enforcement,
and local level involvement. These deficiencies have led to unaffordable and inadequate mass housing
options for low-income families, thus leading to unregulated “self-help” housing by low-income
families and subsequent proliferation of unplanned settlements in the municipality. Also, human
resources and financial capacities are especially weak, while the local government lacks the ability to
cope with and the flexibility to adjust its planning strategies to match contemporary socio-political,
demographic, economic, and environmental changes within MMC.

The governance system of the MMC needs to build planning capacity, strengthen its planning
unit, and adopt a participatory planning approach that is more sensitive, inclusive, and responsive
to stakeholders/residents in upgrading current informal neighborhoods and also ensuring land
regularization to enable low-income owners access to secure tenure, as well as social and financial
credit across the MMC.

5. Conclusions and Recommendations

This study analyzed the spatio-temporal characteristics of urban expansion and population
growth in MMC using two paradigms: Gradient analysis and grid-based analysis. The results show
declining urban densities with every kilometer away from the city center. Furthermore, the study
found a positive correlation between urban population increase and built-up area. The implications
of these findings are that MMC is growing in an unsustainable manner. Yet, the current planning
system used to manage the growth of MMC is limited and unable to cope with the prevailing spatial
reality. There is also limited capacity of spatial planning personnel, which hampers effective land
use development and control, enforcement of local plans, and the lack of local level participation
in the planning process. The planning inadequacies and absence of a formal land tenure system
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reinforces spontaneous development and subsequent proliferation of informal settlements without
the necessary infrastructure and services expected of sustainable urban center. This study proposes
that for MMC to become sustainable, inclusive, and safe, there is the need for new approaches to
its planning and governance, beginning with a shift from the modernist to a communicative urban
planning approach. The implementation of a PCE—which can generate a viable spatial structure
for the MMC—would serve the purpose of minimizing informal development, and ensuring a more
integrated city. Regarding efforts towards achieving SDG 11 and its 15 target indicators, evolving
a planning approach as outlined in this study is not only necessary, but must be done with utmost
urgency, given the rate at which city expansion (driven by population increase) is occurring in MMC.

Rapid urbanization, as recorded within MCC and many cities across Africa, has resulted in sprawl,
fragmented, and unsustainable urban development patterns (see also [11]). This study has generated
an insight into the nature of urbanization and growth dynamics in MMC. The methods applied herein
this paper could be used in other rapidly growing sub-Saharan cities to generate insight into their
spatio-temporal growth patterns to support the implementation of a PCE to serve as a long-term spatial
strategy that guides the city’s growth, while, at the same time, allowing socio-economic forces and
local realities to evolve.
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