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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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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):
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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):
f(r) =

1−c
1 + eα(2r/D−1)

+c

(2)

where r is the distance to the city center, f(r) is the urban land density in a ring with a distance of r to
the city center, α, c and D are parameters, and e is Euler’s number. These parameters have physical
meanings. Parameter α stands for compactness of urban form of a city (the higher α 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

Classes
Built-up
Cultivation
Water
Bushland
Bareland
Swamp
Forest

2010

%

Km2

2.85
21.11
0.46
62.53
4.30
3.25
5.49

15.45
114.16
2.52
338.03
23.09
17.62
29.71

2018

%

Km2

%

Km2

4.14
19.52
0.49
63.06
4.62
3.42
4.72

22.38
105.57
2.66
340.93
25.01
18.50
25.53

9.45
18.09
0.39
59.46
3.99
3.27
5.33

51.12
97.80
2.10
321.42
21.58
17.68
28.80
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0.987
2018
1.206
0.056
3.580
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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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of the
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In
essence, these principles of city planning serve as a vehicle of “transition and evolution
integrated”[22], [43]. A more radical approach to sustainable urban planning is anti-fragilism,
of planning from a modernist process in which planning is viewed as a scientific, the universally
proposed by Taleb [50]. Roggema [47] explains the anti-fragilism concept as “a system that is not only
valid able
instrument
of progress (which largely benefits only a select elite), toward a communicative
to respond to changes in an agile way, but more than this, it is able to use these responses to
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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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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