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ABSTRACT ARTICLE HISTORY

With rapid urban expansion across Tanzania, there is a need to institute Received 11 September 2022
steps to address factors and forms as well as impacts and challenges Accepted 19 May 2023
associated with the observed trend. This study’s aim is to use spatial

urban landscape indices to analyze the spatial changes in urban forms, U .

N ; rban growth indices;
patterns, and rates across 11 urban centers in Tanzania over a 30-year drivers of urban forms; urban
study period (1990-2020). During the past three decades, urban lands forms and patterns;
of 11 cities and town in Tanzania have grown by a total of 480 km?. landscape metrics; Tanzania
Leapfrog growth was found as the most dominant form of urban
expansion in Tanzania while Dodoma, the capital city of Tanzania, had
the highest rate of urban expansion when compared to all other
individual cities. The most robust and significant interaction of the
AWMLEI and MLEI was found in Kigoma, Arusha, Mtwara, Mafinga, and
Tunduma cities. In contrast, Mbeya agricultural city, Arusha the tourist
city, Tabora, and Geita Lake zone areas did show their own peculiarities
revealing an interesting spatial temporal variation in rate and form of
expansion. The outcome of this study reveals that the influence and
management of economic and socio-cultural opportunities will be an
effective tool for the determination of the rapidly expanding cities and
towns of Tanzania.

KEYWORDS

1. Introduction

Generally unpresented urbanization and urban expansion characterized by demographic shift from
rural to urbanized areas with a resultant rapid increase in absolute and per capita land consumption
rates has been recorded over the last several decades. According to United Nations (2012), global
urban population increased from 1.35 billion in 1970 to 3.63 billion in 2011, a 169% increase. The
United Nations (2019), World Urbanization Prospects 2018 revision states that globally, 55% of
world’s population live in urban centers as of 2018. The report further states that in 1950, 3% of
the world’s population was urban, and by 2050, 68% of global population is projected to be
urban. Of particular concern is the fast pace of urbanization recorded in low-income countries
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including those in sub-Saharan Africa. In 2018, the proportion of the population living in urban
areas was 32% in low-income countries, and is projected to reach, on average, 59% urban by 2050.

As urbanization persists, urban land expansion has also occurred more dramatically with the
global urban area quadrupling during 1970-2000 (Cai et al. 2022; Zhang and Seto 2011), showing
a growth reported on an average twice as fast as urban population in recent years (Chen et al. 2022;
Sumari et al. 2020), and expected to triple the global urban area in circa 2000 by 2030 (Seto, Giiner-
alp, and Hutyra 2012). The predicted population growth will occur in developing countries, with an
over 90% increase in Asia and Africa. Slums in emerging nations (including nations in Africa) are
characterized by inequality, and a general lack of adequate infrastructure such as roads, housing,
water, and waste and sanitation services all of which are associated with unimpeded and rapid
growth (Onilude and Vaz 2021; Parnell 2016; Wu et al. 2021).

Drastic land cover changes are associated with urban expansion (Dutta and Das 2019; Shao et al.
2021; Sumari et al. 2017). Land cover changes influence ecosystem functioning of the natural ecol-
ogy from the neighborhood to the regional scales (Bolund and Hunhammar 1999; Grimm et al.
2008; Nong et al. 2014). Studies have shown that rural to urban mass movement of population,
mostly for the search of a better life, is one of the leading causes for urban population growth
and massive unemployment among cities, traffic congestion, and environmental devastation in
many circumstances (Bloom, Canning, and Fink 2008; Roy 2009). Further studies have revealed
both urban form and urban environmental changes in association to urban expansion (Halla
2005; Kropf 2009; Lepczyk et al. 2007; Sumari, Tanveer, et al., 2019; Sumari, Xu, et al., 2019). In
this study, urban form is defined in accordance with Anderson, Pavlos, and Eric (1996) as the spatial
configuration of fixed rudiments within a metropolitan area.

For Africa, the rate and pattern of expansion and urban growth dynamics are collectively and
fundamentally shifting the development trajectory of the continent. With an average annual urban-
ization rate of 3.6%, Africa is currently the world’s fastest urbanizing region (UNDESA/PD 2013).
Some of the continent’s cities are growing at an average of 5% per annum, faster than any other
region globally (UN-HABITAT 2015), with a sharp increase in demand for housing, infrastructure,
and other basic services. Unfortunately, demand often outstrips the capacity of city authorities lead-
ing to unfolding patterns of development that are spontaneous, unplanned, and lack the necessary
services (Bar-Cohen 2006; Cobbinah, Erdiaw-Kwasie, and Amoateng 2015; Shao et al. 2021; Sumari
et al. 2020).

In Tanzania, urbanization has been on rapid increase (Sumari et al. 2020; Sumari, Mandela, and
Swai 2021; Shao et al. 2021) as the proportion of the population residing in urban settlements
increased from 33% in 1950 to 34% in 2018 and is projected that an additional 50 million people
will be added to its urban population between 2018 and 2050, with Dar-es-Salaam projected to
become a megacity of more than 10 million people by 2030 and to grow to 13.4 million people
by 2035 (United Nations 2019). This immense pressure on population growth and urbanization
in Tanzania calls for concerns particularly as much of the expansion is actually unplanned and
organic in nature (Sumari et al. 2020; Shao et al. 2021), a common problem with most cities in
most developing and underdeveloped countries (Sarif and Gupta 2021; Xu et al. 2019).

Addressing the challenges of urbanization in Tanzania requires a clear understanding and an
involved concern for planned use of urban space. The emergence of new cities (most probably dri-
ven by globalization and population increase) will continue to trigger persistent spatial transform-
ations across urban centers and cities in Tanzania over the foreseeable future. Accordingly, it is
crucial to describe and comprehend the evolving spatial urban forms and patterns across metropo-
litan Tanzania. The most growing cities’ spatial dynamics, including their structure, key character-
istics, land consumption rates, spatial layout, degree of segmentation, and comparability, are still
mostly unexplored/unclear. Monitoring growth trends and defining spatial metrics to characterize
urban development and sprawling, the key features of urban expansion were assessed using satellite
imagery for 11 cities and towns in Tanzania over a 30-year period. The planning and management
of sub-Saharan African cities to generate a more sustainable urban form can only be achieved
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through reliable information gathering, dedicated, and specialized research, and studies into the
spatial development patterns of cities within the region.

A study by Seto and Fragkias (2005) argued that urban growth patterns at any/every time and
scale reflect the prevailing, yet dynamic, social, economic, and political conditions of a given
environment. In this study, the spatial development patterns of different sized 11 Tanzanian cities
and towns are explored using Landsat satellite images with the aim of providing a clear understand-
ing of their forms and pattern of evolution between 1990 and 2020. The study focused on 3 major
objectives: (i) quantify the spatio-temporal change of urban expansion; (ii) identify the urban
growth form and pattern, and specific spatial dynamics of urban expansion; and (iii) characterize
the dynamics in the changing urban landscape patterns based on the landscape metrics namely
Landscape Expansion Index (LEI), Mean Landscape Expansion Index (MLEI) and Average
Weighted Mean Landscape Expansion Index (AWMLEI). The objectives are specifically drawn
from two main research questions, as follows: (a) How can we measure and describe the emerging
spatiotemporal patterns of urban development in Tanzania cities? (b) What urban form does the
prevailing spatial patterns reveal?

2, Study area and methods
2.1. Study area

Administratively, Tanzania mainland is divided into 20 regions and Zanzibar into 5 regions, with
each region subsequently subdivided into districts. In this study, a total of 11 cities were selected
from 6 administrative zones as summarized in Table 1 (Figure 1).

2.2. Data acquisition and processing

Remote sensing imagery from Landsat-TM/ETM and Landsat-8 were acquired from Google-earth
engine explore (GEE) using a graphical engine interface from https://explorer.earthengine.google.
com of 30 m resolution Landsat images for different study years were selected for this study includ-
ing Landsat-TM for 1990, Landsat-ETM for 2000, 2005, and 2010 Landsat-OLI for 2015 and 2020.
Data for Administrative boundaries was acquired from the National Bureau of Statistics (NBS).
Image pre-processing included geometric and radiometric calibration, while atmospheric correc-
tion was performed in GEE. These remote sensing data were then used to map 11 urban areas
for 6 different study epochs: (1990-1995, 1995-2000, 2000-2005, 2005-2010, 2010-2015, 2015-
2020) over a 30-year period corresponding to national budgetary and political transition time
points. As a result, the change in power during the relevant period makes it obvious to see the
change in urban expansion. Consequently, the focus of this study is on the spatiotemporal dynamics
of urban expansion with two classes identified urban and non-urban.

Table 1. Tanzania cities selected for the study.

Zone City/Town  Size (kmz) Population (2012) Socio-economic activities Source

1: Central Dodoma 2709 km? 410,459 Capital city of Tanzania (URT 2015)
Singida 720.6 km? 150,379 Agriculture (NBS 2013)
Tabora 1461 km? 226,992 Industrial and Transportation Crossroad ~ (NBS 2013)

2: Coastal Morogoro 540 km? 315,866 Agriculture and Tourism (Sumari et al. 2020)
Mtwara 169.9 km? 108,299 Agriculture (NBS 2013)

3: Lake Geita 4707 km? 807,619 Mining (NBS, 2013)

4: Northern  Arusha 267 km? 416,442 Tourist and Mining Activities (Arusha-cc 2016)

5: Southern  Mbeya 2525 km? 385,279 Agriculture (URT 2015)
Mafinga 5725 km? 51,902 Tourism (NBS 2013)
Tunduma 87.47 km? 97,562 Commercial and Agriculture exports (NBS 2013)

( )

6: Western  Kigoma 92 km? 215,458 Tourism NBS 2013
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Figure 1. Map of Tanzania showing the 11 urbans centers under this study.

The accuracy of classification results of urban land use within the 11 cities and towns was vali-
dated through visual interpretation of time series classification results and ground truth sample
points. With the help of local knowledge and proceeding study (Sumari et al. 2020), high-resolution
Google Satellite imagery was used to create a total of 11,083 training sample points which were
tested (approximately 100 points per city) for all the six time periods for all 11 urban areas. The
overall accuracy of 87% to 96% between 1990 and 2020 was recorded, and the results after com-
puted Kappa were convincing and formed the basis for further analysis.

2.3. Landscape metrics

The following landscape metrics were used to identify and quantify the spatiotemporal pattern of
urbanization and urban population growth dynamics in the study area;

2.3.1. Landscape expansion index

The LEI was proposed by Liu et al. (2010). It can be used to extract the distribution patterns and
expansion kinds of a certain landscape from multitemporal remote sensing data. Spatial modes
of LEI is one of the main area in landscape conservation suites, which aims at understanding the



INTERNATIONAL JOURNAL OF DIGITAL EARTH 1989

complex relationships between landscape patterns and landscape change processes (Fan and Fan
2014; Jiao et al. 2018). Resulting from interactions among different processes and natural environ-
ments, landscape patterns can affect conservation processes in multiple ways, while conservation
processes can facilitate the evolution of landscape patterns. One of such important conservation
process is landscape expansion (including urban growth, species spreading, desertification, soil ero-
sion, etc.). It involves mainly three types of spatial pattern (Figure 2), i.e. infilling, edge-expansion,
and leapfrog (Forman 1995). An infilling type refers to the one where the gap (or hole) between old
patches or within an old patch is filled up with the existing grown patch (Figure 3(a)). Forman
(1995) discusses edge-expansion type, defined as an existing grown patch spreading unidirectional
in more or less parallel strips from an edge (Figure 3(b)). If the newly grown patch is found isolated
from the old, then it would be defined as a leapfrog (Figure 3(b)).

Liu et al. (2010) have proposed LEI to characterize and identify different urban growth modes
such as infilling, edge-expansion, and leapfrog. The LEI of the existing growing urban patch is cal-
culated using Equation (1) below:

Ay

LE[=—°
Ao+ A,

x 100% (1)
where A is the area of the intersection between the buffer zone of the new patch and the old urban
patches (occupied category), while A, is the area of the intersection between the buffer and the
vacant (unoccupied category). According to Equation (1) above, LEI values range from 0 to
100%. Liu et al. (2010) divided the whole LEI range into three discrete intervals so as to respectively
classify the expansion patterns into these three types. An expansion type can be classified as infilling
if the ratio is larger than 50%, edge-expansion growth if the ratio is between 50% and 100%, on the
other hand, expansion is classified as leapfrog if the ratio is 0 meaning the newly grown patch
occurred beyond the old patch.

2.3.2. Mean landscape expansion index

This was used to incorporate LEI of all patches over the full extent through simple averaging in one
period. The purpose of using MLEI is to show the aggregate properties of the patch mosaics (Liu
et al. 2010; Jiao, Mao, and Liu 2015). MLEI is calculated using Equation (2) below:

N
LEI
MLEI =y =2 (2)

i=1

where by LEI, is the LEI for a new patch, and N is the total number of newly grown patches. Thus,
from interpretations of the above formula, a smaller MLEI signifies higher expansion degree of the

Legend
(@) (b) 8

Urban Extent —
@ - Buffer extent =

Built-up area of earlier

Q

Leapfrog -

Infill )

Extension -

New urban patch @a®
Open space W

Figure 2. Three types of landscape expansion infilling, edge-expansion, and leapfrog (a) Pre-expansion patch and newly urban
patch, (b) Newly grown patch is found isolated from the old.
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Figure 3. Spatial pattern of urban expansion for the 11 cities in the six periods.

city whilst a larger MLEI value signifies a more substantial compacting trend along with the land-
scape expansion.

2.3.3. Area weighted mean landscape expansion index

This is the area-weighted index, which considers the weight of an area of each patch. In contrast
with MLEI, AWMLEI is an area-weighted mean. AWMLEI is calculated using the formula (3)
below:

N LEI, ao
[ X —
N A

AWMLEI = 3)

i=1

where by LEI, is the LEI value for a newly grown patch, a, is the area of this new patch, and A is the
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total area of all these newly grown patches. When there is a smaller AWMLE]L, it signifies that the
landscape expansion is in diffusion form and the vice versa is true for the compact urban expansion
forms.

2.4. Spatial extent

2.4.1. Urban expansion rate

Two indices were used in order to quantify the spatial extent and the urban expansion rate for the
11 cities and towns, these are the Annual Expansion (AE) in km? and Annual Growth Rate (AGR)
in percentage growth. AE is the direct measure of the annual urban change and it is most effective
when comparing time series changes of the expansion of the same urban area. On the other hand,
AGR is more applicable in the comparison of urban expansion for different cities since it eliminates
the size or area effects of the city (Wu et al. 2015). The two indices can be calculated using the for-
mulas (4) and (5) below;

Aend — Astart

AR == 4)

Aend\'
AGR = 100% x (—d> -1 (5)
Astmt

From Equations (4) and (5) above, A, and A,,4 are the extent of the urban area at the start and the
end period of the study period respectively and ¥ is the time span from the start to the end point.

2.4.2. Urban population density

Population growth is another crucial field to be assessed when analyzing the dynamics of urban
expansion. Two approaches were used to assess population growth in this study. First urban density
(Equation (6)) also referred to urban land density in other literatures (Toure et al. 2020); and
second, the annual change rate (Equation (7)) which is more reliable for comparison studies of
more than one area with different area sizes (Xu et al. 2020).

Urban population (P)
Built — up area (A)

Urban density (D) = (6)

n Den

Annual change rate (ACR) = ( Zend _ 1) x 100% (7)
start

where by Dgy,,s and D, refers to urban density at the beginning and at the end respectively of the

study period n.

3. Results
3.1. Spatiotemporal pattern of urban expansion over the study period

Prior to pattern analysis, a simple linear regression model was used to test the significance of the
urban expansion over time. The urban area (in square kilometers) was modeled against time in
years. Statistical results revealed that urban expansion was significant with a confidence level of
99% (p-value ranging between 0.000484 for Mbeya to 0.00391 for Tabora). Also, the expanding
rate was explained by the changing time (R-square ranging between 0.78 for Tunduma to 0.93
for Arusha).

Over the three decades of this study, cities and town in Tanzania have experienced signifi-
cant changes in terms of land use patterns and forms. Rapid urban expansion of the 11 urban
centers analyzed in this study confirms this claim (Figure 4). Only five cities (Dodoma,
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Figure 4. Landscape Expansion Index for various towns from 1990 to 2020.

Arusha, Singida, Mbeya, and Tabora), expanded almost all around the existing urban core
resulting to the formation of mono-nuclear concentric rings model-like shape by the added
urban patches. The outcome of this study shows that Kigoma, and Mafinga have experienced
a disintegrated linear pattern of urban expansion during 1990-2000 but the pattern of expan-
sion has changed during the 2005-2020 periods in which the aggregate pattern of urbanization
took over. Geita is the one with the most peculiar type of growth, a constant scattered growth
form throughout the study period with just a small ring of nucleated urbanization in the city
center. For Tunduma, the urbanization direction observed pointed towards the north-east
direction, expanding and concentrating towards the city center which is the border between
Tanzania and Zambia.
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3.2. Spatiotemporal forms of urban expansion

Three urban growth patterns were identified using the LEI index on the basis of the analyses of LEI
values to determine the urban patch growth types. From the maps in Figure 5, there is a substantial
number of new urban patches occurring very far away from the old urban patches while few new
patches are seen to be attached to the old patches forming edge expansion growth.

We found out that Leapfrog urban expansion form is the most common form of urban expan-
sion in all cities and towns with few outliers seen in Arusha, Kigoma, Mafinga, Mbeya, Mtwara, and
Tunduma where at least one study year had edge expansion dominating with over 50% of the total
expanding patches. Infilling urban expansion had been the least experienced/recorded urban
expansion form in all 11 cities and towns analyzed (Figure 6).

The study discovered that the percentage of the number of new patches for each growth
mode shows considerable variations between different study periods (Figure 7). For example,
Leapfrog growth pattern maintained its dominance in the majority of the study locations in
this study over all six study periods with the largest proportions on the number of new
patches recorded in Geita, Dodoma, Mbeya, Morogoro, Singida, Tunduma, and Tabora. On
the contrary, in the rest study locations (Arusha, Mafinga, Kigoma, and Mtwara) there was
an alternating dominance between Leapfrog and edge urban expansion patterns. In all 11 cities
and towns and over the six study periods, infill expansion demonstrated little percentage over
the total new patches.
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Figure 5. Ternary diagram showing the proportional composition of the three urban expansion types: leapfrogging, infilling and
edge expansion for the various towns.
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Two more indices were used to create an understanding of urban expansion form for the 11
cities and towns. The variation of AWMLEI and MLEI values in a one-year period (over the
overall study period of 1990-2020) among all 11 urbans areas is summarized and presented
in Figure 8. Mafinga and Tunduma show the largest values of AWMLEI and MLEI signaling
the most compact urban expansion when compared to other urban areas. On the other hand,
Singida and Dodoma have the least values of AWMLEI and MLEI indicating that these cities
and towns expanded in a diffuse pattern during the 1990-2020 study period. Further, Figure
9 shows time series plot variation of AWMLEI and MLEI values of individual urban site for
each time period of the study. Geita have shown a straight-forward form of expansion trend
with a progressive increase in AWMLEI and MLEI values indicating that the city becomes
more and more compacted over time, with the dramatic rise seen between 2010 and 2015.
Other cities and towns have shown an interesting trend with a periodic increase of AWMLEI
and MLEI values signifying changes of urban expansion forms over time in which the periods
with lower AWMLEI and MLEI values indicate leapfrog expansion as a dominant urban expan-
sion form during that period and vice versa.

Edge urban expansion trend was the dominant urban expansion trend at different time periods
for the cities and towns under this study. For Arusha, edge expansion was dominant urban expan-
sion pattern during 2000-2005 while similar occurrence was recorded for Geita in 2015-2020,
Mafinga in 2000-2005, Dodoma in 2000-2005, Kigoma in 2015-2020, Mbeya in 1990-1995, Mor-
ogoro in 1995-2000, Singida in 2015-2020, Tunduma in 1995-2000, Mtwara in 2005-2010 and
Tabora in 2015-2020.

A significant leapfrog expansion occurred in Morogoro between 2005 and 2015, while during
that same period the values of AWMLEI and MLEI were very low. Other significant leapfrog expan-
sion patterns were noticed in Arusha between years 1990-1995 and 2005-2015 and Mbeya for years
2000-2005 and 2010-2015 (Figure 9).
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Figure 8. AWMLEI and MLEI values of individual urban site for each time period of the study.
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Figure 9. (a) Magnitude of area expansion for each city/town over the study period; (b) Average AE of the 11 cities and towns
during the study period; (c) Average Annual expansion of the 11 urban sites during the study period; (d) AGR distribution of all 11

cities.

3.3. Magnitude and the rate of urban expansion

Dodoma, the capital city of Tanzania, experienced a much greater urban expansion rate over the 30
years of study with the average Annual Expansion (AE) of 43.15 km®. Mbeya, Geita, Arusha, and
Tabora also did show a considerably significant growth rate with the average AE of 37.41, 33.35,
27.12, and 25.67 km?, respectively. On the other hand, Tunduma and Singida towns showed the
slowest expansion rate between the 11 cities and towns with average AE of 10.63 and 7.15 km?,
respectively Figure 9(a).

Collectively, the expansion rate of the 11 Tanzania cities and towns was constantly increasing
from the beginning of the study period 1990 to 2015, with the exception recorded during 2015-
2020 period when the rate of expansion did decline a bit. The average AE during 2010-2015
study period was the highest when compared to the average AE of previous time periods. The
least average AE was recorded during 1990-1995 (Figure 9(b)).

Figure 9(c) reveals the variation in AE between the 11 cities and towns over the course of the
study period. The figure shows that during the 2010-2015 study period Dodoma had the highest
rate of expansion in comparison to other cities and towns (with and average AE of 9.35 km?).
The least average AE of 0.03762 km?® was recorded in Singida town during the 1995-2000 study
period.

Additionally, ACR distribution and variation between the 11 cities and towns were analyzed to
provide clarity and understanding of their variations and the stability of the expansion rate (Figure
9(d)). The figure shows that Kigoma, of all 11 study cities and towns, did show the most stable
expansion rate having ACR value ranging from the lowest as 64.19 in 2010-2015 and the highest
as 78.69 in 2000-2010, and the mean of 75.6% whilst Geita did show the most varying expansion
rate ranging from 59.27 during 2000-2005 to 79.42 during the 1990-1995 period and the mean
ACR of 71.21.
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4. Discussion

The rate of urban expansion recorded from the 11 urban centers under this study reveals some
important information about the peculiarities and complex interplay of socio-economic and popu-
lation dynamics of each city/town. Tanzania has been an actively transiting nation with a largely
mobile population due to various factors including political/administrative drivers(change of
national Capital and Administrative headquarters of Tanzania from Dar-es-Salaam to Dodoma),
environmental drivers (which was actually a substantial consideration in the movement of the capi-
tal city), and educational and institutional drivers (which influences population migration and ulti-
mately urbanization as students and workers at various educational institutions continue to move
from one city to the other). Another key driving factor is business (mining and agriculture as well as
transportation hubs) and tourism that have seen the continued rise of some of the cities and towns
listed in this study. The general pattern of urban expansion is a reflection of what is observed in
most cities in sub-Saharan Africa especially in countries with relatively stable economies and guar-
anteed security which are necessary for investment, tourism, and economic advancement.

In this study, not unexpectedly, Dodoma has experienced the highest rate of urban expansion
over the 30-year study period from 7 km? in 1990 to 121 km? in 2020. However, it is important
to note that the rapid expansion of Dodoma city began from the study periods 2005-2010 then esca-
lated almost exponentially from 2010-2015 and again from 2015-2020 (Figure 2). As the city
recording the second highest rate of urban expansion between 1990 and 2020, Mbeya city is the
capital city of the Mbeya Region which is rich in agricultural productivity and mineral resources.
The city, which became prominently established in the 1920s due to gold mining, is well connected
in terms of road and rail networks, primarily for the evacuation of the cash and food crops from
Tanzania and other parts of Southern Africa. The city recorded its highest rate of expansion
between 2010-2015 and 2015-2020, a reflection of increased agricultural activities and agro-allied
businesses within and around the city over the last decade. This pattern of growth appears to be
consistent with the urban growth pattern recorded in Ghana (Cobbinah et al. 2020; Korah et al.
2017) and in Nigeria (Anule and Ujoh 2018; Dam et al. 2020; Ujoh et al. 2011) in West Africa.

Generally, all of the large cities exhibited a similar pattern of ascent in terms of expansion from
2005-2020 while urban expansion was generally slow at the beginning of the years of study (1990-
2005). Conversely, the cities and towns that experienced the least growth were mostly the larger
cities in 1990. These include Kigoma (10 km® in 1990 to 30 km® in 2020), Mafinga (6.6 km? in
1990 to 28.6 km” in 2020), and Mtwara (7.5 km” in 1990 to 26.1 km” in 2020). Tunduma city
appears to be an outlier as its growth was rather gradual from 1.6 km* in 1990 to 18 km” in
2020 representing an annual average of 0.55 km?). Located in the Songwe Region on the border
between Tanzania and Zambia, the city is a railway and road transportation junction/hub. The out-
come shows that cities and towns in Tanzania have risen at different years and clearly by different
drivers as revealed by Geita, Tabora, Morogoro, and Arusha cities.

In terms of the annual expansion rates (Figure 9), Dodoma recorded the highest rates between
2010 and 2015 (9.3 km?) and 2015-2020 (7.2 km?). The next set of high rates of annual urban
expansion were recorded between 2010 and 2015 by Arusha (4.4 km?), Tabora (4 km?), and
Mbeya (3.1 km?), and between 2015 and 2020 by Morogoro (4.3 km?), Tabora (3.4 km?), and
Mbeya (3.1 km?). However, it is striking to note that between 1990 and 2010, the only city that
recorded the highest rate of annual urban expansion was Geita (3.41 km?), a historically German
gold mine settlement which is currently the headquarters of Geita Region.

As shown in Figures 4, 5, 6, and 7, the number and the area of new urban patches in all 11 cities
and towns appear to correspond to the frequency and extensiveness of urbanization, in addition to
provision of complementary information on temporal dynamics of the 3 urban expansion types
similar to the findings of and Li et al., (2022). The spatiotemporal dynamics of the three expansion
types derived from the various analyses appear to be consistent for each time period (see Figures 4,
5, 6, and 7). On the whole, the edge expansion and leapfrog (or spontaneous growth) were observed
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to be the most important contributors to urban expansion across all 11 cities for all time periods,
while the infilling played a relatively less influential role in urban expansion across all 11 cities and
towns. Again, this finding aligns with the findings of Kassa (2013) for Ethiopian cities, Cobbinah
and Aboagye (2017) for cities in Ghana, and Yiran et al., (2020) which assessed urban expansion
in Kenya, Nigeria, South Africa, and Ghana.

Regarding the urban expansion indices of AWMLEI and MLEI, the values appear to be comp-
lementary although MLEI is higher in all 11 cities and towns during all study periods albeit not so
significantly higher than AWMLEI (Figure 9). The most robust and significant interaction of the
AWMLEI and MLEI among all 11 cities and towns is found in Kigoma, Arusha, Mtwara,
Mafinga, and Tunduma urban center. For the remaining seven urban centers, the influence of
AWMLEI and MLEI values recorded over the study period is not significantly influential when
compared to the aforementioned 5 cities.

5. Conclusion

Retrospectively, this study provides an understanding of and explanation for the rate, form, and
extent of urban expansion observed in 11 cities and towns in Tanzania over a period of 30 years
(1990-2020). Intentionally, Dar-es-Salaam, the largest city in Tanzania was not included in the
study as it would have presented inconsistencies in all forms of comparison with the other 11 cities
and towns in terms of the magnitude of urban expansion magnitude, urban land patterns, urban
development modes, urban expansion types, urban population changes, as well as land-use
efficiency.

The study discovered that the common pattern of urban expansion across all 11 cities and towns
is the combination of AWMULEI and MLEI urban growth indices, even though there were variations
in terms of the magnitude and temporal occurrence (from 1990 to 2020) across the 11 cities and
towns. A major discovery is in the fact that the infilling urban expansion tool could be used as a
planning step towards stabilizing the influence of the other two dominant indices (leapfrog and
edge expansion) on urban expansion in Tanzanian cities. Essentially, the urban growth of the cities
(especially those with rapid urbanization rates) is found to be mostly polycentric with more than
two influences and drivers controlling the pattern of urban growth and expansion.

Generally, population growth was positively correlated to urban expansion and function of cities
(administrative, economic, educational, etc.). This study, therefore, provides a documented record
of urban expansion (and its forms) across the 11 cities and towns as well as the need to infuse com-
pactness in urban expansion as a key urban planning tool for urban centers in Tanzania. The inten-
tion is to eliminate uncontrolled development and improve efficiency of urban land use across all
urban centers in Tanzania as they inevitably continue to expand.
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